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Abstract

Humpback whitefish Coregonuspidschian and least cisco C. sardinella are two 

species of coregonids common to the interior of Alaska and are a food resource for rural 

and urban communities. These fishes exhibit variation in life-history characteristics 

throughout their range, and many basic life-history questions remain unanswered. My 

objectives were to describe the spawning movements and identify the current distribution 

of putative spawning areas for humpback whitefish, and to assess the reproductive 

biology of humpback whitefish and least cisco in the Minto Flats-Chatanika River 

complex. Observed movement patterns indicated that humpback whitefish exhibited 

complex dispersals to putative spawning areas. Two putative spawning areas were 

identified: one in the Chatanika River downstream of the Elliot Highway Bridge and the 

other in the Tanana River near Fairbanks. Mean absolute fecundity was 45,000 eggs • 

female-1 for humpback whitefish and 41,780 eggs • female-1 for least cisco. This 

examination of reproductive biology suggested that larger-bodied females associated with 

higher gonadosomatic index values produce more and larger eggs per unit body weight 

than smaller females. This study increased our understanding of the life history and 

biology of whitefishes in Alaska and can assist managers with developing appropriate 

management strategies for these fishes in the future.
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Introduction

Humpback whitefish Coregonuspidschian and least cisco C. sardinella are two 

species of coregonids (whitefishes) common to the interior of Alaska. Both species are 

distributed throughout many of the river drainages of the Beaufort, Chukchi, and Bering 

seas (Bean 1884; McPhail and Lindsey 1970; Alt 1979). Humpback whitefish are also 

found in several river systems south of the Alaska Range, including the Copper and 

Susitna rivers (Alt 1979, 1980). Whitefishes are an important resource for many 

communities throughout Alaska, where they are used primarily for human and canine 

consumption (Alt and Kogl 1973; Alt 1979; Hallberg and Bingham 1994; Andersen et al. 

2004; Woody and Young 2006; Brown et al. 2007). These fishes exhibit a significant 

degree of variation in life-history characteristics throughout their range, and many basic 

questions remain unanswered (Alt 1979, 1980; Reist and Bond 1988; Fleming 1996; 

Brown et al. 2002; Woody and Young 2006).

Life histories of whitefish populations in northern latitudes are often diverse (e.g., 

amphidromous, riverine, and lacustrine) and fish may occupy many spatially and 

temporally separated habitats and engage in temporally segregated migrations (Reist and 

Bond 1988). Most whitefishes follow a common life-history strategy in which they are 

broadcast spawners and, following the expulsion of gametes, the eggs drift downstream 

and become lodged in the interstitial spaces of the gravel substrate (Morrow 1980). 

Fertilized eggs develop over the winter and hatch the following spring. Once larval fish 

emerge, they are transported downstream by the river current and are randomly



distributed downstream of emergence sites (Naesje et al. 1986; Shestakov 1991).

Juvenile whitefish spend several years feeding and growing until sexual maturity is 

reached (Reist and Bond 1988). Once sexual maturity has been attained, fish migrate 

from their summer feeding areas to spawn. Spawning movements generally take place 

from mid summer to late fall (Kepler 1973; Alt 1979, 1980; Reist and Bond 1988). 

Spawning occurs between mid September and mid October in flowing water over gravel 

substrate when water temperatures are between 0 and 3°C (Alt 1979, 1980; Reist and 

Bond 1988). Fidelity to natal spawning areas is thought to be high because the same 

spawning areas are used each year (Fleming 1996; Brown 2006). Alternate-year 

spawning is believed to be common for whitefish populations (Lambert and Dodson 

1990) because it is believed that the energetic requirements of migration and gonad 

development may prohibit consecutive year spawning in some populations. Following 

spawning, the spent fish migrate downstream to overwintering areas (Alt 1979; Reist and 

Bond 1988).

Information on movement patterns and the locations of important habitat areas is 

important to help guide the management of fish species (Schmetterling 2001; Meka et al. 

2003; Waters and Noble 2004; Daugherty and Sutton 2005). A description of seasonal 

movement patterns can lead to the discovery of critical habitats and can identify 

conditions that could threaten migratory fishes (Schmetterling 2001). In addition, 

movement studies have been used to address management concerns over declining fish 

abundances (Brown et al. 2002; Brown 2006). An analysis of reproductive biology is
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often included in movement studies to help discern behavior associated with spawning 

(Brown et al. 2007; Harper et al. 2007).

Information on fish reproductive biology is important to better understand fish 

population dynamics and to develop stock assessment and population viability models 

(Eldrige and Jarvis 1995; Nitschke et al. 2001; Kennedy et al. 2006). Several studies 

have examined aspects of reproductive biology of humpback whitefish and least cisco in 

Alaska, including length and age-at-maturity (Alt 1979, 1980; Fleming 1996), 

gonadosomatic indices (GSI; Brown et al. 2007; Harper et al. 2007), and fecundity (Mann 

1974; Clark and Bernard 1992; Moulton et al. 1997). These studies were initiated to 

better understand stock dynamics and how population sustainability might change in 

response to harvest.

In 1970, a spear fishery opened for whitefish on the Chatanika River near 

Fairbanks, Alaska, that primarily targeted spawning humpback whitefish and least cisco. 

This fishery grew in popularity, with estimates of harvest increasing from 1,635 

whitefishes in 1977 to 25,074 whitefishes in 1987 (Mills 1979, 1987). In response to the 

rapid increase in harvest, the ADFG implemented stock assessments of Chatanika River 

whitefishes in 1986 (Hallberg and Holmes 1987). Estimates of abundance indicated 

declining numbers of humpback whitefish and least cisco, and as a result, the fishery was 

closed from 1990 to 1991 and 1994 to 2007. Stock assessments between 1994 and 1998 

indicated that humpback whitefish and least cisco stocks were too low to reopen the 

fishery; however, the presence of younger and smaller individuals suggested a possible 

improvement in recruitment (Fleming 1999).
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In 2006, a proposal was brought before the Alaska Board of Fisheries petitioning 

for the reopening of the spearfishery (A. Brase, ADFG, personal communication). 

Management staff from the ADFG determined that the spear fishery could be opened to 

allow the taking of whitefish while preventing overharvest (A. Brase, ADFG, personal 

communication). In 2007, the spear fishery was reopened, but in a more conservative 

manner to prevent overharvest; it was restricted both spatially and temporally and total of 

100 permits were issued to Alaska residents only (Brase 2009). Harvest limits were set at 

ten whitefishes per permit, for a total allowable harvest of 1,000 fishes (Brase 2009). In 

2008 and 2009, a total of 200 permits were issued with ten fishes per permit, for a total 

allowable harvest of 2,000 whitefishes (Brase 2009). Because the fishery was reopened, 

a current stock assessment was conducted in 2008 that indicated that humpback whitefish 

had recovered to historic levels; however, least cisco had not shown significant 

improvement from previous estimates (Edenfield 2009; K. Wuttig, ADFG, personal 

communication).

The spear fishery was reopened in 2007, and there became a clear need to have 

current knowledge on the fall spawning movements and the distribution of spawning 

areas, and an analysis of reproductive biology attributes for these fishes. The last 

description of the distribution of spawning areas and fall movements were from 1974 and 

1996, respectively (Townsend and Kepler 1974; Fleming 1996), while the last 

investigation of reproductive biology of these fishes occurred in 1988 (Clark and Bernard 

1992). Current information is needed to ensure the proper management of this resource.
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My study examined the life history and reproductive biology of humpback 

whitefish and least cisco in the Minto Flats-Chatanika River complex. In addition to 

increasing our understanding of the life history and biology of whitefish, this information 

will allow managers of the personal-use spear fishery to evaluate the spatial and temporal 

restrictions currently in place. My current study provided parameters needed for certain 

population simulation models used to evaluate various management strategies for 

maximizing yield while maintaining the sustainability of humpback whitefish and least 

cisco stocks (Edenfield 2009).

Chapter 1 describes the spawning movements and identifies two current putative 

spawning areas for humpback whitefish in the Mint Flats-Chatanika River complex. I 

hypothesized that movement patterns would be similar to those observed for other 

coregonid populations in Alaska and that the distribution of putative spawning areas 

would be similar to previous studies conducted on the Chatanika River. With the overall 

lack of current life-history information for this species, the data presented in this chapter 

provides managers with the information needed to make more informed decisions 

regarding the spear fishery and increases our knowledge of the habits of this whitefish 

species in Alaska.

Chapter 2 assesses the reproductive biology of humpback whitefish and least 

cisco in the Minto Flats-Chatanika River complex. Absolute fecundity, relative 

fecundity, relative egg size, and gonadosomatic index (GSI) were examined in this 

chapter. These data provided parameters for Chatanika River humpback whitefish and 

least cisco population simulation models used to evaluate harvest effects on population
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sustainability. In addition, this information may allow for future comparisons to evaluate

population-level responses to harvest and management decisions.
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Chapter 1: Spawning movements of humpback whitefish in the Chatanika River 

Abstract

My study was conducted to describe the spawning movements and identify 

putative spawning areas for humpback whitefish Coregonuspidschian in the Minto Flats- 

Chatanika River complex, Alaska, during 2008 and 2009. Radio transmitters were 

surgically implanted in humpback whitefish in 2008 (n = 60) and 2009 (n = 100), and fish 

positions were determined through a combination of boat and aerial surveys and fixed- 

receiving stations. Two putative spawning areas were identified: one in the Chatanika 

River downstream of the Elliot Highway Bridge and the other in the Tanana River near 

Fairbanks. Humpback whitefish dispersed from the wetland complex of Minto Flats in 

June, moved upstream through late August, arrived on the putative spawning areas in 

early September, and began moving downstream in early October. Fish movements 

recorded by tracking stations in the Chatanika River showed that fish tended to move 

nocturnally, whereas diel fish movements in the Tolovona River were not discernable. In 

2009, spatially segregated movements were observed when approximately 40% of the 

radio-tagged humpback whitefish moved to the Tanana River, suggesting that the 

humpback whitefish in Minto Flats are comprised of multiple spawning components. 

These results provide a more complete account of movements and associated habitats of 

these fish, which will allow for better informed management strategies in the future.
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Introduction

Humpback whitefish Coregonus pidschian is a common coregonid in the interior 

of Alaska, and is distributed throughout many of the river drainages of the Beaufort, 

Chukchi, and Bering seas (Bean 1884; McPhail and Lindsey 1970; Alt 1979). It is also 

found in several river systems south of the Alaska Range, including the Copper and 

Susitna rivers (Alt 1979, 1980). Whitefishes are important for many northern 

communities where they are harvested in commercial, sport, personal-use, and 

subsistence fisheries (Alt and Kogl 1973; Alt 1979; Hallberg and Bingham 1994; 

Andersen et al. 2004; Woody and Young 2006; Brown et al. 2007). Despite the 

utilization of these fishes, very little is known about their life history (Reist and Bond 

1988; Fleming 1996). Management of whitefishes can be complicated by their ability to 

exhibit a considerable degree of variation in life-history characteristics and by an overall 

lack of information regarding movement patterns and critical habitat areas for many 

important stocks (Alt 1979, 1980; Reist and Bond 1988; Fleming 1996; Brown et al.

2002; Woody and Young 2006).

The lack of information on coregonid life history throughout their northern range 

has led to several studies that have examined the movement patterns and identified 

important habitat areas (e.g., Fleming 1996; Brown 2000; Howland et al. 2000; Brown et 

al. 2002; Harris and Howland 2005; Brown 2006; Woody and Young 2006; R. Brown, 

USFWS, personal communication). Prompted by concerns over possible declines in 

whitefish abundance, Brown et al. (2002) and Brown (2006) showed the timing and 

extent of summer and fall movements (including spawning movements) and identified
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areas of the river used for spawning and wintering for humpback whitefish in the Tanana 

River, Alaska. Similarly, declines in the subsistence harvest of humpback whitefish in 

Kvichak River watershed, Alaska, led to a radio-telemetry survey aimed at describing the 

seasonal movements and habitat use within this system (Woody and Young 2006).

Harris and Howland (2005) identified a lacustrine (lake dwelling) form of broad 

whitefish Coregonus nasus and located critical habitat areas for this species to begin to 

address concerns over potential industrial development in the Mackenzie River Valley, 

Northwest Territories. The types of information collected in these studies are important 

for the protection of essential habitat areas and to allow for monitoring of potential 

changes in fish behavior in response to industrial development and harvest.

Although several studies have examined the movements and habitats of 

whitefishes in the interior of Alaska, the movement patterns and the locations of 

important habitats of humpback whitefish and least cisco Coregonus sardinella in the 

Minto Flats-Chatanika River complex remain largely unknown (Kepler 1973; Townsend 

and Kepler 1974; Fleming 1996; Brown et al. 2002; Brown 2006, R. Brown, USFWS, 

personal communication). Net surveys (Kepler 1973; Townsend and Kepler 1974) and a 

radio-telemetry study (Fleming 1996) have indicated that humpback whitefish were 

present in the wetland complex of Minto Flats in late spring, they dispersed from Minto 

Flats into the Chatanika River and began moving upstream in the summer, and that fish 

were present on putative spawning areas in the Chatanika River by September. This 

information provides a coarse description of seasonal movement patterns and putative 

spawning areas for humpback whitefish in the Chatanika River; however, detailed
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descriptions of humpback whitefish dispersal patterns are unavailable despite the fact that 

they are targeted by a personal-use fishery.

In the 1970s, a spear fishery for humpback whitefish and least cisco in the 

Chatanika River became popular and harvest of whitefish increased through the 1980s 

(Mills 1979; Mills 1987). In response to high harvests in the fishery, the Alaska 

Department of Fish and Game (ADFG) initiated yearly abundance estimates (Hallberg 

and Holmes 1987). These surveys indicated declining numbers of humpback whitefish 

and least cisco, and the fishery was closed from 1990 to 1991 and from 1994 to 2007 

(Fleming 1994, 1996, 1997, 1999). The spear fishery opened again in 2007, even though 

many unanswered questions relating to the life history of whitefish in this system remain.

The reopening of the spear fishery led the ADFG to identify the need to have 

current, and more refined information on dispersal patterns relative to spawning for 

humpback whitefish in the Chatanika River (K. Wuttig, ADFG, personal 

communication). The objectives of my research were to: (1) describe the spawning 

movements of humpback whitefish in the Minto Flats-Chatanika River complex; and (2) 

identify the putative spawning areas for humpback whitefish in the Minto Flats- 

Chatanika River complex. These data will increase our understanding of the life history 

characteristics of humpback whitefish, and will give the managers of the spear fishery 

information about spawning movements and locations of putative spawning areas to aid 

in the development of suitable management plans.
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Study Site

The Chatanika River begins in the White Mountains northeast of Fairbanks, runs 

southwest, and drains a portion of the Minto Flats complex, which is a large river- 

wetland complex covering approximately 2,023 km located 56 km north of Fairbanks 

(Figures 1.1 and 1.2). The river flows 275 km from its headwaters to where it joins the 

Tolovana River near the village of Minto. The upper four-fifths of the river are typical of 

a rapid runoff, upland stream with pool, riffle, run sequences, gravel bars, and substrates 

composed mainly of cobble and gravel. Downstream, the river is comparatively slow and 

has an incised, stable channel with relatively high banks, with substrates dominated by 

sand and organic material. In addition to humpback whitefish and least cisco, the Minto 

Flats-Chatanika River complex supports northern pike Esox lucius, broad whitefish 

Coregnus nasus, Arctic grayling Thymallus arcticus, inconnu Stenodus leucichthys, 

round whitefish Prosopium cylindraceum, burbot Lota lota, longnose sucker Catostomus 

catostomus, slimy sculpin Cottus cognatus, lake chub Couesiusplumbeus, Alaska 

blackfish Dalliapectoralis, chum salmon Oncorhynchus keta, and Chinook salmon O. 

tshawytscha (Kepler 1973; Hallberg et al. 1986).

Methods

Fish capture

Humpback whitefish were captured between June and August 2008 from the 

Chatanika River between the Murphy Dome Access Road and Shovel Creek (Figures 1.1 

and 1.2). This area was sampled to increase the likelihood that captured fish were mature
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and would be spawning in the fall (Kepler 1973; Townsend and Kepler 1974; Alt 1987;

A. Townsend, ADF&G, personal communication). Fish were captured using single-mesh 

monofilament gill nets (4-cm stretch mesh; 15 m long and 2.5 m deep) and variable-mesh 

multifilament experimental mesh gill nets (three 7.5-m panels with 30-, 51-, 76-mm 

stretch mesh, 22.5 m long, and 2.5 m deep), hoop nets (1 m diameter hoops covered with 

2.5-cm mesh, and two 15-m leads), and fyke nets (two rectangular frames 1.2 m high x 

2.0 m long covered with 38.1-mm mesh, and a single 7.6-m lead; Brown et. al. 2002; 

Brown 2006). Gill nets were deployed perpendicular to the bank and monitored 

continuously. When a fish was observed striking the net, it was immediately removed to 

limit stress and mortality. Hoop and fyke nets were fished in suitable habitat types (e.g., 

cutbanks, entrances to sloughs, pools, and riffles) and were checked every eight hours.

In 2009, humpback whitefish were captured in early June in the Minto Flats- 

Chatanika River complex. Sampling efforts were focused near the Village of Minto and 

the Minto Lakes region of Minto Flats in order to obtain a more representative sample of 

humpback whitefish within the complex (Figure 1.1). Sampling gears and procedures for 

capturing fish remained the same as those used in 2008.

Transmitters

In 2008 and 2009, 265-d, coded radio transmitters (Model F1835; 17 mm wide 

and 44 mm long, 14 g in air; Advanced Telemetry Systems, Inc, Isanti, Minnesota) were 

surgically implanted into humpback whitefish. All transmitters operated in the 149-MHz 

frequency range. Transmitters were programmed to transmit continuously from 

activation at 55 pulses per minute (ppm) for the life of the transmitter.
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Surgical procedure

In 2008, 60 humpback whitefish were surgically implanted with radio 

transmitters. Six transmitters were deployed between 19 June and 29 July, and the 

remaining 54 transmitters were deployed over an 8-d period between 5 and 14 August. 

Between 29 May and 7 June, 100 humpback whitefish were surgically implanted with 

radio transmitters in the two sampling areas within Minto Flats.

Upon capture, fish were measured for fork length (FL) to the nearest 1 mm, 

placed in an aerated holding tub full of water, and examined for physical injury and stress 

(e.g., erratic swimming, pale fins resulting from retraction of blood to the base of pelvic, 

pectoral, and caudal fins, excessive subcutaneous bleeding, cloudy retinas; Underwood et 

al. 1998). Only uninjured humpback whitefish larger than 360 mm were considered for 

tagging because at approximately this size fish first become mature (Alt 1979; Clark and 

Bernard 1992; Fleming 1996; Underwood et al. 1998; Howland et al. 2000; Underwood 

2000). This was done to help eliminate potential bias associated with tagging immature 

individuals. No transmitters were implanted when water temperatures exceeded 16°C 

due to the potential for high mortality rates (Morris et al. 2000). Prior to all surgical 

procedures, fresh sterile gloves were used and all non-disposable instruments were 

disinfected with chlorhexidine and rinsed thoroughly with a sterile saline solution.

For surgery, fish were transferred to a 113-L holding tub containing an anesthetic 

solution (20-30 mg/L clove oil; Anderson et. al. 1997; Prince and Powell 2000; Borski 

and Hodson 2003; Brown 2006). Fish were considered anesthetized when they lost 

equilibrium (e.g., the fish could not maintain an upright position) and when their
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opercular rate slowed below pre-anesthetic rates. Once anesthetized, the fish were placed 

ventral side up in a padded, v-shaped cradle and anesthetic solution was passed over their 

gills by way of a turkey baster. Two to four rows of scales were removed around the 

incision site, located just left of the ventral line to avoid cutting through highly 

vascularized muscle tissue (Winter 1996). A pair of rat-toothed tweezers was used to 

hold the skin and muscle tissue away from internal organs, and a disposable scalpel with 

a #20 blade was used to make the incision.

The incision was made just large enough to insert a radio transmitter 

(approximately 2 cm in length). The trailing whip antenna was passed through the body 

wall posterior to the pelvic fins using the modified shielded-needle technique (Ross and 

Kleiner 1982). A metal grooved director was inserted into the body cavity and a 14- 

gauge catheter needle was inserted just posterior to the pelvic fins. The grooved director 

allowed the needle to travel to the incision site while avoiding internal organs. The 

antenna was then threaded through the needle so that it exited the fish, and the needle and 

the grove director were removed in that order. The transmitter was then inserted into 

position within the fish’s peritoneal cavity with all slack pulled out of the antenna. The 

incision was closed with three to five, 3-0 polypropylene Promend™ sutures (Butler 

Animal Health Supply, Dublin, Ohio) tied in a simple interrupted pattern (Underwood et 

al. 1998; Morris et. al. 2000; Wagner and Cooke 2005). A thin layer of Vetbond™ 

(3M™, St. Paul, Minnesota) was applied to the sutures to help strengthen the knots 

(Underwood et al. 1998; Brown 2000; Morris et. al. 2000; Brown et. al. 2002; Wagner 

and Cooke 2005). After the first suture was placed, the ventilation water was then
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switched from the anesthetic solution to anesthetic-free water to decrease post-operative 

recovery time (Underwood et al. 1998; Brown 2000; Morris et. al. 2000; Brown et. al. 

2002; Wagner and Cooke 2005).

After surgery, fish were placed in a tote containing aerated fresh water, allowed to 

recover, and released when they could maintain body position and neutral buoyancy, and 

exhibited normal swimming behavior. To reduce the stress caused by handling, fish were 

not held for an extended period of time (Underwood et. al. 1998; Howland et. al. 2000; 

Brown et. al. 2002; Harris and Howland 2005; Brown 2006). All fish were released in 

areas of river with low water velocity at least 100 m from the site of capture to limit the 

likelihood of recapture.

Tracking and data collection

Fish positions were determined through a combination of boat and aerial surveys, 

and fixed-receiving stations (tracking stations). Boat-tracking surveys were conducted in 

an upstream direction from the Murphy Dome Access Road to approximately 20 km 

above the Elliot Highway Bridge, encompassing 116 km (Figure 1.2). In both study 

years, water levels in the Chatanika River dropped below a gauge height of 6 m at the 

Elliot Highway Bridge by mid September. Under these conditions, safely navigating the 

river was compromised and tracking surveys were restricted to running downstream from 

the Elliot Highway Bridge, covering approximately 70 km. In 2008, regular boat surveys 

were conducted weekly between 19 August and 15 September and three times a week 

from 16 September to 10 October. In 2009, boat surveys were conducted on 9 June,
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weekly from 18 August to 14 September, and at least once per week from 15 September 

to 15 October.

Two tracking stations operated continuously on the Chatanika River between June 

and October 2008. Tracking stations were located at the Trans-Alaska Pipeline crossing 

and near Shovel Creek (Figures 1.1 and 1.2). Three tracking stations operated 

continuously in the Minto Flats-Chatanika River complex between May and October 

2009. The two tracking stations on the Chatanika River remained in their 2008 locations, 

and the third tracking station was located on the Tolovona River approximately 400 m 

downstream of its confluence with the Chatanika River (Figures 1.1 and 1.2). This 

additional location was chosen to allow the detection of tagged fish emigrating from the 

Minto Flats-Chatanika River complex during the study period.

Three aerial surveys were flown in fall 2009 during the expected spawning time 

(Alt 1979). The first took place on 21 September and focused on the Minto Flats- 

Chatanika River complex to identify additional spawning areas in the complex outside of 

the Chatanika River. Surveys were also flown on 2 and 16 October over the Tanana 

River, covering 215 km between the confluences of the Tolovona and Salcha rivers. 

Survey aircraft flew at 200 to 500 m elevation at approximately 90 knots.

Transmitter signals were detected using a three-element yagi and omni-directional 

whip-antenna (Advanced Telemetry Systems, Inc). When a fish was detected, 

information on the date, time, frequency, channel code, signal strength, and the latitude 

and longitude was recorded with an ATS R4500C receiver (Advanced Telemetry 

Systems, Inc). The RF gain (a control used to adjust the sensitivity of the receiver) was
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maintained at a setting of five throughout all surveys to maintain consistency in the 

recorded signal strength.

Water temperature data from the Chatanika River was gathered from May to 

October in 2008 and 2009 using Tidbit® v2 temperature loggers (Onset Computer 

Corporation, Pocasset, Maryland). In 2008 and 2009, two temperature loggers were 

placed near the Elliot Highway Bridge. The temperature loggers were programmed to 

take one measurement every hour.

Data analyses

To analyze the fall movements of humpback whitefish, the latitude and longitude 

of the capture locations and subsequent relocations of each fish were plotted on a map of 

the Minto Flats-Chatanika River complex using ArcMap 9.3 (Environmental Systems 

Research Institute, Redlands, California). Fish locations, which were initially projected 

in Universal Transverse Mercator (UTM) zone 6 north, were transformed to the Alaska 

Albers Equal Area Conic projection. This was done in order that the coordinate system 

of fish locations would match the coordinate system of the base maps used in analyses. 

During boat-tracking surveys, it was determined that fish locations could be identified to 

within 100 m of the true location; therefore, movement was defined as a fish moving 

more than 100 m in either the upstream or downstream direction between successive 

relocations. Fish were classified as potential mortalities if movement from the capture 

location was not detected during the tracking period.

Humpback whitefish were divided into two categories: putative spawners and 

putative non-spawners. Putative spawners dispersed upstream from capture locations to
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areas of river that exhibited characteristic whitefish spawning habitat (as identified by the 

presence of swift current velocity, riffles, and gravel bars in the river; Alt 1979; Fleming 

1996; Brown 2006), or to areas previously identified as whitefish spawning areas (Kepler 

1973). Putative non-spawners did not disperse to these areas of river. Putative spawning 

areas were identified as the areas of river where the putative spawners ended their 

upstream dispersals.

Movements were described according to the following four, two-week periods in 

both 2008 and 2009: 15 to 31 August (late August), 31 August to 15 September (early 

September), 15 to 31 September (late September), and 31 September to 15 October (early 

October). These periods were chosen because not every fish was relocated at weekly 

intervals; however, most fish were relocated within each two-week period. The 

horizontal displacement of each fish was determined by measuring the distance (km) 

between the site of capture and the most distant relocation (Seitz 2006) following the 

center of the river channel (Daugherty and Sutton 2005). The total time at-liberty from 

capture to the most distant relocation was determined by counting the number of Julian 

days. The median dates of fish movements past each tracking station in 2008 and 2009 

were found to determine run timing in the Chatanika River. A chi-square test with Yates’ 

correction was used to compare the proportion of fish moving past tracking stations at 

night (1800 to 0600 hours) and during the day (0600 to 1800 hours) in the Chatanika and 

Tolovona rivers. A two-tailed t-test was used to compare the fork length of captured fish 

between 2008 and 2009, and to compare the fork length of captured fish between the two
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capture locations in 2009; this was done in order to identify any differences in the 

distribution of fish fork length between years.

Movement rates (km/d) were calculated for individual putative spawning fish for 

late August, early September, late September, and early October 2008 and 2009. The 

median movement rate and the 25th and 75th percentiles were estimated for each time 

period. A Kruskal-Wallis one-way analysis of variance was conducted to determine if 

there were significant differences in movement rates among the four time periods for 

both study years. When significant differences were found, a Dunn’s multiple 

comparison test was used to identify when the differences existed. Ordinary least- 

squares regression was used to determine if a relationship existed between FL and mean 

movement rate for individual fish. Ordinary least-squares regression was also used to 

determine if a relationship existed between median movement rates and the mean 

Chatanika River water temperature. Movement rates were not calculated for putative 

non-spawners because their relocations were too infrequent. All statistical analyses were 

conducted using SigmaStat Version 3.5 (Systat Software, Inc., Point Richmond, 

California) at an a = 0.05.

Results

The mean fork length of tagged humpback whitefish was 464 mm (SD = 27; 

range, 414-515 mm) in 2008 and 457 mm (SD = 26; range, 420-532 mm) in 2009.

There were no significant differences between the observed FL of fish captured in 2008 

and 2009 (t = 1.56, d.f. = 158, P = 0.12). Further, no significant differences were
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detected between the observed fork lengths of fish captured in the two sampling areas in 

2009 (t = -1.36, d.f. = 98, P = 0.17).

In 2008, 576 relocations of tagged humpback whitefish were made, and individual 

fish were relocated an average of 11 times (SD = 4). In 2008, boat surveys and tracking 

stations detected 98% (59 of 60) and 62% (37 of 60) of tagged humpback whitefish. In 

2009, 729 relocations of tagged humpback whitefish were made, and individual fish were 

relocated an average of eight times (SD = 6). In 2009, boat surveys, aerial surveys, and 

tracking stations detected 48% (48 of 100), 85% (85 of 100), and 80% (80 of 100) of 

tagged humpback whitefish. A lack of movement from the time of capture through the 

tracking period identified 12 humpback whitefish as possible mortalities in 2008 and 

seven in 2009. In 2009, three humpback whitefish were harvested in the fall spear 

fishery and one transmitter was recovered near a bald eagle Haliaeetus leucocephalus 

nest in Minto Flats.

Putative spawning areas

In 2008, 48 fish were determined to be alive and 39 individuals ended their 

upstream movements in putative spawning areas of the Chatanika River and were 

classified as putative spawners. The putative Chatanika River spawning area was located 

between the Elliot Highway Bridge and Any Creek (rkm 169 and 140, respectively), and 

encompassed approximately 30 km (Figure 1.3). The remaining nine fish ended their 

movements in areas not characteristic of whitefish spawning habitat and were classified 

as putative non-spawners.
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In 2009, 54 humpback whitefish dispersed into the Chatanika River and 39 

individuals ended their upstream movements within the same putative spawning area 

identified in 2008 (Figure 1.3) and were classified as putative spawners. The remaining 

15 fish, which ended their movements in areas of the Chatanika River not characteristic 

of whitefish spawning habitat, were classified as putative non-spawners. In addition, 25 

individuals were observed in the Tanana River near Fairbanks, Alaska, between the 

confluence of the Chena and Tanana rivers and the confluence of the Salcha and Tanana 

rivers. This area contained characteristic whitefish spawning habitat and it was 

considered a putative spawning area (Alt 1979; Fleming 1996; Brown 2006; Figure 1.3).

Fall movements

In 2008, following capture, 48 radio-tagged humpback whitefish fish dispersed 

from the capture sites and, by late August, fish were distributed in the Chatanika River 

between the Murphy Dome Access Road and the Trans-Alaska Pipeline (Figure 1.4).

The mean water temperature in late August was 7°C (SD = 0.8°C; range, 5-8°C). 

Upstream movements continued through early September, at which point the tagged 

whitefish began to segregate into putative spawners (n = 39) and putative non-spawners 

(n = 9). Movements by the putative non-spawners were localized and restricted between 

the Murphy Dome Access Road and Murphy Creek, whereas the putative spawners began 

to congregate between Any Creek and the Elliot Highway Bridge (Figure 1.4). The mean 

water temperature in early September was 5°C (SD = 1; range, 3-7°C). By late 

September, upstream movement became less prevalent and the putative spawners 

congregated further into discrete areas of the Chatanika River between Any Creek and
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the Elliot Highway Bridge (Figure 1.4). The putative non-spawners were not tracked 

after 15 September due to low water conditions in the Chatanika River. The mean water 

temperature in late September was 3°C (SD = 0.8°C; range, 0.9-5°C). In early October, 

all upstream movements had ended and fish remained in the same areas of concentration 

as in late September (Figure 1.4). By the second week of October, downstream 

movements were observed from all radio-tagged humpback whitefish between Any Creek 

and the Elliot Highway Bridge. The mean water temperature in early October was 1°C 

(SD = 0.3°C; range, 0.8-2°C). No fish were detected above the Elliot Highway Bridge.

In early June 2009, humpback whitefish tagged in the Minto Lakes area had 

begun to enter the Chatanika River. No fish tagged near Minto were observed during this 

time in the Chatanika River. Between early June and early August, 61 tagged fish were 

distributed in the Minto Flats-Chatanika River complex between the tracking stations 

located on the Tolovona River and at the Trans-Alaska Pipeline. However, the exact fish 

locations were not determined. During late August, 54 tagged humpback whitefish were 

distributed in the Chatanika River between the Murphy Dome Access Road and the Elliot 

Highway Bridge, and upstream movement was observed by all relocated individuals 

(Figure 1.5). Nine of the 54 fish (17%) were captured in the tagging area near Minto and 

45 of the 54 fish (84%) were captured in the Minto Lakes area. The mean water 

temperature in late August was 8°C (SD = 0.7°C; range, 6-10°C). In early September, 

tagged whitefish began to segregate into putative spawners (n = 39) and putative non- 

spawners (n = 15) and upstream movement slowed (Figure 1.5). The mean water 

temperature in early September was 6°C (SD = 0.6°C; range, 4-8°C). By late September,
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upstream movement had nearly ceased. At this time, the putative spawners were 

concentrated in the area of river between Any Creek and the Elliot Highway Bridge, and 

the putative non-spawners were distributed downstream of Murphy Creek (Figure 1.5). 

The mean water temperature in late September was 4°C (SD = 1°C; range, 2-7°C). Fish 

distributions in early October were similar to those observed in late September.

However, by the second week of October, downstream movements were observed by all 

individual humpback whitefish (Figure 1.5). The mean water temperature in early 

October was 3°C (SD = 0.4°C; range, 1-4°C). No tagged whitefish were detected above 

the Elliot Highway Bridge or in any other tributary of the Minto Flats-Chatanika 

complex.

Data collected by the Tolovona River tracking station indicated that 78% (39 of 

50) of the humpback whitefish tagged near Minto left the Minto Flats-Chatanika River 

complex. Two aerial surveys conducted over the Tanana River in early October detected 

77% (30 of 39) of the humpback whitefish that were recorded leaving the complex.

These fish were distributed in the Tanana River between the confluences of the Tolovona 

and Salcha rivers. A concentration of tagged fish (25 individuals) was observed in the 

Tanana River near Fairbanks, Alaska, between the confluence of the Chena and Tanana 

rivers and the confluence of the Salcha and Tanana rivers. Nine of the 39 tagged 

whitefish recorded leaving the Minto Flats-Chatanika River complex were never 

relocated. No fish tagged in the Minto Lakes area were detected leaving the Minto Flats- 

Chatanika River complex.
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During 2008, putative spawning humpback whitefish showed an average 

horizontal displacement of 62 km in the Chatanika River (SD = 9; range, 46-91 km; n = 

39; Figure 1.6) and were at-liberty for an average of 68 d (SD = 12; range, 48-93 d; n = 

39) from capture to their most upstream location. Conversely, in 2008, the putative non

spawning humpback whitefish showed an average horizontal displacement of 13 km in 

the Chatanika River (SD = 11; range, 3-41 km; n = 9) and were at-liberty for an average 

of 17 d (SD = 11; range, 6-34 d; n = 9) from capture to their most distant location.

During 2009, putative spawning humpback whitefish exhibited an average horizontal 

displacement of 127 km in the Chatanika River (SD = 22; range, 101-184 km; n = 39; 

Figure 1.6), and were at-liberty for an average of 110 d (SD = 12; range, 78-127 d; n = 

39) from capture to their most upstream location. The putative non-spawners in 2009 

exhibited an average horizontal displacement of 63 km in the Chatanika River (SD = 19, 

range, 19-88 km; n = 15), and were at-liberty for an average of 75 d (SD = 37; range, 8

115 d; n = 15) from capture to their most distant location. Fish that dispersed out of the 

Minto Flats-Chatanika River complex in 2009 showed an average horizontal 

displacement of 294 km (SD = 48; range, 168-346 km; n = 30; Figure 1.6). With only a 

maximum of two relocations per fish in the Tanana River, the numbers of days at-liberty 

were not determined.

In 2008, the median dates of upstream movement past the Shovel Creek and the 

Trans-Alaska Pipeline tracking stations were 29 August (range, 11 August-18 

September) and 9 September (range, 27 August-25 September), respectively. In 2009, 

the median dates of upstream movement past the Tolovona River, Shovel Creek, and the
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Trans-Alaska Pipeline tracking stations were 19 June (range, 1 June-10 July), 21 June 

(range, 14 June-18 September), and 24 August (range, 2 August-20 September), 

respectively. Seventy-eight percent of relocations made by the Chatanika River tracking 

stations in 2008 and 2009 occurred at night, whereas relocations made by the Tolovona 

tracking station in 2009 showed that 44% of relocations occurred at night (Figure 1.7). 

The proportions of fish passing the tracking stations by night and day differed 

significantly in the Chatanika River (x = 23, df = 1, P < 0.001), but not in the Tolovona 

River (x2 = 0.4, df = 1, P = 0.5).

Movement rates

In 2008, the movement rates in early September were significantly greater than in 

all other time periods (H = 57.23; df = 3; P < 0.001; Table 1.1; Figure 1.8). In 2009, the 

movement rates in early August were significantly greater than movement rates in early 

September and early October, but differences with late September were not significant (H 

= 19.44; df = 3; P < 0.001; Table 1.1; Figure 1.8). There were no relationships between 

the FL and the average movement rate of putative spawning fish in 2008 (r = 0.01, P = 

0.4, n = 39) or 2009 (r2 = 0.02, P = 0.4, n = 39). In addition, there was no relationship 

between median movement rates of putative spawners from late August, early September, 

late September, and early October and the mean water temperature in the Chatanika River 

during these time periods in 2008 and 2009 (r2 = 0.08, P = 0.5, n = 8).
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Discussion

The movements of humpback whitefish within the Minto Flats-Chatanika River 

complex observed during my study corroborate previous research in this system 

(Townsend and Kepler 1973; Kepler 1974; Fleming 1996). Earlier studies reported 

large-scale movements of humpback whitefish from Minto Flats into the Chatanika River 

from late spring through winter and provided a description of the distribution of 

spawning areas (Kepler 1973; Townsend and Kepler 1974; Fleming 1996). The 

movement data from my study supports these findings and adds to our understanding of 

humpback whitefish movements by documenting diel movement trends, two putative 

spawning areas, and the putative presence of more than one spawning component in the 

population.

The addition of my movement data to the information collected in previous 

studies provides a more complete account of the seasonal movement patterns of 

humpback whitefish within the Minto Flats-Chatanika River complex (Kepler 1973; 

Townsend and Kepler 1974; Fleming 1996). Humpback whitefish are present in the lake 

complex of Minto Flats after ice out in mid May. Fish exit the lake complex in early 

June and enter the Chatanika River to begin their dispersal toward upstream spawning 

areas. Fish disperse upstream in the Chatanika River throughout the summer and arrive 

on spawning areas near the Elliot Highway Bridge by early September. Spawning is 

believed to take place in late September and early October, and is followed by 

downstream movements toward overwintering areas beginning in early October. In 

addition to fish that disperse into the Chatanika River, some humpback whitefish
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emigrate from Minto Flats and disperse into the Tanana River. These fish exit the lake 

complex of Minto Flats in early June and are present at putative spawning areas in the 

Tanana River in early October. My study represents the first documented account of this 

behavior in the Minto Flats-Chatanika River complex.

The dispersal of humpback whitefish reported in my study is similar to the 

movement patterns of other populations of coregonids found at northern latitudes (Reist 

and Bond 1988; Howland et al. 2000; Brown et al. 2002; Harris and Howland 2005; 

Brown 2006; Harper et al. 2007; R. Brown, USFWS, personal communication). 

Whitefishes from the lower Mackenzie River, Northwest Territories, Canada (Reist and 

Bond 1988), Travaillant Lake system, Northwest Territories Canada (Harris and Howland

2005), and the upper Tanana River, Alaska (Brown et al. 2002; Brown 2006), exhibit 

spawning dispersals from feeding areas to spawning areas beginning in early summer. 

Fish arrive at or near spawning areas by late August, spawning occurs from late 

September to early October, and downstream movements follow spawning activity. The 

parallels between these results and my study could indicate that these populations of 

coregonids are subject to similar factors that serve to influence the movement patterns of 

these fishes (i.e., costs and benefits to migration, geologic history, and climate; 

Bernatchez and Dodson 1987; Dodson 1997; Northcote 1997; Tallman et al. 2002).

The observed movements of humpback whitefish within the Minto Flats- 

Chatanika River provide evidence of complex dispersals to putative spawning areas.

These movements have likely been shaped by the tradeoffs between the costs of 

movement and the benefits associated with seeking out habitats that optimize growth,
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reproduction, and survival (Gross 1987; Northcote 1997; Tallman et al. 2002). For 

example, the energy expended during the long-distance dispersal from summer feeding 

areas in Minto Flats to spawning areas in the Chatanika and Tanana rivers must be 

outweighed by the benefits conferred to growth (by feeding in Minto Flats) and 

reproductive success (by spawning in specific areas of the respective rivers; Gross et al. 

1988). The balancing of these costs and benefits should serve to maximize the fitness of 

these fish by increasing growth, survival, and fecundity (Bernatchez and Dodson 1987; 

Lambert and Dodson 1990; Dodson 1997). Gross (1987) noted that migratory fishes that 

depend on the integrity of multiple habitats may have life-history strategies that are more 

susceptible to habitat perturbations, and that the degradation of any one habitat may 

prevent successful reproduction. Because the fitness of humpback whitefish in the Minto 

Flats-Chatanika River complex is dependant, in part, on multiple critical habitats (i.e., 

feeding, spawning, and overwintering) and movement corridors, efforts should continue 

to protect known critical habitats and to identify new areas to ensure the long-term 

survival of these fish (Gross 1987; Dodson 1997; Moyle and Cech 2004).

My study provides evidence of a putative spawning area in the Chatanika River 

which is used by Minto Flats humpback whitefish. Whitefishes are known to spawn in 

areas that are characterized by swift velocity and gravel substrates and when water 

temperatures range from 0 to 3°C (Alt 1979; Fleming 1996; Brown 2000; Brown et al. 

2002; Harris and Howland 2005; Brown 2006). The putative spawning areas area of the 

Chatanika River contains swift current, gravel substrates, and water temperatures ranging 

from 0.8 to 7°C in late fall. Fish sampling conducted in this area in late September
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confirmed that humpback whitefish present in these areas were in spawning condition 

with running milt and eggs (A. Dupuis, personal observation). In addition, suspected 

spawning behavior (i.e., fish splashing and jumping out of the water; Alt 1980) was 

observed at night in this area during both years. These findings are consistent with 

previous research (e.g., Kepler 1973; Townsend and Kepler 1974) that showed that this 

area of the Chatanika River is used by humpback whitefish for spawning.

The current extent of the spawning area in the Chatanika River appears to be 

different relative to historic reports (Kepler 1973; Townsend and Kepler 1974; Fleming 

1996; A. Townsend, ADFG, personal communication). Kepler (1973) observed that the 

humpback whitefish spawning area in the Chatanika River encompassed approximately 

42 km and extended 12 km above and 30 km below the Elliot Highway Bridge to Any 

Creek. In contrast, my study suggests that the current spawning area in the Chatanika 

River encompasses approximately 25 km immediately downstream of the Elliot Highway 

Bridge. These results indicate that the spawning area in the Chatanika River could have 

decreased in size by approximately 12 km, and that spawning no longer takes place 

upstream of the Elliot Highway Bridge. Although I recorded no radio-tagged humpback 

whitefish above the bridge, efforts were not made to sample fish above the Elliot 

Highway Bridge. As a result, it is possible that a component of the humpback whitefish 

population still spawns in this area of river.

In the Chatanika River, humpback whitefish were observed using the same 

putative spawning areas in both 2008 and 2009. Fidelity to spawning sites has been well 

documented for salmonids and other fishes (e.g., Quinn et al. 1999; Miller et al. 2001;
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Moyle and Cech 2004; Waters and Noble 2004; Quinn 2005). Further, whitefishes have 

also been shown to exhibit fidelity to spawning areas (Walker et al. 1993; Anras et al. 

1999; Underwood 2000; Brown 2006). For example, lake whitefish tagged on spawning 

areas in Grand Traverse Bay, Lake Michigan, were recaptured over the same spawning 

areas the year following capture (Walker et al. 1993). Humpback whitefish have returned 

to the same spawning areas over several years in the upper Tanana River, Alaska (Brown

2006). In the Chatanika River, humpback whitefish have been recaptured from the same 

areas during consecutive year stock assessments conducted by the ADFG (Fleming 

1996). I also observed humpback whitefish concentrated within the same putative 

spawning area in the Chatanika River during both years of study, which I believe 

provides additional evidence to suggest fidelity to putative spawning areas. However, 

because the battery life of my transmitters did not allow for the tracking of individual fish 

through both years of study, I cannot conclusively say that these fish exhibited fidelity to 

spawning areas.

This study also provides evidence of the existence of a second putative spawning 

area in the Tanana River (near Fairbanks) used by humpback whitefish that feed in Minto 

Flats. The putative spawning area of the Tanana River contained swift current and gravel 

substrates. Fall sampling revealed that fish in this area were in spawning condition with 

running milt and eggs (K. Wuttig, ADFG, unpublished data). This section of river should 

be classified as a putative spawning area. Because not all (23%) of the humpback 

whitefish recorded leaving Minto Flats were accounted for, I believe that other spawning 

areas used by Minto Flats humpback whitefish may exist within the Tanana River system.

35



However, the missing fish could have been putative non-spawners and therefore would 

not have traveled to spawning areas.

It is possible that humpback whitefish present in Minto Flats during late spring 

and early summer are composed of at least two spawning components, as indicated by 

spatially segregated dispersals and putative spawning areas in the Chatanika and Tanana 

rivers. Evidence to suggest the existence of multiple spawning components has been 

given for several populations of coregonids (Walker et al. 1993; Harris and Howland 

2005; Brown et al. 2002; Brown 2006; R. Brown, USFWS, personal communication).

For example, spatially segregated dispersals and spawning areas have been observed for 

lake whitefish in Lake Michigan and humpback whitefish in the Selawik and Tanana 

rivers, Alaska (Walker et al. 1993; Brown et al. 2002; Brown 2006; R. Brown, USFWS, 

personal communication). Multiple spawning components within a population increase 

the diversity of spatial and temporal separation of spawning activity, which could render 

the population more resilient to stock and recruitment failure (Begg et al. 1999). If 

multiple spawning components do exist for humpback whitefish in the Minto Flats- 

Chatanika River complex, they could play an important role in the productivity, 

resiliency, and diversity of this population (Altukhov 1981; Ricker 1981; Begg et al. 

1999).

The identification of spawning stocks is important for fisheries management 

(Begg et al. 1999; Secor 1999; Stephenson 1999). Reductions in the spatial distribution 

of spawning areas for Atlantic salmon Salmo salar, Atlantic herring Clupea harengus, 

and Atlantic cod Gadus morhua have been observed (Sinclair 1988; Sinclair and Iles
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1988; Parrish et al. 1998; Stephenson 1997; Hunt von Herbing et al. 1998). Stephenson 

(1997) suggested that this could have been the result of management activities treating 

these as simple populations when in fact they were complex and contained multiple 

stocks, some of which might have been more vulnerable to overfishing. Many stock- 

assessment models assume a closed population and homogenous life-history 

characteristics; misleading results could be produced if only a single component of a 

complex population is modeled when a simple, closed population is assumed (Begg et al. 

1999). As my data suggest, there are at least two spawning components present in the 

Minto Flats-Chatanika River complex humpback whitefish population. However, the 

relatedness of these two components is unclear. Until the relationship between these two 

components is determined, the potential for this population to have a complex structure 

should be considered in future management decisions in order to avoid the erosion of 

individual spawning components, which could have unknown ecological consequences 

(Stephenson 1999).

Movement data from my study show some evidence of inter-annual variation in 

run timing in the Chatanika River as the median dates of fish passage past the tracking 

stations were earlier in 2009 than 2009. Temporal differences in the timing of emigration 

have been observed in other whitefishes, such as for humpback whitefish in Whitefish 

Lake, Alaska (Harper et al. 2007). It was suggested that differences in emigration timing 

could be caused by a need for additional forage time to restore depleted lipid reserves 

(Harper et al. 2007). An alternative explanation for my observation in that Chatanika 

River is that, in 2008, fish were captured in early August and it is possible that these fish
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represented the end of the spawning dispersal, which could account for the later median 

dates of movement past the tracking stations. However, because variation in run timing 

is documented for other populations of humpback whitefish in Alaska, I believe that a 

thorough understanding of the temporal variation in run timing of humpback whitefish in 

the Chatanika River, as determined through long-term monitoring of fish movements, 

would benefit future research and management in this system.

Fish movements in the Chatanika River tended to be nocturnal, whereas no 

significant patterns were identified for fish movements in the Tolovona River. Several 

possible causes for these observations could exist as light intensity, water temperature, 

food availability, competition, and predation risk have all been shown to influence diel 

patterns in fish movement (Anras et al. 1999; Reeb 2003; Zomora and Amich 2002; 

Muhlfeld et al. 2003). An intuitive, but hard to prove impetus for nocturnal movements, 

is the avoidance of visually oriented predators (Reeb 2003). In addition, some fishes are 

also capable of switching between diurnal and nocturnal activity patterns throughout the 

year (Reebs 2002). If this is true for humpback whitefish in this system, it is possible that 

fish detected in the Tolovona River were transitioning between diurnal and nocturnal 

movements, which could explain the lack of identifiable diel movement patterns.

Because humpback whitefish in the Chatanika River tend to move at night, as my data 

suggest, future investigations which rely on passive fish capture techniques should focus 

sampling effort at night when the fish appear to be more active.

It is possible that some of the putative non-spawning humpback whitefish were 

incorrectly classified. The criteria for putative non-spawning fish were that fish end their
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upstream movements in areas that were either not characteristic of whitefish spawning 

habitat or not historically known to support humpback whitefish spawning. In both years 

of my study the putative non-spawning humpback whitefish were distributed in the 

Chatanika River between Murphy Creek and the Murphy Dome Access Road. This area 

is not considered a historic whitefish spawning area, and contains little suitable spawning 

habitat. However, suitable spawning habitat does exist in sections of river between 

Shovel Creek and the Murphy Dome Access Road, and it is possible that spawning does 

occur in this area. Efforts have not been made to confirm spawning activity by 

humpback whitefish in this area and because of this I believe that spawning should be 

investigated in this section of the Chatanika River.

There are several problems common to radio-telemetry surveys that could have 

affected the observations made in my study. A key assumption of biotelemetry is that 

tagged fish behavior, survival, performance, and health are not affected by radio 

transmitters. Researchers have cautioned that fish movements observed within three 

weeks of surgery should be viewed cautiously because of possible effects from the 

surgeries (Swanberg et al. 1999; Schmetterling 2001). Movement data in 2008 was 

collected just one week following surgery; therefore, it is possible that observed 

movement rates could have been influenced by the surgical process, thereby accounting 

for differences in observed movement rates between 2008 and 2009. Also, water 

temperatures have been shown to be important to the survival of radio-tagged broad 

whitefish immediately following tagging, with mortality rates reaching 50% when water 

temperatures approach 16°C (Morris et al. 2000). Some of the whitefish were tagged
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when water temperatures were between 15 and 16°C. Although all radio-tagged fish 

survived the surgery and were successfully released, delayed mortality could have 

occurred from peritoneal infection made worse by these higher temperatures, thereby 

accounting for some of the potential mortalities (Walsh 2000). In addition, predation has 

been shown to increase significantly for fish implanted with transmitters by altering 

swimming performance (Adams 1998). The predation of tagged humpback whitefish 

was confirmed once when a transmitter was recovered beneath a bald eagle nest. 

Predation of radio-tagged individuals by predatory fishes in the Minto Flats-Chatanika 

River complex could have occurred and would be nearly impossible to detect. This could 

have resulted in the tracking of non-target fishes. However, I believe that any deleterious 

effects from these factors on observed movements and mortality rates were nominal, as 

the results of my study are comparable to similar research (Brown et al. 2002; Brown 

2006; R. Brown, USFWS, personal communication).

My study results described the putative spawning dispersals, spawning areas in 

the Chatanika and Tanana rivers, and provided evidence to suggest the potential existence 

of at least two spawning components of humpback whitefish in the Minto Flats- 

Chatanika River complex. I believe that information provided on the existence of a new 

putative spawning area and the possibility of multiple spawning components should be 

considered in future management decisions in this system. While my results have 

increased our understanding of these fish and provided managers with additional 

information, there are many facets of humpback whitefish life history that remain 

unknown. As a result, I recommend that future studies conducted on Minto Flats-
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Chatanika River whitefishes include investigations of the extent of complexity within the 

population structure, the movement patterns of the fish that disperse to the Tanana River, 

exploring early life-history characteristics, identifying additional spawning areas, and 

determination of the extent of winter and early spring movements. This information 

would provide a more complete account of the life history of humpback whitefish, which 

would ultimately allow for the development of better informed management strategies.
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Figure 1.1. Map of the Minto Flats-Chatanika River complex near Fairbanks, Alaska. The shaded area indicates the capture 
area in the Chatanika River in 2008. The dark circles represent the two capture areas in 2009: (A) the Minto Lakes region of 
Minto Flats; and (B) the area near the Village of Minto. The dark squares indicate the location of fixed-receiving stations.
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Figure 1.2. Map of the Chatanika River from the Elliot Highway Bridge to the Murphy Dome Road access near Fairbanks, 
Alaska. The shaded area indicates the general area of capture in the Chatanika River in 2008. The dark squares indicate the 
locations of fixed-receiving stations. 53



Figure 1.3. Map of the Minto Flats-Chatanika River complex and a portion of the Tanana River near Fairbanks, Alaska. 
Shaded areas represent putative spawning areas of humpback whitefish in (A) the Chatanika River in 2008 and 2009 and (B) 
the Tanana River in 2009.
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Figure 1.4. Frequency distribution, by river kilometer (rkm), of relocations of radio
tagged humpback whitefish recorded from early August to early October in the Chatanika 
River, Alaska, in 2008. Dashed lines indicate: (a) confluence with the Tolovona River; 
(b) Murphy Dome Road; (c) Shovel Creek; (d) Murphy Creek; (e) Any Creek; and (f) 
Elliot Highway. The Chatanika River flows downstream from right to left.
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tagged humpback whitefish recorded from early August to early October in the Chatanika 
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(b) Murphy Dome Road; (c) Shovel Creek; (d) Murphy Creek; (e) Any Creek; and (f) 
Elliot Highway. The Chatanika River flows downstream from right to left.
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Table 1.1. Median movement rates (km/d) for putative spawning humpback whitefish 
from late August to Early October in the Chatanika River, 2008 and 2009.

Percentiles (km/d)
Time Median (km/d) 25th 75th Range (km/d)
2008

Late August 0.43 0.13 1.13 0-5.13
Early September 2.3 1.73 2.7 0.3-3.45
Late September 0.5 0.14 1.37 0-4
Early October 0.2 0 0.59 0-2.1

2009
Late August 0.92 0.33 1.17 0-4
Early September 0.23 0.08 0.6 0-2.2
Late September 0.35 0.16 0.5 0-5.72
Early October 0.14 0 0.57 0-1



Chapter 2: Reproductive biology of humpback whitefish and least cisco of the Minto 

Flats-Chatanika River complex

Abstract

Humpback whitefish Coregonuspidschian and least cisco C. sardinella are two 

whitefishes found in Alaska that support subsistence and personal-use fisheries. An 

analysis of reproductive biology characteristics provides fishery managers with the tools 

needed for the science-based management of these fisheries. My study examined 

reproductive characteristics of humpback whitefish and least cisco captured in the 

Chatanika River, Alaska, from May through September 2008. Absolute fecundity, 

relative fecundity, gonadosomatic index (GSI), relative egg size, and age was examined 

for 195 humpback whitefish and 284 least cisco. Mean absolute fecundity was 45,000 

eggs • female-1 (range, 11,747-108,426 eggs • female-1) for humpback whitefish and 

41,780 eggs • female-1 (range, 13,785-77,513 eggs • female-1) for least cisco. Mean 

female GSI values from 25 August to 30 September were 18.3% (range, 0.53-31.9%) for 

humpback whitefish and 15.4% (range, 0.7-27.5%) for least cisco. Absolute fecundity 

was positively related to length and weight for both humpback whitefish and least cisco. 

Relative fecundity was positively related to both length and GSI, and inversely related to 

relative egg size for female humpback whitefish and least cisco. My results suggested 

that larger-bodied least cisco females and larger-bodied, moderately aged humpback 

whitefish females associated with higher gonadosomatic index values produce more and 

larger eggs per unit body weight than smaller females. These results increase our
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understanding of whitefish reproductive biology in the Chatanika River and provide 

parameters for population-simulation models.

Introduction

Humpback whitefish Coregonuspidschian and least cisco C. sardinella are 

coregonids common in the interior of Alaska, and both species are distributed throughout 

many of the drainages of the Beaufort, Chukchi, and Bering seas (Bean 1884; McPhail 

and Lindsey 1970; Alt 1979). Humpback whitefish are also found in several river 

systems south of the Alaska Range, including the Copper and Susitna rivers (Alt 1979, 

1980). Whitefishes are an important source of subsistence for many communities 

throughout Alaska, primarily for human and canine consumption (Alt and Kogl 1973; Alt 

1979; Hallberg and Bingham 1994; Andersen et al. 2004; Woody and Young 2006).

These fishes exhibit a significant degree of variation in life-history characteristics 

throughout their range, and many basic life-history questions remain unanswered (Reist 

and Bond 1988; Fleming 1996; Brown et al. 2002; Woody and Young 2006).

Information on fish reproductive biology is important for developing a better 

understanding of fish population dynamics and for developing stock assessment and 

population viability models (Nitschke et al. 2001; Kennedy et al. 2006). For example, 

Ebener et al. (2005) used fecundity information in order to predict recruitment for 

statistical catch-at-age models designed determine total allowable catches for the 

management of lake whitefish C. clupeaformis stocks in lakes Superior, Huron, and 

Michigan. Fecundity information was also used in deterministic age-based population 

dynamics models utilized by Bajer and Wildhaber (2007) to conduct a population
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viability analysis and to evaluate commercial fishing regulations for shovelnose sturgeon 

Scaphirhynchusplatoryncus and pallid sturgeon S. albus in the Lower Missouri River. 

They found that an increase in fecundity could improve the population growth rate and 

offset increases in mortality of sensitive age classes (Bajer and Wildhaber 2007). 

Similarly, Kennedy and Sutton (2007) used an age-structured population model to 

explore the effects of harvest and length restrictions on reproductive potential, biomass, 

yield, mean length-at-harvest, and abundance of female shovelnose sturgeon in the 

Wabash River, Indiana. These studies all relied on species- and site-specific reproductive 

biology parameters for conducting their analyses.

Several studies have examined the reproductive biology of humpback whitefish 

and least cisco in Alaska (e.g., Alt 1979, 1980; Clark and Bernard 1992; Fleming 1996; 

Brown et al. 2007; Moulton et al. 1997; Harper et al. 2007). Length and age-at-maturity 

have been estimated for humpback whitefish and least cisco in the Chatanika River, 

Alaska, based on size and age distributions of fish collected during fall spawning events 

(Alt 1979, 1980; Fleming 1996). The gonadosomatic index (GSI) has been used to 

evaluate the maturity status and spawning readiness of humpback whitefish and least 

cisco in the Yukon River and Whitefish Lake, Alaska (Brown et al. 2007; Harper et al. 

2007). Although studies have examined fecundity estimates for lake whitefish in North 

America, a closely related species to humpback whitefish (e.g., Kennedy 1953; Healy and 

Nicol 1974; Healy 1978; Healy and Dietz 1984), there are only four published 

investigations that have estimated fecundity for humpback whitefish and least cisco in the 

Chatanika River and the river drainages of Alaska’s North Slope (Mann 1974; Townsend
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and Kepler 1974; Clark and Bernard 1992; Moulton et al. 1997). The fecundity 

investigations conducted in Alaska were focused on populations of humpback whitefish 

and least cisco that were subject to fisheries, or were potentially at risk from natural 

resource development projects. For instance, fecundity was estimated for humpback 

whitefish and least cisco in the Chatanika River to predict potential egg deposition and to 

estimate fecundity-length relationships to better understand how stock dynamics and 

population sustainability might change in response to harvest from a popular spear 

fishery (Clark and Bernard 1992).

In 1970, a spear fishery opened for whitefish on the Chatanika River near 

Fairbanks, Alaska, that primarily targeted spawning humpback whitefish and least cisco. 

This fishery grew in popularity, with estimates of harvest increasing from 1,635 

whitefishes in 1977 to 25,074 whitefishes in 1987 (Mills 1979, 1987). In response to the 

rapid increase in harvest of whitefish, the Alaska Department of Fish and Game (ADFG) 

implemented stock assessments of Chatanika River whitefish in 1986 (Hallberg and 

Holmes 1987). Estimates of abundance indicated declining numbers of humpback 

whitefish and least cisco, and as a result, the fishery was closed to fishing from 1990 to 

1991 and 1994 to 2007. Stock assessments between 1994 and 1998 indicated that 

humpback whitefish and least cisco stocks were too low to reopen the fishery; however, 

the presence of younger and smaller individuals suggested a possible improvement in 

recruitment (Fleming 1999).

In 2007, the spear fishery was reopened in a more conservative manner that would 

ensure that harvests would be sustainable. It was restricted both spatially and temporally,
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with a total allowable harvest of 1,000 fish in 2007, and 2,000 fish in 2008 (Brase 2009). 

While, allowable harvests set by the ADFG were conservative, it remained unclear what 

levels of harvest the populations of humpback whitefish and least cisco could support 

while preserving long-term sustainability. Population simulation models were used by 

Edenfield (2009) to investigate the effects of harvest on adult population abundance, 

yield, and biomass for humpback whitefish and least cisco stocks in the Chatanika River 

in order to recommend a sustainable harvest level in the spear fishery. This analysis 

required current species- and site-specific reproductive biology data; specifically, 

parameters derived from fecundity-fork length relationships were needed.

For this study, I examined aspects of the reproductive biology of humpback 

whitefish and least cisco in the Chatanika River, Alaska. The objectives of my research 

were to: (1) develop fecundity-length and fecundity-weight relationships; and (2) 

examine relationships among gonadosomatic index (GSI), fork length, relative fecundity, 

ova size, and age. These data provided parameters for Chatanika River humpback 

whitefish and least cisco population simulation models used by Edenfield (2009), and 

will increase our understanding of the reproductive biology of whitefishes.

Study Site

The Chatanika River originates in the White Mountains northeast of Fairbanks, 

runs southwest, and drains most of the Minto Flats complex, a large river-wetland 

complex covering approximately 2,023 km (Figure 2.1). The river flows 275 km from 

its headwaters to where it joins the Tolovana River near the village of Minto. The upper 

four-fifths of the Chatanika River are typical of a rapid runoff, upland stream with pool,
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riffle, run sequences, gravel bars, and substrates composed mainly of cobble and gravel. 

Downstream, the river is comparatively slow and has an incised, stable channel with 

relatively high banks, and substrates dominated by sand and organic material. In addition 

to humpback whitefish and least cisco, the Minto Flats-Chatanika River complex 

supports northern pike Esox lucius, broad whitefish C. nasus, Arctic grayling Thymallus 

arcticus, inconnu Stenodus leucichthys, round whitefish Prosopium cylindraceum, burbot 

Lota lota, longnose sucker Catostomus catostomus, slimy sculpin Cottus cognatus, lake 

chub Couesiusplumbeus, Alaska blackfish Dalliapectoralis, chum salmon 

Oncorhynchus keta, and Chinook salmon O. tshawytscha (Kepler 1973; Hallberg et al. 

1986).

Methods

Fish collection

Humpback whitefish and least cisco were collected in the Minto Flats-Chatanika 

River complex between May and October 2008 using single mesh monofilament gill nets 

(4-cm stretch mesh; 15 m long and 2.5 m deep) and multifilament experimental mesh gill 

nets (three 7.5 m panels with 30-, 51-, 76-mm stretch mesh, 22.5 m long, and 2.5 m deep) 

and boat electrofishing. Gill nets were deployed perpendicular to the bank in suitable 

habitat types (pools and cut banks with eddies) and checked every 12 hours. From late 

August to late September, boat electrofishing (direct current; output = 2 to 7 A, 60 Hz,

190 to 250 V) was conducted using a series of 20-min runs in the downstream direction 

encompassing a 70-km section of the Chatanika River downstream of the Elliot Highway
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Bridge. Fish were euthanized using an overdose of MS-222 at a concentration of 500 

mg/L and were left in the solution for at least 10 minutes after cessation of opercular 

movement.

All humpback whitefish (males: n = 103; females: n = 92) and least cisco (males: 

n = 175; females: n = 109) were measured for fork length (FL) to the nearest 1 mm and 

weighed for wet weight (WW) to the nearest 0.1 g. Sex and maturity was determined in 

the field by gross examination. Fish were considered immature if females had eggs that 

were small and yolkless, and males had testes only present as ducts. Females were 

considered mature if ovaries appeared to be ready for the upcoming spawning period or if 

there were any signs of spawning in previous years (i.e., developed eggs from a previous 

spawning event present in the peritoneal cavity; Thompson and Davies 1976). Males 

were considered mature if the testes were more developed than ducts and showed signs of 

distal growth (Thompson and Davies 1976). The left and right gonads were removed 

from mature fish and weighed separately to the nearest 0.1 g. The stomach and 

esophagus of the fish were removed and the body was weighed again to the nearest 0.1 g 

to obtain the somatic weight. Both sagittal otoliths were removed, placed in a centrifuge 

tube, and returned to the laboratory for age estimation. For estimates of fecundity, a 

sample of mature sized humpback whitefish (> 400-mm FL; n = 60) and least cisco (> 

280-mm FL; n = 58) females were randomly selected from the fish collected in late 

August through late September (Alt 1969; Clark and Bernard 1992). Ovaries were placed 

in labeled whirl-paks® (Nasco; Fort Atkinson, Wisconsin), frozen, and returned to the 

laboratory for further analyses.
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Laboratory analysis

For age estimation, otoliths were allowed to dry for one week. The left otolith 

was mounted in Crystalbond 509 mounting adhesive (SPI® Supplies, West Chester, 

Pennsylvania) on a 25.4- x 76.2-mm glass slide and thin-sectioned using a Buehler 

IsoMet Low Speed Saw (Buehler LTD., Lake Bluff, Illinois). Otoliths were ground to 

between 200 and 400 ^m using an Ingram Thin-Section Saw/Grinder Model 65C 

(Ward’s Natural Science Establishment Inc.; Rochester, New York) and moistened 

Precision Surfaces lapping film (9 and 15 |im; Precision Surfaces International; Houston, 

Texas). During this process, the otoliths were checked for clarity of the growth rings on a 

Leica Laborlux S compound light microscope at 100x (Leica Microsystems Inc.; 

Bannockburn, Illinois). Otoliths were aged independently by two readers by counting the 

annual rings (opaque bands) using a Leica DM100 compound light microscope with 

polarized lenses. Discrepancies in fish ages between the two readers were resolved with 

a concert read.

The gravimetric method was used to estimate the fecundity of female humpback 

whitefish and least cisco (Kennedy et al. 2006; Daugherty et al. 2008). The ovaries were 

thawed for three hours and weighed to the nearest 0.01 g using an electronic balance. 

From each ovary, a subsample from the anterior, middle, and posterior sections was taken 

to account for possible differences in egg size (Kennedy et al. 2006). Each subsample 

weighed and then dried for 24 hours at 160oC to facilitate counting. The eggs in each 

subsample were enumerated and divided by the wet weight of the subsample to estimate 

the number of eggs • g-1 of each subsample (Kennedy et al. 2006). The number of eggs •
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g-1 for each subsample was then averaged together to estimate the number of eggs • g-1 for 

each ovary (Kennedy et al. 2006).

Data analyses

To estimate the absolute fecundity for each fish, the mean number of eggs • g-1 of 

an individual ovary was multiplied by the wet weight of that ovary and the fecundity 

estimates for each ovary were summed. Relative fecundity for each fish was determined 

by dividing its absolute fecundity by its WW. Relative egg size was estimated for each 

ovary by determining the number of eggs • g-1 of total ovary weight (Kennedy et al.

2006). The absolute fecundity-FL relationships for both species were transformed using 

logarithms in order to stabilize variances (Healy and Dietz 1984; Clark and Bernard 

1992). Ordinary least-squares regression was used to determine the fecundity-FL and 

fecundity-WW relationships (Kennedy et al. 2006). A paired t-test was used to compare 

the weights of the left and right ovaries for each fish (Kennedy et al. 2006). The 

gonadosomatic index (GSI, %) was calculated for all collected humpback whitefish and 

least cisco males and females as:

GSI = (ovary weight/somatic weight) x 100.

Gonadosomatic index values were plotted against time, and the GSI values from 

25 August through 30 September were regressed against FL for males and females of 

each species. Relative fecundity and relative egg size were plotted and regressed against 

GSI. Gonadosomatic index values (from 25 August through 30 September), relative 

fecundity, and relative egg size were plotted and regressed against fish age. Differences 

in sample sizes among analyses are because some fish had missing observations (e.g.,
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some fish were only missing GSI values, where others had GSI values but were missing 

age information). All statistical analyses were conducted using SigmaStat Version 3.5 

(Systat Software, Inc., Point Richmond, California) at a = 0.05.

Results

The absolute fecundity of humpback whitefish was significantly related to both 

FL and WW (r2 = 0.74, P < 0.001 and r2 = 0.83, P < 0.001, respectively; Table 2.1; Figure 

2.2). The absolute fecundity of least cisco was also significantly related to both FL and 

WW (r2 = 0.64, P < 0.001 and r2 = 0.75, P < 0.001, respectively; Table 2.1; Figure 2.3). 

Wet weight explained a greater proportion of the variance in absolute fecundity than did 

FL for both humpback whitefish and least cisco (Figures 2.2 and 2.3). The absolute 

fecundity of the average sized female humpback whitefish, based on fecundity-FL and 

fecundity-WW equations, was 39,802 and 43,635 eggs. The absolute fecundity of the 

average sized female least cisco, based on the fecundity-FL and fecundity-WW 

equations, was 35,808 and 38,225 eggs.

Gonadosomatic index values for mature humpback whitefish and least cisco 

increased between 28 May and 30 September 2008 (Figures 2.4 and 2.5, respectively). 

The GSI values between 25 August and 30 September were positively related to FL for 

humpback whitefish males (r2 = 0.2, P < 0.001; Figure 2.6) and females (r2 = 0.24, P < 

0.001; Table 2.1; Figure 2.6). The GSI values between 25 August and 30 September 

were also positively related to FL for least cisco males (r = 0.04, P = 0.018; Table 2.1; 

Figure 2.7) and females (r2 = 0.27, P < 0.001; Table 2.1; Figure 2.7). Relative fecundity 

was positively related to GSI values between 25 August and 30 September for female
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humpback whitefish (r2 = 0.76, P < 0.001; n = 60; Table 2.1; Figure 2.8) and least cisco 

(r2 = 0.24, P < 0.001; n = 57; Table 2.1; Figure 2.8).

Relative egg size was inversely related to GSI between 25 August and 30 

September for female humpback whitefish (r2 = 0.37, P < 0.001; n = 60; Table 2.1;

Figure 2.9) and least cisco females (r2 = 0.34, P < 0.001; n = 57; Table 2.1; Figure 2.9). 

The ovaries of humpback whitefish females were slightly dimorphic, but differences in 

the mean weight between the left ovary (128.2 g) and right ovary (117.8 g) were not 

significant (t = 0.88, d.f. = 118, P = 0.38). The ovaries of least cisco females were 

slightly dimorphic as well, but the difference in the mean weight between the left ovary 

(47.7 g) and right ovary (35.9 g) was not significant (t = 1.84, d.f. = 114, P = 0.069).

The mean age for humpback whitefish and least cisco females collected for 

fecundity analyses was 15 and 9, respectively. When plotted against age, the relative 

fecundity for female humpback whitefish showed a positive relationship until 

approximately ages 15 to 20, and declined thereafter (Figure 2.10). The relationship 

between age and relative fecundity for least cisco showed no apparent relationship 

throughout the range of observed ages (Figure 2.11). An inverse relationship existed 

between relative egg size and age for female humpback whitefish (r = 0.22, P < 0.001; 

Figure 2.12) and least cisco (r2 = 0.41, P < 0.001; figure 2.13).

Discussion

My study provides a current description of the reproductive biology 

characteristics of humpback whitefish and least cisco in the Minto Flats-Chatanika River 

complex. This information can be used to gain a better understanding of the variability
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that exists within and among populations. Investigating the relationships among 

gonadosomatic index values, fork length, relative fecundity, relative egg size, and age 

provides information that could be used to identify factors that might influence 

recruitment and survival for these whitefishes.

Some whitefish populations have been shown to respond to exploitation by 

altering size-specific fecundity (Healy and Nicol 1974; Healy 1978, 1980). For example, 

when lake whitefish were harvested from three lakes in the Northwest Territories,

Canada, at rates from 10% to 30%, the mean fecundity increased in each lake in 

comparison to pre-harvest levels (Healy 1978). Because of the historic high harvests of 

whitefishes in the Chatanika River, it is possible that they have responded to exploitation 

by altering size-specific fecundity relationships as well (Mills 1979, 1987; Hallberg 

1988). The fecundity-FL relationships reported by Clark and Bernard (1992) for 

humpback whitefish and least cisco in the Chatanika River were conducted at a time 

when the whitefish populations were exploited, with estimated rates of exploitation in 

1988 at 16% for humpback whitefish and 43% for least cisco (Mills 1979, 1987; Hallberg 

1988). Conversely, the relationships reported in my study corresponded to a period 

during which sampled whitefish populations were lightly exploited, with exploitation 

rates in 2008 of 2% for humpback whitefish and 1% for least cisco (Fleming 1994, 1996, 

1997, 1999; Brase 2009). Because of the difference in harvest levels, I hypothesized that 

differences in the fecundity-FL relationships would exist. However, the fecundity-FL 

relationships reported by Clark and Bernard (1992) and my study yielded similar 

estimates of fecundity for a given FL for both humpback whitefish and least cisco, which
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suggests that the fundamental fecundity-length relationship for humpback whitefish and 

least cisco in the Chatanika River has remained largely unchanged (Tables 2.2 and 2.3).

Spatial and temporal variation in fecundity has been observed in populations of 

whitefishes (Healy and Nicol 1974; Healy 1978; Healy and Dietz 1984). Relationships 

between somatic weight and absolute fecundity were described for humpback whitefish 

and least cisco in Dease Inlet, Alaska (Moulton et al. 1997; Table 2.3). Differences in 

estimated fecundities of humpback whitefish and least cisco of a given size between 

Moulton et al. (1997) and the present study indicates that fecundity varies among these 

populations of whitefishes (Table 2.4). These differences suggest that female humpback 

whitefish and least cisco in Dease Inlet produce more eggs per unit increase of somatic 

weight than their conspecifics in the Chatanika River. According to life-history theory, 

reproductive effort (i.e., fecundity and maturity) should decrease with increasing latitude, 

and this pattern was observed for populations of lake whitefish throughout their North 

American range (Morin et al. 1982). However, life-history theory also predicts that 

amphidromous populations of fishes will have increased reproductive effort in 

comparison to potamodromous populations, even at higher latitudes (Tallman et al.

2002). Tallman et al. (2002) compared reproductive efforts for populations of 

amphidromous and potamodromous broad whitefish from the Arctic Red River and 

Travaillant Lake, Northwest Territories, Cananda, and found that fish from the 

amphidromous population were more fecund when compared to the potamodromous 

population (Tallman et al. 2002). The populations of humpback whitefish and least cisco 

in Dease Inlet are amphidromous and the populations of whitefishes in the Chatanika
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River are believed to be potamodromous, and it would be expected to observe differences 

in fecundity similar to those reported in Tallman et al. (2002). However, preliminary data 

from otolith microchemistry analysis suggests that some least cisco in the Chatanika 

River are amphidromous (C. McConnell, personal communication), and it is therefore 

possible that these fish have higher fecundities than the potamodromous least cisco 

within the system. Some possible causes for these differences in fecundity could be food 

availability, climate, time of sampling, maturity stage, and genetic differences between 

populations (Healy 1978; Morin et al. 1982). Because of the potential for fecundity to 

vary among populations of whitefishes in Alaska, caution should be exercised when 

applying size-specific fecundity relationships to stocks of whitefish where no such 

relationships have been previously described.

The range of GSI values for the whitefishes in the Chatanika River are within the 

expected range of values for whitefishes at northern latitudes. Gonadosomatic index 

values reported for female humpback whitefish and least cisco in Whitefish Lake, and the 

Yukon and Selawik rivers showed that female GSI values increase throughout the year 

and range from spring values near 0% to late fall values near 30% (Brown 2004; Brown 

et al. 2007; Harper et al. 2007). Similarly, broad whitefish females in the Arctic Red 

River, Northwest Territories, Canada, had GSI values that increased from a mean of 8% 

in the early summer to a mean of 17% in the fall (Chudobiak et al. 2002).

Gonadosomatic index values reported for male broad whitefish from the lower 

Mackenzie River showed essentially no teste development with mean summer values of 

1.5% and mean fall values of 1.2% (Chudobiak et al. 2002). In the present study, the
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range of GSI values for humpback whitefish and least cisco males and females were 

similar to the values reported in the aforementioned studies.

Alternate-year spawning has been documented in female coregonids throughout 

North America (Kennedy 1953; Reist and Bond 1988; Lambert and Dodson 1990; Brown 

et al. 2007; Harper et al. 2007). It is believed that alternate-year spawning exists in 

coregonids at higher latitudes because of shorter growing seasons and high energetic 

costs associated with spawning (Kennedy 1953; Reist and Bond 1988; Lambert and 

Dodson 1990). In the Great Slave Lake, Northwest Territories, Canada, only 50% of 

mature female lake whitefish were shown to spawn each year (Kennedy 1953). Low GSI 

values (< 3%) have been used in the late summer to identify non-spawning humpback 

whitefish and least cisco females in the Yukon River and Whitefish Lake, Alaska (Brown 

et al. 2007; Harper et al. 2007). Although a direct comparison between the GSI values 

reported in my study and Brown et al. (2007) and Harper et al. (2007) is not possible 

because of differences in GSI estimation, five female humpback whitefish and one least 

cisco observed in my study had low GSI values (<3%) in late summer. All of these fish 

were larger than the minimum size considered mature for humpback whitefish (334-mm 

FL) and least cisco (264-mm FL) in the Chatanika River (Fleming 1996). Two of the 

humpback whitefish were above 450-mm FL; all fish of this size are considered to be 

mature (Fleming 1996). While all these fish could be classified as non-spawners, it is 

also possible that they had not matured sexually yet because distinguishing between an 

immature fish and a mature non-spawner is nearly impossible and making such a 

distinction is subject to mistakes and inter-observer error (Healy 1975; Lambert and
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Dodson 1990). However, their presence does suggest that an alternate-year spawning 

strategy could be expressed by a portion of humpback whitefish and least cisco in the 

Chatanika River.

The relationship between GSI and fork length differed between male and female 

humpback whitefish and least cisco in the Chatanika River. The slopes of the GSI-FL 

relationships for both species indicated that, on average, males allocated less energy 

toward gonad development per unit increase in fork length than females. These 

differences should be expected given that sperm production requires a smaller energetic 

investment than egg development (Wootton 1998; Moyle and Cech 2004). For example, 

northern pike have been shown to allocate 6 to 18 times more energy to ovarian 

development than to testes growth (Diana 1983), and Daugherty et al. (2008) observed 

similar differences in energy resource allocation between male and female blue sucker 

Cycleptus elongatus in the Wabash River, Indiana. Large differences between male and 

female GSI values have been well documented for several fish species in North America 

(Neumann and Willis 1995; Chudobiak et al. 2002; Guy et al. 2002), suggesting that the 

differences between male and female GSI values observed in my study should be 

expected for freshwater fish populations in North America.

The relationship between relative fecundity and age for humpback whitefish in 

the Chatanika River suggested that these fish realize their maximum reproductive 

potential between ages 15 and 20 years. These moderately aged females tended to have a 

higher relative fecundity in comparison to older and younger fish. However, this 

relationship was not observed in the female least cisco. Because females in this age
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range tend to have more eggs, they may play a more important role in the total egg 

deposition on the spawning areas. The mean length at age 15 years for humpback 

whitefish in the Chatanika River is approximately 450 mm and 500 mm for age-20 fish 

(Edenfield 2009; Figure 2.14). Managing fish based on age alone is difficult and I 

suggest that, if restrictive management is needed to help rebuild the population of 

humpback whitefish in the Chatanika River, fish between 450 mm and 500 mm should be 

protected to ensure their survival.

For female humpback whitefish and least cisco, relative fecundity and FL 

exhibited a positive, linear relationship with GSI, whereas relative egg size showed a 

negative relationship with GSI. These relationships suggest that larger-bodied females 

associated with higher GSI values produce more and larger eggs per unit body weight 

than smaller females. The exception to this is for humpback whitefish, where my data 

showed that moderately aged females tended to produce more eggs than the older and 

younger fish. The production of larger larvae, increased larval growth, lower predation 

mortality, and an increased resistance to starvation may result from larger egg size 

(Miller et al. 1988; Brown and Taylor 1992; Fuiman and Magurran 1994; Trippel 1998; 

Wootton 1998; Kamler 2005), which highlights the necessity of larger and moderately 

aged females for the sustainability of whitefish populations (Freeberg et al. 1990). For 

example, year-class strength of lake whitefish in the Great Lakes have large annual 

fluctuations due to egg and larval survival (Healy 1975; Healy 1980; Scheerer and Taylor 

1985; Freeberg et al. 1990). As a result, lake whitefish stocks are often comprised of 

only a few successful cohorts (Scheerer and Taylor 1985; Walker et al. 1993). If this
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holds true in the Chatanika River, larger-bodied least cisco, and larger-bodied, 

moderately aged humpback whitefish females associated with higher GSI values and 

fecundities likely play a more significant role in recruitment success and long-term 

population sustainability than younger and smaller bodied, or older females with lowered 

GSI values and fecundities.

The differences in age-relative fecundity relationships for humpback whitefish in 

the Chatanika River between my study and previous research (Clark and Bernard 1988) 

were likely due to different age estimation techniques. Clark and Bernard (1988) used 

scales to estimate the ages of humpback whitefish and reported a slight positive 

relationship with no descending limb for humpback whitefish, whereas my study used 

otoliths for age estimation and reported a slight positive relationship with a slight decline 

in relative fecundity after age 20. It has been shown that using scales for estimation of 

age for long-lived fishes, such as whitefishes, tends to underestimate true fish age (Power 

1978; Barnes and Power 1984; Mills et al. 2004; Muir et al. 2008a, 2008b). For example, 

Muir et al. (2008a) evaluated the use of scales and sagittal otoliths for age estimation of 

lake whitefish in Lake Huron and found that scales tended to underestimate the ages of 

these fish. If this is true for humpback whitefish in the Chatanika River, it is possible that 

the results from Clark and Bernard (1988) are biased toward younger fish and should be 

interpreted cautiously.

The reproductive biology parameters of humpback whitefish and least cisco in the 

Chatanika River reported in my study can be used in population simulation models that 

would allow for fishery managers to identify harvest levels that will ensure the long-term
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sustainability of humpback whitefish and least cisco stocks in the Chatanika River 

(Edenfield 2009). If restrictive management is required to maintain or rebuild these 

stocks, the results of my study indicate that larger-bodied (> 450 mm) female humpback 

whitefish, and larger-bodied (> 350 mm) least cisco could play an important role in 

successful recruitment of year classes and efforts should focus on protecting these fish. I 

recommend that studies on humpback whitefish and least cisco in other systems also 

examine reproductive biology to make available parameters needed for population- 

simulation models and also to provide a broader understanding of the variation that exists 

among stocks throughout their geographic distribution.
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Figure 2.1. Map of the Minto Flats-Chatanika River complex.
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the Chatanika River, Alaska, in 2008. The regression line is the predicted fecundity based 
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Figure 2.4. Plots of gonadosomatic index (GSI) for female (a) humpback whitefish and 
(b) least cisco, in the Chatanika River, Alaska, May through September 2008.
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Figure 2.5. Plots of gonadosomatic index (GSI) for male (a) humpback whitefish and (b) 
least cisco, in the Chatanika River, Alaska, May through September 2008.
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Figure 2.6. Relationship between gonadosomatic index (GSI) and fork length for 
humpback whitefish (a) females and (b) males, in the Chatanika River, Alaska, in 2008. 
The regression line is the predicted GSI based on fish fork length.
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Figure 2.7. Gonadosomatic index (GSI) versus fork length for least cisco (a) females and 
(b) males, in the Chatanika River, Alaska, in 2008. The regression line is the predicted 
GSI based on fish fork length.
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Figure 2.10. Relative fecundity (number of eggs • kg-1 wet weight) versus age for female 
humpback whitefish, in the Chatanika River, Alaska, in 2008.
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relative egg size based on fish age.
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humpback whitefish and (b) least cisco in the Chatanika River in 2008. Error bars 
represent 95% confidence interval for mean length at age values (Source: Edenfield 
2009).



Table 2.1. Mean fork length (FL), wet weight (WW), GSI (%, from 25 August to 30 September), absolute fecundity (eggs per 
female), relative fecundity (eggs • kg-1 WW), and relative egg size (eggs • g-1 ovary weight) for humpback whitefish and least 
cisco males and females from the Chatanika River, 2008. Standard deviations are in parentheses.

FL
(mm)

WW
(g)

GSI (%)
25 Aug-30 Sep

Age
(years)

Absolute fecundity 
(eggs per female)

Relative fecundity 
(eggs • kg-1 WW)

Relative 
egg size (eggs • 

g-1 ovary weight)
Humpback whitefish

Female
Mean (SD)
Range
N

456 (53) 
351-577 

92

1,478 (540) 
600-2,720 

92

18.3 (6.9) 
0.53-31.9 

78

15 (7) 
6-30 

61

45,007 (21,146) 
11,747-108,426 

60

28,716 (5,643) 
11,849-39,863 

60

190 (25) 
144-257 

61
Male

Mean (SD) 436 (48) 1,168 (415) 1.4 (0.49) - - - -
Range 260-583 205-2,748 0.03-3.6 - - - -
N 103 103 95 - - - -
Least cisco

Female
Mean (SD) 366 (37) 547 (193) 15.4 (4.4) 9 (2) 41,780 (14,292) 69,898 (12,490) 570 (120)
Range 244-397 153-1,043 0.7-27.5 4-12 13,785-77,513 44,928-97,408 329-988
N 109 109 70 59 58 58 59

Male
Mean (SD) 302 (32) 366 (131) 1.6 (0.71) - - - -
Range 240-385 131-701 0.4-6.8 - - - -
N 175 175 135 - - - -
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Table 2.2. Fecundity-fork length (FL) and fecundity-somatic weight (SW) relationships 
for female humpback whitefish and least cisco for the Chatanika River, Alaska, as 
reported in Clark and Bernard (1992), Moulton et al. (1997), and this study.

Regression statistics

Source
Independent

variable Slope Intercept N r2 P
Humpback whitefish 

Clark and Bernard 
(1992) Log10(FL) 4.23 -15.36 93 0.56 <0.001

This Study Log10(FL) 3.99 -6.02 60 0.74 <0.001
Moulton et al. (1997) Log10(SW) 1.31 0.8 13 0.8 <0.001
This Study Log10(SW) 1.32 0.56 60 0.81 <0.001

Least cisco 
Clark and Bernard 
(1992) Log10(FL) 5.6 -22.22 80 0.66 <0.001

This Study Log10(FL) 3.61 -4.56 58 0.64 <0.001
Moulton et al. (1997) Log10(SW) 1.55 0.58 36 0.94 <0.001
This Study Log10(SW) 1.23 1.3 57 0.75 <0.001



106
Table 2.3. Average absolute fecundity (number of eggs) at a given fork length for 
humpback whitefish and least cisco from the Chatanika River, Alaska, derived from the 
fecundity-FL relationships reported in Clark and Bernard (1992) and this study.

Source Fork length (mm)
Average absolute fecundity 

(no. eggs)
Humpback whitefish

Clark and Bernard (1992) 320 8,400
This Study 320 9,673
Clark and Bernard (1992) 520 65,400
This Study 520 65,592

Least cisco
Clark and Bernard (1992) 280 11,500
This Study 280 18,555
Clark and Bernard (1992) 420 111,600
This Study 420 81,270
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Table 2.4. Average absolute fecundity (number of eggs) at given somatic weights for 
humpback whitefish and least cisco derived from the fecundity-somatic weight (SW) 
relationships reported in Moulton et al. (1997) and this study.

Source Somatic weight (g)
Average absolute fecundity 

(no. eggs)
Humpback whitefish

Moulton et al. (1997) 575 26,634
This Study 575 15,604
Moulton et al. (1997) 2,000 136,852
This Study 2,000 80,678

Least cisco
Moulton et al. (1997) 240 18,661
This Study 240 20,246
Moulton et al. (1997) 800 120,472
This Study 800 92,963



Summary

Chapter 1.

1) The movements observed for humpback whitefish in the Minto Flats-Chatanika 

River complex suggest that these fish have complex dispersals associated with 

spawning. Fish leave the wetland complex of Minto Flats from early June to 

early July, disperse to putative riverine spawning areas throughout the summer, 

and arrive at putative spawning areas in the fall. Downstream movement occurs 

in early October. These movement patterns are common among potamodromous 

populations of coregonids within their northern range.

2) One putative spawning area was identified in the Chatanika River in 2008 and 

2009. This area encompassed approximately 25 km of the Chatanika River 

immediately downstream of the Elliot Highway Bridge, suggesting that the 

spawning area has decreased by 12 km. An additional putative spawning area 

was identified in the Tanana River near Fairbanks in 2009. This is the first 

documented account of humpback whitefish from Minto Flats emigrating from 

the complex to a putative spawning area in the Tanana River.

3) My observations of spatially segregated dispersals and putative spawning areas 

indicated that the Minto Flats population of humpback whitefish is composed of 

two spawning components. These spawning components could play an important 

role in the productivity, resiliency, and diversity of this population, and it should 

be acknowledged in future stock assessments and decisions regarding harvest of 

these fish.
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4) During 2008, putative spawning humpback whitefish in the Chatanika River 

showed an average horizontal displacement of 62 km. In 2009, putative spawning 

humpback whitefish showed an average horizontal displacement of 127 km in the 

Chatanika River and 294 km in the Tanana River.

5) Movement data collected by tracking stations indicated that the upstream 

dispersal of humpback whitefish in the Chatanika River occurred earlier in the 

year in 2009 in comparison to 2008.

6) Fish movements recorded by tracking stations in the Chatanika River showed that 

fish tended to move nocturnally, whereas diel fish movements in the Tolovona 

River were not discernable.

7) In 2008, the movement rates in early September were significantly greater than in 

all other time periods. In 2009, the movement rates in early August were 

significantly greater than movement rates in early September and early October, 

but differences with late September were not significant. There were no 

relationships between the FL and the average movement rate of individual fish in 

2008 or 2009. In addition, no relationship was observed between the median 

movement rates in 2008 and 2009 and the average water temperatures in the 

Chatanika River.

Chapter 2.

1) Mean absolute fecundity was 45,000 eggs • female-1 (range, 11,747-108,426 eggs 

• female-1) for humpback whitefish and 41,780 eggs • female-1 (range, 13,785-
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77,513 eggs • female-1) for least cisco. The absolute fecundity of humpback 

whitefish and least cisco was positively related to both FL and WW.

2) Mean relative fecundity was 28,716 eggs • kg-1 WW (range, 11,849-39,863 eggs • 

kg-1 WW) for humpback whitefish and 69,898 eggs • kg-1 WW (range, 44,928

97,408 eggs • kg-1 WW). Relative fecundity was positively related to GSI values 

and FL for female humpback whitefish and least cisco.

3) Mean relative egg size was 190 eggs • g-1 ovary weight (range, 144-257 eggs • g-1 

ovary weight) for humpback whitefish and 570 eggs • g-1 ovary weight (range, 

329-988 eggs • g-1 ovary weight). Relative egg size was inversely related to GSI 

values between 25 August and 30 September and age for both humpback 

whitefish and least cisco.

4) Gonadosomatic index values for humpback whitefish and least cisco males and 

females increased between 28 May and 30 September 2008. Mean female GSI 

values from 25 August to 30 September were 18.3% (range, 0.53-31.9%) for 

humpback whitefish and 15.4% (range, 0.7-27.5%) for least cisco. Mean male 

GSI values from 25 August to 30 September were 1.4% (range, 0.03-3.6%) for 

humpback whitefish and 1.6% (range, 0.4-6.8%) for least cisco. A positive 

relationship existed between GSI and FL for humpback whitefish and least cisco 

males and females. The five mature-sized female humpback whitefish and one 

least cisco observed in my study had GSI values of less than 3% in late summer, 

were possibly immature or alternate-year spawners.
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5) The mean age for humpback whitefish and least cisco females collected for 

fecundity analyses was 15 and 9 years, respectively. Relative fecundity for 

female humpback whitefish showed a positive relationship until approximately 

age 20 years, at which time relative fecundity began to decline. The relationship 

between age and relative fecundity for least cisco showed no significant 

relationship throughout the range of observed ages.

6) For female humpback whitefish and least cisco, relative fecundity exhibited a 

positive, linear relationship with GSI, whereas relative egg size showed a negative 

relationship with GSI. Gonadosomatic index values were positively related to FL 

as well. In addition, the relationship between relative fecundity and age for 

humpback whitefish Chatanika River suggests that these fish realize their 

maximum reproductive potential between ages 15 and 20 years. These 

relationships suggest that larger-bodied, moderately-aged females associated with 

higher GSI values produce more and larger eggs per unit body weight than 

smaller females.

111



Appendix
112



Vita

Aaron Dupuis earned his Bachelor of Science in Wildlife Biology at The 

University of Montana-Missoula. As a graduate student at the University of Alaska- 

Fairbanks (UAF), he examined reproductive biology characteristics of humpback 

whitefish and least cisco, and the spawning movements of humpback whitefish in the 

Minto Flats-Chatanika River complex. He has worked for The University of Montana 

and the Montana Department of Fish, Wildlife, and Parks in various fisheries technician 

positions. He is a member of the American Fisheries Society and has served as the Vice 

President for the student sub-unit at UAF. Aaron’s research interests focus on using 

telemetry techniques to observe fish movements in order to answer life-history questions. 

Aaron also enjoys teaching others about fishing and fisheries science, and has had ample 

opportunity to do both as a professional fishing guide on the Togiak River, and as a 

teaching assistant for two fisheries courses at UAF. His professional goals are to become 

gainfully employed as a fisheries biologist for a state or Federal natural resource 

management agency, and to aid in the proper management of Alaskan fisheries through 

good science and public education.

113


