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Abstract

This planning document was developed to guide research activities with whitefish species in the
Yukon and Kuskokwim River drainages during the next 10 to 20 years. Whitefish species in
these two large drainages are subject to intensive subsistence fisheries everywhere they occur,
commercial fisheries in certain places, and limited sport fisheries. Information about whitefish
biology comes primarily from studies of the same or similar species in other places, although
some biological studies have taken place locally. Whitefish fisheries in the Yukon and
Kuskokwim River drainages in Alaska have been documented in numerous anthropological and
social science publications and in subsistence harvest surveys, but usually without species
distinctions. Scientific sampling work since the 1960s has been reasonably effective at
describing species that are present and their distributions within the two drainages, but
documentation of populations, migrations, and demographic distribution among habitats is more
recent and incomplete. Major spawning migrations into upstream reaches of the drainage are
now known to occur each summer and fall. Juvenile and non-spawning fish are most common in
the lower reaches of both rivers and the coastal areas, while mature and spawning fish are most
common in the upper reaches. A small number of whitefish spawning areas have been identified
in gravel substrate reaches of main stem and tributary rivers in both turbid and clear water.
Genetics work with whitefish species has focused more on taxonomy and biogeography issues
than management applications. With two exceptions in the entire Yukon and Kuskokwim River
drainages, population abundance data is absent. The ability of management agencies to protect
essential habitats for whitefish populations is growing with the improved understanding of
spawning destinations, migrations, and life histories. By contrast, the ability of fisheries
biologists and managers to monitor whitefish population trends and to make effective harvest
regulations is very limited. The goal of this planning document is to improve understanding of
whitefish populations such that they can be managed for long-term sustainability. To that end,
this preliminary strategic plan provides guidelines for whitefish research so the most critical
issues are addressed in a systematic way using appropriate methodologies. A more complete
review of whitefish fisheries, biology, management, geography, development, climate change,
and other related issues will be available in spring 2011.
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Introduction

The study area encompasses the Yukon River drainage within Alaska and the entire Kuskokwim
River drainage, a combined area of approximately 625,000 km? (241,000 mile?), along with a
coastal region extending from southern Kuskokwim Bay to northern Kotzebue Sound (Figure 1).
The entire region extends from approximately 60° to 68° north latitude, and 141° to 168° west
longitude. There are about 130 communities within the study area (70 in the Yukon River
drainage, 27 in the Kuskokwim River drainage, and 33 in the coastal area), with a combined
population of approximately 121,000 people as of 2008 (Appendix 1; U.S. Census Bureau 2010;
City-data 2010). The Fairbanks urban area is composed of about 10 neighboring communities
and two military bases and has a combined population of about 72,000. Approximately 49,000
rural residents live in the other 119 communities, most of which are isolated from the road
system.
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Figurel. The Yukon and Kuskokwim River drainages in Alaska and Yukon Territory. Some major
tributaries are included and the 130 communities within the study area are indicated with icons (e).

Twenty-nine native species of freshwater and anadromous fish are known to occur in the Yukon
and Kuskokwim River drainages combined (Table 1; based on Morrow 1980; McPhail and
Lindsey 1970; Lindsey and McPhail 1986; Mecklenburg et al. 2002; and others). Three species
present in the Yukon River have not been documented in the Kuskokwim River (lake chub
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Table 1. Native freshwater and anadromous fish species present in the Yukon and Kuskokwim River
drainages (see references in text). Marine species encountered in estuarine habitats are not included.
Taxonomy is consistent with FishBase (Froese and Pauly 2009).

Family

Common name

Species

Catostomidae
Cottidae
Cyprinidae
Esocidae
Gasterosteidae
Lotidae

Osmeridae

Percopsidae

Petromyzontidae

Salmonidae

Longnose sucker
Slimy sculpin

Lake chub!

Northern pike
Ninespine stickleback
Burbot

Pond smelt
Rainbow smelt

Troutperch!

Arctic lamprey
Alaskan brook lamprey*

Subfamily: Coregoninae

Inconnu (sheefish)
Bering cisco

Broad whitefish
Humpback whitefish?
Least cisco

Pygmy whitefish®
Round whitefish

Subfamily: Salmoninae

Arctic char
Dolly Varden
Lake trout
Chinook salmon
Chum salmon
Coho salmon
Pink salmon
Sockeye salmon
Rainbow trout*

Subfamily: Thymallinae

Umbridae

Arctic grayling

Alaska blackfish

Catostomus catostomus
Cottus cognatus
Couesius plumbeus
Esox lucius

Pungitius pungitius
Lota lota

Hypomesus olidus
Osmerus mordax

Percopsis omiscomaycus

Lampetra camtschatica
Lampetra alaskense

Stenodus leucichthys
Coregonus laurettae
Coregonus nasus
Coregonus clupeaformis
Coregonus sardinella
Prosopium coulterii
Prosopium cylindraceum

Salvelinus alpinus
Salvelinus malma
Salvelinus namaycush
Oncorhynchus tshawytscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus gorbuscha
Oncorhynchus nerka
Oncorhynchus mykiss

Thymallus arcticus

Dallia pectoralis

'Known from the Yukon River drainage only.
*Taxonomy follows McDermid et al. (2007).

3|dentified in Two Lakes, Upper Stony River, Kuskokwim River drainage by Russell (1980).
“4Known from the Kuskokwim River drainage only.
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Couesius plumbeus, trout-perch Percopsis omiscomaycus, and Alaskan brook lamprey Lampetra
alaskense) and one species present in the Kuskokwim River has not been documented in the
Yukon River (rainbow trout Oncorhynchus mykiss). Sixteen of 28 native species in the Yukon
River and 17 of 26 native species in the Kuskokwim River are classified in the family
Salmonidae. Of these, seven in the Yukon River and seven in the Kuskokwim River are
classified in the subfamily Corgoninae, the whitefishes (Figure 2). None of the freshwater or
anadromous fish species within the Yukon or Kuskokwim River drainages are considered to be
threatened or endangered at this time (Jelks et al. 2008), although for many species there is
insufficient information with which to make a status determination.

Figure 2. Six common whitefish species are recognized in the Yukon and Kuskokwim River drainages in
Alaska: inconnu (known locally as sheefish) Stenodus leucichthys, broad whitefish Coregonus nasus,
humpback whitefish C. clupeaformis, least cisco C. sardinella, Bering cisco C. laurettae, and round
whitefish Prosopium cylindraceum. Pygmy whitefish P. coulterii have a very limited distribution in both
drainages (Lindsey and Franzin 1972; Russell 1980) and are not considered in this strategic plan. Scale
bar is in cm (30 cm = 12 inches). Photo by R.J. Brown, USFWS.

Whitefish species are important fishery resources for people in northern circumpolar regions of

the world (Bodaly 1986; Fleischer 1992; Reshetnikov 1992; Andersen et al. 2004; Georgette and

Shiedt 2005). In Alaska and northern Canada they provide a dependable subsistence food base

for people and their dogs (Andersen 1992; Brown et al. 2005). In many places they are available

when other sources of fish or wildlife are not. Commercial fisheries for whitefish species have

developed in many places in North America (Corkum and McCart 1981; Bodaly 1986; Fleischer
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1992) including the Yukon and Kuskokwim rivers (Hayes et al. 2008; Whitmore et al. 2008).
Sport fisheries focus almost exclusively on inconnu but are minor components of overall harvest
(Burr 2004; Lafferty 2004; Brase 2008). Subsistence fisheries in the Yukon and Kuskokwim
River drainages in Alaska are thought to harvest significantly more whitefish than commercial or
sport fisheries. Whitefish harvest estimates, however, are usually based on post-season
interviews of a subsample of fishers within the drainages (Holder and Hamner 1998; Brase and
Hamner 2003) and have only recently begun to identify whitefish to species (Brown et al. 2005;
Andersen 2007). As a result, harvest levels of any single species or population are very poorly
understood.

With a few exceptions, subsistence or personal use whitefish fisheries in the Yukon and
Kuskokwim River drainages in Alaska are unregulated (Hayes et al. 2008; Whitmore et al.
2008). Legal fishing gear through most of the region include set and drift gillnets, beach seines,
traps and weirs, fishwheels, dipnets, spears, and hook and line methods. Sport fisheries for
inconnu have daily harvest limits that may vary from 1 to 10 per day (Burr 2004; Lafferty 2004;
Brase 2008). Maximum gillnet length is regulated in Whitefish Lake on the lower Kuskokwim
River (USFWS 2010). A spear fishery for spawning aggregations of humpback whitefish C.
clupeaformis and least cisco C. sardinella in the Chatanika River, a tributary of the Tanana
River, is currently limited to a certain number of participants, a one month open season, and a
seasonal harvest limit for each participant (ADFG 2009b; Wuttig 2009). Whitefish species
harvested incidentally in commercial salmon fisheries may be sold (Hayes et al. 2008; Whitmore
et al. 2008). Commercial fisheries specifically for whitefish have routinely been permitted by
the Alaska Department of Fish and Game in various locations within the Yukon and Kuskokwim
River drainages. Most whitefish harvested in commercial fisheries are sold in local markets, but
a recently initiated commercial fishery for Bering cisco C. laurettae at the Yukon River mouth,
which is limited to a total annual harvest of approximately 4,500 kg (10,000 Ib), is being
marketed in New York City (Fabricant 2008; Demarban 2010). The only whitefish fishery that
is regulated based on population abundance information is the spear fishery in the Chatanika
River (Brase 2008; Wuttig 2009). In practice, most people living within the Yukon and
Kuskokwim River drainages are free to harvest as many whitefish of any species as they want, at
any season of the year, and with almost any gear they wish to use.

There has been an interest in the last few years in gaining an improved understanding of
whitefish populations in the Yukon and Kuskokwim River drainages in Alaska with the eventual
goal of managing these important fisheries for sustainability. Most of the whitefish research that
was conducted prior to 1995 was descriptive, documenting the presence of species in particular
locations and sometimes presenting length, age, or sex ratio data (Pearse 1976; Alt 1977b;
Wiswar 1994). Often whitefish data were collected during general fisheries surveys of all
species (Craig and Wells 1975; Kramer 1976a; Daum 1994). Rarely did early research elaborate
on more difficult aspects of population biology such as reproduction, migration patterns,

abundance, or demographics. The geographic distribution of whitefish species within the Yukon
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and Kuskokwim River drainages began to be reasonably clear by the early 1980s, as portrayed in
the general freshwater fishes books of McPhail and Lindsey (1970) and Morrow (1980), but very
few whitefish spawning areas had been identified, migrations of species other than inconnu were
undocumented, and there was no understanding of populations or how they worked. Since 1995
there have been a number of whitefish research projects that have sought to identify spawning
habitats and migration patterns of some species in some reaches of the Yukon and Kuskokwim
River drainages (e.g., Brown 2000; Harper et al. 2007; Carter 2010). These and other similar
projects have begun defining specific populations and identifying their distributions within
drainages, prerequisites to any sort of effective management efforts. Because of the large
geographic region encompassed by the Yukon and Kuskokwim River drainages in Alaska, along
with the large number of whitefish species under consideration, there is a need to identify the
most pressing issues within the region and focus research efforts to address those issues. This
understanding was the genesis of this strategic research plan.

The development of this strategic research plan consisted of two basic processes including
reviews of biological, ethnographic, and other literature related to whitefish species and fisheries,
and soliciting input from a diverse group of delegates with experience relevant to whitefish
fisheries in the Yukon and Kuskokwim River drainages. A wide range of literature was
examined including newspaper accounts of certain events, agency reports for whitefish
occurrence, distribution, and other similar information, and formal journal articles for more
technical scientific information. While not exhaustive, this review was thought to be
comprehensive of the major issues and reflect the current state of knowledge of whitefish
biology and fisheries. Two meetings were convened in the winter of 2008-2009 with the
Whitefish Strategic Plan Working Group (Working Group); a group of invited delegates with
experience in fish biology, anthropology, and fish management, as well as representatives from
fishery user groups in the Yukon and Kuskokwim rivers region (Appendices 2 and 3). The
Working Group meetings were intended to provide meaningful content, perspective, and
approach from a wide range of people involved in some way with whitefish and whitefish
fisheries in the study area. The Working Group reviewed preliminary documents that introduced
numerous issues related to whitefish taxonomy, biology, fisheries, and management. They then
discussed biological and social issues related to whitefish fisheries, identified data gaps in
existing information, and considered appropriate methods and data needs for assessment,
research, and management. The delegates debated criteria for assigning relative priority levels
among resource issues such as fisheries, species, user-groups, research objectives, and
management options. Finally, high priority issues were identified in a discussion-based forum.
These priority issues, together with the extensive literature review, have guided the development
of this strategic plan for research of whitefish species within the Yukon and Kuskokwim River
drainages in Alaska.



Whitefish Strategic Plan Summary and Recommendations
March, 2011

Whitefish Life History Basics

The six common whitefish species found within the Yukon and Kuskokwim River drainages in
Alaska share a number of biological and life history qualities but are unique in many ways as
well. All species are present as riverine populations that spawn in upstream, gravel-substrate
reaches of rivers in fall and rear and feed in downstream reaches of rivers, open lake systems, or
estuaries. Spawning migrations for some populations may be as long as 1,700 km (1,050 miles)
between downstream rearing habitats and upstream spawning habitats (Alt 1977a; Brown et al.
2007). Maturity is attained after 3 to 10 years or so, with least cisco being the earliest maturing
species and inconnu being the latest (Brown 2000; Harper et al. 2007). All species are capable
of spawning multiple times, with females broadcasting 10,000 to 400,000 eggs, depending on the
species, during each spawning event (Clark and Bernard 1992; Chereshnev et al. 2000). Some
species are known to live for 30 years or more (Bond and Erickson 1985; Gudkov 1999;
VanGerwen-Toyne et al. 2008). Humpback whitefish, least cisco, and round whitefish are
known to maintain populations within isolated lake systems (Bryan and Kato 1975; Mann and
McCart 1981; Anras et al. 1999). Bering cisco appear to be entirely anadromous while round
whitefish appear to remain in fresh water (ADFG 1983; Brown et al. 2007). Anadromous and
freshwater resident populations exist for inconnu, broad whitefish, humpback whitefish, and least
cisco (Chudobiak 1995; Howland et al. 2001; Brown et al. 2007). Inconnu eat primarily fish
while round whitefish eat primarily invertebrates (Alt 1965; Fuller 1955; Armstrong et al. 1977,
Stewart et al. 2007). Broad whitefish and humpback whitefish eat primarily benthic
invertebrates (Bond and Erickson 1985; Shestakov 2001) while least cisco and Bering cisco eat
primarily pelagic invertebrates and small fish (Alt 1973; Mann 1974). Inconnu forage in large
river habitats (Alt 1969a), Bering cisco occupy coastal environments (McPhail 1966; Alt 1973),
and round whitefish prefer headwater streams (McPhail and Lindsey 1970; Stewart et al. 2007).
When possible, broad whitefish, humpback whitefish, and least cisco migrate into shallow tundra
lakes to feed during summer and retreat back to the river system by fall to spawn and then
overwinter (Brown 2006, 2009; Harper et al. 2007). Whitefish of some species and life stage
occupy nearly every habitat with the Yukon and Kuskokwim River drainages.

Issues of Concern

In the final day of the second meeting, the Working Group identified issues of concern regarding
whitefish species, populations, and fisheries in the Yukon and Kuskokwim River drainages.
Each delegate had an opportunity to introduce up to three issues of concern based on group
discussions and their unique historical knowledge. These issues were ranked among priority
categories ranging from high to low. The Working Group had agreed that high priority issues
were those in which the worst consequences of inaction or wrong decisions might include losing
a species or a population; medium priority issues were those in which the worst consequences of
inaction or wrong decisions might include losing a fishery or altering the natural distribution of a

population; and low priority issues were those in which the worst consequences of inaction or
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wrong decisions might include reducing population abundance. While not all of the identified
issues of concern could be neatly categorized into just one of the priority levels, they were
organized into three major categories including; fisheries, development, and natural
environmental issues. The Working Group agreed that a lack of biological and harvest
information could threaten whitefish populations in situations where fisheries were permitted to
take place without sufficient data for effective monitoring and management. It was also agreed
that nearly all whitefish fisheries in the Yukon and Kuskokwim River drainages were data
deficient. Species-specific harvest information was considered by many delegates to be a critical
component of any management plan. Some delegates suggested that useful biological data for
exploited whitefish species included the locations of their spawning grounds, migratory
characteristics, minimum age at maturity, spawning frequency, age structure, demographic
composition of the harvest, and other life history qualities. Many delegates considered the
development of genetics baseline data to be a potentially important tool for management of
heavily exploited species. These same issues of concern have been identified by others in
different river systems as well (Corkum and McCart 1981; Bodaly 1986). These issues of
concern were ranked in priority and recommendations were developed for a general order of
investigation for any exploited whitefish population. It was recommended that:

1) Exploited species must be identified
2) An estimate of the number of fish of each species harvested is essential for population
assessment or harvest management studies
3) The demographic composition of the harvest should be investigated
a. Length composition can help once minimum length at maturity is known
b. Age composition can help once minimum age at maturity is known
c. Gonadosomatic index (GSI = (egg weight/whole body weight)*100) will identify
mature females preparing to spawn based on established classification criteria
4) Spawning origins of priority species must be located to identify populations
a. Radio telemetry techniques have proven to be most effective
b. Once identified, spawning habitats may be protected from development impacts
5) Migration destinations and timing will identify communities that exploit the population
a. These data would permit an estimate of total harvest of a population
b. Genetics baseline data may permit the proportional contributions of multiple
populations of a priority species in the harvests
6) Once spawning areas are identified, sampling mature component of population possible
a. Baseline genetics collections may be obtained for possible mixed population
analyses
b. Age and length composition of mature component of population may be described
c. Shifts in age or length distributions may reveal population declines or large
recruitment events
7) Abundance of spawning population may enable monitoring the effects of a fishery
a. Mark recapture techniques possible in some situations
b. DIDSON sonar possible in some locations
c. Relative abundance may be adequate if it reflects actual abundance

8
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d. Prerequisite to fishery effects analysis would be to describe natural variation of
annual spawning population abundance, if possible

While all six common whitefish species are unquestionably important from an ecological
perspective, it was generally agreed among members of the Working Group that inconnu, broad
whitefish, humpback whitefish, and Bering cisco were more directly exploited in fisheries in the
Yukon and Kuskokwim River drainages than least cisco or round whitefish and that research
should focus on these four priority species. Following is a summary of life history data for each
of the four priority species along with some of the more pressing fisheries related issues that
were introduced in the Working Group meetings. Issues related to development, habitat, and
climate change were also introduced in the Working Group meetings, but, they are not being
discussed in this preliminary document.

Inconnu

More research has been conducted on inconnu than on other whitefish species and inconnu are
routinely identified in subsistence harvest assessments. Documented spawning areas in the
Yukon River drainage are in the Alatna River in the upper Koyukuk River drainage (Alt 1977a),
the upper Yukon Flats in the main stem of the Yukon River (Brown 2000), the Sulukna River, a
tributary of the Nowitna River (Alt 1985; Gerken 2009), and the Chatanika River (Alt 1969a), a
tributary of the Tanana River. Recent radio telemetry work has identified two additional reaches
that are suspected to be spawning areas; the main-stem Tanana River in the braided region
between the mouths of the Chena and Salcha rivers (Brown, USFWS; Gryska, ADFG,
unpublished data), and in the upper Innoko River near the mouth of Folger Creek (Brown,
USFWS; Burr, ADFG, unpublished data). Sample data suggests that additional spawning
populations of inconnu are present in the upper Porcupine River drainage (Bryan 1973; Brown et
al. 2007) and in the Upper Yukon River drainage in Canada (Walker et al. 1974; Walker 1976),
but, these spawning habitats have not been located. Documented spawning areas in the
Kuskokwim River drainage are in Big River and in Highpower Creek (Alt 1972, 1981). Recent
radio telemetry work has identified two additional reaches that are suspected to support
spawning inconnu; one in the Windy Fork of the Middle Fork Kuskokwim River and another in
the Slow Fork of the East Fork Kuskokwim River (Stuby 2010). Radio telemetry data indicate
that nearly all inconnu in the Yukon and Kuskokwim River drainages originate in the 10
spawning reaches that have been identified, six in the Yukon River and four in the Kuskokwim
River, plus those originating in the upper Porcupine and Yukon River drainage in Canada.

Annual, drainage-wide harvests of inconnu in the Yukon and Kuskokwim River drainages have
never been estimated. However, estimates from post-season subsistence surveys of subsamples
of fishing families suggest that between 12,000 and 20,000 inconnu are harvested each year in
the Yukon River drainage in Alaska (Brase and Hamner 2003), many as incidental harvests
during Pacific salmon Oncorhynchus spp. fisheries. Multiple populations contribute to these
harvests but the proportional contributions are unknown. Incidental inconnu harvests in
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commercial fisheries for lake whitefish C. clupeaformis and lake trout Salvelinus namaycush in
the Great Slave Lake in Canada have led to the extinction of three of five known spawning
populations in that drainage system because the commercial fisheries continued despite declining
numbers of inconnu (Cosens et al. 1993; VanGerwen-Toyne et al. 2010). Inconnu migrate to
feeding and spawning areas each summer and fall along the Yukon and Kuskokwim rivers
during the same time periods when Chinook O. tshawytscha and chum O. keta salmon fisheries
take place. Inconnu are vulnerable to the same gillnets and fish wheels that are set for salmon.
Similar to the situation in Great Slave Lake, it is unlikely that the Pacific salmon fisheries within
the Yukon and Kuskokwim River drainages would be reduced even if inconnu populations were
declining. In practice, however, it would be impossible to detect inconnu population changes
within the Yukon or Kuskokwim River drainages because no effective monitoring program is in
place for any population.

Abundance data has only been available from the Sulukna River and Chatanika River
populations within the Yukon River drainage. The Sulukna River spawning population was
counted with a DIDSON sonar system in fall 2008 and 2009 and found to include approximately
2,100 and 3,500 spawning inconnu respectively (Esse, BLM, unpublished data). The inconnu
spawning population in the Chatanika River was estimated, using weir and rudimentary mark
recapture techniques, to be approximately 100 fish during both 1968 and 1972 (Alt 1969b;
Kepler 1973). No recent estimates have been obtained for the Chatanika River population but
anecdotal accounts indicated that inconnu are occasionally observed during the fall spawning
season. Tagging and catch rate data suggest that the upper Koyukuk and Yukon River
populations are larger than Sulukna or Chatanika River populations (Alt 1977a; R.J. Brown,
USFWS, unpublished data), however, the magnitude of these larger populations is unknown. No
relative or absolute abundance data is available for Kuskokwim River inconnu populations.
Sustainable harvest levels have not been determined for inconnu populations anywhere. In the
absence of reliable harvest and monitoring programs it seems possible that Yukon and
Kuskokwim River inconnu populations could be steadily overharvested and would be noticed
only if a population disappeared entirely, similar to the extinct Great Slave Lake populations that
originated in the Hay, Little Buffalo, and Talston rivers (VanGerwen-Toyne et al. 2010).

Priority inconnu research in the Yukon and Kuskokwim River drainages should include:

1) Collection of high-quality annual harvest data. Inconnu are easily recognized so annual
harvest data could be collected throughout the drainages, perhaps using fish calendars so
estimates are not based on winter memories of summer harvests, a data collection process
with limited utility for management or population assessment purposes. In addition,
traditional knowledge studies documenting customary and traditional fishing practices for
inconnu should be pursued for management purposes and to improve understanding of
the seasonal timing and geographic locations of these harvests.

10
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2)

3)

4)

5)

6)

Development of genetics baselines for the known populations. Adequate genetics
baseline samples have been collected from the Yukon River main stem and Sulukna
River populations only. Additional genetics baseline samples should ideally be collected
for the Alatna, Tanana, Chatanika, and Innoko River populations in the Yukon River
drainage, and from the Big River, Windy Fork of the Middle Fork Kuskokwim River, and
Highpower Creek populations in the Kuskokwim River drainage. Once baseline samples
have been collected, development of genetics baselines useful in determining population
composition of mixed samples for the various inconnu populations should be pursued
within the State of Alaska Gene Conservation Laboratory or the U.S. Fish and Wildlife
Service Conservation Genetics Laboratory. High quality harvest data along with mixed
population genetics analyses could be used to estimate population-specific harvests and
direct research towards the most heavily exploited populations.

An update on the status of the Chatanika River and Highpower Creek inconnu spawning
populations that were last sampled almost 40 years ago (Kepler 1973; Alt 1972).
Estimates of the spawning population in the Chatanika River at the time were
extraordinarily small. The Highpower Creek population does not appear to have been
represented in a recent drainage-wide telemetry study of inconnu spawning origins in the
Kuskokwim River (Stuby 2010), suggesting a similarly small population. The status of
these two minor spawning populations should be reexamined.

Attempts to locate and confirm other suspected spawning areas in the Yukon and
Kuskokwim River drainages. Radio telemetry methods are required to locate spawning
reaches and field sampling projects designed to identify spawning readiness will confirm
the reaches as spawning areas.

Collection of population-specific length and age data. Male inconnu tend to be smaller
and mature a year or so earlier than females (Brown 2000; Gerken 2009; D. Esse, BLM,
unpublished data), so collections of length and age data should be sex specific.
Population specific length and age distributions will change if the exploitation level
changes dramatically, so establishing these distributions can be useful.

Development of methods to estimate the abundance of inconnu spawning populations.

a. Relative abundance data such as catch per unit of sampling effort may allow the
detection of large changes in abundance if catch rate data actually reflects
abundance.

b. Mark and recapture experiments may be effective with some populations where
two capture events are possible. These experiments have been used successfully
with inconnu populations in other drainages and provide defensible quantitative
estimates with confidence intervals of spawning populations (Taube and Wuttig
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1998; Hander et al. 2008). Identifying population increases or decreases of 25%
to 50% may be possible with mark and recapture experiments (Seber 2002).

c. A DIDSON sonar system has been used with great effect to count the downstream
migration of post-spawning inconnu in the Sulukna River (D. Esse, BLM,
unpublished data). The Sulukna River is a relatively small drainage for an
inconnu spawning area. Because other species are often present in inconnu
spawning reaches, the distance from the sonar transducer to migrating fish has to
be relatively short, about 20 m (66 feet) or less, to be able to identify inconnu
from other smaller species based on size criteria (Burwen et al. 2010). In
situations where the DIDSON sonar system is appropriate, it is theoretically
possible to count every fish, allowing very small changes in spawning population
abundance to be detected.

d. Understanding natural spawning population variability would be essential to
attributing observed changes in abundance to changes in exploitation rate.
Therefore, one or more long term (ten years or more) DIDSON sonar projects
should be considered for appropriate spawning populations.

Broad whitefish

Up until the last 10 years or so, research on broad whitefish within the study region was
essentially limited to distribution and growth rate type information (Alt 1976). No spawning
locations had been identified until radio telemetry studies focused on the issue during the last
decade. Spawning locations in the Yukon River drainage have been identified in the Alatna
River in the upper Koyukuk River drainage (Brown 2009), the middle reaches of the Yukon Flats
(Carter 2010), and the braided region of the Tanana River in the vicinity of the Chena River
mouth (Brown, USFWS, unpublished data). Otolith chemistry analyses indicated that many
broad whitefish in these spawning populations were anadromous, rearing in Bering Sea water
near the mouth of the Yukon River (Brown et al. 2007). Sampling data indicates that there is a
spawning migration of broad whitefish up the Porcupine River into Canada (Bryan 1973; Brown
et al. 2007), and there are undoubtedly one or more spawning populations in the upper Yukon
River drainage in Yukon Territory as well (Walker et al. 1974; Walker 1976), although spawning
locations in these upper reaches of the drainage have not been identified. These upper drainage
populations appear to be non-anadromous (Brown et al. 2007), remaining in freshwater habitats
throughout life. Two spawning locations have been identified in the Kuskokwim River drainage;
one in a main stem reach in the vicinity of the Middle Fork Kuskokwim River mouth and the
other in a main stem reach of the Kuskokwim River near the mouth of the Swift River (Harper et
al. 2009). Tagging and otolith chemistry studies have shown that many broad whitefish from
these populations are anadomous, rearing in Kuskokwim Bay or the Yukon Kuskokwim Delta
region (Harper et al. 2007). There are reports of broad whitefish in Chandalar Lake in the upper
Chandalar River drainage (Kramer 1976b), Minchumina Lake in the Tanana River drainage
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(Kramer 1975), and Whitefish Lake in the headwaters of the Hoholitna River (Baxter 1973).
Their presence in these upper drainage lakes could be the result of feeding migrations of
populations with spawning origins downstream, or it may be that broad whitefish actually spawn
within these lake systems and maintain isolated populations there. Isolated populations of broad
whitefish within lake systems have only been identified in the Travaillant Lake system in the
lower Mackenzie River drainage in Canada (Chudobiak 1995; Harris and Howland 2005), so it
would be a significant discovery if isolated populations were documented in Chandalar,
Minchumina, or Whitefish lakes. Telemetry data from the Yukon and Kuskokwim River
drainages indicate that broad whitefish spawn in large rivers in late October and November
(Harper et al. 2009; Carter 2010), which is consistent with similar data from Canada and Russia
(Shestakov 2001; VanGerwen-Toyne et al. 2008). Because large rivers are difficult
environments to sample during the early winter season, and radio telemetry studies that have
been conducted are not comprehensive within the two drainages, it is possible that additional
spawning populations exist.

Annual harvest and spawning population abundance data for broad whitefish within the Yukon
and Kuskokwim River drainages is very poor. Broad whitefish are usually grouped into a
general whitefish category in annual subsistence harvest reports because many people do not
distinguish them from humpback whitefish, a related species that is similar in size and shape
(Brase and Hamner 2003; Hayes et al. 2008; Whitmore et al. 2008). A small number of recent
subsistence research reports have gathered species-specific harvest data for various regions
within our study area but none provide a time series (Brown et al. 2005; Andersen 2007). Nearly
all of these harvest data, however, have been generated from winter memories of summer
harvests, which have limited utility for management or population assessment purposes. There
have been no attempts to estimate spawning population abundance for any broad whitefish
population within the Yukon or Kuskokwim River drainages. Relative abundance data from a
broad whitefish spawning migration has been collected for the last 10 years in the main stem
Yukon River (S. Zuray, Rapids Research Center, unpublished data). These data have been useful
in describing the timing of the spawning migration at the sample site but not the actual
abundance of the spawning population. Similarly, a weir at the outlet to Whitefish Lake in the
lower Kuskokwim River drainage (different from the Whitefish Lake in the headwaters of the
Hoholitna River) has counted broad whitefish migrating into the lake to feed during summer and
out of the lake as they return to the river to spawn and overwinter (Harper et al. 2007). Many
broad whitefish, however, entered the lake before and left after the weir was operational so no
reliable estimate of the feeding group has been obtained. Broad whitefish feeding in Whitefish
Lake are both mature and immature fish from one or more spawning populations so it is unclear
how the abundance of the feeding group relates to the abundance of spawning populations in the
Kuskokwim River drainage. Essentially, there are no reliable estimates of subsistence harvests
or population abundances of broad whitefish within the Yukon or Kuskokwim River drainages.
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Priority broad whitefish research in the Yukon and Kuskokwim River drainages should include:

1)

2)

3)

4)

5)

6)

Collection of high-quality annual harvest data. Broad whitefish are frequently
misidentified, even in biological sampling studies, so obtaining reliable harvest data may
be difficult. The development of a fish calendar with clear photographs illustrating
distinctive differences among whitefish species may resolve identification problems and
allow reliable, in-season harvest data to be collected within both drainages. In addition,
traditional knowledge studies documenting customary and traditional fishing practices for
broad whitefish should be pursued for management purposes and to improve
understanding of the seasonal timing and geographic locations of these harvests.

Attempts to locate and confirm other suspected spawning areas in the Yukon and
Kuskokwim River drainages. Radio telemetry studies should be conducted in the Yukon
and Kuskokwim River drainages to confirm suspected spawning populations and locate
new spawning populations if they exist. The probability of additional broad whitefish
spawning populations may be greatest in the Innoko, Nowitna, Kantishna, Chandalar, and
Porcupine River drainages in the Yukon River, and in the Holitna River or upper reaches
of the Kuskokwim River in the Kuskokwim River drainage.

Investigation of the existence of isolated broad whitefish populations in Chandalar Lake
in the Yukon River drainage, Lake Minchumina in the Tanana River drainage, and in
Whitefish Lake in the upper Hoholitna River drainage. This would be interesting
population research, but there are no significant fisheries or development threats in these
lakes so they are not thought to be particularly high priority issues.

Collection of genetics baseline samples from known spawning populations and
subsequent development of population baselines capable of distinguishing among
populations. Mixed population analyses could eventually be a useful tool to identify
heavily exploited populations.

Collection of population-specific length and age data. These data, which must be
collected from spawning reaches or spawning migrations downstream from spawning
reaches, will allow demographic groups to be identified and generation times to be
estimated.

Development of methods to estimate the abundance of broad whitefish spawning
populations.

a. Spawning population abundance estimates using mark and recapture techniques
may be possible for some populations, although success seems unlikely given the
large river spawning sites used by broad whitefish and the lateness of their
spawning season.
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b. Sonar is unlikely to be effective because of the large river habitats and the size
similarity of broad whitefish with numerous other species that may also be in the
river.

c. Relative measures of abundance from a standardized capture operation such as a
fish wheel may provide rough indicators of abundance but there are many
complicating factors to this approach including water level differences in capture
probability, spawning migration timing that extends through freeze-up, unknown
spawning frequency, and more.

d. Age structure analyses of spawning populations may be the best approach to
understanding whether a population is being over-exploited or not. Older age
classes tend to be absent in heavily exploited populations of whitefish with
relatively constant recruitment (Healey 1975, 1980; Mills et al. 1995). However,
a similar age structure may be observed from a sample following a large
recruitment event and distinguishing between the two possibilities is not trivial
(Hander et al. 2008). In the first case the older age classes are not present in the
sample because they are not present in the population. In the latter case the older
age classes are not present in the sample because they become a very small
fraction of the population following the recruitment of huge numbers of young
fish and the probability of sampling them becomes very small. Annual
recruitment sampling for young broad whitefish in lower drainage rearing habitats
may help interpret age distribution samples of broad whitefish spawning
populations.

e. While monitoring broad whitefish populations may be extraordinarily difficult,
the first step to any population assessment activities will be to identify the
spawning populations and understand the harvest pressures on those populations.

Humpback whitefish

Many humpback whitefish spawning areas have been documented in riverine habitats of the
Yukon and Kuskokwim River drainages. In addition, humpback whitefish are present in
numerous upland lakes in both drainages and the species is known to maintain isolated
populations in upland lakes (Bodaly 1979; Anras et al. 1999). Known humpback whitefish
riverine spawning areas in the Yukon River drainage include three in the upper Koyukuk River
drainage (Brown 2009), one in the upper reaches of the Yukon Flats (Brown 2000), at least six in
the Tanana River drainage (Kepler 1973; Brown 2006), one in the Sulukna River, a tributary of
the Nowitna River (Alt 1978, 1985), one in the upper Innoko River (Alt 1983), and many more
are suspected. Otolith chemistry analyses indicated that many humpback whitefish in riverine
spawning populations were anadromous, rearing in Bering Sea water near the mouth of the
Yukon River (Brown et al. 2007). Sampling studies indicate that a spawning migration takes
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place up the Porcupine River into Yukon Territory and humpback whitefish are widely
distributed in rivers and lakes in the upper Yukon River drainage in Yukon Territory as well
(Bryan 1973; Walker 1976), although, to our knowledge riverine spawning areas have not been
identified. The upper drainage populations appear to be non-anadromous, remaining in
freshwater habitats throughout life (Brown et al. 2007). Documented riverine spawning areas in
the Kuskokwim River drainage are in the Holitna, Swift, and Big rivers, as well as in Ophir
Creek, a tributary of Whitefish Lake in the lower Kuskokwim River (Harper et al. 2009).
Several other spawning areas are suspected including a main-stem reach of the Kuskokwim
River downstream from Aniak (Harper et al. 2009), the South Fork Kuskokwim River (M.
Thalhauser, KNA, personal communication), and the Swift Fork of the North Fork Kuskokwim
River (Alt 1972), although these have not been verified. Tagging and otolith chemistry studies
have shown the many humpback whitefish from Kuskokwim River populations are anadromous
and rear or feed in marine water for some period of time (Harper et al. 2007). It is likely that
additional humpback whitefish spawning areas will eventually be discovered in the Yukon and
Kuskokwim River drainages.

In addition to identifying spawning and rearing habitats, migration timing, spawning timing,
reproductive biology, age, and population abundance studies have been conducted with
humpback whitefish populations in the Yukon and Kuskokwim River drainages. Humpback
whitefish colonize off-channel lakes and low-flow stream and river systems during the spring
and early summer each year to feed (Alt 1979a; Brown 2006; Harper et al. 2007). A recent weir
project operated in the stream flowing from Whitefish Lake, a large, shallow, feeding lake in the
lower Kuskokwim River drainage, has counted as many as 32,000 humpback whitefish leaving
the lake from mid to late summer some years (Harper et al. 2007). They apparently migrate into
the lake each spring before the ice melts. Spawning migrations may begin as early as late June
or July and spawning takes place between late September and mid-October for river spawning
populations (Brown 2006, 2009; Harper et al. 2007). Spawning migrations can be very
extensive, with some populations migrating more than 1,000 km between feeding and spawning
habitats (Brown et al. 2007). Female humpback whitefish may carry as many as 50,000 eggs or
more for each spawning event (Clark and Bernard 1992; Moulton et al. 1997). Minimum age at
maturity for most populations in northwest North America is from 4 to 6 years (Harper et al.
2007; VanGerwen-Toyne et al. 2008; Brown 2009), and the oldest individuals within populations
are usually between age 20 and age 30 (Moulton et al. 1997; Brown 2004; Harper et al. 2007).
Several abundance estimates have been obtained for the Chatanika River humpback whitefish
spawning population, which has ranged from about 12,000 to 40,000 fish during the last 25 years
(Brase 2010). A spear fishery was established in the spawning area of this population during the
1980s and its proximity to the community of Fairbanks, with its large urban population,
mandated the monitoring effort. A management plan for this fishery, which included least cisco
as well, was developed in 1992. The plan established precautionary threshold spawning
population levels of 10,000 humpback whitefish and 40,000 least cisco before the fishery could
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take place. The Chatanika River humpback whitefish fishery is the only one in Alaska that is
managed based on population abundance data.

Annual harvest data for humpback whitefish within the Yukon and Kuskokwim River drainages
is very poor. Humpback whitefish are usually grouped into a general whitefish category in
annual subsistence harvest reports because many people do not distinguish them from broad
whitefish, a related species that is similar in size and shape (Brase and Hamner 2003; Hayes et
al. 2008; Whitmore et al. 2008). A small number of recent subsistence research reports have
gathered species-specific harvest data for various regions within the study area (Brown et al.
2005; Andersen 2007). All of these harvest data, however, have been generated from winter
memories of summer harvests, which have limited utility for management or population
assessment purposes. Relative abundance data from a humpback whitefish spawning migration
has been collected for the last 10 years in the main-stem Yukon River (S. Zuray, Rapids
Research Center, unpublished data). These data have been useful in describing the timing of the
spawning migration at the sample site but not the actual abundance of the spawning population.
A weir at the outlet to Whitefish Lake in the lower Kuskokwim River drainage, which was
discussed in the previous section, has counted humpback whitefish migrating into the lake to
feed during summer and out of the lake as they return to the river to spawn and overwinter
(Harper et al. 2007). Many humpback whitefish, however, entered the lake before and left after
the weir was operational so no reliable estimate of the feeding group has been obtained.
Humpback whitefish feeding in Whitefish Lake are both mature and immature fish from at least
three spawning populations so it is unclear how the abundance of the feeding group relates to the
abundance of spawning populations in the Kuskokwim River drainage. Essentially, there are no
reliable estimates of subsistence harvests of humpback whitefish within the Yukon or
Kuskokwim River drainages and the only reliable population abundance estimates are from the
Chatanika River spawning population (Wuttig 2009).

Priority humpback whitefish research in the Yukon and Kuskokwim River drainages should
include:

1) Collection of high-quality annual harvest data. Similar to the situation with broad
whitefish, humpback whitefish are frequently misidentified, even in biological sampling
studies, so obtaining reliable harvest data may be difficult. The development of a fish
calendar with clear photographs illustrating distinctive differences among whitefish
species may resolve identification problems and allow reliable, in-season harvest data to
be collected within both drainages. A harvest calendar approach with clear photos should
allow humpback whitefish harvests to be collected simultaneously with those of inconnu,
broad whitefish, and other species. In addition, traditional knowledge studies
documenting customary and traditional fishing practices for humpback whitefish should
be pursued for management purposes and to improve understanding of the seasonal
timing and geographic locations of these harvests.
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2)

3)

4)

5)

Attempts to locate and confirm other suspected spawning areas in the Yukon and
Kuskokwim River drainages. Radio telemetry studies should be conducted in the Yukon
and Kuskokwim River drainages to confirm suspected spawning populations and locate
new spawning populations if they exist. As with other whitefish species, locating
spawning habitats is the first step towards any humpback whitefish population
assessment work, genetics collections, or habitat protection activities.

Collection of genetics baseline samples from known spawning populations and
subsequent development of population baselines capable of distinguishing among
populations or groups of populations. The large number of humpback whitefish
spawning areas, some in close proximity to others, suggests that it may be difficult to
obtain useful genetics baselines for mixed population assessments, although there may be
specific exceptions. It may be that regional groups of populations will display
identifiable genetics qualities, similar to the regional groupings of Pacific salmon species
in the Yukon River drainage (Flannery et al. 2007; Beacham et al. 2008), in which case
baseline genetics collections of certain populations may be justified. We would
encourage any researchers to discuss their ideas with the Alaska genetics laboratories in
the early planning stages of any project to ensure support. Without a way to identify the
contributing populations to humpback whitefish harvests in various regions of our study
area harvest data would simply be baseline records that may become valuable at a later
date.

Collection of population-specific length and age data. Minimum length and age at
maturity data are available for several humpback whitefish populations in the Yukon and
Kuskokwim River drainages. Similar values are observed among populations so this is
not seen as high priority, although there may be specific cases where these data would be
important. In the absence of spawning population abundance data, which may be
difficult or impossible to obtain from populations spawning in large rivers, age structure
analyses may be the best approach to understanding whether a population is being over-
exploited or not. Older age classes tend to be absent in heavily exploited populations of
humpback whitefish (Healey 1975, 1980; Mills et al. 1995). As discussed in the section
on broad whitefish above, however, there are many complicating factors in age structure
analyses that may require recruitment sampling or other data to resolve.

Investigation of isolated humpback whitefish populations in upland lakes. Lake resident
populations have not been studied in the Yukon or Kuskokwim River drainages in
Alaska, although they have been intensively studied in Canada (Bodaly 1979; Healey
1980; Anras et al. 1999). Lake resident populations of humpback whitefish, referred to
as lake whitefish in Canada, are the most intensively exploited whitefish species in North
America supporting huge commercial fisheries outside of Alaska (Bodaly 1986; Fleischer
1992; Tallman and Friesen 2007). Isolated lake populations are relatively easy to sample
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and monitor compared to riverine populations (Mohr and Ebener 2007). Additionally,
there is a large body of literature describing the effects of fishing on recruitment, length
and age distributions, and growth rates of isolated lake populations (Johnson 1976;
Healey 1980; Mills et al. 1995). There are no known fisheries or development threats in
upland lakes within the Yukon and Kuskokwim River drainages in Alaska so they are not
thought to be high priority issues, however, it would be valuable to study population
characteristics of one or more isolated populations to establish baseline length, age, and
recruitment characteristics.

Bering cisco

Research on Bering cisco focused initially on taxonomy and distribution and more recently on
life history and migration (McPhail 1966; Alt 1973; Brown et al. 2007). Bering cisco are
commonly found rearing in coastal waters and estuaries of western Alaska from Kuskokwim Bay
in the south to Kotzebue Sound in the north (Alt 1973; Stickney 1984, Georgette and Shiedt
2005; LaVine et al. 2007). They are occasionally encountered as far north as the Colville River
delta and there are a few isolated records from Bristol Bay (McPhail 1966; Bickham et al. 1997).
Rearing Bering cisco are not found in freshwater habitats beyond river mouths, indicating that
the species is fully anadromous. Despite sampling in virtually all the major and most of the
minor drainages in south central, Alaska Peninsula, Bristol Bay, western Alaska, and northwest
Alaska, spawning migrations have only been documented in three rivers: the Yukon and
Kuskokwim rivers in western Alaska (Alt 1973; Brown et al. 2007), and the Susitna River in
south central Alaska (ADFG 1983). Bering cisco have not been identified in Asian Rivers and
only two individuals have been documented on the Asian side of the Bering Strait in an estuary
on the north coast of the Chukotsk Peninsula (Chereshnev 1984; Chereshnev et al. 2002).
Within the Yukon and Kuskokwim River drainages, Bering cisco migrate up the main stems and
not into tributaries (Alt 1973; Brown et al. 2007). They are known to spawn in the upper reaches
of the Yukon Flats in the main-stem Yukon River but it is not know how far upstream and
downstream from this region spawning occurs. Fishers in the community of Circle, in the upper
Yukon Flats, report catching hundreds of Bering cisco in late September. By contrast, fishers in
the community of Eagle, about 257 km (160 miles) upstream from Circle near the Alaska/Yukon
Territory border, report catching as few as 10 or 20 Bering cisco during fall on a good year.
These data suggest that most Yukon River Bering cisco spawn in the Yukon Flats region.
Kuskokwim River Bering cisco appear to migrate up the main stem to the confluence of the
North and South forks of the Kuskokwim River and then migrate up the South Fork Kuskokwim
River to spawn. Sampling in the early 1970s (Alt 1973) suggested this migration destination and
recent sampling in September confirmed that Bering cisco spawn in the South Fork Kuskokwim
River (M. Thalhauser, Kuskokwim Native Association, unpublished data). Other spawning
destinations in the Kuskokwim River are possible but we have no evidence of this. In the
Susitna River in the early 1980s, when fisheries research was being conducted in response to
potential hydroelectric development in that drainage, pre-spawning Bering cisco were found
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migrating up the main stem and did not migrate into tributaries (ADFG 1983). Similar to
spawning habitats in the Yukon and Kuskokwim rivers, spawning areas were located in braided
habitats of the main-stem Susitna River. These data suggest that Bering cisco are endemic to
Alaska and that there may be only three spawning populations.

Bering cisco are specifically targeted in many coastal communities in western Alaska (Stickney
1984; Georgette and Shiedt 2005; LaVine et al. 2007), are incidentally harvested in fish wheel
salmon fisheries in the Yukon and Kuskokwim River drainages (Daum 2005; Brown et al. 2007),
and are the primary species taken in a commercial fishery at the mouth of the Yukon River
(Fabricant 2008; Hayes et al. 2008). Annual subsistence harvest data for Bering cisco have not
been collected but there is a good harvest record from the commercial fishery where up to about
10,000 Bering cisco have been harvested each year since 2005 (S. Hayes, ADFG, unpublished
data). Coastal harvests are probably mixtures of Yukon and Kuskokwim River populations
while upstream harvests are almost certainly population specific. Bering cisco that are migrating
upstream to spawn are vulnerable to fish wheels but not salmon gillnets. Because gillnets are
more commonly used than fish wheels, the freshwater harvest is thought to be much smaller than
the coastal harvest where small-mesh gillnets and angling methods are used to catch Bering cisco
(Stickney 1984; LaVine et al. 2007).

Population abundance data for Bering cisco is limited to the catch rate data collected recently
from the video fish wheel at Rapids Research Site on the Yukon River main stem about 1,200
km (750 miles) from the sea (S. Zuray, Rapids Research Center, unpublished data) and similar
data collected during the SuHydro studies on the Susitna River during the early 1980s (ADFG
1983). No other relative or absolute abundance data is available for Bering cisco. The video fish
wheel at the Rapids Research Site has run almost every day each summer from about mid-June
until late September since 2001. Several high-resolution photographs are taken of every fish
captured (Daum 2005). Daily catches of every species are tabulated revealing seasonal patterns
of abundance. This 10 year record has revealed a great deal about migration timing but very
little about actual abundance. In contrast to other whitefish species, the Bering cisco spawning
migration past the Rapids Research Site is underway when sampling begins in mid-June each
year with catch rates as high as 100 to 200 Bering cisco per day. Several periods of relatively
high catch rates, with maximum catches of 200 to almost 700 Bering cisco per day, are observed
each summer (Figure 3). These pulses of Bering cisco are thought to represent the spawning
members of groups of fish coming from different rearing habitats. Presumably fish that reared in
the Yukon River delta, for example, would enter the river earlier than those rearing in more
distant estuaries such as Golovnin Lagoon, Imuruk Basin, or Hotham Inlet. No similar migration
data is available for Kuskokwim River Bering cisco.

The recently initiated commercial fishery (fishery) for Bering cisco at the mouth of the Yukon
River has stimulated numerous projects investigating the demographic and population
composition of the harvest. The fishery appears to be the first in Alaska to establish a reliable
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Figure 3. Periods of elevated catch rates of Bering cisco illustrate variation in annual spawning
migration timing past the sampling fish wheel in the Yukon River at Rapids Research Site,
approximately 1,200 km (750 miles) upstream from the sea. Data courtesy of Stan Zuray.
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market for a whitefish species outside of the State and it has the potential to expand if permitted
to do so (Fabricant 2008; Demarban 2010). When the fishery began there was only a vague
understanding of Bering cisco populations and life history (Alt 1973; Brown et al. 2007), very
little demographic data, no abundance information, and no population monitoring programs.
Bering cisco populations were potentially at risk if the fishery had been allowed to expand
without additional information. A comparison of length, age, and spawning readiness was
conducted between fish harvested in the fishery and those sampled from the spawning migration
up the Yukon River to determine the demographic composition of the fishery (R.J. Brown,
USFWS, unpublished data). Bering cisco harvested in the fishery were on average smaller and
younger (Figure 4) than mature fish migrating upstream to spawn. The gonadosomatic index
(GSI) values of female Bering cisco from the fishery were very low, consistent with non-
spawning individuals, compared to the high values of mature fish migrating upstream to spawn
(Figure 5). These data indicated that the fishery was harvesting non-spawning Bering cisco that
were predominantly immature. Because the fishery occurred in rearing habitat near the Yukon
River mouth, it was possible that both Kuskokwim and Yukon River populations were present.
While a migration timing and relative abundance monitoring program for the Yukon River
population has begun, as described above, there is no such information for the Kuskokwim River
population. It was clearly important to understand the population composition of the commercial
harvest before expanding this fishery. A genetics project was initiated in 2009 to address this
issue (U.S. Fish and Wildlife Service, Fishery Resource Monitoring Program, Project 10-209).
Baseline genetics samples were collected from the spawning migrations of all three known
populations and mixture samples were collected from the fishery. If effective population
baselines can be developed, it will be possible to estimate the population composition of the
fishery, which would guide the development of a population monitoring program.

Priority Bering cisco research in the Yukon and Kuskokwim River drainages should include:

1) Collection of high-quality annual harvest data, particularly from the coastal fisheries.
The Bering cisco subsistence harvest in coastal communities of western Alaska will be
important if the commercial fishery is permitted to expand because both fisheries draw
from the same two populations. In addition to numerical annual harvest data, traditional
knowledge studies documenting customary and traditional fishing practices for Bering
cisco should be pursued for management purposes and to improve understanding of the
seasonal timing and geographic locations of these harvests. Harvest records from the
commercial fishery are comprehensive but they are lacking from the subsistence fishery.
If there is an effort at some point to maximize commercial harvest potential there may be
allocation issues between these fisheries and subsistence harvest records will become
very important.
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Figure 4. Age distributions of female (top panel) and male (bottom panel) Bering cisco
sampled from mature fish in the spawning migration at Rapids Research Site (wide grey
bars) and the commercial fishery at the mouth of the Yukon River (dark narrow bars). The
average ages of mature female (7.1 years; n = 105) and male (6.0 years; n = 57) Bering cisco
were significantly greater than for females (4.6 years; n = 335; Anova, P < 0.001) and males
(4.4 years; n = 240; Anova, P < 0.001) sampled from the commercial fishery. Data from the
commercial fishery was provided by Larry Dubois, Alaska Department of Fish and Game.
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Figure 5. Gonadosomatic indices of mature Bering cisco preparing to spawn (o; n = 103),
revealing the increasing trend through the season to maximum levels up to 30 or more just prior
to spawning in mid-October, and Bering cisco sampled from the commercial fishery at the mouth
of the Yukon River (+; n = 113), which were clearly too low to spawn during the year of capture.
The solid curved line is fitted to the GSI data from mature fish preparing to spawn and the
curved dashed lines describe the 95% prediction interval for spawning fish. The horizontal
dashed line is at GSI = 3, a level that is rarely exceeded by non-spawning fish. Data from the
commercial fishery was provided by Larry Dubois, Alaska Department of Fish and Game.

2) Sampling a selection of western Alaska rivers to identifying Bering cisco spawning
migrations if they exist. ldentifying spawning migrations of Bering cisco requires
directed sampling activities to catch them in rivers upstream from the estuaries and then
verifying their maturity status and spawning readiness (Brown et al. 2007). Sampling for
species presence has been conducted in many western Alaska rivers and Bering cisco
have often been identified in river deltas and estuaries but never in upstream habitats
except in the Yukon and Kuskokwim rivers (Alt 1971, 1973, 1977b, 1979b, 1980, 1985).
These sampling results are the basis for the hypothesis that spawning populations exist
only in the Yukon and Kuskokwim rivers in western Alaska. A few rivers including the
Goodnews, Koyuk, Fish, Kuzitrin, and Buckland rivers, are large enough to support
whitefish populations, have seen minimal sampling activities in the past, or whitefish
species encountered were not identified, so there is some uncertainty whether Bering
cisco enter these rivers to spawn or not. Sampling projects designed to identify spawning
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3)

4)

migrations of Bering cisco in these rivers would clarify the population status of the
species. If additional spawning populations were identified in one or more of these
rivers, it would change the dynamics of the Bering cisco fisheries.

Delineation of the spawning distributions of Bering cisco in the Yukon and Kuskokwim
River spawning areas. Spawning locations in the Yukon and Kuskokwim River
drainages are known to be in braided regions of the upper Yukon Flats and the South
Fork Kuskokwim River respectively. However, the upstream and downstream limits of
these spawning reaches are uncertain. Any attempts to conduct mark and recapture
population estimates will require a better understanding of the distribution of spawning
fish. Because Bering cisco spawn in large turbid rivers, radio telemetry will likely be the
only effective way to identify the extent of these spawning reaches. In addition to the
practical utility of this information for designing population sampling activities, the
habitats could be protected if streambed gravel mining or other disruptive development
projects are contemplated. Therefore, identifying Bering cisco spawning reaches in the
Yukon and Kuskokwim River drainage is considered to be a priority.

Development of Bering cisco population monitoring programs in the Yukon and
Kuskokwim Rivers. Three Bering cisco populations have been identified worldwide. If
additional research continues to support this understanding, it will be absolutely critical
that a precautionary approach be adopted towards management of the commercial
fishery. Bering cisco populations should not be exposed to the elevated levels of risk that
may be acceptable for species in which there are many populations. Ideally, monitoring
programs in the Yukon and Kuskokwim rivers capable of detecting Bering cisco
spawning population changes of 50% should be developed if there were a move to
significantly expand the commercial fishery.

a. A relative abundance method such as the sampling fish wheel at the Rapids
Research Site may be adequate, perhaps augmented with a few seasons of
quantitative data for an order-of-magnitude scale relationship between the relative
and quantitative measures. Cumulative CPUE data is routinely used in salmon
management (Molyneaux 1994; Flynn and Hilborn 2004; Hayes et al. 2008) and
similar data from the Rapids Research Site may eventually be useful for Bering
cisco (Figure 6). It is not clear whether sufficient numbers of Bering cisco can be
captured in Kuskokwim River main-stem fish wheels to produce a similar index
of abundance for that population. If it can be confirmed that there is a single
Bering cisco population in the Kuskokwim River drainage that spawns in the
South Fork Kuskokwim River, then it may be possible to develop an effective
CPUE sampling program within the lower reaches of that river near the
community of Nikolai. Ultimately, fishery management plans should be
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developed that define allowable harvests and open or closed seasons based on
precautionary threshold CPUE levels.

Quantitative spawning population abundance estimates may be possible with
mark and recapture or DIDSON sonar projects, ideally in conjunction with a
CPUE project so a relationship between the two might be explored. It seems
unlikely that annual funding will be available for long-term application of

quantitative methods of population assessment. If Bering cisco migrate near

shore up the Yukon or other large rivers, a DIDSON sonar may be able to identify

Bering cisco from other species based on size. These possibilities should be
explored.
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Figure 6. Cumulative CPUE (the sum of all daily catches for each sampling year) for Bering

cisco captured at the Rapids Research Site during the years 2001 through 2010. Data courtesy of
Stan Zuray.
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Appendix 1. Communities within the Yukon and Kuskokwim River drainages in Alaska and in
the coastal region of the Bering and Chukchi seas. Two Yukon Territory communities near the
border with Alaska are also included. Population estimates are from 2006 to 2008 demographic
surveys published by the U.S. Census Bureau (2010), City-data (2010), and Statistics Canada
(2010). Locations are WGS84 datum.

Drainage or Region Community Population N Latitude W Longitude
Yukon Alakanuk 711 62.68468 164.65315
Yukon Alatna 31 66.55292 152.70368
Yukon Allakaket 85 66.56372 152.64148
Yukon Anderson 271 64.34550 149.18789
Yukon Anvik 91 62.65503 160.20395
Yukon Arctic Village 136 68.12691 145.53540
Yukon Beaver 75 66.36000 147.39576
Yukon Bettles 38 66.91690 151.51809
Yukon Birch Creek 28 66.26147 145.81519
Yukon Cantwell 215 63.39266 148.94860
Yukon Central 120 65.57195 144.80231
Yukon Chalkyitsik 74 66.65378 143.72040
Yukon Chicken 18 64.07390 141.93754
Yukon Circle 89 65.82629 144.06202
Yukon Coldfoot 11 67.25555 150.18728
Yukon College 13,428 64.84830 147.82719
Yukon Dawson* 1,330 64.06187 139.43164
Yukon Delta Junction 930 64.03962 145.73137
Yukon Dot Lake 21 63.66122 144.06445
Yukon Eagle 145 64.78813 141.20208
Yukon Eagle Village 75 64.77986 141.11102
Yukon Eilson AFB 5,400 64.67972 147.08769
Yukon Emmonak 841 62.77746 164.52727
Yukon Ester 1978 64.85570 147.97843
Yukon Evansville 25 66.92446 151.50476
Yukon Fairbanks 35,132 64.84189 147.71917
Yukon Fort Wainwright 10,900 64.82605 147.60805
Yukon Fort Yukon 520 66.56462 145.27001
Yukon Fox 353 64.95398 147.62833
Yukon Galena 599 64.73418 156.92653
Yukon Grayling 170 62.90403 160.06397
Yukon Harding Lake area 216 64.42043 146.84939
Yukon Healy 971 63.85697 148.96711
Yukon Healy Lake 37 64.00038 144.73564
Yukon Holy Cross 199 62.19918 159.76794
Yukon Hughes 69 66.04776 154.25633
Yukon Huslia 257 65.69811 156.39742
Yukon Kaltag 202 64.32704 158.72193
Yukon Kotlik 649 63.03282 163.55652
Yukon Koyukuk 89 64.87940 157.70276
Yukon Lake Minchumina 28 63.88330 152.31187

"Communities in Yukon Territory near the border with Alaska.
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Appendix 1 continued, page 2 of 3.

Drainage or Region Community Population N Latitude W Longitude
Yukon Livengood 26 65.52374 148.54449
Yukon Manley Hot Springs 64 64.99962 150.63395
Yukon Marshall 382 61.87878 162.08481
Yukon Minto 258 65.15180 149.33960
Yukon Moose Creek 542 64.71247 147.16113
Yukon Mountain Village 826 62.08583 163.72561
Yukon Nenana 344 64.56283 149.09292
Yukon North Pole 2,212 64.75152 147.35192
Yukon Northway 105 62.98219 141.95269
Yukon Nulato 295 64.71945 158.09974
Yukon Nunam Iqua 164 62.53219 164.84708
Yukon Old Crow* 255 67.56945 139.83550
Yukon Pilot Station 604 61.93838 162.87737
Yukon Pitkas Point 135 62.03258 163.28549
Yukon Pleasant Valley 733 64.88655 146.86608
Yukon Rampart 40 65.50518 150.16881
Yukon Ruby 165 64.73952 155.49123
Yukon Russian Mission 324 61.78489 161.31992
Yukon Salcha 854 64.47106 146.94098
Yukon Shageluk 113 62.65755 159.53034
Yukon St. Marys 548 62.05184 163.17213
Yukon Stevens Village 78 66.00722 149.09417
Yukon Tanacross 155 63.37672 143.35285
Yukon Tanana 268 65.17106 152.08000
Yukon Tetlin 117 63.13680 142.51698
Yukon Tok 1,544 63.33658 142.98533
Yukon Two Rivers 588 64.87002 147.04493
Yukon Venetie 181 67.01674 146.42124
Yukon Wiseman 18 67.40986 150.10698
Kuskokwim Akiachak 624 60.90829 161.42932
Kuskokwim Akiak 309 60.91142 161.21558
Kuskokwim Aniak 572 61.57915 159.52917
Kuskokwim Atmautluak 314 60.86200 162.27290
Kuskokwim Bethel 6,468 60.79483 161.76398
Kuskokwim Chuathbaluk 119 61.57119 159.24240
Kuskokwim Crooked Creek 146 61.86960 158.11284
Kuskokwim Eek 280 60.21817 162.02380
Kuskokwim Kalskag 230 61.53690 160.30695
Kuskokwim Kasigluk 580 60.89417 162.51971
Kuskokwim Kwethluk 715 60.81127 161.43387
Kuskokwim Lime Village 6 61.35546 155.43350
Kuskokwim Lower Kalskag 268 61.51168 160.35949
Kuskokwim McGrath 351 62.95658 155.59644
Kuskokwim Medfra 8 63.10614 154.71330
Kuskokwim Napakiak 353 60.69600 161.95422

"Communities in Yukon Territory near the border with Alaska.
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Appendix 1 continued, page 3 of 3.

Drainage or Region Community Population N Latitude W Longitude
Kuskokwim Napaskiak 391 60.70760 161.76502
Kuskokwim Nikolai 86 63.01315 154.37404
Kuskokwim Nunapitchuk 467 60.89659 162.45853
Kuskokwim Oscarville 61 60.72262 161.76811
Kuskokwim Red Devil 51 61.76033 157.31331
Kuskokwim Sleetmute 106 61.70275 157.16959
Kuskokwim Stony River 65 61.78912 156.58644
Kuskokwim Takotna 44 62.98845 156.06749
Kuskokwim Telida 2 63.38378 153.27672
Kuskokwim Tuluksak 457 61.10142 160.96000
Kuskokwim Tuntutuliak 395 60.34403 162.66471
Coastal Brevig Mission 275 65.33293 166.48467
Coastal Buckland 422 65.97938 161.12445
Coastal Chefornak 394 60.15897 164.27762
Coastal Chevak 838 61.52762 165.58534
Coastal Deering 141 66.07418 162.71176
Coastal Diomede 146 65.76813 168.90815
Coastal Elim 313 64.61669 162.25912
Coastal Golovin 144 64.54427 163.02893
Coastal Goodnews Bay 230 59.11829 161.58463
Coastal Hooper Bay 1,109 61.53034 166.10187
Coastal Kipnuk 688 59.93861 164.03957
Coastal Kivalina 391 67.72693 164.53554
Coastal Kotzebue 3,177 66.89794 162.59771
Coastal Koyuk 296 64.93134 161.15675
Coastal Kwigillingok 361 59.86418 163.13667
Coastal Mekoryuk 210 60.38740 166.18547
Coastal Newtok 342 60.93915 164.62859
Coastal Nightmute 208 60.47927 164.72275
Coastal Nome 3,576 64.50040 165.40706
Coastal Platinum 41 59.01239 161.81803
Coastal Point Hope 674 68.34979 166.73447
Coastal Quinhagak 554 59.74951 161.91246
Coastal Saint Michael 366 63.47888 162.03660
Coastal Scammon Bay 511 61.84242 165.58252
Coastal Shaktoolik 230 64.35447 161.19213
Coastal Shishmaref 560 66.25410 166.07538
Coastal Stebbins 547 63.51731 162.28444
Coastal Teller 266 65.26122 166.35990
Coastal Toksook Bay 534 60.53000 165.10405
Coastal Tununak 347 60.58486 165.25733
Coastal Unalakleet 746 63.87432 160.78821
Coastal Wales 152 65.61057 168.08878
Coastal White Mountain 203 64.68289 163.40169
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Appendix 2. List of delegates and guests invited to the November 18-19, 2008 meeting of the
Whitefish Strategic Planning Group. Those who were unable to attend are indicated in italics.

Name

Position

Affiliation

Robert Aloysius
David Andersen
Brandy Berkbigler
Caroline Brown
Randy Brown
John Burr

Richard Carroll, Jr.

John Chythlook
Kevin Clark
Dani Evenson
Ken Harper
Russ Holder

Jennifer Hooper

Paul Manumik, Sr.

Doug Molyneaux
Bill Morris
Stanley Ned
Jenny Pelkola
Gene Peltola
Mike Thalhauser

Gary Lawrence

Jason Hale
Tina Hile

Liz Williams
Richard Cannon
Daniel Gillikin

RAC Delegate

Subsistence Researcher
Fish Biologist

Subsistence Specialist

Fish Biologist

Fish Biologist

RAC Delegate

Fish Biologist

Kuskokwim Fishery Manager
Yukon/Kuskokwim Res. Man.
Fish Biologist

Federal Fishery Manager

Dir. of Fish. & Forest. Res.
RAC Delegate

Kuskokwim Research Man.
Habitat Biologist

Stakeholder

RAC Delegate

Yukon Delta Refuge Manager
Fish Biologist

Acting Natural Resources Dir.

Moderator
Recorder
Guest
Guest

Guest

Yukon Kuskokwim Delta RAC
Research North

Tanana Chiefs Conference
Alaska Dept. of Fish and Game
U.S. Fish and Wildlife Service
Alaska Dept. of Fish and Game
Eastern Interior RAC

Alaska Dept. of Fish and Game
Alaska Dept. of Fish and Game
Alaska Dept. of Fish and Game
U.S. Fish and Wildlife Service
U.S. Fish and Wildlife Service
Assoc. of Village Council Pres.
Yukon Kuskokwim Delta RAC
Alaska Dept. of Fish and Game
Alaska Dept. of Fish and Game
Koyukuk River Representative
Western Interior RAC

U.S. Fish and Wildlife Service
Kuskokwim Native Association

Council of Athabascan Tribal Gov.

Yukon River Drainage Fish. Assoc.
Computer Matrix

U.S. Fish and Wildlife Service

U.S. Fish and Wildlife Service

U.S. Fish and Wildlife Service
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Appendix 3. List of delegates and guests attending the April 23-24, 2009 meeting of the
Whitefish Strategic Planning Group.

Name

Position

Affiliation

Robert Aloysius
Dave Andersen
Brandy Berkbigler
Caroline Brown
Randy Brown
John Burr
Richard Carroll Jr.
John Chythlook
Larry DuBois

Ken Harper
Steve Hayes
Russ Holder
Jennifer Hooper
Paul Manumik, Sr.
Doug Molyneaux
Laurie Montour
Bill Morris
Stanley Ned
Jenny Pelkola
Gene Peltola

Lily Ray

Mike Thalhauser

Hale, Jason
Tina Hile
Cannon, Richard
Liz Williams

Dan Gillikin
Audra Brase
Dave Esse

Jeff Olsen

Lisa Stuby

Gary Lawrence

RAC Delegate
Subsistence Researcher
Fish Biologist
Subsistence Specialist
Fish Biologist

Fish Biologist

RAC Delegate

Fish Biologist

Fish Biologist

Fish Biologist

State Fisheries Manager
Federal Fisheries Manager
Dir. of Fish & Fores. Res.
RAC Delegate
Kuskokwim Research Mgr.
Dir., Natural Resources
Habitat Biologist
Stakeholder

RAC Delegate

Yukon Delta Refuge Mgr.
Subsistence Specialist
Fish Biologist

Moderator
Recorder
Guest
Guest
Guest
Guest
Guest
Guest
Guest
Guest

Yukon Kuskokwim Delta RAC
Research North

Tanana Chiefs Conference

Alaska Department of Fish and Game
U.S. Fish and Wildlife Service

Alaska Department of Fish and Game
Eastern Interior RAC

Alaska Department of Fish and Game
Alaska Department of Fish and Game
U.S. Fish and Wildlife Service

Alaska Department of Fish and Game
U.S. Fish and Wildlife Service
Association of Village Council Pres.
Yukon Kuskokwim Delta RAC

Alaska Department of Fish and Game
Council of Athabascan Tribal Gov.
Alaska Department of Natural Res.
Koyukuk River Representative
Western Interior RAC

U.S. Fish and Wildlife Service

Alaska Department of Fish and Game
Kuskokwim Native Association

Yukon River Drainage Fish Assoc
Computer Matrix

U.S. Fish and Wildlife Service, OSM
U.S. Fish and Wildlife Service, OSM
U.S. Fish and Wildlife Service

Alaska Department of Fish and Game
Bureau of Land Management

U.S. Fish and Wildlife Service

Alaska Department of Fish and Game
Council of Athabascan Tribal Gov.
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