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Abstract

Perennial watercourses in British Columbia are becoming intermittent from climate change.
North American beaver (Castor canadensis) dams retain perennial flow while providing other
ecosystem services. The Beaver Restoration Assessment Tool (BRAT) estimates a stream’s
dam capacity by evaluating the vegetative, physical, and hydrological habitat. This research
project surveyed 15 streams in the Cariboo region to assess the accuracy of the BRAT’s
outputs. Climate data were used to model changes in flow. Overall, the BRAT outputs generally
correlated with field measurements. However, the non-vegetation outputs contributed minimally
to dam capacity, and higher dam capacity did not always indicate higher habitat quality. Climate
projections also indicate most streams will lose nival flow by 2041-2071. Therefore, using the
BRAT with other models can determine both dam capacity and overall habitat quality to increase
successful beaver restoration chances. When vegetation and physical stream conditions are

met, higher watershed/channel size may indicate higher-quality habitat.
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1.0 Introduction

Streams and rivers provide ecosystem services such as drinking water, flood protection,
irrigation, commercial use, and aquatic and riparian species habitat (Yeakley et al. 2016).
Climate change effects on watersheds in British Columbia (BC) have included a reduction in
snowpack at low elevations (Pike et al. 2010) and glacial retreat (Walker & Pellatt 2003). The
reduction in snowpack has caused changes in river and stream-flow patterns, including low or
dry summer flows (BC Ministry of Environment 2016). Low summer river flows impact aquatic
habitats by negatively impacting water quality with increased water temperatures (BC Ministry of
Environment 2016) and reducing fish-habitat availability. The loss of both perennial flow and
glaciers will create water-shortage issues for both aquatic life (Datry et al. 2013) and human

consumption (Baggio et al. 2021).

Water retention in the upper portion of watersheds is required to maintain the ecosystem
services provided by perennial watercourses. Man-made water structures (i.e., dams and
reservoirs) can be difficult and costly to both construct and maintain (ADSO 2016). In addition,
timely repairs to dams following damage may not be readily feasible, especially if they are
located in more remote upper watersheds. River restoration projects have also been expensive
historically (Bernhardt 2005). North American beaver (Castor canadensis — “beaver”) are known
ecosystem engineers through their construction of beaver dams which modify the physical,
biological, and hydrological features of a landscape (Burchsted et al. 2010). These dams
provide a wide variety of ecosystem services such as wetland creation, water retention, reduced
erosion, improved water quality, improved aquatic habitat complexity, expansion of riparian
areas, and creation of new aquatic and riparian habitats for birds, mammals, fish, reptiles, and
amphibians (Boyle & Owens 2007; Pollock et al. 2023). Beaver can build dams quickly and
efficiently with adequate resources and can quickly repair damages to dams (Arner 1963). By
using beaver to construct dams, the monetary costs of manual implementation are removed,
and if they persist, beaver also provide year-round maintenance to dams. Therefore, the
potential ecosystem benefits provided by beaver create a cost-effective, nature-based solution
to managing current and future water retention challenges from climate change and restore

some ecosystem services provided by perennial flow.

Prior to the arrival of Europeans in North America, beaver populations were estimated to

be 60 — 400 million with a 15-million-squared-kilometre (km?) geographical range (Naiman et al.



1988). The North American fur trade left beaver nearly extinct by 1900 (Jenkins & Busher 1979).
The conversion of wetlands to dry lands has also occurred concurrently with the loss of beaver
populations. Conservation organizations estimate that 70 percent (%) of wetlands have been
lost in southern areas of Canada, and up to 95% in densely populated areas (Kaumeyer 2022).
Beaver populations have been increasing since the fur trade but have not returned to pre-fur-
trade numbers (Gibson & Olden 2014).

1.1 Beaver Ecology

Beaver live in colonies with three to nine individuals including adults, yearlings and kits
(MELP 2001). Females reach reproductive maturity at two years, and two-year-old juveniles will
leave the colony in early spring when they typically colonize new territory, often in adjacent
watersheds (MELP 2001). Active beaver systems are not permanent, as after food is exhausted,
they abandon their lodges and dams in search of habitat with more food (Case et al. 2003).
They prepare for winter by establishing winter food caches within the impoundment, although
West Coast populations likely continue to cut accessible vegetation all year (MELP 2001).
Beaver are primarily nocturnal (Pollock et al. 2023). Primary beaver dams (i.e., dams that
support a lodge) are typically about one metre high but can reach heights above three metres
(Gurnell 1998). Beaver build secondary dams to extend their range to forage and harvest
building material upstream and/or downstream of a primary dam (Macfarlane et al., 2017).
Secondary dams are typically at least 30- to 50-cm in height (Macfarlane et al., 2017). In lower

slope/gradient areas, fewer dams are needed to extend their ranges (Macfarlane et al., 2017).

In British Columbia, the most productive beaver colonies are often in newly-occupied
stands of poplar (Populus spp.) that naturally regenerate in forest clearings created by fire,
blowdown, bug-kill or logging and on old sedimentation bars along large rivers (MoE n.d.).
Aspen (Populus spp.) regrowth may support population expansion eight to ten years after a
burn, but will usually take 20 to 30 years to produce aspens at a size that will provide the
maximum amount of useable food (MoE n.d.). Beaver generally overuse their food supply,
especially aspen. They can be highly selective in their feeding preferences, as a new colony can
waste up to 65% of the available food by not using bark on the larger pieces, and can drown
food supplies in the rising waters behind their dams (MoE n.d.). A colony can take only two or
three years to use up the aspen within safe and efficient foraging distance from the water’s
edge. However, willow (Salix spp.) will often take hold in beaver impoundments with increased

moisture and nutrient conditions. It may be only ten years between when a beaver colony is



established and when is it abandoned, especially in aspen habitat (MoE n.d.). There is also a
risk of beaver spreading non-native riparian vegetation from foraging activities as they are

transported to new riparian areas (Gibson & Olden 2014).

1.2 Beaver Habitat Requirements and Preferences

Beaver will build dams in essentially any waterbody where additional water can be
retained and thus improve resources for beaver (Pollock et al. 2023). They can survive in a
range of suitable locations from the Arctic tundra to the deserts of northern Mexico (Naiman et
al. 1988; Andersen & Shafroth 2010). However, beaver do have baseline habitat requirements
and preferences to build dams. Two mandatory habitat features are needed for beaver dams.
They are (1) sufficient water to maintain underwater entrances to their lodges for protection from
predators and (2) sufficient woody and herbaceous plants for food and building material (Mdller-
Schwarze & Sun 2003). Regardless if these features are present, beaver will most likely avoid
building dams in habitat with specific characteristics such as overly high gradient, stream power,
stream width, stream depth, valley confinement, grazer presence, and predator presence.
Additionally, beaver will migrate to new habitat if it is higher quality than their current habitat
(MELP 2001).

1.2.1 Physical and Hydrological Habitat Requirements and Preferences

More importantly than all other factors, beaver require a year-round water source to
survive (Pollock et al. 2023). Water is essential and can be from a stream, river, lake, or pond
(Pollock et al. 2023). Year-round water supply must be sufficient for access to food resources,
protection of lodge and burrow entrances, and general safety from predators (Muller-Schwarze
& Sun, 2003). Beaver predominantly occupy perennial systems with a reliable water source
(Albert &Trimble 2000). However, they have been occasionally found on intermittent streams
and can turn them into perennial systems (Pollock et al. 2003). Dam building is not required in
watercourses where water depth is sufficient to provide underwater entrances to their lodges
(Macfarlane et al. 2017). In colder climates with winter freeze, approximately 0.6 — 0.9-m of
unfrozen water is required to maintain lodge entry points (Government of Manitoba 2022). No
studies were found that examined the water depths that North American beaver tend to build
lodges without dams. However, Hartman & Tornlév (2006) found that most (93%) of dams built

by C. fiber (Eurasian beaver) were built in stream depths < 0.7-m. Additionally, Neumayer et al.



(2020) found that Eurasian beavers build dams most frequently at stream depths (~93%) < 1-m,
with ~59% between 0.5 and 1-m, and 34% at < 0.5-m.

Physical habitat characteristics have been found to limit beaver occupation, even when
there are preferable biological characteristics. Beier & Barrett (1987) found that poor gradient,
width, and depth characteristics contributed most frequently to colony abandonment, and these
sites had more preferred vegetation than active sites. Less favourable physical characteristics
include overly wide channels (e.g., main river stems too wide to build dams), high stream
gradient (> 6%), high stream-power systems, and watercourses located in constrained valleys
(Pollock et al. 2023). Dams are typically built in lower-order streams because larger streams
with high stream power often remove dams during freshet (Brazier et al. 2020; Mccomb et al.,
1990; Perisco & Meyer 2009). Watercourses that are high order or in steep gradients will
unlikely have dams, although there are exceptions when population densities are high (Muller-
Schwarze & Schulte 1999). Beaver dams have been found in stream orders as high as fourth
order (Ronnquist 2021). Neumayer et al. (2020) also found that Eurasian beaver-dam-building
occurs most frequently in stream widths between two- to 11-m. Confined watercourses are
located in a well-defined valley corridor or where there is possible valley wall contact.
Unconfined watercourses are located in a poorly defined valley with limited or no discernible
slopes (Credit Valley Conservation 2010). Beaver prefer building dams along channels with a
low valley confinement of > 46 m (Dittbrenner et al. 2018). These preferences are presumably
so the dams are less likely to wash out during spring freshet (Gurnell 1998). Spreading stream
flow across a valley bottom reduces its power, and beaver-dam failure rates (Westbrook et al.
2020). Beaver dams found off-channel and near the valley edge are usually fed by groundwater
(Westbrook et al. 2006), and have a higher longevity than dams fed by upstream flow because

of a lower and less dynamic discharge pattern (Burchsted & Daniels 2014).

1.2.2 Biological Habitat Requirements and Preferences

Biological preferences include vegetation; beaver prefer deciduous and broadleaf
vegetation such as aspen, willow, and cottonwood for harvesting although they will harvest
many other tree and shrub species if their preferred species are not available (Baker & Hill
2003; Boyle & Olsen 2007). Northcott (1971) stated that aspen is their favourite food. However,
willow is often the most available and most used woody riparian species in their range (Baker &
Hill 2003). Conifers are less suitable food but can be used as building material (Beardsley &

Doran 2015). Beaver do not prefer coniferous trees because of the tree’s branched-chain



tannins, which are a deterrent to the beaver’s salivary proteins (Hagerman & Robbins 2011).
Their salivary proteins are adapted to digest vegetation with linear condensed tannins found in
broadleaf vegetation such as poplar and willow (Hagerman & Robbins 2011). Beaver also prefer
stems less than 15 centimetres (cm) diameter at breast height (DBH) because smaller stems
have a shorter fell time, which reduces predation risk while foraging (England & Westbrook
2021; Mahoney & Stella 2020). Biological deterrents to beaver colonization include competition
with other grazing species like deer (family Cervidae) including elk (Cervus canadensis), moose
(Alces americanus), and livestock (Scamardo & Wohl 2019). High predator density such as
cougars (Puma concolor), bears (Ursus spp.), coyotes (Canis latrans), and wolves (Canis lupus)
is also a deterrent (Stoll 2019).

1.3 Conflicts with Humans

While beaver provide multiple ecological and hydrological benefits, their dam-building
activities can create safety conflicts with humans and are sometimes considered a nuisance
species (Taylor et al. 2017). Some hazards to human activity include gnawing trees (near
people or property) or crops, flooding property through dam building, and degrading or
destabilizing banks from burrowing (Taylor et al. 2017). Abandoned dams are at a higher risk of
failure as they are no longer maintained (Case et al. 2003). Therefore, individuals with frequent
beaver occupancy on their land (e.g., farmers) often have concerns about uphill dam failure and
abandonment, as dam failure can also lead to destructive outburst floods (Hillman 1998).
Damages from failure can be large-scale. In British Columbia, a beaver dam failure in
Chudnuslida Lake was reported to discharge approximately two million cubic metres (m?) of
water and deposit 80,000 m?® of sediment into the channel (Case et al. 2003). Filled beaver
ponds and their downstream reach can also contain Giardiasis — a common disease caused by
the enteric parasite Giardia lamblia (BC CDC 2012). It is often waterborne and has the common
name ‘beaver fever’ due to the parasite being found in the guts of beaver. However, the name is
misleading, as the disease can be found in and spread by many other wild and domestic
animals and humans (BC CDC 2012). Given the concerns and potential damages from beaver-
dam-building, there is an ongoing perspective that beaver are a risky nature-based solution for

water retention (Butler & Malanson 2005).

1.4 Dam Failure and Flooding



There is conflicting evidence that beaver dams increase flood severity. Beaver dams
have been shown to help reduce impacts of storm events by reducing peak flows and discharge
volume (Noor 2021). Excess water overflows above an active dam can still effectively reduce
flow rate due to overflow energy loss (Noor 2021). Westbrook et al. (2020) studied the largest
flood recorded in the Canadian Rocky Mountains that occurred during July 2013 and found 42%
of impacted beaver dams were intact, and 26% were affected but persisted. In addition, the
dams that did fail still delayed floodwater inputs downstream. These findings were observed in a
mountainous landscape thought to have a high dam failure rate due to having a narrow and
steep valley where multiple channels meet at high flow rates (Westbrook et al. 2020). In
between storm events, pond levels can gradually drop through evaporation and dam seepage,
which increases storage capacity of water for the next storm event (Noor 2021). A beaver dam’s
capacity to impound water is a function of the state of its repair. Older and/or abandoned dams
tend to have weak points (Gurnell 1998) either at the crest or base (Woo & Waddington 1990).
Streamflow becomes concentrated at these weak points which can lead to structural failure
when stream discharge exceeds a critical strength threshold (Parker et al. 1985). However, the
flood discharge that exceeds the threshold for major damage is not known (Andersen &
Shafroth 2010), and probably varies widely based on the condition of a dam and the materials
from which it was built (Westbrook et al. 2020). Pond fullness in relation to the magnitude of the
water-sediment surge appears to be an important factor that determines if a beaver dam
remains or fails (Westbrook et al. 2020). Still, the overall causes of beaver dam to mitigate flood

damage or increase flood severity remain difficult to determine (Westbrook et al. 2020).

1.5 Beaver Restoration Assessment Tool

In the past, identifying suitable locations for beaver restoration has included habitat
suitability index (HSI) models. Traditional HSI models have predicted habitat that is currently
suitable for beaver, but are less able to predict an area’s intrinsic potential to become suitable
habitat because the models do not account well for a beaver’s ability to modify a landscape into
suitable habitat (Dittbrenner et al. 2018). In addition, beaver experimental relocation projects
that use traditional HSI models have resulted in high rates of emigration from the released
beaver (Ellensburg et al. 2015; McKinstry et al. 2001; Woodruff 2016). GIS-based models such
as the Beaver Restoration Assessment Tool (BRAT) have been developed with improved

capability to quantify beaver capacity.



The BRAT was developed in Utah by the Wheaton Ecogeomorphology & Topographic
Analysis Laboratory at Utah State University (Utah State University n.d.). It serves to help
resource managers, restoration practitioners, wildlife biologists, and researchers assess the
potential for beaver as a stream conservation and restoration agent across landscapes. It is a
GIS-based capacity model that predicts where and to what extent beavers can build dams (DUC
2022). The BRAT focuses on dam building capacity of streams rather than general habitat
suitability because it is the dam-building activity of beaver that facilitates their ecosystem
engineering services (Riverscapes Consortium n.da). The BRAT estimates the maximum
capacity of dams a stream can accommodate within a drainage network, measured in dams per
kilometre (dams/km). Streams are segmented into 300-m reaches along the drainage network
before it can be run (DUC 2022). Each 300-m reach is classified into one of five dam-building

capacity categories (Macfarlane et al. 2017):

¢ None — 0 dams/km, segments not capable of supporting dam building activity;

e Rare — 0-1 dams/km, segments barely capable of supporting dam-building activity. Likely
used by dispersing beaver;

¢ Occasional — 1-4 dams/km, segments that are not ideal, but can support an occasional
dam or small colony;

e Frequent — 5-15 dams/km, segments that can support multiple colonies and dam
complexes, but may be slightly resource-limited;

e Pervasive — 16-40 dams/km, segments that can support extensive dam complexes and

many colonies.

In the BRAT’s mapped output, Pervasive stream segments are coloured blue, Frequent are
coloured green, Occasional are coloured yellow, Rare are coloured orange, and None are

coloured red.

Categorization of the stream reach into one of the five categories is based on seven lines of

evidence (Macfarlane et al. 2017):
1. Evidence of a perennial water source;
2. Stream bank vegetation conducive to foraging and dam building;

3. Vegetation within 100 m of the stream edge to support the expansion of dam complexes
and maintain large beaver colonies;

4. Likelihood that dams could be built across the channel during low flows;



5. The likelihood that a beaver dam on a river or stream is capable of withstanding typical
floods;

6. Evidence of suitable stream gradient that limits or eliminates dam building by beaver;

7. Evidence that the river is too large to allow dams to be built and to persist.

Not all lines of evidence are weighted equally. The primary line of evidence is water, followed by
vegetation, which is the primary control of beaver dam density and distribution (Macfarlane et al.
2014). The other lines of evidence are then used to assess how low flows, flood events,
gradient, and channel size might limit dam-building activity (Macfarlane et al. 2014; Macfarlane
et al. 2017).

The BRAT uses a fuzzy inference system, where the multiple lines of evidence are
combined mathematically with simple rule tables to account for uncertainty that arises in
categorical data (Openshaw 1996; Zadeh 1996). The BRAT is not a hydrological model, but it
uses regional regressions to estimate flow statistics for every 300-m reach. The BRAT is
designed to use a two-year peak flow instead of a ten-year peak flow. The model’s inputs are a
drainage network layer, a historic and existing vegetation raster, a digital elevation model
(DEM), and streamflow information (Riverscapes Consortium n.da). The BRAT’s outputs include
existing dam capacity, historic dam building capacity, existing dam complex, and historic dam
complex (DUC 2022). The BRAT's suitability scheme requires a field added to the attribute
called VEG_CODE which represents the dam-building material preferability for beaver and is
ranked from 0 to 4, with 0 being unsuitable materials and 4 being most preferred materials
(Macfarlane et al. 2017).

1.6 Hydrological Modelling

The rationale for hydrological modelling in addition to the BRAT modelling comes from
the primary need for beaver habitat — water. Even if sufficient woody building material is present,
beaver dams will not be built where there is insufficient water. Using the American National
Hydrography dataset, the BRAT was found to accurately classify perennial watercourses, but it
also occasionally designated intermittent streams as perennial (Macfarlane et al. 2017). In
addition, Rogers’ (2023) study in the Gold River watershed in Vancouver Island, BC found that
the assessed watershed was more limited by water than vegetation, resulting in the BRAT being

a poorer indication of beaver habitat suitability than the Beaver Intrinsic Potential model which



analyzes physical habitat characteristics (i.e., stream gradient, channel width, and valley-bottom

width) to assess beaver occupancy suitability (Dittbrenner et al. 2018).

Given the increased rates of perennial flow loss from climate change, applying climate
change scenarios to flow estimations made by the BRAT would allow resource managers to
assess which watercourses would be best from a water availability perspective to prioritize
beaver restoration. For example, watercourses could be selected for having the greatest water
quantity and thus the greatest chance of beaver occupancy. Alternatively, streams at higher risk
of perennial loss in the future could be prioritized for beaver restoration as a preventative

measure.

1.7 Research Questions and Project Rationale

Given the BRAT’s fundamental purpose to determine the dams per kilometre a stream
could hypothetically hold, it does not necessarily predict a stream’s overall habitat quality to host
beaver for long periods. By applying hydrological modelling at ground-truthed reaches, the

accuracy of assessing beaver-habitat quality may be improved.

Therefore, the research questions of this project are 1) can the BRAT be used to
accurately determine high- and low-quality beaver habitat, and 2) can hydrological modelling be
used to account for any inaccuracies?. The research project’s hypothesis is that the BRAT wiill
provide a relatively accurate measurement of the availability of preferred material for dam
building in each stream reach and will parse out some physical habitat limitations, if present.
However, it will not accurately capture some of the hydrological features of the stream reach
that are preferable/not preferable for beaver habitat (e.g., water availability). Accuracy was
determined by comparing results of the field assessments to values the BRAT designated for
the assessed stream reaches. The research project’s purpose is to ideally create an improved
method for Ducks Unlimited Canada (DUC) to identify a list of candidate beaver restoration sites
that are both ideal for dam building to create wetlands and higher chances of long-term beaver
occupancy, rather than just having suitable dam building material but lower chances of long-

term occupancy.
2.0 Goals and Objectives

Three goals were chosen for the research project. Each goal had a series of two to five

objectives.



Goal 1: Use the BRAT to identify potentially suitable areas to support beaver establishment.

o Obpjective 1.1: Use the BRAT to identify stream reaches with pervasive, frequent,
occasional, rare, and no dam-building capacity.

o Obpjective 1.2: Use the BRAT to find streams of each suitability category for ground
truthing in the Cariboo Region.

e Objective 1.3: Collect the BRAT outputs of the ground-truthed sites to compare

against field outputs.

Goal 2: Conduct ground-truthing field assessments at stream reaches classified by the BRAT as
having strong and weak potential to support beaver. Ground-truth surveys aimed to evaluate if
the BRAT accurately determined areas of high and low dam-building capacity by collecting data
on stream morphology, riparian vegetation density and composition, and dam features if

present.

e Objective 2.1: Complete a habitat quality scorecard at each stream reach.

e Objective 2.2: Conduct a riparian vegetation sampling survey at each stream reach
to determine species composition, density, and structural stage.

o Obpjective 2.3: Collect instream data to quantify current hydrologic conditions and
physical habitat variables, including channel morphology measurements, sediment
composition, and large woody debris (LWD) count.

o Objective 2.4: If beaver dams are already present in the channel, conduct dam
count, collect dam and pond measurements and classify the structural stage of the
dam.

o Obpjective 2.5: Compare the ground-truth field results with the BRAT outputs

Goal 3: Use hydrological modelling to determine how accurately the BRAT accounted for

hydrological limitations of dam-building capacity.

o Objective 3.1: Apply climate data to the BRAT-estimated flows with a regression to
examine which climate factors are significantly impacting flow (if any).

e Objective 3.2: Run the climate regression results against future projections to
determine which climate variables will be negatively impacting flow in the future.

e Opjective 3.3: Determine if the hydrological modelling results correlate with

physical/hydrological habitat scores from the habitat suitability scorecard.
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3.0 Research Project Area

Field assessments were conducted within the central interior of the Cariboo Region, BC

(Figure 1). The field assessments were conducted within the following major watersheds:

e The San Jose River watershed within and near Williams Lake, BC
e The Thompson River watershed near 70 Mile House, BC
e The Quesnel River watershed near Quesnel, BC

e The Fraser River watershed north of Williams Lake, BC

The Cariboo Region is located within hydrologic zones 14, 15, 16, and 25. DUC has a series of
manmade dams located within the Bridge Creek and San Jose River watersheds located near

some of the assessed streams.
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Figure 1. Research project area and location of field sites within the Cariboo region, British
Columbia.

4.0 Methods
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The research project consisted of three phases. The first phase was to run the BRAT
across the Cariboo Region to segment the streams by BRAT suitability prior to field
assessments. The second phase was to ground-truth 15 BRAT-classified stream reaches. The
third phase was to model impacts to flow in these 15 reaches after field assessments by

applying climate data at present and future using a climate change scenario.

4.1 BRAT Modelling

The BRAT was run over all perennial watercourses within 22 watersheds of the Cariboo
region (DUC 2022). Although the BRAT is designed to filter out non-perennial streams, streams
that were estimated to have a two-year low flow > 0 m are designated as perennial. The BRAT
was originally designed to be run with LANDFIRE — a national and publicly available vegetation
raster dataset in the United States (Macfarlane et al. 2017). Canada does not have a
comparable national dataset to LANDFIRE. Therefore, dataset pre-processing was required to
make the datasets compatible with the model’'s parameters. Datasets were collected from the
BC Open Data Catalogue (Table 1).

Table 1. British Columbia datasets used in-place of American datasets required to run the
BRAT.
Data Input British Columbia Producer USA Data Source® Line of
Data Source Evidence’

Digital Elevation Canadian Digital GeoBC USGS National 6
Model Elevation Data — Elevation Dataset

1:250,000

dataset’
Segmented Freshwater Atlas? GeoBC National Hydrography 1,4,7
Drainage Network Dataset
Historic Vegetation = Land Cover 1984- CCFM LANDFIRE 2,3
or Land Cover 2019 Version 28
Raster
Existing Vegetation  Vegetation MFLNRORD LANDFIRE 2,3
or Land Cover Resource
Raster Inventory*
Hydrological Data BC Streamflow MOECCS USGS StreamStats or 57
for Base and Peak Inventory® USGS National
flows Streamflow Statistics
1 GeoBC n.d.
2 GeoBC 2024.
3 CCFM n.d.

4 MFLNRORD n.d.
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5 MOECCS n.d.
6 Riverscapes Consortium n.db
7 Section 1.5

411 Historic Land Cover and Existing Vegetation Rasters

The BRAT can use vegetation or land cover rasters interchangeably to estimate woody
material availability. This research project used a land cover raster for the historic vegetation
raster input, and a vegetation raster for the existing vegetation raster input. The historic land
cover raster was numerically coded. Each code defined a different land cover type.
Classification of each code to a BRAT suitability score followed the classification scheme used
in Rogers (2023 — Table 2). Broadleaf was defined as ‘Pervasive’ suitability because willow,
aspen, cottonwood, maple, and ash trees are the preferred species for beaver (Section 1.2.2).
Mixed wood was categorized ‘Frequent’ because of the presence of both preferred broadleaf
trees and less preferred coniferous trees. Wetland and wetland-treed were categorized as
‘Frequent’ for having preferred riparian vegetation such as willows and birches but at a lower
density than forested systems as wetland vegetation as sub-boreal spruce and interior Douglas-
fir wetlands also consist of cattails grasses, bulrushes (interior Douglas-fir), and sedges (sub-
boreal spruce and interior Douglas-fir — MoF 1998; MoF n.d.). Coniferous and shrubs were
categorized as ‘Occasional’ for having vegetation present for dam building, but with less-
preferred conifers. Water, rock/rubble, and exposed barren land were categorized as ‘None’ for
not having dam-building vegetation present.

Table 2. Historic Land Cover data codes from raster datasets of 1984 and designated

BRAT suitability categorization to run the historic vegetation layer. Adapted from
Rogers (2023).

Land Cover Data Code Meanin BRAT Suitability and Score

210 Coniferous Occasional — 2
50 Shrubs Occasional — 2

The existing vegetation dataset was converted from a polygon feature class into a raster
before being used. Five fields from the BC Land Classification Scheme (BCLCS) in the attribute

table correspond to vegetation types in the polygons. BCLCS level 1 classifies the presence and
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absence of vegetation in the polygon boundaries. BCLCS level 2 classifies the land cover type
within the polygon boundaries. BCLCS level 3 classifies the polygon location relative to
drainage and elevation. BCLCS level 4 classifies vegetation types and non-vegetation cover
types, and was selected for the BRAT classification scheme since it determines the dominant
vegetation cover type. The BRAT categorization for BCLCS level 4 followed the categorization
scheme used in Rogers (2023 — Table 3).

Table 3. BCLCS codes levels 1-4 with their code meanings and designated BRAT
suitability categories to run the existing vegetation layer. Adapted from Rogers
(2023).
BCLSS Level Code Meaning BRAT Suitability
and Score
\% Vegetated N/A
BCLSS_LEVEL 1 N Non-vegetated N/A
) Unreported N/A
T Treed N/A
BCLCS_LEVEL_2 N Non-Treed N/A
L Land N/A
w Water N/A
w Wetland N/A
BCLCS LEVEL 3 u Upland N/A
A Alpine N/A

TC Treed-Coniferous Occasional — 2
SL Shrub Low Occasional — 2

BCLCS_LEVEL 4

For the existing vegetation classification types, treed-broadleaf, treed-mixed, treed-
coniferous, shrub low, snow/ice, rock/rubble, and exposed land categories follow the
categorizations used in the historic classification. Shrub tall was categorized ‘Frequent’ for
having woody material of broadleaf plants. Herb layers were classified as ‘Rare’ for having
vegetation that is mostly non-woody stem. Bryoids were classified as ‘None’ for not having

useable vegetation for beaver.

BCLCS level 5 classifies level 4 vegetation layers into density classifications. The
BCLCS level 5 classes were also given a BRAT vegetation suitability score based on the

vegetation density within the polygon (Table 4). The BRAT vegetation suitability classes were
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derived from the density definition of the BCLCS values (MFLNRO 2019). All non-vegetation
layers were classified as ‘None’ for not having vegetation. Closed was classified ‘Rare’ as it is
defined as the polygon being covered in > 50% of the polygon. Sparse was classified as
‘Occasional’ for the polygon being covered between 10% and 25% treed polygons, or cover is
between 20% and 25% shrub or herb polygons. Open was classified ‘Frequent’ as it is defined
as tree, shrub, or herb cover is between 26% and 60% of the polygon. Dense was classified as
‘Pervasive’ as it is defined as tree, shrub, or herb cover between 61% and 100% of the polygon.

Using the existing vegetation layer, the BCLCS level 5 inputs were also run in the Cariboo

Region.

Table 4. BCLCS level 5 codes with code meanings and designated BRAT suitability
classifications to run the existing vegetation density layer.

BC Land Classification Scheme Meaning BRAT Vegetation Suitability
Level 5

OP Open Frequent — 3
SP Sparse Occasional — 2
CL Closed Rare — 1




41.2 Streamflow Information

The BRAT makes determinations if a beaver can or cannot build dams based on
physical barriers and/or hydrological restrictions based on known deterrents to beaver (Section
1.2.1). Macfarlane et al. (2014) ran the BRAT over 2,852 beaver dam locations in Utah and
found some sparse dams between 17 and 23% gradient, but none above 23% gradient. Thus,
stream gradients above 23% were classified as ‘None’ for building potential. Gradients between
15 -23% were designated as can probably build a dam, 0.5 -15% as can build dam, and 0-0.5%
as really flat. Macfarlane et al. (2017) determined low flow stream power that beavers can build
dams as between 0 — 175 watts per metre (W/m) (Pervasive), can probably build dams between
176 — 190 W/m (Frequent), and cannot build dams as > 190 W/m (None). Two-year flood
stream power that dams can persist through was designated between 0-1000 W/m (pervasive
dam presence), 1000-1200 W/m as an occasional breach (frequent dam presence), 1200 —
2000 W/m as an occasional blowout (rare dam presence), and > 2,000 W/m as a blowout (no
dam presence). Drainage areas that beaver can build dams in were designated as 0-10,000 km?

and drainage areas that beaver cannot build dams in were designated as > 10,000 km?.

Gradient was estimated from differencing the top and bottom elevations of the segment
and dividing by reach segment length. The Valley Bottom Extraction Tool of the BRAT was used
to estimate valley-bottom width. Drainage areas were converted from square kilometres to
square miles and flow values were converted from cubic metres to cubic feet. The conversion to
imperial was to ensure the BRAT interpreted and calculated the data correctly. Regional
regressions were based on the hydrologic zones determined by the BC Streamflow Inventory.
Data for the regressions used flow data from gauged streams within Hydrologic Zones 14 and
15 where the field sites for ground truthing were located (Section 5.1). Hydrologic zones are
defined as areas where runoff characteristics are homogeneous and where data collected in the
region can be reasonably extrapolated to estimate characteristics at ungauged sites to an
acceptable degree of accuracy (Ahmed 2017). They are considered a practical approach to
estimate streamflow characteristics at ungauged sites (Ahmed 2017). One regression was
created for each hydrologic zone. Regression equations were calculated for low flow and peak
flow. Low flow was calculated as the discharge that exceeded 80% of the time for the month
with the lowest runoff. Low flow equations used the drainage area, along with ten-year and
seven-day annual low flow values from the BC Streamflow Inventory. Given the BRAT is

designed to use a two-year peak flow instead of a ten-year peak flow, two two-year peak flow
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equations were created by using two graphs which show the relationship between the

instantaneous peak flow interval of two years and the drainage area.
The low flow and peak flow formulae for Hydrologic Zones 14 and 15 were:

Hydrologic Region 14
Low flow: y= 0.1 72995049(DASqm)1.035568336
Peak flow: y= 819.3296487(DAsqm)?-044719065

Hydrologic Region 15
Low flow: y= 0.013545976(DAsqm)’ 115656437

Peak flow: y= 0.7182211519(DAsqm )°-899632024

Where DAsgm is drainage area in square miles.

412 BRAT Outputs

BRAT outputs of the assessed streams are the gradient, drainage area, 30-m and 100-m
existing vegetation, two-year low flow and peak flow, two-year low and peak flow stream power,
and dam capacity. All streams not designated as ‘None’ capacity were considered perennial
(Section 1.5), thus they would not be limited by water availability according to the BRAT.
Vegetation scores between whole numbers represent an average between the differing
vegetation classifications of adjacent polygons that the reach intercepts. Likewise, dam
densities between whole numbers represent the average between differently-classified
vegetation polygons combined with the physical and hydrological outputs. Dam capacity

determines the reach’s classification into one of five BRAT categories (Section 1.5).

4.2 Field Assessments — Site Selection

A three-hundred-metre-long reach of the stream was assessed based on the BRAT’s
300-m stream reach segmentation (Section 1.5). Fifteen sites were selected for ground-truthing,
consisting of three sites of each of the five BRAT suitability categories (Section 1.5). The equal
distribution of sites samples by BRAT suitability was to control for results being impacted by
differing levels of effort between suitability categories. All sites were surveyed between June and
September (one site was surveyed in late May but re-visited in June) to assess the stream’s

hydrological features during the June to September low-flow period of the Cariboo Region
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(Ahmed 2017). Separate watercourses were selected instead of differently-classified reaches of
the same watercourse to minimize spatial autocorrelation of results. Best efforts were made to
avoid reaches that intersected through, or were within 100-m of, active roads and within 100-m
of buildings to avoid anthropogenic impacts that could artificially deter beaver occupancy. One-
hundred metres was chosen as the exclusion cut-off distance for reach selection because it is
the maximum distance beaver will forage from their lodges (Allen 1983). Final site selection was

limited by vehicle accessibility and land ownership status and agreements.

4.3 Field Assessments — Data Collection

Data were input using a digital map created by the DUC GIS team on the FieldMaps app
created by the Environmental Systems Research Institute (2023). Four forms on the FieldMapps
were used to collect stream reach data: (1) Dam Monitoring Form, (2) Instream Assessment, (3)
Vegetation Assessment, and (4) Habitat Quality Scorecard. The entire length of each 300-m

reach was walked and/or waded in-between data collection points and plots.
4.3.1 Dam Monitoring Form and Beaver Presence

If encountered, dams were counted and measured. Measurements of beaver dams were
adapted from methods used in Woo & Waddington (1990 — Table 5).

Table 5. Dam parameters with their descriptions and units of measurement to measure
beaver dams encountered during field assessments of the Cariboo Region, 2023.

Parameter Description Units

Dam Height Height of the dam from the water Metre
surface to top of woody material.

Dam Length Length of the woody material of the dam  Metre
across stream.

Dam Status Determination if the dam has signs of Categorical (active, inactive)
activity or is inactive.

Pond Depth Depth of pond formed upstream from Metre
the beaver dam.

Dam Flow Determination of how water enters and Categorical (overflow, gap-flow,
leaves beaver dam. underflow, through-flow)

Upstream Water Level The depth of the stream upstream of the Metre
beaver pond that is unimpacted from the

dam.
Downstream Water Depth of stream downstream of the Metre
Level beaver dam.

Water Level Distance Depth difference between upstream and  Metre
downstream water levels.
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Beaver Encounters Recording of beavers encountered and Count and Observation
and/or Signs of signs of beaver presence within the
Presence reach.

Dam height, pond depth, and water levels were measured using a wooden collapsible 2-
m ruler. Dam length was measured using a 50-m Eslon open-reel measuring tape. If the dam
length and height was too large and determined unsafe to measure with the measuring tape, the
height was visually estimated, and the length was estimated using the measure tool on the
FieldMaps app. Dam flow was categorized as either overflow, gap flow, through flow, or under
flow. If beaver were encountered, they were counted and identified as an adult or kit. The
beaver activity and/or behaviour at time of identification was also recorded. Signs of beaver
presence included fresh mud and/or vegetation on dams and/or lodges, beaver tracks, scat,

beaver trails to the stream, gnawed trees and stumps, and beaver-felled trees.

4.3.2 Instream Assessments

Prior to collecting instream data, two random numbers were generated using The
Random Number Generator app on an iPhone to determine where stream data was collected at
each reach. The first number was generated between 1 and 150 m, and the second was
generated between 151 and 300 m. The two points were separated to capture possible variation
within the reach (e.g., breaks, microsite changes) and reduce measurements in one microsite
while also maintaining some sampling randomization. If the stream reach ended before the
second instream could be surveyed, only one instream point was used to represent the reach.
Bankfull area was estimated by multiplying the average measured bankfull width by the
segment length (i.e., 300 or 150). Wetted volume was estimated by multiplying the segment
length by average wetted width and average wetted depth. The instream field measurements
were recorded to compare habitat features that the BRAT estimates (e.g., gradient). Data
parameters selected for instream assessments (Table 6) were largely based on data parameters

collected for the Fish Habitat Assessment Procedure (Johnston & Slaney 1996).
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Table 6.

Data parameters with their description and units of measurement used to

measure instream habitat features during field assessments of the Cariboo

Region, 2023.

Parameter Description Units
Dewatered Visual determination if stream was or was not Categorical (yes or no)
Status dewatered.

Channel Depth Average depth of stream calculated from depth Metre
measurements taken at 7, 2, and % distance
from the left bank.
Wetted Width Width of stream with flow at time of assessment.  Metre
Channel Width Width of stream from left bank to right bank. Metre
Bankfull Depth Depth of stream when experiencing highest flow  Metre
periods (e.g., spring freshet).
Stream Gradient Average gradient of stream in section assessed. Percent
Bed Material Predominant and subdominant substrate Categorical

materials instream.

(fines/clays/silts/sand, gravels,
cobbles, boulders, bedrock)

Bank Material

Predominant and subdominant composition
materials of the left bank and right

Categorical (organics, fines,
sand, gravels, cobbles,
boulders, bedrock)

Anthropogenic Observations of anthropogenic features found Observational
features within stream reach.

Riparian Crown  Vegetated canopy cover over stream at time of Percent

Closure assessment.

Habitat Visual estimation of riffle, glide, pool, and Percent
Morphology cascade habitat.

Disturbance Observations of natural and/or anthropogenic Observational
Indicators disturbance to stream reach.

Off-channel Presence of channel braids or tributaries from Categorical (yes, no)
habitat main stem.

Valley Gradient from stream bottom to top of left and Percent and Metre
Confinement right valley side and estimation of valley height.

Channel depths and smaller (< 2-m) channel widths were measured with a collapsible 2-

m wooden ruler. Larger (> 2-m) channel widths were measured using a 50-m Eslon open-reel

measuring tape. Stream gradient was measured with a clinometer instream and having the field

crew partner walk 15 m upstream and downstream from the sampling point as the point of

measurement. Then average of both points was the representative gradient. If the stream

meandered or the crew partner was not visible from the stream, the gradient was measured

from the stream bank. Valley confinement was measured using a clinometer from instream to

the bottom of a landmark on the top of the valley (e.g., tree or boulder) and estimating the height

of the canyon. Stream substrate was determined by visual estimation and grabbing substrate

samples instream. Bank material was determined by visual estimation and grabbing samples of

bank material. All other parameters were visually estimated.
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4.3.3 Vegetation Assessments

At the instream assessment points, two random numbers were generated using the
same iPhone app as per the instream assessment to determine the riparian vegetation plots.
The first number was generated between 1-30 for the preferred range (in metres) for beaver to
forage for woody material and retreat to their lodges to avoid predators (Barnes and Mallik
2001; Jenkins 1979). The second number was generated between 31-100. The second number
was selected for the range (in metres) that beaver will forage if required (Allen 1983). If the
stream reach ended before the second instream point could be reached, only one pair of
vegetation plots was used to represent the reach. A 10-m x 10-m tree plot was placed at each
randomly generated distance from the bank to measure trees. The selected stream bank for the
vegetation assessment was the bank with the greater number of trees and/or the presence of
preferred species. The selection for the higher-quality bank was to measure the vegetation that
would be available for beaver if present. Tree plots were placed using four pieces of 10-m rope.
Vegetation was considered a tree if it had a woody stem and was > 2-m in height. The input
data layers to run the vegetation raster for BRAT cannot determine the DBH of trees that are
best for beaver felling (< 15-cm DBH — Section 1.2.2). Thus, the total number of coniferous and
deciduous trees of each stream reach were analyzed to compare the BRAT outputs to the field
assessments. Counted trees (except willow) were categorized by DBH using diameter tape. The
separation by DBH was used to determine the number of trees present in the plot that were the
preferred size class for beaver forage. If tree trunks were forked at/near the bottom (i.e., > one
stem), they were counted as separate trees, as beaver could forage them for material
separately. Trees were identified to species when possible, and genus when not possible.
Beaver cutting of sprouting woody species is analogous to coppicing — where trees are cut close
to the ground to produce basal sprouts rather than growth from seed (Baker et al. 2003;). Most
of the willow bases showed signs of a coppiced response to browsing (Appendix C; Photo 1, 2)
and the number of individual stems were not counted. Instead, willows were counted by the
base. To measure shrubs, a nested 5-m x 5-m shrub plot was placed in the middle of the tree
plot. The shrub plot was made from four pieces of 5-m rope. Vegetation was considered a shrub
if it had a woody stem and was between > 15 cm and < 2 m in height (Table 7). Shrub cover

was visually estimated, and not taxonomically identified.
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Table 7. Data parameters with their description and units of measurement for vegetation
measurements during field assessments of the Cariboo Region, 2023.
Parameter Description Units
Cover Class Maijority type of vegetation cover within Categorical (treed-broad leaf, treed-
100 m2 plot. mixed, treed-coniferous, shrub tall, shrub
low, herb, other).
Structural Visually estimated age of stand within Categorical (initial, shrub, pole-sapling,
Stage 100 m? plot. young forest, mature forest, old-growth
forest).
Number of Number of stems for conifers, alder, Count and species identification.

Trees <15cm
DBH

aspen, cottonwood, and other deciduous
trees with DBH < 15 cm within 100 m?
plot.

Number of
Trees > 15 cm
DBH

Number of stems for conifers, alder,
aspen, cottonwood, and other deciduous
trees with DBH > 15 cm within 100 m?2

Count and species identification.

plot.
Willow Number of bases with willow within 100  Count.
Presence m? plot.
Suitable BDA Estimation if there is adequate material Categorical (yes, no)
Material to make BDAs within 100 m?2 plot.
Shrub Cover Estimation of shrub cover within 25 m? Percent
plot.
Herbivory Chance-find observations of herbivory Observational

within or near plot. If possible, include if
beaver, rodent, or ungulate herbivory.

4.3.4 Habitat Scorecard

The habitat scorecard was completed after the other field assessments, and after the

reach was walked/waded. The scorecard was originally developed by the Methow Beaver

Project to determine what sites will best support newly released beavers and dam building

(Lundquist & Dolman 2018). The scorecard rates release site suitability with a point system

based on factors deemed relevant from the Methow Beaver Project’s past monitoring studies

(Lundquist & Dolman 2018). The scorecard received an update from the Lands Council of

Washington State (Lundquist & Dolman 2018 — Appendix A). Both versions of the form were

completed with some amendments, but only the updated version was used in subsequent

analysis and included in this report. The springtime stream flow section was discarded from the
assessment, as it requires flow assessments during both high flow and low flow periods. Since
field surveys were conducted during summer low flows, the months surveyed between some
sites were different, and sites were not re-visited, the stream flow category was not completed.
Therefore, the updated score for a bad release site was changed to 0-39 points from 0-44

points, and the good release site to 40-90 points from 45-95 points. If the answer to a scorecard
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category was unknown, it was given a “0” in the assessment. Since only a 300-m reach length
or less was assessed (Section 4.3), the Habitat Unit Size score was determined by multiplying
the average channel width by the length of the assessed reach. If the channel was observed to
continue from the end of the survey location, one extra point was given to the Habitat Unit Size.
Due to the literature indicating that beaver prefer building dams in less than one-metre-deep
channels (Section 1.2.1), and the scorecard having a negative score for stream depths over
waist depth (approximately one metre for this report’s author), stream depths exceeding one

metre were determined negative for dam construction.

The scores of each stream were based on the relative habitat quality of each stream, not
as an objective measure of the stream’s suitability to habituate released beaver. After the field
surveys were completed, some parameters of the scorecards were re-assessed to better reflect
the differences among sites. The re-assessment was completed because (1) the experience
and skill to accurately assess a site increased with each successive site completed, and (2) re-
assessment with numerical data (e.g., tree counts and stream size) allowed for more

quantitative, objective assessments.

To see if the BRAT dam capacity outputs relates mostly to vegetation availability and not
other beaver habitat characteristics, the habitat scorecard was separated into vegetation and
physical/hydrological parameters to determine if the BRAT’s lack of habitat-quality estimation
was more indicative from the vegetation score parameters or from physical/hydrological

parameters.
The habitat scorecard parameters considered vegetation parameters were:

o Woody food

e Herbaceous food

¢ Lodge and dam building materials

e Large woody debris presence instream
e Browsing/grazing impacts

e Recent fire (from bonus)
The habitat scorecard parameters considered physical/hydrological parameters were:

e Stream gradient
e Year-round flow prediction

e Average stream depth
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e Habitat unit size
¢ Floodplain width
¢ Predominant stream substrate

¢ Number of pools presence

The total weight of the vegetation scorecard parameters is 50% (45/90) and the total weight
of the physical/hydrological scorecard parameters is approximately 39% (35/90). Other
parameters (the remaining approximate 11%) such as historical beaver use and proximity to
beaver colony were excluded from the sub-categorization because changes to the stream from
beaver activities are already accounted for in the other physical and hydrological parameters,
and vegetation impacts are already accounted for in the browsing/grazing impacts parameter.
Damages from flooding and other bonus point parameters were excluded because these
parameters measure the site’s restoration feasibility considering anthropogenic factors, not

inherent habitat quality.

4.4 BRAT Outputs and Field Assessment Comparisons

Scatter plots were used to compare the BRAT outputs with field assessment results
(Table 8) and determine if correlations were present. The correlations would indicate that the
BRAT was or was not accurately estimating a specific ground-truthed variable. The two-year low
flow was compared against the wetted volume to determine if lower to higher low flow estimates
correlated with lower to higher measured wetted volumes found during the low-flow period,
respectively. Likewise, the two-year peak flow was compared against the bankfull volume to
determine if lower to higher peak flow estimates generally correlated with lower to higher
bankfull measurements. Since measurements were conducted during the summer low-flow

period, no field measurements were correlated with BRAT stream power outputs.

BCLCS level 4 vegetation outputs were compared to the average all tree counts,
coniferous tree counts, and deciduous tree counts to determine if there was a correlation
between the BRAT outputs and the average number of all trees; and if the correlation changes
when comparing with deciduous/broadleaf trees only and coniferous trees only. BCLCS Level 5
vegetation outputs were compared to average total tree counts to determine if the BRAT
accurately estimated sites with relatively higher tree counts than others. Sites not classified as
treed were excluded from the BCLCS level 5 analysis because they did not have trees present
but still had max vegetation density (4) outputs due to the land cover being predominated by tall

herbaceous vegetation (Appendix C; Photo 3). No sites were classified as shrubbed; thus, no
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shrub density analysis was conducted. Average tree count was used instead of total tree count
as three sites had only one 30-m and 100-m sampling plot due to being approximately 150-m

segments while the other twelve 300-m sites had two 30-m and 100-m plots (Section 5.1).

Table 8. BRAT Output Correlations with Field Measurements.
BRAT Outputs
Two- Two-
. Veg Veg
Gradient Drainage Score Score year year Dam.
o Area Low Peak Capacity
(%) 2 100 m 30m
(km?) (0-4) (0-4) flow Flow (dams/km)
(m®/s) (m®/s)

Field Bankfull Tree Tree Wetted Bankfull Habitat
Gradient Area Count Count1-  Volume Volume  Scorecard
(%) (km?) 31-100- 30-m (m3) (m3) (0-90)

m

Field Measurements

4.5 Hydrological Modelling

The ground-truthed sites were segmented into the smallest sub-watersheds available
using Freshwater Atlas watershed layers (GeoBC 2024). Seasonal climate data that overlapped
these watersheds was collected from the 2022 ClimateBC database, and the 2041 and 2071
projections using the representative concentration pathway (RCP) 8.5 estimate. ClimateBC
extracts and downscales gridded (4 x 4 km) monthly climate data from PRISM (Wang et al.
2016). The future climate projections were selected from the General Circulation Models of the
Coupled Model Intercomparison Project that was included in the Intergovernmental Panel on
Climate Change sixth assessment report (Mahoney et al. 2022). RCP 8.5 was recommended
over 4.5 for being a more realistic projection of global emissions (Darin Brooks personal
communications 2024). Twelve seasonal variables and one constant variable (13 total) in 2022,
2041, and 2071 were selected to analyze which seasons are affecting flow and may need

consideration for beaver occupation and restoration. The selected variables were:

e Elevation in metres;
e Average winter, spring, summer, and autumn temperature in degrees Celsius (Tave_wt,

Tave_sp, Tave_sm_Tave_at);
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¢ Precipitation as snow in millimetres (PAS_wt, PAS_sp, PAS_sm, PAS_at).
o Hargreaves reference evaporation in winter, spring, summer, and autumn in millimetres

(Eref_wt, Eref_sp, Eref_sm, Eref_at).

Precipitation as snow was selected over total precipitation to examine the changes in
flow from a reduced snowpack. While the Cariboo region is expected to have increased
precipitation in spring and autumn, this does not necessarily indicate increased streamflow. As
part of the Interior Plateau, the Cariboo has a nival (snowmelt-dominated) streamflow (Eaton &
Moore 2010). Higher snowpack helps maintain perennial flows as higher snowpack stores more
water for flow later in the season than lower snowpacks (Eaton & Moore 2010). Rainfall is not
stored on land as long as snow and flows downstream earlier (Eaton & Moore 2010). The
Cariboo region is projected to have warmer annual temperature with wetter winters with more
rain and less snow, wetter springs and falls, and drier summers (Daust n.d.; MFLNRO 2016).
Peak flows are expected to change, with a smaller spring snowpack, earlier spring freshet, and
lower summer low flows (MFLNRO 2016). Therefore, examining flow changes from snowfall can

provide a better indication of perennial flow changes than total precipitation.

The sub-watersheds were mapped on ArcGIS Pro, and the climate data points
overlapping each sub-watershed were tabulated. The two-year low flow and peak flow estimates
by the BRAT (Section 4.1.2) were used as current flow estimations, and the average of each
climate variable was used in calculations. Once the climate data were tabulated and averaged,
a stepwise regression was run for each sub-watershed under 2022 conditions to determine
which climate factors were significantly impacting flow using R version 4.2.2 (a = 0.05). Autumn
seasonal variables were excluded from the low flow regression and summer seasonal variables
were excluded from the peak flow regression as they are not expected to influence these flow
periods respectively. After running the regressions, the estimates were applied as coefficients to
the 2022, 2041, and 2071 climate values to assess the impact to stream flow. The climate data
were first normalized to have a uniform scale, and the results were de-normalized to compare
the BRAT-estimated flows with and without applying climate data. Change in flow was

calculated as:

AQ. or AQ, = Intercept + Y[coef ficient (Elevation) + [coef ficient(Tave)] +
[coef ficient(PAS)] + [coefficent (Eref)]

Where Tave is the average temperature of each season, PAS is the precipitation as snowfall of

each season, and Eref is the Hargreaves reference evaporation of each season.
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4.6 Statistical Analyses for Correlation Tests

Spearman’s rank correlation tests were run for all correlation tests using R version 4.2.2.
Spearman’s rank correlation test was selected because the data were non-parametric. The
correlation test determined if positive or negative relationships between variables existed, and if
the relationship was significant. The Spearman’s rho (r coefficient) indicates the relationship
strength. Ninety-five percent confidence intervals were selected; thus, p is significant at < 0.05.
Correlation tests were run by site, and as an average of each of the three sites BRAT suitability
grouping (i.e., Pervasive, Frequent, Occasional, Rare, and None). Since the BCLCS level 5 was
not used to determine the stream’s BRAT suitability, no BRAT-averaged analysis was completed

for vegetation density.

4.7 Figure Naming Conventions

The first letter of the BRAT suitability category was used to display the category in the
scatter plot (e.g., Pervasive = P). Assessed stream site names were given the following

abbreviations on the scatterplots:

e 3 Mile Creek = 3MC

e Watson Creek = WC

e Guy Creek = GC

e Rock Creek = RC

e 111 Mile Creek = 111MC
e Tin Cup Creek =TCC

e Gavin Lake Creek = GLC
e Fake Creek =FC

e Buckskin Creek = BskC
e Jones Creek = JC

e Cow Creek = CowC

e Burnt Creek = BrnC

e Smoky Creek = SmC

o Steep Creek = StC

e CIiff Creek = CIC
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5.0

5.1

Results — BRAT Outputs and Field Observations

Site Selection for Ground Truthing

Fifteen reaches (three of each BRAT suitability category) were examined for their

potential to support beaver dams (Table 9). Three reaches were in Hydrological Zone 14 —
North Columbia Mountains (3 Mile Creek, Guy Creek, and Gavin Lake Creek) while the

remaining 12 sites were in Hydrologic Zone 15 — Fraser Plateau.

Table 9. Summary information of field-assessed sites in the Cariboo Region, 2023.
Site Watershed BEC BRAT Assessment Length Coordinates (Lat/Long)
Name Zone Suitability Date(s) Surveyed
(YYYY-MM- (m)
DD)
3 Mile Quesnel SBSdw1  Pervasive 2023-07-09 300 52.515627, -121.801030
Creek River
Watson San Jose IDFdk3 Pervasive = 2023-06-04; 300 51.775661, -121.428019
Creek River 2023-06-06
Guy Quesnel SBSdw1  Pervasive 2023-07-10 300 52.448818, -121.832694
Creek River
Rock San Jose IDFdk3 Frequent 2023-05-29; 300 51.768116, -121.451474
Creek River 2023-06-04;
2023-06-06
111 Mile San Jose IDFdk3 Frequent 2023-06-04; 300 51.776079, -121.429205
Creek River 2023-06-06
Tin Cup  Thompson IDFdk3 Frequent 2023-07-01 300 51.354322, -121.274229
Creek River
Gavin Quesnel ICHmMk3 Occasional  2023-07-03 300 52.497641, -121.713007
Lake River
Creek*
Fake Fraser IDFdk3  Occasional  2023-06-05 150 52.283846, -122.312474
Creek* River
Buckskin Fraser IDFdk3  Occasional  2023-07-08 300 52.250281, -122.325810
Creek River
Jones San Jose IDFxm Rare 2023-07-07 300 52.081710, -121.896406
Creek River
Cow San Jose IDFdk3 Rare 2023-07-07 150 52.081802, -121.876746
Creek* River
Burnt Thompson  IDFdk3 Rare 2023-09-24 300 51.321975, -121.029286
Creek* River
Smoky San Jose IDFxm None 2023-07-11 300 52.175549, -122.166085
Creek* River
Steep San Jose IDFxm None 2023-07-11 150 52.166683, -122.175460
Creek* River
Cliff Fraser IDFxm None 2023-06-05 300 52.264700, -122.259346
Creek* River

*Watercourse name is not official and made by author for reader convenience.
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5.2 BRAT Outputs

No streams were limited by an excessively large drainage area or high two-year flood
stream power (Table 10). The ‘None’ streams were not designated by vegetation limitation, and
instead by gradient. Most streams fell within the 0.5 — 15% gradient category. Vegetation scores
were the biggest differentiator between suitability designations, as lower vegetation scores
always correlated with lower dam density scores, except for the ‘None’ creeks as they exceeded

the gradient limit. Watson Creek received the maximum dam capacity score (40 dams/km).
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Table 10. Summary of BRAT Outputs for the 15 field-assessed streams in the Cariboo Region, 2023.

Two-year Two-year

Veg Veg Two-year

Gradient Drainage Score Score Two-year Peak Low flow Peak Dam
Site o Area Low flow Stream Stream Capacity
(%) 2 100 m 30m 3 Flow
(km?) (0-4) (0-4) (m3ls) (mdls) Power Power (dams/km)
(W/m) (W/m)

3 Mile
Creek 5.0 8.43 2.74 3.43 6.2 x 103 0.10 0.09 1.42 23.7
Watson
Creek 1.7 248.87 3.87 4 0.02 0.52 0.10 2.42 40
Guy
Creek 4.9 4.156 3.15 3.46 3.0x10°3 0.06 0.04 0.73 24.3
Rock
Creek 2.0 113.68 1.60 2.38 9.1x103 0.26 0.05 1.43 10.7
111 Mile
Creek 0.07 640.83 2.56 2.21 0.06 1.2 0.02 0.34 7.2
Tin Cup
Creek 0.85 31.93 2.05 2.62 2.2x103 0.08 5.2x103 0.19 11.8
Gavin
Lake
Creek 9.1 0.51 2 2 34x10* 79x10°% 8.6x103 0.20 3.6
Fake
Creek 14.1 2.91 2 2 1.5x10% 9.5x10% 59x103 0.37 3.6
Buckskin
Creek 0.41 54.73 1.97 1.77 4.0x 103 0.13 4.5x 103 0.15 3.6
Jones
Creek 0.37 97.25 1 1 7.6x103 0.22 7.8x103 0.23 0.57
Cow
Creek 4.1 4.11 1 1 2.2x10* 0.01 25x 103 0.15 0.57
Burnt
Creek 0.30 4.27 1 1 2.3x10* 0.01 1.9x 104 0.01 0.57
Smoky
Creek 24 .4 1.45 2.09 2 6.9x105 51x10°% 47x103 0.34 0
Steep
Creek 29.4 0.64 1.93 1.94 28x10% 24x10°% 23x103 0.20 0
Cliff
Creek 25.1 2.48 1.89 1.88 1.3x10* 83x10% 8.8x103 0.58 0
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53 Field Assessments — Beaver Presence

Dams were found only in two streams: 111 Mile Creek and Watson Creek which is a
tributary of 111 Mile Creek (Table 11). Both streams are located within privately owned farmland
at the 108 Mile Ranch. Fish were observed upstream and downstream of both dams in Watson
Creek. One Pervasive stream had signs of beaver presence, all three Frequent streams had
signs of beaver presence, and one Occasional stream had a beaver sighting downstream of the
assessment area in a constructed wetland built by a DUC-managed dam (Table 12).

Table 11. Summary of observed beaver dams with their dimensions and upstream and
downstream water levels from field assessments in the Cariboo Region, 2023.

Dam Dam Dam Dam Dam Pond Upstream Downstream
Location Status Flow Height Length Depth Water Water Level
(m) (m) (m) Level (m) (m)
Watson
Through-
Creek Inactive a 0.35 4.8 0.23 0.29 0.20
ow
Upstream
Watson
Creek Active  Underflow 0.25 41 0.53 0.32 0.23
Downstream
111 Mile
Through-
Creek Inactive 0.35 3.1 0.60 0.50 0.40
flow
Upstream
111 Mile
Through-
Creek Active a 0.4 19 0.95 0.67 0.45
ow
Downstream
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Table 12. Summary of other signs of beaver presence in assessed streams during field
assessments in the Cariboo Region, 2023.
Stream Date of Beaver Sign(s) of Presence Comment
Observation Observed Presence
Rock Creek Some gnawed tree trunks adjacent
2023-05-29 0 Gnawed trees
to stream.
Watson Abundant gnawed tree trunks
2023-06-04 0 Gnawed trees . .
Creek adjacent to vegetation plots.
111 Mile Abundant gnawed tree trunks
2023-06-04 0 Gnawed trees . .
Creek adjacent to vegetation plots.
Tin Cup Multiple gnawed tree trunks <3 m
Gnawed trees;
Creek 2023-07-01 0 from stream;
Scat
Unconfirmed scat.
Buckskin Single beaver seen swimming in
Creek Coppiced willow Buckskin Marsh;

2023-07-08 1 Adult
stems Coppiced willow stems indicate

beaver clipping.

5.4 Field Assessments — Instream

Although stream power was not measured in the field, it is assumed that all streams

lacked sulfficient stream power to prevent beaver-dam-building. This assumption is based on

111 Mile Creek having the highest stream power (from feeling when wading through the stream)

and was one of the only two streams to have dams present at the time of assessment (and the

largest dams — Table 11). Additionally, Watson Creek had the highest estimated two-year peak

flow stream power by the BRAT (Table 10), and was the only other stream to have beaver dams

present (Table 11). Therefore, it is assumed that the BRAT correctly estimated that none of the

assessed streams were limited by stream power.

The average bankfull depth of all streams was 0.30 m. Bankfull depth variation across all

sites was relatively low (SD = 0.181) and all sites were below 1 m. Average estimated BRAT low

flow and peak flows between all sites was 7.8 x 10 m®s and 0.18 m®/s respectively, and both

had low variation among sites (SD = 0.02; 0.32 respectively). 111 Mile Creek had the greatest

bankfull width and bankfull depth, though this depth is likely influenced by the active beaver

dams.
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5.5 Field Assessments — Vegetation

Aspen were found on all plots that had deciduous trees (12 of 15 sites). Plots with no
aspen also had no other deciduous trees. All aspen found during the project were trembling
aspen (Populus tremuloides). Willows were the next most common deciduous species, found at
7 of the 15 sites. Mountain alder (Alnus incana) were only found at the two sites in the SBSdw1
zone (3 Mile Creek and Guy Creek). Other deciduous trees were found at three sites and
included black cottonwood (Populus trichocarpa) and paper birch (Betula papyrifera) at Guy
Creek. Saskatoon berry (Amelanchier alnifolia) was found at Smoky Creek. The other

deciduous trees found in Burnt Creek could not be identified due to the fire.

Coniferous tree species richness was relatively consistent across sites within the same
BEC zone. Coniferous species found at 3 Mile Creek and Guy Creek (the SBSdw1 sites)
included western hemlock (Tsuga heterophylla), hybrid white spruce (Picea engelmannii x
glauca) with lodgepole pine (Pinus contorta) found in 3-Mile Creek only. The single ICHMk3 site
(Gavin Lake Creek) had lodgepole pine, Douglas-fir (Pseudotsuga menziesii), and western
redcedar (Thuja plicata) present. Of the IDFxm sites that had trees (CIiff Creek, Steep Creek,
Smoky Creek), Steep Creek and Smoky Creek only had Douglas-fir. Cliff Creek had both
Douglas-fir and common juniper (Juniperus communis). Lodgepole pine, hybrid white spruce,

and Douglas-fir were found at most sites of the IDFdk3 sites (all other sites).

6.0 Results — BRAT Comparisons to Field Results

6.1 BRAT Stream Feature Outputs and Instream Assessments

Despite the BRAT filtering for perennial watercourses (Section 1.5), five field sites were
dry at time of assessment, and all five had nearly zero BRAT-estimated two-year low flow and
peak flows (Figure 2 a, b). There is a positive correlation between BRAT-estimated two-year low
flow and average wetted volume that is significant (r = 0.76, p = 9.2 x 10**). Correlation between
BRAT-estimated two-year peak flow and average bankfull volume was weaker but significant (r
= 0.58, p = 0.02). When averaging by BRAT suitability, there was a positive correlation between
low flow and wetted volume and between peak flow and bankfull volume that was not significant
(r=0.7 for both; p = 0.19 for both — Figure 2 c, d).
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Overall, a weaker positive correlation was found between BRAT-estimated drainage area
and average bankfull area that was significant (r = 0.57, p = 0.03 — Figure 3 a). The average
bankfull area of the assessed sites was 1.37 km2. While only three streams had a bankfull area
> 1 km?, variation among the streams was high (SD = 1.55). Average BRAT-estimated drainage
area was 81.1 km? with high variation among sites (SD = 169). There was high variation among
bankfull areas of some sites with similar BRAT drainage area estimations. Jones Creek and 111
Mile Creek have the same bankfull area despite different BRAT drainage areas. Burnt Creek
had the highest bankfull area despite one of the lowest BRAT drainage areas. When averaging
by BRAT suitability, there was a weaker correlation between average drainage area and
average bankfull area that was not significant (r = 0.5; p = 0.39 — Figure 3 c). Larger drainage
areas did not indicate a higher BRAT suitability, as Pervasive sites bankfull areas were smaller
than all sites except None sites. Rare were the largest, and much larger relative to drainage

area estimations.

Smoky Creek had a lower measured gradient than modeled, and Fake Creek had a
higher than modeled gradient, above the 23% gradient limit (Figure 3 b). All other streams not
designated as ‘None’ were correctly estimated below the 15% gradient limit that might limit dam
building (Section 4.1.2). Overall, there is a high correlation between the BRAT outputs and the
measured gradient (r = 0.87), and this correlation is highly significant (p = 2.1 x 10%). When
averaging by BRAT suitability, the correlation is high and significant (r = 0.9; p = 0.04 — Figure 3
d). Since all streams not designated ‘None’ except Fake Creek were correctly estimated below
15%, the BRAT correctly did not use gradient as a physical limitation or prevention to estimate
dam capacity, and did use it as a physical prevention for the None streams all above 23%

except Smoky Creek.
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6.2 BRAT Vegetation Outputs and Field Vegetation Assessments

A higher BRAT vegetation output should indicate greater deciduous vegetation based on
the vegetation classification system used (Section 4.1.1). However, for coniferous vegetation, a
higher BRAT vegetation output should not indicate greater coniferous vegetation because
coniferous forests were given an Occasional score (2), and mixed forests were given a Frequent

score (3) for being less-preferred vegetation (Section 4.1.1).

6.2.1 All Trees

There was little correlation found when comparing the within 30-m tree counts with the
30-m vegetation BRAT output and was not significant (r = 0.27; p = 0.32 — Figure 4 a). However,
a significant positive correlation was found with vegetation between 31-100 m (r = 0.76, p = 9.2
x 10* — Figure 4 b). When the BRAT output scores and field tree counts were averaged by
BRAT suitability, little positive correlation was found within 30 m (r = 0.1; p = 0.87 — Figure 4 c).
Within 100-m, the average BRAT vegetation output had a high positive correlation with the

number of trees, but was not significant (r = 0.8; p = 0.10 — Figure 4 d).

When analyzing only preferred-size trees (< 15-cm DBH), the overall same relationships
were seen within 30-m and between 31-100-m with some minor variations. Within 30-m, the
positive correlation was similar to all tree sizes and was not significant (r = 0.26; p = 0.37 —
Figure 5 a). Between 31-100-m, the positive correlation was similar to all tree sizes and
significant (r = 0.75; p = 1.0 x 10 — Figure 5 b). When averaging by BRAT suitability, the overall
trend was nearly identical to the assessment of all tree sizes, except that Occasional and None
creeks had a similar field average at 30-m. At 100-m, the correlation was high and significant (r
= 0.9; p = 0.04) (Figure 5 d). However, at 30-m, the correlation was lower and less significant (r
= 0.87, p = 0.05) (Figure 5 c).
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6.2.2 Coniferous Trees

Correlation was lower between BRAT vegetation outputs and average coniferous tree
counts compared to the all trees and deciduous trees analysis (Figure 6 a, b). Both 30-m and
100-m vegetation zones had a low correlation (r = 0.01; 0.29 respectively) and neither
correlation was significant (p = 0.96; 0.29 respectively). The highest counts of coniferous trees
were generally around BRAT output scores near two (Figure 6 ¢, d) which was the score
designated for coniferous forests (Section 4.1.1). Rare creeks outputs were less than two and
had fewer conifers than all other sites. Pervasive creeks scored higher than two and had fewer
conifers than sites that scored closer to two (except for None creeks at 100 m), but more than
Rare creeks. Within 30 m, Frequent sites scored above two and had fewer conifers. Between
31-100 m, Frequent sites scored closer to two and had high conifer abundances. At both
distance ranges, Occasional creeks scored close to two and had the highest conifer
abundances. None creeks had a high number of conifers relative to the BRAT output within 30
m, but had far fewer conifers relative to the vegetation output between 31-100 m. The
correlation between average BRAT vegetation outputs and number of conifers within 30 m was
low and not significant (r = 0.10, p = 0.87). At the 100 m vegetation zone, the correlation was

slightly positive but not significant. (r = 0.60, p = 0.28).

When analyzing preferred-size coniferous trees, a similar overall trend was observed.
Both 30-m and 100-m vegetation correlations were low and not significant (r = 0.14, p = 0.61; r
= 0.30, p = 0.28), respectively (Figure 7 a, b). Likewise, averaging the outputs and assessed
trees by BRAT suitability followed a similar trend. Correlation between the average BRAT
vegetation outputs and average number of conifers < 15 cm DBH counted within 30 m is low
and not significant (r = 0.2; p = 0.75 — Figure 7 c). Between 31-100 m, the correlation is slightly
positive and not significant (r = 0.5; p = 0.39 — Figure 7 d).
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6.2.3 Deciduous Trees

Unlike the coniferous-tree analysis, there was an overall positive correlation between the
BRAT 30-m and 100-m vegetation output and the number of deciduous trees measured within
30 m and between 31-100 m (r = 0.72; 0.68 respectively) that was significant (o = 2.0 x 1073; 5.0
x 1073 respectively — Figure 8 a, b). Within 30 m, the BRAT was quite accurate as all sites with
outputs less than two had lower deciduous tree counts than all sites with outputs greater than
two, except for Burnt Creek. Between 31-100 m, the average number of deciduous trees
increased — particularly with Pervasive creeks where the tree counts were more representative
of the BRAT output. When averaging 30-m and 100-m correlations by BRAT suitability, the
correlations were weaker (r = 0.5; 0.1), respectively, and not significant (p = 0.39; 0.87),
respectively (Figure 8 c, d). Frequent site deciduous trees decreased from the within 30-m and
between 31-100-m plots, and this decrease was captured by the lower BRAT outputs.
Occasional and None sites had an average BRAT vegetation output near two at both distances,
and correctly had few deciduous trees being primarily coniferous forests. Pervasive sites had
lower average deciduous trees compared to Frequent sites within 30 m despite a higher
average BRAT output. However, their average deciduous tree counts nearly tripled between 31-

100 m despite a slightly lower BRAT output compared to within 30 m.

When analyzing preferred-size deciduous trees only, the correlation between 30-m
BRAT vegetation outputs and within 30-m deciduous trees 5-15-cm DBH was greater and more
significant than the analysis of all tree sizes (r = 0.76; p = 9.6 x 10— Figure 9 a). Between 31-
100 m, the correlation between the 100-m BRAT vegetation output and 31-100-m deciduous
trees 5-15-cm DBH was lower than all tree sizes (r = 0.64; p = 0.01 — Figure 9 b). When
averaging by BRAT suitability, the correlation between the 30-m BRAT vegetation output and the
number of deciduous trees 5-15-cm DBH was the same as the by-site analysis and not
significant (r = 0.5; p = 0.39 — Figure 9 c). Between 31-100 m, the correlation between the 100-
m BRAT vegetation output and the number of deciduous trees 5-15-cm DBH was slightly higher
than the analysis of all tree sizes and not significant (r = 0.21; p = 0.74 — Figure 9 d). Average

deciduous tree counts overall did not reduce greatly when including only < 15 cm DBH.
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6.2.4 Shrub Cover

Within 30 m, there was a weak positive correlation between the BRAT 30-m vegetation
output and the average percent shrub cover that was not significant (r = 0.43; p = 0.10 — Figure
10 a). Between 31-100m, there was a stronger positive correlation between the BRAT 100-m
vegetation output and the average percent shrub cover that was significant (r = 0.66; p = 8.0 x
107 — Figure 10 b).

When averaging by BRAT suitability within 30 m, there was a strong positive correlation
between average BRAT 30-m vegetation output and average shrub cover that was not
significant (r = 0.80; p = 0.10 — Figure 10 c). Between 31-100 m, there was a weak positive
correlation between the average BRAT 100-m vegetation output and the average percent shrub

cover that was not significant (r = 0.40; p = 0.50 — Figure 10 d).
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6.2.5 Tree Density

Burnt Creek, Jones Creek, and Cow Creek (all Rare sites) were classified as
herbaceous sites and thus excluded from the tree density analysis. Within 30 m, a weak positive
correlation was found (Figure 11 a) that was not significant between the BRAT 30-m output and
the average number of all trees (r = 0.47; p = 0.12). Between 31-100 m, no correlation was
found (Figure 11 b) (r = -0.05; p = 0.87). A high variation in the tree counts within 30 m (SD =
6.40) and between 31-100 m (SD = 9.65) was found despite a low variation between the BRAT
outputs within 30 m (SD = 0.33) and between 31-100 m (SD = 0.34),
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Figure 11. Scatter plots displaying the (a) relationship between the BRAT 30-m vegetation
density output and the average number of trees within 30 m; (b) relationship
between the BRAT 100-m vegetation density output and the average number of
trees between 31-100 m.
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6.3 Habitat Scorecard Compared to BRAT Suitability

Five streams received good beaver release site scores (> 40), while the other ten
received bad scores (< 40) (Appendix B). Of the five good release sites, one was Pervasive, two
were Frequent, one was Occasional, and one was Rare (Figure 12 a). There was an overall
weak positive correlation between total scores and predicted dams/km that was significant (r =
0.54; p = 0.04). Watson Creek received the highest habitat total score as well as the highest
dams/km output. None creeks generally corresponded with the lowest scores and dams/km
output, except for Fake Creek, which scored similarly to the None sites. Otherwise, there was
no discernable pattern between habitat scores and the dams/km output (Figure 12 b). When
averaging by BRAT suitability, there was a strong positive correlation between dam capacity
outputs and habitat scores that was also significant (r = 0.90; p = 0.04). Pervasive and Frequent
creeks had a similar average habitat score despite a greater than three times difference in dam
capacity score. Rare creeks on average had a nearly 50% greater habitat score than

Occasional creeks despite having an approximately six times lower average dam capacity.
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When analyzing only the vegetation parameters from the scorecard (Section 4.3.4), the
correlation between the BRAT dam capacity output and the scores of the vegetation habitat
parameters was slightly higher and slightly more significant than the correlation between the
dam capacity output and total habitat score (r = 0.60; p = 0.02 — Figure 13 a). Variation between
the vegetation habitat scores of all sites was lower than the physical/hydrological scores (SD =
9.8 < 13.9). When averaging by BRAT suitability, there is a perfect positive correlation between
the BRAT dam capacity outputs and vegetation habitat scores that is highly significant (r=1; p <
2.2 x 107 — Figure 13 b). There was an overall strong discernible trend between increasing

BRAT suitability and increasing vegetation habitat quality.

The correlation between the BRAT dam capacity output and the score of the
physical/hydrological habitat parameters is lower than the vegetation score correlation and not
significant (r = 0.47; p = 0.08 — Figure 13 c). Variation between the physical/hydrological score
of all sites was higher than the vegetation scores (SD = 13.9 > 9.8). Six sites scored less than
zero (one Pervasive site, two Occasional sites, all three None sites), and one site scored zero (a
Rare site). When averaging by BRAT suitability, there is a weak positive correlation between
dam capacity and physical/hydrological habitat scores that is not significant (r = 0.5; p = 0.39 —
Figure 13 d). The correlation is largely driven by None creeks having consistently low scores
(SD = 2.6). Otherwise, there is no discernible trend between increasing BRAT suitability

categories and increasing physical/hydrological habitat quality.
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7.0 Results — Hydrological Modelling

The smallest sub-watersheds that could be found with publicly available data
overlapping the ground-truthed stream reach were selected. Each ground-truthed site was

within its own unique sub-watershed (Table 13).

Table 13. Sub-watersheds and Overlapping Climate Data Points of Field Sites.

Sub-Watershed' Sub-Watershed Area (km?) Climate Data Points (n)
3 Mile Creek 3.15 13
Watson Creek 1.02 6
Guy Creek 1.71 6
Rock Creek 18.24 74
111 Mile Creek 5.22 21
Tin Cup Creek 3.99 16
Gavin Lake Creek 1.63 7
Buckskin Creek 1.29 6
Fake Creek 2.56 9
Jones Creek 1.69 6
Cow Creek 1.28 5
Burnt Creek 1.63 6
Steep Creek 1.98 9
Smoky Creek 1.22 5
Cliff Creek 2.99 13

'GeoBC (2024).
7.1 Current Climatic Condition Regressions

For the low flow stepwise regression, average winter temperature, summer snowfall,
spring snowfall, and spring evaporation were found to have the strongest effect on flow (Table
14). Winter temperature had a non-significant positive effect, summer snowfall had a significant
positive effect, spring snowfall had a significant negative effect, and spring evaporation had a

significant negative effect. The stepwise regression overall was significant (p = 0.03).
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Table 14. 2022 Low Flow Stepwise Regression Summary.

Climate Variable' Estimate Standard Error t value Pr
Intercept (QL) 1.89 0.99 1.91 0.08

Tave_wt 0.44 0.21 2.07 0.06
PAS_sm 1.09 0.29 3.74 3.9x103
PAS_sp -2.95 1.01 -2.94 0.01
Eref_sp -2.33 1.01 -2.31 0.04

Residual standard error: 0.19 on 10 degrees of freedom

Multiple R-squared: 0.62, Adjusted R-squared: 0.46

F-statistic: 4.00 on 4 and 10 DF, p-value: 0.03

TAcronyms described in Section 4.5
For the peak flow stepwise regression, a greater number of variables were found to
impact peak flow (Table 15). Elevation had a non-significant negative impact, average winter
temperature had a significant positive impact, average autumn temperature had a significant
negative impact, winter snowfall had a significant positive impact, spring snowfall had a non-
significant negative impact, autumn snowfall had a negative non-significant impact, and autumn
evaporation had a non-significant negative impact. Overall, the stepwise regression was not

significant (p = 0.14).

Table 15. 2022 Peak Flow Stepwise Regression Summary.

Climate Variable' Estimate Standard Error t value Pr
Intercept (Qp) 8.05 3.97 2.03 0.08
Elevation -4.42 2.66 -1.67 0.14
Tave_wt 2.24 0.70 3.21 0.01
Tave_at -8.51 272 -3.13 0.02
PAS_wt 4.62 1.83 2.52 0.04
PAS_sp -5.72 2.86 -2.00 0.09
PAS_at -3.69 1.93 -1.91 0.10
Eref_at -3.10 2.80 -1.11 0.30
Residual standard error: 0.20 on 7 degrees of freedom
Multiple R-squared: 0.70, Adjusted R-squared: 0.40

F-statistic: 2.35 on 7 and 7 DF, p-value: 0.14
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7.2 RCP 8.5 Scenario Projection Conditions

On average between all sites, average temperatures were projected to increase in all
seasons (Table 16). Winter temperatures were projected to almost reach above freezing by
2071. Snowfall is projected to decrease greatly. Winter evaporation is expected to occur by
2071, likely from the increased temperatures and decreased snowfall. Spring temperatures are
projected to increase greatly and are coupled with the greatest evaporation and temperature
increases. Summer is projected to have a substantial increase in temperature and evaporation.

Autumn follows similar changes to other seasons, but to lesser extremes.

Table 16. 2022, 2041, and 2071 Climate Variables and their changes between 2022-2041 and

2022-2071.

Climate 2022 2041 2022-2041 2071 2022-2071
Tave_wt (°C) -7.5 -3.7 +3.8 -1.8 +5.7
Tave_sp (°C) 3.7 7.6 +3.9 9.7 +6.0
Tave_sm (°C) 16.0 18.7 +2.7 21.3 +5.3
Tave_at (°C) 4.7 8.0 +3.3 10.2 +5.5
PAS_wt (mm) 161 93 -68 67 -94
PAS sp (mm) 36 9 -27 3 -33
PAS sm (mm) 1 0 -1 0 -1
PAS_at (mm) 37 13 -24 7 -30
Eref wt (mm) 0 0 0 17 +17
Eref sp (mm) 170 216 +39 233 +63
Eref sm (mm) 377 388 +11 409 +32
Eref at (mm) 113 116 +3 127 +14

When applying climate change data to streams flows in 2022, the data generally
indicated a slight increase in low flow from the BRAT estimates (Table 17). However, five
streams estimated lower flows, with three of the five estimating a dry channel (negative values
are interpreted as zero flow). All three of these channels were also dry during the field
assessments (Gavin Lake Creek, Fake Creek, and Cow Creek). Peak flows also generally show
an increase, except for sites with larger BRAT-estimated flows (Watson Creek and 111 Mile
Creek). Fake Creek and Cow Creek remained dry. However, 3 Mile Creek, Burnt Creek, and
Smoky Creek are estimated to have negative peak flows despite having positive low flows and

had flow present during field assessments.
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Table 17. 2022 Climate Change Impacts to Low Flow and Peak Flow by Field Site.

Field Site Q. BRAT Climate Q. Qr BRAT Climate Qp'
3 Mile Creek 6.2 x 103 8.2x103 0.10 -0.01
Watson Creek 0.02 0.04 0.52 0.49
Guy Creek 3.0x108 5.6 x 108 0.06 0.16
Rock Creek 9.1x103 0.02 0.26 0.44
111 Mile Creek 0.06 0.03 1.2 0.81
Tin Cup Creek 2.2x108 3.4x108 0.08 0.32
Gavin Lake Creek 3.4 x10* -4.0 x 103 (Dry) 7.9x103 0.08

Fake Creek 1.5x 10+ -1.1 x 103 (Dry) 9.5x 108 -0.18 (Dry)
Buckskin Creek 4.0x10°3 3.1x108 0.13 0.19
Jones Creek 7.6x108 6.1 x103 0.22 0.32

Cow Creek 2.2x 104 -8.8 x 103 (Dry) 0.01 -0.04 (Dry)
Burnt Creek 2.3x10* 4.1x10* 0.01 -0.11
Smoky Creek 6.9 x 105 7.5x108 5.1 x103 -0.12
Steep Creek 2.8x10°5 2.2x108 2.4 x108 0.06
Cliff Creek 1.3x10* 3.9x 103 8.3 x 103 0.25

'Red highlights indicate errors in peak value estimations when low flow estimates are positive.

RCP 8.5 climate change projections for 2041 and 2071 indicated that the streams will
run dry (Figure 14 a). Smoky Creek was projected to maintain low flow into 2071, and Cliff
Creek maintained flow until 2041 (though it was found dry during field assessments). Peak flow
projections also follow similar trends, with most streams projecting to be dry (Figure 14 b). Guy
Creek and Smoky Creek were projected to have increased peak flows. It is important to note
that these results do not include winter evaporation effects, as winter evaporation is not

projected to occur until 2071.
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Bar charts of the 15 field sites showing (a) 2022 estimated low flows with climate
data and 2041 and 2071 projected low flows by field site; (b) 2022 estimated
peak flows with climate data and 2041 and 2071 projected peak flows by field
site. Site codes shown in Section 4.7.
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8.0 Discussion

8.1 BRAT vs Field Physical and Field Hydrological Results

Based on the strong results of wetted volume versus low flow analysis, there is some
evidence that the BRAT can provide an indication of a stream’s relative water availability.
However, it is important to note that this analysis was based on one season of data collection,
and may not be representative of typical low-flow periods. Likewise, the five dry channels at the
time of field observation did not necessarily indicate that the streams are not normally perennial,
and could be a result of unusually low precipitation and high temperatures (Roden 2024) at the
time of assessment. However, channels like Gavin Lake Creek had bio-indicators of a non-
perennial channel, with non-aquatic vegetation growing in the channel (Appendix C; Photo 4).
Additionally, the BRAT has historically overestimated perennial water flow in both American
(Macfarlane et al. 2017) and BC (Rogers 2023) applications.

Although the BRAT estimates of low flow correlated strongly with wetted volume, there
was no evidence that increasing water availability correlated with increased BRAT suitability,
given how Pervasive creeks on average had much less water than estimated, and Rare and
Frequent creeks had much more. Occasional creeks also had slightly more water than
Pervasive. Therefore, it appears that the BRAT’s weight for the perennial water source line of
evidence is binary where if two-year low flow estimations are greater than zero, the site passes
the first line of evidence and is then measured based on the other lines of evidence, no matter
how low the flow. This apparent binary makes no consideration for water quantity, despite the
fact that water quantity will affect a beaver’s preference to dam a stream (Section 1.2.1). This
observation supports the project’s hypothesis that combining hydrological modelling with the
BRAT may give natural resource managers an improved approach to select the best sites for
beaver restoration by considering the water availability estimated by the hydrological modelling

and the vegetation availability estimated by the BRAT.

The drainage area results indicated that the BRAT’s drainage area output may give
some indication of channel size, but it is not overly reliable. The variation between BRAT
suitability categories and channel widths indicated that the BRAT’s weight of certain physical
habitat characteristics like channel size are also a binary — that is, unless the stream is too large
for dam construction (Section 4.1.2), the stream is considered suitable. Similar to the flow

outputs, the drainage area results indicate that the BRAT does emphasize the drainage area
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when classifying the stream segment with no indication of increased suitability for larger
drainage areas before reaching the threshold (Section 4.1.2). However, wider streams often
result in larger riparian areas due to the larger dams built, as was shown in 111 Mile Creek — the

only stream with multiple deep side channels.

Gradient results indicated that the BRAT estimated the stream’s gradient accurately and
correctly sets reductions or restrictions to beaver-dam-building based on gradient. While Steep
Creek had a greater gradient than estimated by BRAT, it is ultimately irrelevant from a dam-
building perspective as the stream was correctly classified as None. While the BRAT
underestimated the gradient at Fake Creek, this is likely an error in the base data of that
segment, as the adjacent downstream segment of Fake Creek was classified as None due to a
high gradient (Appendix C; Photo 5), which is a more accurate classification for Fake Creek
given its similarly low overall habitat quality score compared to the other None streams.
Therefore, outliers in a stream’s majority segment classification (especially with a change in
more than one classification level — e.g., None to Occasional) should be treated with high

skepticism before considering the classification as accurate.

8.2 BRAT vs Field Vegetation Results

The overall significant increase in total and deciduous trees from the field vegetation
results compared to the BRAT suitability results supports the hypothesis that the BRAT is a fairly
accurate predictor of a stream’s riparian vegetation capacity to support beaver-dam-building.
While the same trend was observed for total and deciduous trees of preferred size, the same
conclusion cannot be made because the positive trend could be a result of the region
coincidentally consisting of younger-forest systems, or deciduous trees like trembling aspen
generally having thinner trunks than conifers like Douglas-fir and western hemlock. Additionally,
there are no baseline data inputs for the BRAT (at least in the Canadian datasets) that estimate
tree DBH. Regardless, the similar correlation results found in the preferred-size trees analyses
indicated that the area of the Cariboo Region surveyed consists of many trees that are preferred
for beaver felling, making the region ideal for dam building from a vegetation availability

perspective.

The greatest declining difference in the number of deciduous trees between the BRAT
classifications (Pervasive to None) also indicated that the BRAT accurately classifies sites that
have a greater quantity of preferred species, especially with the Pervasive and Frequent

streams having a much greater quantity compared to the other sites, and Pervasive having an
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appreciably higher quantity than Frequent. However, some caution should be exercised when
using the BRAT to identify for vegetation availability. While Guy Creek and 3 Mile Creek had
higher deciduous tree quantities compared to most other low-ranked sites, they had far fewer
total deciduous trees compared to Watson Creek (though greater amounts within 30 m). The
300-m segment assessed at Guy Creek and 3 Mile Creek was a single Pervasive segment, with
the rest of the reach consisting of Frequent segments in both streams. Comparatively, Watson
Creek’s entire channel was classified Pervasive (Appendix C; Photos 6-8). These results
indicated that it is possible a stream segment’s tree quantity will be lower if the upstream and/or
downstream connecting segments have a lower classification. Therefore, the best channels for

vegetation availability should be Pervasive along the entire or majority of the length.

Unlike with deciduous vegetation, the lack of a significant correlation between the BRAT
vegetation output and coniferous tree counts provides more evidence that the BRAT accurately
categorizes streams based on their vegetation composition because coniferous forests were
given a lower output score (Occasional — 2) than broadleaf forests (Pervasive — 4; Section
4.1.1). Additionally, the Occasional and Frequent streams having the greatest and second
greatest number of conifers, respectively, further indicated that the BRAT accurately categorizes
streams based on the relative density of each vegetation type, since mixed forests were given a
higher score than coniferous forests, but lower than broadleaf forests (Frequent — 3; Section
4.1.1). Mixed forests being classified as Frequent also explains the smaller difference in total
and average of all trees found between Pervasive and Frequent sites compared to the
difference in deciduous trees only. The similar trends from the preferred-size conifer analysis
indicates that the Cariboo Region also consists of a significant proportion of preferred-size
conifers for beaver use, although a comparatively smaller proportion than deciduous. Smaller
preferred-size conifer proportions should be of less concern for resource managers, as mixed

and broadleaf forests should be selected over coniferous as preferred species for beaver.

The overall decreasing number of total trees between BRAT suitability sites (Pervasive
to None) is somewhat expected. Rare sites were classified as such for having the lowest
vegetation availability but passed the other lines of evidence. BRAT correctly estimated the
vegetation availability of these sites with the exception of Burnt Creek. However, None creeks
were given a lower dam capacity output because of their gradient limitations rather than
vegetation. Additionally, the difference between Occasional, Frequent, and Pervasive sites is

based on the proportion of coniferous and deciduous trees, but not necessarily total trees. The
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weak and insignificant results of the tree density analysis also indicated that the BRAT does not

reliably estimate dam capacity based on total vegetation density.

A significant correlation between BRAT vegetation outputs and shrub cover was neither
expected nor unexpected. Shrub Low and Shrub High sites were expected to have higher
relative covers than sites with lower outputs. However, sites classified as forests could also
have high shrub cover in the understory. Therefore, shrub cover could have been high in a
variety of different BRAT outputs, which may explain why a significant correlation was not found

within 30 m of the stream, but was found between 31-100 m.

8.3 BRAT vs Habitat Quality Scorecard Results

The average BRAT dam capacity output vs the average habitat quality score correlation
indicated that the BRAT can accurately determine unsuitable beaver habitat when a creek is
designated ‘None’ due to gradient. However, once a stream is designated suitable, the BRAT
dam capacity results do not necessarily indicate the site’s overall habitat quality. While a weak
yet significant correlation was found between the total habitat score and the dam capacity
output, this correlation was driven by the BRAT’s vegetation estimations, and not other habitat
factors. The stronger significant correlation found between the vegetation habitat score and dam
capacity compared to the weaker insignificant correlation between the physical/hydrological
score and dam capacity indicated that the BRAT’s classification of ‘high quality habitat’ is largely

driven by vegetation factors and less by physical and hydrological factors.

8.4 BRAT Considerations with Fire — The Case of Burnt Creek

Burnt Creek was a consistent outlier in the data for a number of correlation tests. It had a
large measured bankfull volume despite a near-zero two-year peak flow output, the largest
measured bankfull area of all sites despite one of the smallest drainage area outputs, and a
deciduous tree count that exceeded most of the other sites despite being classified as Rare. It
was also the only site to have visible signs of a recent burning (Appendix C; Photo 9). A desktop
review after field assessments found a historic fire that burned on July 6, 2017 through the area
(Fire K20637 — BC Gov 2024). The fire may have been the reason Burnt Creek is classified as a
herbaceous site instead of shrub or forested. Fires can generate new stands of aspen and
cottonwood that beaver can colonize within eight-ten years after the burn (Halter & Beal 2003).
However, if beaver already occur within the landscape, re-colonization rates after fire have been

found to be lower than their pre-fire populations up to 12 years after the burn (Hood et al. 2007).
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Assuming this fire was the most recent, the field vegetation results indicate that the site has

regenerated appropriate vegetation for dam building despite its BRAT output. While this finding
was observed at only one site, it does suggest that historic fire locations and their date of burn
might need to be considered alongside the BRAT’s vegetation outputs before rejecting them as

a candidate site.

8.5 Hydrological Modelling

Applying climate data to the 2022 low flow of the field sites found three field sites to have
zero low flow, all of which were dry during summer low-flow periods. While the climate data did
not find zero flow for the other two dry creeks (Steep Creek and Cliff Creek), this was likely due
to the estimates not accounting for the high gradient and resulting high runoff of these sites. The
watercourses that had summer flow present also generally had higher low flow estimates when
applying the climate data than BRAT estimated, with the exception of 111 Mile Creek, Jones
Creek, and Buckskin Creek. 111 Mile Creek and Jones Creek had relatively wider and deeper
channels, thus more resistance to water loss from surface evaporation that the climate-based
estimations do not account for. The reasons for the estimated flow reduction in Buckskin Creek
are not known. Overall, these findings indicated that streams with negative low flows when
climate data are applied have a high chance of being intermittent, and incorrectly estimated as
perennial by the BRAT. Conversely, streams with a higher than-BRAT-estimated low flow when

climate data are applied have a high chance of perennial flow.

The hydrological modelling generally estimated peak flows higher than BRAT estimated,
except for Watson Creek and 111 Mile Creek which had higher BRAT estimates. Cow Creek and
Fake Creek had zero peak flow estimates with climate data. However, field surveys were not
completed in spring to validate these findings, thus it is more difficult to hypothesize why these
reduced flow estimations occurred. 3 Mile Creek, Burnt Creek, and Smoky Creek had negative
peak flow estimations despite having perennial flow present and positive low flow estimations.
These results are possibly from each of these sites having the highest normalized value of a
climate variable with a negative coefficient in the regression (Table 15), which automatically
gave the site a normalized value of one. 3 Mile Creek had the highest spring snowfall, Burnt
Creek had the highest elevation, and Smoky Creek had the highest autumn evaporation.
Therefore, data interpretation and comparison with low flow estimations is required before using
peak flow estimations in any management application, as the negative impacts to peak flow

could be overestimated at sites with higher relative climatic variables.
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While the climate projections make it appear that most streams will be dry by 2041 and
continue to be dry into 2071, these projections are making estimations based on snow loss
solely, and not rainfall. Rainfall in the Central Interior is projected to increase from December to
February as winter precipitation shifts to more rain from snow from higher temperatures (Daust
n.d.; MFLNRO 2016). Therefore, it is unlikely that all field-assessed streams will become dry,
and instead shift from a nival regime to a pluvial (rainfall-predominated) regime. These streams
will likely have earlier and stronger spring freshet flows, and many streams will shift from
perennial to intermittent (MFLNRO 2016). This finding reaffirms the importance of using beavers
to retain water in the upper sections of the watershed to reduce spring freshet flows and
maintain a consistent water-source year-round. Guy Creek is expected to have large increases
in peak flow by 2071, likely from a relatively high average winter temperature and winter
snowfall which have a positive coefficient in the regression and low spring snowfall which has a
negative coefficient (Table 15). Gavin Lake Creek follows a similar trend, though it has a large
autumn snowfall normalized value which has a negative coefficient and thus smaller estimated
increase. It is not clear in the data why Smoky Creek is estimated to maintain low flow through
2071, and see an overall increase in peak flows by 2071 (from an incorrect 2022 dry estimate).
It is possible that this site is an anomaly in the regression, or an error in the baseline climate

data at this location.

8.6 Limitations and Opportunities for Further Research

The habitat quality scorecard is a subjective assessment method that will vary based on
experience of the surveyor(s), and the biogeoclimatic factors of the locations surveyed. It is not
a definitive measure of suitable beaver habitat. Instead, it is better served as a comparative
assessment method between candidate sites (Beardsley & Doran 2015). The grazing impacts
factor of the habitat quality scorecard is a highly qualitative category that is subject to varied
results from differing surveyors. Lundquist & Dolman (2018) also found that the grazing impacts

of the scorecard need to be updated to become more quantitative.

This project assessed 300-m channel segments based on the BRAT’s channel
segmentation. Ideally, in a real habitat assessment for beaver introduction/re-introduction, at
least one kilometre of stream would be surveyed as this represents a typical beaver home range
(Petro et al. 2015).

Using absence as a proxy for lack of suitability is not necessarily a reasonable

explanation for determining useable beaver habitat. Absence could be a result of increased
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predation or hunting (Baldwin 2013). Additionally, the site could have adequate habitat that is
less preferred to other nearby habitat, but would facilitate a beaver colony once the population
density increased (Mdller-Schwarze & Schulte 1999). The current reduction in beaver
populations from historic fur trapping and other management effects (Naiman 1988) could also
explain the absence of beaver in some higher-quality sites. Signs of beaver presence also does

not necessarily indicate suitable dam-building habitat.

The results from Burnt Creek suggest an opportunity for a separate study that ground-
truths BRAT results in post-fire locations of different dates. The study could help address the
possible error of the BRAT incorrectly estimating the vegetation availability of sites post-fire after

sufficient time for regeneration has passed.

Selecting sites for beaver dam construction needs to carefully consider the potential for
beaver-human conflict and scale before initiating beaver relocation. This research project did
not run the BRAT’s human conflict model as it was beyond the project scope. However, running
the conflict model and surveying for sources of human conflict should be completed prior to any
active beaver restoration efforts. While a site may appear high quality, it may have to be
excluded from consideration if it can cause flooding or other damage to the stakeholder(s).

Safety must be the first priority when initiating any beaver restoration activities.
Typically, a water balance equation at a watershed scale is defined as:
R=P-E-G+AS

where R is streamflow, P is precipitation, E is evaporation, G is groundwater storage loss, and
AS is change in watershed storage (Winkler et al. 2010). As climate changes, species ranges
will change, including vegetation (Haman & Wang 2006). The change in species composition
from current locations will impact the water balance as different species will alter groundwater
storage through changes in rain interception, transpiration, and infiltration (Winkler et al. 2010).
This research project’s assessment of changes in flow from climate change do not incorporate
the changes in vegetation composition that will follow the projected climate changes. A future
study could incorporate projected tree distribution changes with climate change (e.g., increasing
or decreasing aspen in upper elevations) to examine which sites might lose preferred vegetation

for beaver, and should introduce beaver sooner to mitigate/prevent these changes.

While this research project did not build a field-verified hydrological model to make

estimations of changes in flow based on the topography, it did use local climate data and flow

64



estimations based on watershed drainage area and local gauged systems as proxies to find
degrees of impact to a stream from climate change. Similarly, estimating surface-water storage
for beaver dam wetlands for hydrological modelling would ideally remove the need for time-
intensive topographic surveys, and be more practical for modelling varying scales and locations
(Karran et al. 2017). Past studies have avoided such surveys by using statistical relationships
between wetland surface area and volume, which has been successful for modelling entire
watersheds (Gleason et al. 2017), but less useful for estimating individual wetlands because
depth and morphometry are not considered (Karran et al. 2017). Combining the climate-based
hydrological modelling with past methods use to model water storage for beaver dams could
give resource managers a strategy to determine which streams could potentially provide the

greatest ponds for uses such as water retention and/or waterfowl habitat creation.

8.7 Recommendations

Since this research project changed the datasets that the BRAT was originally intended
for and created a new vegetation classification, results from this research project should not be
considered outside of BC before first identifying the public data available in the user’s region

and conversions required before running.

While the BRAT appears to have fairly accurate estimations of vegetation, other factors
such as fire intensity, severity, and time for regeneration may also need to be considered before

concluding the vegetation outputs as accurate.

To account for flows that are essentially zero and would be functionally unusable for dam
building, perhaps the BRAT should be adjusted so streams designated with low flows < 0.01
m?®/s instead of < 0 m%/s are not perennial. Especially with projected losses in precipitation and
increases in temperature and evapotranspiration, streams with nearly zero estimated flow have
a high likelihood to become intermittent in the near-future (if not already) and would not make
the best candidate streams for beaver-dam-building, even with suitable vegetation. These sites

should especially be treated with skepticism if the climate data estimate zero low flow.

Alternatively, focusing on Frequent and Pervasive sites with higher drainage areas could
result in higher dam building success rates. Wider streams would provide larger wetlands and
deeper beaver ponds with more complex channel habitat such as 111 Mile Creek. Watson
Creek and 111 Mile Creek drainage areas were more than double the drainage areas of other

streams and were the only sites with beaver dams. Additionally, BRAT-estimated drainage areas
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highly positively correlated with total habitat scores from the habitat scorecard (r=0.84; p = 9.1
x 107°). Drainage area estimations also highly positively correlated with BRAT-estimated low
flows (r = 0.90; p = 6.1 x 10°) and peak flows (r = 0.98; p = 8.2 x 10"), indicating that streams
with larger drainage areas may have higher quality habitat and water availability than smaller
drainage areas. In theory, larger drainage areas equal larger channels with more water that are
deeper and have expanded riparian areas with more vegetation. These observations could be
verified by assessing more sites specifically by high and low drainage area output and
comparing their habitat quality scores. Higher elevation sites located in upper reaches of the
watershed should also be prioritized as they will help retain water to maintain perennial flow for
longer stream channel sections, which will be particularly important given the projected losses of

stream flow associated with snowmelt.

Rogers (2023) used the Beaver Intrinsic Potential model with a bankfull channel polygon
tool, the valley bottom extraction tool, a DEM, and a stream network layer to determine the
channel geomorphology. These inputs provided three score criteria using stream slope, stream
width, and valley width. The Beaver Intrinsic Potential model was an overall better indicator of
habitat suitability than the BRAT (Rogers 2023). Given the scoring criteria that the Beaver
Intrinsic Potential model uses to determine habitat quality, there is more evidence that drainage
area size (and by extension channel size) are the most important indicators of higher-quality
beaver habitat. Five sites in Rogers (2023) study were also dry during field assessments. This
research project and Rogers (2023) study were the only applications of the BRAT found in BC,
and both found water as a limiting factor to beaver-habitat quality. Applying the BRAT for
vegetation, the Beaver Intrinsic Potential model for channel size, and hydrological modelling for
flow estimations may be an improved method to model the best candidate beaver sites before

committing field crews to survey the reach.

One potential benefit of reduced peak flows is that some high-stream-power channels
may no longer have stream power rates that cause beaver dam washout. If these channels
have adequate vegetation capacity, they could be candidate sites for beaver dam analogues
(BDAs). BDAs typically make use of local woody materials and sediment for construction, and
are most effective when built in complexes (Shahverdian et al. 2019). Building BDAs in a
channel/watershed may incentivize beaver occupancy. However, manual seasonal maintenance
and monitoring are required if beaver do not occupy them, and monitoring should always be
completed (Shahverdian et al. 2019).
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9.0 Conclusion

Overall, the BRAT made accurate estimations of deciduous and coniferous vegetation.
Site vegetation classifications generally correlated well with field site findings. The successful
vegetation estimations were also found for preferred-size trees, indicating that the areas of the
Cariboo region sampled currently have a large proportion of trees that are appropriate for
beaver felling. From a vegetation perspective, the BRAT effectively differentiates site quality, as
found by the high correlations of the habitat scores with the vegetation outputs. The BRAT also

accurately identified streams with gradient barriers to dam building.

While weaker than its vegetation estimations, low flow estimations generally correlated
with wetted volume measured during the low flow season, and peak flow estimations generally
correlated with bankfull volume measurements. Drainage area estimations also generally
correlated with wider channels. While the BRAT did estimate these physical and hydrological
habitat components decently, they did not factor into the BRAT’s dam capacity outputs so long
as they were within the pre-determined value thresholds. This finding was supported by the lack
of correlation between the physical/hydrological parameters of the habitat suitability scorecard
compared to the vegetation parameters. Additionally, one-third of the streams assessed in the
field were dry during the summer, an error that has occurred with the BRAT in other
applications. Given the BRAT’s fundamental purpose is to determine the dam-building potential
of a stream, it is not surprising that it did not consider the lower water availability and smaller
channels as lower-quality habitat. However, water is critical for beaver occupancy, and it must

be considered when selecting the best sites for beaver restoration.

The BRAT does not make estimations based on future climatic conditions. Hydrological
modelling helped indicate that the streams estimated to have low flow by BRAT are at a high
risk of becoming intermittent or dry. Increased temperature, increased evaporation, and
decreased snowfall is projected to have negative impacts to low flow and peak flows at all the
assessed creeks. Loss of snow is expected to have a negative effect on flows, as less snow
reduces the amount of water stored in the watershed, and instead begins flow earlier in the
season, leaving less water by summer. This finding further supports the need to have beaver
present in the upper reaches of watersheds to maintain perennial flow for ecosystems and

human use.
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Appendices

Appendix A Methow Project Habitat Suitability Scorecard
The Lands Council Washington State Habitat Suitability Scorecard
Used with permission
Release Site Score Card # Date Observer

Site ID (Creek)

Location Description

Subwatershed
GPS Coordinates-UTM (NAD 83)
Please circle answers, then fill in the points
1. Stream Gradient of the defined habitat unit
5.<3% 3.4-6% 1.7-9% 0.29%
2. Spring Time Stream Flow
5. Fire hose 1. Garden hose -3. Unwadeable

3. Do you predict there will be year-round stream flow?

5. Yes 0. Unsure -5.No

4. Average Stream Depth

5. Over knee-high boots 1. Oversneaker  -3. Over waist

5. Habitat Unit Size (linear stream length)

5. 26 acres of riparian vegetation 1. Small isolated pocket less than 1 acre
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6. Woody Food
a. 3.Aspen, Cottonwood, Willow 2. Alder 1. Other hardwoods
b. 3. Within 10 meters 2. Within 30 meters 1. Within 100 meters
c. 3. Llarge amount (thousands of stems) 2.Some (hundreds of stems) 1. Little (dozens)

Woody food score = multiply axbxc

7. Herbaceous Food

5. Aquatic vegetation (Nuphar, Sagitaria) 3.Diverse Grass/Forbs Present 0. Minimal Grass/Forbs Present=

8. Floodplain Width

5. Adjacent floodplain 0. Narrow V Channel

9. Dominant Stream Substrate

5. Silt/Clay/Mud ~ 2.Sand 1. Gravel 0. Cobble -1. Boulders -3. Bedrock

10. Historic Beaver use

5. Old structures present 3. Some old indications (chews) 0. No indication of previous occupancy

11. Lodge and dam building materials

5. Variety of 1-6” diameter woody vegetation avail. -5. No building material present

12. Are there any roads, culverts, or other damage situations that may result from flooding? (If yes, please expound on
below. i.e., how far away is a culvert)

0. No -3. Yes.

13. Are there multiple pools greater than 3 feet in depth present?

5. Yes. -10. No

14. Isthere woody debris present in stream (large wood defined as >6 inches at 20 feet from base or a jam)?

3. Yes. 0. No
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15. Active or Proximity to Active Beaver Colony

5. >1mile -5. <1 mile

16. Browsing/ Grazing impacts

5. No impact or obvious presence of browsers/ grazers -3. Heavy browsing/ grazing impacts

17. Bonus: (5 points each) a. Easy Access from a road b. Recent fire c. Enthusiastic landowner and neighbors

Total Score Good Release site 45-95pts Bad Release Site 0-44pts

Other notes, notes are good! (best place to access, added advantages/disadvantages, land ownership/access/permission):
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Appendix B Habitat Suitability Site Score Summary
Table B1. Habitat Quality Scorecard Results by Assessed Stream Reach in Cariboo Region During Summer 2023.
Stream Gradie Predicte Averag Habita Wood Herbaceo Floodplai Predomi Historic Dam Potential LWD Pool Active or Browsi Bon TOT
Reach nt d e tUnit vy us Food n Width nant Beaver Material Flooding scor Habitat Near ng/ us AL
Score Perenni Stream Size Food Score (0- Score (0- Substrat Use s Score Damage e (0- Score Active Grazing Scor SCO
(0-5) al Flow  Depth Score Score 5) 5) e Score  Score (-5to5) Score(0- 3) (-10 to Colony Score es RE
score (- Score (1-5) (1-27) (-3to5) (0-5) 3) 5) Score (-3to5) (5
5 to 5) (-3 to (-5 to 5) each
5) )

3 Mile

3 0 3 1 18 2 0 0 0 4 0 3 -9 5 1 5 36
Creek
Watson

5 5 2 2 18 3 4 2 5 5 0 3 2 -5 5 5 61
Creek
Guy

1 3 4 1 8 3 2 1 0 0 -3 2 -9 5 5 5 28
Creek
Rock

2 5 5 1 12 2 1 1 3 0 -1 3 -5 5 5 5 44
Creek
111 Mile

3 5 5 5 18 3 5 0 5 2 0 2 5 -5 -3 0 50
Creek
Tin Cup

5 -5 3 1 18 3 5 5 3 1 -3 1 -9 0 -3 5 30
Creek
Gavin
Lake 0 -5 5 3 6 3 1 0 0 -2 -3 3 -10 5 5 5 16
Creek
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Fake
Creek
Buckski
n Creek
Jones
Creek
Cow
Creek
Burnt
Creek
Smoky
Creek
Steep
Creek
Cliff
Creek

12

-10

-10

-10

-10

-10

-10

-10

10

10

47

32

15

49

-3
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Appendix C Photo Log

Photo 1 Baer rowsing resemllng
coppicing.

Photo 2: Willow growth response to cppice-
like browsing. Multiple stems growing from

e s

Photo 3: Herbaceous vegetation in high
density at a Rare creek (Jones Creek).

Photo 4: Facing downstream in Gavin Lake
Creek channel. Instream bottom covered in
non-aquatic vegetation.
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CeraTsuves T € Q

GPS accuracy 32m - 10 m required

bl

< BRAT Surveys | {1 g Q

GPS accuracy 8 m

Photo 5: Adjacent downstream segment of
Fake Creek classified None (red line).

Photo 6: 3 Mile Creek (creek line with data
collection points) with upstream and
downstream reaches classified Frequent
(green line).

T e Q

GPS accuracy 16 m - 10 m required

< BRAT_Surveys

¢ BRATSurveys T £ Q

GPS accuracy 16 m - 10 m required

Photo 7: Guy Creek upstream and
downstream reaches classified Frequent
(green line).

Photo 8: Watson Creek entire channel
classified Pervasive (dark blue line). 111 Mile
Creek shown as Frequent (green line). Light
blue indicates stream segment that was field-

surveyed.
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Photo 9: Signs of past fire in urt Creek with regenerating stand of young trembling aspen.
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