Assessment of Northern Dolly VVarden, Salvelinus
malma malma (Walbaum, 1792), Habitat in
Canada

N.J. Mochnacz, B.S. Schroeder, C.D. Sawatzky, and J.D. Reist

Fisheries and Oceans Canada
Central and Arctic Region
Winnipeg, Manitoba

R3T 2N6

2010

Canadian Manuscript Report of Fisheries and Aquatic
Sciences 2926

i+l
I*I Fisheries and Oceans Péches et Océans C anada

Canada Canada



Canadian Manuscript Report of
Fisheries and Aquatic Sciences

Manuscript reports contain scientific and technical information that contributes to existing
knowledge but which deals with national or regional problems. Distribution is restricted to institutions or
individuals located in particular regions of Canada. However, no restriction is placed on subject matter, and
the series reflects the broad interests and policies of the Department of Fisheries and Oceans, namely,
fisheries and aquatic sciences.

Manuscript reports may be cited as full publications. The correct citation appears above the abstract
of each report. Each report is abstracted in Aquatic Sciences and Fisheries Abstracts and indexed in the
Department’s annual index to scientific and technical publications.

Numbers 1-900 in this series were issued as Manuscript Reports (Biological Series) of the Biological
Board of Canada, and subsequent to 1937 when the name of the Board was changed by Act of Parliament, as
Manuscript Reports (Biological Series) of the Fisheries Research Board of Canada. Numbers 901-1425 were
issued as Manuscript Reports of the Fisheries Research Board of Canada. Numbers 1426-1550 were issued as
Department of Fisheries and the Environment, Fisheries and Marine Service Manuscript Reports. The current
series name was changed with report number 1551.

Manuscript reports are produced regionally but are numbered nationally. Requests for individual
reports will be filled by the issuing establishment listed on the front cover and title page. Out-of-stock reports
will be supplied for a fee by commercial agents.

Rapport manuscrit canadien des
sciences halieutiques et aquatiques

Les rapports manuscrits contiennent des renseignements scientifiques et techniques qui constituent
une contribution aux connaissances actuelles, mais qui traitent de problémes nationaux ou régionaux. La
distribution en est limitée aux organismes et aux personnes de régions particuliéres du Canada. IIn’y a
aucune restriction quant au sujet; de fait, la série refléte la vaste gamme des intéréts et des politiques du
ministére des Péches et des Océans, e’est-a-dire les sciences halieutiques et aquatiques.

Les rapports manuscrits peuvent étre cités comme des publications complérwa. Le titre exact parait
au-dessus du résumés de chaque rapport. Les rapports manuscrits sont résumés dans la revue Résumés des
sciences aquatiques et halieutiques,et ils sont classés dans 1’index annuel des publications scientifiques et
techniques du Ministére.

Les numéros 1 a 900 de cette série ont été publiés a titre de manuscrits (série biologique) de 1’Office
de biologie du Canada, et aprés le changement de la désignation de cet organisme par décret du Parlement, en
1937, ont été classés comme manuscrits (série biologique) de 1’Office des recherches sur les pécheries du
Canada. Les numéros 901 a 1425 ont été publiés a titre de rapports manuscrits de 1’Office des recherches sur
les pécheries du Canada. Les numéros 1426 a 1550 sont parus a titre de rapports manuscrits du Service des
péches et de la mer, ministére des Péches et de I’Environnement. Le nom actuel de la série a été établi lors de
la parution du numéro 1551.

Les rapports manuscrits sont produits a I’échelon régional, mais numérotés a I’échelon national. Les
demandes de rapports seront satisfaites par 1’établissement auteur dont le nom figure sur la couverture et la
page du titre. Les rapports épuisés seront fournis contre rétribution par des agents commerciaux.



Canadian Manuscript Report of
Fisheries and Aquatic Sciences 2926

2010

ASSESSMENT OF NORTHERN DOLLY VARDEN,
SALVELINUS MALMA MALMA (WALBAUM, 1792), HABITAT
IN CANADA

N.J. Mochnacz, B.S. Schroeder, C.D. Sawatzky, and J.D. Reist

Fisheries and Oceans Canada
Central and Arctic Region
501 University Crescent
Winnipeg, Manitoba
R3T 2N6



©Her Majesty the Queen in Right of Canada, 2010.
Cat. No. Fs 97-4/2926E ISSN 0706-6473

Correct citation for this publication:

Mochnacz, N.J., Schroeder, B.S., Sawatzky, C.D., and Reist, J.D. 2010. Assessment of
northern Dolly Varden, Salvelinus malma malma (Walbaum, 1792), habitat in
Canada. Can. Manuscr. Rep. Fish. Aquat. Sci. 2926: vi + 48 p.



il

TABLE OF CONTENTS

Y 0 1) 1 = (o1 TR Y,
RESUIME. ...t e et e e e et e e e ettt e e et e e e et e e e een et e e eae et eeeaeeeeeenanneeennas Vi
gL oY 11 o3 1 [ o TR 1
BACKGIOUND ...ttt 2
D001 10) 1 1) USRS 2
IS TTDULION ..ottt e e e e e e e e e e e et eae e e e e e e eeaee e aaaaeeeeereeaenaaaaeeeeeeeaneannnan 3

| B3 5 ] 1) USSP 4
BIOLOZY ..ttt ettt e bt et et eeat e e bt e snneeaneas 5
1Y/ =1 1 T T £ TSR 6
CoMMON HADITAL FRATUIES ...ttt e e et e e e e e e e e e eeee s 8
GIOUNAWALET ..o 8
AAUTCIS e ettt e e e e e et a e e e e e e e e ——aaeaee e e ———————aaeaerara—————— 10
SINAIL SETEAINIS ..ottt ettt eee e e e e e e e eeaeseeeeeeeaanaaeeeeereaannnaaeeeearenes 10
COASTAL ATCAS .o e et e e e e et e e e e e e e e e e e e e e eeeeee e e eee e aaaaaeaeeeeaaaeaaaaaaeaaeanes 11
Habitat Use and availability ..o, 12
SPAWIIINE ...ttt ettt ettt sttt et s bt et eatesbeebeeaeesaeeneeeaeens 12
FIITI RIVET ettt eeneeeeeeeaeaeeeneeenennnen 13
Babbage RIVET ......ooiuiiiiiiiieeieee ettt et sttt e eneeas 14
Big FiSh RIVET...ccuiiiiiiiiiiiieeee ettt ettt et e e e e saeeennees 15
Rt RIUVET e ettt e e e e e e e e e e e e e e e e e e eaaeeeeeeeeeaaaaas 16
PO RIVET oottt e e eee e e e aeeeeeeeeeeeeeeeneeeneeenennne 17
GAYNA RIVET ..ottt sttt 17
FISH RIVET ettt eeeeeeee e eeeeeeeeneneneneneeenennne 18
OVEIWINTETINE ...ttt ettt et ettt ettt sa et eat e st e et ebtesbeebeeasesbeeteeseenneenees 18
FIITI RIVET ettt eeeeeeeeneeeneeeneeenenanen 19

Babbage RIVET ....ccuviiiiiieiie ettt et e e e e e et e e e aae e s naeeennee s 20



il

Big FiSh RIVET...cuiiiiiiiiieie ettt ettt ettt ettt e eeneeas 20
Rt RIVET ...ttt s e et e et e e e tbeeesaeeessaeesnsaaensseeennseees 21
PEEL RIVET ...ttt ettt ettt e et esaaeebeesaeeenbeesaaeenseas 22
GAYNA RIVET .ttt e et e st eeeaeeesaeeessaeeensaeesaseeensseeas 22
FASI RIVET .ttt ettt et et e st e b e saaeenneas 23
REATINE oottt e et e et e e e taeestaeeesaeeessaeeesseeeesseeeanseeenns 23
FOEAINE ..ottt ettt et et e et e e st e e be e s it e e bt e ssaeenbeeenaeenseennns 24
Habitat stressors and risK faCtOrs ... 25
Habitat de@radation ............ccceeciiiiiiiiieeii ettt et e 25
Habitat fragmentation ...........ccccueeiiiiiiiiiecie e e e e e e sereeeaaeesneeeens 26
SUIMIMANIY ettt bttt e st et e s st e e sab e e e sab e e e sbb e e e bb e e e bbe e e beeeenbeeeanes 27
ACKNOWIEAGEMENTS ...ttt nr e e enes 28

R I EINICES ..ottt e e e e et e ettt e e e e e e e ettt e e e e e r e ————aaaaan 29



v

LIST OF TABLES

Table 1. Habitat use by northern Dolly Varden in Canada. ...........ccccceceniiiiniininnenienene 36

Table 2. Estimate of known and potential spawning habitat for northern Dolly Varden in
CANAAA. ..ottt sttt 37

Table 3. Estimate of known and potential overwintering habitat for northern Dolly Varden
T CANAAA. ..ottt ettt h ettt et 38

LIST OF FIGURES

Figure 1. General North American distribution of southern, northern, and possible
intermediate Bering Sea forms of Dolly Varden...........cccoevviieiiieiiiiccieecee e, 39

Figure 2. Known and potential Dolly Varden overwintering and spawning areas in the
upper Firth River and JO€ Creek.......ooviiiiiiiiiieiiciieceeeee e 40

Figure 3. Known and potential Dolly Varden overwintering and spawning areas in the Firth
RIVET DA AICa.....cuiiiiiiiiiiiiieieceee ettt st et 41

Figure 4. Known and potential Dolly Varden overwintering and spawning areas in the
Babbage RIVET SYSIEIM ....c..eieiiiiiiieiieiiieeiieeie ettt ettt et e eite e bt essaeetaeeseeesseessneenseens 42

Figure 5. Known and potential Dolly Varden overwintering and spawning areas in the Big
Fish River and Little Fish Creek ........oooooiiiiiiiicccecece e 43

Figure 6. Known and potential Dolly Varden overwintering and spawning areas in the Rat
RIVET SYSTEIM 1.ttt ettt et et e e e et eeate e seeenbeenseeenneens 44

Figure 7. Known and potential Dolly Varden overwintering and spawning areas in the Peel
RIVET SYSTEIM ..cnitiiiiie ettt et e e st e e e e e e e tbeeesbeeesaeesnnaeesnnseesnseeennnes 45

Figure 8. Known and potential Dolly Varden overwintering and spawning areas in the
VIHTEKWA RIVET ..ottt ettt s et e eaeeens 46



ABSTRACT

Mochnacz, N.J., Schroeder, B.S., Sawatzky, C.D., and Reist, J.D. 2010. Assessment of
northern Dolly Varden, Salvelinus malma malma (Walbaum, 1792), habitat in
Canada. Can. Manuscr. Rep. Fish. Aquat. Sci. 2926: vi + 48 p.

Key habitat for northern Dolly Varden (Salvelinus malma malma) is described and
quantified for all known populations in Canada from existing literature and field surveys
conducted in 2008 and 2009. We define key habitat as an area which, if disrupted or lost,
would have serious implications for the survival of existing populations of that taxon. Adult
Dolly Varden use areas associated with perennial groundwater springs for spawning and
overwintering. Juveniles rear in low velocity side channels and small streams (< 10 m
wide) during the summer and join adults at overwintering sites in most areas during the
winter. Near shore coastal areas are important feeding grounds for anadromous populations.
Winter habitat, which typically corresponds with spawning habitat, is pivotal for survival of
all northern Dolly Varden populations. This habitat is comprised of small groundwater-fed
pools in isolated headwater reaches, which remain open all winter, whereas most of the
remainder of the river freezes to the bottom. Surface area calculations of this habitat ranged
from 0.0001 km” to 0.1903 km? for the rivers that were surveyed. The total amount of
known winter habitat available for northern Dolly Varden is estimated to be 0.6315 km® for
all rivers combined. Appropriate measures should be taken to monitor and protect key
winter habitat.

Key Words: Northwest Territories; Yukon Territory; northern Dolly Varden; key habitat;
perennial groundwater springs; fish habitat; North Slope; overwintering, spawning, and
rearing habitat; Salvelinus malma malma.
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RESUME

Mochnacz, N.J., Schroeder, B.S., Sawatzky, C.D. et Reist, J.D. 2010. Evaluation de
I’habitat du Dolly Varden septentrional, Salvelinus malma malma (Walbaum,
1792), au Canada. Rapp. man. can. sci. halieut. aquat. 2926: vi + 48 p.

L’habitat clé du Dolly Varden septentrional (Salvelinus malma malma) est décrit et
quantifié pour toutes les populations connues au Canada dans la documentation actuelle et
les études sur le terrain effectuées en 2008 et 2009. Par habitat clé, nous entendons une aire
qui, en cas de perturbation ou de perte, aurait de graves conséquences sur la survie des
populations existantes de ce taxon. Le Dolly Varden adulte utilise les aires associées aux
sources d’eau souterraine pérennes comme zones de frai et d’hivernage. Les alevins
grossissent dans les faux-chenaux peu rapides et les petits cours d’eau (< 10 m de largeur)
durant 1’été et rejoignent les adultes aux sites d’hivernage dans la plupart des régions durant
I’hiver. Les zones cotieres constituent des aires d’alimentation importantes pour les
populations anadromes. L’habitat hivernal, qui correspond habituellement a 1’habitat de
frai, est crucial pour la survie de toutes les populations de Dolly Varden septentrionaux. Cet
habitat se compose de petits bassins alimentés par les eaux souterraines dans des trongons
en amont isolés, qui demeurent ouverts tout 1’hiver, tandis que la majeure partie du reste de
la riviere gele jusqu’au fond. Les calculs de 1’aire superficielle de cet habitat ont varié de
0,0001 km®a 0,1903 km? dans le cas des riviéres étudiées. La superficie totale d’habitat
hivernal connu mise a la disposition du Dolly Varden septentrional est évaluée a 0,6315
km? pour toutes les riviéres regroupées. On devrait prendre les mesures qui s’imposent pour
surveiller et protéger I’habitat hivernal clé.

Mots clés : Territoires du Nord-Ouest; Territoire du Yukon; Dolly Varden septentrional;
habitat clé; sources d’eau souterraine pérennes; habitat du poisson; versant Nord; habitat
d’hivernage, de frai et de grossissement; Salvelinus malma malma.



INTRODUCTION

Species that inhabit Arctic aquatic ecosystems face unique challenges not encountered by
more temperate taxa. Distribution, growth, and abundance are limited by prolonged winter
seasons where suitable habitat and food are sparse (Power et al. 1999). Activities that disturb key
habitats in these ecosystems could have catastrophic results for a given year class and ultimately
lead to an overall decrease in ecosystem productivity (Cunjak 1996). Northern form Dolly
Varden, Salvelinus malma malma (Walbaum, 1792), is a riverine char that is an important
subsistence fish for many northern communities in the western Arctic (Papik et al. 2003).
However, with increasing global change and development activities in the North, the habitat of
Dolly Varden could be at risk. Specific habitat requirements for all life stages (spawning, rearing,
and overwintering) make northern populations in Canada highly vulnerable to extirpation as a
result of habitat loss, fragmentation, and disruption (Stewart et al. 2010).

We have a basic understanding of the distribution, general biology, and population
structure of northern Dolly Varden populations (Stewart et al. 2010). However, very little work
has been done to identify, delineate, and quantify habitat. Our objective was to assess habitat for
northern Dolly Varden in Canada. Specifically, we intended to 1) describe habitat use for each
life stage, 2) determine which types of habitat are pivotal for survival, and 3) quantify the total
size of these habitats for northern populations. We define key habitat as an area which, if
disrupted or lost, would have serious implications for the survival of existing populations of that
taxon (COSEWIC 2010). Areas that are not defined as key habitat are still considered to be
important because they are used by individual fish or groups of fish and function to influence
population productivity. However, if these areas were lost we assume the impact on populations

would not be as severe.



BACKGROUND

Taxonomy
Historically, Arctic Char, Salvelinus alpinus (Linnaeus, 1758), has been the taxon thought

to be the predominant representative of the Salvelinus genus in northern North America (McPhail
1961). Due to morphological and meristic variation, anomalous populations were recognized as a
variant of the species and identified as the “western form” of Arctic Char and subsequently
grouped in the S. alpinus species complex (McPhail 1961; Morrow 1980; Behnke 1980; Reist
1989; Reist et al. 1997). Taxonomic uncertainty of the S. alpinus species complex was further
resolved using morphologic and meristic analyses, which identified this “western form” as a
distinct species - Dolly Varden, S. malma (McPhail 1961).

Since 1980, re-examination of the taxonomic status of fishes in north western Canada and
Alaska has identified additional taxa present in this geographic range. Fish, previously considered
Dolly Varden, occurring south of the Great Bear River are now identified as a discrete species -
Bull Trout, S. confluentus (Suckley, 1858) (Haas and McPhail 1991; Reist et al. 2002). Chars
occurring west of the Mackenzie River have been re-classified as Dolly Varden and those found
east of the Mackenzie River (primarily in lacustrine habitats) are considered to be Arctic Char
(Reist et al. 1997).

Dolly Varden in North America has also been further revised to include a southern form
(S. malma lordi) and a northern form (S. malma malma) (Behnke 1980). The two sub-groups can
be differentiated by gill raker counts, vertebral number, and genetic analyses (Behnke 1980;
Phillips et al. 1999). The southern form is distributed along the Pacific coast from Washington to
the Gulf of Alaska and the south western Yukon Territory, whereas the northern form can be
found from the north side of the Alaskan Peninsula and the Aleutian Islands to the Mackenzie

River in Canada (DeCicco and Reist 1999; Figure 1). Further distinction of the northern form into



two groups, including an inland group, has been proposed based on biological, distributional, and
life history variation; however, this split remains unconfirmed (DeCicco and Reist 1999).
Distribution

Five genetically distinct populations of northern Dolly Varden have been confirmed in
river systems from the Beaufort Sea drainage (Reist 1989). Along the Yukon North Slope,
populations occur in the Firth River and its major tributary Joe Creek, the Fish River, the
Babbage River, and the Big Fish River (Sandstrom et al. 1997; Sandstrom and Harwood 2002).
Additional populations are known from the Yukon Territory and Northwest Territories in the Rat
River, a tributary to the Mackenzie River Delta (Reist 1989); the Gayna River, a tributary to the
central Mackenzie River (Mochnacz and Reist 2007); and the Vittrekwa and Blackstone rivers of
the Peel River basin (Evans et al. 2002; Anderton 2006; Millar 2006; Sawatzky et al. 2007). In
Alaska, Dolly Varden occur in major rivers draining to the north, central, and southern coasts and
it is believed that many inland isolated populations also occur state wide but these are not
confirmed (Craig and McCart 1974; Figure 1).

Both inland and coastal populations inhabit high-gradient, mountain streams for 8-9
months of the year (Craig and McCart 1973). Discharge is governed by snowmelt, precipitation,
and groundwater sources in the spring, summer, and fall. However, during the winter, flow rates
are extremely low and perennial groundwater springs are the only water source in these rivers
(Clark et al. 2001; Power et al. 1999). In some systems (e.g., Big Fish River) groundwater may
account for 80% of the baseflow in the summer and fall (Clark et al. 2001). Perennial springs
originate either in the riverbed itself or from nearby orifices, which are often found at the base of

talus slopes. During the winter these rivers are ice-covered downstream of groundwater sources



and at some point the ice extends to the river bed (Craig and McCart 1973). Therefore, fish must
overwinter in upstream areas associated with perennial springs which are not completely frozen.
Life History

Dolly Varden exhibit both anadromous and freshwater (resident) life history strategies
(Armstrong and Morrow 1980). Multiple strategies may be observed within a single river basin
and even within a single population. Most adult fish and large juveniles with access to the sea are
anadromous, undertaking annual migrations to feed in highly productive coastal waters during
the summer and then returning in the fall to their natal streams to spawn and overwinter (Craig
1989; Reist 1989).

A certain proportion of individuals from anadromous populations, known as riverine
(residual) fish, remain in freshwater for their entire life and avoid the annual migration to sea.
This life history is dominated by precocious males, which are often associated with anadromous
spawning pairs and are commonly observed darting into redds to release milt once the eggs have
been deposited by the female (Reist 1989). This tactic is known as “sneaking” and is a trait of
residual Dolly Varden that appears to aid in the maintenance of genetic diversity within these
systems and may promote recovery of anadromous populations that have collapsed (Reist et al.
2001). Residual populations are found in tributaries to the Big Fish and Rat rivers (Sandstrom
and Harwood 2002, Stewart et al. 2010), and the Babbage, Firth, and Vittrekwa rivers of the
Yukon Territory (Bain 1974; Glova and McCart 1974; Reist 1989; Babaluk and Reist 1996;
Millar 2006).

Stream-resident (isolated) life history types typically occur as disjunct populations in
headwaters of small streams isolated from anadromous and residual populations by impassable

barriers or distance. Isolated fish spend their entire lives in headwaters of small freshwater



streams (Reist 1989). These populations are self-sustaining (i.e., both sexes confirmed) and
although they may move downstream into areas where anadromous and residual populations are
found, this has never been documented (Reist 1989; Stewart et al. 2010). A more detailed
description of life history types and stages are summarized in Sawatzky and Reist (2010 in press).
Biology

Dolly Varden are iteroparous, reproducing multiple times during their life but often not
over successive years (Stewart et al. 2010). Some populations with shorter migrations to sea may
spawn annually (e.g., Rat River (Sandstrom et al. 2009)); however, other populations exhibit
spawning in non-consecutive or fewer years (Sandstrom et al. 1997; Sandstrom and Harwood
2002).

Anadromous adults and smolts migrate downstream to productive coastal waters as river
ice begins to melt and aquatic connections between habitats emerge, typically in late June and
July. The timing of these events is influenced by environmental conditions and can vary annually
by several weeks. Feeding occurs in the highly productive coastal waters of the Beaufort Sea
during the short summer months and represents the most significant energetic intake by
individuals for the entire year (Craig 1989). Evidence suggests that anadromous fish rarely feed
during migrations, spawning periods, and throughout the winter (Glova and McCart 1974).
Following the coastal migration and feeding period, current-year spawners are typically the first
to return upstream to the natal spawning grounds (Glova and McCart 1974; Reist et al. 2001).
Upstream migration occurs in early fall, and most Dolly Varden have returned to the spawning
and overwintering location by mid-October (Sandstrom et al. 2001). Juveniles in the Rat River,
NT have been noted to return significantly later than spawning fish (Sandstrom et al. 2001).

Spawning occurs in late August through to the end of October when water temperatures range



from 3 to 8°C (Stewart et al. 2010). Emergence occurs seven to nine months post-spawning and
is highly temperature dependent as eggs incubated at higher temperatures require less time to
develop. Rearing occurs near overwintering habitats with short local movements in the vicinity of
these areas (Griffith 1979). Juveniles remain in freshwater habitat until they are capable of
surviving in saline environments (i.e., smoltification), often between two and four years, and
mature between five and seven years of age (Sandstrom and Harwood 2002).

Anadromous juveniles and adults exhibit a high degree of natal philopatry (i.e., homing)
with limited recruitment known from other populations. Genetically distinct populations have
been identified across the Arctic coast of Canada and Alaska and limited evidence of genetic
exchange between disjunct populations has been observed (Reist 1989). Though some evidence
of overwintering in non-natal streams has been observed, these likely represent non-spawning
fish, which do not offer a genetic contribution to the local stock (McCart 1980; J. Reist unpubl.
data). Strong homing to natal spawning areas with limited recruitment from other populations has
significant implications for stock conservation and management, especially for the mixed stock
subsistence fishery along the Beaufort Sea coast (DFO 2003a,b,c). Furthermore, populations are
highly vulnerable to stochastic events (e.g., winterkill) as eggs, juveniles, and adults are confined
to small (e.g., <2 km), isolated headwater areas during the winter, which may last for 8-9
months. The selection and extended use of small discrete winter habitats by all life stages

suggests that these areas are pivotal for long-term sustainability of healthy populations.

METHODS

We assessed the relevance of various habitat types based on use by different life stages.
The data examined was classified as spawning, overwintering, rearing, and feeding habitat

according to three criteria: 1) life stage present, 2) time of year, and 3) life process/behaviour



observed (e.g., spawning, feeding). For example, if adult fish were observed in a stream during
the fall and exhibited spawning behaviour (e.g., redd excavation, female/male spawning pairs,
defending nest, etc.) we classified this area as spawning habitat. If the behaviour of fish observed
in a particular habitat was unknown, we identified these areas as potential habitat based on the
life stage present, habitat occupied, and time of year. For example, if adults were found in
suitable spawning habitat (i.e., appropriate substrate size) during the spawning period, but no
spawning behaviour was observed, we identified this area as potential spawning habitat. The only
exception to this was potential winter habitat which was identified based on areas which were
clearly not completely frozen to the bottom (e.g., thin ice). Key habitat types were then identified
based on the following criterion: if the habitat was disrupted or lost it would seriously affect the
survival of an existing population. Our habitat assessment was based on examination of existing
data, field surveys, and expert opinion.

Most of the data were gathered and synthesized from existing literature. We calculated the
total area (km?) for each habitat type described in the literature. In instances where the size of the
area was not reported, we extrapolated the mean-wetted width and length for the site from 1:50
000 topographic maps or maps from the report. In addition, we surveyed the Rat, Big Fish, Firth,
and Babbage River systems to document overwintering habitat in March 2008 and 2009. The
total length and mean-wetted width was measured for all open water sections and we documented
the presence of fish from bank-side and aerial surveys. Fish were identified to species and
assigned a life stage based on size where possible. Data describing habitat use for various life
stages are summarized in Table 1, and known and potential spawning and overwintering habitat
is quantified in Tables 2 and 3 respectively. The total area is the sum of the known and potential

habitat for each location. For winter habitat calculations we assumed that all ice covered sections



downstream of aufeis fields were completely frozen to the bottom. The only exception to this was
habitat that was covered by thin ice or small isolated ice-free sections, which we documented as

potential winter habitat.

COMMON HABITAT FEATURES

A common threat to northern Dolly Varden populations is the onset and long-term
persistence of cold temperatures and ice-covered habitat. To succeed in this region, fish have
adopted life history strategies to survive in these extreme environments. Though specific habitat
use may vary between river basins and among life history stages, common habitats are identified
and discussed below, which are important, and in some cases pivotal for survival.
Groundwater

Perennial groundwater springs are found in all freshwater streams that northern Dolly
Varden are known to occupy in Canada. Habitat associated with groundwater is pivotal for the
long-term persistence of populations because perennial springs maintain overwintering habitat
(Craig and McCart 1974; Glova and McCart 1974; Stewart et al. 2010; N. Mochnacz unpubl.
data). If winter habitat were lost, it is unlikely that fish would adapt to survive in marine
environments and populations would eventually be extirpated. Although groundwater is a vital
feature common to all Dolly Varden streams in northern Canada, the proportion of habitat
associated with these springs in an given stream is small (e.g., <5% of total habitat available in
the Babbage River downstream of the falls). Not only are these areas very important for winter
survival, but they are also spatially limiting for northern Dolly Varden and associated species
(Power et al. 1999; Sandstrom et al. 2001; N. Mochnacz unpubl. data).

There are three types of groundwater that are common in northern rivers: 1) active layer

groundwater, which originates in shallow sediments that freeze and thaw each year, 2) supra-



permafrost perennial springs that originate deeper than active layer groundwater, but are not geo-
thermally heated (range = 0.5-4.0°C), and 3) sub-permafrost perennial springs, which originate
from much deeper in the earth’s crust, are warm (range = 8.0-16.0°C), and usually have high total
dissolved solid concentrations (Clark et al. 2001). The size of open water areas in rivers during
the winter is influenced by the groundwater temperature, snow depth, atmospheric conditions,
flow volume and rate, and the stream gradient (Stewart et al. 2010). Perennial groundwater is the
only water source in these northern rivers during the winter, which otherwise freeze to the bottom
over long stretches (Craig and McCart 1973; Power et al. 1999; Clark et al. 2001). In some river
systems groundwater may account for up to 80% of the baseflow during the open water season
(Clark et al. 2001).

Habitats associated with perennial groundwater springs are not only vital during winter
but also during spawning periods because they create micro-habitats for fish which are conducive
to successful spawning. Discrete springs offer relatively constant water temperatures, moderate
water flow, and high dissolved oxygen levels, which prevent these areas from freezing during the
winter and promote successful egg development and keep waste levels (CO,) from reaching toxic
levels (Sandstrom and Chetkiewicz 1996; Baxter and McPhail 1999). Several studies demonstrate
that egg-to-fry survival is higher and development rates are accelerated for salmonids in habitats
with groundwater versus those without (Garrett et al. 1998; Baxter and McPhail 1999). Dolly
Varden spawn in areas associated with perennial groundwater springs (Stewart et al. 2010; N.
Mochnacz unpubl. data) presumably to exploit habitat which is favourable for spawning (i.e.,
avoid freezing, appropriate temperature, constant flow, and high oxygen content). Similarly,
other closely related char selectively spawn directly on or near discrete groundwater springs (e.g.,

Arctic Char, Salvelinus alpinus, Cunjak et al. 1986; Brook Trout, S. fontinalis, Curry and Noakes
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1995; Blanchfield and Ridgeway 1996, 1997; Bull Trout, S. confluentus, Baxter and McPhail
1999).
Aufeis

An aufeis (icing), which is an area of thick layered ice that persists during the spring and
often into the summer months, is created by upwelling groundwater being forced out over the ice
surface when encountering a frozen river bed (Yoshihara 1973; Craig and McCart 1974; Clark
and Lauriol 1997; Clark et al. 2001; Yoshikawa et al. 2007). An aufeis field often forms the
downstream boundary of spawning and overwintering areas in northern rivers (Baker 1987;
Stewart et al. 2010; N. Mochnacz unpubl. data). The features and extent of the aufeis field vary
annually in response to environmental conditions and influence baseflow during the open water
season (Sandstrom and Chetkiewicz 1996; Clark and Lauriol 1997; Yoshikawa et al. 2007).
Before the aufeis forms in the fall, Dolly Varden migrate upstream beyond the upper boundary of
the aufeis to access spawning and overwintering areas. Although there is some speculation that
adults may use these braided channels where aufeis forms in the fall for spawning, this has not
been confirmed.
Small streams

Small streams are key for survival because they are used by Dolly Varden for spawning,
rearing and overwintering (Sandstrom and Harwood 2002). Adults often use the same locations
for overwintering and spawning, therefore, the availability and quality of rearing habitat
associated with these areas likely influences juvenile recruitment. Furthermore, poor juvenile
recruitment will impact population growth. This is supported by Vélez-Espino and Koops (2009),

who demonstrated that the growth rate of the Laurentian Black Redhorse (Moxostoma duquesnei)
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was sensitive to juvenile survival rate. Levin and Stunz (2005) found similar results which imply
that rearing habitat is key for long-term survival.

Anadromous Dolly Varden have been shown to preferentially occupy slower flowing
habitat (e.g., pools) in small streams decreasing energetic expenditure before and after spawning
and during winter (Sandstrom et al. 2001). In northern streams, overwintering habitat is limited to
open water areas and ice-covered areas that do not freeze to the bed in isolated reaches above
aufeis fields (S. Sandstrom unpubl. data). These overwintering areas are vital for survival;
however, this habitat is spatially limiting (i.e., small proportion of entire stream available) and
likely operates to regulate individual survival and thus population abundance through density-
dependent survival.

Coastal areas

Access to key habitat is important for anadromous adults as they move between feeding
areas in productive near shore coastal habitats and spawning, rearing, and overwintering habitats
in freshwater streams. Areas of upwelling springs and tributaries to main rivers function as
feeding grounds for fry, parr, and residuals (Stewart et al. 2010). First-year smolts move into
river deltas and estuarine habitats to feed in habitat with higher prey density (Glova and McCart
1974; Stewart et al. 2010). Larger rivers (e.g., Rat River), which typically function as corridors,
are important for current-year spawners as they provide a route to productive coastal waters.
Dolly Varden feed in these areas until they achieve a suitable fitness level which allows them to
return to their natal freshwater rivers to successfully spawn (Craig 1989; Sandstrom et al. 2001).
These highly productive feeding areas are important; however, if these habitats were disrupted or

lost, fish could feed in freshwater rivers, albeit likely acquiring less energy under such a scenario.
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Complete loss of connectivity to coastal feeding areas would eliminate anadromy and prompt an

overall shift in population structure dominated by stream-resident fish.

HABITAT USE AND AVAILABILITY

Spawning
Spawning sites are typically associated with perennial groundwater springs that form

three main areas: a) the discharge area — the source of the groundwater at the top of the site
characterized by open water extending downstream throughout the year; b) the main body — the
middle and lower areas of the site, which can be partially ice covered and often associated with
filamentous green algae; and c) the aufeis field — occurring at the bottom of the site, characterized
by multiple layers of flooded ice, which is often quite expansive (Clark and Lauriol 1997; Clark
et al. 2001; Yoshikawa et al. 2007). The top of the aufeis field typically delineates the lower
boundary of spawning and overwintering sites. However, in the Big Fish River, fish were
observed during the late winter in ice tunnels formed in the aufeis field that were 2 m wide and
had water that was 0.5 m deep (DFO 2003a). Formation of these tunnels may be a unique
situation resulting from the higher groundwater temperature characterizing this system (DFO
2003a; Clark et al. 2001). Spawning habitat is pivotal for successful recruitment and typically
corresponds with overwintering habitat, which is spatially limiting.

Spawning occurs in the early fall between September and October in high-gradient,
headwater streams (Stewart et al. 2010). Females excavate redds in shallow (0.2-1.5 m), low
velocity areas (mean = 0.40 m/s, range 0.30-0.90 m/s) associated with perennial groundwater
source(s), and substrate ranging in size from 16-63 mm (Sandstrom and Chetkiewicz 1996;
Stewart et al. 2010; N. Mochnacz unpubl. data). Spawning usually coincides with water

temperatures between 3-8°C (Stewart et al. 2010; Table 1).
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Although redd densities are high in some areas (e.g., > 250 redds in a 300 m reach of Fish
Creek), redd superimposition has not been confirmed in northern streams (N. Mochnacz unpubl.
data). This behaviour has been documented in other systems (Kitano and Shimazaki 1995) and is
not uncommon for other char species, especially populations that spawn in areas associated with
groundwater (Baxter and McPhail 1999). Redd superimposition implies that either habitat is
spatially limiting, habitat requirements are very specific, or a combination of both. This
phenomenon poses a threat to successful progeny development because re-excavation of existing
redds can dislodge eggs sweeping them into unfavourable locations, potentially increasing the
risk of predation (Kitano and Shimazaki 1995). Higher egg density in the substrate can also lead
to higher mortality as a result of decreased dissolved oxygen and increased incidence of fungal
disease (Goodyear 1980). Furthermore, redds constructed by smaller females are more vulnerable
to re-excavation and superimposition than those of larger-bodied females as nest depth is
positively correlated with fork length (Kitano and Shimazaki 1995).

Firth River

All known spawning habitat in this river system is associated with perennial groundwater
springs and used at some point in the year by all life stages (Glova and McCart 1974; DFO
2003c¢). Three spawning areas are known in the Canadian portion of the Firth River and are
closely related to aufeis formation. The first site is approximately 15 km downstream of the
Alaska/Yukon Territory boarder, parallel to the mountain formation along the east bank of the
upper Firth, immediately above the first aufeis field. It is approximately 500 m in length (Glova
and McCart 1974). The second area is 3 km downstream of the Alaskan border and is 300 m in
length, and the third is located at the Yukon/Alaska border and is approximately 200 m long

(Figure 2).
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Kristofferson et al. (1991) observed redds in the main stem immediately below the
confluence with Muskeg Creek and in the main stem opposite of the confluence with You Creek.
Upstream of the Alaskan border, redds were reported for 14 km in areas of braided channels in
gravel plains. Along the right branch of a fork off the main stem, redds were also seen up to 4 km
upstream at which point the stream became impassable due to low water levels (Kristofferson et
al. 1991). In Joe Creek, redds were observed at the base of a cliff in clear water that was strewn
with large boulders (Baker 1987; Kristofferson et al. 1991; Figure 2). Redd sizes ranged from
1.0-1.5 m long and 0.5-1.0 m wide (Baker 1987; Kristofferson et al. 1991). Spawning in the Firth
River occurs earlier than Joe Creek, which may be linked to differences in groundwater
temperatures observed at each location (Stewart et al. 2010).

During late winter surveys in the Firth River Delta, Mutch and McCart (1974) discovered
an area of open water fed by groundwater sources that was approximately 350 m long (Figure 3).
Spawning has not been observed at this site, but stomach content analysis of Dolly Varden
collected from this area revealed the presence of embryos, indicating that this could be a potential
spawning location (Glova and McCart 1974).

The extent of known spawning habitat for anadromous fish in the Canadian portion of the
Firth River and Joe Creek is 0.1843 km?” (184 300 m?) and 0.0217 km? (21 700 m?) respectively
(Table 2).
Babbage River

The upper Babbage River is fairly shallow and flows over a wide flood plain of gravel
and crushed rock, which terminates at a waterfall with a drop of 8.3 m (Baker 1987). In the lower
river, after the falls, the channel deepens and narrows in a valley of shale cliffs and the rocky

substrate is occluded by a heavy deposition of mud and silt (Baker 1987). An isolated stream-
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resident population occurs above the falls of the main stem and an anadromous population below
(Bain 1974; Reist 1989; DFO 2003b). The stream-resident population spawns somewhere
upstream of the falls and the anadromous population spawns in the headwaters of the Canoe
River and Fish Hole Creek (Figure 4). The extent of spawning habitat for anadromous fish in the
Babbage River system (i.e., Fish Hole Creek/Canoe River) is 0.0073 km* (7300 m”) and 0.0189
km? (18 900 m?) for the isolated life history type (Table 2).
Big Fish River

An anadromous population spawns in Little Fish Creek (formerly Cache Creek, McCart
and Bain 1974), a tributary to the Big Fish River (Figure 5). Females spawn annually in this
system as opposed to other North Slope rivers where fish spawn in alternate years (DFO 2003a).
The spawning area consists of a series of pools, runs, and riffles (1-2 m deep, 5-10 m wide)
downstream of a 3 m waterfall (Jessop et al. 1974; Gillman et al. 1985). The dominant substrate
in this section is gravel to cobble size rock, which is typically 16-63 mm in diameter (Stewart et
al. 2010). Similar to other overwintering and spawning locations, this area is maintained by a
perennial groundwater source. However, unlike most locations, this spring originates from a sub-
permafrost groundwater source. The water chemistry of the groundwater from this stream is very
different from groundwater of other “typical” North Slope springs as it is relatively warm (8-
16°C), has a high mineral content (2600 ppm), is slightly basic (pH = 7.6-8.1), and has dissolved
oxygen levels ranging from 0.2-6.8 ppm (McCart and Bain 1974; Clark et al. 2001; Stewart et al.
2010). Upwelling groundwater can maintain winter water temperatures as high as 16°C upstream
of the main falls and produces an open water section below the falls that extends approximately 4

km downstream (McCart and Bain 1974; Jessop et al. 1974; Clark et al. 2001).
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Most Dolly Varden populations spawn and overwinter in the same areas, which are
usually near discharging groundwater. However, in Little Fish Creek an anadromous population
spawns approximately 2-3 km downstream of the groundwater source. This may be due to
excessively high temperatures and dissolved solids at the discharge location, which could be
detrimental to egg development (Sandstrom 1995; Sandstrom and Harwood 2002). The extent of
spawning habitat is 0.0471 km? (47 100 m?; Table 2) for the anadromous population downstream
of the falls.

An isolated stream-resident population exists above a waterfall (> 10 m) in Little Fish
Creek (Figure 5). The water upstream of the falls is warm (10-16°C during winter), has high total
dissolved solids, and very low dissolved oxygen levels (McCart and Bain 1974). This population
is significant as it provides insight into the tolerance of this species to environmental extremes
(McCart and Bain 1974). The extent of spawning habitat available in this reach is 0.0082 km®
(8200 m?; Table 2).

Rat River

The Rat River population spawns in Fish Creek, a small, high-gradient, headwater
tributary (DFO 2001; Sandstrom et al. 2001; Figure 6). Spawning occurs upstream of a large
aufeis area, which is fed by a number of perennial groundwater sources (4-5°C). The aufeis melts
during the ice-free period and exposes the lower portion of the spawning area, which is
characterized by a flat gravel field of braided channels (Sandstrom et al. 2001).

Groundwater is derived from supra-permafrost sources that are much cooler (i.e., 3-5°C)
than the ones found in the Big Fish River system and may explain why fish spawn earlier in this
area (Sandstrom and Chetkiewicz 1996). The presence of multiple groundwater sources and a

high proportion of suitable spawning substrate (~ 30% pebble) suggest that Fish Creek may have
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more spawning habitat than other northern rivers (N. Mochnacz unpubl. data). There is also
anecdotal evidence of “shift spawning” (i.e., dual spawning periods in a constant location) but
further research is needed to confirm this occurrence (DFO 2001; Stewart et al. 2010). The extent
of spawning habitat available for anadromous Dolly Varden in the Rat River is 0.08910 km? (89
100 m%; Table 2). We have not documented spawning habitat upstream in this system; however,
suitable habitat associated with perennial groundwater springs (0.0043 km? or 4300 m?) was
documented in 2009 (Table 2; Figure 6).
Peel River

Dolly Varden have been observed in the main stem of the Peel River; in Stony Creek in
the Northwest Territories; and in the Blackstone, Snake, and Vittrekwa rivers of the Yukon
Territory (Stewart et al. 2010; Figures 7, 8, 9). Spawning sites were identified by Anderton
(2006) in the Blackstone River, Snake River, and an unnamed creek. Millar (2006) observed
spawning activity and documented approximately 20 pools with suitable spawning habitat in
Ne’edilee Creek, a tributary to the Vittrekwa River, YT (Figure 8). Each pool was approximately
2 m wide, 5 m long and 1.3 m deep and consisted of gravel substrate with undercut banks that
were sheltered by willows. The water was clear and cold (2.7°C in late August; Millar 2006). The
total amount of spawning habitat documented was 0.00210 km? (2100 m?) in this reach (Millar
2006; Table 2). Spawning sites have been identified in the Blackstone River and several other
unnamed locations within the Peel River system; however, the habitat has not been quantified
(Anderton 2006; Reid and Skinner 2008; Figures 7 and 8).
Gayna River

An isolated stream-resident population occurs in the Gayna River (Mochnacz and Reist

2007; Figure 9). This population inhabits an isolated pool, which is approximately 50 m wide and
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150 m long (0.0075 km? or 7500 m*; Table 2). Although fish in spawning condition were
captured at this site, discrete spawning habitat (i.e., redds) has not been documented (Mochnacz
and Reist 2007).
Fish River

Approximately 1000 fish were observed in the upstream reaches of Fish River on October
5, 1972. Both anadromous and residual Dolly Varden in spawning condition were captured at this
site but the size of this area was not documented (Craig and McCart 1973; Figure 10).
Overwintering

Dolly Varden spend the entire winter in upstream sections of freshwater streams
associated with perennial groundwater sources. These areas often correspond with spawning
sites. Winter habitat extends from the most upstream extent of open water, which is created at the
main groundwater orifice, downstream to the upper boundary of the main aufeis field. In these
areas there is a combination of open water habitat originating at the main groundwater source and
ice-covered habitat that is not completely frozen to the bed. Juvenile fish occupy open water
areas (N. Mochnacz unpubl. data), whereas adults are typically found in ice-covered habitat (S.
Sandstrom unpubl. data). Fish may overwinter in areas downstream of the main aufeis field that
do not freeze to the bottom because of flow and depth (e.g., Firth River Delta, Mackenzie Delta);
however, this has rarely been documented (e.g., Glova and McCart 1974). Winter habitat is
pivotal for survival but is generally restricted to several small isolated sections of headwater
streams above aufeis fields (Stewart et al. 2010). All life stages inhabit the same overwintering
habitats; however, fish will occupy different niches within these areas based on size and density
(Glova and McCart 1974; N. Mochnacz unpubl. data). Large adults occupy deep pools in ice-

covered areas above the aufeis field, whereas smaller adults and juveniles typically occupy deep
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pools in open water areas and shallow channel margins (< 0.30 m) near ice cover (Stewart et al.
2010; N. Mochnacz unpubl. data). There has not been any evidence to suggest that Dolly Varden
overwinter at sea (Craig and McCart 1974). Overwintering habitats range in average depth from
0.1-1.0 m; have an ice depth cover of 0.0-2.0 m; dissolved oxygen from 5-13 ppm; and water
temperature ranging from 1-11°C (McCart and Bain 1974; N. Mochnacz unpubl. data).
Firth River

In the Firth River system, fish overwinter in two areas: the Firth River and its major
tributary, Joe Creek (Baker 1987; Figures 2, 3). All sub-adult life stages (fry and parr) have been
found in the lower Firth Delta in late winter (Glova and McCart 1974; Figure 3). Juveniles (i.e.,
all pre-smolt phases) exploit marginal areas in the vicinity of groundwater sources, which are too
shallow for larger adult fish. Smolts and adults aggregate in deeper channels and pools, which is
likely a reflection of size segregation (Glova and McCart 1974). Fry and parr were identified
from three locations in this system: a) the gravel floodplain of the upper Firth extending upstream
of the aufeis, b) the upper reaches of Joe Creek extending above the aufeis, and c) the delta of the
lower Firth. All three areas are associated with groundwater sources and may represent
overwintering habitat (Kristofferson et al. 1991). The extent of overwintering habitat in the Firth
River and Joe Creek is 0.1903 km?* (190 300 m?) and 0.0217 km? (21 700 m?) respectively with a
further 0.3393 km? (339 300 m?) identified as potential winter habitat (Table 3).

There are also some areas in the Firth River that are ice covered but do not completely
freeze to the bottom; these include the main stem at the confluence with Muskeg Creek, the deep
pools along the canyon wall of the lower Firth, and areas within the Delta (Glova and McCart

1974; Figures 2, 3). Fry have been observed during the ice-free period in these areas and both
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juvenile and adult fish have been observed in late October when connectivity to upstream areas
was lost (Glova and McCart 1974).
Babbage River

Anadromous and residual Dolly Varden overwinter above the aufeis field in the
headwaters of Fish Hole Creek. There is a perennial groundwater spring (4.0°C) just upstream of
the confluence with the Canoe River (68°36°N, 138°44’W; Figure 4) that maintains open water
in this area throughout the winter (N. Mochnacz unpubl. data). As groundwater flows
downstream towards the aufeis it cools and starts to freeze, creating ice-covered habitat that does
not completely freeze to the river bed. Juveniles (FL=60-300 mm) occupy open water areas
during the winter in this system (N. Mochnacz unpubl. data), whereas adults use ice-covered
habitat (S. Sandstrom unpul. data). Downstream of the main aufeis fields, in both Fish Hole
Creek and the Babbage River, most of the river is completely frozen to the bed during winter
with the exception of some isolated deep pools in the Babbage River (Baker 1987; S. Sandstrom
pers. comm.; Figure 4). The overwintering habitat available for anadromous fish in the Babbage
River below the falls and in Fish Hole Creek/Canoe River is 0.0573 km? (57 300 m?). Above the
falls stream-residents have access to 0.0271 km? (27 100 m?) of overwintering habitat and an
additional 0.0020 km? (2000 m?) of potential winter habitat (Figure 4; Table 3).
Big Fish River

Dolly Varden overwinter in Little Fish Creek, a tributary to the Big Fish River (Figure 5).
The water chemistry and water temperature in this stream are influenced by significant thermal
groundwater contributions. A stream-resident population occupies habitat upstream of the falls
and anadromous fish use habitat below. Dissolved oxygen levels increase as water flows from the

groundwater source above the falls downstream to the primary overwintering location for
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anadromous fish (Stewart et al. 2010). Fish spend the winter in pools found in open water and
ice-covered sections, which extend from the base of the falls to the start of the aufeis field (Fehr
and Archie 1989; Sandstrom and Harwood 2002; Stewart et al. 2010). Juveniles (FL=60-300
mm) occupy open water areas during the winter (N. Mochnacz unpubl. data) and adults use ice-
covered habitat (S. Sandstrom unpul. data). The extent of overwintering habitat used by
anadromous fish is 0.04710 km? (47 100 m?) and 0.00820 km? (8200 m?) for stream-residents. An
additional 0.002 km? (2000 m?) has been identified as potential habitat for the anadromous
population downstream of the main overwintering area (Figure 5; Table 3).
Rat River

Anadromous Dolly Varden overwinter in Fish Creek, a tributary to the Rat River (Figure
6). Sandstrom et al. (2001) showed that both juveniles and adults overwinter in several deep
pools immediately upstream of the aufeis area. However, juveniles arrive at the overwintering
location post-spawning. The extent of known overwintering habitat available for the anadromous
population is 0.08910 km? (89 100 m?; Table 3). Other areas suitable for overwintering may exist
in deeper areas of the lower reaches of the river as well as some adjoining channels in the
Mackenzie Delta (Sandstrom et al. 2001). During winter surveys in 2008 and 2009 we observed
many small areas (50 m x 50 m) upstream of the aufeis field that were either ice free or not
completely frozen to the bottom. We also found a large open water section of river near the
headwaters that was 0.0043 km? (4300 m?).

A small open water section spanning 0.0002 km® (200 m?) was also found at Scho Creek,
which is a tributary to the Rat River situated just east of Fish Creek (Figure 6). No Dolly Varden

have been captured or observed in this stream but the habitat is similar to Fish Creek.
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Peel River
Contrary to North Slope populations, which typically use the same areas for spawning and

overwintering, preliminary data suggest that populations from the Peel River system may use
different areas during the winter (Anderton 2006). Within this watershed, overwintering habitat
has been identified in the Peel River, Blackstone River, and Wind River, and it is assumed that
lacustrine populations overwinter in Elliot Lake, Horn Lake, and two unnamed lakes (Anderton
20006; Figure 7). Although this watershed has not been surveyed as intensively as systems further
north, preliminary data suggest that only stream-resident and lacustrine populations occur in this
area (Anderton 2006). Known and potential overwintering habitat have been documented in this
watershed, but these areas have not been quantified.

Further north in the Vittrekwa River, fish inhabit the main stem during winter (Millar
2006; Figure 8). The extent of overwintering habitat available is 0.0001 km? (100 m?) with an
additional 0.002 km? (2000 m?) identified as potential winter habitat (Table 3).
Gayna River

An isolated stream-resident population occurs in the Gayna River (Mochnacz and Reist
2007) and inhabits an isolated pool, which is approximately 50 m wide and 150 m long (0.0075
km? or 7500 m*; Table 3). We captured one adult Dolly Varden from this pool in February 2009,
which confirms that this is indeed viable overwintering habitat (Figure 9). There are many
suitable overwintering areas downstream; however, we have no evidence that a self-sustaining
Dolly Varden population occurs in this downstream area. Any fish using overwintering habitat
downstream of the falls likely represent strays from the upper pool or individuals from a fluvial

bull trout population, which has been confirmed below these falls (Mochnacz and Reist 2007).
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Fish River
Both anadromous and residual Dolly Varden in spawning condition were located in the

upstream reaches of Fish River on October 5, 1972 (Craig and McCart 1973; Figure 10). This site
was the only location where the river was not frozen. Very little is known about this population
but it is likely that other overwintering sites exist in this system.

Rearing

It has been suggested that post-emergence, the highest densities of fry occur in riffles and
peripheral habitats with gravel streambeds (also some finer particles, some cobble and a few
boulders) having mean depths between 0.2 and 0.4 m (0.8 m maximum depth) and a surface
velocity of 0.1 m/s (Griffith 1979). Alevins need suitable substrate to bury themselves post-
emergence and remain under cover until the transition to fry (yolk sac absorbed). Larger
substrates, in high flow areas are also important for fry (Griffith 1979).

Rearing habitat has not been well documented in northern streams; however, areas where
juveniles have been observed correspond with spawning and overwintering sites (Stewart et al.
2010). During the open water season (i.e., spring, summer, fall), fry tend to occupy shallow
waters along stream edges and small side channels (Glova and McCart 1974). Juveniles migrate
to deeper pools along undercut banks and on the downstream side of large boulders (Glova and
McCart 1974). Both fry and parr are widely distributed in the Firth River and Joe Creek during
ice-free periods (Figures 2, 3), yet the greatest densities are typically seen in the vicinity of
perennial groundwater sources (Glova and McCart 1974). In the fall of 2008 and 2009 we
observed fry and parr at the spawning and overwintering area of Little Fish Creek (Big Fish River
system). During a late winter survey in March 2009 juveniles ranging in size from 80-300 mm
were observed in the headwaters of Joe Creek (Firth River system) and in pools above and below

the confluence of Fish Hole Creek and the Canoe River (Babbage River system). In March 2010
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similar sized juveniles were also observed during snorkel surveys in open water areas above the
main aufeis field in this system and also in Little Fish Creek. In both instances, fish were
occupying deeper areas in ice-free pools and under ice shelves formed near shallow channel
margins. Although rearing habitat is important for juvenile recruitment, it does not appear to be
spatially limiting in the spring, summer, and fall as a large proportion of suitable habitat is
available during this time. It is unclear if juvenile overwintering habitat is limiting, but given the
small proportion of open-water habitat available during this season it is conceivable that in low
water years habitat availability may constrain juvenile survival.

Feeding

Anadromous Dolly Varden migrate downstream in the spring to feed in estuarine and
coastal areas of the Beaufort Sea. Fish disperse both east and west from their natal streams and
often remain parallel to shore, within 500 m of the coast. Adults may venture out further but
rarely in excess of 1 km offshore (Craig 1989). Seasonal migrations can exceed 300 km and daily
movements range from 3-6 km (Glova and McCart 1974).

The downstream migration by anadromous fish to coastal areas of the Beaufort Sea and
subsequent time offshore is the only significant feeding period for smolts and adults. It is
estimated that fish spend less than 10% of their lives at sea feeding (Stewart et al. 2010). Smolts
and adults primarily consume insects and small crustaceans (Armstrong and Morrow 1980). At
sea, mysids represent the primary food source, in addition to amphipods and larval fishes (e.g.,
Fourhorn Sculpin, Myoxocephalus quadricornis; Arctic Cod, Boreogadus saida), whereas in
estuarine areas Dolly Varden rely upon a variety of invertebrates and other small fish. Juvenile
and stream-resident fish are opportunistic and will feed on insects, spiders, annelids, molluscs,

fish eggs, and other small fish (Stewart et al. 2009). There is little overlap between diets of
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anadromous and stream-resident fish (Armstrong and Morrow 1980). Fry and parr also consume
a range of invertebrates; however, dipteran larvae represent a significant component of their diet
(Armstrong and Morrow 1980).

Although annual feeding at sea is important for anadromous fish, it is unclear if they
could accumulate sufficient energy stores to successfully spawn if they only had access to
freshwater habitats. We hypothesize that if connectivity to more productive marine habitat was
temporarily lost, most anadromous fish would adopt a residual life history resulting in a major
shift towards a higher proportion of non-anadromy. A major shift towards the residual life history

would result in small sizes of individual fish and decreased population abundance.

HABITAT STRESSORS AND RISK FACTORS

Dolly Varden is an important part of the Inuvialuit and Gwich’in subsistence fisheries and
is considered a significant traditional food source by the local communities (Byers 1993; DFO
2001). Dolly Varden populations from the Big Fish River and the Rat River have shown serious
declines creating concern for long-term sustainability (DFO 2001, DFO 2003a; Sandstrom et al.
2009). Such declines have prompted local communities, co-management boards, and Fisheries
and Oceans Canada to re-assess the status of populations along the Yukon North Slope and the
Northwest Territories.

Habitat degradation

Any activity that could reduce water levels in freshwater streams and rivers has the
potential to negatively impact northern Dolly Varden populations. Overwintering habitat, which
is typically limited to several small isolated headwater reaches of freshwater streams, is most
sensitive to water fluctuations. A substantial reduction in discharge would significantly decrease

the carrying capacity of overwintering habitat and could result in severe winter kill of all life
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stages. A decrease in discharge could also de-water downstream reaches and isolate these key
habitats preventing successful upstream migrations by anadromous fish in the fall. Recent climate
change predictions indicate that summer precipitation will decrease and annual air temperatures
will increase in the north (Reist et al. 2006). If this occurs, the amount of surface water
contributing to these systems could decrease and result in lower water levels during fall and
winter. An increase in air temperature could also degrade existing permafrost and promote
slumping and infilling of spawning habitat.

Activities, which could directly disturb or destroy spawning or overwintering habitat, also
represent a serious threat to Dolly Varden populations as these activities could compromise
recruitment and lead to direct mortality during winter. Development activities with the greatest
potential for direct impacts are those associated with hydrocarbon exploration and subsequent
transport, which include: stream crossing work such as ford crossings, temporary culvert
placement, right-of-way clearing, and in-stream work (i.e., pipeline installation using open trench
method); seismic exploration; and water removal (Stewart et al. 2010).

Habitat fragmentation

Fragmentation of migratory corridors that provide seasonal access between feeding and
overwintering areas could severely damage and possibly extirpate both anadromous and isolated
stocks. Activities that could compromise the connectivity between these habitats include access
roads for development, causeways to offshore hydrocarbon platforms, and water withdrawals
(Stewart et al. 2010). Direct impacts to feeding habitat do not present as significant a risk to
populations because this habitat is not considered key or spatially limiting. However, loss of

connectivity to marine feeding areas would eliminate anadromy and could prompt an overall shift
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in population structure dominated by stream-resident fish. This would be a significant shift as

local communities target the anadromous populations in subsistence fisheries (Byers 1993).

SUMMARY

During winter, which can span 8-9 months in the north, Dolly Varden populations are
confined to upstream reaches of freshwater streams that do not completely freeze because of
discharging groundwater. Fields of thick ice (aufeis) build up downstream of the open water
where flow can no longer follow the channel and spreads out on top of the ice. These aufeis fields
contribute significantly to baseflow during the summer months (Yoshikawa et al. 2007). Habitat
associated with discharging groundwater sources is used for spawning, rearing, and
overwintering; however, these areas are spatially limiting as they comprise a small proportion of
the total habitat available in streams. Overwintering habitat is pivotal for these fish as the
carrying capacity appears to be limiting in most northern streams and likely influences population
growth. Accurately delineating and protecting winter habitat will be very important for the long-
term sustainability of northern populations. All known spawning sites are considered key habitat
as they correspond with overwintering habitat, although, unlike overwintering habitat, fish have
access to other areas during the spawning period. If spawning habitat is lost, it is unclear if Dolly
Varden populations would adapt to spawn in different areas, which are presumably of lower
habitat quality. Further work is required to determine if spawning and rearing occur in areas that

do not correspond with overwintering habitat.



28

ACKNOWLEDGEMENTS

This project was funded by Fisheries and Oceans Canada through the Species-at-Risk Program.
We thank the following individuals: B. Archie, M. Joe, P. Kasook, D. Semple, J. Stewart, and T.
Loewen for assistance in the field; and M. Browning and C. Myskiw for their assistance in
gathering references for this report. E. Enders and D. Watkinson provided constructive comments
on an earlier version of the manuscript.



29

REFERENCES

Anderton, I. 2006. Peel River watershed fisheries information summary report —
Preliminary assessment. EDI Environmental Dynamics Inc Report 06-YC-0011: i
+42 p.

Armstrong, R.H., and Morrow, J.E. 1980. The Dolly Varden char Salvelinus malma. In
Charrs: Salmonid fishes of the genus Salvelinus. Edited by E.K. Balon. Dr. W. Junk bv
Publishers, The Hague, Netherlands. pp. 99-139.

Babaluk, J.A., and Reist, J.D. 1996. The use of strontium distribution in Dolly Varden and Arctic
char otoliths from Ivvavik National Park for determining life history and stock
differences. Unpublished report prepared for Parks Canada by Department of Fisheries
and Oceans, Winnipeg, MB. 32 p.

Bain, L.H. 1974. Life histories and systematics of Arctic char (Salvelinus alpinus, L.) in the

Babbage River system, Yukon Territory. Arctic Gas Biological Report Series 18(1): xvi +
156 p.

Baker, R.F. 1987. Status report for Arctic char stocks of the Rat, Big Fish, Babbage and
Firth rivers of the Northwest Territories and Yukon North Slope. Department of Fisheries
and Oceans, Winnipeg, MB. 66 p.

Baxter, J.S., and McPhail, J.D. 1999. The influence of redd site selection, groundwater
upwelling, and over-winter incubation temperature on survival of bull trout (Salvelinus
confluentus) from egg to alevin. Can. J. Zool. 77: 1233-1239.

Behnke, R.J. 1980. A systematic review of the genus Salvelinus. In Charrs: Salmonid fishes of
the genus Salvelinus. Edited by E.K. Balon. Dr. W. Junk bv Publishers, The Hague,
Netherlands. pp. 441-481.

Blanchfield, P.J., and Ridgeway, M.S. 1996. Use of seepage meters to measure groundwater flow
at brook trout spawning redds. Trans. Am. Fish. Soc. 125: 813-818.

Blanchfield, P.J., and Ridgeway, M.S. 1997. Reproductive timing and use of redd sites by lake-
spawning brook trout (Salvelinus fontinalis). Can. J. Fish. Aquat. Sci. 54: 747-756.

Byers, T. 1993. Aklavik traditional knowledge - Big Fish River: A study of indigenous wisdom
in fishery science. Byers Environmental Studies, Winnipeg, MB. 21 p. + 6 appendices.
[Available from Eric Marshall Aquatic Research Library, 501 University Crescent,
Winnipeg, MB, Canada, R3T 2N6].

Clark, I.D., and Lauriol, B. 1997. Aufeis of the Firth River basin, northern Yukon, Canada:
Insights to permafrost hydrology and karst. Arct. Alp. Res. 29: 240-252.



30

Clark, 1.D., Lauriol, B., Harwood, L., and Marschner, M. 2001. Groundwater contributions to
discharge in a permafrost setting, Big Fish River, N.W.T., Canada. Arct. Antarct. Alp.
Res. 33(1): 62-69.

COSEWIC. 2010. Instructions for the Preparation of COSEWIC Status Reports. 28 p. [available
from: http://www.cosepac.gc.ca/pdf/Instructions_e.pdf.; accessed 15/02/2010].

Craig, P.C. 1978. Movements of stream-resident and anadromous Arctic char (Salvelinus
alpinus) in a perennial spring on the Canning River, Alaska. J. Fish. Res. Board Can.
35(1): 48-52.

Craig, P.C. 1989. An introduction to anadromous fishes in the Alaskan Arctic. In Research
advances on anadromous fish in Arctic Alaska and Canada: Nine papers contributing to
an ecological synthesis. Edited by D.W. Norton. Institute of Arctic Biology, Alaska. pp.
27-55.

Craig, P.C., and McCart, P.J. 1973. Fall spawning and overwintering areas of fish populations
along routes of proposed pipeline between Prudhoe Bay and the Mackenzie Delta. Arctic
Gas Biological Report Series 17(3): 35 p.

Craig, P.C., and McCart, P.J. 1974. Classification of stream types in Beaufort Sea drainages
between Prudhoe Bay, Alaska and the Mackenzie Delta. Arctic Gas Biological Report
Series 17(1): viii + 47 p.

Cunjak, R.A. 1996. Winter habitat of selected stream fishes and potential impacts from land-use
activity. Can. J. Fish. Aquat. Sci. 53(Suppl. 1): 267-282.

Cunjak, R.A., Power, G., and Barton, D.R. 1986. Reproductive habitat and behaviour of
anadromous Arctic char (Savelinus alpinus) in the Koroc River, Quebec. Nat. Can. (Que.)
113: 383-387.

Curry, R.A., and Noakes, D.L.G. 1995. Groundwater and the selection of spawning sites by
brook trout (Salvelinus fontinalis). Can. J. Fish. Aquat. Sci. 52: 1741-1749.

DeCicco, A.L. 1991. Life history of anadromous Dolly Varden (Salvelinus malma) in north-
western Alaska. In Proceedings of the Sixth ISACF Workshop on Arctic char, 1990.
Edited by J. Hammar. International Society of Arctic Char Fanatics Information Series 5,
Drottningholm, Sweden. pp. 45-54.

DeCicco, A.L., and Reist, J.D. 1999. Distribution of Dolly Varden in northern Bering and
Chukchi Sea drainages, a provisional organization. In Proceedings of the Eighth and
Ninth ISACF workshops on Arctic char, 1996 and 1998. Edited by F.W. Kircheis.
International Society of Arctic Char Fanatics, Information Series 7, Drottningholm,
Sweden. pp. 13-18.



31

DFO (Fisheries and Oceans Canada). 2001. Rat River Dolly Varden. DFO Science, Stock Status
Report D5-61: 15 p.

DFO (Fisheries and Oceans Canada). 2003a. Big Fish River Dolly Varden. DFO Science, Stock
Status Report D5-60: 15 p.

DFO (Fisheries and Oceans Canada). 2003b. Babbage River Dolly Varden. DFO Science, Stock
Status Report D5-62: 12 p.

DFO (Fisheries and Oceans Canada). 2003c¢. Firth River Dolly Varden. DFO Science, Stock
Status Report D5-63: 12 p.

Evans, C.E., Reist, J.D., and Minns, C.K. 2002. Life history characteristics of freshwater fishes
occurring in the Northwest Territories and Nunavut, with major emphasis on riverine
habitat requirements. Can. Manuscr. Rep. Fish. Aquat. Sci. 2614: xiii + 169 p.

Fehr, A., and Archie, B. 1989. Enumeration and biological data on Arctic charr
(Salvelinus alpinus) from Cache Creek, Northwest Territories, 1988. Department
of Fisheries and Oceans, Inuvik, Northwest Territories. Fisheries Joint Management
Committee Report 89-001: 57 p.

Garrett, J.W., Bennett, D.H., and Frost, F.O. 1998. Enhanced incubation success for Kokanee
spawning in groundwater upwelling sites in a small Idaho stream. N. Am. J. Fish. Manag.
18: 925-930.

Gillman, D.V., and Sparling, P.D. 1985. Biological data on Arctic charr, Salvelinus alpinus (L.),
from the Rat River, Northwest Territories, 1983. Can. Data Rep. Fish. Aquat. Sci. 535: iv
+15p.

Gillman, D.V., Sparling, P., and Gillis, B. 1985. NOGAP Project 2-109: Arctic charr population
studies, 1. Big Fish River, 2. river system survey. Unpublished report prepared by
Department of Fisheries and Oceans, Winnipeg for Northern Oil and Gas Action Plan
Project 2-109. ii + 57 p.

Glova, G., and McCart, P.J. 1974. Life history of Arctic char (Salvelinus alpinus) in the Firth
River, Yukon Territory. Arctic Gas Biological Report Series 20(3): viii + 51 p.

Goodyear, C.P. 1980. Compensation in fish populations. In Biological Monitoring of Fish. Edited
by C.H. Hocutt and J.R. Stauffer, Jr. Lexington Books, Heath and Co., Lexington,
Toronto, ON. pp. 253-280.

Griffith, R.P. 1979. The spawning and rearing habitat of Dolly Varden char and
yellowstone cutthroat trout in allopatry and in sympatry with selected salmonids.
Prepared for Fish Habitat Improvement Section, Fish and Wildlife Branch, Ministry of
Environment. iv + 44 p.



32

Haas, G.R., and McPhail, J.D. 1991. Systematics and distributions of Dolly Varden
(Salvelinus malma) and bull trout (Salvelinus confluentus) in North America.
Can. J. Fish. Aquat. Sci. 48: 2191-2211.

Hatfield, C.T., Stein, J.N., Falk, J.R., and Jessop, C.S. 1972. Fish resources of the Mackenzie
River Valley, Interim Report 1, Volume 1. Environment Canada, Fisheries Service,
Winnipeg, MB. xiii + 249 p.

Jessop, C.S., Chang-Kue, K.T.J., Lilley, J.W., and Percy, R.J. 1974. A further evaluation
of the fish resources of the Mackenzie River valley. Environmental-Social Committee
Northern Pipelines, Task Force on Northern Oil Development Report 74-7: xii + 95 p.

Kitano, S., and Shimazaki, K. 1995. Spawning habitat and nest depth of female Dolly Varden
Salvelinus malma of different body size. Fish. Sci. (Tokyo) 61(5): 776-779.

Kristofferson, A.H., Wiswar, D., Lemieux, P., Marshall, D., Blouw, A., Hemming, C.,
Antoniuk, G., and Archie, W. 1991. Joint Canada-USA field survey of the char
(Salvelinus) resources of the Firth River, Yukon Territory and Alaska,
September, 1989. Can. Data Rep. Fish. Aquat. Sci. 861: iv + 21 p.

Levin, P.S., and Stunz, G.W. 2005. Habitat triage for exploited fishes: can we identify essential
“Essential Fish Habitat?” Estuar. Coast. Shelf Sci. 64: 70-78.

McCart, P.J. 1980. A review of the systematics and ecology of Arctic char, Salvelinus
alpinus, in the western Arctic. Can. Tech. Rep. Fish. Aquat. Sci. 935: vii + 89 p.

McCart, P., and Bain, H. 1974. An isolated population of Arctic char (Salvelinus alpinus)
inhabiting a warm mineral spring above a waterfall at Cache Creek, Northwest
Territories. J. Fish. Res. Board Can. 31: 1408-1414.

McPhail, J.D. 1961. A systematic study of the Salvelinus alpinus complex in North
America. J. Fish. Res. Board Can. 18: 793-816.

Millar, N. 2006. Investigation of Dolly Varden (Salvelinus malma) in the Vittrekwa River,
NWT/Yukon. Gwich'in Renewable Resource Board, Inuvik, NT. 7 p.

Mochnacz, N.J., and Reist, J.D. 2007. Biological and habitat data for fish collected during stream
surveys in the Sahtu Settlement Region, Northwest Territories, 2006. Can. Data Rep.
Fish. Aquat. Sci. 1189: vii +40 p.

Morrow, J.E. 1980. Analysis of the Dolly Varden charr, Salvelinus malma, of northwestern North
America and northwestern Siberia. In Charrs, salmonid fishes of the genus Salvelinus.
Edited by E.K. Balon. Dr. W. Junk bv Publishers, The Hague, Netherlands. pp. 323-338.

Mutch, R.A., and McCart, P.J. 1974. Springs within the northern Yukon drainage system
(Beaufort Sea drainage). Arctic Gas Biological Report Series 15(9): ii + 36 p.



33

Papik, R., Marschke, M., and Ayles, G.B. 2003. Inuvialuit traditional ecological knowledge of
fisheries in rivers west of the Mackenzie River in the Canadian Arctic. Canada/Inuvialuit
Fisheries Joint Management Committee Technical Report 2003-4: v + 22 p.

Phillips, R.B., Gudex, L.I., Westrich, K.M., and DeCicco, A.L. 1999. Combined phylogenetic
analysis of ribosomal ITS1 sequences and new chromosome data supports three
subgroups of Dolly Varden char (Salvelinus malma). Can. J. Fish. Aquat. Sci. 56: 1504-
1511.

Power, G., Brown, R.S., and Imhof, J.G. 1999. Groundwater and fish — insights from northern
North America. Hydrol. Process. 13: 401-422.

Reid, D., and Skinner, S. 2008. Peel Watershed Planning Commission: Conservation priorities
assessment report. Peel Watershed Planning Commission, Whitehorse, YT. vi + 131 p.

Reist, J.D. 1989. Genetic structuring of allopatric populations and sympatric life history types of
charr, Salvelinus alpinus/malma, in the western Arctic, Canada. Physiol. Ecol. Jap. Spec.
Vol. 1: 405-420.

Reist, J.D., Johnson, J.D., and Carmichael, T.J. 1997. Variation and specific identity of
char from north-western arctic Canada and Alaska. Am. Fish. Soc. Symp. 19: 250-261.

Reist, J.D., Papst, M.A., and Babaluk, J.A. 2001. Biodiversity, life history and management of
the anadromous fish of the western Canadian Arctic. Unpublished report prepared by
Fisheries and Oceans Canada, Winnipeg, MB. 76 p.

Reist, J.D., Low, G., Johnson, J.D., and McDowell, D. 2002. Range extension of Bull
Trout, Salvelinus confluentus, to the central Northwest Territories, with notes on
identification and distribution of Dolly Varden, Salvelinus malma, in the western
Canadian Arctic. Arctic 55: 70-76.

Reist, J.D., Wrona, F.J., Prowse, T.D., Dempson, B.J., Power, M., Kock, G., Carmichael, T.J.,
Sawatzky, C.D., Lehtonen, H., and Tallman, R.F. 2006. Effects of climate change and UV

radiation on fisheries for Arctic freshwater and anadromous species. Ambio 35(7): 402-
410.

Sandstrom, S. 1995. The effect of overwintering site temperature on energy allocation and life
history characteristics of anadromous female Dolly Varden (Salvelinus malma), from the
Yukon and Northwest Territory North Slope, Canada. M.Sc. Thesis, University of
Manitoba, Winnipeg, MB. xii + 161 p.

Sandstrom, S.J., and Chetkiewicz, C.L.B. 1996. Fish Creek (Rat River, NT) spring
reconnaissance: An investigation of Dolly Varden char (Salvelinus malma) spawning and
overwintering habitat. Unpublished contract report submitted to: Gwich'in Renewable



34

Resource Board (GRRB), Aklavik and Fort McPherson Renewable Resource Councils
(RRCs) and the Department of Fisheries and Oceans (DFO). 22 p.

Sandstrom, S., and Harwood, L.A. 2002. Studies of anadromous Dolly Varden (Salvelinus
malma) (W.) of the Big Fish River, NT, Canada, 1972-1994. Can. Manuscr. Rep. Fish.
Aquat. Sci. 2603: v + 39 p.

Sandstrom, S., Lemieux, P.J., and Reist, J.D. 1997. Enumeration and biological data from the
upstream migration of Dolly Varden char (Salvelinus malma) (W.), from the Babbage
River, Yukon North Slope, 1990 to1992. Can. Data Rep. Fish. Aquat. Sci. 1018: iv + 132

p.

Sandstrom, S., Chetkiewicz, C.B., and Harwood, L.A. 2001. Overwintering habitat of juvenile
Dolly Varden (Salvelinus malma) (W.) in the Rat River, NT, as determined by radio
telemetry. CSAS Res. Doc. 2001/092: 16 p.

Sandstrom, S., Harwood, L. and Howland, K. 2009. Status of anadromous Dolly Varden char
(Salvelinus malma) of the Rat River, Northwest Territories, as assessed through mark-
recapture and live-sampling at the spawning and overwintering site (1995-2007). Can.
Tech. Rep. Fish. Aquat. Sci. 2482: vi + 68 p.

Sawatzky, C.D., Michalak, D., Reist, J.D., Carmichael, T.J., Mandrak, N.E., and Heuring, L.G.
2007. Distributions of freshwater and anadromous fishes from the mainland Northwest
Territories, Canada. Can. Manuscr. Rep. Fish. Aquat. Sci. 2793: xiv + 239 p.

Sawatzky, C.D., and Reist, J.D. 2010 (in press). Life history types and stages of northern form
Dolly Varden, Salvelinus malma malma (Walbaum, 1792). Can. Manuscr. Rep. Fish.
Aquat. Sci. xxxx: v+ 38 p.

Stein, J.N., Jessop, C.S., Porter, T.R., and Chang-Kue, K.T.J. 1973. An evaluation of the fish
resources of the Mackenzie River valley as related to pipeline development.
Environmental-Social Committee, Northern Pipelines, Task Force on Northern Oil
Development Report 73-1: xv + 121 p.

Stephenson, S.A. 2000. Report on an examination of the Vittrekwa River — 1999-2000. PCSP
Project Number 102-99. Prepared for the Gwich’in Renewable Resource Board and Polar
Continental Shelf Project. Fisheries and Oceans Canada, Inuvik, NT. 8 p.

Stewart, D.B., Mochnacz, N.J., Reist, J.D., Carmichael, T.J., and Sawatzky, C.D. 2010. Fish life
history and habitat use in the Northwest Territories: Dolly Varden (Salvelinus malma).
Can. Manuscr. Rep. Fish. Aquat. Sci. 2915: vi+ 63 p.

Stewart, D.B., Mochnacz, N.J., Carmichael, T.J., Sawatzky, C.D., and Reist, J.D. 2009. Fish diets
and food webs in the Northwest Territories: Dolly Varden (Salvelinus malma). Can.
Manuscr. Rep. Fish. Aquat. Sci. 2912: vi+ 33 p.



35

Vélez-Espino, A., and Koops, M.A. 2009. Quantifying allowable harm in species at risk:
application to the Laurentian black redhorse (Moxostoma duquesnei). Aquat. Conserv.:
Mar. Freshw. Ecosyst. 19(6): 676-688.

Yoshihara, H.T. 1973. Monitoring and evaluation of Arctic waters with emphasis on the North
Slope drainages: Land and stream investigations, Part A: Some life history aspects of
Arctic char. Alaska Department of Fish and Game, Federal Aid in Fish Restoration,
Annual Report of Progress, 1972-1973. Project F-9-5, Job No. G-11I-A.(14): i1 + 81 p.

Yoshikawa, K., Hinzman, L.D., and Kane, D.L. 2007. Spring and aufeis (icing) hydrology in
Brooks Range, Alaska. J. Geophys. Res. 112: G04S43, doi:10.1029/2006j2000294, 2007.
14 p.



36

Table 1. Habitat use by northern Dolly Varden in Canada.

Activity

overwintering-all life stages

adults-spawning

eggs/rearing/juveniles

Silt, fine gravel, small-large

Gravel, preferred 25-50 mm
diameter (10), pebble 16-64

Fine gravel (1), gravel (2),
small cobble (3), preferred
size 25-50 mm diameter (10),

Substrate cobble, sparse boulders mm (17), fine gravel (14), silt to boulders, medium rock
cobble (7) preferred (11), downstream
side of large boulders (13)
Alternating series of pools, Alternating series of pools,
g . . . Stream edges, gravel bars,
runs, and riffles associated runs, and riffles associated .
. . . . . backwaters, braided channels,
Habitat with perennial groundwater, with perennial groundwater, )
. . . . small streams, river deltas
variable flow regime (3,14,15, | variable flow regime (3,14,15,
(7,11,12)
17) 17)
1-2m (2,3),0.2 m (5) Pools 1-2m (2,3), 0.2 m (5) Pools
Water Depth below rapids (1) Spring-fed below rapids (1), spring-fed 0.1-1.5m (10,11,16)
pools (14) pools (14)
Water Average 4.0-5.0 at discharge
Temperature | site (4), 16.0 at source (Little 3-8 (9,11, 12), 4.0 (5) Emerge at (1)'_%(21(192))’ 4-6 (16),
(°C) Fish River) (13) ’
Water Velocity 0.3-0.6 (5,6) 0.3-0.6 (5,6) 0.3-0.6 (5,6)
(m/s)
pH 7.6-8.1 8.0-8.5 (5) 7.5-8.5
Dissolved 2.6-14.5 mg/L, 0.2 mg/L at 2.6-14.5 mg/L, 0.2 mg/L at 2.6-14.5 mg/L, 0.2 mg/L at
oxygen Little Fish R (8,13) Little Fish R (8,13) Little Fish R (8,13)
Mean range=120-350 at 25°C | Mean range=120-350 at 25°C | Mean range=120-350 at 25°C
Conductivit (11), 446-540 on Firth, 4800 (11), 446-540 on Firth, 4800 (11), 446-540 on Firth, 4800
y pmhos/cm at 25°C, Little Fish | pmhos/cm at 25°C, Little Fish | pmhos/cm at 25°C, Little Fish
R (8,13) R (8,13) R (8,13)
Exclusively freshwater in
. - natal streams, estuarine habitat
Salinity 5-20 ppt (11) used for feeding

(7,8

Numbers in parentheses correspond to:
1) Stein et al. 1973; 2) Craig 1978; 3) Gillman and Sparling 1985; 4) DFO 2001; 5) Yoshihara 1973; 6) DeCiccio 1991; 7) McCart 1980; 8)
Sandstrom 1995; 9) Hatfield et al. 1972; 10) Sandstrom and Chetkiewicz 1996; 11) Stewart et al. 2010; 12) Glova and McCart 1974; 13) McCart

and Bain 1974; 14) Jessop et al. 1974; 15) DFO 2003a; 16) Armstrong and Morrow 1980; 17) Mochnacz unpubl. data.
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Table 2. Estimate of known and potential spawning habitat for northern Dolly Varden in Canada. Area is expressed in square
kilometers.

Upper
Yukon North Slope and Northwest Territories (NT) Mackengle Peel River Basin (YT)
Mountains
(NT)
. . Fish
Fish | Firth Joe C Llliﬂ(%l.:lslgl. h | Babbage River Creek Gayna Vittrekwa | Blackstone | Total
River | River | Creek feek LB1g TS abbage Kive (Rat River River River Area
River) .
River)
Life A A A R A R A A R
history
) Known - 0.1843 | 0.0217 | 0.0082 | 0.0471 | 0.0189 | 0.0073 | 0.0891 0.0075 0.0021 - 0.3862
Spawning
Habitat | Potential - - - - 0.002 - - 0.0043 - - - 0.0063
km®
(k) Total 0 0.1843 | 0.0217 | 0.0082 | 0.0491 | 0.0189 | 0.0073 | 0.0934 | 0.0075 0.0021 0 0.3925

1. A = anadromous, R = resident
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Table 3. Estimate of known and potential winter habitat for northern Dolly Varden in Canada. Area is expressed in square

kilometers.
Upper
Yukon North Slope and Northwest Territories (NT) Macken.me Peel River Basin (YT)
Mountains
(NT)
. . Fish
Fish | Firth Joe Cr;:elliﬂ(%li:lslgl' h | Babbace River Creek Gayna Vittrekwa | Blackstone | Total
River | River | Creek \o18 TS abbage Bive (Rat River River River® Area
River) .
River)
Life history' A A A R A R A A R
Winter Known - 0.1903 | 0.0217 | 0.0082 | 0.0471 | 0.0271 | 0.0573 | 0.0891 0.0075 0.0001 0.183 0.6315
}gzbig‘;‘t Potential - 0.3303 | 0.009 - 0.002 | 0.002 - 0.0043 - 0.0020 - 0.3496
m
Total 0 0.5206 | 0.0307 | 0.0082 | 0.0491 | 0.0291 | 0.0573 | 0.0934 0.0075 0.0021 0.183 0.9810

1. A = anadromous, R = resident
2. This is an estimate from a lacustrine population that inhabits an unnamed lake connected to the Blackstone River
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Figure 1. General North American distribution of southern, northern, and possible intermediate Bering Sea forms of Dolly
Varden, S. malma (Sawatzky and Reist 2010 in press). Dashed lines indicate uncertainty in extent of distribution boundary.
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Figure 2. Known and potential Dolly Varden overwintering and spawning areas in the upper Firth River and Joe Creek. Note:
spawning and overwintering areas identified on the map are not to scale.
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Figure 3. Known and potential Dolly Varden overwintering and spawning areas in the Firth River Delta area. Note: spawning
and overwintering areas identified on the map are not to scale.
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Figure 4. Known and potential Dolly Varden overwintering and spawning areas in the Babbage River system. Note: spawning

and overwintering areas identified on the map are not to scale.



43

137°30'W 137°00° 136°00'W
1 1 1
O .
68°30'N=
~68°40'N
i\ .Nur;ﬁlwat b
\ Tsnibun‘illa vy
N J'., )
68°20'N—
—68°30'N
&
&
o
Q{g Known overwintering - isolated
68°10'N—] - it ;
‘v\ % Known overwintering & spawning L 6820'N
- anadromous
@ Potential overwintering - anadromous
N
W
E
i 0 5 10 20
Kilometers
T T T T
137°00'W 136°30'W 136°00'w 135°30'W

Figure 5. Known and potential Dolly Varden overwintering and spawning areas in the Big Fish River and Little Fish Creek.
Note: spawning and overwintering areas identified on the map are not to scale.
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Figure 6. Known and potential Dolly Varden overwintering and spawning areas in the Rat River system. Note: some potential
winter habitat may exist in deeper areas of the Rat River main stem. Spawning and overwintering areas identified on the map

are not to scale.
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and Skinner 2008).

Figure 7. Known and potential Dolly Varden overwintering and spawning areas in the Peel River system (Anderton 2006; Reid
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Figure 8. Known and potential Dolly Varden overwintering and spawning areas in the Vittrekwa River (Stephenson 2000;
Millar 2006; Reid and Skinner 2008).
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Figure 9. Known Dolly Varden overwintering and spawning area in the Gayna River. Note: spawning and overwintering area is
not to scale.
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Figure 10. Known Dolly Varden overwintering and potential spawning area (®) in the Fish River.




