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Executive Summary 

The Beaufort Sea Fish Monitoring Program is the most comprehensive and continuous sampling 
efforts to monitor the assemblage structure and health of anadromous and amphidromous fishes 
in nearshore waters of the central Beaufort Sea near Prudhoe Bay, Alaska. This program was 
initiated to monitor and, if necessary, direct mitigation of environmental impacts on nearshore 
fishes related to oil and gas development, with a particular emphasis on species of subsistence 
importance in the region. Sampling in 2017, which represented year 35 of the monitoring 
program, took place from July 03 through August 28, and was conducted by personnel from the 
University of Alaska Fairbanks College of Fisheries and Ocean Sciences. Sampling was 
completed using paired fyke nets at four locations following standardized procedures that have 
been in place since 1985. One hundred and eighty seven net nights of sampling effort were 
employed over the 2017 sampling period, and environmental conditions during sampling were 
within historical ranges for the summer open-water period. Specifically, wind patterns were 
predominately easterly and northerly winds, and salinity was low until mid-July, due to late 
melting of sea ice. Despite the late ice out, mean water temperatures were the second highest 
recorded since 2001. A total of 24 different fish species (the largest number of different species 
caught in one year to date) were identified among the 66,383 fish that were enumerated over the 
sampling period, which represented a 37% decline and a 33% increase in the number of fish 
caught in 2016 and 2015, respectively. The total catch in 2017 was below the median total catch 
since 2001, ranking 12th out of the 17 years. The largest contributor to the catch was from the 
whitefish subfamily Coregoninae (48% of total catch). Individual species with the highest 
proportion of the total catch were Broad Whitefish (29%), Arctic Flounder (25%), Fourhorn 
Sculpin (13%), Least Cisco (10%), and Rainbow Smelt (7%). Catches in 2017 included several 
species that are uncommon or new for the project (Arctic Char, Shorthorn Sculpin, Sockeye 
Salmon, and Whitespotted Greenling) and a new life stage for another species (juvenile Chum 
salmon). Catches of Arctic Cisco, Least Cisco, and Arctic Cod were all among the lowest catches 
since 2001, while catches of Broad Whitefish and Arctic Flounder were well above usual catch 
rates. For Saffron Cod, Rainbow Smelt, Fourhorn Sculpin, and Pink Salmon, catches were also 
higher than the previous two years. Few ages 0-2 Arctic Cisco were caught, with catches of this 
species consisting predominately of age-2+ fish in length groups 2 and 3. Catches of juvenile 
Arctic Cisco were the lowest since 2006. The catch of age-1 Least Cisco appear to be the 
strongest since 2006. Few age-2 Least Cisco were caught relative to previous years and, 
consistent with results from most years, almost no age-0 Least Cisco were caught. The high 
abundance of Broad Whitefish was helped in large part by an abundant year class of age-1 fish. 
The catch of Humpback Whitefish was similar to previous years, but fish were smaller due to a 
large number of juveniles. For Dolly Varden, the catch and mean length were lower and length 
range was narrower than in previous years. Overall, fish catches and environmental conditions in 
2017 were within or near previously reported ranges. Given the rapid climate-related changes 
that are occurring in the Arctic, coupled with ongoing oil and gas exploration in the Prudhoe Bay 
region, we recommend the continuation of the program to allow for continued monitoring and to 
increase our understanding of important data-limited fishes. 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  v 
 

Table of Contents 
EXECUTIVE SUMMARY .......................................................................................................... IV 

INTRODUCTION .......................................................................................................................... 1 

STUDY AREA ............................................................................................................................... 3 

METHODS ..................................................................................................................................... 4 

Field Sampling Methods ........................................................................................................... 4 

Analytical Methods ................................................................................................................... 5 

RESULTS ....................................................................................................................................... 6 

Environmental Conditions ........................................................................................................ 6 

Species Composition and Total Catch ...................................................................................... 7 

Species-Specific Results ........................................................................................................... 8 

Arctic Cisco ...................................................................................................................... 8 

Least Cisco ........................................................................................................................ 9 

Broad Whitefish .............................................................................................................. 10 

Humpback Whitefish ...................................................................................................... 11 

Dolly Varden ................................................................................................................... 11 

      Marine Species ........................................................................................................................ 12 

Arctic Cod ....................................................................................................................... 12 

Saffron Cod ..................................................................................................................... 13 

Rainbow Smelt ................................................................................................................ 13 

Arctic Flounder ............................................................................................................... 13 

Fourhorn Sculpin ............................................................................................................ 14 

      Pacific Salmon ........................................................................................................................ 14 

Chum Salmon.................................................................................................................. 14 

Pink Salmon .................................................................................................................... 15 

Sockeye Salmon .............................................................................................................. 15 

DISCUSSION ............................................................................................................................... 15 

ACKNOWLEDGEMENTS .......................................................................................................... 18 

LITERATURE CITED ................................................................................................................. 19 

TABLES ....................................................................................................................................... 21 

FIGURES ...................................................................................................................................... 27 

APPENDICES .............................................................................................................................. 54 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  vi 
 

List of Tables 
Table 1.  Sampling summary of duration and total days fished per site. ................................ 22 

Table 2.  Range of water temperatures (°C) and salinity (ppt) ............................................... 23 

Table 3.  Total catch of species at each site ............................................................................ 24 

Table 4.  Mean length of all measured fish species ................................................................ 25 

Table 5.  Estimated age classes of Broad Whitefish. .............................................................. 26 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  vii 
 

 List of Figures 
Figure 1.  Overview map of study area and sampling sites .................................................... 28 

Figure 2.  Fyke net diagram .................................................................................................... 29 

Figure 3.  Wind velocity vectors over the 2017 sampling season .......................................... 30 

Figure 4.  Wind velocity data, 1985–2017. ............................................................................. 31 

Figure 5.  Mean salinity and water temperature ..................................................................... 32 

Figure 6.  Proportion of daily catch by species family groups, 2017. .................................... 33 

Figure 7. Proportion of annual catch by species family groups, 2001–2017. ......................... 34 

Figure 8.  Scatterplot of all Arctic Cisco lengths .................................................................... 35 

Figure 9.  Annual CPUE of all Arctic Cisco, 2001–2017 ....................................................... 36 

Figure 10.  Scatterplot of all Least Cisco lengths ................................................................... 37 

Figure 11.  Annual CPUE of all Least Cisco, 2001–2017 ...................................................... 38 

Figure 12.  Scatterplot of all Broad Whitefish lengths ........................................................... 39 

Figure 13.  Annual CPUE of all Broad Whitefish, 2001–2017. ............................................. 40 

Figure 14.  Scatterplot of all Humpback Whitefish lengths.................................................... 41 

Figure 15.  Annual CPUE of all Humpback Whitefish, 2001–2017. ..................................... 42 

Figure 16.  Scatterplot of all Dolly Varden lengths ................................................................ 43 

Figure 17.  Annual CPUE of all Dolly Varden, 2001–2017. .................................................. 44 

Figure 18.  Annual CPUE of all Arctic Cod, 2001–2017. ...................................................... 45 

Figure 19.  Scatterplot of all Arctic Cod lengths .................................................................... 46 

Figure 20.  Annual CPUE of all Saffron Cod, 2001–2017. .................................................... 47 

Figure 21.  Scatterplot of all Saffron Cod lengths .................................................................. 48 

Figure 22.  Annual CPUE of all Rainbow Smelt, 2001–2017 ................................................ 49 

Figure 23.  Annual CPUE of all Arctic Flounder, 2001–2017 ............................................... 50 

Figure 24.  Annual CPUE of all Fourhorn Sculpin, 2001–2017 ............................................. 51 

Figure 25.  Annual CPUE of all Chum Salmon, 2001–2017 .................................................. 52 

Figure 26.  Annual CPUE of all Pink Salmon, 2001–2017. ................................................... 53 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  viii 
 

List of Appendices 
Appendix 1.  Length group ranges for all measured species, 2017. ....................................... 55 

Appendix 2.  Quantity of Arctic Cisco taken for otolith aging analysis ................................. 56 

Appendix 3.  CPUE (fish/net night) for Arctic Cisco (all length groups) .............................. 57 

Appendix 4.  CPUE (fish/net night) for Arctic Cisco (length group 1) .................................. 58 

Appendix 5.  CPUE (fish/net night) for Arctic Cisco (length group 2) .................................. 59 

Appendix 6.  CPUE (fish/net night) for Arctic Cisco (length group 3) .................................. 60 

Appendix 7.  CPUE (fish/net night) for Broad Whitefish (all length groups) ........................ 61 

Appendix 8.  CPUE (fish/net night) for Broad Whitefish (length group 1) ........................... 62 

Appendix 9.  CPUE (fish/net night) for Broad Whitefish (length group 2) ........................... 63 

Appendix 10.  CPUE (fish/net night) for Broad Whitefish (length group 3) ......................... 64 

Appendix 11.  CPUE (fish/net night) for Least Cisco (all length groups) .............................. 65 

Appendix 12.  CPUE (fish/net night) for Least Cisco (length group 1) ................................. 66 

Appendix 13.  CPUE (fish/net night) for Least Cisco (length group 2) ................................. 67 

Appendix 14.  CPUE (fish/net night) for Dolly Varden (all length groups) ........................... 68 

Appendix 15.  CPUE (fish/net night) for Dolly Varden (length group 1) .............................. 69 

Appendix 16.  CPUE (fish/net night) for Dolly Varden (length group 2) .............................. 70 

Appendix 17.  CPUE (fish/net night) for Humpback Whitefish. ............................................ 71 

Appendix 18.  CPUE (fish/net night) for Arctic Cod ............................................................. 72 

Appendix 19.  CPUE (fish/net night) for Saffron Cod ........................................................... 73 

Appendix 20. Life-history classifications and alternate names of fish ................................... 74 

Appendix 21. List of presentations given during 2017 ........................................................... 75 

Appendix 22. Overview of the graduate research project for Justin Priest ............................ 76 

Appendix 23.  Overview of the graduate research project for Duncan Green ........................ 79 

 

 

 
 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  1 
 

Introduction 

The goal of the Beaufort Sea Fish Monitoring Project has been to monitor assemblages of 

anadromous and amphidromous fishes in nearshore waters of the Beaufort Sea near Prudhoe Bay 

during the open-water summer season (late June through early September) in compliance with 

North Slope Borough Ordinance 19.40.120(f). This program was conducted to monitor and, if 

necessary, direct mitigation of environmental impacts on nearshore fishes related to oil and gas 

development by British Petroleum PLC. (formerly) and Hilcorp Alaska, LLC. (currently) on 

Alaska’s North Slope. This fish monitoring program was initiated in the early 1980s specifically 

to assess the impacts of the West Dock Causeway (Ross 1988), which was constructed in the late 

1970s, on the health and status of resident estuarine fishes in Arctic waters of Alaska. The 

program was expanded through the 1990s in response to construction of the Endicott Causeway 

to the east following additional growth and development of the Prudhoe Bay oilfield. As a result, 

fish monitoring surveys have been conducted annually during the summer months since 1981, 

with the exception of two years (1999 and 2000). Sampling procedures were standardized 

beginning in 1985 in terms of gear type, sampling effort, and sampling timing, and those same 

protocols have been followed to the present time. Up until 2016, annual sampling activities were 

conducted strictly by personnel from LGL Alaska Research Associates Inc. (LGL). Starting in 

2016, sampling was conducted as a joint effort between LGL and the University of Alaska 

Fairbanks (UAF) College of Fisheries and Ocean Sciences (CFOS), with UAF CFOS solely 

taking over the monitoring program, sampling, and reporting, effective at the start of 2017. 

The Beaufort Sea Fish Monitoring Program is one of the most comprehensive and continuous 

datasets on nearshore Arctic fishes, and these data are used to monitor the assemblage 

composition, catch, and (for select species) size structure of nearshore fishes in the central 

Alaskan Beaufort Sea. In addition, our understanding of fish life history, particularly for species 

of subsistence importance in the lower Colville River and its associated delta (such as 

whitefishes in the genus Coregonus), has increased as a result of these monitoring efforts. For 

example, the importance of easterly winds on the transport of age-0 Arctic Cisco Coregonus 

autumnalis from the Mackenzie River, Yukon-Northwest Territories, Canada, and their 

subsequent recruitment and year-class strength was identified by Gallaway et al. (1983). In 
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addition, Fechhelm et al. (1994) described the effects of westerly and northerly wind patterns on 

the emigration of Least Cisco Coregonus sardinella from the Colville River to Prudhoe Bay. 

Although the construction of the Endicott Causeway has been shown to not impact the 

abundance and size structure of Broad Whitefish Coregonus nasus, salinity in the delta on the 

east side of Prudhoe Bay (as influenced by discharge from the Sagavanirktok River) does affect 

abundance and distribution of this species in this region (Fechhelm and Raborn 2013). Current 

research will assist in our understanding of the impacts of climate change on nearshore fishes, 

with ongoing projects examining temporal and spatial relationships among environmental factors 

and fish assemblages, influence of water temperature on Broad Whitefish bioenergetics, and 

growth chronology relationships using an otolith sample archive for Arctic Cisco that dates back 

to 2003.  

As noted above, the primary goal of this study was to collect biological and physio-chemical 

data necessary to assess/monitor the population status of estuarine Arctic fishes in the nearshore 

waters of the Beaufort Sea near Prudhoe Bay during the open-water summer season, with an 

emphasis on those species that are important for subsistence purposes in the lower Colville River 

and its delta. Focal species include the aforementioned whitefishes (Arctic Cisco, Least Cisco, 

Broad Whitefish), Humpback Whitefish Coregonus pidschian, Dolly Varden Salvelinus malma, 

Arctic Cod Boreogadus saida, and Saffron Cod Eleginus gracilis, as well as secondary species 

which include Arctic Flounder Pleuronectes glacialis, Fourhorn Sculpin Myoxocephalus 

quadricornis, Rainbow Smelt Osmerus mordax, and Pacific salmon species (Chum Salmon 

Oncorhynchus keta, Pink Salmon Oncorhynchus gorbuscha, and Sockeye Salmon Oncorhynchus 

nerka). The specific objectives of this monitoring study were to: (1) collect data at the same four 

study locations using the standardized field sampling protocols that have been in place since 

1985 so that the time series of these data will be continued and available for consistent ecological 

analyses; and (2) investigate trends in catch rates of age classes for fish species of interest. In 

addition, if collected data are sufficient, this study will also allow the prediction of catch rates for 

whitefish age classes using age-class data from the current sampling year. Not only will this 

study allow for an increased understanding of the potential impacts of oil and gas development 

on fish stocks in Prudhoe Bay, Alaska, but it will also allow for the examination of the effects of 
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changing climate and environmental factors on fish assemblages in Alaskan waters of the 

Beaufort Sea. 

Study Area 

Prudhoe Bay is a semi-estuarine embayment formed near the mouth of the Sagavanirktok 

River delta (Figure 1). The surrounding coastal waters have several barrier islands in close 

proximity to shore and are shallow: the 6-m water depth contour is more than 5 km from most 

parts of natural, unaltered shore (Ross et al. 1988). Much of the terrestrial environment around 

Prudhoe Bay has been developed for the extraction and processing of oil and gas, with many 

permanent structures inland from the coast. In addition, several oil and gas extraction and 

processing facilities have been constructed on man-made islands, connected to shore with gravel 

causeways and bridge breaches. The majority of the shoreline remains as natural tundra banks, 

although erosion has occurred at many locations (Gibbs and Richmond 2015). Shore-bound sea 

ice persists in the region until late June or early July (roughly the study start date). Historically, 

sea ice in the coastal Beaufort Sea begins to melt in June, accelerates through July, and reaches a 

minimum extent in September for the southern Beaufort Sea (Wendler et al. 2010). Climate 

warming has reduced the extent of summer ice and has extended the timing and duration of melt 

seasons across the Arctic, with the Beaufort Sea serving as an example of the most dramatic 

changes due to this environmental shift (Stroeve et al. 2014). Freeze up typically occurs 

beginning in September or October. The sampling sites for this study occur at four locations 

along the coast which are aligned roughly east-west and are spaced approximately 27 km apart 

(Figure 1). From west to east, these sites are identified as Site 220 (approximately 1 km west 

from the base of the West Dock causeway), Site 218 (on the west side of Prudhoe Bay at the 

West Beach drilling pad), Site 214 (at the Niakuk drilling pad on the tip of Heald Point), and Site 

230 (on the eastern side of the Endicott Causeway, south of the middle of three causeway 

breaches).  
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Methods 

Field Sampling Methods 

At the four sampling locations, two fyke nets with an opening of 1.8 m by 1.7 m were set 

side-by-side, opening towards the coastline, with a 60-m blocker net leading to shore (Figure 2). 

A 15-m blocker wing was attached to the outer edge of each cod end (eight total cod ends). 

Using this bi-directional sampling method, the nets could intercept and catch fish moving along 

the shoreline in either direction. All blocker lead nets and wings were constructed from 2.5-cm 

stretch mesh, while the fyke net mesh consisted of 1.27-cm stretch mesh. Three consecutive 

throats were located behind each 1.7-m frame opening, the outermost throat having a functional 

width of 11.4 cm. Net specifications are consistent with nets used throughout the span of the 

study, with the exception of a past modification of throats to prevent incidental seal catches. 

Sampling sites were operated from July 3–August 28, although the installation and removal of 

each site varied. Each of the four sites was sampled a minimum of 40 days, for a total of 178 

sampling days (Table 1).  

Each net was checked daily (dependent upon safe checking conditions) and all fish were 

identified to species and enumerated. Fork length measurements to the nearest 1 mm were taken 

daily from each net for the following indicator species: Arctic Cisco, Least Cisco, Broad 

Whitefish, Humpback Whitefish, and Dolly Varden. Total length (to the nearest 1 mm) was also 

measured for Saffron Cod and Arctic Cod. Up to 50 fish per size class from each of these species 

were measured at each cod end (one cod end per net) for all sites. After 50 measurements were 

completed per size category, any additional fish were counted. Size categories roughly 

correspond to historical breaks for age classes (Appendix 1). Several of these measured species 

were not historically split into length groups, and this protocol was maintained for consistency. 

After species identification, enumeration, and measurements were completed, fish were released 

away and offshore from the cod-end openings to minimize recapture of the same individual fish. 

All fish were identified using Mecklenburg et al. (2002), George et al. (2009), Thorsteinson and 

Love (2016).  

Temperature loggers were deployed at each site at the bottom of the water column using 

HOBO Water Temperature Pro v2 Data Loggers (Onset Computer Corporation, Bourne, 
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Massachusetts). Salinity (ppt) and water temperature (oC) data were also collected daily at each 

site using a calibrated handheld YSI 30 (YSI Inc., Yellow Springs, Ohio) at the bottom, mid-

water column, and just below the surface. All water temperature and salinity measurements were 

collected near the cod ends of the fyke nets. Meteorological data was collected hourly by the 

National Weather Service at the Deadhorse Airport data collecting site (PASC), 12 km inland 

from Prudhoe Bay. Field sampling in 2017 followed the same basic established methods as 

documented in McCain and Raborn (2017).  

In 2017, additional protocols were added to daily sampling activities without affecting the 

underlying study. These included adding daily length measurements for Saffron Cod and Arctic 

Cod, retention of incidental mortalities of Rainbow Smelt and juvenile Broad Whitefish for 

future studies, and the collection of scales from Pink Salmon for future aging analyses. 

Approximately 300 live juvenile Broad Whitefish were also collected for transport to the 

University of Alaska Fairbanks for further life-history evaluations.  

Analytical Methods 

Fish abundance data were analyzed independently for each site, standardized with respect to 

effort (catch per unit effort; CPUE) per net night of fishing effort. Net nights were defined as the 

number of days that had elapsed since the last check of the cod end (occasionally poor weather 

or other conditions would prevent a check of the nets on a given day).  

Species diversity (relative abundance of species) and evenness (whether proportionality is 

concentrated in a few species or spread out among species) were assessed using the Shannon-

Wiener Diversity Index (H’) and Species Evenness (J’; Pielou 1975):  

Shannon-Weiner Index (H’);    and the species evenness J’;  

     𝐻𝐻′ = −∑ [𝑃𝑃𝑖𝑖 ∗ ln(𝑃𝑃𝑖𝑖)]𝑅𝑅
𝑖𝑖=1                     𝐽𝐽′ =  𝐻𝐻′

𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
 

where Pi was the proportion of the total catch of the ith species. 

Mixture models were conducted on Broad Whitefish to develop age class structures. All Broad 

Whitefish < 200 mm in length were assigned a probabilistic age based on a length-at-age curve 

using a mixture model assuming normal distribution of length residuals. The mixture model was 

divided into an early and a late run, based upon the presence of the first age-0 fish. Early-season 
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mixture model runs assumed two normally-distributed modes (ages 1 and 2+); late-season 

mixture models assumed three modes (ages 0, 1, and 2+). Mixture models pooled approximately 

seven sampling days together for each run; all sites pooled because they were assumed to come 

from the same underlying population. In date ranges where the model failed to converge, results 

assumed a mean growth rate from the previous and following date ranges for that age cohort. 

Results from mixture models were used to calculate annual abundance of age-0, age-1, and age-

2+ Broad Whitefish by assigning ages to length, based upon lengths >50% likelihood. Ages 

proportions of fish that were measured were then expanded out to the rest of the length group.  

Most analyses compared the results from 2017 to data from 2001–2016. Catch and length 

data prior to 2001 have not been digitized or made available. Some previous reports recorded 

total catches or unadjusted CPUE; when possible, comparisons to these data were used.  

Results 

Environmental Conditions 

Wind patterns in 2017 were characterized by predominately easterly and northerly winds 

(Figure 3). Between July 03 and August 28, 2017, there were 27 days with an average easterly 

wind direction, 15 days with northerly winds, 10 days with westerly winds, and 5 days with 

southerly winds. In 2017, the mean wind speed and direction was 18.2 km/h and 47°, 

respectively. Relative to sampling in previous years, 2017 was slightly above the median in the 

number, directionality, and magnitude of easterly and northerly wind days (Figure 4).  

Although shore-fast ice delayed the initial deployment of the fyke nets at the four sampling 

sites, once sites were installed, water temperatures in 2017 were warmer than the long-term 

average. Mean water temperatures were the second highest recorded since 2001 (Table 2). Site 

230 had the highest average water temperature (10.4°C) in 2017, while site 220 had the coolest 

average water temperature (8.6°C) that year. Water temperatures were fairly stable through July 

and early August 2017, before cooling throughout mid- to late August (Figure 5).  

Salinity in 2017 was low in the early season, caused by the late melting of the sea ice, before 

rising in mid-July (Figure 5). In general, sites 230 and 214 fluctuated in salinity from freshwater 
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to marine conditions, while sites 218 and 220 were predominately marine conditions with some 

periods of mostly freshwater conditions. Site 220 had the highest mean salinity (20.4 ppt) in 

2017, while site 230 had the lowest mean salinity (7.7 ppt) that year. Sites 218 and 220 were also 

the sites that were furthest from the mouth of the freshwater input from the Sagavanirktok River 

Delta, which contributed substantially to the higher overall salinity at these sites. 

Species Composition and Total Catch 

Over the 2017 sampling period, a total of 24 different species (not including hybrids) were 

identified among the 66,383 fish that were enumerated (Table 3). In comparison, a total of 

104,899 fish (representing 23 different species) were captured in 2016 and 44,733 fish were 

captured in 2015 (representing 19 different species). The largest contributor to the 2017 count 

was from the whitefish subfamily (Coregoninae; 48% of total catch; Figure 6). Individual 

species with the highest proportion of the total catch were Broad Whitefish (29%), Arctic 

Flounder (25%), Fourhorn Sculpin (13%), Least Cisco (10%), and Rainbow Smelt (7%). While 

the relative abundance of taxa varied during the 2017 sampling season and among years (Figure 

7), the subfamily Coregoninae generally composes most of the catch except in years with high 

influxes of Arctic Cod (e.g., 2002 and 2016). The total catch in 2017 of 66,383 fish was below 

the median total catch since 2001, ranking 12th out of the 17 years (range: 44,733–468,663 fish). 

Catches in July were much higher than in August, peaking on July 14 (n = 7,351) before 

gradually declining over the rest of the season.  

Catches in 2017 consisted of several species that are uncommon or new for the project, 

including one Arctic Char Salvelinus alpinus, one Shorthorn Sculpin Myoxocephalus scorpius, 

one adult Sockeye Salmon, and two Whitespotted Greenling Hexagrammos stelleri. Of these 

new captures, Arctic Char and Sockeye Salmon have never been caught during monitoring 

efforts before, only one other Shorthorn Sculpin has been caught previously, and Whitespotted 

Greenling have never been identified as having been caught before (however, other greenling 

species have been caught and may have been misidentified in previous years). Two juvenile 

Chum Salmon were also captured in 2017. While this species has been captured in prior 

sampling years, all previous catches have been adult fish, with juvenile Chum Salmon 

representing a new life stage captured during this study. The species identification for the Arctic 

Char was confirmed by former and current ADF&G biologists (F. DeCicco and B. Scanlon 
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(respectively), ADF&G Division of Sport Fish, personal communication), while the species 

identification of Kelp Snailfish and Whitespotted Greenling was confirmed by a UAF Arctic fish 

biologist (B. Holladay, UAF College of Fisheries and Ocean Sciences, personal communication). 

For juvenile Chum Salmon, the species identification was confirmed in the field and by 

photographs.  

Species-Specific Results 

Arctic Cisco 
Arctic Cisco have historically been categorized into three length groups (<120 mm, 120–249 

mm, ≥250 mm). Both catch and CPUE for length group 1 have declined from 2015 (681 fish and 

3.66 fish/net night, respectively) to 2016 (569 fish and 3.39 fish/net night, respectively) to 2017 

(384 fish and 2.05 fish/net night, respectively; Figure 8). A similar trend in catch and CPUE has 

also occurred for length group 2 from 2015 (4,305 fish and 23.15 fish/net night, respectively) to 

2016 (3,120 fish and 18.57 fish/net night, respectively) to 2017 (1,231 fish and 6.58 fish/net 

night, respectively). However, both catches and CPUE showed no clear trend for length group 3 

fish (2017: 1,366 fish and 7.30 fish/net night, respectively; 2016: 1,927 fish and 11.47 fish/net 

night, respectively; 2015: 546 fish and 2.94 fish/net night, respectively). There were no clear 

trends over the past three years in mean length for Arctic Cisco for length categories 1 (2017: 94 

mm; 2016: 107 mm; 2015: 103 mm), 2 (2017: 196 mm; 2016: 182 mm; 2015: 166 mm), or 3 

(2017: 291 mm; 2016: 292 mm; 2015: 297 mm); however, the smallest and largest fish in length 

categories 1 and 3 occurred in 2017 (50 and 424 mm, respectively) compared to 2016 (74 and 

399 mm, respectively) and 2015 (63 and 396 mm, respectively). 

In 2017, a total of 2,981 Arctic Cisco were captured, which is down from 2016 (5,616 fish) 

and 2015 (5,532 fish). Similarly, CPUE of Arctic Cisco was also lower in 2017 (15.94 fish/net 

night) relative to 2016 (33.43 fish/net night) and 2015 (30.07 fish/net night; Figure 9). These 

comparisons were made without regard to age classes. The catch and CPUE of Arctic Cisco in 

2017 were the lowest on record since 2006 and the third lowest on record since 2001. Catches 

and CPUE for Arctic Cisco were generally similar among sampling sites (220: 710 fish and 

16.51 fish/net night; 218: 747 fish and 16.24 fish/net night; 214: 552 fish and 13.14 fish/net 

night; 230: 972 fish and 17.36 fish/net night), and did not appear to be influenced by salinity 

differences among sites. Mean length was greater and the range in length was broader for Arctic 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  9 
 

Cisco in 2017 (230 mm and 50–424 mm, respectively; Table 4) than in either 2016 (215 mm and 

74–399 mm, respectively) or 2015 (171 mm and 63–396 mm, respectively). 

Least Cisco 
Least Cisco have historically been categorized into two length groups for comparison 

purposes (<180 mm and ≥180 mm), and these two length categories do not correspond to age 

categories. Both the catches and CPUE for length group 1 Least Cisco have increased from 2015 

(289 fish and 1.55 fish/net night, respectively) to 2016 (370 fish and 2.20 fish/net night, 

respectively) to 2017 (1,146 fish and 6.13 fish/net night, respectively; Figure 10). However, 

mean length and the minimum length for this length class was inversely related to catch (2017: 

127 mm and 52 mm, respectively; 2016: 136 mm and 59 mm, respectively; 2015: 152 mm and 

61 mm, respectively). Both catch and CPUE for length group 2 fish were similar between 2017 

(5,777 fish and 30.89 fish/net night, respectively) and 2015 (5,610 fish and 30.16 fish/net night, 

respectively), which were both lower than in 2016 (7,837 fish and 46.65 fish/net night, 

respectively). In contrast to length group 1, there was no inverse relationship between the catch 

for this length group and mean length and maximum length (2017: 288 mm and 396 mm, 

respectively 2016: 293 mm and 440 mm, respectively; 2015: 283 mm and 397 mm, 

respectively). 

The catch and CPUE of Least Cisco in 2017 (6,923 fish and 37.02 fish/net night, 

respectively), regardless of length group, was in between catches and CPUE reported for this 

species in 2016 (8,207 fish and 48.85 fish/net night, respectively) and 2015 (5,899 fish and 32.06 

fish/net night, respectively; Figure 11). However, the catch and CPUE of Least Cisco in 2017 

was the fourth lowest on record since 2001 and was nearly half to one third of that from 2001–

2006 and 2010–2014 (with the exception of 2011). Both catch and CPUE of Least Cisco varied 

by sampling site, with the highest catches and CPUE occurring at high salinity sites (220: 2,316 

fish and 53.86 fish/net night, respectively; 218: 2,023 fish and 43.98 fish/net night, respectively) 

relative to low salinity sites (214: 1,539 fish and 36.64 fish/net night, respectively; 230: 1,045 

fish and 18.66 fish/net night, respectively). Although the mean length of Least Cisco in 2017 

(258 mm; Table 4) was lower than in 2016 (286 mm) and 2015 (276 mm), the range in lengths 

were similar between 2017 (52–396 mm) and 2015 (61–397 mm). In contrast, the length range 

was broader in 2016 (59–440 mm). 
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Broad Whitefish  
Broad Whitefish have historically been categorized into three length groups for comparison 

purposes (<120 mm, 120–249 mm, ≥250 mm); these length categories generally relate to ages 0, 

1, and 2+, respectively. Both catch and CPUE for Broad Whitefish in length group 1 were 

similar between 2017 (12,775 fish and 68.32 fish/net night, respectively) and 2016 (11,127 fish 

and 66.23 fish/net night, respectively), which were both substantially higher than in 2015 (2,053 

fish and 11.04 fish/net night, respectively; Figure 12). For this size category, mean length was 

largest and the minimum length was smallest for fish in 2017 (99 and 37 mm, respectively) 

relative to 2016 (75 and 46 mm, respectively) or 2015 (75 and 43 mm, respectively). There were 

no increasing or decreasing trends in catch or CPUE for fish in length group 2 (2017: 4,588 fish 

and 24.53 fish/net night, respectively; 2016: 2,173 fish and 12.93 fish/net night, respectively; 

2015: 3,637 fish and 19.55 fish/net night, respectively); however, the mean length of fish in this 

size category was lowest in 2017 (156 mm) relative to 2016 (175 mm) and 2015 (173 mm). For 

length group 3 fish, the trend in catch and CPUE increased from 2015 (314 fish and 1.69 fish/net 

night, respectively) to 2016 (867 fish and 5.16 fish/net night, respectively) to 2017 (1,947 fish 

and 10.41 fish/net night, respectively). Although mean length appeared to be inversely related to 

catch (2017: 319 mm; 2016: 330 mm; 2015: 362 mm) for this length group, it is not clear 

without further investigation if that relationship has biological relevance. There was no 

relationship with maximum length (2017: 528 mm; 2016: 550 mm; 2015: 530 mm). 

The total catch and CPUE of Broad Whitefish in 2017 (19,310 fish and 103.26 fish/net night, 

respectively) were much higher than in 2016 (14,167 fish and 84.33 fish/net night, respectively) 

and 2015 (6,004 fish and 32.63 fish/net night, respectively), and was the second highest on 

record since 2001 (the highest catch and CPUE since 2001 occurred in 2013 with 25,012 fish and 

154.40 fish/net night, respectively; Figure 13). Broad Whitefish catch and CPUE varied by 

sampling site, with both catches and CPUE being higher at lower salinity sites (214: 9,955 fish 

and 237.02 fish/net night, respectively; 230: 5,650 fish and 100.89 fish/net night, respectively) 

than higher salinity sites (218: 2,658 fish and 57.78 fish/net night, respectively; 220: 1,047 fish 

and 24.35 fish/net night, respectively). The mean length and length range for Broad Whitefish 

was similar in 2017 (156 mm and 37–528 mm, respectively; Table 4) to 2016 (141 mm and 46–

550 mm, respectively) and 2015 (156 mm and 43–530 mm, respectively).  
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Results from mixture models estimated the annual abundance by age class of juvenile Broad 

Whitefish <200 mm. Age-0 Broad Whitefish were first captured on July 18, 2017. There were an 

estimated 1,126 age-0, 14,232 age-1, and 2,065 age-2+ Broad Whitefish captured in 2017 (Table 

5).  

Humpback Whitefish 
In 2017, Humpback Whitefish were smaller on average (mean length = 289 mm, length range 

= 90–482 mm) than in 2016 (mean length = 354 mm, length range = 82 mm to 557 mm) and 

2015 (mean length = 347 mm, length range = 122 mm to 577 mm; Figure 14). This was largely 

due to an unusually high catch of juveniles in 2017 (390 fish captured < 150 mm in length 

compared to 7 and 6 fish < 150 mm in length for 2016 and 2015, respectively). The catch and 

CPUE for Humpback Whitefish in 2017 was 1,651 fish and 8.83 fish/net night, which is within 

the range reported in 2016 (1,554 fish and 9.25 fish/net night, respectively) and 2015 (1,129 fish 

and 6.14 fish/net night, respectively; Figure 15). Although the Humpback Whitefish catch in 

2017 was within the range of catches reported since 2001 (514–3,428 fish), it was most 

consistent with reported catches since 2010 (range = 1,048–2,704 fish). Catches and CPUE of 

Humpback Whitefish varied by site, with the highest catches and CPUE recorded at sites with 

lower salinity (220: 716 fish and 16.65 fish/net night, respectively; 218: 515 fish and 11.20 

fish/net night, respectively) than those with higher salinity (214: 250 fish and 5.95 fish/net night, 

respectively; 230: 170 fish and 3.06 fish/net night, respectively). 

Dolly Varden 
Although Dolly Varden have been segregated into two length groups (<350 mm and ≥350 

mm), these two length categories do not correspond to age classes for this species. However, we 

will continue to use these two length categories to make comparisons to previous years’ data. In 

2017, the catch and CPUE for length group 1 (<350 mm) was 509 fish and 2.72 fish/net night, 

respectively, and 175 fish and 0.94 fish/net night, respectively for length group 2 (≥350 mm; 

Figure 16). For length group 1 fish, both catch and CPUE were slightly higher in 2017 than in 

2016 (423 fish and 2.52 fish/net night, respectively), but were substantially lower than in 2015 

(1,499 fish and 8.06 fish/net night, respectively). In contrast, both catch and CPUE for length 

group 2 fish were lower in 2017 than in 2016 (213 fish and 1.27 fish/net night, respectively), and 

were substantially lower than in 2015 (778 fish and 4.18 fish/net night, respectively). In addition, 

Dolly Varden were generally larger in mean length and had broader length ranges for both length 
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group 1 (242 mm and 62–349 mm, respectively) and length group 2 (505 mm and 350–750 mm, 

respectively) fish in 2015. The 2017 mean length and length range for Dolly Varden of length 

group 1 (227 mm and 82–348 mm, respectively) and length group 2 (467 mm and 350–666 mm, 

respectively) was similar to the 2016 mean length and length range for length group 1 (235 mm 

and 105–349 mm, respectively) and length group 2 (458 mm and 351–681 mm, respectively) 

fish. 

A total of 684 Dolly Varden were captured in 2017, regardless of size-class designation, and 

CPUE was 3.66 fish/net night. The catch and CPUE of Dolly Varden were similar in 2016 (636 

fish and 3.79 fish/net night), but both years were lower than in 2015 (2,277 fish and 12.38 

fish/net night; Figure 17). Since 2001, the catches and CPUE of Dolly Varden in 2017 and 2016 

were third and second lowest, respectively. Dolly Varden catch and CPUE in 2017 varied by site 

with salinity, with the highest catches and CPUE occurring at sites with higher salinity (214: 199 

fish and 4.74 fish/net night, respectively; 230: 355 fish and 6.34 fish/net night, respectively) than 

at sites with lower salinity (218: 61 fish and 1.33 fish/net night, respectively; 220: 69 fish and 

1.60 fish/net night respectively). In addition to lower catches and CPUE in 2017 and 2016, the 

mean length of Dolly Varden was lower and the range in length was narrower than in 2015. For 

example, the mean length and length range in 2017 was 314 mm and 82–666 mm, respectively 

(Table 4), and in 2016 was 313 mm and 105–681 mm, respectively. In contrast, the mean length 

and length range was 357 mm and 62–750 mm, respectively, in 2015.  

Marine Species  

Arctic Cod 
Arctic Cod catch and CPUE vary substantially from year to year, likely due to annual 

variability in wind direction and salinity. For example, the catch and CPUE of Arctic Cod were 

lower in 2017 (2,010 fish and 46.74 fish/net night, respectively) than in 2016 (47,328 fish and 

281.71 fish/net night, respectively) and 2015 (4,777 fish and 25.96 fish/net night, respectively; 

Figure 19). The catch of Arctic Cod in 2017 was the lowest observed since 2012 and represented 

the seventh lowest catch of this species since 2001. Catches and CPUE for Arctic Cod varied 

considerably among sampling sites: site 214 (258 fish and 6.14 fish/net night. respectively), site 

218 (106 fish and 2.30 fish/net night, respectively), site 220 (923 fish and 21.47 fish/net night, 

respectively), and site 230 (723 fish and 12.91 fish/net night, respectively). Arctic Cod were not 
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separated into length groups and 2017 was first year of length measurements. The mean length 

for all Arctic Cod caught in 2017 was 95 mm, with a range of 61–261 mm (Table 4; Figure 18). 

Saffron Cod 
Although the total catch of Saffron Cod was higher in 2017 (1,822 fish) than in either 2016 

(1,691 fish) or 2015 (838 fish), CPUE was slightly higher in 2016 (10.07 fish/net night) than in 

either 2017 (9.74 fish/net night) or 2015 (4.55 fish/net night; Figure 20). In comparison to 

historical records, the catch of Saffron Cod in 2017 was lower than the catches reported from 

2008–2014 (range = 1,861 to 12,519 fish) but higher than reported catches from 2001–2007 

(range = 74 to 1,733 fish). Saffron Cod catches and CPUE varied by site with salinity, with the 

highest catches and CPUE at low salinity sites (218: 605 fish and 13.15 fish/net night, 

respectively; 220: 577 fish and 13.42 fish/net night, respectively) and the lowest catches and 

CPUE at high salinity sites (Site 214: 378 fish and 9.00 fish/net night, respectively; Site 230: 262 

fish and 4.68 fish/net night, respectively). Saffron Cod were not separated into length groups and 

2017 was first year of length measurements. The mean length for all Arctic Cod caught in 2017 

was 171 mm, with a range of 70–515 mm (Table 4; Figure 21). 

Rainbow Smelt 
The catch and CPUE for Rainbow Smelt was 4,669 fish and 24.97 fish/net night, 

respectively, in 2017. The catch and CPUE were higher than in either of the past two years 

(2016: 3,694 fish and 21.99 fish/net night, respectively; 2015: 4,025 fish and 21.88 fish/net night, 

respectively), were the highest it has been since 2013, and were the fifth highest on record since 

1982 (Figure 22). Catch and CPUE of Rainbow Smelt varied by site in relation to salinity. For 

example, catches and CPUE were highest at low salinity sites (218: 634 fish and 13.78 fish/net 

night, respectively; 220: 231 fish and 5.37 fish/net night, respectively) and lowest at high salinity 

sites (214: 1,783 fish and 42.45 fish/net night, respectively; 230: 2,021 fish and 36.09 fish/net 

night, respectively). Rainbow Smelt were not measured for length. 

Arctic Flounder 
The catch of Arctic Flounder in 2017 totaled 16,486 fish, with a CPUE of 88.16 fish/net 

night. Both catch and CPUE of Arctic Flounder were higher in 2017 than in 2016 (13,053 fish 

and 77.70 fish/net night, respectively) and 2015 (8,842 fish and 48.05 fish/net night, 

respectively; Figure 23). The catch of Arctic Flounder in 2017 was the second highest observed 

since 2001 (the highest catch was in 2013 with 17,298 fish), and catch and CPUE were well 
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above the historical record for this species (only two years since 1982 had a higher catch and 

CPUE). Both catches and CPUE of Arctic Flounder were highly variable among sites, with the 

highest catches and CPUE at sites 214 (6,251 fish and 148.83 fish/net night, respectively) and 

218 (6,059 fish and 131.72 fish/net night, respectively) and lowest catches and CPUE at sites 230 

(1,817 fish and 32.45 fish/net night, respectively) and 220 (2,359 fish and 54.86 fish/net night, 

respectively). Arctic Flounder were not measured for length. 

Fourhorn Sculpin 
A total of 8,464 Fourhorn Sculpin were captured in 2017, with a CPUE of 45.26 fish/net 

night. Although the catch and CPUE of Fourhorn Sculpin were higher in 2017 than in 2016 

(6,582 fish and 39.17 fish/net night, respectively) and 2015 (4,547 fish and 24.71 fish/net night, 

respectively), catches and CPUE over the past three years have been well below the historical 

record for this species (Figure 24). Although catches of Fourhorn Sculpin varied among sites 

(214: 1,640 fish; 230: 2,061 fish; 218: 3,110 fish; 220; 1,653 fish), CPUE were consistent among 

sites 214 (39.05 fish/net night), 230 (36.81 fish/net night), and 220 (38.44 fish/net night). 

However, CPUE at site 218 (67.61 fish/net night) was nearly double the other three sampling 

locations in 2017. Fourhorn Sculpin were not measured for length. 

Pacific Salmon 

Until 2017, only adult Pink Salmon and Chum Salmon have been collected in the Prudhoe 

Bay region during annual monitoring efforts. Sampling in 2017 was notable because it marked 

the first time that a Sockeye Salmon was captured during sampling. In general, few Pacific 

salmon are captured in this region. Over the 37 sampling seasons of the monitoring program, a 

total of 838 salmon have been caught, with most of these fish being Pink Salmon (777 fish; 

Chum Salmon: 60 fish; Sockeye Salmon: 1 fish).  

Chum Salmon 
Only two Chum Salmon were captured in 2017, and both individuals were juveniles (mean 

length: 66 mm; length range: 63–68 mm). Although the Chum Salmon catch and CPUE in 2017 

was similar to 2016 (four fish) and 2015 (one fish; Figure 25), the individuals captured in 2017 

were notable because they were juveniles; previous catches of Chum Salmon in the region have 

only been of adult Chum Salmon. In 2017, one Chum Salmon was captured at site 218 and the 

other was captured at site 230. All Chum Salmon were measued for length.   
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Pink Salmon  
A total of 31 Pink Salmon were captured in 2017, with a mean length of 453 mm and a 

length range of 390–534 mm. Similarly, 25 Pink Salmon were captured in 2016 (mean = 444 

mm, range = 338–569 mm) and 26 were captured in 2015 (mean = 442 mm, range = 390–504). 

Although catches and CPUE from 2003–2005 (29 fish each year) were similar to 2015–2017, the 

annual catch of Pink Salmon has been eight fish or less each year (with the exception of 2008 

when 284 fish were captured; Figure 26). Catches of Pink Salmon in 2017 also varied by 

sampling site: 214 (12 fish), 218 (4 fish), 220 (6 fish), and 230 (9 fish).  Pink Salmon were 

opportunistically sampled for length. 

Sockeye Salmon 
In 2017, a single female Sockeye Salmon (length = 592 mm) was collected at site 220. This 

is the first documented Sockeye Salmon capture in the Prudhoe Bay region since sampling was 

initiated on this project in 1981. Sockeye Salmon were opportunistically sampled for length. 

Discussion 

Continuation of this project in 2017 represented year 35 of a mostly continuous standardized 

sampling program since 1981, with as little change as possible occurring in protocols and 

locations. Overall, fish catches and environmental conditions in 2017 were within or near 

previously reported ranges. The total number of fish caught in 2017 (66,383 fish) was well below 

the 2001–2016 mean (103,926 fish) and represented the 12th largest catch year since the 

inception of this monitoring program.   

The environmental conditions that occurred in 2017 were considered standard and within the 

historical ranges for this time of year, although nearshore water temperatures were much warmer 

than have been reported during previous sampling years. These warmer water temperatures were 

particularly prominent at site 230, which was the warmest of the four sampling sites. The effects 

of warm water temperatures on the species composition, catch (i.e., relative abundance), and size 

structure (for those species in which length was measured in 2017) for Arctic fishes is not 

currently well understood. The salinity conditions in 2017 were the 6th most saline since 2001, 

and the most saline since 2012. It will be important to continue to track salinity in the future 

given potential changes in discharge regimes from the Sagavanirktok River that may occur from 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  16 
 

increased permafrost melting within the upstream drainage and transport of meltwater as a result 

of climate warming (Schuur et al. 2008). Further, increased transport of meltwater will result in 

higher concentrations of dissolved organic matter (DOM) in nearshore areas (Mathis et al. 2009). 

Humics are an important component of this DOM, and are the tea-colored compounds in river 

water that reduce light available to the phytoplankton at the base of the Arctic food web (Cooper 

et al. 2005). Humics are also a source of carbon to marine bacteria, which are the main 

competitors of the phytoplankton for nutrients (nitrogen and phosphorus; Kirchman et al. 2009). 

Preliminary data collected from the Chukchi Sea near Utqiaġvik (Barrow), Alaska, by the 

Virginia Institute of Marine Science (R. Sipler, Virginia Institute of Marine Science [VIMS], 

unpublished data) indicates that this process is shifting the competition for nitrogen in favor of 

the bacteria. Because these changes are occurring at the base of the food web, the impact on the 

entire coastal Arctic ecosystem will likely be considerable, ultimately affecting the production in 

the upper trophic levels (e.g., fish and seabirds). For example, carbon and nitrogen taken up by 

phytoplankton is much more likely to end up as a fish than nutrients taken up by bacteria (R. 

Sipler, VIMS, personal communication). The importance of subsistence hunting in the Arctic 

means that the native population dependent on those resources will also be affected. While 

monitoring DOM and lower trophic levels are not within the scope of the Beaufort Sea 

Nearshore Fish Monitoring program, our fish assemblage and catch data will serve as an 

important proxy of these and other environmental changes in the future as the climate continue to 

warm. 

The predominant summer wind patterns in Prudhoe Bay during most years are northeasterly 

winds; for example, in 2017, the mean wind direction was 47°. Relative to 2016, there were 

much fewer westerly wind days (wind patterns in 2017 were very similar to those reported in 

2015). Easterly winds cause nearshore water levels to drop drastically in response to an offshore 

surface water movement event (Ross 1988), while westerly winds have the opposite effect and 

raise water level height in nearshore areas. Water level depth at the sampling sites can fluctuate 

from 1.5 to 2 m in height, sometimes in less than a 24-hour period. The effect of water level on 

either catch abundance or species composition has not been explored and warrants further in-

depth analysis. Further, offshore surface (wind-driven) currents cause an upwelling event to 

occur, which replaces nearshore waters with deeper, colder, and more saline marine water. As a 
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result, wind patterns have the potential to significantly impact nearshore fish assemblages due to 

their influence on environmental conditions in these areas. 

One notable result from 2017 is that the number of fish species caught (24 species) is the 

highest number of unique species caught in a single year, and represents a majority of the 33 fish 

species documented by the project since 2001. The increased number of species since 2001 is 

significant (P = 0.0185), but mainly represented fish species that were already present in the 

nearshore Beaufort Sea. The increase in species in 2017 was caused in part by several species 

that have not been caught prior to 2017 (Sockeye Salmon, Arctic Char, and Whitespotted 

Greenling) and as well as capturing the project’s second Shorthorn Sculpin (the other was caught 

in 2011).  

Arctic Char in the North Slope region of Alaska are considered a landlocked freshwater 

species typically found in lakes, and thus it was guessed that the fish caught was moving 

between lakes in different river drainages (B. Scanlon, Alaska Department of Game and Fish, 

Division of Sport Fish, personal communication). Sockeye Salmon have been caught in 

Utqiaġvik (Barrow), Alaska (George et al. 2009), but are considered very rare. The juvenile 

Chum Salmon captured in 2017 are significant because they are the first reported juveniles of 

this species captured in the Prudhoe Bay region, which may indicate that successful reproduction 

could be taking place in nearby tributaries. Successful reproduction by Pacific salmon has not 

been documented within tributaries of the central Beaufort Sea and could represent new 

colonization of salmon in this region of Arctic Alaska.  

Catch trends in 2017 were similar to previous years. The highest catch day was July 14, 

mainly caused by an abundance of age-1 Broad Whitefish (2,588) at Site 214W. July 14 was the 

first respite in a week of sustained strong northeasterly winds, which might have given juvenile 

fish migrating from the west a chance to migrate. Catches of Arctic Cod, Arctic Cisco, and Least 

Cisco were all among the lowest catches since 2001, while catches of Broad Whitefish and 

Arctic Flounder were well above usual catch rates. The high abundance of Broad Whitefish was 

helped in large part by an abundant year class of age-1 fish. Few age-0, age-1, or age-2 Arctic 

Cisco were caught; Arctic Cisco catches were predominately of age-2+ fish in length groups 2 

and 3. Catches of juvenile Arctic Cisco were the lowest since 2006. The catch of age-1 Least 

Cisco appear to be the strongest since 2006. Few age-2 Least Cisco were caught relative to 
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previous years and, consistent with results from most years, almost no age-0 Least Cisco were 

caught. Continued monitoring of these nearshore fish stocks, given their importance to 

subsistence fisheries, will be a critical component of future monitoring efforts associated with 

this study (Gallaway et al. 1983; Fechhelm et al. 1994, 2007; J. Seigle, ABR Inc., personal 

communication). 
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Table 1.  Sampling summary of site orientation, sampling duration and total days fished per 
site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Site Name Net Orientations Start Date End Date Total Net Nights Sampled
220 West Dock East/West July 06 August 26 43
218 West Beach East/West July 07 August 27 46
214 Niakuk East/West July 04 August 27 42
230 Endicott North/South July 03 August 28 56

2017 Sampling Summary
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Table 2.  Range of water temperatures (°C) and salinity (ppt), 2001–2017. All sites 
and water column measurements are combined.  

 

 

 

 

 

 

 

 

 

 

 

Year Mean Range SD Mean Range SD
2001 6.6 0.5–14.7 3.47 5.8 0.1–35.5 6.38
2002 7.0 0.7–15.6 2.46 12.9 0.1–28.7 7.04
2003 7.1 0.3–14.6 2.76 8.9 0.1–25.2 7.34
2004 8.1 2.0–15.2 2.58 12.6 0.1–29.4 8.38
2005 7.1 1.6–13.5 2.17 8.1 0.1–24.0 7.60
2006 8.8 4.2–15.3 2.17 10.0 0.1–22.1 5.93
2007 8.5 3.7–12.4 1.48 15.8 0.3–30.0 9.09
2008 8.4 4.6–14.5 1.96 14.1 0.1–29.1 9.06
2009 8.0 4.4–13.1 2.00 18.2 0.1–31.9 9.66
2010 8.2 4.2–13.7 1.97 9.8 0.1–27.2 7.34
2011 8.9 4.2–16.2 2.17 19.2 0.2–32.0 7.52
2012 9.9 3.8–16.9 2.20 15.1 0.1–26.6 7.85
2013 9.2 2.8–15.2 2.85 12.4 0.1–30.0 9.27
2014 7.6 2.5–13.2 2.17 9.2 0.1–28.5 8.25
2015 7.4 2.3–15.0 2.06 12.0 0.1–22.8 6.72
2016 8.2 3.8–17.1 2.27 12.8 0.1–26.4 7.45
2017 9.5 4.1–14.8 2.20 13.8 0.2–30.0 9.60

Temperature (°C) Salinity (ppt)
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Table 3.  Total catch of species at each site, 2017. Species richness, diversity, and evenness 
calculations did not include hybrid species.  

 
 

 

 

Species 220 218 214 230 Total Catch
Arctic Char - - 1 - 1
Arctic Cisco 710 747 552 972 2,981
Arctic Cod 923 106 258 723 2,010
Arctic Flounder 2,359 6,059 6,251 1,817 16,486
Arctic Grayling 3 5 7 87 102
Broad Whitefish 1,047 2,658 9,955 5,650 19,310
Burbot - - 2 - 2
Capelin 20 22 - - 42
Chum Salmon - 1 - 1 2
Dolly Varden 69 61 199 355 684
Fourhorn Sculpin 1,653 3,110 1,640 2,061 8,464
Humpback Whitefish 716 515 250 170 1,651
Hybrid Cisco spp. 4 3 1 - 8
Kelp Snailfish 2 2 - - 4
Least Cisco 2,316 2,023 1,539 1,045 6,923
Ninespine Stickleback 23 38 51 281 393
Pacific Herring 12 8 15 5 40
Pink Salmon 6 4 12 9 31
Rainbow Smelt 231 634 1,783 2,021 4,669
Round Whitefish 5 10 207 478 700
Saffron Cod 577 605 378 262 1,822
Shorthorn Sculpin - - - 1 1
Sockeye Salmon 1 - - - 1
Threespine Stickleback 29 5 16 4 54
Whitespotted Greenling 2 - - - 2

Total Catch 10,708 16,616 23,117 15,942 66,383

Species Richness 20 19 18 18 24
Shannon-Wiener Diversity 2.09 1.82 1.65 2.05 1.98
Species Evenness 0.66 0.57 0.52 0.64 0.62

Site
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Table 4.  Mean length of all measured fish species Prudhoe Bay, Alaska, 2017. All sampling 
sites are combined. All fish were measure to fork length (FL), except for Arctic Cod and 
Saffron Cod which were measured to total length (TL).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species Number Sampled Mean Length (mm) Length Range (mm) Standard Deviation
Arctic Cisco 2,534 230.5 50–424 73.6
Arctic Cod 858 95.3 61–261 24.9
Broad Whitefish 9,693 156.5 37–528 83.7
Dolly Varden 468 314.4 82–666 135.0
Humpback Whitefish 1,486 288.8 90–482 114.2
Least Cisco 5,606 258.2 52–396 71.8
Saffron Cod 1,663 171.0 70–515 81.9
Total 22,308
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Table 5.  Estimated age classes of Broad Whitefish, 2017. Mixture models only include fish 
<200 mm.  

Date Range Age-0 Age-1 Age-2+
Jul 3–Jul 17 - 8,036 1,322
Jul 18–Aug 28 1,126 6,196 742
Total 1,126 14,232 2,065
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Figure 1.  Overview map of study area and the four sampling sites near Prudhoe Bay, Alaska. 

SAGAVANIRKTOK RIVER 
(EAST CHANNEL) 

ENDICOTT 

CAUSEWAY 

SITE 218 

SITE 220 

SITE 214 

SITE 230 

WEST DOCK 

CAUSEWAY 

N 5 KM 10 KM 

Sampling Locations 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  29 
 

 

Figure 2.  Fyke net diagram of the double-ended codend nets used during sampling, 2017. 
Objects are not drawn to scale.  
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Figure 3.  Wind velocity vectors over the 2017 sampling season. Meteorological data are 
from the NOAA National Weather Service station in Deadhorse, Alaska.   
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Figure 4.  Wind velocity data, 1985–2017. Only July 1–August 31 from each year are 
included for analysis. Meteorological data are from the NOAA National Weather Service 
station in Deadhorse, Alaska.   
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Figure 5.  Mean salinity and water temperature throughout the water column at the four 
sample sites in Prudhoe Bay, Alaska, 2017. Surface, mid-water, and bottom values were 
averaged; data were collected using the handheld YSI probe.  
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Figure 6.  Proportion of daily catch by species family groups, 2017. 
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Figure 7. Proportion of annual catch by species family groups, 2001–2017. 
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Figure 8.  Scatterplot of all Arctic Cisco measured to fork length (FL) to the nearest mm, 
2017. All sites are combined.  
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Figure 9.  Annual CPUE of all Arctic Cisco caught, 2001–2017. Error bars are standard error 
of annual catches per site per year.  
 
 
 
 
 

 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  37 
 

 
Figure 10.  Scatterplot of all Least Cisco measured to fork length (FL) to the nearest mm, 
2017. All sites are combined.  
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Figure 11.  Annual CPUE of all Least Cisco caught, 2001–2017. Error bars are standard error 
of annual catches per site per year.  
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Figure 12.  Scatterplot of all Broad Whitefish measured to fork length (FL) to the nearest 
mm, 2017. All sites are combined.  
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Figure 13.  Annual CPUE of all Broad Whitefish caught, 2001–2017. Error bars are standard 
error of annual catches per site per year. 
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Figure 14.  Scatterplot of all Humpback Whitefish measured to fork length (FL) to the 
nearest mm, 2017. All sites are combined.  
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Figure 15.  Annual CPUE of all Humpback Whitefish caught, 2001–2017. Error bars are 
standard error of annual catches per site per year.    
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Figure 16.  Scatterplot of all Dolly Varden measured to fork length (FL) to the nearest mm, 
2017. All sites are combined.  
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Figure 17.  Annual CPUE of all Dolly Varden caught, 2001–2017. Error bars are standard 
error of annual catches per site per year.    
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Figure 18.  Annual CPUE of all Arctic Cod caught, 2001–2017. Error bars are standard error 
of annual catches per site per year.    
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Figure 19.  Scatterplot of all Arctic Cod measured for length, 2017. All sites are combined. 
Arctic Cod were measured to total length (TL) to the nearest mm.  
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Figure 20.  Annual CPUE of all Saffron Cod caught, 2001–2017. Error bars are standard 
error of annual catches per site per year.    
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Figure 21.  Scatterplot of all Saffron Cod measured for length, 2017. All sites are combined. 
Saffron Cod were measured to total length (TL) to the nearest mm.  
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Figure 22.  Annual CPUE of all Rainbow Smelt caught, 2001–2017. Error bars are standard error 

of annual catches per site per year.    
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Figure 23.  Annual CPUE of all Arctic Flounder caught, 2001–2017. Error bars are standard 

error of annual catches per site per year.    
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Figure 24.  Annual CPUE of all Fourhorn Sculpin caught, 2001–2017. Error bars are standard 

error of annual catches per site per year.    
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Figure 25.  Annual CPUE of all Chum Salmon caught, 2001–2017. Error bars are standard error 

of annual catches per site per year.    
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Figure 26.  Annual CPUE of all Pink Salmon caught, 2001–2017. Error bars are standard error of 

annual catches per site per year.    
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Appendix 1.  Length group ranges for all measured species, 2017. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Length Group 1 Length Group 2 Length Group 3
Arctic Cisco <120 mm 120–249 mm ≥250 mm
Least Cisco <180 mm ≥180 mm -
Broad Whitefish <120 mm 120–249 mm ≥250 mm
Dolly Varden <350 mm ≥350 mm -
Humpback Whitefish
Saffron Cod
Arctic Cod

No length groups
No length groups
No length groups
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Appendix 2.  Quantity of Arctic Cisco taken per length group for otolith aging analysis 
during July and August, 2017. One additional fish was sampled in August without a length 
measurement.    

 

 

 

Length Bin (mm) July August Total
90–99 1 0 1
100–109 1 0 1
110–119 5 0 5
120–129 3 2 5
130–139 2 1 3
140–149 0 3 3
150–159 2 3 5
160–169 3 0 3
170–179 2 0 2
180–189 5 2 7
190–199 4 0 4
200–209 3 1 4
210–219 3 1 4
220–229 4 0 4
230–239 4 3 7
240–249 3 5 8
250–259 6 3 9
260–269 3 6 9
270–279 2 3 5
280–289 4 3 7
290–299 4 3 7
300–309 4 6 10
310–319 2 5 7
320–329 1 2 3
330–339 1 4 5
340–349 2 0 2
350–359 1 1 2
360–369 0 2 2
370–379 0 1 1
380–389 1 1 2
Total 76 61 137

Number sampled



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  57 
 

Appendix 3.  CPUE (fish/net night) for Arctic Cisco (all length groups) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 4.  CPUE (fish/net night) for Arctic Cisco (length group 1) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 5.  CPUE (fish/net night) for Arctic Cisco (length group 2) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 6.  CPUE (fish/net night) for Arctic Cisco (length group 3) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 7.  CPUE (fish/net night) for Broad Whitefish (all length groups) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 8.  CPUE (fish/net night) for Broad Whitefish (length group 1) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 9.  CPUE (fish/net night) for Broad Whitefish (length group 2) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   

 



2017 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences  64 
 

Appendix 10.  CPUE (fish/net night) for Broad Whitefish (length group 3) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 11.  CPUE (fish/net night) for Least Cisco (all length groups) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 12.  CPUE (fish/net night) for Least Cisco (length group 1) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 13.  CPUE (fish/net night) for Least Cisco (length group 2) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 14.  CPUE (fish/net night) for Dolly Varden (all length groups) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 15.  CPUE (fish/net night) for Dolly Varden (length group 1) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 16.  CPUE (fish/net night) for Dolly Varden (length group 2) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 17.  CPUE (fish/net night) for Humpback Whitefish collected at each sampling site 
and net in Prudhoe Bay, Alaska, 2017.   
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Appendix 18.  CPUE (fish/net night) for Arctic Cod collected at each sampling site and net in 
Prudhoe Bay, Alaska, 2017.   
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Appendix 19.  CPUE (fish/net night) for Saffron Cod collected at each sampling site and net 
in Prudhoe Bay, Alaska, 2017.   
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Appendix 20.  Life history classifications and alternate names of fish. Arctic Char in the 
North Slope of Alaska are considered to be a strictly freshwater species but are anadromous 
in other regions. 
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Appendix 21.  List of presentations given during 2017 on the Beaufort Sea Nearshore Fish 

Monitoring Study as well as associated outcomes. 

1. Priest, J. T., D. G. Green, and T. M. Sutton. 2017. Species composition changes in an 

Arctic fish community. 148th Annual Meeting of the American Fisheries Society, August 

2017, Tampa, Florida. 

2. Priest, J. T., D. G. Green, and T. M. Sutton. 2017. Species composition changes in an 

Arctic fish community. Lowell Wakefield Fisheries Symposium, May 2017, Anchorage, 

Alaska. 

3. Priest, J., D. Green, and T.M. Sutton. 2017. Nearshore fish sampling in the Alaskan 

Arctic, 2001-2016. Alaska Chapter of the American Fisheries Society Meeting, March 

2017, Fairbanks, Alaska. 

 

The following supplementary funding ($17,255 total) was secured in support of the Beaufort Sea 

Nearshore Fish Monitoring study research components: 

1. Green, D. G. 2017. Bioenergetic assessment of juvenile broad whitefish responses to 

climate change in the Alaskan Arctic. Submitted to the UAF Global Change Student 

Research Grant Competition and successfully funded for $9,755. Funds were used to 

cover costs related to the laboratory component of Duncan Green’s laboratory research. 

2. Dorsaz, T. 2017. Growth and metabolism of juvenile broad whitefish in a climate change 

context. Submitted as an Undergraduate Fall 2017 Research Project Award to the UAF 

Office of Undergraduate Research and Scholarly Activity and successfully funded for 

$2,500. These funds were used to cover supply costs and fall salary for undergraduate 

Tibor Dorsaz to care for the captive broad whitefish. 

3. Green, D. G., and T. M. Sutton 2017. Design and fabrication of a flow-through 

respirometer for measuring metabolic rates of fishes. Submitted as a Mentor Award 

proposal to the UAF Office of Undergraduate Research and Scholarly Activity and 

successfully funded for $5,000. Funds were used to funded supply costs and 

undergraduate student salary for Tibor Dorsaz and Max Erickson to construct a 

respirometer for Duncan Green’s research project on broad whitefish bioenergetics. 
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Appendix 22.  Overview of the graduate research project being conducted by UAF Master’s 

degree student Justin Priest. 

Graduate Study Progress Overview – Justin Priest 

The project that I am working on is located in Prudhoe Bay, Alaska. Sampling has occurred 

as a part of different iterations of the project since 1981; 2017 represents the first year that the 

UAF College of Fisheries and Ocean Sciences is in full control of the sampling program. Each 

year, sampling occurs daily between approximately July 1 and August 31 at four sampling sites 

located in nearshore waters. In 2017, another graduate student and I continued the work on this 

project. This project was originally intended to determine whether oil and gas infrastructure in 

the region caused adverse effects upon the local fish species; since then the project has become 

an annual monitoring program to determine if there have been any major changes to fish 

populations. I will use the database of this project (2001-2017) to look into changes in fish 

abundances and proportions that have been occurring, and ascertaining specific environmental 

causes behind such occurrences. Both objectives of my thesis will come from modeling of the 

2001-2017 database.  

Initial work on my project analysis began in January 2017, when the previous managers of 

the project (LGL Ecological Research Associates) turned over the dataset to UAF managers. 

Since then I have been working on data management on the database, primarily quality control 

and quality assurance (QA/QC). QA/QC identified dozens of errors and other various issues. 

Data were all imported into the statistical software R using a script file that automatically parses 

out the database and fixes any errors. In this way, the QA/QC process identifies which 

corrections have been made and documents this for future analysis. Once data import and 

QA/QC were completed in February, the first analyses began. Several lines of research have 

come out of this dataset in the past year. The first round of analyses were multivariate 

assessments of community composition, which resulted in two posters reports presented at three 

conferences (Alaska Chapter of the American Fisheries Society, Wakefield Symposium, 

National meeting of the American Fisheries Society). These posters used Principal Component 

Analysis (PCA) and Non-metric Dimensional Scaling to look at the fish communities and how 

they responded or were associated with different environmental conditions. Notable results from 
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these poster presentations were that the species community composition significantly changed 

between 2001-2008 and 2009-20016, several species had significantly different abundance 

levels, and the variance of annual abundances of most fish species had differed between years. 

Posters were well received at all three conferences and led to outreach with other researchers in 

the region. There is quite likely future collaboration potential with other organizations (NOAA) 

during 2018 field studies as a result of this work. In addition, several other UAF professors have 

expressed interest in collaborating in field data collections.  

Project efforts in the summer of 2017 were mostly preparing for and implementation of the 

field sampling program. Before beginning fieldwork, permits for fish handling and capture were 

acquired from the Alaska Department of Fish and Game and the Institutional Animal Care and 

Use Committee (IACUC). Fieldwork commenced on June 30 and lasted until August 28, 2017. 

During this time, field sampling occurred every day that sampling nets were in the water, worked 

as part of a 2-3 person team. Project updates were sent out approximately weekly to Trent Sutton 

who was managing the project. In addition to field sampling, daily catch and length measurement 

data were entered online. These data were imported into a data management portal website that 

allowed project managers to view daily trends and summarize season progress to date. The 

creation of this data management system allowed for further practice of data import and a test 

case that I used to check against future data management systems and other environmental 

variables to be used in the final analysis for his thesis (e.g., import of NOAA meteorological 

data). This software, with some minor adjustments, is ready to be used for the 2018 field season, 

and will offer even more powerful in-season assessments. Field collections in 2017 were 

successful and several additional protocols were added to the sampling regime. These included 

baseline collection efforts of tissue sampling and an expanded number of species that were 

additionally sampled for length measurements, allowing for future graduate students to use as a 

platform for different projects.  

During Fall 2017, I was the lead author of the annual report of the project to the client, 

Hilcorp Alaska. This report included annual analysis as well as historical summaries of the data 

for context of the 2017 field season. This culminated in a 74-page report (including appendices) 

that is currently in review for acceptance by Hilcorp Alaska. Specific tables and figures for this 

report included annual catch totals by species, summaries of environmental conditions, fish 
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catches by date and species, fish catches by family group, and daily catch-per-unit-effort by 

species. This report serves as a good stepping stone for preparation for my thesis project. This 

was the first year that UAF has prepared this report so the completion of the report and 

corresponding analyses allow for a template to be used for future years of the project.  

Other analyses that have been performed during Fall 2017 include an analysis of modeling 

how age 0 Broad Whitefish and Arctic Cisco respond to environmental variables. This group of 

analyses quantified how the different environmental variables affect recruitment of two 

important juvenile whitefish species. The results from this modeling effort will likely be updated, 

refined, and then presented at a future conference this Spring, possibly at the Western Division 

of the American Fisheries Society meeting in May. An important piece during these analyses 

was the creation of a Gaussian mixture model that assigns fish age by length for the two 

whitefish species. The results from this model will be used as the basis for some of the data 

import for my thesis project. This “proof-of-concept” will allow me to be more prepared for his 

thesis project and represented solving a very difficult technical issue. Further, the estimated 

number of age-0 fish is a key piece of data that has been requested by other researchers in the 

region which will help future collaboration.  
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Appendix 23.  Overview of the graduate research project being conducted by UAF Master’s 

degree student Duncan Green. 

Graduate Study Progress Overview – Duncan Green 

During the 2017 field season, UAF researchers collected 125 juvenile broad whitefish 

Coregonus nasus from the Prudhoe Bay area for diet and energy content analysis. Stomach 

contents have been extracted from each of these fish and the remaining tissue is being prepared 

for energy content analysis through bomb calorimetry. In addition, 270 live age-0, -1, and -2 

broad whitefish were collected and successfully transported to Fairbanks for experimental trials 

to monitor growth at multiple water temperatures. Results of these trials will be available 

following the completion of experiments later in 2018. In addition, all unintended mortalities 

during the experiment were saved and dissected for otolith extraction, which has been 

completed. These otoliths will now be used to age individual fish and establish a size-at-age 

relationship for juvenile broad whitefish in the Prudhoe Bay population. Recently, investigators 

Duncan Green and Trent Sutton received additional funding through the UAF Office of 

Undergraduate Research and Scholarly Activity (URSA) mentoring program that is being used to 

augment this project. With these funds and under supervision of Green and Sutton, two 

undergraduate students from the Fisheries (Tibor Dorsaz) and Mechanical Engineering (Max 

Erickson) departments at UAF are now involved in the project. The group is currently in the 

design stage of building a respirometer that will be used to measure oxygen consumption and 

thereby quantify metabolic rates in juvenile broad whitefish. It should be noted that 

undergraduate Fisheries student Tibor Dorsaz received funding from the UAF Office of URSA 

for the fall 2017 semester to assist graduate student Duncan Green on the broad whitefish 

experiment. Additional progress will be reported throughout the ongoing study, and results will 

be made immediately available to Hilcorp upon completion of this research. 
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Bioenergetic assessment of juvenile broad whitefish responses to climate change in the 

Alaskan Arctic. 

The following proposal was submitted to the UAF Global Change Student Research Grant 

Competition by Duncan Green and funded ($9,755) to cover costs associated with research-

based laboratory work.  

 

Abstract 

Rapid warming in the Arctic has already begun to affect high-latitude ecosystems, with 

organismal response largely unknown for many species. In regions like the Beaufort Sea coast of 

Arctic Alaska, rural communities rely on these ecosystems for subsistence. My study will 

examine the potential responses of juvenile broad whitefish Coregonus nasus to varying climate 

change scenarios in the Alaskan Arctic. To achieve this goal, I will increase baseline biological 

knowledge of this understudied yet important subsistence species and model potential responses 

to water temperature variations using bioenergetics. Growth and metabolic rates for broad 

whitefish from this population will be determined in a series of laboratory experiments. I will 

also quantify prey energy density from stomach content analysis of wild-caught fish. Using the 

metabolism, growth, and diet parameters obtained in this study, I will forecast potential growth 

responses using a bioenergetics model. Bioenergetics modeling of poorly studied fishes has 

historically relied on physiological parameters borrowed from other species, casting doubt on the 

accuracy of results. By using species-specific parameters as bioenergetics model inputs, the 

results of this research will increase our understanding of broad whitefish and its potential 

responses to a warming Arctic environment within the context of future subsistence availability.  

 

Introduction and Background 

The purpose of the proposed study is to improve our knowledge of the biology of the broad 

whitefish Coregonus nasus and determine potential responses of the species to increasing 

temperatures in the Alaskan Arctic. To accomplish this goal, I will conduct field and laboratory 

studies on juvenile fish from the Prudhoe Bay estuary on the Alaskan Beaufort Sea before 
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modeling the possible effects of climate warming on broad whitefish population changes. The 

species is an amphidromous salmonid distributed widely throughout Arctic and subarctic 

drainages across much of North America and Russia, including Alaskan drainages from the 

Beaufort and Chuckchi seas south to the Kuskokwim River (Mecklenberg et al. 2002). Despite 

the broad geographic range, broad whitefish is understudied and many aspects of its biology and 

life history are unknown. This project will contribute to the understanding of this species and 

evaluate potential responses of broad whitefish in a coastal estuary in the rapidly warming 

Arctic. In doing so, this research will provide information on Alaskan marine ecosystems and 

forecast responses to environmental change, which are research priorities for the NOAA–UAF 

Cooperative Institute for Alaska Research (CIFAR). 

Aquatic organisms and ecosystems in the Arctic are often data limited as a result of 

difficulties associated with sampling water bodies that are ice-covered for the majority of the 

year. While this holds true for Alaska as well, the Arctic coast of Alaska has historically been 

studied more than other areas of the Arctic, largely due to the existence of a large oil and gas 

industry and its associated potential for environmental disaster. The Beaufort Sea Fish 

Monitoring Project was initiated in 1981 to evaluate potential environmental impacts of oil and 

gas development on fishes near Prudhoe Bay, Alaska, in compliance with North Slope Borough 

ordinances. Prior to 2017, LGL Ecological Research Associates, Inc., was responsible for the 

nearly continuous (every summer except 1999 and 2000) summer sampling protocol, resulting in 

a long-term data set spanning over three decades. Data collection for the study has historically 

relied on fyke net sampling to obtain species composition, length data, and species-specific catch 

per unit effort (CPUE), as well as water temperature and salinity at multiple sites across the 

study area (McCain and Raborn 2017).  

The data collected through the Beaufort Sea Fish Monitoring Program provide a unique long-

term documentation of species composition in Prudhoe Bay. As of 2017, the program is now 

being operated by the University of Alaska Fairbanks under the supervision of Dr. Trent Sutton 

of the College of Fisheries and Ocean Sciences. The availability of these data to UAF will allow 

the proposed study to compare current observations of the Prudhoe Bay broad whitefish 

population with historical conditions, in addition to a vast potential for other studies of the 

ecosystem. The student principal investigator (Duncan Green) of this proposed study will 
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conduct all field sampling with the help of two other UAF students, serve as the primary 

investigator for laboratory experiments, and complete all modeling simulations.  

In addition to the data collected for specific monitoring objectives, the program has yielded 

several other research projects, including some of the few existing papers on broad whitefish 

biology in Alaska (e.g., Fechhelm et al. 1992; Griffiths et al. 1992; Fechhelm et al. 1995; 

Gallaway et al. 1997). While these studies produced valuable information on basic population 

characteristics for broad whitefish (e.g., growth, population dynamics, size and age), they relied 

solely on field data, and there have been few recent biological investigations of the species in 

Beaufort Sea populations. However, studies by Fechhelm et al. (1992) and Griffiths et al. (1992) 

showed that broad whitefish growth and water temperature were positively correlated based on 

field observations from the late 1980s. Although these studies provide useful information, the 

field conditions and sampling noise led the authors to suggest baseline growth analysis is 

necessary to predict growth under future environmental conditions. The proposed research will 

obtain that information in a controlled environment and therefore produce information necessary 

for forecasting potential response in fish growth to climate change.  

 

Justification and Need 

Climate change is altering ecosystems worldwide, and the Arctic is currently experiencing 

the most pronounced and rapid of these temperature changes. As with other Arctic regions, 

warming trends in the Beaufort Sea are projected to continue and likely accelerate into the future, 

leaving ecosystems in this area particularly vulnerable to perturbation (Duarte et al. 2012; Wood 

et al. 2013). Diadromous fishes that rely on multiple habitat types may be more susceptible to 

environmental change, but wide variation in the responses of Arctic fishes to climate change 

necessitates species-specific examination of potential effects (Reist et al. 2006). The existence of 

baseline physiological data (e.g., diet, growth, metabolic rate) for Arctic and subarctic species 

will become increasingly important for understanding potential organismal and ecosystem 

responses as temperatures continue to rise (Rijnsdorp et al. 2009). The growth of juvenile fish is 

particularly important to the productivity of fish populations as the success of each ontogenetic 

stage is magnified through recruitment in subsequent life stages. Studies have documented that 
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temperature-related changes in juvenile growth of salmonids can affect mortality rates in 

successive life stages and even significantly alter ecosystem-scale food-web interactions 

(Beauchamp 2009).  

In addition to a large area of aquatic habitat at risk from warming temperatures, the Alaskan 

Arctic also encompasses many rural communities whose livelihood and subsistence are 

inextricably linked to the health of available natural resources. Anadromous and amphidromous 

fishes, like broad whitefish, compose a majority of the fish harvested in this region. For example, 

previous studies have estimated that more broad whitefish by biomass are harvested for 

subsistence than any other fish species in the North Slope Borough village of Nuiqsut (Craig 

1987). A recent survey of subsistence users in Barrow, Nuiqsut, and Kaktovik showed that 77% 

of respondents in these three North Slope Borough villages reported having harvested broad 

whitefish (Braund et al. 2010). A commercial fishery on the Colville River (80 km west of 

Prudhoe Bay) also primarily targets whitefishes (Moulton et al. 2004). While there are distinct 

broad whitefish populations in the Colville River and Sagavanirktok River, there is gene flow 

between the two groups, and some individuals caught at West Dock on the western end of 

Prudhoe Bay (one of the sampling sites for the proposed research) were derived from Colville 

River spawning stocks (Patton et al. 1997). Despite the importance of broad whitefish to local 

subsistence fisheries across this region of Alaska, the species remains very data limited in the 

state. An improved understanding of basic biology is key to estimating how broad whitefish will 

respond to environmental variation and can be useful in understanding the broader implications 

of potential ecosystem responses in Arctic regions.  

Life history – This study will provide age-specific diet and size-at-age information for 

juvenile broad whitefish in the Prudhoe Bay region. Diet analysis can be used to identify the 

current trophic niche of juvenile broad whitefish, an area that lacks information for Alaskan 

estuarine populations. The findings of this study will be compared to previous studies on broad 

whitefish diet to potentially uncover shifts in trophic status. The diet of juvenile broad whitefish 

in Beaufort Sea populations has not been examined for over two decades, and that research relied 

on data collected prior to 1987 without differentiating among year classes (Fechhelm et al. 

1995). More importantly for the objectives of this study, the updated diet composition 

information found in this investigation will provide prey energy density information that will be 
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incorporated into bioenergetics models. Bioenergetics research has historically relied heavily on 

parameters ‘borrowed’ from other species (Ney 1993; Hanson et al. 1997; Jørgensen et al. 2016), 

and the species-specific diet and growth parameters obtained in this study will allow for more 

accurate modeling than is otherwise possible using estimates from other fish species. Field-

collected size-at-age data that reflect the actual environmental conditions experienced by the 

population will also provide a valuable method of assessing model accuracy. 

Laboratory experiments – Metabolic rate is the primary physiological input parameter for 

bioenergetics models of fish growth. As mentioned above, many bioenergetics investigations 

lack the required species-specific metabolic rate, and thus rely on parameters borrowed from 

other species. Reviews of the field of bioenergetics have questioned the accuracy of this practice 

(Ney 1993; Beauchamp 2009). The laboratory respirometry conducted in this study will allow 

the bioenergetics model to use physiological parameters from the exact population of wild-

caught broad whitefish being studied, increasing accuracy of the model. In addition to metabolic 

rate, this study will quantify growth of juvenile broad whitefish in a controlled laboratory 

environment under varying water temperatures, which can then be compared to growth rates 

calculated from size-at-age data collected in the field. The responses of the fish to manipulations 

in water temperature and feeding conditions will also provide an additional means of 

bioenergetics model accuracy evaluation.  

Bioenergetics modeling – Bioenergetics models can be used to evaluate potential responses 

of fish species to climate variations (e.g., Carey and Zimmerman 2014). The inputs obtained in 

the field and laboratory components of this study (i.e., metabolic rate, Prudhoe Bay water 

temperature, broad whitefish prey composition, prey energy density, etc.) will allow this study to 

produce reliable models of juvenile broad whitefish response to multiple potential climate 

change scenarios in the Alaskan Arctic. These projections will provide a basis for determining 

potential changes to population health and productivity in the area. This information can 

subsequently be used to predict potential changes in subsistence harvest in rural Alaskan 

villages. Beyond the importance of understanding possible changes to broad whitefish, a fish 

species with a major role in subsistence fisheries, the results of this research can be used in future 

studies to investigate food-web interactions and responses of Arctic habitats to increasing water 
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temperatures on broader spatial scales. To our knowledge, this will be the first study to apply 

bioenergetics modeling to broad whitefish. 

 

Research Objectives and Approach 

To achieve the goals of increasing biological knowledge of broad whitefish and modeling 

potential species-specific responses to climate change, the objectives of this study are as follows: 

(1) determine the life history (e.g., growth, diet composition, size and age structure) for juvenile 

broad whitefish in the Prudhoe Bay region of the Beaufort Sea; (2) quantify growth and 

metabolic rates of juvenile broad whitefish under multiple temperature treatments in a laboratory 

experiment; and (3) using parameters obtained in the field and laboratory study, investigate and 

quantify potential responses of broad whitefish to future changes in temperature regimes through 

bioenergetics modeling. I predict that growth of juvenile broad whitefish will show a positive 

correlation with water temperature until a threshold temperature is reached. 

Study Area – Prudhoe Bay is a shallow estuary located adjacent to the Sagavanirktok River 

delta on the Alaskan Beaufort Sea coast. The bay is 8 km north of the town of Deadhorse, 

Alaska, and situated between the rural North Slope Borough villages of Nuiqsut and Kaktovik 

(approximately 100 km west and 180 km east of Prudhoe Bay, respectively). While Deadhorse is 

mainly an outpost to provide support to the oil and gas industry in the region, Nuiqsut and 

Kaktovik are indigenous villages that rely on fish harvest for their subsistence (Braund et al. 

2010).  

Field collection – Adhering to the sampling protocol that the Beaufort Sea Fish Monitoring 

Program has historically used, the study area will be sampled continuously using four fyke nets 

from July 1, 2017 until approximately September 1, 2017, dependent on ice cover, weather 

conditions, and bear presence. Nets will be installed as early as possible in the following four 

locations in the Prudhoe Bay area: (1) the western edge of the Endicott Island causeway (Site 

230), a large gravel-fill pier 13 km east of Prudhoe Bay whose construction was the impetus for 

the original monitoring program; (2) Heald Point (site 214), where the Sagavanirktok River delta 

meets Prudhoe Bay: (3) West Beach state pad (site 218) on the western end of the bay; and (4) 

west of the West Dock causeway (Site 220), approximately 4 km west of the bay (Figure 1). The 
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four specific sites for this study have each been sampled for a minimum of 22 summers 

throughout the monitoring program (McCain and Raborn 2017). Continuing existing sampling 

protocols will maintain consistency in the long-term data while still allowing for the collection of 

juvenile broad whitefish required for this study.  

Fyke nets will be checked every 24 hours throughout the summer to collect data for the 

monitoring program. Beginning in mid-August, I will seek to collect 75 juvenile broad whitefish 

(25 fish each from the age-0, age-1 and age-2 year classes) based on methods from previous diet 

and bioenergetics research (e.g., Hartman and Brandt 1995; Muir et al. 2010; Herbst et al. 2013). 

For stomach content and proximate composition analysis, mortalities incurred during fyke net 

sampling will be preferentially selected before additional fish are euthanized. After collection, all 

specimens will be frozen until they can be transported to University of Alaska Fairbanks for 

dissection of stomach contents and proximate composition analysis. Fish will be assigned to age 

cohorts based on previous work by Fechhelm et al. (1992) that showed a clear delineation 

between year classes for juvenile broad whitefish based on fish length. A small subset of fish 

across all lengths will be aged using otolith analysis at the conclusion of experimentation to 

verify age.  

In addition, 40 fish from each of the aforementioned cohorts (120 fish total) will be collected 

live to be used in laboratory growth experiments. These individuals will be held and transported 

to UAF laboratories in uniform temperature- and oxygen-regulated coolers to prevent differential 

environmental conditions among individuals. All fish collection and handling will be conducted 

in accordance with the required Alaska Department of Fish and Game (ADF&G) permits and the 

Institutional Animal Care and Use Committee (IACUC) protocol.  
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Figure 27. Fish collection sites for the 2017 field season (in red) and 
sites used in the past throughout the Beaufort Sea Fish Monitoring 

Program. Figure from McCain and Raborn (2017). 

 

Laboratory Analysis –Because bioenergetics models are energy-balance equations, it is 

necessary to quantify fish diet and mass in units of energy (Hartman and Kitchell 2008). 

Stomach contents removed from the specimens preserved in the field will be analyzed and 

identified to the lowest possible taxon. This information will be paired with prey bioenergetics 

data quantified by Hanson et al. (1997) to estimate the specific prey energy density for juvenile 

broad whitefish diet in the Prudhoe Bay population. Following stomach content removal, fish 

tissue will be homogenized for proximate composition and energy density analysis to provide 

species- and age-specific parameters for model input. Analysis of bioenergetics models 

demonstrates that fish energy density and prey energy density are among the most critical 

parameters for accurately predicting fish growth (Breck 2008). 
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Laboratory experiment – For quantification of standard metabolic rate (SMR), fish will be 

fasted prior to respirometry in order to exclude the influence of digestion, or specific dynamic 

action (SDA), on metabolic rate. Respirometry will be conducted following Chabot et al. (2016) 

on a sub-sample of live-collected fish covering the full length range (n = 30). However, all fish 

will be fasted to prevent any differences among individuals due to compensatory growth. 

Individuals observed for determination of SMR will remain in the respirometer for 48 hours to 

account for possible diurnal cycles in metabolism (Chabot et al. 2016).  

After SMR is determined, the sample population of individuals will be transferred to separate 

tanks in preparation for growth study at three temperature treatments (8, 12, and 15°C), with 

each age cohort represented in all treatments. Prior to any experimentation, fish will be 

acclimated to the tank in which they are to be observed.  All tanks will be maintained at a 

uniform salinity of 8 parts per thousand (ppt) corresponding to the average salinity of the water 

in which broad whitefish were captured for the 2016 field season (McCain and Raborn 2017). De 

March et al. (1989) showed that beyond the larval stage, juvenile broad whitefish tolerated a 

range of salinities up to 25 ppt. Fechhelm et al. (1993) concluded that juvenile growth for Arctic 

cisco C. autumnalis was not affected by salinities ranging between 6 and 30 ppt. Once 

acclimated, fish will be reared for 30 days at each temperature to determine growth rate. These 

data will be used to evaluate accuracy of modeling simulations. Growth observations in a 

controlled environment allow for examination of response to temperature without potential for 

confounding environmental variables.  

Bioenergetics Modeling – This study will use the Fish Bioenergetics 4.0 modeling software 

(Deslauriers et al., in progress), the newest iteration of the popular and widely used “Wisconsin 

model.” As with other bioenergetics models, Fish Bioenergetics 4.0 in its simplest form is an 

energy/mass balance equation: energy input (consumption) is equal to energy output 

(metabolism, wastes, and growth) (Hanson et al. 1997). By adjusting variables (e.g., water 

temperature), the model can be used to predict changes in growth and consumption under 

different climate change scenarios. As previously stated, there are currently no species-specific 

parameters for broad whitefish in Fish Bioenergetics 4.0, though the program allows for user 

input. In a review of the current state of fish bioenergetics research, Hartman and Kitchell (2008) 

express the need for using laboratory-derived metabolic input parameters when modeling 
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juvenile fish growth. Using the metabolic rate and prey energy density values obtained in this 

study, I will be able to model growth under multiple climate change scenarios. Modeled growth 

will then be compared against observed growth at corresponding temperatures in laboratory 

experiments in order to evaluate the accuracy of the bioenergetics model. Additional 

comparisons can be made with length-at-age data obtained in the Prudhoe Bay area and previous 

models based on field observations (e.g., Fechhelm et al. 1992).  

If funded, these funds will be used to build physiological knowledge of the broad whitefish, 

an important yet data limited subsistence species in Arctic Alaska. The funds will enable this 

research to produce accurate projections of species-specific response to climate change that 

would otherwise not be possible. With the majority of research expenses already provided, 

support from the GCSRG will have great impact on the scope of this project, significantly 

increasing our understanding of Arctic marine ecosystems.  
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