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Research conducted on humpback whitefish Coregonus pidschian in the 

Copper River Delta, Alaska has revealed a complex life history involving seasonal 

migrations and the occupation of a variety of freshwater and marine habitats including 

lacustrine, riverine, estuarine, and marine. Forty-five whitefish were tagged with radio 

transmitters in 2006 and 2007, and another 29 whitefish were tagged with acoustic 

tags in 2008.  In addition, otolith chemistry was used to evaluate marine habitat use of 

humpback whitefish sampled from McKinley Lake in the Copper River Delta, Alaska.  

Movements and migration of tagged fish were tracked using biotelemetry techniques 

from boats, airplanes, and fixed receiver stations throughout the spring, summer, and 

fall. Sagittal otoliths were extracted from 20 humpback whitefish and a chemical 

analysis was performed to evaluate levels of Sr:Ca.  

Biotelemetry and sampling results revealed seasonal migrations where 

humpback whitefish migrated into McKinley Lake in mid to late spring and left the 

lake by late summer and early fall. Fish migrated to the Copper River in the fall by 

traveling down Alaganik Slough and then to the Copper River by traveling through 



 

Pete Dahl Cutoff Slough or the Gulf of Alaska.  Fish travel up the Copper River 

presumably to their spawning grounds. Nine tagged fish returned to McKinley Lake in 

2007 and four tagged fish in 2008, indicating some fidelity to the summer feeding site. 

Otolith chemistry detected marine migrations in 45% of the samples.  Three migratory 

behaviors were observed, while some individuals inhabited only freshwater 

environments, some individuals made single migrations to marine habitats, and other 

individuals made multiple migrations to marine habitats.  Age of whitefish ranged 

from 2 to 9 years.   

Analysis of small-scale movement of humpback whitefish in McKinley Lake 

found movement rates to be significantly higher at dusk compared to night in one 

sampling period. However, diel movement activity in all other diel periods did not 

significantly differ, suggesting arrhythmic diel movement. A large portion of the lake 

was occupied at any given time, but not all areas were used equally.  Activity levels, 

measured by change in zones, were variable between dates and indicated that fish 

often moved between detection zones.  An increase in activity was observed in 

individuals 48 h prior to migration from the lake.   

This study provides the first documentation of migration, movement, and 

habitat use of humpback whitefish in the Copper River Delta, Alaska.  Results of this 

study will help inform management of humpback whitefish in order to sustain 

populations into the future.  This information should be considered in land use and 

species management planning in the Copper River basin including fish passage and 

harvest regulations. 
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Chapter 1: General Introduction  
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Migration and movement are fundamental aspects of fish ecology and fisheries 

management.  Northcote (1978) defined migration for freshwater fishes as the directed 

movement between two or more habitats occurring with regular periodicity in a large 

portion of a population.  A number of factors may influence movement and migration 

including feeding opportunities, species interactions, reproduction, and environmental 

conditions (Mathews 1998; Wooton 1998).   Understanding species migration and 

movement is essential for fish conservation and management in order to identify 

where critical habitats are located and when they are used.  In addition, migration and 

movement can provide information on species interactions and population dynamics.  

Coregonus pidschian is a whitefish species commonly referred to as humpback 

whitefish.  Humpback whitefish are within the family Salmonidae and the sub-family 

Corigoninae, and because of the taxonomic difficulty of distinguishing coregonid 

species, they are commonly grouped together as the Coregonus clupeaformis complex, 

composed of C. pidschian, C. clupeaformis (Lake whitefish), and C. nelsonii (Alaska 

whitefish) (Alt 1979; McPhail and Lindsey 1970).  However, ecologically these 

species can vary significantly (Morrow 1980).  Humpback whitefish inhabit lakes, 

streams, and larger rivers, and undertake extensive migrations often involving 

amphidromy (Reist and Bond 1988; Brown et al. 2007; Harper et al. 2007).  Lake 

whitefish are primarily lake dwellers and Alaska whitefish mainly inhabit streams 

(Morrow 1980).  The C. clupeaformis complex occurs throughout northern latitudes of 

North America, Asia, and Europe.  In Alaska, humpback whitefish are found in rivers 

connecting to the Gulf of Alaska, Beaufort, Bering, and Chukchi Seas (Morrow 1980).  
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They are also abundant throughout interior Alaska in the upper Yukon, Kuskokwim 

and Tanana Rivers (Morrow 1980).   

Many aspects of the life history of humpback whitefish have not been 

documented.  This is complicated further by varying life-histories throughout their 

range, multiple life-history types within a single population, difficulty distinguishing 

species within the Coregonus clupeaformis complex, and hybridization. The following 

is a generalized description of the life history of coregonids based mainly on work 

conducted in Alaska and northern Canada.  They are iteroparous and spawn in the late 

fall in shallow, flowing water (Alt 1979; Morrow 1980; Bond 1982).  Eggs are 

broadcast spawned into the water column and drift downstream until they become 

lodged between gravel substrate (Morrow 1980).  Egg development occurs throughout 

the winter and larvae hatch in the spring during high water (Naesje et al. 1986).  

Larvae are carried downstream by currents to backwaters, lakes, estuaries, and river 

mouths (Shestakov 1992; Brown 2006).  Maturity occurs after 4 to 7 years of growth 

and individuals can live up to 10 to 26 years (Alt 1979; Brown 2006; Harper et al. 

2007).   

After spawning, mature whitefish migrate downstream to river mouths, 

estuaries, and lakes where overwintering occurs (Alt 1979; Bond and Erickson 1985; 

Brown 2006).   In the spring, adults migrate to lakes, sloughs, estuaries, and lower 

river feeding sites where they remain until midsummer (Reist and Bond 1988; Brown 

2006; Harper et al. 2007).  Fidelity toward feeding and spawning sites has been 
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documented in populations in Alaska (Brown et al. 2002; Brown 2006; Harper et al. 

2007). Out-migration from the feeding sites begins in midsummer in order to reach 

spawning sites by mid to late fall (Dodson et al. 1985; Brown 2006; Harper et al. 

2007).  

The diet of humpback whitefish consists predominantly of benthic 

invertebrates.  Sparse gill rakers and inferior mouth morphology suggest a tendency 

towards benthic prey items.  Polamaki et al. (1992) found a variety of benthic and 

pelagic invertebrates in stomachs of humpback whitefish in Finland.  Bond and 

Erickson (1985) found mainly gastropods in the stomachs of whitefish captured in 

lakes, and a variety of benthic invertebrates when captured in streams of the 

McKenzie River Delta.  Brown (2007) found an abundance of pea clams (Sphaeriidae) 

and valve snails (Valvatidae) in humpback whitefish digestive tracts collected from 

the Kanuti River drainage in interior Alaska.   

Humpback whitefish are an important subsistence and sport fishery resource 

throughout Alaska (Brown 2006; Woody and Young 2006; Harper et al. 2007).  

Harvest is significantly lower within the Copper River basin compared to northern and 

interior Alaska; most likely a result of relatively smaller whitefish populations and the 

abundant salmon fishery.  

Initial interest in humpback whitefish on the Copper River Delta (CRD) 

developed from a U.S. Forest Service, Cordova Ranger District survey conducted in 

2004 .  The purpose of the survey was to describe the population structure of Dolly 
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Varden (Salvelinus malma) and coastal cutthroat trout (Oncorhynchus clarki clarki) at 

McKinley Lake and Eyak Lake on the CRD, Alaska. Over 280 humpback whitefish 

were captured in McKinley Lake during the survey (Joyce and Sloat 2004).  No 

information about the whitefish population inhabiting McKinley Lake, such as species 

and migratory behavior, had been documented before that time. In 2005, some 

residents of Cordova, Alaska requested subsistence gillnet harvest permits for 

humpback whitefish in McKinley Lake.  These requests, combined with a lack of 

information regarding whitefish on the CRD, prompted the investigation of the 

whitefish population in McKinley Lake.  

I studied the seasonal migration, movement, and habitat use of humpback 

whitefish on the CRD, Alaska.  This study was initiated to provide baseline 

information for a species about which little is known and to provide insight into a 

number of ecological questions concerning their life history.  This information will 

help inform their management throughout their range.  

This study was conducted over three field seasons from June 2006 to 

November 2008, which entailed tracking the movements and migrations of tagged 

humpback whitefish. In addition, I evaluated the occupation of freshwater and marine 

habitats using otolith chemistry. This thesis is presented in the form of manuscript 

chapters.  Chapter 2, Seasonal Migration and Habitat Use of Humpback Whitefish in 

the Copper River Delta, Alaska, describes the seasonal migration, routes, timing, and 

habitat use of the McKinley Lake humpback whitefish population.  Chapter 3, 
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Examination of Marine Habitat Use of Humpback Whitefish in the Copper River 

Delta Alaska, Using Otolith Chemistry, evaluates the marine and freshwater life-

history components of humpback whitefish sampled at McKinley Lake.  Chapter 4, 

Summer Movement of Humpback Whitefish in McKinley Lake, Alaska, examines the 

small-scale, summer movement of humpback whitefish in McKinley Lake.  Chapter 4 

is a general discussion of the findings of the entire study.  
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Abstract 

Research conducted on humpback whitefish (Coregonus pidschian) on the 

Copper River Delta, Alaska has revealed a complex life history involving seasonal 

migrations and the occupation of a variety of freshwater and marine habitats including 

lacustrine, riverine, estuarine, and marine.  Forty-five whitefish were tagged with radio 

transmitters in 2006 and 2007, and another 29 whitefish were tagged with acoustic 

tags in 2008. Movements and migration of tagged fish were tracked using biotelemetry 

techniques from boats, airplanes, and fixed receiver stations throughout the spring, 

summer, and fall. Biotelemetry results revealed that tagged fish migrated into 

McKinley Lake in mid to late spring and left the lake by late summer and early fall. 

Fish migrated to the Copper River in the fall by traveling down Alaganik Slough 

through freshwater and estuarine waters and then to the Copper River by traveling 

through Pete Dahl Cutoff Slough or the Gulf of Alaska.  Fish travel up the Copper 

River presumably to their spawning grounds. Nine tagged fish returned to McKinley 

Lake in 2007 and four tagged fish in 2008, indicating fidelity to the summer feeding 

site. 

 

Introduction 

Humpback whitefish are known to migrate extensively throughout lacustrine, 

riverine, estuarine, and marine environments in Alaska and Canada (Chang-Kue and 

Jessop 1992; Brown 2004; Brown 2006).  Studies throughout Alaska and Canada have 

shown a high variation of habitat use and migratory behavior among and within 
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populations, but many aspects of their life history are still largely unknown. Some 

individuals may use a number of habitats in a single year, while other individuals or 

year classes may only occupy a single habitat (Brown 2004; Brown 2006).    

Generally, migration to lakes and ponds occurs in early spring, where whitefish 

spend the summer feeding (Bond and Erickson 1985; Brown 2006; Harper et al. 

2007). Lakes are thought to be the main feeding areas for humpback whitefish during 

summer months (Bond and Erickson 1985; Brown 2006).  Fidelity to summer feeding 

lakes is common (Brown 2006; Harper et al. 2007).  Emigration from the lake occurs 

in midsummer to early fall, in order to reach spawning grounds by late fall (Alt 1979; 

Bond and Erickson 1985; Brown 2006).  Overwintering habitats occur in estuaries, 

lakes, and lower rivers (Chang-Kue and Jessop 1992; Brown 2004; Brown et al. 

2006). Rearing is thought to occur in rivers, lakes and ocean (Bond and Erickson 

1985; Brown 2004; Brown et al. 2006).   

Little information has been documented concerning the humpback whitefish 

population of the Copper River Delta (CRD).  Alt (1979) sampled whitefish in the 

upper Copper River basin at Slana River and Crosswind Lake, in an effort to describe 

the morphology, distribution, and habitat use of humpback whitefish throughout 

Alaska.  He described their distribution to include Eyak Lake, which lies 

approximately 12 km west of McKinley Lake, in the town of Cordova, Alaska.  In 

addition, local knowledge of humpback whitefish through subsistence harvest and 

sport fishing is limited.  
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To better manage and understand humpback whitefish, additional knowledge 

of their life history and migration is needed.  A lack of basic life history information in 

addition to local requests for subsistence harvest permits for humpback whitefish at 

McKinley Lake initiated a U.S. Forest Service investigation.  The objectives of this 

study were to (1) identify habitats used by humpback whitefish on the CRD and (2) 

determine the seasonal timing of migrations to habitats throughout the CRD. 

 

Methods 

Study Area 

McKinley Lake is located on the CRD, Alaska, 33 km east of the town of 

Cordova (Fig. 1).   It is one of the largest lakes on the CRD with a surface area of 

approximately 87 ha. Maximum depth is 11 m, averaging 5.1 m. Lake substrate is 

predominantly silt, covered by a dense algal mat.  Cobble and gravel occur along the 

shoreline and the outlet is primarily silt and sand.  Aquatic vegetation consists 

primarily of Potamogetan sp., Ranunculus sp., and Myriophyllum sp., which densely 

colonize areas of depth < 3 m throughout the summer and fall.     

Alaganik Slough drains the lake and changes considerably within the 21-km 

distance to the Gulf of Alaska (Fig. 1). Upper reaches of Alaganik Slough are more 

constrained, with channel widths of 10-20 m, and substrates composed mainly of sand 

and gravel.  In lower reaches (4.5 to 21 km from the lake), the channel becomes wider 

(100 to1000 m), more braided, and substrates are composed primarily of silt, and sand.  
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The lower 12 to14 km is tidally influenced.  Water turbidity appears to be high due to 

glacial sediment inputs from Sheridan River, Salmon Creek, and the Copper River.  

Alaganik Slough is connected to a complex network of tributaries, tidal sloughs, lakes, 

and ponds throughout the west CRD.   

The roughly 500-km long Copper River drains more than 62,000 square km of 

the heavily glaciated Copper River basin. Because of the numerous glaciers in the 

basin, the river carries high suspended sediment loads.  The lower 44 km of the river, 

below Miles Lake, is a large (3 to 14 km wide) braided alluvial floodplain, while the 

upper river (0.2- 7 km) has a higher gradient and is more constrained.   

Sampling  

Fish were captured using fyke nets, gill nets, and beach seines.  I set two, 15-m 

fyke nets at the McKinley Lake outlet in an upstream V-pattern, fishing from 1 June- 3 

July 2007 and 14 May - 18 July 2008.  Nets spanned roughly 50% of the width of the 

lake outlet and covered the primary channels.  In addition, I sampled with a 6.35-cm 

stretched mesh monofilament gill net (31 x 3.3 m) deployed from a jet boat and 

soaked for 5 to 60 minutes on each of 21 days  from 15 May- 14 July 2006 and 12 

days from 17 June – 27 August 2008.  I monitored the net constantly and removed 

whitefish immediately after capture.  Gill nets were deployed at depths varying from 

3-8 m.  I sampled throughout the entire lake, but areas of high catch rates and shallow 

depths (3-5 m) were fished more often.  Later in the summer (mid July) I avoided 

areas with high numbers of sockeye and coho salmon to minimize bycatch.  Gill nets 
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were set during the day, except for two night surveys on 14 July and 16 July 2008.  I 

also captured fish using a beach seine net (30 m x 4.8 m), which was deployed from a 

jet boat and pulled to shore by hand, on 5 days between 29 July and 6 August 2008.  A 

variety of locations in the lake were targeted during each sample period. However, I 

fished the northeast end of the lake predominantly because of high catch rates of 

whitefish and ideal depths and shore for beach seining. 

Tagging  

I tagged 74 humpback whitefish in 2006, 2007, and 2008 with six types of 

radio and acoustic transmitters (Table 1).  Fish were measured, weighed, and 

internally tagged with transmitters using a ≤ 3% tag to-body-weight rule and released 

back into the lake.  I used methods similar to Brown et al.’s (2002) whitefish surgical 

technique to implant transmitters. I sterilized all surgical tools and transmitters in a 

70% ethanol solution before each surgery.  I anesthetized fish with 20 mg/l buffered 

MS-222 (methane tricane sulfonate) or AQUI-S (isoeugenol) solution until the fish 

lost equilibrium and became docile.  The fish was placed belly up in a V- shaped 

padded cradle and the gills bathed with water constantly during the procedure.  Scales 

were removed from the incision area, and a small ventral incision (1.5-3 cm) was 

made parallel to the long axis, left of center, exposing the peritoneal cavity.  For radio 

tags, a V-shaped groove director was inserted 14 cm into the body cavity parallel to 

the flesh.   The sharp end of a 20-cm cannula was used to puncture the flesh 4-6 cm 

posterior of the pelvic fin. The cannula was inserted into the body cavity dull end first, 
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using the groove director as a guide to protect organs and exit the body cavity through 

the initial incision.  The radio antenna was threaded into the cannula and pulled 

through the anterior end.  The cannula and groove director were removed and a tag 

was inserted into the peritoneal cavity.  Additionally all fish were tagged with a 

passive integrated transponder (PIT tag) in order to identify individuals after the radio 

receiver batteries expired. Surgical staples (1-4 depending on the size of the incision) 

were used to close the incision and one drop of Vetbond was used to seal the incision 

and antenna wounds.  Whip antennas were trimmed to approximately 20 cm. Surgery 

times took an average of 45 seconds.   After surgery, fish were allowed to recover in a 

net pen set in 4-8°C flowing water until they regained equilibrium.  Recovered fish 

were transported from the outlet approximately 100 m into the lake to avoid recapture.  

For acoustic tags, I used a similar yet simplified procedure, since transmitters had no 

external antenna.  A small incision was made to expose the peritoneal cavity and the 

tag was inserted in the cavity and incision was closed with surgical staples and sealed 

with Vetbond.   

A total of 74 fish were tagged over the course of three field seasons.  Twenty 

nine fish were tagged in 2006 with MBFT-3A radio tags (Lotek, Newmarket, Ontario, 

Canada), which had a projected tag battery life of 553 days (Table 1 and Appendix A).  

All of these fish were captured with gill nets between 6 June and 30 June, 2006.  In 

2007, 16 whitefish were surgically implanted with MCFT-3FM coded radio tags 

(Lotek, Newmarket, Ontario, Canada), which had a projected tag battery life of 472 
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days (Table 1 and Appendix A).  One fish was tagged with a MBFT-3A radio tag that 

was purchased in 2006; battery life was projected at 553 days in 2006, but probably 

decreased due to degradation.   All tagged fish in 2007 were captured with fyke nets at 

the lake outlet.   

In 2008, 15 coded acoustic transmitters (V13-1L,Vemco, Halifax, Nova Scotia, 

Canada) were surgically implanted into fish. Five of the tags were equipped with 

pressure sensors (V13P-1L, Vemco, Halifax, Nova Scotia, Canada) to estimate fish 

depth (Table 1).  In addition, eight fish were implanted with V7-2L coded transmitters 

(Vemco, Halifax, Nova Scotia, Canada) and six fish were implanted with V7-1L 

transmitters (Vemco, Halifax, Nova Scotia, Canada) (Table 1 and Appendix A). The 

projected battery life was 110 days and 240 days for the V7-1L and V7-2L tags 

respectively.  However, these tags were 1 year old in 2008 and battery life was 

projected to be 55-75 days, owing to degradation. 

Biotelemetry 

I located tagged fish using fixed receiver stations and manual biotelemetry 

techniques from a boat and a fixed-wing aircraft.  When tracking from a boat, I was 

able to locate fish within 10-20 m depending on the fish’s depth.  Manual radio 

tracking from a boat was carried out one to four times per month in McKinley Lake 

and Alaganik Slough from May-October in all years.  Aerial biotelemetry surveys 

were conducted in 2006 (23 September and 24 October, 2006), 2007 (21 September, 

16 October, and 5 November, 2007), and 2008 (22 September, 25 September, 26 
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September, and 6 November).  Survey dates were determined by weather conditions 

and aircraft availability. Surveys covered Alaganik Slough and the Copper River 

below Miles Lake (Fig. 1).   Flight surveys were approximately two hours long.  Fish 

were tracked within 1 km of their location.  Flight time was used so as to cover more 

area and locate more tagged fish rather than increase the precision and accuracy of tag 

locations. In 2007, the 21 September and 16 October flights only scanned the high 

frequency tags (168.000 and 169.000) because antennas were not available for the low 

frequency (148.540) tags.  Both frequencies were scanned on the 5 November 2006 

survey.  Tag signal range was approximately 5 km for high frequency tags and 3 km 

for low frequency coded radio tags estimated from stationary tags at known locations.   

 In 2007 and 2008, I used fixed receiver stations in addition to manual tracking 

to locate tagged fish.  I set up fixed radio biotelemetry receiver stations in four 

locations on Alaganik Slough and the Copper River (Fig. 2 and Fig. 3). Fixed receiver 

stations had a four-element yagi antenna connected with a coaxial cable to a Lotek 

SRX 400 biotelemetry receiver (Newmarket, Ontario).  A 12-volt battery attached to a 

solar panel powered the receiver.  Receivers logged the date, time, and unique 

identification code of tagged fish as they passed the receiver station.  In 2007, upper 

Alaganik receiver was deployed from 29 June to 20 November, 2007.  Lower 

Alaganik-Pete Dahl Cuttoff Slough receiver was deployed from 19 July to 16 October 

2007.  The upper Alaganik receiver was deployed from 27 March to 17 October 2008.  

Receivers did not scan continuously for several one to seven day periods due to 
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battery power issues.  The lower Alaganik Slough receiver scanned from 26 May to 3 

June and 29 July to 27 September 2008.   In 2008, I detected acoustic tagged fish in 

McKinley Lake with omnidirectional VR2 receiver-hydrophones (Vemco, Halifax, 

Nova Scotia, Canada) attached to anchors. In addition, I placed a VR2 receiver-

hydrophone in Alaganik Slough approximately 200 m below the lake outlet which 

logged the date, time and unique identification code of tagged fish leaving the lake 

from 29 July 2008 to 5 November, 2008.   

Statistical Analysis 

I used SAS statistical software, analysis of variation (ANOVA) to evaluate the 

differences in mean weight and lengths of sampled fish among seasons (2006, 2007, 

and 2008).  A Tukey’s test was used to statistically adjust P-values for multiple 

comparisons.    

 

Results 

2006 Sampling 

In 2006, I sampled 41 whitefish in McKinley Lake and tagged 29 fish from 1 

June to 30 June, 2006.  The overall mean length of sampled fish was 369.7 mm (SE ± 

3.6, range 302-407 mm) and mean weight was 728.3 g (SE ± 22.3, range 560 to 1100 

g) (Fig. 4).  Tagged fish mean length was 371.1 mm (SE ± 3.3, range 333 to 407) and 

mean weight was 761.6 g (SE ± 22.2, range 340 to 1100 g) (Appendix A).  The ratio 



19 

 

 

of tag weight to body weight was less than 3% (Appendix A).  Fourteen tagged fish 

expelled their tags or perished.     

No tags were detected in the lake after fall 2006.  Fourteen fish migrated out of 

the lake by 29 August 2006 and one remaining fish migrated out of the lake by 23 

October 2006.   Exact dates of entering and exiting the lake are unknown, however, 

estimated residency times in McKinley Lake ranged from 29 days to 125 days (Table 

2). 

Aerial biotelemetry flights detected six fish outside of the lake throughout the 

fall.  These fish were found in Alaganik Slough, Pete Dahl Cutoff Slough, and the 

Copper River (Fig.5).  Two fish were detected multiple days in late October and the 

fish had moved approximately 9 km up the Copper River (Fig. 5).  The remaining nine 

fish that had left the lake were not located in the fall surveys. No other tags were 

detected on the flights that covered Alaganik Slough and Copper River from Miles 

Lake to the mouth. 

2007 Sampling 

In 2007, 136 whitefish were sampled in McKinley Lake and 16 fish were radio 

tagged between 2 June and 15 June 2007.  I captured 127 fish migrating into the lake 

throughout the month of June including four that were tagged in 2006 (Fig. 6).  The 

overall mean length of sampled fish was 309.6 mm (SE ± 5.6, range 141 to 414 mm) 

and mean weight was 383.7 g (SE ± 17.3, range 20 to 953 g) (Fig. 4).  Mean tagged 

fish length was 374.3 mm (SE ± 4.3, range 346 to 414 mm) and mean weight was 
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611.3 g (SE ± 18.8, range 515 to 800 g).  Tag ratio of body to tag weight did not 

exceed 3%.  Two fish mortalities or expelled tags occurred.  

Sampling with fyke nets in 2007 captured a wider range of size classes than 

sampling with gill nets in 2006 (Fig. 4).  Mean lengths (Fig. 4A) were 60 mm greater 

and mean weights (Fig. 4B) were 344.6 g greater in 2007 compared to 2006 and these 

differences were significant (Tukey’s test,  P < 0.001).   

Whitefish migrated into the lake steadily throughout June (Fig. 6).  Counts 

peaked during the first two weeks of June and ended 29 June 2007 (Fig. 6). Since 

whitefish run timing was unknown, fyke nets were deployed late into the migration (1 

June 2007), during peak counts (Fig. 6).  Therefore our sampling effort may not have 

captured the beginning of the run.    

All fish tagged in 2007 left the lake by early October.  Tagged fish remained in 

the lake an average of 89.4 days (SE ± 8.46, range 36 to 133).  Exact exit dates were 

not recorded for three 2007 tagged fish because fixed receivers could not detect high 

frequency tags, and two fish exited the lake prior to deployment of the fixed receiver 

station.  Thus, the residency times for fish 35 and 36 were less than 23 days and were 

between 67 and 98 days for fish 30 (Table 2).  Ten fish left the lake between the hours 

of 21:00 and 6:00, while two fish left during the day at approximately 12:00 and 

16:30.   

Not all fish made single directed movements out of the lake.  Two fish returned 

to the lake after reaching lower Alaganik Slough roughly 20 km away.  After returning 
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to the lake, one fish returned to Alaganik Slough two days later and the other fish 

perished or expelled its tag at the lake. 

Of the 15 fish tagged in 2006, nine fish returned to McKinley Lake in early 

June 2007.   All of these fish left the lake by early October.  The fixed radio receiver 

station was only compatible with low frequency, 2007 tags.  Therefore, exact dates of 

entering and exiting the lake were unknown. Six fish left the lake between 21 August 

and 21 September 2007. Two fish left the lake before 25 June 2007 and another fish 

left the lake before 16 October 2007.   

A number of tagged fish were tracked into upper and lower Alaganik Slough, 

Pete Dahl Cutoff Slough, and the Copper River throughout the summer and fall (Fig. 

2).  Ten fish were detected in upper Alaganik Slough from July to August 2007.  

Twenty fish were detected in lower Alaganik Slough and connecting Pete Dahl Cutoff 

Slough from July to October 2007.   

Mean migration time from McKinley Lake to lower Alaganik Slough was 5.9 

days (SE ± 3.3, n = 12) and ranged from 0.4 to 40.0 days.  This estimate is based on 

12 fish tagged with coded low frequency radio tags.  The two fish that returned to 

McKinley Lake from lower Alaganik Slough took 0.4 and 2.3 days traveling upstream. 

Mean residency time in Alaganik Slough was at least 12.7 days (SE ± 4.35, n = 

12) and ranged from 0.61 to 43.9 days.  These are minimum estimates since fish may 

have spent time in Alaganik Slough outside of the receiver detection range.  Residency 

time in Alaganik Slough was at least 29.9 days for fish 35 and at least 38.4 days for 
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fish 36.  Detection times in lower Alaganik occurred throughout day and night (Fig. 

7). 

Only one fish was detected at the fixed receiver located on the Copper River 

(Fig. 2).  Fish can use multiple channels within the 15-km wide lower Copper River 

but a receiver was only placed on one channel.  One individual traveled from lower 

Alaganik Slough to the Copper River (over 18 km upstream from the mouth) in 6 

days.   The fish was detected in the Copper River throughout the night and day in early 

and late September.  Manual tracking surveys were too infrequent to estimate other 

fish travel times between Alaganik Slough and the Copper River.  

Twelve fish were detected in various locations in the Copper River from 

September through October (Fig. 2).  Short range movements between surveys were 

difficult to detect unless it was beyond the estimated 1 km detection error. A fixed 

receiver set up on the Copper River below Miles Lake, roughly 48 km from the mouth, 

did not detect any tagged whitefish moving past the receiver.  The receiver was 

removed 11 October 2007, while it was still accessible.  Aerial surveys indicated that 

fish were 30 km below this crossing in early November; therefore the fixed receiver 

may have been removed too early.  No other tags were detected on the flights which 

covered Alaganik Slough and Copper River from Miles Lake to the mouth. 

2008 Sampling 

In 2008, 53 whitefish were sampled and 29 fish were tagged with acoustic 

transmitters between 1 June and 8 August 2008.  Mean overall length of sampled fish 
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was 344.8 mm (SE ± 6.6, range 250 to 433 mm) and mean weight was 579.3 g (SE ± 

32.0, range 222.4 to 1096.4 g) (Fig. 4).  Sampled fish size in 2008, significantly 

differed from fish sampled from 2006 and 2007 (Fig. 4A and 4B).  Mean lengths (Fig. 

4A) and weights (Fig. 4B) of 2008 samples were 24.8 mm and 149.0 g lower than 

2006 samples (Tukey’s test, P < 0.001).  Mean lengths of 2008 samples not 

significantly different than 2007 samples (adjusted P = 0.105) (Fig. 4A).  Mean 

weights were 195.7 g larger than 2007 samples and this difference was significant 

(Tukey’s test, P = 0.001) (Fig. 4B).  Mean length of tagged fish was 334.5 mm (250 to 

430 mm) and mean weight was 561.5 g (range 222.4 to 1027 g) (Appendix A). Tag 

weight to body weight did not exceed 3%.  Three tags showed little movement within 

a month after tagging, indicating mortality or expelled tags.  One fish disappeared 

from detection range shortly after tagging, suggesting mortality or exit from the lake.  

Fourteen whitefish were captured in the fyke net moving into the lake from 14 

May to 18 July 2008. The capture success and/or run size was considerably lower than 

I observed in 2007, despite fishing the nets two weeks earlier and nearly three weeks 

later (Fig. 6).  Gill netting and biotelemetry surveys confirmed that fish were entering 

the lake, but were not captured by the fyke nets at the outlet.    A series of high water 

events in early June may have enabled whitefish to swim around the nets. 

In 2008, four of the 16 fish tagged in 2007 returned to the lake.  Another 2007 

tagged fish (tag 13) traveled within 0.5 km of the lake, but perished as a result of 

predation.  Fish tagged in 2007 returned to the lake an average of 35.8 days later (SE ± 
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8.1, range 23 to 57 days, n = 4) than their capture date at the lake outlet in 2007.   No 

fish tagged in 2006 returned to the lake.   

The lower Alaganik Slough fixed radio receiver detected four 2007 tags all 

within a nine-day period in late May to early June 2008 (Fig. 3).  Fish 32 and fish 43 

moved upstream to McKinley Lake in 16 days and 48 days, respectively.  Fish 42 

moved within 0.5 km of the lake within 30 days. Fish 32 returned back to the lower 

receiver within one day of leaving the lake.  Precise dates of entering and exiting the 

lake were not recorded for all 2007 tags as a result of receiver incompatibility with 

high frequency tags and battery issues.  Residency time in the lake was between 11 

and 44 days for 2007 tagged fish (Table 2).   

Of the 29 fish tagged in 2008, 11 fish left the lake between 29 July and 25 

August 2008.  This was a few weeks earlier than the date fish exited in 2007. Five of 

the 11 fish, left the lake within a 24-h period between 19 August and 20 August 2008.  

Eight of the 12 fish left the lake during night time hours 2200 to 0300.  The other two 

fish left the lake at 0600, 1745 and 1930.   Fish 32 left the lake at approximately 0100.  

Mean residency of the 2008 tagged fish was at least 14 days (SE ± 1.83, n = 11) and 

ranged from 3 to 21 days (Table 2).  This is a minimum estimate since date of entrance 

into the lake was unknown.  The remaining 14 fish were tagged with smaller V7 tags 

with shorter battery lives and were not detected leaving the lake.  Nine of these tags 

were not detected after July.  The remaining five tags were last detected into August (1 
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tag) and September (4 tags). No V7 tags were detected in Alaganik Slough.  Due to 

the short tag battery life I could not conclude that the fish remained in the lake. 

Residency time in Alaganik Slough was unknown since only one receiver was 

deployed in upper Alaganik.  I detected one fish (54) moving back and forth between 

the lake and Alaganik Slough seven times between 18 August and 5 September, 2008.   

Two other fish (55 and 52) spent two and three days respectively, around upper 

Alaganik Slough receiver (Fig. 3). 

Fall aerial biotelemetry surveys detected four fish tagged in 2006 and 2007 in 

the Copper River in late September (Fig. 3).  I manually tracked fish 30 from a boat on 

the Copper River and found it holding in a pool on the west fork of the Copper River. 

No other tags were detected on the flights which covered Alaganik Slough and Copper 

River from Miles Lake to the mouth.  An additional flight in November covering the 

Copper River from Miles Lake to Chitina (171 km upstream) detected no tagged fish 

in the upper river. Fish holding or traveling through the Gulf of Alaska may not be 

detected by aerial surveys since radio waves are highly absorbed by salt water. 

A seasonal migration was observed of tagged humpback whitefish between 

McKinley Lake and the Copper River in 2006, 2007, and 2008.  Most whitefish 

moved into McKinley Lake in the spring and early summer and remained in the lake 

throughout the summer. In late summer and early fall, fish moved out of the lake and 

down Alaganik Slough towards the Gulf of Alaska.  Some fish remained in Alaganik 

Slough for up to six weeks.  Several fish moved back and forth between Alaganik 
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Slough and McKinley Lake.  During midsummer, fish may access the Copper River 

by traveling through Pete Dahl Cutoff Slough near the mouth of Alaganik Slough.  

Tagged fish were detected in Pete Dahl Cutoff Slough near Alaganik Slough in 2006 

and 2007 during September and October surveys. However, aerial surveys from 2006-

2008 found that Pete Dahl Cutoff Slough dried up in several places by late August; 

making this route to the Copper River inaccessible in the fall.  The Gulf of Alaska was 

the only other accessible route between Alaganik Slough and the Copper River during 

fall.  No fish were detected in the Gulf of Alaska, which was expected given the high 

absorption of radio waves in salt water, however fish were detected near the Gulf of 

Alaska in lower Copper River in 2007 (Fig. 2) and lower Alaganik in 2006 (Fig. 5). 

Whitefish were detected on both the east and west forks of the lower Copper River, 

indicating that multiple channels were used to access the upper river.   Tagged fish 

traveled up the Copper River toward unknown spawning site locations.  The furthest 

upstream point I detected tagged fish was approximately 29 km upstream of the mouth 

in the west channel.  Seasonal operating hours of airplane contractors and poor 

weather conditions prevented any surveys beyond early November.   

 

Discussion 

The migratory behavior exhibited by the McKinley Lake humpback whitefish 

population was consistent with observations of other populations in Alaska and 

Canada, where lakes are occupied during summer months followed by a fall migration 
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to spawning grounds (Chang-Kue and Jessop 1992; Brown 2006; Harper et al. 2007).  

Although I did not locate the upstream extent of the migration, it is possible that they 

travel a great distance up the Copper River and connecting tributaries. Brown et al. 

(2007) found evidence of whitefish migrations to marine environments of up to 1700 

km away from the sample site in the Yukon drainage, and Harper et al. (2007) 

reported spawning migrations of up to 670 km on the Kuskokwim River.  Studies in 

Alaska have documented humpback whitefish spawning to occur in September and 

October (Alt 1979; Brown 2006; Harper et al. 2007).  Aerial tracking surveys 

indicated that tagged fish were still moving up the Copper River in early November 

suggesting that spawning occurs in November or later.   

Aerial biotelemetry surveys indicated that fish travel through the Gulf of 

Alaska in order to enter the Copper River in the fall.  Due to the high absorption of 

radio waves in salt water, this could not be verified with biotelemetry.  Aerial surveys 

in 2007 detected fish in the lower Copper River channel, indicating entrance from the 

Gulf of Alaska (Fig. 2).  Migration routes may change over time as a result of the 

dynamic nature of the Copper River and Alaganik Slough.  Predominant flows shift 

between channels regularly in the heavily-braided lower Copper River.   Over time, 

Copper River flows may shift westward and increase water volume in tributaries 

between Alaganik Slough and the Copper River.  If this were to occur, a fall migration 

corridor may be available between the two systems.  
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Fidelity to lakes during summer months, as found in the McKinley Lake 

population, has been documented in other humpback whitefish populations in Alaska 

(Brown 2006; Harper et al. 2007).  Site fidelity can be exhibited when high quality 

habitat is available (Switzer 1995).  Therefore, humpback whitefish may return to 

McKinley Lake annually to use optimal foraging habitats for benthic invertebrate 

resources, which may be more abundant at the lake compared to other areas in the 

CRD.  In addition, humpback whitefish seek out McKinley Lake from a separate basin 

(Copper River) also suggesting that the lake provides abundant resources or other 

selective advantages. It is unclear how young whitefish initially find McKinley Lake 

assuming larvae hatch in the Copper River basin.  The spring run of humpback 

whitefish observed in 2007, suggests that fish migrate in groups and young fish (age 2 

and 3) may find summer feeding lakes by following older individuals that are 

returning to lake habitats occupied in previous years.  

Whitefish tended to migrate out of McKinley Lake during the night time.  This 

was also observed in McKenzie River, Canada whitefish populations where fish 

moved between the hours of 1700 and 0600 (Bond and Erickson 1985). Night-time 

may be the best hours to enter the shallower, less-protected habitats of upper Alaganik 

Slough in order to decrease predation risks.   However, the same pattern was not 

observed in lower Alaganik Slough, where fish were detected throughout the day and 

night time. High turbidity levels of lower Alaganik Slough may provide more cover 

than the clearer upper reaches. 
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Overwintering 

There was no evidence based on biotelemetry results that overwintering occurs 

in McKinley Lake.  Local residents have reported catching whitefish with gillnets in 

McKinley Lake under the ice during winter months, however, I did not sample the 

lake during winter. Spring sampling and biotelemetry results indicate that whitefish 

leave the lake in the fall and return in the spring.  All tagged fish with extended battery 

lives, left the lake by late fall.  In the spring, tagged fish were detected in lower 

Alaganik Slough before entering McKinley Lake, indicating an upstream migration to 

the lake.  In addition, a large run of whitefish was sampled while entering the lake in 

June of 2007, suggesting that winter and early spring months were spent elsewhere.   

Since tagged fish were generally larger size classes, I could not confirm that younger 

size classes do not overwinter in the lake.   

Overwintering in other Alaska and Canada humpback whitefish populations 

occur in freshwater and marine habitats.  In Canada, McKenzie River stocks were 

reported to overwinter in the lower river and the estuary (Bond and Erickson 1985; 

Chang-Kue and Jessop 1992). In Alaska, Alt (1979) reported Kobuk River stocks 

overwinter in the estuary and lower river habitats. Similarly, Brown (2006) reported 

upper Tanana River stocks overwintered primarily in lower river reaches and to a 

lesser extent in lakes.  It is possible that individuals from the McKinley Lake 

population occupy both marine and freshwater overwintering habitats, and this may 

also change from year to year. An aerial biotelemetry survey was conducted in late 
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January 2007 that covered the majority of the Copper River and tributaries; however 

no tagged fish were detected. This survey indicates that whitefish overwinter in lower 

Alaganik Slough, Gulf of Alaska or another connecting tributary not covered by the 

survey.   

Larval Rearing 

Larval rearing areas on the Copper River remain mostly unknown.  Smaller 

size classes captured with fyke nets at the lake outlet in 2007 were possibly immature 

fish (Fig. 4).  Other studies have estimated the minimum length of maturity to be 

between 328 to 350 mm (Fleming 1996; Chang-Kue and Jessup 1992; Bond and 

Erickson 1985).  Using a conservative estimate of minimum length of maturity of 300 

mm for 2007 samples, 43 possibly immature fish entered the lake in the spring. 

Therefore, rearing of young whitefish may occur in McKinley Lake during summer 

months.  These fish were too small to tag to determine whether fish remained in the 

lake throughout the winter.  

Summary of Findings 

The results of this study provide the first documentation of the migratory 

behavior and seasonal habitat use of humpback whitefish on the CRD.   Humpback 

whitefish demonstrated the use of a wide range of diverse habitats available on the 

CRD including lakes, rivers, sloughs, estuary, and possibly the Gulf of Alaska.  

Migrations between these habitats occur seasonally and are repeated by some 
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individuals annually.  Lakes are occupied during the summer months, and fidelity to 

these sites was demonstrated by some individuals.  This study also suggests that 

rearing and spawning occurs in separate basins.  Overwintering, rearing of immature 

fish, and spawning areas still remain unknown and warrant further investigation. 
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Figures 

 

 

 

Fig. 1.  Location of McKinley Lake on the Copper River Delta, Alaska (USA).  

Bathymetric map of McKinley Lake, Alaska (lower right).  Bathymetric map contours 

are in meters and were produced by the Alaska Department of Fish and Game.  

Cartography by Kathryn Ronnenberg.  
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Fig. 2.  Locations and date of detection of tagged humpback whitefish of McKinley Lake on 

the Copper River Delta, Alaska in 2007.  Radio tagged whitefish were detected by fixed 

receivers, aerial, and boat telemetry surveys. Each tag is represented by a unique symbol on 

the map and the date of detection is included in parenthesis next to the tag symbol.   Detection 

error was approximately 1 km for aerial telemetry surveys.  Boxes associated with fixed 

receiver stations include the fish tag number and date the fish was logged by the receiver in 

2007.     
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Fig. 3.  Locations and date of detection of tagged humpback whitefish of McKinley Lake on 

the Copper River Delta, Alaska in 2008.  Radio tagged whitefish were detected by fixed 

receivers, aerial, and boat telemetry surveys. Each tag is represented by a unique symbol on 

the map and the date of detection is included in parenthesis next to the tag symbol.   Detection 

error was approximately 1 km for aerial telemetry surveys.  Boxes associated with fixed 

receiver stations include the fish tag number and date the fish was logged by the receiver in 

2008. 
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Fig. 4.  Box plots of (a) length (mm) and (b) weight (g) of humpback whitefish 

captured at McKinley Lake, Alaska in 2006-2008. The horizontal lines forming the 

box represent the 25
th 

(lower line), 50
th

 (median, middle line and dot) and 75
th

 (upper 

line) percentile of the distribution of weight and length data.  The lower vertical lines 

represent the smallest observations and the upper vertical lines.  The dots represent 

extreme observations. The overall plot dimensions represent the spread of the data. 
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Fig. 5.  Locations and date of detection of tagged humpback whitefish of McKinley Lake on 

the Copper River Delta, Alaska in 2006.  Radio tagged whitefish were detected by fixed 

receivers, aerial, and boat telemetry surveys. Each tag is represented by a unique symbol on 

the map and the date of detection is included in parenthesis next to the tag symbol.   Detection 

error was approximately 1 km for aerial telemetry surveys.  Boxes associated with fixed 

receiver stations include the fish tag number and date the fish was logged by the receiver in 

2006. 
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Fig. 6.  Number of humpback whitefish captured with fyke nets at the outlet of 

McKinley Lake, Alaska  in the spring of 2007 and 2008. 

 

 

 

 

Fig. 7.  Detection times of tagged humpback whitefish in lower Alaganik Slough, 

Alaska in 2007 and 2008. 
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Tables 

 

Table 1. Specifications of acoustic and radio tags surgically implanted into humpback 

whitefish in McKinley Lake, Alaska. Dimensions represent the length and width of 

cylindrical shaped tags. Battery life estimates were based on the manufacturer’s 

warranty battery life with exception of estimates with asterisk. 

 

Tag type 

(frequency) 
#   

tags 

Water 

weight 

(g) 
Dimensions 

(mm) 

Acoustic 

power 
(dB at 1 m) 

     Burst rate  
         (sec.) 

Battery 
life 

(days) 

Lotek: MCFT-3FM 

(Radio: 148.540) 

15      4.6          11 x 59                 N/A                 5.0                           472 

Lotek: MBFT-3A       

(Radio: 168.xxx, 

169.xxx) 

 30      6.7          16 x 46               N/A      5.0                553 

Vemco: V7-2L 

(Acoustic: R64KHz) 

 8      0.75        7 x 20              136         150-300 

         (avg = 225) 

                *55-75 

Vemco: V7-1L 

(Acoustic: R64KHz) 

 6     0.7       7 x 18             136         150-300 

        (avg = 25) 

                *55-75 

Vemco: V13-1L 

(Acoustic: 64KHz) 

 10     6.0          36 x 13             147       30-90 

         (avg = 60) 

             625 

Vemco: V13P-1L 

(Acoustic: 64KHz) 

 5        6.0         44 x 13             150         30-90 

         (avg = 60) 

             525 

*Tags were a year old and batteries had degraded over that period. Number represents 

estimated battery life. 
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Table 2. Residency times of humpback whitefish in McKinley Lake, Alaska, from 

2006-2008. Exact dates of entering and exiting the lake were not recorded for all fish. 

For 2006 tags, a maximum estimate is given. For 2007 and 2008, a range is given for 

fish when exact times were not recorded. 
 

Tag 

Residency time (days) 

Tag 

Residency time (days) 

2006 2007 2008 2006 2007 2008 

2 77 - - 31 - 82 - 

3 77 - - 32 - 109 44 

4 77 76-107 - 33 - 83 - 

6 75 - - 34 - 106 - 

7 75 1-4 - 35 - < 23 - 

8 75 70-101 - 36 - < 23 - 

9 75 - - 37 - 98 - 

12 125 - - 38 - 104 32-40 

13 70 102-127 - 39 - 133 - 

14 29 - - 43 - 74 11-19 

15 63 80-111 - 47 - - 15 

19 63 76-107 - 49 - - 21 

20 29 - - 50 - - 15 

21 63 71-102 - 51 - - 16 

22 27 76-115 - 52 - - 20 

25 27 1-19 - 53 - - 4 

30 - 67-98 12-38 54 - - 3 

40 - 114 - 55 - - 17 

41 - 97 - 57 - - 20 

42 - 37 - 59 - - 11 

44 - 36 - 60 - - 12 
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Chapter 3: Examination of Marine Habitat Use of Humpback Whitefish in the 

Copper River Delta, Alaska Using Otolith Chemistry 
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Abstract 

Otolith chemistry was used to evaluate the life-history of humpback whitefish 

(Coregonus pidschian) sampled from McKinley Lake on the Copper River Delta, 

Alaska.  Sagittal otoliths were extracted from 20 humpback whitefish and a chemical 

analysis was performed to evaluate levels of strontium Sr:Ca.  Age of whitefish ranged 

from 2 to 9 years.  Marine migrations were detected in 45% of the samples.  Three 

life-histories were observed, while some individuals inhabited only freshwater 

environments, some individuals made single migrations to marine habitats, and other 

individuals made multiple migrations to marine habitats.  Marine migrations were 

observed in most age classes including 3-yr-old individuals.  This is the first 

documentation of marine habitat use of humpback whitefish of the Copper River 

Delta, Alaska. 

 

Introduction 

Migration is thought to occur in order to maximize fitness by means of moving 

to habitats that increase growth, survival, and abundance (Northcote 1978).  Migratory 

behavior is adapted from conditions in which optimal habitats are spatially, seasonally, 

and ontogenetically separated (Northcote 1984).  However, the act of migration can be 

costly in terms of energy expenditure and survival risks (Jonsson and Jonsson 1993).  

The associated costs and benefits of migration and the separation of optimal habitats 

are demonstrated in a wide range of life-histories in freshwater fishes, most notably 

salmonids.  In addition, migratory behavior may vary between species, individuals, 
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and life stages.  Humpback whitefish, demonstrate a wide range of movement and 

migrations throughout its range, making it an ideal subject to investigate these 

ecological concepts.   

Humpback whitefish are known to inhabit lacustrine, riverine, estuarine, and 

marine environments in Alaska and Canada (Reist and Bond 1988; Brown 2006; 

Harper et al. 2007).  Some individuals may use all of these habitats in a single year, 

while other individuals or year classes may only occupy a single habitat (Brown 2004; 

Brown 2006; Harper et al. 2007).   Studies throughout Alaska and Canada have shown 

a high variation of habitat use and migratory behavior among and within populations, 

and many aspects of their life history are widely unknown. 

Generally, migration by whitefish to lakes and ponds occurs in early spring, 

where they spend the summer feeding (Bond and Erickson 1985; Brown 2006; Harper 

et al. 2007). Lakes are thought to be the main feeding areas for humpback whitefish 

during summer months (Bond and Erickson 1985; Brown 2006; Harper et al. 2007).  

An emigration from the lake occurs in midsummer to early fall to reach spawning 

grounds by late fall (Alt 1979; Bond and Erickson 1985; Brown 2006).  Overwintering 

habitats occur in estuaries, lakes, and lower rivers (Chang-Kue and Jessop 1992; 

Brown 2004; Brown et al. 2006). Rearing is thought to occur in lower rivers, lakes, 

and ocean (Bond and Erickson 1985; Brown 2004; Brown et al. 2002).   

Otolith chemistry techniques provide information on important aspects of life 

history including habitat, seasonal migrations, migration timing, and age of fish. Trace 
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elements within the otolith structures provide a chemical record of the environments 

occupied throughout a fish’s life (Campana 1999).  Analysis of the relative proportion 

of trace elements strontium (Sr) and calcium (Ca) within the otolith can provide 

evidence of migration to marine environments and the chronology of those 

occurrences (Secor 1992; Zimmerman 2005).  Since marine environments typically 

have higher strontium content than freshwater, differing proportions of Sr:Ca are 

reflected in the mineral composition of the otolith as the fish grows in marine or 

freshwater environments (Wells et al. 2003; Zimmerman 2005).  This technique has 

been validated in a number of salmonids including coregonids (Zimmerman 2005; 

Brown et al. 2007). 

Otolith chemistry has been used to evaluate amphidromy in multiple 

populations of humpback whitefish in Alaska (Brown 2006; Brown et al. 2007; Harper 

et al. 2007).  Marine migrations of humpback whitefish have been detected in 

individuals captured in freshwater hundreds of kilometers from the ocean (Brown et 

al. 2007).    Amphidromy of humpback whitefish of the Copper River Delta (CRD) 

has not been investigated.  However, biotelemetry data presented in chapter 1, 

suggested a strong possibility of marine migration. 

Otolith chemistry is particularly useful in evaluating the habitats of humpback 

whitefish given the limited information available on the species and the difficulty in 

tracking and locating these fish throughout their life cycle.  A lack of basic life history 

information, in addition to local requests for subsistence harvest permits for humpback 
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whitefish at McKinley Lake, initiated a U.S. Forest Service investigation.   Objectives 

of this study were to: (1) evaluate the extent of amphidromy of individuals within the 

McKinley Lake whitefish population, and (2) determine the age of these individuals. 

 

Methods 

Study Area 

McKinley Lake is located on the CRD, Alaska, 33 km east of the town of 

Cordova (Fig. 1).   Alaganik Slough drains the lake and flows into the Gulf of Alaska 

21 km downstream.  The lower 12-14 km is tidally influenced (Fig. 1).  Alaganik 

Slough is connected to a complex network of tributaries, tidal sloughs, lakes, and 

ponds throughout the CRD.  The Copper River lies approximately 4 to 8 km east of 

Alaganik and flows into the Gulf of Alaska.  

Otolith Chemistry and Age Determination 

Fork length and weight were measured and sagittal otoliths were extracted 

from 20 humpback whitefish that were unintentional mortalities from gill net sampling 

in McKinley Lake in 2003 and 2007 (date and size of fish captured are provided in 

Table 4).  The condition factor was calculated for each individual from length and 

weight data using a Fulton- type condition factor (K) equation: 

K = 10N
W

/L
3
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Where: W is the weight of the fish (g), L is the fork length of the fish (mm), and N = 

5, is a constant added to make values more mathematically tractable. 

Otoliths were stored in vials containing 70% ethanol.  They were prepared for 

analysis following methods modified from Volk et al. (2000) and Zimmerman and 

Reeves (2002).  Otoliths were thin sectioned in the sagittal plane and mounted sulcus 

side up with Crystal Bond 509 resin to a petrographic slide heated on a hot plate to 

275 
o
C.  Otoliths were ground on a Buehler Ecomet 3 grinder with 1200 grit silicon 

carbide paper until the primordium was nearly exposed without damaging the otolith 

edge.  A fine polish of 1 µm alumina slurry was applied.  The mounted half section 

was then warmed to melt the Crystal Bond and turned distal side up.  Grinding was 

repeated until the primordium was exposed or until there was risk of damaging the 

otolith edge in the dorsal posterior region.  Another fine polish coat was applied using 

1 µm alumina paste. Otolith thin sections were rinsed in deionized water and air dried.  

Fish age was estimated by examining each mounted otolith under a dissecting 

microscope and counting annuli.  An annulus was identified by the transition between 

opaque and translucent banding rings. 

Microchemical analysis procedure followed methods similar to Brenkman et 

al. (2007).  The analysis was performed at the Keck Collaboratory for Plasma Mass 

Spectrometry at Oregon State University.  The system consisted of a New Wave DUV 

193 nm ArF laser coupled with a Thermal Elemental PQ Excell quadropole 

inductively coupled plasma mass spectrometer (LA-ICP-MS).  Helium (He) gas was 
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used to transport the ablated otolith material through vinyl tubing from the laser to the 

mass spectrometer (operating conditions for LA-ICP-MS, Table 3).   

A sampling transect was drawn across the otolith for ablation, from the 

primordium to beyond the otolith edge in the dorsal/posterior quadrant (Fig. 8).  Each 

otolith analysis was coupled with a transect along a polished NIST (610) glass 

standard with known concentrations of Sr and Ca for quantifying Sr:Ca atomic ratios. 

Laser transects had a pulse rate of 8 Hz and a beam diameter of 30 µm (Table 3).  

Marine migrations were identified by following methods similar to Brenkman et al. 

(2007), where otolith chemistry profiles were plotted and inflection points were 

identified by a steep rises in Sr:Ca levels indicating a marine migration.  

Water Sampling 

I collected water samples in the fall of 2009 to evaluate the Sr and Ca levels of 

the river, lake, and slough environments, of which the humpback whitefish occupies.  

Freshwater Sr:Ca ratios were used for comparison of the otolith chemistry results to 

differentiate marine and freshwater Sr:Ca levels.  Two water samples were collected at 

McKinley Lake, upper Alaganik Slough, lower Alaganik Slough, Copper River, and 

two control samples of deionized water, using methods similar to Wells et al. (2003).  

A 125 ml sample was then vacuum filtered through a 0.45 µm polyethersulfone 

membrane filter rinsed with deionized water, and stored in bottles prepreserved with 1 

ml of ultrapure nitric acid.  They were kept refrigerated at 0ºC until analysis.   In 

addition, Sr:Ca data from Copper River water samples collected and analyzed by the 
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U.S. Geological Survey (USGS) from 1983 to 1995 was incorporated.  The water 

samples were analyzed with a Varian AA240FS flame atomic absorption spectroscope 

(Varian, Inc, Palo Alto, California) at Cooperative Chemical Analytical Laboratory in 

Corvallis, Oregon.  

Statistical Analysis 

SAS statistical software was used to run an ANCOVA analysis to compare the 

response variables length, weight, and condition factor with covariates age and 

migration (freshwater or marine). 

 

Results 

Water Chemistry 

All water chemistry samples had low Sr:Ca values, ranging from 1.61 

mmol/mol in Alaganik Slough to 2.64 mmol/mol in the Copper River (Appendix B).   

The mean Sr:Ca of all samples was 2.26 (SE ± 0.04) mmol/mol.  Sr:Ca ratios of water 

samples collected on the Copper River, Alaganik Slough, or McKinley Lake were all 

below 2.64, approximately 69% lower than values from water samples from the 

Pacific Ocean (de Villiers 1999).   In addition, low Sr:Ca concentrations at otolith 

margins at time of capture were low; in agreement with low Sr:Ca water chemistry 

results. 
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Fish Size and Age 

Mean fork length of sampled fish was 312 mm (SE ± 16.3) and ranged from 

143 to 418 mm (Table 4).  Mean weight was 514.4 g (SE ± 60.3) and ranged from 

72.9 to 974 g (Table 4).   The estimated mean age was 4.6 years (SE ± 0.47), ranging 

from 2 to 9 years.  The length at age distribution was variable, particularly in the older 

year classes; for example, the 250 to 350 mm length class contained fish ages 3 to 7 

years (Fig. 9).    

Otolith Chemistry  

Sr:Ca profiles revealed three life histories of humpback whitefish (Fig. 10 and 

Appendix C):  (1) Fish remained in fresh water throughout their entire life; (2) fish had 

a single migration to the marine environment; and (3) fish made several migrations to 

the marine environment. Marine migrations were found in 45% of the samples 

including individuals of the younger age class (age 3), but not in the youngest year 

class (age 2).  At least one marine migration event occurred in most year classes of 

fish sampled except age class 2, 5, and 9.  Conversely, freshwater residents occurred 

in all year classes except age class 4 (n = 1).  

Mean length, weight, and condition factor at age was not significantly different 

between marine migrants and freshwater residents (p > 0.05) (Fig. 11 and Table 5).  

Three age classes (3, 6, and 7) contained both freshwater residents and marine 

migrants (Fig. 12).  For age 3 fish, the mean length and weight of fish that made a 

marine migration were less than those that had only been in freshwater.  The opposite 
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was observed for fish that were age 6 and 7 (Fig. 12). Because of the small paired 

sample size (age 3: n = 2 fresh, 2 marine; age 6: n = 5 fresh, 1 marine; age 7:  n = 1 fresh, 1 

marine) a statistical comparison could not be made.  

 

Discussion 

Otolith chemistry analysis confirmed a marine component to the life history of 

some individual humpback whitefish occupying McKinley Lake, Alaska.  In addition, 

three different life histories were apparent from the analysis, where some individuals 

inhabited only freshwater habitats, some individuals made a single marine migration, 

and some individuals made several marine migrations. A similar variation in life 

history has been observed in other whitefish populations in Alaska.  Brown (2004) and 

Harper et al. (2007) found both amphidromous and riverine individuals within the 

Selawik River Delta and Kuskokwim River humpback whitefish populations 

respectively; confirmed from otolith chemistry analysis.  However, not all populations 

contain amphidromous individuals.  Brown (2006) found only a freshwater resident 

form within the Tanana River humpback whitefish population.   

Marine habitat use by humpback whitefish has been confirmed incidentally.  A 

gillnet  subsistence fisherman in 2008 and 2009 reported capturing a single humpback 

whitefish each year in the Gulf of Alaska roughly 7 km offshore of the mouth of 

Alaganik Slough during the spring salmon harvest (T. Joyce, U.S. Forest Service 

Biologist, personal communication).  In addition, a study conducted on the Beaufort 
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Sea, Canada, captured lake whitefish near shore at salinities ranging from 2-28% 

(Craig 1984).   This study also suggested that whitefish occupy nearshore habitats to a 

greater extent, where numbers decreased with increased distance from shore (Craig 

1984).  

Biotelemetry data presented in chapter 2 provide information on habitat use of 

humpback whitefish throughout spring, summer, and fall on the CRD.  However, no 

information was obtained concerning overwintering and immature whitefish rearing 

habitats.  Otolith chemistry profiles revealed low Sr:Ca levels near the otolith core in 

all samples,  indicating that larval rearing occurs in freshwater habitats. Rearing of 

immature whitefish has been documented to occur in both freshwater and marine 

environments in populations in Alaska and Canada (Brown 2004; Brown 2006; Bond 

and Erickson 1985).  Biotelemetry efforts in this study were unable to locate spawning 

grounds; however freshwater rearing of immature whitefish, as indicated by the otolith 

chemistry, suggests that spawning occurs upstream of freshwater larval rearing areas. 

Shestakov (1992) found that after hatching, coregonid larvae moved downstream, 

passively and actively, to backwaters, floodplains, and river mouths where larval 

rearing occurred.  Therefore, it is likely that early rearing occurs downstream from 

spawning grounds, in an area where larvae can resist passive drift into marine waters. 

The otolith analysis revealed that some individuals migrated to marine 

environments after three years of growth while those individuals may still be 

immature.  Studies have estimated length at maturity of humpback whitefish to be 328 
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to 350 mm (Bond and Erickson 1985; Chang-Kue and Jessup 1992; Fleming 1996).  

Age 3 and 4 individuals were less than 350 mm fork length; indicating that immature 

humpback whitefish may carry out marine migrations.  However, this was not the case 

for all younger age classes; age 3 freshwater residents were also observed.  Otoliths of 

mature adults’ marine signal appeared away from the primordium (early growth); 

indicating migrations occurred in later years (Fig. 10).  However, this is an 

approximation since age at migration was not estimated. 

Otolith chemistry results suggest that overwintering can occur in freshwater.  

Overwintering may also occur in marine habitats; however, since the time or duration 

of migration was not estimated this cannot be confirmed.  Other studies in Canada and 

Alaska have documented overwintering of coregonids to occur in estuaries, lakes, and 

lower rivers (Chang-Kue and Jessop 1992; Brown 2004; Brown et al. 2006). 

Biotelemetry results presented in chapter 2 revealed that overwintering does not occur 

in McKinley Lake.  Three fish (WF 12, WF 17, WF 19, Appendix C) had multiple 

marine migrations separated by freshwater residency, which may indicate annual 

marine overwintering.   

Biotelemetry results of tagged whitefish suggested that whitefish migrate to the 

Gulf of Alaska annually to access the Copper River.  However, this was not reflected 

in otolith chemistry profiles.  The majority (55%) of samples had no marine signature.  

The marine signature of the other individuals suggested an extended marine residency 

based on the width of Sr:Ca peaks.  Research has demonstrated that otolith chemistry 
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will detect residency in a range of salinities including estuarine habitats (Zimmerman 

2005; Brenkman et al. 2007), therefore near shore or tidal movements should have 

been detected.  There are a number of possible explanations to explain this 

discrepancy.  First, otolith chemistry was not performed on tagged fish; therefore 

migratory behavior could have differed between groups.  Given the prominent 

seasonal migrations of whitefish observed by biotelemetry data, this is unlikely.  In 

addition, fish were tracked at the mouth of Alaganik Slough and the mouth of Copper 

River, suggesting movement through the Gulf of Alaska.  Second, unknown 

freshwater routes may be used to move from Alaganik Slough to the Copper River.  

No freshwater routes between the two systems were observed during fall aerial 

biotelemetry flights when most fish were migrating, however fish migrating during the 

summer could access the Copper River using Pete Dahl Cutoff Slough.  The third 

explanation may be a limitation in chemical analysis equipment.  The chemistry 

analysis sampled Sr:Ca by ablating otolith material  across a transect, and the density 

of sample points is based on the scan speed of the ablating laser, which was 5 µ/sec for 

this analysis.  This speed may have been too rapid to detect brief marine encounters. It 

is possible that migrating whitefish could cover the 15 km distance across the near 

shore in a matter of days, assuming no osmoregulatory constraints.  Biotelemetry 

results tracked one whitefish that moved between lower Alaganik Slough and 18 km 

up the Copper River in approximately six days.  Further otolith chemical analysis 

using a slower scan speed may detect these discrete migrations. 
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The variable marine and freshwater life histories demonstrated by the otolith 

chemistry profiles indicate that the McKinley Lake humpback whitefish population 

carries out partial migration.  Partial migration describes the occurrence of populations 

divided into migratory and resident individuals (Jonsson and Jonsson 1993).  It is 

predicted that individuals that overcome the potential ―cost‖ of migration to marine 

environments will have a selective advantage realized in increased size and fecundity 

(Jonsson and Jonsson 1993).  Sample sizes of this study were too small to investigate 

this question in depth. However our data suggested that with marine migration of age 

3 fish decreased in size (a selective disadvantage), but older age classes increased in 

size by migrating to marine habitats. Further investigation of a larger sample size is 

needed to test this hypothesis. 

In summary, otolith chemistry results combined with biotelemetry data 

presented in chapter 1 provide a greater understanding of the temporal and spatial 

distribution of habitats occupied by humpback whitefish throughout the CRD and the 

Gulf of Alaska.  Otolith chemistry revealed a marine component of their life history 

that may entail seasonal migration or an extended migration to the Gulf of Alaska. In 

addition, larval rearing is thought to occur in freshwater habitats; however, some 

individuals migrated to the ocean after two years of growth. 
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Figures 

 

Fig.8. Otolith of a humpback whitefish from McKinley Lake, Alaska.  The black line 

illustrates the sample transect where a laser coupled to a inductively coupled plasma 

mass spectrometer (LA-ICP-MS) abrated otolith material to assess trace elements 

strontium and calcium content.   

 

 

 

 

Fig. 9.  Length (mm) at age (y) distribution of humpback whitefish samples from 

McKinley Lake, Alaska. 
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Fig.10. Otolith chemistry profiles and diagram exemplifying the different life history 

types of humpback whitefish from McKinley Lake, Alaska. (A) This age 3 individual 

occupied only freshwater habitats. (B) This age 3 individual migrated to marine 

habitats after early rearing in freshwater. (C) This age 9 individual remained in 

freshwater its entire life. (D) This age 6 individual made one marine migration (E) 

This age 7 individual made several marine migrations.  All individuals reared as larvae 

in freshwater habitats. 

 

  

 

 

 

 

 

 

 

Early Life History Adult 



59 

 

 

 

 

Fig.11. Scatter plots and trend lines of length at age, weight at age, and condition 

factor at age of humpback whitefish sampled from McKinley Lake, Alaska. The 

regression analysis is summarized in Table 5. 
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Fig. 12.  Mean difference in weight and length between paired freshwater residents 

and marine migrating humpback whitefish from McKinley Lake, Alaska.  Fresh and 

marine indicates which life history types’ weight or length was greater. 
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Tables 

Table 3.  Operating conditions of LA-ICP-MS  

 

Cooling gas (L/min) 13 

Auxiliary gas (L/min) 0.95 

He gas (L/min) 0.75 

Detector mode P  Pulse counting and analog 

Sweep mode Peak hopping 

Dwell time (ms) 10 

Points per peak 1 

Analysis interval (sec) 360 

Laser ablation diameter (µ) 30 

Scanning speed (µ/sec) 5 

Pulse rate (Hz) 8 
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Table 4. Fish length (mm), weight (g), capture date, age, and number of marine 

migration of humpback whitefish samples from McKinley Lake, Alaska. 

 

Fish  Length Weight Capture Age Number of 

Number (mm) (g) date estimate migration 

WF 1 200 88.9 6/29/2007 2 0 

WF 2 175 72.9 6/29/2007 2 0 

WF 3 143 — 2007 2 0 

WF 4 250 188.8 7/17/2007 3 1 

WF 5 275 326.9 7/17/2007 7 0 

WF 6 300 450.8 7/17/2007 3 0 

WF 7 305 344.5 7/16/2007 3 0 

WF 8 305 402.2 8/8/2007 4 1 

WF 9 318 403.8 7/16/2007 6 0 

WF 10 320 420.9 7/16/2007 3 1 

WF 11 330 535.7 8/8/2007 5 0 

WF 12 340 543 7/16/2007 — 2 

WF 13 342 465.9 7/16/2007 3 0 

WF 14 350 603.3 7/19/2007 6 1 

WF 15 350 772.4 2004 6 1 

WF 16 352 634.8 7/16/2007 6 1 

WF 17 384 728.1 7/16/2007 6 2 

WF 18 387 908.2 7/16/2007 9 0 

WF 19 395 974 7/16/2007 7 3 

WF 20 418 907.9 7/16/2007 5 0 
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Table 5.  ANCOVA mean difference comparison of length at age, weight at age, and 

condition factor at age and associated p-values. 

 

Mean difference 

(marine - freshwater ) P-value 

Length at age 20.2 mm P = 0.410 

Weight at age 78.7 g P = 0.39 

Condition 

factor at age 

0.03 P = 0.68 
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Ch.4: Summer Movement of Humpback Whitefish in McKinley Lake, Alaska 
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Abstract 

Acoustic biotelemetry was used to examine summer movements of tagged 

humpback whitefish (Coregonus pidschian) in McKinley Lake on the Copper River 

Delta, Alaska.  Acoustic tags were surgically implanted into 29 whitefish and 

movements were monitored with stationary hydrophone receivers from June to 

September 2008.  Movement rates were significantly higher at dusk compared to night 

in one sampling period. However, movement activity between all other diel periods 

did not significantly differ, suggesting arrhythmic diel movement.  A large portion of 

the lake was occupied at any given time, but not all areas were used equally.  Activity 

levels, measured by change in zones, were variable between dates and indicated that 

fish moved between detection zones often.  An increase in activity was observed 48 h 

prior to migration from the lake.   

 

Introduction 

Small-scale movement behavior, on the scale of hours to days, is a 

fundamental aspect of fisheries ecology and management.  A number of factors can 

influence small-scale movement including feeding opportunities, species interactions, 

reproduction, and environmental conditions (Mathews 1998; Wooton 1998).  In 

addition, these influences may act together and change over time (Pavlov 2000). 

Small-scale movement can occur spatially, (e.g., horizontal or vertical migrations) and 

temporally (e.g., diel movement) (Mathews 1998).  
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 Foraging is a primary activity for fishes and can have a considerable influence 

on movement (Craig 1977; Zamora and Amich 2002; Cunjak et al. 2004).  Light levels 

have been documented as a major factor influencing foraging behavior for a number of 

fish species (Emery 1973; Helfman 1978).  Fishes inhabiting temperate lakes typically 

forage diurnally or nocturnally, and this pattern may vary between species and life 

stages (Helfman 1981).   Coregonids exhibit a variety of diel movement patterns 

including diurnal (Muller 1978a; 1978b; Scherer and Harrison 1988; Begout Anras et 

al. 1999) and crepuscular periods of activity (Gjelland et al. 2004; Scherer and 

Harrison 1988).   In addition, diel vertical migrations (Hrabik et al. 2006; Mehner et 

al. 2007; Jurvelius and Marjomaki 2008) and diel shoaling behavior have been 

documented (Muller 1978b). 

Humpback whitefish are an important subsistence and sport fishery resource 

throughout Alaska (Brown 2006; Woody and Young 2006; Harper et al. 2007).    

Humpback whitefish of Alaska and northern Canada exhibit a complex life history, 

where they occupy lacustrine, riverine, estuarine, and marine environments, and may 

carry out long distance migrations among these habitats (Reist and Bond 1988; Brown 

2006; Harper et al. 2007).  Lakes are thought to be the major feeding areas for 

humpback whitefish, to the extent that they are commonly referred to as ―summer 

feeding lakes‖ in the literature (Bond and Erickson 1985; Brown 2006; Harper et al. 

2007).  Fidelity to these areas is common (Brown et al. 2002; Brown 2006; Harper et 

al. 2007).  Humpback whitefish research conducted in Alaska has focused on seasonal 
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migrations (Brown 2006; Brown et al. 2007; Harper et al. 2007); however, no studies 

have documented summer movement in lakes.   

Studying movement behavior of fish poses a number of spatial and temporal 

logistical constraints.   Manual tracking techniques require long hours in the field, 

sometimes over large study areas, which usually limit data collection to discrete 

periods.  Passive acoustic biotelemetry technology has proven to be an effective tool 

in evaluating fish movement behavior in lakes (Begout Anras et al. 1999; Dick et al. 

2009).  This technology reduces sampling bias introduced from manual tracking 

techniques such as boat noise, weather constraints, time of tracking, and duration of 

surveys.  Passive acoustic biotelemetry also allows the tracking of tagged fish 

continuously, limited only by the battery life of the tag and the fish’s presence within 

the detection zone.  

I used acoustic biotelemetry to track the movements of humpback whitefish in 

a summer feeding lake on the Copper River Delta, Alaska.  The objectives of this 

study were to: (1) determine the diel movement of humpback whitefish within 

McKinley Lake during summer months, investigating movement throughout the 24-h 

day and across dates; (2) examine the distribution of whitefish within the lake by 

examining occupation of detection zones; and (3) evaluate daily activity levels 

throughout the summer by evaluating the movement of tagged fish between detection 

zones.  
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Methods  

Study Area 

The study was conducted at McKinley Lake, located on the Copper River 

Delta (CRD) described in Chapter 2.  A number of fish species inhabit McKinley 

Lake, including coastrange sculpin, coho salmon, coastal cutthroat trout, Dolly 

Varden, sockeye salmon, and three-spined stickleback (Gasterosteus aculeatus).  

Eulachon are also occasionally found in the lake in the spring.  McKinley Lake 

produces the second-highest numbers of salmon among lakes on the CRD, with annual 

index counts exceeding 10,000 and 1400 for adult sockeye and coho salmon, 

respectively (Botz et al. 2006).  Sockeye salmon begin entering the lake in late June, 

followed by a run of coho salmon in August.  

Sampling/Tagging 

I captured fish using fyke nets, gill nets, and beach seines described in Chapter 

2.  I tagged 29 humpback whitefish with four types of acoustic transmitters described 

in Chapter 2.   

Biotelemetry 

I detected acoustic tagged fish with nine omnidirectional VR2 hydrophones-

receivers (Vemco, Halifax, Nova Scotia, Canada) attached to anchors that were set 

throughout the lake.  Hydrophone-receivers were set at depths ranging from 3-7 m.  I 

retrofitted six of the receivers in the lake with a 30 x 20 x 1 cm, V-shaped plywood 
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shield (Fig.13).  The unshielded side of receivers was angled toward the lake shore to 

control detection distance.  The shield reduced detection distance so that I could 

isolate six different detection zones and minimize detection errors due to transmitter 

signal collisions. I placed a VR2 receiver-hydrophone in Alaganik Slough 

approximately 200 m below the lake outlet, which logged the date, time, and unique 

identification code of tagged fish leaving the lake from 29 July 2008 to 5 November 

2008.  

I tested detection range by sinking a tag in the water at a range of depths and 

locations and measured the detection distance using a handheld GPS.  Detection 

distance of shielded hydrophones for V13 tags was approximately 300 m, and zone 

surface area ranged from 7.8 to 19.8 ha (Fig. 14 and Table 7).  For V7 tags, detection 

range was approximately 60 m for non shielded hydrophones and 20 m for shielded 

hydrophones (Fig. 15). Surface area of detection zones ranged from 0.5 to 1.0 ha 

(Table 7).  The placement of the hydrophones throughout the lake (the ―array‖) 

covered 70% of the lake for V13 tags.  The array for V7 tags was changed during the 

study after discovering that detection zones for V13 tags overlapped.  For V7 tags, 

Array 1 covered 6.5% of the lake; and Arrays 2 and 3 each covered 7% of the lake 

(Fig. 15 and Table 7). 

When fish swam into a detection zone, the receiver logged the time, date, and 

unique identification code of a tagged fish every 30-90 seconds (V13 tags) or every 

150-300 seconds for V7 tags. Location of fish within the detection zone of each 
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receiver was unknown.  I tracked fish with the array from 6 June to 23 September 

2008.  Data collected on movement of individual fish were determined by how long 

the fish spent in the lake.  Length of time fish spent in the lake differed based on the 

date the fish was tagged and the date the fish exited the lake or the battery expired.   

Diel Analysis 

For the diel movement analysis, I used detection zones as gate crossings; only 

the date and time of fish crossing (movement) in and out of the detection zone were 

considered, and all other detections were omitted from the analysis. I defined a 

movement as the time and date of the first and last detection of a tag in a zone by a 

receiver.    

Data were divided into two consecutive 10-day sampling periods to control for 

changes in light levels.  Sampling periods monitored fish continuously from 30 July to 

8 August (sampling period 1), 9 August to 18 August (sampling period 2), and were 

incorporated into the analysis as explanatory variables. All tagged fish did not occupy 

the lake during the same time period, because fish migrated out of the lake and were 

tagged on different dates.  Therefore, not all of the fish were used in both sampling 

periods.  Sampling period 1 included fish 49, 52, 50, 51, and 57 (n = 5).  Sampling 

period 2 included fish, 49, 52, 54, 55, 58, 59, 60, and 57 (n = 8).  Three fish were 

excluded from the analysis because they did not occupy the lake during an entire 

sampling period.  Two tags were not included because of assumed mortality or 
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expelled tags.  Fish tagged with V7 transmitters were not included in the diel analysis 

since tag detection was too infrequent to estimate movement rates.  

The explanatory variable, diel period of the 24-h day was classified as dawn (2 

h before and after sunrise = 4 h), day (the time between dawn and dusk), dusk (2 h 

before and after sunset = 4 h), and night (the time between dusk and dawn).  In 

addition, I looked at crepuscular periods, which were dusk and dawn periods 

combined.  The number of hours during day and night was averaged across a 10-day 

sampling period.  The response variable, movements per hour, was calculated by 

summing the total number of movements a single fish made in each diel period 

divided by the total number of hours within each diel period for each 10-day sampling 

period.  I used SAS statistical software, mixed model ANOVA to test the hypothesis 

that movements per hour did not differ between diel periods or 10-day sampling 

periods.  A Tukey’s test was used to statistically adjust P-values for multiple 

comparisons.    

Daily Activity Analysis 

Daily activity of tagged humpback whitefish was evaluated by examining 

transitions between detection zones as an indicator of whitefish activity.  I counted the 

number of times an individual fish moved from one detection zone to another, for each 

date.  The analysis was conducted separately for V7 and V13 tags, since detection 

ranges differed greatly.  For fish tagged with V13 tags, I used data from six directional 

hydrophone detection Zones A-F, and for V7 tags I used nine detection Zones A-I 
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(Fig. 14 and Fig. 15).  The data were analyzed continuously for each fish from the date 

of tagging to the date a fish left the lake or battery expired. 

For V13 tags, I looked at all fish that migrated out of the lake (58, 59, 60, 57, 

49, 52, 53, 54, 55, 50, and 51).  For each fish, zone change/h was compiled into 48-h 

periods. If the fish was in the lake an odd number of days, the first day in the lake was 

compiled as a 24-h period. I used SAS statistical software, mixed model ANOVA to 

test the hypothesis that the log (zone change/h) of pre-migration periods (the period 

immediately prior to migration out of the lake) did not differ from other periods.  Each 

period was treated as a subsample, and 0.02 (the smallest possible outcome) was 

added to all numbers so that a log transformation could be performed on values of 

zero.  A Tukey’s test was used to statistically adjust P-values for multiple 

comparisons.   V7 tagged fish were not incorporated into this analysis since none of 

these fish was detected migrating from the lake.  In addition, I used SAS statistical 

software, ANOVA to evaluate the differences in detectability of receiver arrays for V7 

tags.  I used linear regression to evaluate the variability in zone change/fish/h as a 

function of date for V7 and V13 tagged fish.   

Zone Occupation Analysis  

Fish distribution in the lake was analyzed by measuring the total amount of 

time fish occupied each hydrophone detection area.  For V7 tags, I looked at zone 

occupation from 4 June to 30 August 2008. Since the hydrophone array configuration 
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was changed during that period, which differed in detection range, I analyzed the data 

separately for the three different arrays, the position of which is depicted in Fig. 15. 

Zone occupation of V13 tagged fish was analyzed from 29 July to 5 September 

2008.  Tagged fish spent differing amounts of time in the lake due to date of tagging 

and migration.  The amount of time fish occupied a zone was divided by the total 

amount of time the individual spent in the lake and the surface area of the zone to 

quantify the proportion of time fish occupied a zone per unit area.  Surface area (ha) 

was used instead of volume, because depth was relatively similar among zones.  Only 

directional hydrophone zones were used in the analysis because detections in these 

areas could be isolated.   I compared the observed occupation to the expected 

hypothesized occupation of equal distribution between zones using a chi-square test.   

 

Results 

Tagging 

Mean weight of fish tagged with V13 transmitters was 754.5 g (SE ± 44.9, 

range 434.2-1027 g) and mean length was 371.8 mm (SE ± 7.2, range 325-430 mm).  

Mean weight of fish tagged with V7 transmitters was 354.7 g (SE ± 35.8, range 222.4-

613 g) and mean length was 294.5 mm (SE ± 10.4, 250-360 mm).  Tag weight to body 

weight did not exceed 3% in either group (Table 6).  Two tags showed no detectable 

movement within a month after tagging, indicating mortality or expelled tags.  One 
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fish disappeared from detection range shortly after tagging, indicating mortality or exit 

from the lake.  

Of the 29 fish tagged, 11 were detected leaving the lake.  Mean residency was 

at least 14 days (SE ± 1.83, n = 11) and ranged from 3 to 21 days.  This is a minimum 

estimate since dates of entrance into the lake were unknown.  All fish left the lake 

between 29 July and 25 August 2008. Five of the 11 fish left the lake within a 24-h 

period between 19 August and 20 August 2008.   

The majority (9 out of 14 tags) of fish tagged with the smaller V7 tags, which 

have shorter battery lives, were not detected after July.  The remaining five tags were 

last detected in August (1 tag) and September (4 tags). However, I could not conclude 

that these fish remained in the lake because of the short tag battery life. 

Diel Movement 

For V13 tagged fish, movement rates did not significantly differ between diel 

periods in sampling period 1 (F = 1.0, df = 3, 33, P = 0.4056).  In sampling period 2, 

movement rates were significantly different between dusk and night, where 

movement/h were 0.58 greater during dusk compared to night (Tukey’s test: P < 0.01).   

No other diel periods significantly differed in sampling period 2 (Tukey’s test: P > 

0.05) (Fig. 16).  Diel movement between survey periods also did not significantly 

differ (F = 7.99, df = 3, 33 P = 0.106).  
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Daily Activity 

For V13 tagged fish, zone change/h/fish was highly variable, but not 

statistically different across dates (r
2
 = 0.005, df = 37, P = 0.658, n = 11) (Fig. 17).  

Median zone change was 0.03 change/h/fish and ranged from 0 to 0.5 change/h/fish 

(Fig. 17). Median zone change/h were 2.4 times greater in the 48-h period before 

migration versus the other periods spent in the lake (P = 0.040). A rapid decrease in 

zone change/h/fish occurred on 21 August when the majority of tagged fish (10 of 11) 

migrated out of the lake (Fig. 17).    

For V7 tagged fish, zone change/h/fish differed significantly among detection 

arrays (F85, 2 = 35.02, P < 0.001) (Fig. 18).  Array 2 (4 June-17 July 2008) had the 

highest number of detections, at 0.14 mean zone change/h/fish (SE ± 0.04).  Zone 

change/h/fish was variable within all three arrays across dates (Table 8
 
). Fish changed 

zones from 0 to 0.39 change/h/fish (Table 8). 

Zone Occupation 

Humpback whitefish tagged with V13 tags (n = 12) occupied detection zones 

throughout the lake disproportionately (x
2
 = 41.6, 5 df, P < 0.001).   Fish occupied 

Zones F and Zone C 16.2% and 10.7% more than expected respectively, given equal 

distribution between zones (Fig. 19). Zone F accounted for the greatest total amount of 

fish occupation, of 0.237 h/ha, followed by Zone C (0.153 h/ha) (Fig. 20).  Fish 

occupied Zone A (20.3 %) and Zone D (7 %) less than expected given equal 

distribution between zones (Fig.19).  Although fish distribution was disproportionate, 
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all zones were occupied to levels greater than 0.042 h/ha (Fig. 20). All fish occupied 

Zone F and Zone D, and all but one fish (47) were detected in Zones A, B, and C.  

Zone E, the most isolated hydrophone, had the lowest number of fish detected (20 

fish), but had a slightly higher percent occupation (0.5%) given equal distribution 

between zones.   V13 tags were detected more frequently than V7 tags due to V13 

tags’ greater power output and associated detection range.  

Distribution of fish tagged with V7 tags was disproportionate in Array 1 (x
2
 

square = 201.3, 8 df, P < 0.001).   Array 1 detected ten tags over the 43-day sampling 

period.  Fish occupied Zone C most often (total = 0.429 h/ha, x̄  = 0.027, SE ± 0.013 ), 

primarily attributed by two fish (62 and 67) (Fig. 21). Zone C (31.2%), Zone D 

(15.6%), and Zone I (13.2%) were occupied more often than expected, assuming equal 

distribution between zones (Fig. 19).  Zone H had the lowest occupation of V7 tagged 

fish (total = 0.001 h/ha), attributable to a single fish, and was occupied 17.4% less 

than expected assuming equal distribution between zones.  

Array 2 detected seven fish over the course of 10 days, and fish distribution 

was disproportionate (x
2
 = 382.1, 8 df, P < 0.001).   Zone I had the highest 

proportional occupation of 0.646 h/ha (x̄ = 0.059, SE ± 0.020) attributed primarily to 

one fish (67) (Fig. 21).  Zone I was occupied 53.6% more often than expected given 

equal distribution between zones (Fig. 19). The majority of zones (6 of 9) were 

occupied less frequently than expected given equal distribution (Fig. 19).   
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Array 3 detected only three fish over the course of 32 days, and distribution 

was disproportionate among detection zones (x
2
 = 236.0, 8 df, P < 0.001).  Occupation 

was highest in Zone E (0.107 h/ha, x̄ = 0.004, SE ± 0.001), attributed to fish 66 and 68 

(Fig. 21).  Occupation was 54.6% higher in this zone than expected assuming equal 

distribution between zones.  Zone C and Zone F had slightly higher than expected 

occupation attributed primarily to one fish (68) (Fig. 19). Zones D and G were not 

occupied by tagged fish during this period.   

 

Discussion 

A diel movement pattern of humpback whitefish was not observed in this 

study.  Diel movement may have been less distinct in this study compared to other 

coregonid studies (Muller 1978a, 1978b; Scherer and Harrison 1988; Begout Anras et 

al. 2004), because it was conducted in a natural environment as opposed to laboratory 

conditions.  Studies finding strong diurnal patterns in Coregonus species have been 

conducted in laboratories which may not have simulated the natural environment in 

terms of light intensities during ―day time‖ than what occurred at McKinley Lake.  

Scherer and Harrison (1988) found that in their laboratory experiment, that lake 

whitefish diurnal activity patterns decreased with low levels of illumination, indicating 

that low light intensity may disrupt the diurnal pattern.  This has also been observed in 

the natural environment of coregonid populations inhabiting subarctic lakes.   Muller 

(1978a) found that fish activity levels and diel cycles were less synchronized during 
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summer months in high latitudes (above 60ºN).  McKinley Lake, Alaska is located at 

60ºN, and according to Muller’s (1978a) hypothesis, is on the transition of fish 

exhibiting rhythmic diel activity. In this study, minimal differences in light intensity 

occurred because of the long day length and extensive periods of rain and cloudy 

weather.  The weather was rainy at the lake throughout the entire study period with 

exception of two days.  The daily change of light intensity which initiates diurnal 

activity may have been suppressed by the dark rainy weather, causing fish to 

demonstrate a more arrhythmic diel behavior typical of high latitude populations. 

In addition to diel cycle, movements observed by humpback whitefish in 

McKinley Lake may be attributed to foraging behavior.  Personal observation of 

roughly 50 humpback whitefish stomach samples revealed full stomachs of primarily 

benthic prey items (pea clams [Sphaeriidae], valve snails [Valvatidae], pond snails 

[Lymnaeidae], caddis flies [Leptoceridae] and three-spined stickleback to a lesser 

extent.  Benthic foraging has also been documented in other populations (Bond and 

Erickson 1985; Polamaki et al. 1992; Brown 2007). Therefore, humpback whitefish 

are most likely distributed in the benthic zone of the lake.   Schmidt and O’Brien 

(1982) found that the ability Arctic grayling Thymallus arcticus to locate prey 

increased with light intensity. Assuming humpback whitefish are sight-feeding 

foragers like other salmonids (Kalleberg 1958; Tanaka 1970; Ware 1972), it was 

expected that movement would decrease at night with decreased foraging capabilities 

at low light intensity. However, the movement occurring at night did not significantly 
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differ from any other diel periods with exception of dusk in sampling period 2.  This 

suggests that foraging continued to some extent during night time hours.   

Fish zone change and occupation analysis revealed that fish occupy a large 

proportion of the lake area and movement between these areas occurs often.  Although 

zone occupation was disproportionate, home range of fish throughout the study 

appeared to encompass the majority of the lake area. Begout Anras et al. (1998) 

documented a similar behavior of lake whitefish where individuals traveled 

throughout a large portion of the lake during some periods and concentrated 

movements toward particular areas during other periods.   The high occupation of 

central lake zones may be partially attributed to their central location in the lake which 

allowed more chance of detection compared to zones situated at the ends of the lake.   

Although hydrophone locations changed among the three array configurations, 

occupation was not always consistent between detection zones.  For example, the 

location of Zone E was the same in Array 1 and 2, yet occupation decreased from 53% 

to 0.5% more than expected, given equal distribution between zones.  This may have 

been attributed to the small sample size and individual fish occupying specific 

detection zones; for example fish 73 occupied Zone I consistently in Array 2 and 

Array 3.   

Specific habitat associations with humpback whitefish distribution could not be 

made.  Zone areas were too large to relate habitat types within each zone to fish 

distribution.    Distribution of benthic organisms has not been measured to facilitate 



80 

 

 

habitat invertebrate density relationships.  Personal observations revealed that an 

abundance of benthic invertebrates occur in a variety of lake habitats including mud, 

cobble, and attached to vegetation and wood material in McKinley Lake.  A wide 

distribution of these prey items may explain the wide distribution of whitefish 

observed in this study.   

Species interactions may also influence movement behavior of whitefish at 

McKinley Lake.  Aerial escapement counts of sockeye and coho salmon, estimated 

3,500 and 300, fish respectively, in 2008 (G. Hollowell, Alaska Department of Fish 

and Game Biologist, personal communication). The presence of numerous salmon 

may displace or attract whitefish to particular areas of the lake. Sockeye salmon form 

large spawning aggregations along the shoreline. The presence of large numbers of 

sockeye and their aggressive behavior of competition for mates, spawning grounds, 

and nest guarding may displace whitefish.  For V13 tagged fish, zones A,B, and D 

contained the largest salmon aggregations and zone occupation of whitefish was low 

in these areas, suggesting a  possibility of avoidance.  Conversely, sockeye presence 

was lowest in Zone E where V7 tagged whitefish occupation was high (Array 3 only), 

but occupation of V13 tagged fish was low.    

Sockeye salmon aggregations may also attract whitefish.  The act of spawning 

sockeye salmon stirring up substrate during redd building may facilitate benthic 

invertebrate foraging.  However, occupation data did not reflect a strong whitefish 

presence in sockeye spawning areas to support this hypothesis.  In addition, whitefish 
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may prey on salmon eggs.  Although no egg remains were present in any of the 

stomach samples I observed, salmon egg predation by whitefish has been observed in 

other populations in Alaska (D. Young, National Park Service Biologist, personal 

communication).   

Predation may also influence whitefish movement.  Radio tags used in the 

study presented in Chapter 1 were recovered from eagle nests and otter dens.  In 

addition, harbor seals enter the lake to feed on sockeye salmon and may also prey on 

whitefish.  Predators may cause fish to modify their behaviors or select different 

habitats in order to reduce the risk of being eaten (Lima and Dill 1990; Persson et al. 

1996).  Avian predation at McKinley Lake may cause whitefish to forage at deeper 

lake depths to avoid predation risks at shallow depths.  Other possible predator 

responses may involve shoaling behavior.  Shoaling has been found to increase 

foraging success and decrease predation risks (Pitcher 1986; Magurren 1990).  Diurnal 

shoaling has been documented in European whitefish Coregonus lavaretus (Muller 

1978b) and may also be a behavioral response to predation risks by humpback 

whitefish. However, further investigation is needed to test these hypotheses. 

Migration to spawning grounds may have also influenced whitefish movement. 

I observed a significant increase in movement (zone change/h/fish) in the 48-h period 

before fish migrated from the lake.  Since spawning is thought to occur in November, 

this was not considered pre-spawning movement, but instead, pre-migration 

movement.  It is unclear what may trigger the increased movement before migrating.   
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Although the surgical implantation of transmitters introduces some bias into 

the study, I assumed minimal affects on the behavior of whitefish.  Several studies 

have documented minimal tagging effects on behavior of salmonids (Moore et al. 

1995; Martinelli et al. 1998; Adams et al. 1998), including one study examining lake 

whitefish diel swimming activity (Begout Anras et al. 1998).  In addition, a 3% tag to 

body weight guideline was used to decrease the effect of the tag on the fish’s 

physiology and behavior.  

In summary, humpback whitefish did not exhibit a diel movement pattern 

during August in McKinley Lake. Whitefish occupied areas of the lake 

disproportionately, but used a large portion of the lake.  Movement throughout the 

lake appeared to be random; however a significant increase in activity occurred in the 

48 h period before migrating from the lake.  This study provides the first 

documentation of humpback whitefish small-scale movement behavior in a summer 

feeding lake. 
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Fig. 13. Hydrophone receiver placement at McKinley Lake, Alaska.  Lines represent 

the detection distance of tags by hydrophone receivers. 
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Fig. 14.  Hydrophone array for detecting humpback whitefish tagged with V13 tags in 

McKinley Lake, Alaska.  Detection range was 300 m radius from hydrophones 

(depicted by lines surrounding hydrophone) if unobstructed by the shoreline. The 

hydrophone array was deployed from 29 July to 5 September. 
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Fig. 15, Hydrophone arrays 1-3 for detecting humpback whitefish tagged with V7 tags 

in McKinley Lake, Alaska.  Detection range was a maximum of 60 m (depicted by 

lines surrounding hydrophone).  The hydrophone array 1 (4 June-17 July), array 2 (18 

July -28 July), and array 3 (29 July to August 30) were deployed from 4 June to 30 

August 2008. 
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Fig. 16.  Mean movement rates (movement/hr) of humpback whitefish tagged with 

V13 acoustic tags in McKinley Lake in four different diel periods and two 10-day 

sampling periods.  The sample size (number of tagged fish) of period 1 was five and 

period 2 was eight.  Bars are standard errors of the mean.   
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Fig. 17.  The number of zone changes per fish per hour of humpback whitefish tagged 

with V13 tags (n = 11) in McKinley Lake, Alaska from 29 July to 5 September 2008.   

 

 

 

 

Fig. 18.  Zone changes/fish/hr for humpback whitefish tagged with V7 tags (n = 11) 

(left axis) and number of fish detected (right axis) from 4 June to 30 August, within 

three different hydrophone arrays.      
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Fig. 19.  Distribution of V13 and V7 tagged humpback whitefish in McKinley Lake, 

Alaska.  Values are the percent observed minus expected distribution of tagged fish, 

assuming an equal distribution of fish between zones.  Values below zero percent  

indicate occupation was less than expected, values above zero percent indicate 

occupation was more than expected, and values of zero indicate occupation was the 

same as expected, assuming equal distribution between zones. 
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Fig. 20.  Zone occupation of individually tagged whitefish with V13 tags in McKinley 

lake, Alaska.  Proportion of time in zone (h/ha) is represented on the left axis and 

corresponds to the bar chart.  Mean proportion of time in Zone (h/ha) is represented on 

the right axis and plotted in black triangle symbols.  Map of McKinley Lake (right) 

illustrates the location of six different hydrophone detection zones. 
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Fig. 21. Occupation of detection zones by humpback whitefish with V7 tags in 

McKinley Lake, Alaska.  The legend indicates the individual tagged fish contribution 

to zone occupation.  Maps (right) illustrate the location of each detection zone in the 

lake. Hydrophone array 1 (4 June-17 July), array 2 (18 July -28 July), array 3 (29 July 

to August 30) were deployed from 4 June to 30 August 2008.   
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Tables 

 

Table 6. Date of tagging, size, capture method, and tag:body weight percentage for 

humpback whitefish tagged in McKinley Lake, Alaska. GN: gill net; BS: beach seine; 

FN: fyke net. 

Date 

tagged Tag  

Fork 

length 

(mm) 

Weight 

(g) 

Tag 

type 

Capture 

method 

Tag:body 

weight 

% 

7/7/2008 46 430 1027 V13 FN 1.1 

7/14/2008 47 389 1005.9 V13  GN 1.1 

7/14/2008 48 366 785.9 V13 GN 1.4 

7/29/2008 49 350 566 V13  BS 1.9 

7/29/2008 50 375 695.2 V13 BS 1.6 

7/29/2008 51 372 806.6 V13 BS 1.4 

7/30/2008 52 354 656.6 V13 BS 1.7 

8/5/2008 53 325 434.2 V13 BS 2.5 

8/5/2008 54 327 475.2 V13 BS 2.3 

8/8/2008 55 388 853.2 V13 GN 1.3 

6/8/2008 56 405 820 V13P  FN 1.5 

7/30/2008 57 375 856 V13P  BS 1.4 

8/5/2008 58 353 663.7 V13P  BS 1.8 

8/8/2008 59 392 892.8 V13P  GN 1.3 

8/8/2008 60 376 779.9 V13P  GN 1.5 

6/1/2008 61 360 564 V7-1L  FN 0.2 

6/6/2008 62 283 232 V7-1L  FN 0.6 

6/6/2008 63 333 419.9 V7-1L  FN 0.3 

6/8/2008 64 351 454 V7-1L  FN 0.3 

7/17/2008 65 255 225 V7-1L  GN 0.6 

7/29/2008 66 301 375.2 V7-1L  BS 0.4 
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Date 

tagged Tag  

Fork 

length 

(mm) 

Weight 

(g) 

Tag 

type 

Capture 

method 

Tag:body 

weight 

% 

7/14/2008 67 345 613 V7-2L  GN 0.3 

7/14/2008 68 312 500.3 V7-2L  GN 0.3 

7/17/2008 69 264 276.2 V7-2L  GN 0.6 

7/17/2008 70 252 246.2 V7-2L  GN 0.6 

7/17/2008 71 250 222.4 V7-2L  GN 0.7 

7/17/2008 72 278 318.4 V7-2L  GN 0.5 

7/17/2008 73 264 251.4 V7-2L  GN 0.6 

7/17/2008 74 275 267.3 V7-2L  GN 0.6 

 

 

Table 7. Detection area (ha) of hydrophone receiver zones.  

Zone 

V7 

Array 1 

(ha) 

V7 

Array 2 

(ha) 

V7 

Array 3 

(ha) 

V13 

(ha) 

A 0.53 0.53 0.53 9.5 

B 0.53 0.53 0.53 — 

C 0.53 0.53 0.53 7.8 

D 0.53 0.53 0.53 16.8 

E 0.53 1.0 1.0 8.2 

F 0.53 0.53 0.53 12.4 

G 1.0 1.0 0.53 8.3 

H 1.0 1.0 1.0 — 

I 0.53 0.53 1.0 — 

 
 

 

 

 

Table 6. (Continued) 
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Table 8.  The coefficient of variation, degrees of freedom (df), P-value, number of fish 

(n), mean, standard error (SE), and range of zone change/h/fish of humpback whitefish 

tagged with V7 tags in McKinley Lake, Alaska from 4 June to 30 August in three 

different receiver array configurations.   

Array r df P n 

Mean (SE) 

change/h/fish 

Range 

change/h/fish 

1 0.10 42 0.039 10 0.13 (±0.01) 0 to 0.33 

2 0.31 9 0.076 7 0.14 (±0.04) 0 to 0.39 

3 0.23 31 0.360 3 0.01 (±0.01) 0 to 0.11 
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Ch. 5: Summary Conclusion
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Humpback whitefish occupy a wide range of habitats on the CRD including 

lacustrine, riverine, estuarine, and marine habitats.  A general migration pattern was 

exhibited, with whitefish migrating to McKinley Lake in the spring to rear throughout 

summer months.  In late summer and fall, they move down Alaganik Slough through 

freshwater and estuarine waters and enter the Copper River by traveling through Pete 

Dahl Cutoff Slough or the Gulf of Alaska.  Whitefish travel up the Copper River to 

spawning locations.  Spawning grounds were not located; however, spawning is 

thought to occur in November or December within the Copper River or a connecting 

tributary. 

In addition to this migration pattern, a marine life-history component was 

discovered through otolith chemistry analysis.   Marine migrations occurred in 45% of 

the whitefish samples.  Three life histories were observed, where some individuals 

inhabited only freshwater environments, some individuals made single migrations to 

marine habitats, and some individual made multiple migrations to marine habitats.  

Age of humpback whitefish was also determined, and ranged from 2 to 9 years.  

Marine migrations were observed in most age classes.  In addition, otolith chemistry 

analysis suggested that larval rearing occurs in freshwater habitats, and fish may enter 

the marine environment as early as age 3. 

Evaluation of small-scale summer movement at McKinley Lake revealed that 

humpback whitefish do not exhibit a diel movement pattern during August.  Whitefish 

occupied all detection zones throughout the lake, demonstrating that their summer 

home range may encompass a large portion of the lake.  Activity levels, measured by 
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change in zones, were variable between dates and indicated that fish moved between 

different areas of the lake often.  An increase in activity was observed 48 h prior to 

migration from the lake.   

This study demonstrated that humpback whitefish of the CRD exhibit a 

complex life history, where habitat use, movement, and migratory behavior varied 

considerably among individuals. This diverse life history may have adapted from 

environmental changes over time and the heterogeneous habitat of the CRD. Glacial 

activity during the Pleistocene isolated whitefish populations which resulted in the 

divergence of multiple whitefish species (McPhail and Lindsey 1970).  However, in 

some instances, glacial movement reconnected populations before divergence took 

place resulting in hybrid species (McPhail and Lindsey 1970).  In addition, whitefish 

exhibit a high level of morphological plasticity where gill raker size and counts have 

been demonstrated to change within a few generations (Lindsey 1981).  The high level 

of life history variation observed within the humpback whitefish population at 

McKinley Lake may be a remnant of hybridization.  Although a morphological 

distinction among individuals was not observed, the possibility of separate, morphs 

inhabiting McKinley Lake cannot be discounted.  Separate humpback whitefish stocks 

may converge at McKinley Lake during summer months to utilize the abundant 

benthic foraging opportunities and then disperse other times of the year to carry out 

differing life histories. A similar pattern has been observed by cutthroat trout on the 



101 

 

 

CRD, where multiple stocks converge at McKinley Lake to utilize favorable 

overwintering conditions (Saiget et al. 2007).   

Adaptation to the heterogeneous habitat of the CRD and changing 

environmental conditions may also explain the diverse life histories exhibited by 

humpback whitefish.   Given the highly heterogeneous environment of the CRD, it is 

not surprising that humpback whitefish demonstrate such a wide range of habitat use. 

Life history diversity is one mechanism that populations respond to temporal and 

spatial habitat heterogeneity (Southwood 1977; Northcote 1997).  The CRD contains 

lakes, clear water streams, glacial streams, large rivers, ponds, sloughs, estuary, and 

marine habitats; all within close proximity.  These conditions provide opportunities for 

whitefish to carry out a variety of life histories. In addition, the habitats of the CRD 

are susceptible to environmental change which may affect habitats and their associated 

communities disproportionately.  Diverse life-history types within a metapopulation 

allow species to persist over time despite environmental changes (Hilborne et al 2002; 

Greene et al. 2009).  For example, humpback whitefish freshwater residents may be 

―insurance‖ for population persistence when ocean migrants experience poor ocean 

conditions. Cutthroat trout have adapted a similar diverse life history, where sympatric 

potamadromous and anadromous life histories occur throughout the CRD (Saiget et al. 

2007).   Humpback whitefish diverse life histories may not only be an adaptation to 

the highly variable habitat of the CRD, but also a mechanism to persist, despite spatial 

and temporal environmental change. 
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Although the CRD remains a relatively pristine environment, humpback 

whitefish still face several possible challenges to their conservation. Management 

efforts should focus on the maintenance of biocomplexity on the CRD.  It has been 

demonstrated that biocomplexity within a fish population and their habitats will help 

maintain those populations through adverse environmental conditions (Hilborne et al 

2002; Greene et al. 2009). Potential impacts to biocomplexity and the McKinley Lake 

humpback whitefish population include stream-road crossings, overharvest, and 

climate change. 

The Copper River highway poses the most immediate threat to humpback 

whitefish habitat.  The dynamic flows of the Copper River cause channels to shift 

continually throughout the 14 km-wide floodplain surrounding the highway.  Shifting 

river channels divert large volumes of water to culverts that were designed to pass 

minimal flows.  These undersized culverts may pose passage barriers to humpback 

whitefish.  Culverts that impede fish movement can affect fish populations by delaying 

migration, blocking access to critical habitat, increasing harvest or predation, causing 

physiological stress or injury, increasing energy demands, and decreasing genetic 

integrity (Gregory et al 2004; Lang et al 2004; Wofford et al 2005).  Given the 

extensive migratory behavior demonstrated in this study, it is essential to maintain 

migration routes throughout the CRD.  Maintaining access to the variety of habitats 
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available on the CRD will also maintain life-history diversity in whitefish populations 

and maintain their persistence over time. 

Although direct harvest or bycatch does not appear to be causing any current 

threats to the population, humpback whitefish could be susceptible to over harvest if 

gill net fisheries were allowed in McKinley Lake during spring and summer months.  

My observations throughout this three year study indicate that the McKinley Lake 

humpback whitefish population is relatively small and they are extremely sensitive to 

handling stress.  Whitefish captured during gill net and beach seining efforts were 

infrequent throughout the three year study.  Five hour sampling surveys in the lake 

typically captured 1-3 humpback whitefish.  This low capture rate suggests that the 

population at McKinley Lake is relatively small, possibly less than 1000 fish.  In 

addition, whitefish were extremely sensitive to handing stress imposed by gill net 

capture. Therefore, gill net fisheries for other species in the lake could also affect the 

humpback whitefish population as bycatch.  

Climate change is predicted to result in a loss of habitat for many freshwater 

fish species (Rahel et al. 1996).  The predicted increase in air temperatures will in turn 

affect water temperatures and glacial melting patterns. Humpback whitefish may be 

highly susceptible to habitat loss caused by climate change.  They occupy areas 

heavily influenced by glacial flows which provide thermal refugia, seasonal flows, and 

cover from predators as a result of the high sediment loads.  Coincidence of glacial 

flows and spawning migrations has been documented in other salmonids (Young and 
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Woody 2007).  In addition, decreased glacial inputs may affect primary production in 

lakes and streams on the CRD by increasing light penetration, which in turn may 

affect community and trophic structure of whitefish habitats (Lloyd et al. 1987).   

Change in seasonal flows may limit connectivity between stream and lake systems and 

fragment populations (Rahel et al. 1996).  In addition, increased stream temperatures 

may affect egg incubation rates and hatch timing (Embody 1934), growth (King et al. 

1999), and species interactions and competition (Fausch 1988; DeStaso and Rahel 

1994).  Management efforts that maintain biocomplexity will provide humpback 

whitefish populations the greatest resilience to habitat loss imposed by climate change.   

This study has raised a number of questions for future investigation of the 

whitefish population in McKinley Lake.  Future studies should be carried out with 

extreme caution in order to minimize mortality, given the small humpback whitefish 

population size and sensitivity to handling stress.  Research should focus on the larval 

rearing, spawning and overwintering, since these aspects of the life history still remain 

unknown.  In addition, further otolith analysis should be conducted on samples used 

for this study to determine age of marine migration, and growth rates in marine and 

freshwater environments.  Further evaluation of specific habitat use in McKinley Lake 

could be carried out to determine specific habitats selected and how those areas relate 

to benthic invertebrate abundance and distribution.   
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Appendix A.  Tagged fish length (mm), weight (g), date, and capture method, tag type, 

and ratio of tag to body weight.  FN = fyke net, GN = gill net, BS = beach seine. 

 

Date 

Tag 

I.D. Length Weight Tag Type 

Sampling 

method 

Tag:body 

weight 

6/6/2006 1 380 700 MBFT-3A (Radio) GN 2.3 

6/13/2006 2 364 740 MBFT-3A (Radio) GN 2.2 

6/13/2006 3 369 780 MBFT-3A (Radio) GN 2.1 

6/13/2006 4 381 780 MBFT-3A (Radio) GN 2.1 

6/15/2006 5 364 740 MBFT-3A (Radio) GN 2.2 

6/15/2006 6 375 800 MBFT-3A (Radio) GN 2.0 

6/15/2006 7 390 720 MBFT-3A (Radio) GN 2.2 

6/15/2006 8 365 600 MBFT-3A (Radio) GN 2.7 

6/15/2006 9 400 1015 MBFT-3A (Radio) GN 1.6 

6/15/2006 10 375 800 MBFT-3A (Radio) GN 2.0 

6/15/2006 11 355 680 MBFT-3A (Radio) GN 2.4 

6/20/2006 12 333 560 MBFT-3A (Radio) GN 2.9 

6/20/2006 13 374 790 MBFT-3A (Radio) GN 2.0 

6/27/2006 14 347 640 MBFT-3A (Radio) GN 2.5 

6/27/2006 15 407 900 MBFT-3A (Radio) GN 1.8 

6/27/2006 16 360 720 MBFT-3A (Radio) GN 2.2 

6/27/2006 17 364 710 MBFT-3A (Radio) GN 2.3 

6/27/2006 18 390 900 MBFT-3A (Radio) GN 1.8 

6/27/2006 19 390 920 MBFT-3A (Radio) GN 1.7 

6/27/2006 20 365 680 MBFT-3A (Radio) GN 2.4 

6/27/2006 21 367 740 MBFT-3A (Radio) GN 2.2 

6/29/2006 22 394 840 MBFT-3A (Radio) GN 1.9 

6/29/2006 23 385 820 MBFT-3A (Radio) GN 2.0 

6/29/2006 24 342 640 MBFT-3A (Radio) GN 2.5 

6/29/2006 25 366 700 MBFT-3A (Radio) GN 2.3 

6/30/2006 26 346 640 MBFT-3A (Radio) GN 2.5 
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Date 

Tag 

I.D. Length Weight Tag Type 

Sampling 

method 

Tag:body 

weight 

6/30/2006 27 355 740 MBFT-3A (Radio) GN 2.2 

6/30/2006 28 368 690 MBFT-3A (Radio) GN 2.3 

6/30/2006 29 392 1100 MBFT-3A (Radio) GN 1.5 

6/15/2007 30 414 740 MBFT-3A (Radio) GN 2.2 

6/2/2007 31 378 600 MCFT-3FM (Radio) FN 1.7 

6/2/2007 32 346 580 MCFT-3FM (Radio) FN 1.7 

6/2/2007 33 364 600 MCFT-3FM (Radio) FN 1.7 

6/2/2007 34 362 560 MCFT-3FM (Radio) FN 1.8 

6/2/2007 35 362 590 MCFT-3FM (Radio) FN 1.7 

6/2/2007 36 365 515 MCFT-3FM (Radio) FN 1.9 

6/4/2007 37 365 525 MCFT-3FM (Radio) FN 1.9 

6/4/2007 38 365 580 MCFT-3FM (Radio) FN 1.7 

6/4/2007 39 366 540 MCFT-3FM (Radio) FN 1.9 

6/6/2007 40 375 660 MCFT-3FM (Radio) FN 1.5 

6/8/2007 41 381 580 MCFT-3FM (Radio) FN 1.7 

6/8/2007 42 393 640 MCFT-3FM (Radio) FN 1.6 

6/8/2007 43 378 620 MCFT-3FM (Radio) FN 1.6 

6/11/2007 44 405 800 MCFT-3FM (Radio) FN 1.3 

6/11/2007 45 370 650 MCFT-3FM (Radio) FN 1.5 

7/7/2008 46 430 1027 V13 (Acoustic) FN 1.1 

7/14/2008 47 389 1005.9 V13 (Acoustic) GN 1.1 

7/14/2008 48 366 785.9 V13 (Acoustic) GN 1.4 

7/29/2008 49 350 566 V13 (Acoustic) BS 1.9 

7/29/2008 50 375 695.2 V13 (Acoustic) BS 1.6 

7/29/2008 51 372 806.6 V13 (Acoustic) BS 1.4 

7/30/2008 52 354 656.6 V13 (Acoustic) BS 1.7 

8/5/2008 53 325 434.2 V13 (Acoustic) BS 2.5 

Appendix A. Cont’d 
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Date 

Tag 

I.D. Length Weight Tag Type 

Sampling 

method 

Tag:body 

weight 

8/5/2008 54 327 475.2 V13 (Acoustic) BS 2.3 

8/8/2008 55 388 853.2 V13 (Acoustic) GN 1.3 

6/8/2008 56 405 820 V13P (Acoustic) FN 1.5 

7/30/2008 57 375 856 V13P (Acoustic) BS 1.4 

8/5/2008 58 353 663.7 V13P (Acoustic) BS 1.8 

8/8/2008 59 392 892.8 V13P (Acoustic) GN 1.3 

8/8/2008 60 376 779.9 V13P (Acoustic) GN 1.5 

6/1/2008 61 360 564 V7-1L (Acoustic) FN 0.2 

6/6/2008 62 283 232 V7-1L (Acoustic) FN 0.6 

6/6/2008 63 333 419.9 V7-1L (Acoustic) FN 0.3 

6/8/2008 64 351 454 V7-1L (Acoustic) FN 0.3 

7/17/2008 65 255 225 V7-1L (Acoustic) GN 0.6 

7/29/2008 66 301 375.2 V7-1L (Acoustic) BS 0.4 

7/14/2008 67 345 613 V7-2L (Acoustic) GN 0.3 

7/14/2008 68 312 500.3 V7-2L (Acoustic) GN 0.3 

7/17/2008 69 264 276.2 V7-2L (Acoustic) GN 0.6 

7/17/2008 70 252 246.2 V7-2L (Acoustic) GN 0.6 

7/17/2008 71 250 222.4 V7-2L (Acoustic) GN 0.7 

7/17/2008 72 278 318.4 V7-2L (Acoustic) GN 0.5 

7/17/2008 73 264 251.4 V7-2L (Acoustic) GN 0.6 

7/17/2008 74 275 267.3 V7-2L (Acoustic) GN 0.6 
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Appendix B. Water chemistry data collected on the CRD. Data from 1983 to 1995 was 

collected by the USGS on the Copper River near the Million Dollar Bridge at mile 52 

of the Copper River Highway, and locations near Chitina, Alaska. Water chemistry 

data from 2009 was collected at McKinley Lake, Alaganik Slough, and the Copper 

River. Deionized water control samples were also from 2009. 

 

Date 

collected Collection location 
Sr 

(ppm) 
Sr 

(mmol) 
Ca 

(ppm) 
Ca 

(mol) Sr:Ca 

5/26/1983 Copper R. Chitina 0.130 0.0015 24 0.0006 2.4728 

7/20/1983 Copper R. Chitina 0.110 0.0013 20 0.0005 2.5108 

9/15/1983 Copper R. Chitina 0.150 0.0017 27 0.0007 2.5362 

5/24/1984 Copper R. Chitina 0.110 0.0013 22 0.0006 2.2826 

8/22/1984 Copper R. Chitina 0.110 0.0013 22 0.0006 2.2826 

9/5/1984 Copper R. Chitina 0.140 0.0016 25 0.0006 2.5565 

10/18/1984 Copper R. Chitina 0.180 0.0021 34 0.0009 2.4169 

3/6/1985 Copper R. Chitina 0.210 0.0024 41 0.0010 2.3383 

5/24/1985 Copper R. Chitina 0.089 0.0010 19 0.0005 2.1384 

8/21/1985 Copper R. Chitina 0.120 0.0014 23 0.0006 2.3818 

3/12/1986 Copper R. Chitina 0.220 0.0025 38 0.0010 2.6430 

8/29/1986 Copper R. Chitina 0.110 0.0013 21 0.0005 2.3913 

9/18/1986 Copper R. Chitina 0.120 0.0014 23 0.0006 2.3818 

3/19/1987 Copper R. Chitina 0.220 0.0025 39 0.0010 2.5752 

5/21/1987 Copper R. Chitina 0.130 0.0015 24 0.0006 2.4728 

7/8/1987 Copper R. Chitina 0.120 0.0014 22 0.0006 2.4901 

8/19/1987 Copper R. Chitina 0.120 0.0014 21 0.0005 2.6087 

5/24/1988 Copper R. Chitina 0.120 0.0014 22 0.0006 2.4901 

7/28/1988 Copper R. Chitina 0.110 0.0013 21 0.0005 2.3913 

9/29/1988 Copper R. Chitina 0.160 0.0018 29 0.0007 2.5187 

5/18/1989 Copper R. Chitina 0.120 0.0014 23 0.0006 2.3818 

8/17/1989 Copper R. Chitina 0.110 0.0013 20 0.0005 2.5108 

9/21/1989 Copper R. Chitina 0.160 0.0018 28 0.0007 2.6087 

7/1/1990 Copper R. Bridge 0.080 0.0009 17 0.0004 2.1483 

8/6/1990 Copper R. Bridge 0.081 0.0009 17 0.0004 2.1752 

9/9/1990 Copper R. Bridge 0.110 0.0013 21 0.0005 2.3913 

6/28/1991 Copper R. Bridge 0.097 0.0011 20 0.0005 2.2141 
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Date 

collected Collection location 
Sr 

(ppm) 
Sr 

(mmol) 
Ca 

(ppm) 
Ca 

(mol) Sr:Ca 

7/26/1991 Copper R. Bridge 0.100 0.0011 20 0.0005 2.2826 

8/7/1991 Copper R. Bridge 0.092 0.0010 19 0.0005 2.2105 

9/11/1991 Copper R. Bridge 0.081 0.0009 18 0.0005 2.0543 

9/24/1991 Copper R. Bridge 0.110 0.0013 22 0.0006 2.2826 

6/19/1992 Copper R. Bridge 0.099 0.0011 20 0.0005 2.2598 

9/4/1992 Copper R. Bridge 0.091 0.0010 19 0.0005 2.1865 

10/14/1992 Copper R. Bridge 0.140 0.0016 29 0.0007 2.2039 

6/18/1993 Copper R. Bridge 0.087 0.0010 17 0.0004 2.3363 

10/7/1993 Copper R. Bridge 0.079 0.0009 18 0.0005 2.0036 

3/4/1994 Copper R. Bridge 0.170 0.0019 33 0.0008 2.3518 

4/22/1994 Copper R. Bridge 0.150 0.0017 31 0.0008 2.2090 

9/7/1994 Copper R. Bridge 0.110 0.0013 22 0.0006 2.2826 

10/13/1994 Copper R. Bridge 0.110 0.0013 23 0.0006 2.1833 

2/11/1995 Copper R. Bridge 0.120 0.0014 24 0.0006 2.2826 

3/31/1995 Copper R. Bridge 0.180 0.0021 36 0.0009 2.2826 

11/13/2009 Copper River #1 0.070 0.0008 18.68 0.0005 1.7107 

11/14/2009 Copper River #2 0.070 0.0008 19.18 0.0005 1.6661 

10/27/2009 Alaganik Slough at 22 mi 0.020 0.0002 5.55 0.0001 1.6451 

10/28/2009 Alaganik Slough at 22 mi 0.020 0.0002 5.62 0.0001 1.6246 

10/29/2009 Lower Alaganik  0.020 0.0002 5.64 0.0001 1.6189 

10/30/2009 Lower Alaganik  0.020 0.0002 5.66 0.0001 1.6131 

11/11/2009 McKinley Lk surface 0.020 0.0002 4.18 0.0001 2.1843 

11/11/2009 McKinley Lk surface 0.020 0.0002 4.18 0.0001 2.1843 

11/11/2009 McKinley Lk mid-depth 0.020 0.0002 4.20 0.0001 2.1739 

11/11/2009 McKinley Lk mid-depth 0.020 0.0002 4.28 0.0001 2.1333 

10/30/2009 Deionized water-control 0.000 0.0000 0.07 0.0000 0.0000 

10/30/2009 Deionized water-control 0.000 0.0000 0.04 0.0000 0.0000 
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Appendix C.  Otolith Otolith chemistry (Sr:Ca) plots of humpback whitefish sampled in 

McKinley Lake, Alaska.  Marine or freshwater categories represents individuals that made 

marine migrations (i.e. Sr:Ca peaks in chemistry profile). 

Appendix C.  Otolith chemistry (Sr:Ca) plots of humpback whitefish sampled in 

McKinley Lake, Alaska.  Marine or freshwater categories represents individuals that made 

marine migrations (i.e. Sr:Ca peaks in chemistry profile). 
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Appendix C. (Continued)  
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