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Agquatic Habitat Classification System
Pilot Mapping Area — Stewart River, Near Mayo

1.0 INTRODUCTION

1.1 BACKGROUND AND PROBLEM ANALYSIS

Ecosystem classification and mapping is a valuable tool for resource management; it provides
resource managers with standardized nomenclature and allows specific values to be delineated
and gquantified. Across North America, a large amount of attention has been focused on the
classification and mapping of terrestrial vegetation communities and ecosystems at a variety of
scales. In comparison, aquatic ecosystems have received relatively little attention.

Currently, no standardized fisheries habitat classification or mapping framework exists for
Yukon. British Columbia (B.C.) fisheries management agencies have developed complex, highly
detailed and field data intensive standards for fish and fish habitat mapping (FPC 1995; FPC
1996; Johnston and Slaney 1996; RIC 1999; B.C. Fisheries Information Services Branch 2001).
However, due to issues of scale, field access and the general availability of information within
Yukon, B. C. methods are potentially not desirable for wide application. A relatively simple,
inexpensive method of describing and classifying aquatic environments in Yukon is required.
The proposed classification system differs from those developed by fisheries management
agencies in B.C. in that it focuses on mappable habitat attributes that can be interpreted from
1:50,000 topographic maps, ortho/aerial photographs and available imagery (e.g. LANDSAT 7)
rather than field collected data.

1.2 OBJECTIVES
The main objectives of this project were to:

» Develop an aquatic ecosystem classification system that will be applicable to most Yukon
watercourses and waterbodies, while maintaining consistency with ongoing DFO initiatives;

* Provide an initial assessment of the study area in the lower Stewart River fisheries habitat
values for identified habitat units;

»  Provide training and employment opportunities for the Community of Mayo;

» Foster stewardship and advance the awareness of fisheries values in the Stewart River
watershed.
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2.0 METHODS

2.1 AQUATIC HABITAT MAPPING CLASSIFICATION SYSTEM

2.1.1 SELECTION OF PILOT MAPPING AREA

A section of the Stewart River near Mayo was selected as a pilot mapping area for the
development of the proposed aquatic habitat mapping and classification system (Figure 1).

2.1.2 IMAGERY USED FOR BASE MAP

Orthophotos and LANDSAT 7 imagery were available for use as the mapping base; orthophotos
were provided by DIAND Legal Surveys and LANDSAT 7 satellite imagery was obtained from
Geomatics Yukon, YTG Department of Infrastructure.

2.1.3 REVISION OF TAKU RIVER MAPPING SYSTEM

Existing approaches to aquatic habitat mapping were reviewed (FPC 1995; FPC 1996; Johnston

and Slaney 1996; RIC 1999; B.C. Fisheries Information Services Branch 2001; AEM, Connor

and Erhardt 2002). The preliminary fisheries habitat mapping and classification system

developed for the King Salmon Flats reach of the Taku River (AEM, Connor and Erhardt 2002)

was used as the foundation for the proposed mapping and classification system. Updates were

made to this methodology that aimed to incorporate the following:

* Yukon watershed coding and naming;

* Animproved interface with fisheries data through the incorporation of reach delineation;

* Yukon ecosystem mapping (Francis 2000; Loewen 2001; AEM and YECMWG 2003);

» Mapping and classification of habitat units using available digital data sources (e.g., 1:50,000
scale NTDB) and available imagery (e.g., aerial photographs, orthophotos and LANDSAT 7).

* A method that allows for the quantitative comparison of aquatic habitat diversity and salmon
habitat values between streams and between reaches within the same stream.

2.1.4 CREATION OF PRELIMINARY HABITAT MAP

The study area was first delineated into preliminary habitat units in a desktop environment using
“heads-up” digitizing techniques in ArcView GIS. Orthophotos, LANDSAT 7 imagery and
1:40,000 scale aerial photographs were used as the primary sources for data capture. Mapping
and classification was conducted at 1:50,000 scale. Preliminary habitat units were delineated
following the methodology developed for the King Salmon Flats reach of the Taku River (AEM,
Connor and Erhardt 2002). Habitat delineation was based on mappable geomorphic features that
were observable on orthophotos, LANDSAT 7 imagery and aerial photographs. Appendix One
contains the final report of the Fisheries Habitat Mapping on King Salmon Flats, Taku River —
Proposed Mapping Methodology: Version 2 (AEM, Connor and Erhardt 2002).

2.1.5 VERIFICATION OF PRELIMINARY HABITAT MAP

AEM staff conducted a preliminary field reconnaissance of the study area on July 18, 19 and 20.
A fixed-wing overview flight of the entire project area was used to verify mapping
interpretations, gather photographs and make revisions to the mapped units and / or classification
system when necessary. Preliminary habitat units were ground checked during a short-term field
sampling program conducted during the week of August 26-30. Field sampling was carried out
both by boat and from existing shore access. Due to extremely high water conditions on the
Stewart River, substrates could not be examined with confidence, nor could all areas be accessed.
However, a representative sub-sample of all major habitat types was examined.
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Figure 1. Location and Extent of Stewart River Study Area
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2.1.6 REVISIONS AND UPDATES TO PRELIMINARY HABITAT MAP

Revisions and updates made to the preliminary habitat mapping methodology following the 2002
summer field sampling session can be summarized as follows:

Spatial Context
» Habitat units were assigned Yukon watershed codes and hames;
» Habitat units were assigned to a reach;

Ecological and Landscape Context

* Yukon ecosystem mapping methods (AEM and YECMWG 2003) were incorporated into the
descriptions of aquatic habitat units, i.e., ecozone, ecoregion and ecodistrict (ESWG 1995),
bio-climatic zone, landscape type and landscape sub-type (AEM and YECMWG 2003). The
classification of habitat unit by ecozone, ecoregion, ecodistrict and bio-climatic zone provides
more information on the ecological context of the habitat unit. Landscape type and sub-type
descriptions reflect the past and current geomorphological processes acting on the habitat
unit. For example, lowland landscape types are created by active fluvial processes, e.g.,
flooding, deposition, erosion and transport and riparian landscape sub-types are currently
experiencing active fluvial processes. These descriptors therefore provide more detail than
the methods developed during the Fisheries Habitat Mapping on King Salmon Flats (AEM,
Connor and Erhardt 2002). On-floodplain habitats can now be better described as lowland
landscape types and further described by current geomorphological processes classified by
landscape sub-type, e.g., riparian, depressional and terraced.

Agquatic Habitat Descriptions

» Habitat unit descriptions were revised to reflect more standard terminology (FPC 1995; FPC
1996; Johnston and Slaney 1996; RIC 1999; B.C. Fisheries Information Services Branch
2001) and also aimed to group channels with similar characteristics, i.e., all channels were
described as primary, secondary or back channels as opposed to main channel, moving water
and tributaries. Primary and secondary channels were further classified by features within the
channel visible during average summer flows, e.g., braids and bars, falls and rapids as well as
the presence of islands and the mouth of channels.

*  Wetlands, lakes and areas of still water (AEM, Connor and Erhardt 2002) were classified into
wetlands / ponds and waterbodies and also by their connection to the main channel, i.e., in
channel, associated or disassociated wetlands / ponds or waterbodies. Wetlands / ponds were
further classified into ponds, shallow water, fens, bogs, marshes and swamps.

* Vegetated areas (AEM, Connor and Erhardt 2002) were classified as terrestrial areas and then
further classified as coniferous forest, deciduous tree / shrub or areas of exposed soil.

Salmon Habitat Value

» Salmon habitat value was described through the incorporation of salmon presence (i.e.,
migration, spawning or rearing) documented in Fisheries Summary Information System
(FISS) reports.

Mapping Issues

» It became apparent that the mapping of habitat units as polygons at 1:50,000 scale failed to
map many small streams and channels. It was necessary to map these streams and channels
as vectors, thereby creating a second independent data layer. Habitat units mapped as vectors
were classified in the same way as habitat units mapped as polygons.
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e Agquatic habitat vectors were mapped to the fourth order. Vectors were extracted directly
from the National Topographic Database (1:50,000 scale NTDB, Natural Resources Canada)
using ArcView extension avTools. However, these vectors were often used only as a guide to
stream location and extent. Vectors tend to represent channels that are generally <15m wide
and are too narrow to be mapped as polygons at 1:50,000 scale. Vectors appear overlain on
polygons, such as terrestrial units and wetlands/ponds, and represent primary or secondary
channels flowing through these polygons. In some cases vectors represent the centerlines
through waterbodies too small to be mapped as polygons at 1:50,000 scale. Orthophotos,
LANDSAT 7 imagery and 1:40,000 scale aerial photographs were used as the primary
sources for data capture.

2.1.7 DISTRIBUTION OF MAPPING AND CLASSIFICATION SYSTEM FOR REVIEW

The final draft of the revised aquatic habitat map and associated mapping and classification
methodology was submitted for review to fisheries management agencies (i.e., DFO, YTG and
First Nations) and interested parties within Yukon, B.C. and Alberta. Appendix Two provides a
list of those individuals contacted. Comments and recommendations for improvement in the
methodology based on reviewers’ input are documented as recommended future steps.

2.2 INITIAL ASSESSMENT OF STEWART RIVER STUDY AREA

The aquatic habitat mapping and classification system was used to conduct an initial habitat

assessment of the Stewart River study area. This assessment described the:

» Spatial context of the study area (watershed codes and names and reach delineation);

» Ecological and landscape context (ecozone, ecoregion and ecodistrict (ESWG 1995), bio-
climatic zone, landscape type and landscape sub-type);

e Agquatic habitat descriptions (habitat unit and sub-unit);

e Salmon habitat value.

2.3. TRAINING, EMPLOYMENT OPPORTUNITIES AND STEWARDSHIP

It was anticipated that NND staff would participate in the exercises of study area delineation, the
creation of a preliminary GIS coverage and field sampling (tasks outlined in section 2.1). The
maps created as part of this report can be used for the purposes of displaying the aquatic habitat
mapping of the Stewart River pilot mapping area.
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3.0 RESULTS

3.1 AQUATIC HABITAT MAPPING CLASSIFICATION SYSTEM

3.1.1 LEVEL 1-SPATIAL CONTEXT

Watershed Naming and Coding

The names of the first, second, third and fourth order watersheds with which each habitat unit is
associated were recorded. For example, an island in the primary channel of the Stewart River
was assigned a first order watershed name of “Yukon River” and a second order watershed name
of “Stewart River”. The third and fourth order watershed names were not applicable in this case
and were left blank. The watershed codes of the first, second, third and fourth order watershed
with which each habitat unit was associated were assigned. For example, an island in the primary
channel of the Stewart River was assigned a first order watershed code of “800” and a second
order watershed code of “830”. The third and fourth order watershed codes were not applicable
in this case and were left blank. Watershed naming and coding allowed for the possibility of
nested analysis, for example, summarizing and comparing aquatic habitat diversity within the
Stewart River as a whole to that of particular reaches within the Stewart River.

Reach Designation

The reach numbers of the first, second, third and fourth order watershed with which each habitat
unit was associated were assigned. For example, an island on reach 3 of the Stewart River was
assigned a second order reach number of “3”. The third and fourth order watershed reach
numbers were not applicable in this case and were left blank. The first order reach number was
the reach number of the Yukon River at the confluence with the Stewart River. The Yukon River
was not broken into reaches in this project, so an arbitrary number of “999” was assigned for this
reach.

All habitat units found within the same reach were assigned the same reach number. For
example, all primary and secondary channels and associated back channels within reach 3 of the
Stewart River were considered as part of reach 3. However, associated wetlands / ponds and
waterbodies were considered to be tributaries and were therefore assigned to a higher order and a
new series of reach numbers. For example, an associated wetland pond connected to reach 3 of
the Stewart River, was assigned a second order reach number of 3 and a third order reach number
of 1. Habitat units unconnected to the stream reach, e.g., disconnected wetlands / ponds,
disconnected waterbodies and terrestrial units were classified as unknown reach.

3.1.2 LEVEL 2 - ECOLOGICAL CONTEXT

The delineation of ecozones, ecoregions and ecodistricts followed the divisional classification
system of the National Ecological Framework (AEM and YECMWG 2003). This method
identifies broad geographical areas within Canada that are climatically and physiographically
similar (ESWG 1995). The Framework currently delineates ecozones, ecoregions and
ecodistricts at 1:1,000,000 scale. Five ecozones are recognized within Yukon: Boreal Cordillera;
Taiga Cordillera; Taiga Plains; Southern Arctic and Pacific Maritime.

The delineation of bio-climatic zone provided a method for stratifying the landscape based on the
observable expression of vegetation resulting from elevational and latitudinal gradients (AEM
and YECMWG 2003). Five major bio-climatic zones have been identified for the boreal
cordillera, taiga cordillera and taiga plains ecozones of Yukon (AEM and YECMWG 2003).
These bio-climatic zones can be delineated and interpreted independently of ecozone, ecoregion
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and ecodistrict boundaries. At present, 1:250,000 scale regional ecosystem mapping is available
for the following ecoregions: Muskwa Plateau (AEM 2000), Hyland Highland (AEM 2000),
Yukon Plateau North (AEM 2002), Mackenzie Mountains (AEM 2001), Peel River Plateau
(AEM 2001) and Eagle Plains (AEM 2001). Where regional ecosystem mapping already exists,
descriptions of bio-climatic zone can be taken from these coverages. In the absence of ecosystem
mapping or where aquatic habitats are unmapped inclusions at the 1:250,000 scale regional
ecosystem mapping, bio-climatic zones can be described as follows (AEM and YECMWG 2003):

Table 1. Bio-Climatic Zones (after AEM and YECMWG 2003)

Name Description

Boreal Continuously forested areas at low and middle elevations of all mountain
valley and plateau Ecoregions of southern and central Yukon.

Subalpine Sparsely forested areas at moderate — high elevations. Subalpine areas form a

transitional zone between forested boreal valley bottoms/mountain slopes and
the non-forested, high elevation Alpine Bio-Climate Zone. Open canopy
conifer forest and tall shrub communities are characteristic vegetation types.
Bio-Climate Zone delineation between the boreal and subalpine zones is
determined by “where the continuous forest ends”.

Alpine Highest elevations of mountain regions; dwarf shrub, herb/cryptogram and
low stature, scattered krummholz trees are the dominant vegetation type. In
very high elevation areas, large areas may include bare rock, colluvium or
scattered ice patches. In very high elevation areas, large areas may include
bare rock, colluvium or scattered ice or relatively permanent snow patches —
the extent of unvegetated areas within the Alpine Bio-Climate Zone of North
Yukon is generally more extensive than in the Boreal Cordillera.

Wooded Taiga | Primarily coniferous forested areas with an open forest canopy. Wooded
Taiga generally occurs in valley bottoms and lower slopes of mountain
valleys or on plateaus and plains. The distribution and depth of permafrost is
a major influence of vegetation distribution and dynamics. In steep terrain,
active slope processes (rock slides, slumps, talus cones) play a major role in
the actual distribution of forested areas.

Shrub Taiga High elevation Shrub Taiga replaces the term “subalpine” in North Yukon.
These areas are tall or low shrub-dominated areas with sparse or sporadic tree
cover. Shrub Taiga generally occurs at high elevations in northern mountain
systems. However, the distribution of Shrub Taiga in some areas of North
Yukon appears to be influenced to a large degree by arctic weather systems,
e.g. along the east slopes of the Richardson Mountain foothills.

Icefield Extensive icefields found at highest elevations of mountainous regions. Most
areas are covered by ice and bare rock; vegetated areas are very limited. Due
to regional precipitation regimes, the Icefield bio-climate zone in Yukon is
limited to the Kluane Region of southwest Yukon and isolated areas within
major mountain ranges, i.e., Mackenzie and Selwyn Mountains.

3.1.3 LEVEL 3 - LANDSCAPE CONTEXT

The incorporation of bio-terrain classification allows for the identification of terrain
characteristics that are ecologically meaningful in terms of influencing ecosystem processes,
distribution and pattern (AEM and YECMWG 2003). Where regional ecosystem mapping already
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exists, descriptions of landscape type and landscape sub-type can be taken from these coverages.
In the absence of ecosystem mapping or where aquatic habitats are unmapped inclusions at the
1:250,000 scale regional ecosystem mapping, landscape types and sub-types can be described as

follows:

Table 2. Classification of Aquatic Habitat by Landscape Type (after AEM and YECMWG 2003)

Code | Name Description

U Upland | Sites not influenced by groundwater regime/flooding regime of adjacent
lowland areas. Parent materials generally consist of morainal, glaciofluvial,
eolian, lacustrine or colluvial materials.

L Lowland | Sites that are significant riparian corridors of fluvial or glaciofluvial origin
within the matrix of upland landforms. This landscape type is characterized
by active fluvial processes such as flooding, deposition, erosion and
transport.

Table 3. Classification of Aquatic Habitat by Landscape Type and Sub-Type

Code | Name Description

ud Upland depressional | Poorly drained, depressional topographic features occurring
within the upland environment. This landscape type generally
occurs in defined basins such as kettles or old glacial melt-water
channels. Lakes and major wetlands and wetland complexes are
considered upland depressional landscape features (AEM and
YECMWSG 2003). Streams occurring within these areas are
typically slower moving channels subject to depositional fluvial
processes.

Uu Upland unclassified | Any upland landscape type not classified as depressional.
Streams occurring within these areas will typically be well
oxygenated and subject to degrading fluvial processes.

Ld Lowland Poorly drained, depressional topographic features occurring

depressional within the lowland environment. These usually consist of
shallow, oxbow lakes and related wetland features.

Lr Lowland riparian Lowland areas adjacent to rivers (including the river channel)
that experience active flooding and depositional processes.

Lt Lowland terraced Elevated terraces or benches within the Lowland environment
that are rarely if ever affected by fluvial processes. Many
terraces were formed by glacial fluvial processes and are
characterized by coarse textured soils with rapid drainage.

Lu Lowland unclassified | Any lowland landscape type not classified as riparian or

depressional.
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3.1.4 LEVEL 4 - AQUATIC HABITAT DESCRIPTIONS

Aguatic habitat descriptions were developed based on review of existing classification
frameworks (FPC 1995; FPC 1996; Johnston and Slaney, 1996; RIC 1998; RIC 1999; AEM,
Connor and Erhardt 2002; DFO in prep.). Aquatic habitat units (Table 4) and aquatic habitat sub-
units (Table 5) can be classified as follows (assuming average summer flows):

Table 4. Classification of Aquatic Habitat Units

Code

Name

Description

PRI

Primary Channel

Main channel of water flow, usually the most active and
most frequently wetted area of the floodplain.

SEC

Secondary Channel

A secondary channel is a channel that is connected at both
ends to the main channel (this definition includes side
channels).

IWP

In channel wetland/pond

Wetlands located within the channel or at the headwaters
and subject to through flow. Water may be contained
within a channel, within many channels, or may be in sub-
surface flow. Wetlands may or may not be associated with
open water or ponds.

IWA

In channel waterbody

Waterbodies located within the channel or at the
headwaters and subject to through flow. Water contained
within a waterbody is >2m deep.

ABC

Associated back channel

This habitat unit is a channel that is adjacent and linked to
the main channel by one outlet at some point in the year.
Back channels are typically old secondary channels that
have become disconnected from the main channel at the
upstream end.

NVC

No visible Channel

No surface water visible.

AWP

Associated wetland/pond

Wetland or pond that is linked to the main channel by one
outlet at some point in the year.

AWA

Associated waterbody

Waterbody that is adjacent and linked to the main channel
by one outlet at some point in the year.

DWP

Disassociated
wetland/pond

Wetland or pond that is unconnected to the main channel
at all times in the year.

DWA

Disassociated waterbody

Waterbody that is unconnected to the main channel at all
time in the year, e.g., a kettle pond or thermokarst lake.

TER

Terrestrial

Terrestrial areas out with channels, waterbodies and
wetlands/ponds.
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Table 5. Classification of Aquatic Habitat Sub-Units

Code

Name

Description

PRI

Primary Channel

Main channel of water flow, usually the most active and most
frequently wetted area of the floodplain. This sub-unit will likely
be a common descriptor for the majority of water found within the
primary channel in the absence of islands, bars, falls and rapids.

MOU

River Mouth

The mouth of a river.

ISL

Islands

Islands are permanently vegetated bedrock or deposited sediment
within the channel. Perennial vegetation covers at least one half of
the island and it appears relatively stable and not likely to be
eroded during the next high flow (B.C. Fisheries Information
Services Branch, 2001).

BRA

Braids and Bars

Stream bars consist of exposed bed materials deposited by stream
flow within the stream channel. Bars are sparsely vegetated to
moderately vegetated and are distinct from islands, which are
heavily vegetated and more stable. Bars are subject to active water
flow for most of the ice-free season.

FAL

Falls

Vertical drop in the stream of > 2m in height (Johnston and Slaney
1996).

RAP

Rapids

A section of the stream where water velocity increases as a result
of an increase in-stream gradient. Often contains portions of white
water, exposed bedrock, cascades and chutes.

SEC

Secondary

This sub-unit will likely be a common descriptor for the majority
of water found within the secondary channel in the absence of
islands, bars, falls and rapids.

ABC

Associated back
channel

This sub-unit will likely be a common descriptor for the majority
of water found within back channels in the absence of islands and
bars.

LAK

Lake

An area of still water > 2m in depth and = 50ha in size (RIC 1998).
This descriptor will likely be used to distinguish between smaller
waterbodies found in channel or associated or disassociated from
the channel.

SHA

Shallow Water

An area of still water of less than 2m in depth (RIC 1998). This
descriptor can be used to further classify wetlands containing areas
of shallow, lentic water adjacent to a marsh or a fen.

PON

Pond

An area of still water > 2m in depth and < 50ha in size (RIC 1998).
This descriptor can be used to further classify wetlands containing
areas of deeper, lentic water adjacent to a marsh or a fen. It can
also be used to distinguish between larger waterbodies found in
channel or associated or disassociated from the channel.

FEN

Fen

A peat landform with a fluctuating water table. Water table lies
lower than the adjacent mineral terrain such that water and
nutrients are introduced by groundwater and littoral sources as well
as atmospheric sources (National Wetlands Working Group 1997).
Fens may or may not be associated with water channels and ponds
but are connected to watercourses or waterbodies through surface
or sub-surface water flow.
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Table 5. Classification of Aquatic Habitat Sub-Units (cont.)

Code

Name

Description

BOG

Bog

A bog is a peat landform that receives the majority of water from
precipitation alone. The bog water table is raised above the
surrounding mineral terrain such that the surface of a bog does not
receive water from groundwater or littoral sources (National
Wetlands Working Group 1997). While bogs may or may not be
associated with open water they are not connected to watercourses
or waterbodies through surface nor sub-surface water flow.

SWA

Swamp

A swamp is a forested or wooded area with >30% tall woody
vegetation cover. Although the water table within swamps is
usually at or below surface and groundwater fed, seasonal flooding
can also inundate swamps. The trees within swamps can persist
where the water table sinks below the tree’s rooting level post
flooding. Swamps may therefore be connected to open water,
watercourses or waterbodies for a portion of the year but may
contain no surface water for the majority of the year.

MAR

Marsh

A non-forested area of saturated mineral soils characterized by
rapidly fluctuating shallow, open water. Experience large
fluctuations in water levels. Dramatic draw down can result in
sediment being exposed in some areas. Water table is at or below
soil surface and usually remains within the rooting zone for most
of the growing season (Pielou 1998). Marshes are connected to
watercourses or waterbodies through surface flow.

DTS

Deciduous
Trees/Shrubs

Vegetated areas dominated by deciduous trees or shrubs (less
stable areas than coniferous forests).

CNF

Coniferous Forest

Vegetated areas dominated by coniferous forest (more stable areas
than deciduous trees/shrubs).

EXP

Exposed

Exposed soil usually associated with eroding banks destabilized by
active water flow.

3.1.5 LEVEL 5- SALMON HABITAT VALUES

The available data documenting salmon presence within the study area were reviewed (FISS
reports; Buchan 1993) and incorporated into aquatic habitat mapping using the following

protocol:

Table 6. Classification of Salmon Presence

Code Name Description

Y Yes Salmon presence documented on reach or assumed due to
presence of upstream spawning or rearing sites

U Unknown Unknown use of reach by salmon at any stage of life cycle

N None Salmon known not to occur on reach at any stage of life cycle

NA Not Applicable Terrestrial areas
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3.2 INITIAL ASSESSMENT OF STEWART RIVER STUDY AREA

Study Area

The study area is delineated by the extent of the Stewart River lowland from approximately 3km
west of the mouth of the Mayo River to Fraser Falls (Figure 1). The mapping area is
approximately 75km of linear river length (Stewart and Mayo Rivers combined) and encompasses
an area of 15,966 ha. The following two ArcView shapefiles show the aquatic habitat mapping
and classification of the pilot mapping project:

o stewart_poly_april-2003
o stewart_vector_april-2003

3.2.1 LEVEL 1-SPATIAL CONTEXT

Watershed Naming and Coding

All aquatic habitats within the study area are ultimately associated to the Yukon River via the
Stewart River. The first order watershed code of all aquatic habitats within the study area is
therefore 800, i.e., Yukon River watershed code, and the second order watershed code is 830, i.e.,
Stewart River watershed code (DeMarco and Associates 1991). The majority of third order
tributaries are not gazetted and therefore do not have watershed codes, the exceptions are Mayo
River (832), Two Buttes Creek (8304830) and Janet Creek (8304637) (DeMarco and Associates
1991). No fourth order tributaries are gazetted within the study area (DeMarco and Associates
1991).

Reach Designation

The study area is comprised of two reaches, arbitrarily designated reaches 3 and 4. The Mayo
River drains into reach 3 of the Stewart River and Janet Creek and Two Buttes Creek drain into
reach 4. There are numerous unnamed third and fourth order tributaries on both reaches that
represent primary channels and associated wetlands/ponds connected to the Stewart River. There
are areas within the study area that are not connected to either reach via surface water flow, e.g.,
terrestrial areas and disassociated wetlands/ponds; these areas are classified as being of unknown
reach. Watershed coverage (a.k.a. drainage basin coverage) could ultimately be used to associate
these unconnected habitat units to a stream reach. Watershed mapping is currently not available
for the Stewart River study area.

Landscape diversity and aquatic habitat diversity can be summarized and compared between the
Stewart River as a whole and between reaches within the Stewart River using watershed codes
and reach numbers in a nested summary analysis (see Tables 7 — 10).

3.2.2 LEVEL 2 -ECOLOGICAL CONTEXT

The Stewart River near Mayo lies within the Yukon Plateau North Ecoregion of the Boreal
Cordillera ecozone and within the Stewart River Lowland ecodistrict (ESWG 1995). This
ecoregion includes the Stewart, Macmillan and Pelly plateaus, and the south Selwyn Mountains.
The terrain is characterized by rolling uplands, small mountain groups, and level tablelands
dissected by deeply-cut, generally broad, U-shaped valleys. The Tintina Trench is a steep-sided
valley and traverses this ecoregion (ESWG 1995). The entire study area is contained within the
boreal bio-climatic zone. This zone contains continuously forested areas at low and middle
elevations and is characteristic of all mountain valley and plateau ecoregions of southern and
central Yukon.
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3.2.3 LEVEL 3 - LANDSCAPE CONTEXT

Figure 2 shows the distribution of lowland riparian, depressional, terraced and unclassified
landscape sub-types within the study area. Tables 7a and 7b show the breakdown of the study
area by landscape sub-type by polygons and vectors respectively. The majority of the study area
lies within the riparian landscape sub-type (71% of polygons and 100% of vectors). There are
many areas of lowland depressional landscape sub-type within the study area (23% of polygons).
There are some terraced areas (6% of polygons) and some areas of unclassified landscape sub-
type (0.1% of polygons).

There are comparable proportions of riparian areas within reach 3 (55% of polygons and 100% of
vectors) and 4 (61% of polygons and 100% of vectors). The remainder of reaches 3 (45% of
polygons) and 4 (39% of polygons) lie within the depressional sub-type. The proportion of
riparian areas within areas of unknown reach is 76% of polygons and the remainder is comprised
of depressional (15% of polygons), terraced (9%) and unclassified sub-types (0.2%). The Mayo
River (100% of polygons and 100% of vectors), Janet Creek (100% of vectors) and Two Buttes
Creek (100% of vectors) are contained entirely within the riparian landscape sub-type. Many
unnamed third and fourth order creeks of reach 3 and reach 4 lie within depressional areas (100%
and 95% of polygons respectively). Many also lie within riparian areas (100% of vectors for both
reaches and 5% of polygons on reach 4).

Plate 1. Lowland Riparian and Depressional Areas of the Stewart River
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Figure 2. Distribution of Landscape Sub-Types within Stewart River Study Area
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Table 7a. Landscape Diversity within the Stewart River Study Area (polygons)
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Stewart Stewart Reach 3 - Reach 3 - Stewart Reach 4 — Stewart
River Study | River - Mayo River | Unnamed River - Unnamed River -
Area (ha) Reach 3 (ha) | (ha) 3rd & 4th Reach 4 (ha) | 3rd & 4th Reach
order order unknown
features (ha) features (ha) | (ha)
Lowland riparian 11313.3 1459.2 87.9 0.0 1176.8 38.1 8677.3
(70.9%) (54.8%) (100.0%) (0.0%) (61.1%) (4.9%) (76.3%)
Lowland depressional 3636.9 1204.1 0.0 1204.1 748.4 748.4 1684.3
(22.8%) (45.2%) (0.0%) (100.0%) (38.9%) (95.1%) (14.8%)
Lowland terraced 994.5 0.0 0.0 0.0 0.0 0.0 994.5
(6.2%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (8.7%)
Lowland unclassified 21.6 0.0 0.0 0.0 0.0 0.0 21.6
(0.1%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.2%)
Total 15966.3 2662.3 87.9 1204.1 1925.2 786.5 11377.7
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Table 7b. Landscape Diversity within the Stewart River Study Area (vectors)
Stewart Stewart Reach3- | Reach3- | Stewart Janet Two Reach 4 -
River River - Mayo Unnamed | River - Creek (m) | Buttes Unnamed
Study Reach 3 River (m) | 3rd & 4th | Reach 4 Creek (m) | 3rd & 4th
Area (m) (m) order (m) order
features features
(m) (m)
Lowland riparian 112584.1 40992.6 911.2 40081.4 71591.5 1012.5 592.3 65453.7
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Total 112584.1 40992.6 911.2 40081.4 71591.5 1012.5 592.3 65453.7
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
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Tables 8a and 8b show the occurrence of aquatic habitat units within landscape sub-types.
Lowland riparian areas tend to be characterized by the occurrence of primary and secondary

channels but can also contain terrestrial areas and associated wetlands / ponds (Tables 8a and 8b).

Riparian areas therefore contain active channels (i.e. primary and secondary channels) and also
areas that are periodically flooded with varying frequency, i.e. associated wetlands / ponds
(swamps) and terrestrial areas (deciduous shrubs/trees and coniferous forests). Lowland
depressional areas tend to be characterized by the occurrence of associated and disassociated
wetlands / ponds (Table 8a). In this study, lowland terraced and unclassified areas are
characterized by terrestrial units. The terraced areas are comprised of fluvial terraces above the
Stewart River that contain only terrestrial units of coniferous forest. The unclassified areas
contain only terrestrial units of exposed soil adjacent to the Stewart River.

Table 8a. Relationship between Aquatic Habitat and Landscape Sub-Type within the Stewart
River Study Area (polygons)

Lowland Lowland Lowland Lowland Total
riparian depressional | terraced unclassified
Primary channel 2285.9 0.0 0.0 0.0 2285.9
(100.0%) (0.0%) (0.0%) (0.0%) (100.0%)
Secondary channel 312.0 0.0 0.0 0.0 312.0
(100.0%) (0.0%) (0.0%) (0.0%) (100.0%)
Associated wetland/pond | 38.1 1952.5 0.0 0.0 1990.6
(1.9%) (98.1%) (0.0%) (0.0%) (100.0%)
Disassociated 0.0 1684.3 0.0 0.0 1684.3
wetland/pond (0.0%) (100.0%) (0.0%) (0.0%) (100.0%)
Terrestrial 8677.3 0.0 994.5 21.6 9693.4
(89.5%) (0.0%) (10.3%) (0.2%) (100.0%)

Table 8b. Relationship between Aquatic Habitat and Landscape Sub-Type within the Stewart
River Study Area (vectors)

Lowland Lowland Lowland Lowland Total
riparian depressional | terraced unclassified
Primary channel 107139.9 0.0 0.0 0.0 107139.9
(100.0%) (0.0%) (0.0%) (0.0%) (100.0%)
Secondary channel 5444.2 0.0 0.0 0.0 5444.2
(100.0%) (0.0%) (0.0%) (0.0%) (100.0%)
Associated wetland/pond | 0.0 0.0 0.0 0.0 0.0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
Disassociated 0.0 0.0 0.0 0.0 0.0
wetland/pond (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
Terrestrial 0.0 0.0 0.0 0.0 0.0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
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3.2.4 LEVEL 4 - AQUATIC HABITAT DESCRIPTIONS

Figure 3 shows the distribution of aquatic habitat sub-units within the study area. Tables 9a and
9b show the breakdown of the study area by aquatic habitat sub-unit. A significant proportion of
the study area is comprised of in channel habitat (16% of polygons and 100% of vectors), i.e.,
primary (14% polygons and 95% vectors) and secondary channels (2% polygons and 5% of
vectors). Primary channel habitat within the study area contains braids and bars (3% of
polygons), islands (0.5% of polygons) and river mouth (<0.1%) as well as the main channel
within the primary channel (11% of polygons and 95% of vectors). Secondary channel habitat in
the study area contains braids and bars (0.3% of polygons) as well as the main channel within the
secondary channel (2% of polygons and 5% of vectors).

Associated wetland / pond habitat is comprised of fen (9% of polygons), shallow water (2%) and
swamp (2%). These wetland units are often found adjacent to each other (Figure 3). Associated
wetlands / ponds tend to be connected to the Stewart River via channels but can also be
immediately adjacent to the river, seeping water through diffuse surface flow as well as via
groundwater (Figure 3). Disassociated wetland / pond habitat is comprised of fen (6% of
polygons), shallow water (3%) and swamp (1%). These wetland units are often found adjacent to
each other (Figure 3). Disassociated wetlands / ponds are unconnected to the Stewart River and
tend not to contain channels (Figure 3) and are rather fed by groundwater and atmospheric
sources. The majority of the study area is comprised of terrestrial habitat (61% of polygons),
mostly coniferous forest (50%) but also deciduous tree/shrub (10%) and some exposed soil
(0.1%).

Reaches 3 and 4 have comparable proportions of primary channel habitat (47% and 54% of
polygons and 98% and 94% of vectors respectively) and secondary channels (8% and 6% of
polygons respectively). Reaches 3 and 4 differ in the proportion of islands in the primary channel
(0.2% and 4% respectively), braids in primary channels (9% and 15% respectively) and braids in
secondary channels (0% and 3% respectively). This may indicate that reach 4 is subject to more
aggradation and is less stable than reach 3 (Forest Practices Code of B.C., 1996; B.C. Fisheries
Information Services Branch, 2001).
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Table 9a. Aquatic Habitat Diversity within the Stewart River Study Area (polygons)
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Stewart Stewart Reach 3- | Reach 3 - | Stewart Reach 4 — | Stewart
River River - Mayo Unnamed | River - Unnamed | River -
Study Reach 3 River 3rd & 4th | Reach 4 3rd & 4th | Reach
Area (ha) | (ha) (ha) order (ha) order unknown
(ha) (ha) (ha)
Primary 1681.5 1006.5 86.0 0.0 675.0 0.0 0.0
primary (10.5%) (37.8%) (97.9%) (0.0%) (35.2%) (0.0%) (0.0%)
Primary 523.5 242.7 0.0 0.0 280.8 0.0 0.0
braids (3.3%) (9.1%) (0.0%) (0.0%) (14.6%) (0.0%) (0.0%)
Primary 78.9 6.0 0.0 0.0 72.9 0.0 0.0
islands (0.5%) (0.2%) (0.0%) (0.0%) (3.8%) (0.0%) (0.0%)
Primary 1.9 1.9 1.9 0.0 0.0 0.0 0.0
mouth (0.0%) (0.1%) (2.1%) (0.0%) (0.0%) (0.0%) (0.0%)
Secondary 264.5 202.1 0.0 0.0 62.4 0.0 0.0
secondary (1.7%) (7.6%) (0.0%) (0.0%) (3.2%) (0.0%) (0.0%)
Secondary 47.5 0.0 0.0 0.0 47.5 0.0 0.0
braids (0.3%) (0.0%) (0.0%) (0.0%) (2.5%) (0.0%) (0.0%)
Associated 1336.3 702.5 0.0 702.5 633.8 633.8 0.0
fen (8.4%) (26.4%) (0.0%) (58.3%) (32.9%) (80.6%) (0.0%)
Associated 349.4 234.9 0.0 234.9 114.6 114.6 0.0
shallow water | (2.2%) (8.8%) (0.0%) (19.5%) (6.0%) (14.6%) (0.0%)
Associated 304.9 266.8 0.0 266.8 38.1 38.1 0.0
swamp (1.9%) (10.0%) (0.0%) (22.2%) (2.0%) (4.9%) (0.0%)
Disassociated | 974.0 0.0 0.0 0.0 0.0 0.0 974.0
fen (6.1%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (8.6%)
Disassociated | 540.5 0.0 0.0 0.0 0.0 0.0 540.5
shallow water | (3.4%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (4.8%)
Disassociated | 169.8 0.0 0.0 0.0 0.0 0.0 169.8
swamp (1.1%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (1.5%)
Terrestrial 8022.9 0.0 0.0 0.0 0.0 0.0 8022.9
coniferous (50.3%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (70.5%)
Terrestrial 1648.9 0.0 0.0 0.0 0.0 0.0 1648.9
deciduous (10.3%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (14.5%)
Terrestrial 21.6 0.0 0.0 0.0 0.0 0.0 21.6
exposed (0.1%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.2%)
Total 15966.3 2663.4 87.9 1204.1 1925.2 786.5 11377.7
(100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%)
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Figure 3. Distribution of Aquatic Habitat Sub-Units within Stewart River Study Area
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Table 9b. Agquatic Habitat Diversity within the Stewart River Study Area (vectors)
Stewart Stewart Reach 3- | Reach 3- | Stewart Janet Two Reach 4 —
River River - Mayo Unnamed | River - Creek Buttes Unnamed
Study Reach 3 River (m) | 3rd & 4th | Reach 4 (m) Creek 3rd & 4th
Area(m) | (m) order (m) | (m) (m) order (m)
Primary 107139.9 40081.4 0.0 40081.4 67058.5 1012.5 592.3 65453.7
primary (95.2%) (97.8%) (0.0%) (100.0%) | (93.7%) (100.0%) | (100.0%) | (100.0%)
Secondary | 5444.2 911.2 911.2 0.0 4533.0 0.0 0.0 0.0
secondary | (4.8%) (2.2%) (100.0%) | (0.0%) (6.3%) (0.0%) (0.0%) (0.0%)
Total 112584.1 | 40992.6 911.2 40081.4 71591.5 1012.5 592.3 65453.7
(100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%)

Plate 2. Aquatic Habitat Diversity within the Stewart River
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3.25 LEVEL 5-SALMON HABITAT VALUES

The Stewart River is the largest sub-basin of the Yukon River within the Yukon Territory and has
been ranked fourth within the Yukon as a producer of chinook salmon (Ennis et al. 1984).
Chinook spawning sites have been identified throughout the Stewart sub-basin and specifically
near Mayo in the mainstems of the Stewart River, Mayo River and Janet Creek. There has been
no authoritative list of chum spawning sites compiled for the Stewart sub-basin (Ennis et al. 1984;
Buchan 1993).

Figure 4 shows the distribution of salmon with the study area. Tables 10a and 10b show the
breakdown of the study area by areas of salmon presence. Salmon are documented to occur
within the primary and secondary channels of the Stewart River and two tributaries of the Stewart
River: Mayo River and Janet Creek (FISS reports; Ennis et al. 1984; Buchan 1993). The majority
of the tributaries of the Stewart River, including Two Buttes Creek, have unknown salmon
values. Many of these areas (13% of polygons, Table 10a) are associated wetlands / ponds that
may be of limited value to salmon (A. von Finster, pers. comm., March 2003). However there
are also many primary channels (94% of vectors, Table 10b) that could offer some potential value
to salmon. There are areas within the study area that are known to offer no value to salmon (11%
of polygons, Table 10a), i.e., areas disconnected from the main channel such as disassociated
wetlands / ponds. There are also areas where it is not applicable to assess salmon value (61%,
Table 10a), i.e., terrestrial areas.

Plate 3. Confluence of Mayo and Stewart Rivers
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Table 10a. Salmon Presence within the Stewart River Study Area (polygons)
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Stewart Stewart Reach 3 - Reach 3 - Stewart Reach 4 - Stewart
River Study | River - Mayo River | Unnamed River - Unnamed River -
Area (ha) Reach 3 (ha) | (ha) 3rd & 4th Reach 4 (ha) | 3rd & 4th Reach
order order unknown
features (ha) features (ha) | (ha)
Documented 2518.9 1453.2 87.9 0.0 1065.7 0.0 0.0
(15.8%) (54.6%) (100.0%) (0.0%) (55.3%) (0.0%) (0.0%)
None 1684.3 0.0 0.0 0.0 0.0 0.0 1684.3
(10.6%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (14.8%)
Unknown 1990.7 1204.1 0.0 1204.1 786.5 786.5 0.0
(12.5%) (45.2%) (0.0%) (100.0%) (40.9%) (100.0%) (0.0%)
Not applicable 9772.4 6.0 0.0 0.0 72.9 0.0 9693.4
(61.2%) (0.2%) (0.0%) (0.0%) (3.8%) (0.0%) (85.2%)
Total 15966.4 2663.3 87.9 1204.1 1925.1 786.5 11377.7
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Table 10b. Salmon Presence within the Stewart River Study Area (vectors)
Stewart Stewart Reach3- | Reach3- | Stewart Janet Two Reach 4 -
River River - Mayo Unnamed | River - Creek (m) | Buttes Unnamed
Study Reach 3 River (m) | 3rd & 4th | Reach 4 Creek (m) | 3rd & 4th
Area (m) (m) order (m) order
features features
(m) (m)
Documented 6456.7 911.2 911.2 0.0 5545.5 1012.5 0.0 0.0
(5.7%) (2.2%) (100.0%) (0.0%) (7.8%) (100.0%) (0.0%) (0.0%)
None 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
Unknown 106127.4 40081.4 0.0 40081.4 66046.0 0.0 592.3 65453.7
(94.3%) (97.8%) (0.0%) (100.0%) (92.2%) (0.0%) (100.0%) (100.0%)
Not applicable 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
Total 112584.1 40992.6 911.2 40081.4 71591.5 1012.5 592.3 65453.7
(100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
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3.3 TRAINING, EMPLOYMENT OPPORTUNITIES AND STEWARDSHIP

It was anticipated that NND staff would participate in the exercises of study area delineation, the
creation of a preliminary GIS Coverage and field sampling (tasks outlined in section 2.1).
However, at the time of the study there were no personnel available. Results of the preliminary
mapping exercise were presented and discussed with NND Lands and Resources in Mayo on July
18-19. The maps created as part of this report are available for the purposes of displaying the
aquatic habitat mapping of the Stewart River pilot mapping area.
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4.0 DISCUSSION

4.1 AQUATIC HABITAT MAPPING AND CLASSIFICATION SYSTEM

4.1.1 ADVANTAGES

Aguatic habitat mapping and classification can be conducted using available digital data sources,
e.g., 1:50,000 scale NTDB, aerial photographs, orthophotos and LANDSAT 7, and therefore does
not rely on the collection of field data. It is anticipated that aquatic habitat mapping will provide
a cost effective means of describing and evaluating aquatic habitat in the absence of field
collected data. An estimated cost of aquatic habitat mapping cannot be provided until the
mapping and classification system is finalised.

The methodology allows aquatic habitat to be described within an ecological context, describing
environmental conditions such as regional climate, latitude, physiography, elevation, terrain and
vegetation. The method also allows for the separation of areas by bio-climatic zone, landscape
type and sub-type. This allows for the comparison in the proportional amount of landscape sub-
types and aquatic habitat units between different areas. This level of analysis is best suited to the
comparison of rivers and watersheds of different geomorphology and/or bio-climatic zone.

Through the incorporation of Yukon watershed coding and naming and reach delineation, aquatic
habitat mapping can be used to quantitatively describe, assess and compare aquatic habitat
diversity and value between streams and between reaches within the same stream. A more
detailed understanding of the relationship between proportional amounts of different aquatic
habitats and their value to specific species and life stages is required before the significance of
differences between areas can be determined. An understanding of these issues would also allow
aquatic habitat mapping to be used for predictive analysis. Data permitting, the potential exists to
develop predictive models based on multi-variant statistics that incorporate the relationships
between the proportional amounts of aquatic habitat and values.

Agquatic habitat mapping can aid in the design of field sampling protocols. Aquatic habitat may
be stratified prior to sampling to obtain representative samples within a previously unknown
watershed. Alternatively, sample locations could be chosen non-randomly to target particular
creeks or reaches that represent areas of aquatic habitat of interest, e.g., potential spawning sites.

Aguatic habitat descriptions can be used to describe more comprehensively traditional reach
descriptions. For example, the pattern of islands within reach 3 of the Stewart River study area
could be described as occasional while the pattern within reach 4 could be described as frequent
(RIC 1998; RIC 1999). There is a marked difference in the proportion of aquatic habitat
associated with islands between the two reaches, e.g., there is a greater potential for the
accumulation of debris where islands occur and a greater extent of shoreline. Aquatic habitat
mapping could therefore provide a more quantitative measure of the proportional amount of
habitat associated with islands within each reach than the current, more subjective measures.

Comprehensive aquatic habitat mapping has utility for the study of other species, e.g., waterfowl.
For example, comparison of the proportional amount of open water between areas would provide
a method of quantifying the amount of available waterfowl habitat, i.e., open water within
wetlands / ponds.

Aguatic habitat mapping distinguishes between areas that are connected to the mainstem and
those that are disconnected, i.e., associated and disassociated wetlands / ponds and waterbodies
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respectively. This distinction allows for the separation of areas that have the potential to contain
anadromous salmon and those that do not. Aquatic habitat mapping also distinguishes between
areas within the mainstem that may have the potential to be of more or less value to aquatic
species, e.g., the mouth of a primary channel, braids, islands, secondary channels and back
channels. To provide a more detailed account of aquatic value, aquatic habitat units could be
ranked for habitat suitability. Suitability values could be inferred from studies conducted
elsewhere in similar areas or determined from field sampling. Suitability values could be
incorporated into the evaluation of aquatic habitats and be used to assist land managers in the
absence of field collected data.

412 LIMITATIONS AND RECOMMENDATIONS

A significant limitation of this methodology is that mapping was not conducted in the context of
the watershed; the original line work was based on geomorphological features irrespective of
drainage basin boundaries. It is suggested that aquatic mapping be conducted within the bounds
of the watershed, delineated through watershed mapping (a.k.a. drainage basin). Watershed
mapping can be conducted in a desktop environment (AEM 2001) using digital elevation models
(DEMs) and imagery. The initial mappable unit should be the watershed and then aquatic habitat
units nested within the watershed boundary. This allows for the assessment of potential effects
and cumulative effects of human activities on a watershed.

Watershed mapping would also allow for terrestrial habitats to be spatially identified to a
watershed and a particular reach. This would allow for areas of exposed soil adjacent to the
stream to be quantified and used to describe the extent of potentially eroding slopes that may
effect down slope aquatic habitat. Potential influences of the surrounding vegetation and/or soil
conditions could also be addressed. For example, the proportion of associated wetland / pond
immediately adjacent to a primary channel could provide useful information for the evaluation of
aquatic habitat within the primary channel.

Another concern with the proposed habitat mapping and classification approach is that the
accurate mapping of aquatic habitat units requires the creation of two disparate feature types,
polygons and vectors. The end result is that the summary of aquatic habitat units uses two
incompatible variables, i.e., the amount of area of polygons and length of vectors. It is suggested
that where small channels occur and are unmapped as polygons at 1:50,000 scale, the aquatic
habitat polygon should capture this information by classifying polygons as containing or not
containing channels. The proposed Yukon stream network can be used to delineate the exact
spatial location of all channels while aquatic habitat mapping can be used to describe the habitat
within a watershed. This approach would also allow for the distinguishing of associated wetlands
/ ponds and terrestrial units that contain channels from those that do not.

It has been suggested that additional aquatic habitat sub-units be incorporated into the mapping
and classification system. Areas of ground water discharge are very valuable to both spawning
and rearing chinook (Bradford et al. 2001; A. von Finster, pers. comm. March 2003). Itis
suggested that future study investigate the potential for areas of ground water discharge to be
mapped using geomorphological features. The mixing zone downstream of a tributary confluence
is another area valuable to rearing chinook (von Finster 2001) that is not mapped using the
current classification system. However the mixing zone is not always visible on aerial
photographs or orthophotos and may be difficult to delineate with certainty. It is suggested that
future study investigate the potential for mixing zones to be mapped using imagery.

The documentation and characterization of primary parent (surficial) material could allow for the
description of the dominant material comprising stream banks. With this information and
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knowledge of the dominant fluvial processes acting on the reach, it may be possible to predict the
composition of the streambed. Primary parent material can be recorded as part of future aquatic
ecosystem mapping projects following the techniques outlined by (AEM and YECMWG 2003).
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Fisheries Habitat Mapping on King Salmon Flats, Taku River:
Project Update and Preliminary Mapping Methodology

1. BACKGROUND AND PROBLEM ANALYSIS

The Taku River watershed encompasses over 16,000 km? in British Columbia and Alaska.
Approximately 90 percent of the Taku watershed is in Canada. The Taku River is typical of many
large, salmon-producing rivers in Alaska and western Canada. Because it is glacier fed, the Taku
is turbid, has rapid fluctuations in flow and transports a large sediment load. In recent years the
Taku River watershed has been the focus of much fisheries research and management planning by
the Taku River Tlingit First Nation and Alaska, British Columbia and Canadian government
agencies. Many of the most recent research efforts have been in direct response to the proposed
Tulsequah Chief Mine development. Due to its transboundary nature, the need for multi-agency
co-ordination and management of the Taku watershed is readily apparent.

The current focus of fisheries work in the Taku Watershed is stock assessment by species.
Projects have been developed to estimate system-wide escapement and run strength of
commercially important salmon. Even most of the work with juvenile salmon has been done with
the objective of measuring productivity. This information is then used in managing the
commercial fisheries on both sides of the border. Less attention has been devoted to documenting
the diversity within Taku salmon populations and the variety of habitat areas they utilise.
Differences in channel morphology between the upper and lower reaches of the river, and within
reaches, create a mosaic of different fish habitats along the entire course of the river system.
Successful salmonid reproduction of course depends on access to both high quality spawning and
rearing areas. Those that have spent time in the watershed realise this diversity and its
importance as they have experienced it first hand.

1.1. PROBLEM ANALYSIS

In order to facilitate and implement a range of planning and assessment activities that incorporate
the concepts of “whole river management”, accurate and seamless habitat mapping for both the
British Columbia and Alaska sections of the Taku and its major tributaries must occur. However,
there is a current lack of standardised habitat classification and mapping procedures between
Alaskan and Canadian fisheries agencies. Further, existing fisheries habitat mapping standards in
British Columbia are extremely detailed and rely heavily on intensive field sampling with the
collection of concise, point location habitat descriptions. On large, isolated watersheds like the
Taku and its many tributaries, many of the detailed standards are simply not practical. The need
for a more generalised fisheries habitat classification system was therefore identified, one that
could be performed largely through the use of available aerial photography and provide a higher-
level framework to apply existing or future field-collected fisheries values. A central concept for
development of this generalised habitat classification was the requirement to be based largely on
mappable, geomorphic features and that it be possible to complete across a range of spatial scales.

This project update describes preliminary fisheries habitat mapping methodology that has been
developed for the King Salmon Flats Study Area on the Taku River. It is anticipated that the
methods developed through this project will be applicable to most watercourses in northern
Canada. Funding for this project was provided through Fisheries Renewal British Columbia,
administered through the the Taku and Atlin Area Community Fisheries Working Group.
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2. OBJECTIVES

The two primary objectives of this project were to:

e Based on existing Alaska, British Columbia and similar published guidelines, and in
consultation with key agencies, develop a comprehensive fisheries habitat mapping system
that could be implemented for the entire Taku River watershed, and which would potentially
be applicable to most river systems.

e Using the methodology developed through this project, develop a 1:10,000 scale fisheries
habitat map for the King Salmon Flats area of the middle Taku River.

3. METHODS

3.1. CREATE AIRPHOTO MOSAIC

Using 1:30,000 scale colour aerial photography, a photo mosaic of the King Salmon Flats project
area was created (Figure 1). Airphotos were registered as accurately as possible to existing
1:20,000 scale digital TRIM base maps (TRIM 104K.074, 104K.084, 104K.085). The resultant
product is not a “true” orthophoto but due to the limited vertical relief associated with the King
Salmon Flats area, horizontal and vertical distortion is minimal.

3.2. DEVELOP CLASSIFICATION AND MAPPING CONCEPTS

Based on field experience in the King Salmon Flats area and knowledge of existing fisheries
habitat classification and ecological land classification and mapping concepts, preliminary
classification and mapping concepts were developed. In general, the following concepts were
adopted:

e The classification system should be based on mappable features.

e Mapping should be able to be performed through the use of existing aerial photography (or
similar imagery).

e Habitat classification and mapping should be scale independent (i.e. through the use of nested
hierarchies provided through something similar to the British Columbia Watershed Atlas, an
individual stream can be described at multiple scales).

e Habitat units should be broad enough to accommodate a range of interpretations for multiple
fish species or species groups.

Initial mapping methods were described in an earlier project update report (Version 1.0,
December 3, 2001). This document contains updated methodology based on revisions
encountered during the development of the King Salmon Flats Habitat Map.
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Figure 1. Portion of photomosaic basemap (Airphoto Block 8) of King Salmon Flats, Taku River.
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4. PROPOSED HABITAT CLASSIFICATION SYSTEM

4.1. HABITAT CLASSIFICATION SYSTEM (VERSION 2)

Figure 2 contains a generalized flowchart of the proposed fisheries habitat classification system
for the project area. Terminology and mapping levels represented in the flowchart are described
fully below. Figure 3 provides an example of how the proposed habitat classification system
would be applied to a portion of the King Salmon Flats project area (see Figure 1, photomosaic,
for corresponding unclassified airphoto).

A: On-Floodplain (ONF)

B: Off-Floodplain (OFF)

A1: Off Channel (OC)

A2: Main Stem (MS)

Level 2 & 3 components are described
through existing Terrestrial
Ecosysterm Classification
methods

{ Afa: Moving Water (MW) \

{ A2a: Main Channel (MC)

{A1b Dry Seasonal Channel (DC) ‘

{ A2b: Secondary Channel (SC)

{ Afc: Still Water (SW) \

{Am Braids & Gravel Bars (BG) \

{ A2d: Vegetated (VG)*

Afe: Vegetated (VG)* \

{ A2e: Wetland (WT)

A1f: Wetland (WT)

{ A2f. Lake (LK)

{ A2c: Braids & Gravel Bars (BG) \
|
|
|
|

{ Alg: Tributary (TR)

T T T

|
Alg: Lake (LK) \
|

Ath: Tributary (TR)
|

[LEVEL 4: One Example]

Figure 2.

A1hl: A1hll:

Lake Non-Lake
Buffered Buffered
Streams Streams

Proposed habitat classification flowchart (Version 2).
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LEVEL 1. ON-FLOODPLAIN / OFF-FLOODPLAIN
A. On-Floodplain

On-Floodplain is defined in the geomorphic sense where the dominant processes are erosion and
deposition of alluvium (fluvial processes). Some areas of the floodplain may be active (main
stem river, braids, etc.) while other areas within the floodplain may be relatively inactive and
stable (vegetated). This first level of classification will maintain compatibility with existing and
proposed ecological land classification and mapping systems in Yukon and British Columbia.

B. Off-Floodplain

Off-Floodplain components for Levels 2, 3, & 4 can be described through any available terrestrial
ecosystem or vegetation classification/mapping system that is currently in use within a specific
jurisdiction. In British Columbia, this is assumed to be Biogeoclimatic Ecosystem Classification
expressed through Terrestrial Ecosystem Mapping (TEM). Terrestrial ecosystem classification
and mapping standards are currently under development in Yukon. Off-floodplain habitats are
not described further within this document.

LEVEL 2. OFF-CHANNEL HABITAT / MAIN STEM RIVER
Al. Off-Channel Habitat

Off-Channel Habitat is defined as the least active, and less frequently flooded area of the
Floodplain. This area is dominated by side-channels of the Main Stem River and is defined by
having relatively permanent vegetation on both sides of the channel.

A2. Main Stem River

The Main Stem River is defined as the “main channel of the river”. It is usually the most active,
and most frequently flooded areas of the Floodplain. It is bounded by right and left-banks and
may contain vegetated and non-vegetated gravel bars and islands within the river.

LEVEL 3. Stratify ‘OFF-CHANNEL’ / ‘MAIN STEM RIVER’ Habitats
Al. Off-Channel Habitat

Ala. Moving Water
Areas with slow moving water sloughs or faster moving channels. Descriptors could be
developed to differentiate between these two aquatic environments.

Alb. Dry Seasonal Channels
Channels that increase in flow during periods of peak run-off. They may include some
deeper unconnected pools of water.

Ale.  Still Water
Aquatic habitats characterised primarily by lentic (still water) habitats and oxbows.
Some still water environments may share similar characteristics with wetlands and may
be preferred fish habitats.
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Braids and Gravel Bars
Active portions of the floodplain that flood seasonally; water depth is generally very
shallow. Braids and Gravel Bars may be vegetated or non-vegetated.
Vegetated
Relatively stable portions of the On-Floodplain environment that are permanently or
semi-permanently vegetated. On-Floodplain vegetated habitats are islands covered with
shrubs and/or trees. Vegetated areas can be further stratified based on the presence or
absence of Ephemeral Streams. The presence of ephemeral streams within a vegetated
habit unit would indicate higher potential fisheries values than a vegetated unit without
ephemeral streams.
Wetlands
Areas that contain stagnant and/or very slow moving water. Wetland descriptions would
be facilitated through existing wetland classification systems (ie. bog, fen, etc.)
Lakes
Bodies of water deeper than 2 meters.
Tributaries
Rivers entering the On-Floodplain environment from the surrounding Off-Floodplain
uplands. Tributary mouths are also considered important and depending on the scale of
surveys, may be mappable. Tributary mouths occur at the confluence of a Tributary and
the Main Channel. Tributaries are further stratified into:
L Lake-Buffered Streams
A stream with its water flow buffered by a lake at or near its headwaters
— these streams tend to be more constant aquatic environments and
contain higher fisheries values.
I1. Non-Lake Buffered Streams
Streams with seasonal differences in flow — these tend to be high
gradient streams with potentially dramatic changes in flow and velocity.

Main Stem River

Main Channel

The most obvious and active central channel of the river.

Secondary Channels

Areas where water travels slower through shallower and narrower channels.

Braids and Gravel Bars

Active portions of the Main Stem River that flood seasonally; water depth is generally
very shallow. Braids and Gravel Bars may be vegetated or non-vegetated.

Vegetated

Relatively stable portions of the On-Floodplain environment that are permanently or
semi-permanently vegetated. On-Floodplain vegetated habitats are islands covered with
shrubs and/or trees. Vegetated areas can be further stratified based on the presence or
absence of Ephemeral Streams. The presence of ephemeral streams within a vegetated
habit unit would indicate higher potential fisheries values than a vegetated unit without
ephemeral streams.

Wetlands

Areas that contain stagnant and/or very slow moving water. Wetland descriptions would
be facilitated through existing wetland classification systems (ie. bog, fen, etc.)

Lakes

Bodies of water deeper than 2 meters.
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A2g. Tributaries
Rivers entering the On-Floodplain environment from the surrounding Off-Floodplain
uplands. Tributary mouths are also considered important and depending on the scale of
surveys, may be mappable. Tributary mouths occur at the confluence of a Tributary and
the Main Channel. Tributaries are further stratified into:
1. Lake-Buffered Streams
A stream with its water flow buffered by a lake at or near its headwaters
— these streams tend to be more constant aquatic environments and
contain higher fisheries values.
Iv. Non-Lake Buffered Streams
Streams with seasonal differences in flow — these tend to be high
gradient streams with potentially dramatic changes in flow and velocity.

4.2. RELATIONSHIP OF PROPOSED CLASSIFICATION SYSTEM TO
EXISTING INFORMATION SOURCES

In British Columbia, all watersheds within the province are classified and coded within the
British Columbia Watershed Atlas. This watershed model provides a nested hierarchical
classification an naming convention for all major drainage basins and their constituent sub-basins.
Because this proposed aquatic classification system is scale-independent, watersheds could be
classified and mapped at a range of scales, depending upon the desired unit of analysis (i.e. 1%, 2™
or 3" order basin). Some modification of this proposed system may be required for use in Yukon,
as a standardised watershed does not yet exist.

4.3. DIGITAL DATA STANDARDS

Three airphoto mosaics (Blocks 7, 8 and 9) were created for the King Salmon Flats project area as
.TIF images. Figure 1 illustrates Airphoto Block 8. Three corresponding ArcView shape files
were created for the habitat maps based on the airphoto mosaic basemaps. All digital data
produced through this project uses the standard British Columbia Albers Conic Projection.
Rigorous digital data standards were not developed through this project as the primary focus was
the conceptual development of a mappable fisheries habitat classification system. Future efforts
should focus on the development of data standards and their integration with existing systems
such as the BC Watershed Atlas.
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