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Abstract

Adult broad whitefish were tagged with radio transmitters in the Little 

Putuligayuk and Putuligayuk rivers along the Beaufort Sea coast of the Prudhoe Bay area, 

Alaska. Thirty-two fish were tagged in Lake Judith, a shallow tundra lake in the Little 

Putuligayuk River system. An additional 5 fish were tagged in the Putuligayuk River 

near a suspected spawning and overwintering site. Many fish left the tundra system to 

overwinter in the west channel of the Sagavanirktok River, however, unexpected 

movements also occurred. Six (20%) of the fish found in overwintering areas moved to 

the east channel of the Sagavanirktok River, an area long disregarded as having much 

potential for overwintering fish. Additionally, 2 fish traveled west over 100 km along the 

coast to the Colville River. Broad whitefish in this study wintered in marginal habitat 

and exhibited the ability to travel between distant coastal river systems along the arctic 

coast of Alaska.
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Introduction

Broad whitefish (Coregonus nasus) are an important fish for subsistence use 

along the northern coast of Alaska. Along the northwestern coast subsistence and 

commercial users harvest 20,000 to well over 30,000 fish between the spring and fall 

fisheries (Craig 1989; Braund 1991). Broad whitefish are a preferred food fish in some 

communities across the north coast, preferred over Dolly Varden ( ) in

some communities. The majority of subsistence harvest occurs to the west of Prudhoe 

Bay in the Colville River, where a limited commercial harvest also occurs. The Colville 

River supports a large proportion of the broad whitefish in northern Alaska. The 

population of broad whitefish in the Prudhoe Bay area is considered genetically separate 

from the Colville River population (Lockwood et al. 1991).

Broad whitefish are an amphidromous species and make several movements 

between fresh and brackish water habitats each year. Brackish water is used by broad 

whitefish as a transportation corridor between freshwater river systems as well as for 

feeding. In the Prudhoe Bay area, and in the Arctic in general, broad whitefish spend the 

majority of their lives in fresh water. They spawn and winter exclusively in fresh water 

and many fish, ranging from age-0 to adult fish over 20 years old, use freshwater habitats 

at some point during the ice-free months for feeding and rearing.

This study focused on broad whitefish use of freshwater habitats in the Prudhoe 

Bay area. I documented seasonal movement patterns of broad whitefish between summer 

and winter habitats; investigated broad whitefish summer use patterns of tundra streams 

and lakes; and located and investigated broad whitefish overwintering/spawning habitats.
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Overwintering site investigations included water quality monitoring and determination of 

tagged fish survival at specific sites. This aspect of the study was especially important, 

as overwintering habitat is extremely limited in the Prudhoe Bay area, and may be a 

limiting factor on the size of the broad whitefish population.

The first section of this thesis, “Seasonal Movements of Broad Whitefish”, 

documents broad whitefish movement patterns and the location of specific sites used by 

fish. The second section of the thesis, “Surgical Implantation of Radio Transmitters in 

Broad Whitefish”, deals with surgical procedures used to implant radio transmitters in 

broad whitefish. The section focuses on best handling practices for broad whitefish and 

addresses different surgical techniques and protocols used during this study and a study 

conducted with broad whitefish in the Ikpikpuk River further to the west.



Seasonal Movements of Broad Whitefish 

Introduction

Most broad whitefish studies conducted in the Arctic have focused on larval 

movements (Bogdanov et al. 1992; Shestakov 1991), larval and juvenile salinity 

tolerances (De March 1989), physiological factors such as growth and body composition 

(Fechhelm et al. 1995a, pages 55-69; Fechhelm et al. 1995b, pages 508-519; Fechhelm et

al. 1992; Griffiths et al. 1992) and DNA analysis (Lockwood et al. 1991). Seasonal 

movements and freshwater habitat use for feeding, rearing, spawning, and overwintering 

of broad whitefish have been largely under-investigated in the central Beaufort Sea 

coastal area.

Broad whitefish studies in the Lower Ob’, Russia, have been predominantly on 

non-migration biology of broad whitefish with limited work on juvenile fish movements 

(Lugas’Kov and Stepanov 1989; Prasalov 1989). Broad whitefish in the Mackenzie 

River delta have received much study from the Canada Department of Fisheries and 

Oceans. Bond and Erickson (1989, 1992) studied anadromous coregonids of the region 

but most effort was placed on summer study of the near-shore fish community. Chang- 

Kue and Jessop (1992) conducted telemetry studies and were able to track broad 

whitefish movements for periods up to three months. Their study helped locate spawning 

and overwintering areas in the Mackenzie Delta and determine the timing of migration to 

spawning and overwintering sites.

Studies of this nature are lacking for broad whitefish along the northern coast of 

Alaska. The North Slope Borough Department of Wildlife Management conducted a
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study on broad whitefish with 13 radio-tagged fish in the Ikpikpuk River in the western 

Beaufort Sea area (J. C. George, North Slope Borough Department of Wildlife 

Management, Barrow, Alaska, pers. comm.). Results from this study are not yet 

published, but the study provided valuable movement data for broad whitefish in that 

area. In the central Beaufort Sea, most work on broad whitefish was conducted in the 

near shore waters around Prudhoe Bay by LGL Alaska Research Associates. Population 

estimates and physiological reports have been generated almost solely through this 

research effort. Freshwater systems play an important role in broad whitefish biology, 

yet little research has been conducted in freshwater systems (Thorsteinson and Wilson 

1995). Even after a decade of monitoring broad whitefish in the Prudhoe Bay area, little 

is known about spawning sites or overwintering areas. Overwintering habitat is limited 

in the Arctic and is extremely important for arctic fishes (Reynolds 1996, USACOE 

1987). Information collected by the Alaska Department of Fish and Game (ADF&G) 

suggests that broad whitefish may overwinter in gravel mine sites created during 

construction of roads and drill pads in the oil field. Large broad whitefish have been 

captured in gravel mine sites in late August (Hemming 1995), which could indicate fish 

arriving for overwintering or even spawning. A study sponsored by the US Army Corps 

of Engineers also adds some insight to overwintering in the Sagavanirktok River 

(USACOE 1987). The study focused on locating potential overwintering sites via aerial 

surveys and conducting fish and water quality sampling in early and late winter. They 

concluded that overwintering success in the Sagavanirktok River (west channel) was 

dependent on water conditions at the time of freeze-up, the timing of freeze-up, and the
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number of fish present at a hole once ice made movement between holes impossible. The 

study also discounted the east channel of the Sagavanirktok River as possessing any 

significant amount of overwintering habitat.

Because of the importance of freshwater systems to the broad whitefish, the 

importance of these fish to subsistence fisheries and the general lack of information on 

migration, spawning, overwintering, and freshwater ecology of these fish, a 

comprehensive telemetry study was undertaken. The objectives of the study were to 

document seasonal movements of broad whitefish with emphasis on timing of migrations 

and locating spawning/overwintering areas.
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Study Area

The study area extended along a 150 km stretch of the arctic coast from the 

Colville River easterly to the Shaviovik River (Figure 1). All fish sampling was 

conducted in the Prudhoe Bay area and the most rigorous radio-tracking was conducted

Shaviovik 
River — •ik River Little I I 

Putuligayuk 
River

S&gavanirktok
River

Colville R i/er

Putuligayul
River

Kadleroshilik Rivi

Itkitlik River

Area of Detail

Figure 1. Map of the Prudhoe Bay broad whitefish project study area.

there as well. Accessibility to other locations in the study area resulted in limited 

tracking time. Only two over-flights were made of rivers outside of the Prudhoe Bay 

area. Fish were sampled in the Little Putuligayuk, Putuligayuk, and Sagavanirktok rivers 

(Figure 2). Fish sampling focused on the Little Putuligayuk system as it represents the



only tundra lake system in the immediate Prudhoe Bay area. The entire freshwater river 

system is located within the Prudhoe Bay Oil Field.

7

Lakes sampled were Lake Judith and Nancy Lake, the two lower lakes in the main 

channel of the Little Putuligayuk River. Lake Judith is a small, shallow tundra lake with 

depths rarely exceeding 1.2 m located just downstream of Drill Site 14 along the Spine 

Road (main access road through the oil field). Nancy Lake is also a shallow tundra lake 

with a somewhat larger surface area and is located along the southwest side of Drill Site



14. These lakes are characterized by mucky benthic substrates of differing depths 

depending on depth to permafrost. Lakes are heavily vegetated with Arctic pendant grass 

( Arctophilafulva) and support healthy populations of various invertebrate species 

including copepods, and fairy ( Branchinecta) and tadpole {Lepidurus) shrimp.

The Little Putuligayuk River ranges from about 4.5 m wide at the lower reaches 

to less than 0.3 m across in places upstream. The river narrows to barely 0.3 m across 

and 0.3 m deep in places and spills into beaded pools about 6 m long, 3 m deep and 1- 2 

m wide. Heavy Arctic pendant grass growth and a meandering channel with deep beaded 

pools characterize the river. Water levels within the system vary widely. During break

up water levels are the highest but high water levels also are seen in the fall during the 

rainy season. Tundra runoff from local rainfall events affect water level almost 

immediately. Figures 3 and 4 show the difference in water level in Lake Judith between

Figure 3. Net site at the inlet to Lake Judith in early July, entrance frame is circled. Photograph 
taken about two weeks after break-up in early July, water depth is about 1.2 m (net is barely visible).

July and August. During break-up the Little Putuligayuk River channel is several times 

larger than at normal summer flows (Figure 5). There are several lakes along the Little
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Putuligayuk River all of which appear to be enlarged beads in the river caused by 

thermokarsting (Figure 2). Several fish species have been identified in this river/lake 

system in this study: broad whitefish (several age classes), Dolly Varden, ninespine

Figure 4. Photograph of the same net site in August after spring run-off has subsided. Water depth 
at this time is approximately 0.9 m.

Figure 5. Little Putuligayuk River overflowing its banks just after break-up, 1997. The dark 
channel is the main channel of the river (1) during normal, summer flow conditions

stickleback ( Pungitiuspungitius), threespine stickleback ( ), and

least cisco ( Coregonussardinella).
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Methods 

Fish Capture

Fyke nets (1.2 m, square entrance frame, and 0.9 m, square entrance frame) were used to 

trap fish in the Little Putuligayuk, Putuligayuk, and Sagavanirktok rivers. Nets were 

checked at 24-hour intervals; all fish were identified and measured (fork length, FL, mm). 

Adult broad whitefish were weighed and measured, scales were removed for aging, and 

each was given a numbered Floy tag (Floy Tag, Seattle, WA). A fulton condition factor 

was calculated for each fish using length and weight data collected. The condition factor 

is calculated as weight/length3 multiplied by a constant to achieve a number around 1. 

The condition factor of a fish can be thought of as a fatness index. The resulting index 

was then used to compare fish condition between groups of fish (Ricker 1987). Seven 

adult and numerous juvenile and sub-adult broad whitefish were euthanized with an 

overdose of MS-222 (Finquel, Argent Chemical Laboratories Inc., Redmond, WA). 

These fish were aged by otolith analysis and the results compared with ages determined 

by scale reading. Nets were fished in Lake Judith from late June through early July, one 

at the inlet (Figures 3 and 4) and one at the outlet (Figure 6). Late transmitter arrival in 

1997 forced August sampling to be conducted at these sites as well. On August 2, 1997, 

two additional nets were set, one in Nancy Lake, upstream of Lake Judith (Figure 7) and 

one in the Little Putuligayuk River, 6 -7  km downstream of Lake Judith.
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Figure 6. Net set at the outlet of Lake Judith in early July 1998. This net site was completely above 
water during August sampling.

The Nancy Lake net was fished until August 9. The net placed downstream of Lake 

Judith was moved further downstream (near the river’s mouth) on August 5, because 

grizzly bears ( Ursusarctos) traveling to and from the landfill were trampling the net.

Figure 7. Nancy Lake net site in August 1997.

The new location was fished until August 9 (Figure 8). One additional net was set in the 

Sagavanirktok River on August 8, however, it was removed later that same day due to



rising water levels. On August 9, all nets were pulled for the season; however, the 

downstream net was fished again on August 17 and 29, 1997. Fish sampling in 1998 was 

conducted primarily in late June/early July in Lake Judith when broad whitefish numbers 

seemed to peak in the lake system. In early August 1998, a net was fished for several

12

Figure 8. Net set in the Little Putuligayuk River just upstream of Prudhoe Bay.

days in the Putuligayuk River downstream of Put 27, a material site connected to the river 

(see Figure 2 for map location). This site was chosen to determine if fish in the Put 27 

area during August (when fish are moving to spawning/overwintering areas) were 

moving into or out of the system.

Water Quality

Water quality data were collected from May through October in areas where adult 

broad whitefish were located (by netting or relocation of tagged fish). As fish began to 

migrate out of the Little Putuligayuk River water samples were collected at relocation 

sites until weather and ice conditions made collection dangerous. In May 1998 and 1999,



known overwintering holes were visited on foot and water quality measurements were 

taken under the ice. Water temperature was recorded at every net site when the net was 

set and every time it was checked for fish. Other water quality parameters were collected 

only once per sampling period. Water samples were collected in glass B.O.D. bottles; 

samples collected for dissolved oxygen (DO) were fixed on site and analyzed later. 

Conductivity, total dissolved solids (TDS), pH, DO, hardness, alkalinity, and water 

temperature were measured during each water sampling event. Conductivity and TDS 

were measured on site immediately after a water sample was collected ausing a Check 

Mate 90 multi meter (Coming Inc., Coming, NY) with a conductivity probe attached. An 

Orion Research SA250 pH/conductivity meter (Orion Research Inc., Beverly, MA) was 

used to determine pH in 1997.

Dissolved oxygen, hardness, and alkalinity were determined from each water 

sample using a Hach Digital Titrator (Model # 16900-01)(HACH Company, Loveland, 

CO). The procedure used for determining DO (ppm or mg/L) was the 300 ml B.O.D. 

bottle method outlined in the digital titrator manual. Hardness was determined using the 

Hach Digital Titrator Method for total hardness in mg/L total hardness as CaC03. 

Alkalinity, expressed as mg/L CaC03, was determined using a colorimetric method as 

outlined in the titrator manual.

Temperature was measured at each water sampling site with a digital Fahrenheit 

thermometer or a mercury-based Celsius thermometer. In some instances water 

temperatures for specific samples were read from the pH meter or Check Mate 90.
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In 1998, a HydroLab Minisonde (Hydrolab Corporation, Austin, TX) water- 

quality multiprobe attached to a Surveyor 4 digital display unit was used to collect water 

quality data. DO in mg/L, % DO saturation, specific conductivity in n  S/cm, salinity in 

ppt, pH, and temperature in °C were measured at all sites.

Transmitter Implantation

Fish selected for surgery were held in holding pens (1.2 m x 2.4 m x 1.2 m) prior 

to surgery. In 1998, fish were held until water temperatures fell below a maximum 

temperature threshold of 16.0 °C (Morris et al. in press; or Chapter 2 of this thesis), and 

in 1997 fish were held for 6 days prior to surgery until transmitters became available. 

After surgery, fish were held in the holding pen for up to 24 hours for monitoring before 

release. All fish seemed to have regained their equilibrium by the time of release. Fish 

were tracked from time of release through August 1999.

The surgical procedure used was similar to that described for Arctic grayling 

(Lubinski 1995). Fish were placed in a water bath containing tricaine methanesulfonate 

at approximately 75 mg/L concentration. Once fish were anesthetized (became flaccid), 

they were placed on a surgical table and a 2.5 cm incision was made on the ventral side 

of the fish, cranial to the pelvic girdle. The incision was made into the peritoneal cavity 

and Furacin powder (KenVet, Ashland, OH), an antibacterial agent, was applied to the 

interior of the body cavity. A 10 g, 10 mm x 60 mm Lotek MBFT-6 transmitter (Lotek 

Engineering Inc., Newmarket, ON, Canada) was then inserted into the body cavity. To 

route the antenna out of the fish, a gloved, sterile finger was placed inside the incision 

and, using a cutting needle threaded with the antenna wire, the wire was run between the
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finger and the body wall and through the side of the fish. This procedure ensures that no 

internal organs become injured during antenna routing. Additional Furacin powder was 

then applied to the body cavity before closing. Three 6-0 monofilament sutures were 

used to close the incision and Vetbond surgical glue (3M, St. Paul, MN) was added 

topically to aid healing by forming a barrier to fluid transfer into the body. Fish were 

subsequently monitored in a holding pen for up to 24 hours before release. Several 

surgical procedures were tested and a procedure providing for a rapid overall surgical 

time and safe antenna routing procedure was selected. For more detailed information on 

surgical procedures used to implant broad whitefish with radio transmitters refer to 

Morris et al. (In press) or the surgical implantation section of this thesis.

Radio-tracking Techniques

Broad whitefish movements were tracked using several techniques. Ground 

tracking was conducted either by boat using an H antenna (Telonics, Mesa, AZ), on foot 

with an H antenna, or using a vehicle equipped with either a three-element Yagi-Uda or 

an omnidirectional whip antenna. A Telonics TR-2 scanning receiver was used for all 

tracking. Aerial tracking in a Cessna 205 equipped with dual H antennas also was used 

to survey areas not accessible by the previous methods. Aerial tracking was conducted 

from the Colville River in the west to the Shaviovik River to the east (Figure 1). Remote 

data-logging receivers also were used at two locations to gain more precise movement 

data. A Televilt data-logger (Televilt International AB, Lindesberg, Sweden) was set up 

downstream of Lake Judith in the Little Putuligayuk River to record when fish left the 

system. The data-logger functioned properly, however, attempts to tune out electro-



magnetic noise associated with oil field equipment and facilities were not successful.

The antenna was placed under water in a PVC tube in one attempt, and in another the 

antenna was removed and only the exposed end of the co-axial cable was placed under 

water in the sealed tube. Neither method succeeded in sufficiently reducing false signals 

to make sense of the data. An ATS data-logger receiver (ATS, Isanti ,MN) was set-up on 

the bank of the west channel of the Sagavanirktok River to document fish arrival at 

nearby spawning and overwintering sites. The system was tuned with a whip antenna 

and electro-magnetic noise was filtered out as much as possible, however, the results 

were similar to those using the other equipment at the Little Putuligayuk River. The 

problem of noise is difficult to correct in the oil field as not all noise detected is truly 

extraneous radio noise produced by machinery. Much data is sent throughout the oil field 

from drill sites using telemetry equipment operating in frequency ranges similar to the 

transmitters used in this study. For these reasons, data collected from the remote data

loggers were not used for analysis.
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Results

During the two open-water fish sampling seasons 37 adult broad whitefish were 

implanted with transmitters. Six fish from Lake Judith were implanted in August, 1997, 

and 26 fish in late June/early July, 1998. An additional 5 fish were tagged in the 

Putuligayuk River just downstream of Put 27 in August 1998. Fish implanted during this 

study ranged from 352 to 515 mm FL (N = 37, X  — 430 mm, SE = 7 mm, 95% Cl = 14 

mm), 454 to 1,678 g (N = 37, X-1,036 g, SE = 51 g, 95% Cl = 104 g), and were 

between 5 and 14 years of age (N = 35, X  = 9.8 y, SE = 0.4 y, 95% Cl = 0.8 y). 

However, some fish collected in Lake Judith were around 20 years of age as determined 

by scale and otolith readings. Physical parameters measured on individual fish did not 

differ significantly between years or sampling sites. Data collected on each fish are 

summarized in Appendix I.

Of the 37 fish tagged with transmitters 27 (73%) were successfully relocated at 

overwintering sites. Eleven of these fish (41%) successfully overwintered and survived 

to be relocated at a different location after the winter season. Additional fish likely 

survived, however, success was determined by whether or not a fish was relocated after 

break-up at a new location. Similarly, overwintering mortality was determined by 

positively identifying that a fish at an overwintering site had died. This does not include 

fish removed from the study by angling or subsistence harvest. Five (18.5%) of the 27 

fish located at overwintering sites died over the course of the winter. Analysis of fish 

size and age does not indicate that there were any significant relationships between fish 

survival and length, weight, age or condition. Additionally, 4 (15%) fish that were
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tracked for two consecutive winter seasons used the same overwintering location both 

years. Fidelity to Lake Judith also was observed in several fish. Four (11%) of the fish 

tagged in Lake Judith returned to the lake the following spring, after break-up. Fidelity 

to the Little Putuligayuk/Putuligayuk tundra system was much higher, with 9 fish (24%) 

returning to the system at some point during the year after it was tagged. As of August 

1999, however, 9 (24%) fish tagged were still unaccounted for since the time they first 

left Lake Judith or the Putuligayuk River system. The fate of these fish is unknown, and 

no assumptions have been made about their survival in the previous analyses. Appendix 

II summarizes relocation data for all fish radio-tagged throughout the study.

Seasonal Movements

Fish were tracked monthly from the time of implantation through December.

From January to June fish cannot move significantly as they are located in isolated pools 

of water. Tracking continued in late April/May to locate fish just before break-up and to 

conduct water quality sampling. Appendix III summarizes tracking data for each fish at 

all tracking periods. In summer broad whitefish moved freely between the tundra 

lake/stream system and other habitats. However, the amount of time fish spent in the 

lake does not appear to be random. Regression analysis by age and time spent in Lake 

Judith indicates that older fish tended to spend significantly fewer days in the lake than 

younger fish (N = 30, F = 13.44, p = 0.011) (Figure 9). For example, one 7-year-old fish 

tagged in Lake Judith, never left the lake and died during the winter season. No adult



broad whitefish were ever captured in Nancy Lake nor were any radio-tagged fish ever 

relocated in Nancy Lake. However, juvenile broad whitefish were captured in the lake.

19

Figure 9. Relationship between days fish remained in Lake Judith after they were first captured and 
age of fish, Prudhoe Bay Oil Field, Alaska, 1997-98.

Major seasonal movements consist of two categories that correspond with the 

open-water and ice seasons. Fish move from summer areas, in this case the Little 

Putuligayuk River system, to spawning/overwintering areas along the coast in the fall, 

and from overwintering areas to summer areas in the spring. All overwintering areas 

were combined in Figure 10 to show the major movements exhibited by broad whitefish 

in the study area. It should be noted that the number of fish at Lake Judith includes all 

fish tagged whereas numbers of fish in the Putuligayuk River and overwintering sites are 

subsets of the fish tagged at Lake Judith, as the lake was the primary sampling site. 

Broad whitefish use of shallow tundra systems began almost immediately after break-up.



The peak in fish numbers occurred during the first week in July but fish arrived in mid 

June which corresponds with the timing of break-up (Figure 10). Some fish arrived in 

Lake Judith while ice was still present in some portions of the lake. Increase in fish 

numbers in Lake Judith corresponded directly to fish leaving overwintering sites, which, 

in the Prudhoe Bay area, occurs at break-up in mid to late June. Some fish remained in 

the lake throughout the summer but many left a few days after capture. By late 

August/early September most fish had left the tundra system. This decrease in fish 

numbers corresponded with fish arriving at spawning and overwintering sites which

20

— - - Little Putuligayuk River
—  - Putuligayuk River
— — Overwintering/Spawning Areas

Figure 10. Numbers of fish relocated during major tracking periods are plotted by river/habitat 
type. Timing of major migrations and habitat use can be seen.

occurred in early August. By early October most had been located at overwintering sites.

Three general types of freshwater habitat are used by broad whitefish (Figure 10). 

Lake Judith represents a feeding/rearing area, not an overwintering area. Overwintering 

areas such as in the Sagavanirktok River appear to serve primarily as spawning and



overwintering areas with few tagged fish located in the river during summer months. On 

the other hand the Putuligayuk River is used for spawning and overwintering as well as 

summer feeding. Fish overwintering and spawning in this river seem to occur almost 

exclusively at mine site Put 27 and an excavated portion of the river channel. Without 

these two areas it is unlikely that water depths would be adequate to overwinter fish.

Migration Patterns and Overwintering Locations

Broad whitefish migrations, while not as long as for some other salmoniform fishes, can 

be extensive and complex. Broad whitefish overwintering sites were spread throughout 

the lower reaches of several river systems proximate to Prudhoe Bay as well as the 

Colville River (Table 1). Eighteen (67%) of the fish located at overwintering sites moved 

from Lake Judith to areas in the east and west channels of the Sagavanirktok River.

Figure 11 shows overwintering locations in the Prudhoe Bay area. Of fish located at 

overwintering sites, the majority (44%) moved into the west channel of the 

Sagavanirktok River. However, 6 (22%) fish overwintered in the east channel of the 

Sagavanirktok River (Appendix II). Fish overwintering in the Sagavanirktok River 

migrated from 43 km to over 100 km depending on the route taken (Figure 11). These 

estimates are based on point-to-point travel and do not account for more complex routes. 

However, some fish in the study made migrations to intermediate points prior to making 

a final move into overwintering areas. For example, one fish located in the west channel 

of the Sagavanirktok River during early October, was relocated at an overwintering site 

in the east channel of the river in mid December. Two fish were located in the
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Table 1. Radio-tagging location and date with winter relocation dates and sites, Prudhoe Bay, 
Alaska, 1997-1999.

Radio-tagging Data Winter Relocation Data

Fish
Number

Date
Tagged

Tagging
Site

Date
Relocated

Overwintering
Location

1 8/8/97 Lake Judith X Late September West Channel Sagavanirktok River

2 8/9/97 Lake Judith Late October West Channel Sagavanirktok River
3 8/9/97 * Early August West Channel Sagavanirktok River
4 8/9/97 X Late September Putuligayuk River System
5 8/9/97 *x Early August West Channel Sagavanirktok River
6 8/9/97 X Late September West Channel Sagavanirktok River

7 6/17/98 Lake Judith Early April Colville River

8 6/24/98 Lake Judith X December East Channel Sagavanirktok River
9 6/24/98 April Putuligayuk River System
10 6/24/98 * Early October West Channel Sagavanirktok River
11 6/24/98 X December East Channel Sagavanirktok River

12 6/30/98 Lake Judith December Colville River
13 6/30/98
14 6/30/98 December East Channel Sagavanirktok River
15 6/30/98
16 6/30/98
17 6/30/98 Early October West Channel Sagavanirktok River
18 6/30/98 December East Channel Sagavanirktok River

19 7/1/98 Lake Judith July Little Putuligayuk River System
20 7/1/98 July Little Putuligayuk River System

21 7/2/98 Lake Judith Early October West Channel Sagavanirktok River
22 7/2/98
23 7/2/98
24 7/2/98 April West Channel Sagavanirktok River

25 7/4/98 Lake Judith X

26 7/4/98
27 7/4/98
28 7/4/98

29 7/7/98 Lake Judith December East Channel Sagavanirktok River
30 7/7/98 Early August West Channel Sagavanirktok River

31 7/8/98 Lake Judith December East Channel Sagavanirktok River
32 7/8/98 Late August West Channel Sagavanirktok River

33 8/11/98 Put. River Early August Putuligayuk River System
34 8/11/98 * Early August Putuligayuk River System
35 8/11/98 Early August Putuligayuk River System
36 8/11/98
37 8/11/98 Early October West Channel Sagavanirktok River

x- Fish relocated the following year either in Lake Judith or in the Putuligayuk River
*- Fish relocated at same overwintering site the following winter
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Putuligayuk River near a spawning site in September, only to be found in the 

Sagavanirktok River in October, just prior to freeze-up. This indicates that distances 

traveled by fish during their seasonal migration may vary widely between fish. Figure 11 

illustrates overwintering sites located during 1997 and 1998 with migration routes and 

distances (Appendix II also gives distances) traveled to overwintering sites.

Figure 11. Map of overwintering holes with associated travel distances in the Prudhoe Bay area, 
Alaska, 1998-99.



Some fish radio-tagged in Lake Judith made short movements from the lake to 

Put 27 and others never left the Little Putuligayuk system. Of the 5 fish tagged in the 

Putuligayuk River, 2 overwintered in Put 27 or the excavated channel adjacent to the pit,

1 moved to the west channel of the Sagavanirktok River, 1 moved out of the system and 

has not been relocated, and 1 fish moved down into the Putuligayuk River Delta to 

overwinter (see Figure 11).

Two broad whitefish in the study group exhibited large-scale movements between 

distant river systems (Figure 12). They moved from the Prudhoe Bay area to the Colville
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Figure 12. Movement of broad whitefish from the Prudhoe Bay area to the Colville River with 
associated travel distances assuming the simplest route of travel. The Colville River site marked with 
a red square and question mark denotes the fish that was captured in a subsistence net upstream of 
the Itkillik River, the exact location was not determined.



River to overwinter. One of these fish was in the west channel of the Sagavanirktok 

River until early October. This fish was later captured in the Colville River in the 

subsistence harvest. This particular fish would have traveled in excess of 220 km since 

the time it left Lake Judith. It is also noteworthy that this fish was 7 years old at capture 

and may have been entering its first spawning season. The fish spent only 3 days in Lake 

Judith after surgery. Another fish relocated in the Colville River traveled a minimum of 

175 km from the time it left Lake Judith. This fish was a 14-year-old adult and spent 

only one day in Lake Judith after surgery.

Overwintering Success

Not all fish relocated at overwintering sites survived the winter. Ground surveys 

of overwintering holes identified several areas where fish had died. Appendix II 

identifies specific holes where fish died over the winter season. In all but one case these 

fish died because the water froze to the bottom. Both fish that attempted to overwinter in 

the Lake Judith/Little Putuligayuk River area died because of freeze-down. The fish in 

the Little Putuligayuk River was no longer moving as of December 1998. The fish 

located in Lake Judith was alive in December, however, by May, the fish was in ice; 

there was no water left in Lake Judith. A fish that attempted to overwinter in the 

Putuligayuk River Delta also died. Site investigation indicated that the river had frozen 

at the site, and the fish was not moving. Another dead fish was discovered along the west 

channel of the Sagavanirktok River in May. About 20 large adult broad whitefish were 

discovered dead on the bank of the river (Richard Shideler, ADF&G, Habitat Biologist,
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pers. com.). Upon arrival at the site a radio-tag was discovered. The condition of the 

transmitter and the description of the fish seen by Mr. Shideler suggests these fish froze 

during winter and were floated onto the bank of the river during break-up. One fish 

tagged in the Putuligayuk River survived until around break-up when it was determined 

that the fish was no longer moving. Another fish that overwintered at the same location 

survived the winter so it is difficult to say what the cause of death may have been for this 

fish. Salinities get high in that particular overwintering area and may have contributed to 

this mortality. Analysis of descriptive data collected on individual fish failed to identify 

any statistical difference between fish that survived winter and those that did not. 

Appendix II lists all fish for which overwintering data were collected.

Statistical analysis between groups of fish that overwintered in different locations 

indicates that fish were not significantly different based on length, weight, and age data 

gathered at the time of transmitter implantation. The only statistically significant 

difference was that fish overwintering in the east channel of the Sagavanirktok River 

during winter 1998-99, were in poorer overall condition (Fulton’s Condition Index) in 

July, 1998, compared to fish that overwintered in the west channel of the river during the 

same winter (F = 6.03, p = 0.026). Given the fidelity to overwintering sites exhibited by 

some fish, it is possible that these fish wintered in the same areas the previous year. If 

this is the case the difference in fish condition between the two groups of fish suggests 

that water quality may have been better in the west channel of the Sagavanirktok River 

during winter 1997-98. During winter 1997-98, a pipeline was constructed to carry oil 

and gas from the Badami Oil Field, located east of the Prudhoe Bay field. The pipe was
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buried under the east channel of the Sagavanirktok River and under-ice water was 

pumped to dewater the pipe crossing area for construction. It was not until the following 

year that the area was found to be upstream of broad whitefish overwintering sites. It is 

possible that this dewatering event altered downstream water quality at overwintering 

sites in the east channel, resulting in the poor fish conditions observed.

Water Quality

Sampling for water quality was conducted at as many sites as possible with 

emphasis placed on obtaining data just prior to break-up at known overwintering holes. 

Water quality data collected at this time should represent the worst water conditions fish 

would experience over the winter. In this way I could detect depleted dissolved oxygen 

conditions to determine if an overwintering site was able to successfully overwinter fish, 

even if it had not frozen solid. Pre-break-up water quality data were collected in May 

1998 and 1999. In 1998, however, ice conditions in the Sagavanirktok River at known 

overwintering sites did not permit water quality sampling as ice depth exceeded 3 m and 

only 3 m of auger extensions were available. In 1998 only Put 27 was successfully 

sampled prior to break-up. Water quality results indicated that DO concentrations were 

between 11 and 13.5 ppm in the 3.5 m of water at that site. Specific conductivity was 

about 2,000 jj. S/cm, or about 1.0 ppt salinity. These measurements were taken at the 

location of the fish, which is important to note because water quality in other portions of 

the pit are typically poor; only the top several meters can support fish.
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Pre-break-up water quality sampling in 1999 was much more successful. Sites in 

the east and west channels of the Sagavanirktok River were investigated, as well as Put 

27 and an overwintering hole in the Putuligayuk River Delta. Data on water quality 

collected during May 1999 is presented in Table 2. Overwintering holes in the east

Table 2. Water quality data collected at overwintering sites in May 1999, Prudhoe Bay Area, Alaska.
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Ice Water DO
Site Thickness depth DO Saturation pH Conductivity Salinity Temperature

location (m ) (m ) ( ppm) (% ) ( uS/cm ) ( PPt) ( C )

Sagavanirktok 2 2.75 4.62 31.8 7.33 610.8 0.31 -0.02
River, east 3.25
channel, in
delta

Sagavanirktok 2 2.75 3.77 26.1 7.53 1338 0.71 -0.15
River, west 3.50 3.55 24.6 7.57 1337 0.71 -0.13
channel, by
Sag bridge

Sagavanirktok 1 (w/ 0.5 m 2.75 1.90 13.2 7.49 812.4 0.42 -0.09
River, west snow)
channel, by
Deadhorse
Airport

Mine site 2 2.75 13.75 99.4 7.75 5,765 3.19 0.59
Put 27 3.75 8.65 66.9 7.72 8,064 4.53 2.53

4.75 8.24 65.4 7.76 8,951 5.64 3.64
5.75 7.57 61.1 7.81 9,603 5.41 4.14
6.75 6.15 49.3 7.79 10,116 5.73 3.87
7.75 0.39 2.9 7.17 13,716 7.92 3.48
8.75 0.06 0.5 7.16 18,028 10.63 2.50
9.75 0.00 0.0 7.19 18,108 10.68 2.50

channel of the Sagavanirktok River delta had just over 1 m of water under the ice,

however, water quality was good. Conductivity was relatively low indicating that salt 

water intrusion was not a problem at this site. DO concentrations were not high (4.62 

ppm) but should have been adequate to support fish living at such low water 

temperatures, as their metabolic needs should be significantly reduced. Holes in the west 

channel of the Sagavanirktok River were similar in that water depth under the ice never 

exceeded 2 m. However, water in this channel was generally of poorer quality (Table 2).



Dissolved oxygen concentrations at the Sagavanirktok River Bridge were between 3.5 

and 3.8 ppm, again, probably adequate, but low. Conductivity was somewhat higher than 

in the east channel, however, still below 1 ppt salinity. An overwintering site adjacent to 

the Deadhorse Airstrip in the west channel of the Sagavanirktok River was extremely 

shallow and DO concentrations were below 2.0 ppm. This site was difficult to assess 

because of its shallowness. Fish wintering there earlier in the year could no longer be 

located by radio signal and one was later found dead, several kilometers upstream. It is 

likely that fish using this site attempted to find more suitable areas as conditions 

deteriorated, and failed.

Water quality in Put 27 was assessed in May 1998 and 1999, and was somewhat 

different between years (Table 2, Appendix IV). DO concentrations were high for the 

first several meters in 1999 and 1998, indicating that fish could survive if they used the 

upper few meters of the pit. However, salinity was considerably higher in 1999, ranging 

from 3.19 ppt just below the ice to 10.68 ppt at the bottom. Salinity in 1998 was about 1 

ppt at the highest, considerably lower than the low of 3.19 ppt in 1999. Salinity 

conditions may have been lethal to some fish in winter 1999.

Water quality was determined at some sites prior to freeze-up in winter 1998. 

Dissolved oxygen concentrations in the Sagavanirktok River collected near the bridge 

were hovering around saturation (10.6 ppm) during August 1998. Dissolved oxygen 

concentrations in May, 1999, at this site were about 3 ppm (Table 2), indicating a 

significant reduction in DO over the course of the winter. Water quality in Put 27 during 

August 1998 was similar to that collected in May 1999. Salinity was somewhat higher
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under the ice (3.19 ppt salinity) than in the open-water season (1.22 ppt salinity), which 

would be expected as ions are forced out of the water through freezing. DO 

concentrations prior to freeze-up were similar to under-ice conditions in that the first 

several meters of water had DO concentrations around saturation.

Water quality was also determined at all fish sampling sites. Data were similar at 

all sites (see Appendix IV). In general, North Slope lakes and streams within the study 

area usually hold DO concentrations at or near saturation during the open-water season. 

Water temperatures vary widely in the tundra systems and follow the daily air 

temperatures closely. Conductivity is stable at most upstream sites and varies from 190 

to nearly 300 n  S/cm. Sites nearer the Beaufort Sea vary widely in conductivity 

depending on wind direction. Onshore winds increase conductivities dramatically as 

water from Prudhoe Bay is literally pushed upstream. Alkalinity was measured in several 

areas in 1997 and 1998 to track the change in system productivity over the open-water 

season. Alkalinity was typically low and increased throughout the open-water season. 

Levels never exceeded 120 mg/L CaCo3 in the tundra lake system.
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Discussion

Over the course of this study several aspects of broad whitefish life history 

characteristics in the Prudhoe Bay region of the Beaufort Sea have been elucidated. 

Insights into aspects of broad whitefish ecology with respect to timing of seasonal 

migrations, tundra stream system use, overwintering habitat selection, and extent of 

coastal movements have been gained. Broad whitefish use shallow tundra lake and 

stream habitats in the Prudhoe Bay region from mid-June, just after break-up, through 

mid-September, just prior to freeze-up of these systems. Most broad whitefish radio

tagged in Lake Judith had left the lake, and the Little Putuligayuk River system, by 

September. Some fish stayed longer and two never left.

There also appears to be a relationship between fish age and use of the Little 

Putuligayuk River system in the summer. Among fish 7 - 1 4  years old, older fish tended 

to spend less time in the lake than younger fish. However, broad whitefish juveniles 

under 350 mm FL (probably 0 - 5  years old) were captured during shorter periods in 

Lake Judith than any of the adult-sized fish captured. Use of the lake by juvenile broad 

whitefish differed between 1997 and 1998. Flow conditions were different between the 

two years and may have played a role in this difference; age-0 broad whitefish were more 

numerous in the lake during low flow summers than in high flow summers. Juvenile fish 

were much more prevalent in the lower portion of the Little Putuligayuk River, which 

may have been related to high water velocity through narrow spillways, inhibiting 

upstream movement of these small fish. Summer use of the system by radio-tagged fish 

was variable, some fish that left the lake immediately moved into the mouth of the
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Putuligayuk River near Prudhoe Bay. These fish may have been able to maximize 

feeding in these areas because they were large enough to feed on larger brackish water 

invertebrates.

It is also noteworthy that no adult broad whitefish were ever captured above Lake 

Judith nor were any tagged fish ever located above Lake Judith. However, a few age-0 

and age-1 fish were captured in Nancy Lake during sampling in 1997. The lack of adult 

fish above Lake Judith is counter-intuitive in that Nancy Lake is well connected to the 

Little Putuligayuk River upstream of Lake Judith, and water quality parameters did not 

differ from Lake Judith. This indicates that broad whitefish using Lake Judith are 

maximizing feeding and simply do not move on in search of better foraging. This also 

indicates that a highly productive tundra lake can support the number of broad whitefish 

using it in the summer without fish needing to leave to find areas where competition is 

lower.

Summer tracking of broad whitefish indicates that many fish stay in the lake as 

late as possible before moving to spawning and overwintering areas. At least 50% of fish 

tagged in Lake Judith remained in the lake until late August and into early September. 

Weather conditions during this time of year can cause icing in slow moving tundra 

systems. Further evidence of fish maximizing feeding in the tundra system comes from 

two fish tagged in 1998 that never left the lake area. These fish were in the vicinity of the 

lake late enough in the fall that ice build-up at shallow riffles downstream of the lake 

trapped them. One fish was able to move 1 km downstream where it eventually ended up 

in an isolated pool of water. That fish was still moving in late September but was frozen

32



by October. The other fish remained in Lake Judith and was still moving in the lake as of 

December 1998. However, upon return to the area in May to conduct water quality 

sampling it was determined that the fish had frozen over the winter. These fish likely 

stayed too late, accidentally, and were trapped in areas with inadequate water depths.

This lends further evidence to the concept of some dynamic existing between maximizing 

feeding efficiency by remaining in the lake system and leaving before conditions become 

lethal. Fish that stay as long as possible (of a given age class) may achieve higher lipid 

reserves for winter and thus experience higher survival and fecundity. However, fish 

remaining too late die.

Broad whitefish show some fidelity to Lake Judith in that they return to the lake 

after having moved out of the lake the previous fall to spawn and/or overwinter. This is 

likely an artifact of the Little Putuligayuk River being one of few tundra lake systems 

connected to the Beaufort Sea in the Prudhoe Bay area. A similar system is located in the 

Kuparuk Oil Field and broad whitefish are present in the system, however, no fish tagged 

in Lake Judith or the Putuligayuk River were ever located there.

From information gathered on timing of migrations to spawning and 

overwintering sites it appears that broad whitefish in this area spawn between mid 

September and mid October. Fish numbers in the Sagavanirktok and Putuligayuk rivers 

peaked by early October suggesting spawning may have been occurring at that time. 

Further support comes from the movement of several fish from one system to another 

during this time period. Several fish made seemingly odd movements between late 

September and early October. Two fish found in the Putuligayuk River through early to
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mid September moved across Prudhoe Bay, around Heald Point, and into the 

Sagavanirktok River by early October. Whether these fish were moving to the 

Sagavanirktok River to spawn or leaving the Putuligayuk River after spawning is 

uncertain.

Another fish located in the Sagavanirktok River by the Deadhorse Airport moved 

sometime between early October and December to the Colville River some 218 km away. 

This fish was between 7 and 8 years of age and likely entering its first spawning season. 

However, the timing of this long distance move is puzzling. Still another fish moved 

from the west channel of the Sagavanirktok River through the Endicott Causeway and 

overwintered in the east channel of the Sagavanirktok River in the delta. This movement 

also occurred after mid-October tracking. In fact most fish located in September and 

October exhibited some degree of movement after October sampling. Most movements 

were slight but there does seem to be a period of sedentary behavior between September 

and October followed by increased movement. By mid to late December fish movement 

is mostly over. The only fish that made any significant movement between December 

and May was located near the Deadhorse Airport. Water quality was poor with DO 

concentrations below 2.0 ppm in May. This fish was dead when located in late May, 

along the bank of the Sagavanirktok River, several kilometers upstream. Twenty other 

broad whitefish were found dead with the tagged fish. These fish probably attempted to 

move to a more suitable overwintering area as water quality deteriorated.

In some respects the period of movement observed for several fish a month after 

arriving at believed spawning/overwintering sites is similar to observations by Chang-
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Kue and Jessop (1992) where they found a large scale upstream migration of broad 

whitefish in the McKenzie River Delta to spawning areas and a subsequent downstream 

migration to overwintering areas in the delta. A major difference appears to be the timing 

of these migrations. Chang-Kue and Jessop (1992) found a large scale upstream 

migration in late October, with fish arriving at spawning areas the first week of 

November. They observed a post-spawning migration in mid-November with fish 

arriving at overwintering sites by late November. Broad whitefish in the Prudhoe Bay 

region make their upstream run in September and remain relatively sedentary for a month 

or longer. Spawning likely occurs earlier as well, but movements to spawning grounds 

are certainly much earlier. This is a result of the more extreme climate and earlier onset 

of winter, with small freshwater systems beginning to freeze as early as late August. The 

period of fish movement after October observed in the Prudhoe Bay region occurred 

sometime during November and may have been complete by early December.

Several overwintering areas were identified during this study. Some sites were 

used in both winters of the study by different fish and some fish used the same sites for 

two consecutive winters. West channel pools of the Sagavanirktok River supported high 

numbers of radio-tagged fish and were the areas to which some fish exhibited 

overwintering site fidelity. Some of these areas had been previously identified during 

other studies conducted in the area (USACOE 1987). However, those studies indicated 

that the east channel of the Sagavanirktok River was too shallow and small to overwinter 

fish. One study even concluded that water temperatures in the delta would be too cold 

for fish to successfully overwinter. Nonetheless, 6 (22%) of the fish relocated at
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overwintering sites were located in the east channel of the Sagavanirktok River, with the 

majority overwintering in the delta within 2 km of the Endicott Causeway. Water quality 

was actually best at the east channel delta site. At least two of the fish located in the east 

channel survived overwintering in 1998/99 because they were relocated at Lake Judith 

during summer 1999.

Water quality was considerably degraded at all Sagavanirktok River sites by May 

1999. Water depths under the ice rarely exceeded 1.5 m and dissolved oxygen was 

reduced to below 5.0 ppm at all sites and was typically below 3.0 ppm. This indicates 

that any fluctuation in environmental conditions and fish numbers in a hole can have 

devastating effects on fish overwinter survival. All sites investigated were marginal or 

failed. With this information winter construction projects can be permitted more 

appropriately to protect the overwintering habitat that is available, with renewed concern 

for the east channel of the river as well.

Several fish also overwintered in a rehabilitated gravel mine site, Put 27. Fish 

were located at this site and an adjacent, excavated portion of the Putuligayuk River 

during both winters of this study. It is the existence of these deepened sites that allows 

overwintering to occur in the Putuligayuk River. These two areas are likely the only 

available with adequate depth to allow successful overwintering. However, the proximity 

of these sites to the Beaufort Sea has led to high saline, low DO conditions in the lower 

depths of the mine site and can lead to high salinity conditions in the river and even the 

surface layers of Put 27. In 1997 a fish survived the winter in Put 27 to return to Lake 

Judith in 1998. One fish that overwintered near Put 27 in 1998/99 died, all others
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survived. Salinity was high in late August 1998 and may have resulted in concentrations 

that stressed some fish and even killed one. One additional fish was located in the 

Putuligayuk River delta during winter 1998/1999. Ground survey of the area revealed 

that this was a failed site because the river had frozen to the bottom.

Three additional fish are worth specific mention. One fish was captured in Lake 

Judith during summer 1998 with gill net scars on its body. This indicates that the fish 

had been in the Colville River at some point as it is the nearest river with a fishery for 

broad whitefish. The capture of this fish led me to believe that there may be some 

exchange between the Prudhoe Bay broad whitefish population and the Colville River 

population. Aerial radio-tracking of the Colville River resulted in the location of one 

radio-tagged fish from Lake Judith. This movement represents the first documented 

exchange of fish between these two river systems, some 100 km distant. Additionally, 

one broad whitefish radio-tagged in 1998 was captured during the subsistence harvest in 

the Colville River during December 1998, further evidence that fish move readily 

between these two systems. The implications to this finding are numerous. The Colville 

River supports one of the largest populations of broad whitefish along the Alaskan 

Beaufort Sea coast. The Sagavanirktok River population exists on the eastem-most 

periphery of broad whitefish distribution in Alaska, and is accordingly much smaller. 

Factors that alter the population of broad whitefish in the Prudhoe Bay area could have 

impacts on the subsistence harvest in the Colville. Perhaps no population difference 

would be seen in the Colville but there could be long-term genetic costs. The Colville is 

likely the seed from which the Sagavanirktok River population arose and exchange
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between the two may be common. The exchange seen between the Colville River 

population and the Sagavanirktok River population may also be related to or at least 

facilitated by a breach created in the West Dock Causeway in 1995/1996 to allow 

unhibited fish movement along the coast. It is obvious that broad whitefish have the 

ability to and do move between far distant river systems along the northern coast of 

Alaska.



Management Implications

Management implications from this research relate specifically to construction 

practices and the timing of oil field activities on Alaska's North Slope. Ice roads 

commonly are used to move exploratory drilling equipment to remote locations. Ice road 

use reduces the need for gravel and eliminates wetland and stream impacts associated 

with gravel roads. However, ice roads often cross rivers and typically increased ice 

thickness is required to support heavy equipment, even cases where thickening is not 

conducted intentionally it occurs as a result of reduced snow cover and compaction. 

Increased ice depths associated with river crossings can create ground-fast ice across 

river channels. Given that broad whitefish move between overwintering sites as late as 

mid-December, ice road construction could adversely affect their movement. A blockage 

to movement could prevent fish from reaching preferred overwintering areas. Results of 

my research were used to schedule ice road construction across the Sagavanirktok River 

in late December, after broad whitefish movement between sites ended.

Similarly, the discovery of fish overwintering sites in the east channel of the 

Sagavanirktok River led to closer scrutiny of planned activities along that branch of the 

river. For example, construction of the Badami pipe crossing of the east channel, prior to 

knowledge of overwintering sites, may have resulted in the reduced condition seen in 

some study fish. In winter 1999-2000, an ice road was planned to follow the east channel 

of the Sagavanirktok River to the pipe crossing site for bank stabilization work. Based on 

the information from this study, the ice road was moved to an entirely on-land route to 

avoid harming wintering fish in the lower reaches of the river.

39



Results from overwintering site investigations have also led to general avoidance 

of any portions of rivers with under-ice water. Throughout the study, sites used for 

overwintering in river systems were shown to typically be shallow and marginal for fish 

survival, even without disturbance. Hence, even river stretches with shallow under-ice 

water could potentially be overwintering sites and should be avoided.

Man-made lakes, rehabilitated gravel mine sites connected to rivers, also were 

shown to increase fish use of tundra systems by adding overwintering and spawning 

habitat. Fish use of the Putuligayuk River year-round is likely the result of the added 

deep water habitat created when Put 27 was connected to the Putuligayuk River. Use of 

this site indicates that this mitigation method is successful in increasing overwintering 

habitat for fish in river systems. However, the relatively high salinity conditions of the 

site have led to additional criteria for mine site rehabilitation. Mine sites in river areas 

that receive high salinity water from the Beaufort Sea probably should not be connected 

to rivers.

The exchange of broad whitefish between the Prudhoe Bay area and the Colville 

River also offers some insight into causeway construction. Genetic research on broad 

whitefish in the Prudhoe Bay area and the Colville River indicated that the populations 

were genetically distinct (Lockwood et al 1991). However, several fish encountered 

during this study either came from or went to the Colville River. The 4.3 km long, 

partially breached, West Dock causeway had been in existence between the two systems 

since the 1970’s. Recent work by Fechhelm (1999) indicates that, since a 200 m breach 

was constructed in the causeway, humpback whitefish ( pidschiari)
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distribution increased significantly east of the causeway. It is possible that this breach, 

constructed in winter 1995-96, allowed for an increase in broad whitefish exchange 

between the Colville River and Prudhoe Bay area. This information indicates that 

breaches in causeways constructed in the Beaufort Sea may be important in maintaining 

natural fish movements along the coast.
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Introduction

Broad whitefish ( Coregonusnasus) are a preferred subsistence fish along the Beaufort 

Sea coast of northern Alaska, and along the northwestern coast are taken for subsistence 

and commercial sale. Harvest from both sources may reach 20,000 to well over 30,000 

fish between the spring and fall fisheries (Craig 1989, Braund 1991). Despite the 

importance of broad whitefish to commercial and subsistence users, little research has 

been conducted with respect to its life history characteristics in the Arctic. However, 

research has been conducted on fish growth, population size, and population genetics in 

the central Beaufort Sea population in the Prudhoe Bay region (Fechhelm 1992, 

Fechhelm et al. 1995a, 1995b, Griffiths et al.1992, Lockwood 1991). Information

on fish seasonal movements and fish over-wintering is notably lacking. The studies 

discussed in this paper were designed to investigate these areas of concern directly with 

the use of radio-telemetry.

In fish studies employing internal radio-transmitters, the transmitter implantation 

procedure is of primary concern. The procedure itself must be safe for fish, and care 

must be taken to ensure long-term survival of transmittered individuals. This includes an 

aseptic surgical procedure that minimizes internal trauma as well as handling time. In 

1994 and 1995 the North Slope Borough Department of Wildlife Management implanted

1 A version o f this paper has been submitted to the 15th International Symposium on Biotelemetry with 
W.A. Morris, E.H. Follmann, J.C. George, and T. O’Hara as authors. Currently in Press.
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15 adult-sized broad whitefish with radio-transmitters in the Chipp River. The same 

surgical procedure was used for all fish. In 1997 and 1998,1 implanted transmitters in 37 

adult broad whitefish in the Little Putuligayuk River system. During my study, two 

surgical procedures were employed. In 1997 a procedure similar to that of the North 

Slope Borough’s was used. However, the procedure was altered because of the poor 

condition of one fish, tagged in 1997 and recaptured in 1998. The 1997-1998 project also 

led to temperature criteria being used to determine when surgeries should be attempted. 

With sound handling techniques, fish implanted with radio-transmitters will provide 

valuable data for the life of the transmitter and, importantly, survive well beyond 

transmitter life.

Methods 

Chipp River Study

Upon capture fish were placed in an induction tank with an MS-222 solution of 

approximately 75 ppm, then moved into a maintenance tank with a concentration of 37.5 

ppm. Once anesthetized the fish were placed on a surgical table and gills were bathed in 

either water or the maintenance MS-222 solution depending on stage of anesthesia.

Scales were removed mid-ventrally from the fish in the area of the intended incision. A 

transmitter (Lotek Engineering Inc., Newmarket, Ontario) was then inserted into the 

peritoneal cavity through a 2.5 - 3.8 cm incision. A 20-gauge needle was then pushed 

through the body wall at the caudal edge of the incision, and the antenna was threaded 

through the needle and out of the body cavity. An internal antibiotic was injected into the 

peritoneal cavity and the incision sutured with a simple interrupted or continuous pattern.
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The external suture line was swabbed with antibiotic. The fish were placed in a recovery 

pen, held upright and water was pushed into the buccal cavity. Once a fish regained 

muscle movement and buoyancy it was released.

Little Putuligayuk River Study

The University of Alaska Fairbanks’ Institutional Animal Care and Use Committee 

approved all surgical procedures used during this study.

1997 surgical procedure - The surgical procedure used in the 1997/1998 study 

was similar to that used in the Chipp River study. Fish were anesthetized individually in 

MS-222, and moved directly to a field surgical table. Scales were not removed prior to 

making a 2 - 3 cm mid-ventral incision cranial to the pelvic girdle. Furacin antibacterial 

powder was sprinkled into the incision and a sterile Lotek MBFT-6 transmitter (60 mm 

long x 10 mm diameter, with 430 mm antenna, weight of 10 g, and a minimum expected 

life of 313 to 380 days) was inserted into the peritoneal cavity, with antenna facing 

caudally. The antenna was routed through the lateral body wall cranial and dorsal to the 

pelvic girdle with a cutting needle to minimize blunt trauma at the antenna exit site. 

Additional antibacterial powder was applied, and the incision was closed with three 6-0 

monofilament sutures. Antibacterial powder was not applied to the exterior because there 

is evidence that antibacterial agents inhibit mucous production and healing (J.B. 

Reynolds, University of Alaska Fairbanks, pers. comm.). However, Vet-Bond (3M, St. 

Paul, MN) surgical glue was placed over the incision to close the wound. Surgical glue 

provides a seal for a few days, which allows the incision to begin healing while keeping

44



water out of the body cavity. Fish were recovered in a tub of lake water aerated with an 

air pump and air stones until they regained equilibrium. Recovered fish were moved to a 

holding pen and held for 6 to 24 hours before release. Surgical equipment sterilized in 

chlorhexidine (Nolvasan, Fort Dodge Animal Health, Fort Dodge, IA) and gloves were 

used for each surgery and water temperature was recorded each day prior to surgery.

1998 surgical procedure - The 1998 surgical procedure was identical in most 

aspects, however, recapture of a fish tagged in 1997 led to a significant change in the 

antenna routing procedure. Two different approaches were attempted. The first involved 

placing the incision caudal to the pelvic girdle and sliding the transmitter to a position 

cranial to the pelvic girdle. The antenna was secured by suturing it into the incision 

during closure. While this procedure was effective it was deemed too long and 

abandoned after one attempt. The second procedure, which was adopted for all 

subsequent surgeries, involved an incision cranial to the pelvic girdle. The antenna, 

however, was routed to the exterior caudal to the pelvic girdle. This method proved 

equally as rapid and successful as the 1997 procedure.

Results 

Surgical Effects

Chipp River - It is rare to recapture radio-tagged fish to inspect their condition 

after they have been released. However, fish tagged in the Chipp River were at high risk 

of harvest in the subsistence fishery. This offered a unique opportunity to view several 

tagged fish months after release. Two fish were captured 4 months after release in the
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subsistence fishery and subsequently underwent necropsy. Gross investigation gave no 

indication of infection, however, the incision wound was still bruised and not completely 

healed. There was some indication of irritation around the antenna exit wound, and 

histological analysis indicated some degree of infection. Four months post-surgery fish 

appeared to have been in good condition at the time of harvest.

Little Putuligayuk River - One fish tagged in a lake in the Little Putuligayuk 

River in 1997, returned to the lake in 1998, and was recaptured approximately 10 months 

after release. Upon inspection of the fish it became clear that the surgical procedure 

needed to be altered. The fish was euthanized for analysis and gross inspection was 

conducted on site; this fish was used to test alternative antenna routing methods. The 

transmitter was gradually working out of the peritoneal cavity through the antenna exit 

wound (Figures 13 and 14). The incision area appeared bruised but the flesh was hard 

scar tissue (Figure 14). The fish was in similar condition to that observed when first 

captured in August 1997, and was heavier than when released at that time. While 

movements of this fish did not appear to be inhibited, the long-term outcome of 

transmitter implantation documented with this fish was unacceptable. Had the transmitter 

been expelled, this wound may have been lethal.

Fish tagged in the Little Putuligayuk River in 1998, using the new antenna routing 

technique, have been recaptured by investigators up to one month after release. While 

fish were not euthanized for detailed inspection, gross inspections of live fish were
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Figure 13. Broad whitefish recaptured 10 months after release. The mid-ventral red area cranial to 
the pelvic girdle (1) is the healed incision area, sutures were loose and hard red scar tissue was 
present. The slightly more dorsal, caudal hole seen in the photograph (2) is the antenna exit site, and 
is where the transmitter was beginning to pass through the body wall. The incision caudal to the 
pelvic girdle (3) is an example of a new surgical procedure attempted on this euthanized fish.

Figure 14. The wound originating from the antenna exit hole (1) on this broad whitefish led to the 
change in surgical procedure. The transmitter was not protruding from the fish when recaptured 
but certainly would have been expelled at some point. Again, the scar tissue at the incision site can 
be seen (2).



positive. Incision wounds appeared healed and scar tissue was hard but still red. There 

was no obvious evidence of infection or irritation at the antenna exit area. One fish 

tagged in early July, 1998, was captured by a sport angler in late August in the 

Sagavanirktok River, 50 km from the tagging site. Conversations with the angler were 

reassuring; the incision area was hard and red but reported to be completely sealed. No 

signs of any major trauma around the antenna exit area were noted.

Temperature Related Fish Mortality

Water temperature proved to be an extremely important variable in the immediate success 

of fish surgery and fish handling in the Little Putuligayuk River study. Fish tagged and 

handled when water temperatures were cool, survived the holding period without 

exception. However, when water temperature was above 16.0 °C mortality rates reached 

as high as 50% (Figure 15). This trend was noted early in 1998 and surgeries were not
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temperatures.



attempted on days when water temperatures exceeded 15.5 °C. Out of 44 fish handled 

only 7 died as a result of handling or surgery. Several of the seven mortalities occurred 

prior to attempting surgery on especially warm days.

Tracking Results

Both studies produced excellent results with high relocation rates. Several fish tagged in 

1997 were relocated during winter, 1997/1998, summer 1998 and winter 1998. Fish 

tagged in 1997 could not be relocated after October 1998 possibly as a result of their 

transmitters going off the air as batteries had already exceeded their life expectancy. 

Several of these fish made multiple upstream and downstream migrations while 

implanted with transmitters using the 1997 procedure. Over 70% of fish tagged in 1997- 

98 were relocated at over-wintering sites in several river systems along the northern coast 

of Alaska. Results from the 1998 Little Putuligayuk River study helped identify several, 

previously unknown overwintering sites, as well as generate new information on the 

extent of movements between Alaskan rivers by broad whitefish.

Discussion

Recaptured fish from the Chipp River and the 1997 Little Putuligayuk River studies led 

me to conclude that a different location was needed for the antenna exit site. Irritation 

and evidence of infection around antenna exit wounds in fish recaptured 4 months after 

release in the Chipp River could have been the beginning of a severe infection, or another 

life-threatening event, such as that observed in the fish recaptured 10 months after release
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in the Little Putuligayuk River. If this was the case, there is no question that the 

procedure was inferior. While the procedure may have led to tag loss and death of fish 

over time, I have no evidence to document this occurrence. At least two fish tagged, 

using the Chipp River/1997 Little Putuligayuk River surgical procedure, in the 

Putuligayuk River moved into the Beaufort Sea and up the Sagavanirktok River to over

winter, in two consecutive winters. Therefore, if transmitter expulsion is a problem it 

seems to be a slow process even with the original procedure. There is little doubt that the 

fish recaptured in the 1997/1998 study would have lost its transmitter eventually. 

However, just as premature tag loss is a concern, so is long-term survival of radio-tagged 

fish. While we cannot document that tag expulsion would be lethal for tagged fish, the 

potential is obvious and steps were necessarily taken to mitigate the problem.

I hypothesize that tag movement through the antenna exit hole in the fish recaptured in 

1998 was the result of drag on the antenna irritating the exit wound. Drag on the antenna 

from the water and contact with the bottom may have been able to pull the transmitter 

into direct contact with the body wall within the peritoneal cavity. Irritation from the 

transmitter rubbing against soft body wall tissue began the expulsion and infection 

process. I believe that by altering the surgical routing of the antenna to use the pelvic 

girdle as an anchoring point for the transmitter, this problem is largely averted. Given the 

constriction of the peritoneal cavity at the pelvic girdle in broad whitefish, it is unlikely 

that the transmitter could be moved into a position where it could irritate soft tissue and 

begin migrating out of the body cavity. This procedure should enhance the ability to
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track fish throughout the life of the transmitter and insure long-term viability of tagged 

fish.

It is also important to minimize immediate mortality of fish and to know that when a fish 

is released it has recovered from the surgical procedure. Releasing fish before recovery 

could result in their death. In the Little Putuligayuk River study, holding pens were used 

to aid fish recovery for up to 24 hours. Fish were released only after they had fully 

regained equilibrium and had been monitored for a period of time to ensure complete 

recovery, a procedure that worked exceptionally well. Several of the mortalities in this 

study were discovered after fish were placed in the holding pen, despite the appearance 

that they were ready for release after the initial recovery period in the tank. Without the 

holding procedure these fish would have been released and likely died shortly thereafter, 

without our knowledge. Monitoring water temperature also proved extremely important 

in fish survival. Survival of fish tagged just prior to break-up and in the fall was 

exceptional, no mortalities were observed. However, in June 1998, mortality rates 

increased dramatically as water temperatures in the shallow tundra lake began to 

increase. Daily mortality rates reached 50% and some occurred prior to surgery. I 

recognized this pattern quickly and took preventative measures by setting a water 

temperature threshold for when to conduct surgeries. Surgeries were conducted only on 

days when water temperatures in the lake were 15.5 °C or cooler. Once the temperature 

criterion was established no further mortalities were observed. On one day during the 

Chipp River study, water temperatures reached 18 °C but no mortalities were observed.



However, because fish were held for less time after surgery, mortalities may have 

occurred within the 24-hour period found to be important in the later study.



Summary

Thirty seven adult broad whitefish were successfully implanted with radio 

transmitters. Information from my study led to a better understanding of broad whitefish 

freshwater habitat use and life history patterns in the Prudhoe Bay region of Alaska. 

Spring and fall migrations, within season movements, and movements between distant 

coastal river systems were documented. Overwintering sites were identified and 

characterized with respect to physical and chemical properties and evaluated with respect 

to fish survival. Results led to practical management tools with respect to fish resource 

management in the Prudhoe Bay area. Improved techniques and procedures for working 

with broad whitefish in the arctic environment were developed, including temperature 

protocols to ensure safe handling of broad whitefish; a safer method to implant radio 

transmitters; and post surgical fish monitoring protocols to ensure fish survival. As a 

result, year-around radio-tracking of numerous fish over a 125 km range was made 

possible.
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Appendix I. Data collected and calculated for all broad whitefish implanted with radio
transmitters, in the Prudhoe Bay Oil Field, Alaska, 1997-1998.

Tagging
Site

Fork
Length
(mm)

Weight
(g)

Floy
Tag#

Radio-transmitter 
Frequency (MHz)

Scale 
Age (y)

Fulton's
Condition

Index

Lake Judith 454 1270.1 1106 149.799 11 1.36

Lake Judith 451 1224.7 1107 149.739 13 1.34
473 1315.4 1111 149.340 11 1.24
462 1224.7 1112 149.361 13 1.24
423 1043.3 1109 149.321 7 1.38
473 1406.1 1115 149.761 1.33

Lake Judith 515 1678.3 1476 149.350 14 1.23

Lake Judith 427 907.2 1478 149.560 10 1.17
407 861.8 1479 149.510 11 1.28
411 861.8 1480 149.570 11 1.24
482 1224.7 1481 149.381 14 1.09

Lake Judith 430 907.2 1488 149.781 7 1.14
478 1587.6 1483 149.680 9 1.45
418 907.2 1484 149.550 7 1.24
403 861.8 1490 149.660 7 1.32
401 816.5 1485 149.390 7 1.27
396 725.7 1491 149.410 8 1.17
355 499.0 1494 149.620 9 1.12

Lake Judith 412 907.2 1499 149.440 9 1.30
352 453.6 1451 149.641 7 1.04

Lake Judith 388 725.7 1453 149.530 9 1.24
409 952.5 1454 149.490 9 1.39
422 952.5 1456 149.720 8 1.27
424 1179.3 1457 149.450 9 1.55

Lake Judith 403 771.1 1463 149.500 11 1.18
360 499.0 1462 149.400 9 1.07
400 907.2 1464 149.070 11 1.42
464 1315.4 1465 149.430 12 1.32

Lake Judith 481 1315.4 1467 149.580 13 1.18
420 997.9 1466 149.010 10 1.35

Lake Judith 460 1179.3 1472 149.050 12 1.21
483 1632.9 1470 149.520 1.45
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Appendix! cont.

Tagging
Site

Fork
Length
(mm)

Weight
(9)

Floy
Tag#

Radio-transmitter 
Frequency (MHz)

Scale 
Age (y)

Fulton's
Condition

Index

Put. River 412 1043.3 1474 149.461 9 1.49
482 1406.1 1475 149.600 10 1.26
400 771.1 1125 149.310 8 1.20
391 680.4 1124 149.090 5 1.14
501 1315.4 1473 149.330 12 1.05
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Appendix II. Broad whitefish relocation data summary, Prudhoe Bay Area, Alaska, 
1997-1999.

Radio-tag Days in Overwintering Fidelity to Fidelity to Distance Traveled
Frequency Lake After Overwintering1 Success (1 = yes, Overwintering Judith = 1 to Overwintering Site

MHz Surgery Location 0 = no, 7 = 7) Areas (1) Putuligayuk = 2 in km

149.799 20 3 1 2 42.5

149.739 19 3 44.1
149.340 19 3 1 1 47.3
149.361 19 2 1 1 15.2
149.321 19 3 1 1 2 44.1
149.761 19 3 1 2 47.3

149.350 1 5 ? 175.1

149.560 104 4 1 1 56.2
149.510 7 2 0 mort 15.2
149.570 26 3 1 1 47.3
149.381 9 4 1 1 56.2

149.781 3 5 subsistence catch 273.9
149.680 98
149.550 2 4 1 43.0
149.660 98
149.390 3
149.410 98 3 ? 47.3
149.620 2 4 7 43.0

149.440 33 1 0 mort 1.2
149.641 162 1 0 mort 0.0

149.530 5 3 ? 47.3
149.490 7 ?
149.720 54 ?
149.450 1 3 ? 68.7

149.500 94 1 1
149.400 94 ?
149.070 16 7
149.430 5 7

149.580 13 4 7 31.0
149.010 13 3 0 mort 65.2

149.050 48 4 7 43.0
149.520 12 3 7 angler 67.2

149.461 2 0 mort/drop 6.9
149.600 2 1 1 0.0
149.310 2 7 0.0
149.090 7
149.330 3 7 45.2

Key to Overwintering Locations:

i
1 Little Putuligayuk River System
2 Putuligayuk River System
3 West Channel of the Sagavanirktok River
4 East Channel of the Sagavanirktok River
5 Colville River|
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Appendix III. Relocation log for each fish radio-tagged in 1997 and 1998, Prudhoe Bay, 
Alaska1.

8/8/97 8/17/97 8/21/97 9/23/97 9/29/97 10/1/97
Frequency 8/9/97 8/18/97 8/29/97 9/11/97 9/25/97 9/30/97 10/2/97

10
SO
70
90

310
321 1 1 8 8 6 8
330
340 1 1 8 8 8 8
350
361 1 5 4 4
381
390
400
410
430
440
450
461
490
500
510
520
530
550
560
570
580
600
620
641
660
680
720
739 1 1 12
761 1 1 6 6
781
799 1 1 5 6 6 6
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Appendix in . cont.

10/28/97 12/4/97 5/4/97
Frequency 10/29/97 12/5/97 5/6/97 6/15/98 6/17/98 6/22/98 6/23/98

10
50
70
90

310
321 8 7
330
340 8 8 8
350 1
361 4 1 1 1 1
381
390
400
410
430
440
450
461
490
500
510
520
530
550
560
570
580
600
620
641
660
680
720
739 6 7
761 6 8 8
781
799 6
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Appendix III. cont.

Frequency 6/24/98 6/27/98 6/28/98 6/29/98 7/1/98 7/2/98 7/3/98
10
50
70
90

310
321 3 3 3 3
330
340
350 3
361 euth.
381 1 5 1 1 1 1
390 1 1
400
410 1 1
430
440 1 1
450 1
461
490 1
500
510 1 1 1 1
520
530 1
550 1
560 1 1 1 1 1 1
570 1 1 1 1 1 1
580
600
620 1
641 1 1
660 1 1
680 1 1
720 1
739
761 3
781 1 1
799 3 3
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Appendix III. cont.

Frequency 7/5/98 7/7/98 7/9/98 7/20/98 7/23/98 8/3/98 8/4/98
10 1 1 8
SO 1 1 1 1 1
70 1 1 1 4 4
90

310
321 3 3 8
330
340
350
361
381 1 1 1 1 1 1 1
390
400 1 1 1 1 1 1 1
410 1 1 1 1 1 1 1
430 1 1
440 1 1 1 1 1
450 3
461
490 1 1
500 1 1 1 1 1 1 1
510
520 1
530 1
550
560 1 1 1 1 1 1 1
570 1 1 1
580 1 1
600
620
641 1 1 1 1 1 1 1
660 1 1 1 1 1 1 1
680 1 1 1 1 1 1 1
720 1 1 1 1 1 1 1
739
761
781 3
799
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Appendix III. cont.

Frequency 8/5/98 8/6/98 8/7/98 8/8/98 8/10/98 8/11/98 8/12/98
10 8 10
50 1 1 1 1 1
70 4
90 on air 4

310 on air 4
321 8
330 on air 4
340 8 8 8 8 8 8
350
361
381 1 1 1 1 1
390
400 1 1 1 1 1
410 1 1 1 1 1
430
440
450
461 on air 4
490
500 1 1 1 1 1
510
520
530
550
560 1 1 1 1 1
570
580
600 on air 4
620
641 1 1 1 1 1
660 1 1 1 1 1
680 1 1 1 1 1
720 1 1 1 1 1
739
761
781 6 6 6 8
799
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Appendix III. cont.

12/10/98 4/6/99
Frequency 8/24/98 8/25/98 8/26/98 10/6/98 10/7/98 12/12/98 4/7/99

10 11 11 9 9
50 13
70
90

310 4 12 4
321
330 8
340 8 8 8
350 16
361
381 15
390
400 1
410 1 8
430
440 5 5 mort
450 17
461 4 12 12
490
500 1
510 18
520 11 dead
530 8 8
550 13
560 1 15
570 8 8
580 8 15
600
620 14
641 1 1 1 1
660 1
680 1
720
739
761
781 8 8 9 16 subsis
799



Appendix in. cont.

5/4/99 6/21/99
Frequency 5/5/99 6/24/99 7/27/99 8/25/99

10 19 mort
50
70
90

310
321
330
340
350
361
381 15 1
390
400
410
430 1
440
450
461 12 12 12 mort
490
500 1 1
510 18 mort
520
530
550
560 15 1
570 8
580 15
600 12 moving up 12
620
641 1 mort
660
680
720
739
761
781
799
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Appendix III. cont.

1 Key to Locations

Number Location

1 Lake Judith
2 Nancy Lake
3 Confluence of Putuligayuk and Little Putuligayuk Rivers
4 Mine Site Put 27
5 Little Putuligayuk River 1.5 Km downstream of Lake Judith
6 West Channel of the Sagavanirktok River, by Drill Site 4
7 West Channel of the Sagavanirktok River, by Webster Reservoir intake
8 West Channel of the Sagavanirktok River, by Sag. River Bridge
9 West Channel of the Sagavanirktok River, 1.5 Km upstream of Deadhorse Airport

10 West Channel of the Sagavanirktok River, 1.5 Km upstream of Sag. Bridge
11 West Channel of the Sagavanirktok River, 2.5 Km upstream of Deadhorse Airport
12 Putuligayuk River upstream of Mine Site Put 27
13 East Channel of the Sagavanirktok River, upstream hole
14 East Channel of the Sagavanirktok River, delta hole 1
15 East Channel of the Sagavanirktok River, delta hole 2
16 Colville River by Ocean Point
17 West Channel of the Sagavanirktok River 6.0 km upstream of mile 406.4 on the Dalton Highway
18 Putuligayuk River downstream of the Little Putuligayuk River almost into Prudhoe Bay
19 West Channel of the Sagavanirktok River at mile 406.4
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Appendix IV. Water quality data collected at various sites in 1997 and 1998, Prudhoe 
Bay Area, Alaska.

Lake Judith
Sampling Date

Site 1 Site 2 Site 1 Site 2
Parameter 7/2/97 7/2/97 8/2/97 8/2/97 8/28/97 7/8/98

Temp, C 52.2 48.6 53.6 54.9 41.4 12.7
Conductivity, uS/cm 191.0 196.0 281.0 273.0 355.0 245.0
pH 8.44 8.00 7.91 7.80
DO, ppm 9.9 12.1 10.1 9.9 12.1 12.4
Alkalinity, mg/L CaC03 62.5 64.5 90.8 87.4 111.6 90.8
Hardness, mg/L CaC03 85.0 81.0 126.0 119.0 143.0 117.0
TDS mg/L 95.0 97.6 139.0 150.0 167.0 126.0

Put 27

Sampling Date and Depth (at sites with multiple depths)
2.0 m 3.5 m

Parameter _________________ 8/8/97 8/28/97 5/6/98 5/6/98_______

Temp, C 12.6 42.1 2.4 1.5
Conductivity, uS/cm 345 404 1870 2050
pH 7.94 7.98 7.77 7.8
DO, ppm 11.1 11.1 13.8 11.5
Alkalinity, mg/L CaC03 109.6 146.8 169.6 186.4
Hardness, mg/L CaC03 144 174 389 370
TDS mg/L 174 204 940 1040

Nancy Lake

Parameter 8/8/97

Temp, C 12.7
Conductivity, uS/cm 297
pH 7.73
DO, ppm 10.8
Alkalinity, mg/L CaC03 96.8
Hardness, mg/L CaC03 127
TDS mg/L 147

Pre Freeze-up Sampling, October 1997



Appendix IV. cont.

Parameter Bridge DS.4 Put 27

Temp, C 32 32.2 32.4
Conductivity, uS/cm 309 305 394
PH 8.26 8.03 7.75
DO, ppm 16.6 15.6 14.7
Alkalinity, mg/L CaC03 116 120 160.4
Hardness, mg/L CaC03 153 157 187
TDS mg/L 146 153 197


