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Executive Summary 

The Beaufort Sea Fish Monitoring Program is the most comprehensive and continuous sampling 
effort 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 2018, which represented year 36 of the monitoring 
program, took place from July 05 through August 30, 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 sixty one net nights of sampling effort were 
employed over the 2018 sampling period, and environmental conditions during sampling were 
generally within historical ranges for the summer open-water period. Specifically, wind patterns 
were mostly westerly and easterly winds, and salinity was low at all four sites and the third 
lowest on record. Ice out was late and mean water temperatures were the fifth coldest on record 
since 2001. A total of 21 different fish species were identified among the 74,059 fish that were 
enumerated over the sampling period, which represented a 10% increase and a 29% decrease in 
the number of fish caught relative to 2017 and 2016, respectively. The total catch in 2018 was 
below the median total catch since 2001, ranking 11th out of the 18 years. The largest contributor 
to the catch was from the whitefish subfamily Coregoninae (45% of total catch). Individual 
species with the highest proportion of the total catch were Arctic Cod (18%), Arctic Cisco 
(16%), Arctic Flounder (14%), Least Cisco (14%), and Broad Whitefish (12 %). Catches in 2018 
only included one species that is uncommon for the project (Slimy Sculpin) and a new life stage 
for another species (juvenile Pink Salmon). Catches of Arctic Flounder and Broad Whitefish 
were at their lowest since 2015; however, there were only two years with lower Fourhorn 
Sculpin catches (2002 and 2015) since 2001. Rainbow Smelt and Saffron Cod catches were the 
highest that they have been since 2013 and 2014, respectively. Catches of Arctic Cod, Arctic 
Cisco, Least Cisco, and Dolly Varden were the highest that they have been since at least 2014 
(Arctic and Least Cisco) or 2015 (Dolly Varden; with the exception of Arctic Cod in 2016). The 
low abundance of Broad Whitefish, particularly relative to the previous two sampling years, was 
in large part due to the capture of significantly fewer age-0 fish. Greater Arctic Cisco, Least 
Cisco, and Dolly Varden catches in 2018 were driven, in large part, by an abundance of fish < 
120 mm, < 180 mm, and < 350 mm, respectively. For all three of these species, it appears that 
strong year classes of age-0 fish were the primary drivers of these increased catches, which 
suggests favorable conditions for recruitment for these species. Overall, fish catches and 
environmental conditions in 2018 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. 
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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 
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subsequent recruitment and year-class strength was identified by Gallaway et al. (1983). In 

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 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.  

As noted above, the primary goal of this study was/is 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 occasionally 

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 
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for the examination of the effects of 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 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 starts 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 in 2018 were operated from July 05–August 30, although the installation and 

removal of each site varied. Each of the four sites was sampled a minimum of 30 days, for a total 

of 165 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, Dolly Varden and all Pacific salmon species. Total length (to 

the nearest 1 mm) was also measured for Saffron Cod and Arctic Cod. Up to 30 fish per size 

class from each of these species were measured at each cod end (one cod end per net) for all 

sites. After 30 measurements were completed per size category, any additional fish were counted 

only. 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 following species-specific 

characteristics in Mecklenburg et al. (2002), George et al. (2009), and Thorsteinson and Love 

(2016).  
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Several biological samples were also collected throughout the duration of the sampling 

period for later analyses. These included the retention of aging structures from Arctic Cisco 

(otoliths, scales, and fin rays) and Pink and Chum Salmon (scales) to be used for age-and-growth 

analyses and genetic tissues from adult Pacific salmon for DNA analysis (to be conducted by 

Alaska Department of Fish and Game’s Gene Conservation Lab). A total of 221 juvenile Broad 

Whitefish were also collected and transported live to UAF for bioenergetics-related laboratory 

experiments. All incidental mortalities of Arctic Cod, Saffron Cod, Rainbow Smelt, and juvenile 

Broad Whitefish were retained for future analysis in the laboratory at UAF, and, in the case of 

Arctic and Saffron Cod, augmented with additional samples. Sample sizes for these four species 

were as follows: Arctic Cod (n = 122), Saffron Cod (n = 178), Rainbow Smelt (n = 130), and 

Broad Whitefish (n = 140). Fourhorn Sculpins (n = 173) were also retained for a laboratory 

evaluation of age and growth. 

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

HOBO Water Temperature Pendant MX2201 Data Loggers (Onset Computer Corporation, 

Bourne, 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 2018 followed the same basic established methods as 

documented in McCain and Raborn (2017).  

In 2018, additional protocols were added or previous protocols were modified to daily 

sampling activities without affecting the underlying study. These protocol modifications 

included measuring fork length of all collected Pacific salmon species and the collection of 

genetic tissues from adult Pacific salmon for DNA analysis, scales from Pink and Chum Salmon 

for aging purposes, and Fourhorn Sculpin for age and growth evaluations in the laboratory at 

UAF. Sample sizes for fork-length measurements of indicator species (listed above) were 

reduced from 50 to 30 fish per size category after statistical analyses found no significant 

difference in the quality of data yielded with a reduced sample size. Additional aging structures 
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(fin rays and scales) were also collected from Arctic Cisco for precision analysis of age 

estimations among and within structures.  

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’;  

     𝐻! = − [𝑃! ∗ ln 𝑃! ]!
!!!                     𝐽! =  !!

!!"#
 

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

Mixture models were conducted on Broad Whitefish and Arctic Cisco to develop estimated age 

class structures. All Broad Whitefish < 250 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 assumed linear growth of fish and estimated most likely intercept and slope 

for four normally-distributed modes (ages 0, 1, 2, and 3+). Mixture models pooled all sites 

together because they were assumed to come from the same underlying population. In years 

where the model failed to converge, results either interpolated using the mean growth rate from 

the previous and following year for that age cohort, or was fit manually. Results from mixture 

models were used to calculate daily length cutoffs for age-0, age-1, age-2, and age-3+ fish (i.e., 

given a certain day of year, the length ranges at which fish are more likely to one age than 

another). Proportions of each age group at each sampling net for each day were then expanded 

out to the rest of the total number of unmeasured fish in each length group.  

Most analyses compared the results from 2018 to data from 2001–2017. 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.  
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Results 

Environmental Conditions 

Wind patterns in 2018 were characterized by mostly westerly and easterly winds (Figure 3). 

Between July 05 and August 30 there were 20 days with an average westerly wind direction, 19 

days with easterly winds, 13 days with northerly winds, and five days with southerly winds. 

Mean wind speed and direction was 17.2 km/h and 11.7°, respectively. Relative to sampling in 

previous years, 2018 was well above the median in the number of westerly wind days (Figure 4).  

Similar to 2017, shore-fast ice delayed the initial deployment of the fyke nets at all four 

sampling sites in 2018. Water temperatures in 2018 were cooler than the long-term average and 

much cooler than in 2017. Mean water temperatures were the coldest since 2005 (Table 2). Site 

230 had the highest average water temperature (8.7°C) in 2018, while site 220 had the coolest 

average water temperature (6.3°C). Water temperatures were fairly stable in July before 

declining through August 2018 (Figure 5).  

Similar to previous years with late melting of sea ice, salinity in 2018 was low early in the 

sampling season before rising in late July (Figure 5). In general, salinity at sites 230 and 214 

reflected predominately freshwater conditions with occasional spikes in salinity, while sites 218 

and 220 were predominately estuarine conditions with some periods of freshwater conditions. 

Site 220 had the highest mean salinity (11.5 ppt) in 2018, while site 230 had the lowest mean 

salinity (1.0 ppt). Sites 214 and 230 were also the sites that were closest to the freshwater input 

from the Sagavanirktok River, which contributed substantially to the lower overall salinity at 

these sites. Notably, July and August freshwater discharge from the Sagavanirktok River was 

greater in 2018 than in any other year 2001–2018: the average discharge was 7,885 cubic feet per 

second (cfs), compared to the 2001 – 2017 average of 4,556 cfs (USGS 2018). 

Species Composition and Total Catch 

Over the 2018 sampling period, a total of 21 different species (not including hybrids) were 

identified among the 74,059 fish that were enumerated (Table 3). In comparison, a total of 

66,383 fish (representing 24 different species) were captured in 2017 and 104,899 fish were 

captured in 2016 (representing 23 different species). The largest contributor to the 2018 count 
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was from the whitefish subfamily (Coregoninae; 45% of total catch; Figure 6). Individual 

species with the highest proportion of the total catch were Arctic Cod (18%), Arctic Cisco 

(16%), Arctic Flounder (14%), Least Cisco (14%), and Broad Whitefish (12 %). While the 

relative abundance of taxa varied during the 2018 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 2018 of 74,039 fish was below 

the median total catch since 2001, ranking 11th out of the 18 years (range: 44,733–468,663 fish). 

In contrast to 2017, catches in August 2018 were, on average, higher than in July 2018, peaking 

on July 30 (5,116 fish), August 26 (8,243 fish), and August 28 (5,446 fish). In general, catches in 

2018 appeared to peak in late July and early August followed by a notable decline in catches 

through mid-August before peaking again in late August. 

Although catches in 2017 consisted of several species that are uncommon or new for the 

project (e.g., Arctic Char Salvelinus alpinus, Shorthorn Sculpin Myoxocephalus scorpius, 

Sockeye Salmon, and Whitespotted Greenling Hexagrammos stelleri), none of these species 

were captured in 2018. Only one uncommon species was captured during the 2018 sampling 

period, which was a single Slimy Sculpin Cottus cognatus. 

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 increased significantly from 2016 

(568 fish and 3.4 fish/net night, respectively) and 2017 (384 fish and 2.1 fish/net night, 

respectively) to 2018 (8,096 fish and 50.2 fish/net night, respectively; Figure 8). Catch and 

CPUE for length group 2 was similar between 2016 (3,120 fish and 18.6 fish/net night, 

respectively) and 2018 (3,008 fish and 18.6 fish/net night, respectively), and catch and CPUE 

were greater both years than in 2017 (1,231 fish and 6.6 fish/net night, respectively). However, 

both catch and CPUE declined for length group 3 fish from 2016 (1,927 fish and 11.5 fish/net 

night, respectively) to 2017 (1,366 fish and 7.3 fish/net night, respectively) to 2018 (1,067 fish 

and 6.6 fish/net night, respectively). There were no clear trends over the past three years in mean 

length for Arctic Cisco for length categories 1 (2018: 107 mm; 2017: 94 mm; 2016: 107 mm), 2 

(2018: 141 mm; 2017: 196 mm; 2016: 182 mm), or 3 (2018: 316 mm; 2017: 291 mm; 2016: 292 
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mm); similarly, there were no clear trends in the smallest and largest fish in length categories 1 

and 3 among years (2018: 50 and 401 mm, respectively; 2017: 50 and 424 mm, respectively; 

2016: 74 and 399 mm, respectively). 

In 2018, a total of 12,171 Arctic Cisco were captured, which is up from 2017 (2,981 fish) and 

2016 (5,616 fish). Similarly, CPUE of Arctic Cisco was also higher in 2018 (75.4 fish/net night) 

relative to 2017 (16.1 fish/net night) and 2016 (33.8 fish/net night; Figure 9). These comparisons 

were made without regard to age classes. The catch and CPUE of Arctic Cisco in 2018 were the 

highest on record since 2014 and ranked 8th and 7th highest, respectively, since 2001. Catches 

and CPUE for Arctic Cisco varied among sampling sites (220: 1,497 fish and 34.5 fish/net night, 

respectively; 218: 2,263 fish and 53.0 fish/net night, respectively; 214: 4,788 fish and 158.3 

fish/net night, respectively; 230: 3,623 fish and 80.3 fish/net night, respectively), and appear to 

be influenced by salinity differences among sites. Mean length was smaller for Arctic Cisco in 

2018 (148 mm; Table 4) than in either 2017 (230 mm) or 2016 (215 mm).  However, the range in 

length for Arctic Cisco in 2018 (50-401 mm) was narrower than in 2017 (50-424 mm) but wider 

than in 2016 (74-399). 

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 were greater in 2018 

(3,414 fish and 21.2 fish/net night, respectively) than 2017 (1,146 fish and 6.1 fish/net night, 

respectively) and 2016 (370 fish and 2.2 fish/net night, respectively; Figure 10). Similarly, the 

mean length and the minimum length for this length class was greater in 2018 than the previous 

two sampling years (2018: 152 mm and 70 mm, respectively; 2017: 127 mm and 52 mm, 

respectively; 2016: 136 mm and 59 mm, respectively). Both catch and CPUE for length group 2 

fish in 2018 (7,000 fish and 43.4 fish/net night, respectively) were intermediate between 2017 

(5,777 fish and 30.9 fish/net night, respectively) and 2016 (7,837 fish and 46.7 fish/net night, 

respectively). In contrast to length group 1, the mean length and maximum length were smaller 

in 2018 (266 mm and 390 mm, respectively) than the previous two years (2017: 288 mm and 396 

mm, respectively 2016: 292 mm and 440 mm, respectively). 
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The catch and CPUE of Least Cisco in 2018 (10,414 fish and 64.5 fish/net night, 

respectively), regardless of length group, was greater than in 2017 (6,923 fish and 37.5 fish/net 

night, respectively) and 2016 (8,207 fish and 49.4 fish/net night, respectively; Figure 11). 

Although the catch and CPUE of Least Cisco in 2018 were the highest they have been since 

2014, catch and CPUE were ranked 10th and 11th highest respectively, since 2001. Both catch 

and CPUE of Least Cisco varied by sampling site, with the highest catches and CPUE occurring 

at high salinity sites (220: 1,759 fish and 40.6 fish/net night, respectively; 218: 5,827 fish and 

136.6 fish/net night, respectively) relative to low salinity sites (214: 2,091 fish and 69.1 fish/net 

night, respectively; 230: 737 fish and 16.3 fish/net night, respectively). Although the mean 

length of Least Cisco in 2018 (221 mm; Table 4) was lower than in 2017 (258 mm) and 2016 

(286 mm), the length range was narrower in 2018 (79-390 mm) than in 2017 (52–396 mm) and 

2016 (59–440 mm). 

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 

significantly lower in 2018 (2,094 fish and 13.0 fish/net night, respectively) than in 2017 (12,775 

fish and 68.3 fish/net night, respectively) and 2016 (11,127 fish and 66.2 fish/net night, 

respectively; Figure 12). For this size category, mean length was largest and the minimum length 

was smallest (tied with 2017) for fish in 2018 (106 mm and 37 mm, respectively) relative to 

2017 (99 and 37 mm, respectively) and 2016 (75 and 46 mm, respectively). For length group 2, 

catch and CPUE was higher in 2018 (6,167 fish and 38.2 fish/net night, respectively) than the 

other two sampling years (2017: 4,588 fish and 24.5 fish/net night, respectively; 2016: 2,173 fish 

and 12.9 fish/net night, respectively); however, the mean length of fish in this size category was 

intermediate in 2018 (169 mm) relative to 2017 (156 mm) and 2016 (175 mm). For length group 

3 fish, there was no trend in catch and CPUE among years (2018: 984 fish and 6.1 fish/net night, 

respectively; 2017: 2017 (1,947 fish and 10.41 fish/net night, respectively; 2016: 867 fish and 

5.16 fish/net night, respectively). Mean length for this length group was the same in 2018 and 

2017 (319 mm), which was smaller than in 2016 (330 mm). However, the maximum length was 

greater in 2018 (559 mm) than in 2017 (528 mm) or 2016 (550 mm; 2015). 
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The total catch and CPUE of Broad Whitefish in 2018 (9,245 fish and 57.3 fish/net night, 

respectively) was lower than in 2017 (19,310 fish and 103.26 fish/net night, respectively) and 

2016 (14,167 fish and 84.33 fish/net night, respectively), and was the 9th and 7th highest catch 

and CPUE 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 catches and CPUE generally higher at lower salinity sites (214: 

4,181 fish and 138.2 fish/net night, respectively; 230: 2,065 fish and 45.8 fish/net night, 

respectively) than higher salinity sites (220: 785 fish and 18.1 fish/net night, respectively). The 

exception to this trend in 2018 was site 218 (218: 2,214 fish and 51.9 fish/net night, 

respectively). The mean length and length range for Broad Whitefish was greater in 2018 (183 

mm and 37-559 mm, respectively) than in 2017 (156 mm and 37–528 mm, respectively; Table 4) 

and 2016 (141 mm and 46–550 mm, respectively).  

Results from mixture models estimated the annual abundance by age class of juvenile Broad 

Whitefish and Arctic Cisco < 250 mm. There were an estimated 8 age-0, 2,333 age-1, 5,067 age-

2, and 846 age-3+ Broad Whitefish < 250 mm captured in 2018 (Table 5). There were an 

estimated 1 age-0, 10,481 age-1, 399 age-2, and 209 age-3+ Arctic Cisco < 250 mm captured in 

2018 (Table 6). The numbers of age-0 Broad Whitefish and Arctic Cisco were both greatly 

reduced from 2017.  

Humpback Whitefish 
In 2018, Humpback Whitefish were larger on average (mean length = 301 mm, length range 

= 88-495) than in 2017 (mean length = 289 mm, length range = 90–482 mm) but smaller on 

average than in 2016 (mean length = 354 mm, length range = 82 mm to 557 mm; Figure 14). The 

catch and CPUE for Humpback Whitefish in 2018 was 1,243 fish and 7.7 fish/net night, 

respectively, which was lower than in 2017 (1,651 fish and 8.8 fish/net night, respectively), and 

2016 (1,554 fish and 9.3 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: 392 fish and 9.0 fish/net night, respectively; 218: 591 fish and 13.6 
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fish/net night, respectively) than those with higher salinity (214: 155 fish and 5.1 fish/net night, 

respectively; 230: 105 fish and 2.3 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 

2018, the catch and CPUE for length group 1 (< 350 mm) was 1,611 fish and 10.0 fish/net night, 

respectively, and 275 fish and 1.7 fish/net night, respectively for length group 2 (≥ 350 mm; 

Figure 16). For length group 1 fish, both catch and CPUE were much higher in 2018 than in 

2017 (509 fish and 2.7 fish/net night, respectively) or 2016 (423 fish and 2.5 fish/net night, 

respectively). In contrast, both catch and CPUE for length group 2 fish were only slightly higher 

in 2018 than in 2017 (175 fish and 0.9 fish/net night, respectively) and 2016 (213 fish and 1.3 

fish/net night, respectively). Dolly Varden were smaller in mean length but had a broader length 

range in 2018 (214 mm and 77-348 mm, respectively) relative to 2017 (227 mm and 82-348 mm, 

respectively) and 2016 (235 mm and 105-349 mm, respectively) for length group 1 fish. 

Although the length range of length group 2 fish was broader in 2018 (352-717 mm) than in 

2017 (350-666 mm) or 2016 (351-681 mm), the mean length of fish in 2018 (465 mm) was 

intermediate between 2016 (458 mm) and 2017 (505 mm). 

A total of 1,895 Dolly Varden were captured in 2018, regardless of size-class designation, 

and CPUE was 11.7 fish/net night. The catch and CPUE of Dolly Varden were much lower in 

2017 (684 fish and 3.7 fish/net night, respectively) and 2016 (636 fish and 3.8 fish/net night; 

Figure 17). Since 2001, the catches and CPUE of Dolly Varden in 2018 were 10th and 9th highest, 

respectively. Dolly Varden catch and CPUE in 2018 varied by site with salinity, with the highest 

catches and CPUE occurring at sites with higher salinity (214: 766 fish and 25.3 fish/net night, 

respectively; 230: 462 fish and 10.2 fish/net night, respectively) than at sites with lower salinity 

(218: 404 fish and 9.5 fish/net night, respectively; 220: 263 fish and 6.1 fish/net night 

respectively). Although the mean length of Dolly Varden was smaller in 2018 relative to the 

previous two years, the length range was broader in 2018 than in 2017 and 2016. For example, 

the mean length and length range in 2018 was 269 mm and 77-717 mm, respectively (Table 4), 
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compared to 314 mm and 82–666 mm, respectively, in 2017 and 313 mm and 105–681 mm, 

respectively, in 2016.  

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 

greater in 2018 (13,251 fish and 82.1 fish/net night) than in 2017 (2,010 fish and 46.74 fish/net 

night, respectively), but substantially lower than in 2016 (47,328 fish and 281.71 fish/net night, 

respectively; Figure 19). The catch of Arctic Cod in 2018 was the 6th highest observed since 

2001, but represented the second highest catch of this species since 2005. Catches and CPUE for 

Arctic Cod varied considerably among sampling sites: site 214 (473 fish and 15.6 fish/net night. 

respectively), site 218 (11,040 fish and 258.7 fish/net night, respectively), site 220 (1,793 fish 

and 39.3 fish/net night, respectively), and site 230 (35 fish and 0.78 fish/net night, respectively). 

Arctic Cod were not separated into length groups and 2018 was second year of length 

measurements. The mean length for all Arctic Cod caught in 2018 was 113 mm, with a range of 

63-238 mm (Table 4; Figure 19). Although mean size of Arctic Cod was larger in 2018 than in 

2017, the range in length was greater in 2017 than in 2018. 

Saffron Cod 
The total catch and CPUE of Saffron Cod was higher in 2018 (2,831 fish and 17.5 fish/net 

night) than in either 2017 (1,822 fish; 9.7 fish/net night) or 2016 (1,691 fish; 10.1 fish/net night; 

Figure 20). In comparison to historical records, the catch of Saffron Cod in 2018 was within the 

range of 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 (218: 1,397 fish and 32.7 fish/net night, respectively; 220: 448 fish 

and 10.3 fish/net night, respectively; Site 214: 797 fish and 26.4 fish/net night, respectively; Site 

230: 189 fish and 4.2 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 Saffron Cod 

caught in 2018 was 210 mm, with a range of 63–510 mm (Table 4; Figure 21). Although the 

mean length of Saffron Cod in 2018 was larger in 2018 than in 2017, the length range was 

similar between years. 
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Rainbow Smelt 
The catch and CPUE for Rainbow Smelt was 5,746 fish and 35.6 fish/net night, respectively, 

in 2018. The catch and CPUE were higher than in either of the past two years (2017: 4,669 fish 

and 25.0 fish/net night, respectively; 2016: 3,694 fish and 22.0 fish/net night, respectively), were 

the highest it has been since 2013 and the 4th highest on record since 2001 (Figure 22). Catch and 

CPUE of Rainbow Smelt varied by site in relation to salinity. For example, catches and CPUE 

were generally lower at high salinity sites (218: 981 fish and 23.0 fish/net night, respectively; 

220: 175 fish and 4.0 fish/net night, respectively) and higher at low salinity sites (214: 3,624 fish 

and 119.8 fish/net night, respectively; 230: 966 fish and 21.4 fish/net night, respectively). 

Rainbow Smelt were not measured for length. 

Arctic Flounder 
The catch of Arctic Flounder in 2018 totaled 10,549 fish, with a CPUE of 65.4 fish/net night. 

Both catch and CPUE of Arctic Flounder were lower in 2018 than in 2017 (16,486 fish and 88.2 

fish/net night, respectively) and 2016 (13,053 fish and 77.7 fish/net night, respectively; Figure 

23). The catch and CPUE of Arctic Flounder in 2018 were both the 8th highest observed since 

2001 (the highest catch was in 2013 with 17,298 fish). Both catches and CPUE of Arctic 

Flounder were highly variable among sites, with the highest catches and CPUE at sites 214 

(4,847 fish and 160.3 fish/net night, respectively) and 218 (4,520 fish and 105.9 fish/net night, 

respectively) and lowest catches and CPUE at sites 230 (309 fish and 6.9 fish/net night, 

respectively) and 220 (873 fish and 20.1 fish/net night, respectively). Arctic Flounder were not 

measured for length. 

Fourhorn Sculpin 
A total of 5,741 Fourhorn Sculpin were captured in 2018, with a CPUE of 35.6 fish/net night. 

Both the catch and CPUE of Fourhorn Sculpin were lower in 2018 than in 2017 (8,464 fish and 

45.3 fish/net night, respectively) and 2016 (6,582 fish and 39.2 fish/net night, respectively), and 

catches and CPUE over the past three years have generally been well below the historical record 

for this species (Figure 24). Not only did catches of Fourhorn Sculpin vary among sites (214: 

1,412 fish; 230: 615 fish; 218: 2,393 fish; 220; 1,321 fish), but CPUE also varied among sites 

214 (46.7 fish/net night), 230 (13.6 fish/net night), 220 (30.5 fish/net night), and 218 (56.1). A 

subset of 173 Fourhorn Sculpin spanning all observed lengths were measured and collected for 
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laboratory investigation. The mean length for these 173 measured fish was 188 mm, with a range 

of 56–328 mm. 

Pacific Salmon 

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

Bay region during annual monitoring efforts. 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 2018, and both individuals were adults (mean 

length: 616 mm; length range: 608-623 mm). Although the Chum Salmon catch and CPUE in 

2018 was similar to 2017 (two fish) 2016 (four fish; Figure 25), no juveniles (as in 2017) were 

captured in 2018. In 2018, both Chum Salmon were captured at site 218 and, as noted above, 

both fish were measured for length.   

Pink Salmon  
A total of 22 Pink Salmon (CPUE = 0.1 fish/net night) were captured in 2018. However, only 

10 of these fish were measured for length; unlike 2017 and 2016 (CPUE = 0.2 fish/net night ach 

year) when all captured Pink Salmon were adult fish, fish collected in 2018 were a combination 

of both juveniles and adults. The mean length of Pink Salmon captured in 2018 was 368 mm and 

the length range was 65–491 mm, whereas 31 Pink Salmon were captured in 2017 (mean = 453 

mm, range = 390-534 mm) and 25 Pink Salmon were captured in 2016 (mean = 444 mm, range = 

338–569 mm). Although catches and CPUE from 2003–2005 (29 fish each year) were similar to 

2016–2018, 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 2018 

also varied by sampling site: 214 (4 fish), 218 (18 fish), 220 (0 fish), and 230 (0 fish).   

Discussion 

Continuation of this project in 2018 represented year 36 of a mostly continuous standardized 

sampling program since 1981. Although there were some changes to the sampling protocols that 
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were used in 2018, these modifications were implemented to either streamline sampling efforts 

or collect additional samples and data. In all cases, these changes did not alter data collection in a 

manner that would impact the study results. As a result, the integrity of the sampling protocols 

and locations was maintained in a standardized manner. Overall, fish catches and environmental 

conditions in 2018 were generally within or near previously reported ranges. The total number of 

fish caught in 2018 (74,059 fish) was well below the 2001–2017 mean (101,697 fish) and 

represented the 11th largest catch year since 2001.   

Although the environmental conditions that occurred in 2018 were generally standard and 

within the historical ranges for this time of year, it was an unusual year in that spring/summer 

was delayed and shore-fast and floating ice was prevalent well into July. These conditions were 

more typical of those encountered in the 1980s than in the 2000s (K. Dunton, University of 

Texas at Austin, personal communication). Conditions remained cool all summer, with nearshore 

water temperatures cooler than the long-term average and much colder than were reported in 

2017 at all sites. Site 230, as in 2017, was the warmest of the four sampling sites in 2018. It is 

not clear if or to what extent the cooler water temperatures that occurred in 2018 influenced the 

species composition, catch (i.e., relative abundance), and size structure (for those species in 

which length was measured in 2018) for Arctic fishes collected during this project. The salinity 

conditions in 2018 were the 3rd lowest on record since 2001, and the lowest salinity since 2005. 

Not surprisingly, salinity graded from predominantly freshwater conditions at sites 230 and 214 

to more estuarine/brackish salinities at sites 220 and 218. Although sites 220 and 230 had the 

highest and lowest salinities, on average, again in 2018 (11.5 and 1.0 ppt, respectively), these 

salinities were considerably lower than reported at these sites in 2017 (20.4 and 7.7 ppt, 

respectively). It will be important to continue to track salinity given potential changes in 

discharge regimes from the Sagavanirktok River that may occur from increased permafrost 

melting within the drainage and transport of meltwater due to climate warming (Schuur et al. 

2008). Increased meltwater will result in higher concentrations of dissolved organic matter 

(DOM) in nearshore areas (Mathis et al. 2009). Humics are an important component of DOM, 

and are the tea-colored compounds in river water that reduce light for phytoplankton (Cooper et 

al. 2005). Humics are also a carbon source for marine bacteria, which are the main competitors 

of phytoplankton for nitrogen and phosphorus (Kirchman et al. 2009). Because these changes are 
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occurring at the base of the food web, the impact will ultimately affect production in upper 

trophic levels. 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 serve as a 

proxy of these and other environmental changes. Given the importance of abiotic factors on the 

species composition, relative abundance, and size and age structure, there is a need to collect 

higher quality, more continuous data on key environmental drivers (e.g., water temperature, 

salinity, pH, currents, etc.) to better understand their dynamics relative to the aforementioned 

trends in fish data. 

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

winds; however, in 2018, wind patterns were mostly westerly or easterly, with a mean wind 

direction of 11.7o. In contrast, wind patterns were predominantly easterly and northerly in 2017, 

with a mean wind direction was 47°. Relative to previous years, there were much more westerly 

wind days: between July 1 and August 31, there were 23 westerly winds compared to the 2001–

2017 average of 13.1 days. 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. The above average number of 

westerly wind days in 2018 resulted in higher than normal water depths at net sites. Water-level 

depth at the sampling sites can fluctuate from 0.5 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 causes upwelling events to occur, which replace nearshore waters with deeper, colder, 

more saline marine water. As a result, wind patterns have the potential to impact nearshore fish 

assemblages due to their influence on environmental conditions in these areas. 

A notable result from 2018 was that the number of fish species caught (21 species) was lower 

than the number of species caught in 2017 (24 species). Since 2001, the range in fish species 

collected during the sampling period has ranged from 17 (2006) to 24 (2017) species, with a 

mean and median of 20.11 and 20 species, respectively. The most uncommon species captured in 

2018 was a single Slimy Sculpin. Although this species was not collected in 2017, four 

individuals were captured in 2016 and a single fish was captured in 2015. The 2015 sampling 

year marked the first time that this species has been captured since 2001. Although not a new 
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species, it is also noteworthy that juvenile Pink Salmon were captured for the first time during 

this study. While Pink Salmon have been caught every year since 2002 (catch range, 1 to 284 

fish), catches of this species prior to 2018 were comprised strictly of adult fish. At this point, the 

drainage of origin for these juvenile Pink Salmon is not clear. However, it is likely that these fish 

are from a nearby system, likely one of the Beaufort Sea drainages in Canada, which is 

consistent with recent documented increases in Pacific salmon in the Canadian Arctic (K. 

Dunmall, Department of Fisheries and Oceans Canada, personal communication). 

Catch trends in 2018 were generally similar to previous years. The highest catch days were 

July 30 (5,116 fish), August 26 (8,243 fish), and August 28 (5,446 fish). High catches in August 

were largely due to large numbers of Arctic Cod (August 26: 6,782 fish; August 28: 2,886 fish) 

that were caught at sites 220 and 214 following light to moderate west winds and an increased 

period of salinity at these two nearshore sites. In contrast, the high catch on July 30 was caused 

by an abundance of Arctic Flounder (1,466 fish), Broad Whitefish (1,258 fish), and Rainbow 

Smelt (1,061 fish). Catches of Arctic Flounder and Broad Whitefish were at their lowest since 

2015; however, there were only two years with lower Fourhorn Sculpin catches (2002 and 2015) 

since 2001. Rainbow Smelt catches were the highest that they have been since 2013, and 

represented the 4th highest observed catch total since 2001. Similarly, the catch of Saffron Cod 

was the highest it has been since 2014 and the 6th highest observed catch since 2001. Saffron 

Cod catches have been notably higher since 2008 (catch range, 838-12,519 fish) relative to 2001-

2007 (catch range, 74-1,733 fish), which suggests a change in nearshore conditions that may be 

contributing to a greater relative abundance of this species. Likewise, Arctic Cod catches have 

been relatively low since 2004 (with the exception of 2016), again suggesting changing 

nearshore conditions. Catches of Arctic Cod, Arctic Cisco, Least Cisco, and Dolly Varden were 

the highest that they have been since at least 2014 (Arctic and Least Cisco) or 2015 (Dolly 

Varden; with the exception of Arctic Cod in 2016). The low abundance of Broad Whitefish, 

particularly relative to the previous two sampling years, was in large part due to the capture of 

significantly fewer age-0 fish. Greater Arctic Cisco. Least Cisco, and Dolly Varden catches in 

2018 were driven, in large part, by an abundance of fish < 120 mm, < 180 mm, and < 350 mm, 

respectively. For all three of these species, it appears that strong year classes of age-0 fish were 

the primary drivers of these increased catches, which suggests favorable conditions for 
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recruitment for these species. Continued monitoring of nearshore fish stocks, particularly the 

whitefish species noted above given their importance to subsistence fisheries as well as the two 

cod species, 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). However, there is also a need to develop a better understanding of the abiotic 

and biotic drivers of fish catches/abundance of all species in nearshore areas of the Beaufort Sea 

given their importance in the trophic food web as climate conditions continue to change at a 

rapid rate in the Arctic. 
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Table 1. Sampling summary of site orientation, sampling duration, and total days fished per site 
in 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Site Name Net Orientations Start Date End Date Total Net Nights Sampled
220 West Dock East/West July 13 August 30 44
218 West Beach East/West July 15 August 29 44
214 Niakuk East/West July 11 August 28 31
230 Endicott North/South July 05 August 28 46

2018 Sampling Summary
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Table 2. Range of water temperatures (°C) and salinity (ppt), 2001–2018. All sites and water 
column measurements are combined. 

 

 

 

 

 

 

 

 

 

Year Mean Range SD Mean Range SD
2001 6.7 0.5–14.9 3.41 5.9 0.1–36.0 6.31
2002 6.9 0.7–18.8 2.50 13.0 0.1–30.2 7.48
2003 7.1 0.3–15.2 2.73 9.4 0.1–25.9 7.53
2004 8.1 1.7–15.2 2.67 13.1 0.1–29.9 8.66
2005 7.1 1.6–13.5 2.02 6.9 0.1–24.0 6.96
2006 8.9 0.1–17.9 2.21 10.2 0.1–26.9 6.10
2007 8.5 3.7–12.5 1.45 16.3 0.2–30.1 9.19
2008 8.4 0.4–19.1 2.08 14.8 0.1–29.1 9.16
2009 8.0 4.3–22.1 2.09 19.1 0.1–32.6 9.61
2010 8.2 3.7–14.2 1.95 10.1 0.1–27.2 7.57
2011 8.9 3.7–14.2 2.25 19.1 0.2–32.1 7.97
2012 9.9 3.6–17.1 2.27 15.1 0.1–27.5 8.17
2013 9.3 2.1–15.2 2.89 13.0 0.1–31.1 9.31
2014 7.6 2.2–13.3 2.17 9.2 0.1–28.8 8.49
2015 7.4 2.3–15.0 2.06 11.9 0.1–25.9 7.09
2016 8.2 2.9–17.8 2.31 12.8 0.1–26.8 7.87
2017 9.5 3.4–16.6 2.24 13.8 0.2–32.7 9.95
2018 7.3 1.3–15.7 3.35 7.3 0.1–28.9 7.39

Temperature (°C) Salinity (ppt)
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Table 3. Total catch of species at each site, 2018. Species richness, diversity, and evenness 
calculations did not include hybrid species. 
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Table 4. Mean length of all measured fish species Prudhoe Bay, Alaska, 2018. All sampling sites 
are combined. All fish were measured to fork length (FL), except for Arctic Cod, Saffron Cod, 
and Fourhorn Sculpin, which were measured to total length (TL). Sampling for Pink Salmon 
only occurred during the later half of the season. Fourhorn Sculpin samples were not randomly 
selected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species Number Sampled Mean Length (mm) Length Range (mm) Standard Deviation
Arctic Cisco 6,130 148.3 50–401 73.0
Arctic Cod 1,258 112.9 63–238 32.1
Broad Whitefish 4,821 182.6 37–559 75.2
Chum Salmon 2 615.5 608–623 10.6
Dolly Varden 1,055 269.4 77–717 118.4
Fourhorn Sculpin† 173 188.4 56–328 63.7
Humpback Whitefish 1,142 300.4 88–495 80.2
Least Cisco 5,716 220.8 79–390 66.2
Pink Salmon* 12 350.0 65–491 174.4
Saffron Cod 2,041 209.7 63–510 73.2
Total 22,177
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Table 5. Estimated age classes of Broad Whitefish by year, 2001–2018. Mixture models of 
putative age assignment were only run on fish in Length Groups 1 and 2 (<250 mm). Total 
numbers of fish may differ due to rounding errors or unknown length groupings. 

 

 

 

 

 

 

 

 

 

Length Group 3
Year Age-0 Age-1 Age-2 Age-3+ Age-3+
2001 58 1,875 451 1,418 1,344
2002 128 2,480 253 102 595
2003 77 4,396 927 216 1,605
2004 3,391 592 3,195 658 1,530
2005 0 4,411 476 1,109 717
2006 764 197 2,499 267 872
2007 108 2,888 75 463 726
2008 3,679 2,326 2,460 33 1,233
2009 18 6,727 1,362 604 832
2010 93 977 6,061 795 878
2011 263 547 227 594 556
2012 13,700 1,494 152 39 509
2013 2,308 20,917 1,033 30 687
2014 33 5,149 6,825 341 739
2015 1,624 449 1,910 1,681 314
2016 10,455 1,560 117 1,306 867
2017 1,096 14,126 1,426 752 1,920
2018 8 2,333 5,067 846 982

Length Groups 1 & 2
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Table 6. Estimated age classes of Arctic Cisco by year, 2001–2018. Mixture models of putative 
age assignment were only run on fish in Length Groups 1 and 2 (<250 mm). Total numbers of 
fish may differ due to rounding errors or unknown length groupings. 

 

 

Length Group 3
Year Age-0 Age-1 Age-2 Age-3+ Age-3+
2001 15 6,556 3,100 2,103 1,585
2002 0 345 679 1,062 2,407
2003 0 31 306 1,561 3,665
2004 14 59 114 724 2,115
2005 374 410 43 92 1,475
2006 3 665 55 162 504
2007 40,105 2,010 70 65 561
2008 23,010 644 98 32 307
2009 32,437 13,893 625 52 405
2010 87 6,471 1,202 431 716
2011 39,388 2,047 945 573 1,444
2012 1,623 2,562 164 468 1,705
2013 838 3,866 1,412 290 1,002
2014 343 11,737 1,525 1,120 1,972
2015 180 1,203 2,764 818 546
2016 0 1,011 562 2,103 1,927
2017 158 360 388 705 1,366
2018 1 10,481 399 209 1,067

Length Groups 1 & 2
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Figure 1. Overview map of study area and the four sampling sites near Prudhoe Bay, Alaska 
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Figure 2. Fyke net diagram of the double-ended codend nets used during 
sampling, 2018. Objects are not drawn to scale. 
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Figure 3. Wind velocity vectors over the 2018 sampling season. Meteorological data are from the 
NOAA National Weather Service station in Deadhorse, Alaska. 
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Figure 4. Wind velocity data, 1985–2018. 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, 2018. 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, 2018. 
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Figure 7. Proportion of annual catch by species family groups, 2001–2018. 
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Figure 8. Scatterplot of all Arctic Cisco measured to fork length (FL) to the nearest mm, 
2018. All sites are combined. 
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Figure 9. Annual CPUE of all Arctic Cisco caught, 2001–2018. Error bars are standard error of 
annual catches per site per year. 
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Figure 10. Scatterplot of all Least Cisco measured to fork length (FL) to the nearest mm, 
2018. All sites are combined. 
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Figure 11. Annual CPUE of all Least Cisco caught, 2001–2018. 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, 2018. All sites are combined. 
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Figure 13. Annual CPUE of all Broad Whitefish caught, 2001–2018. 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, 2018. All sites are combined. 
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Figure 15. Annual CPUE of all Humpback Whitefish caught, 2001–2018. 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, 
2018. All sites are combined. 
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Figure 17. Annual CPUE of all Dolly Varden caught, 2001–2018. 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, 2001–2018. 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, 2018. 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, 2001–2018. Error bars are standard error 
of annual catches per site per year.    

 

 

 

 

 

 

 



2018 Beaufort Sea Nearshore Fish Monitoring 
 

 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences   
 

51 

 

Figure 21. Scatterplot of all Saffron Cod measured for length, 2018. 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, 2001–2018. 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, 2001–2018. 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, 2001–2018. 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, 2001–2018. 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, 2001–2018. 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, 2018. 
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Appendix 2. Quantity of Arctic Cisco taken per length group for otolith aging analysis during 
July and August, 2018. One additional fish was sampled in August without a length 
measurement.    
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Appendix 3. CPUE (fish/net night) for Arctic Cisco (all length groups) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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Appendix 10. CPUE (fish/net night) for Broad Whitefish (length group 3) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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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, 2018.   
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Appendix 17. CPUE (fish/net night) for Humpback Whitefish collected at each sampling site and 
net in Prudhoe Bay, Alaska, 2018.   
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Appendix 18. CPUE (fish/net night) for Arctic Cod collected at each sampling site and net in 
Prudhoe Bay, Alaska, 2018.   
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Appendix 19. CPUE (fish/net night) for Saffron Cod collected at each sampling site and net in 
Prudhoe Bay, Alaska, 2018.   
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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 2018 on the Beaufort Sea Nearshore Fish 
Monitoring Study as well as associated outcomes. 

1. Green, D. G., and T. M. Sutton. 2018. Whitefish growth in the Alaskan Arctic: 

bioenergetics modeling of climate warming effects on a subsistence resource. 12th Annual 

Graduate Climate Conference, November 2018, Pack Forest, Washington. 

2. Priest, J. T., and T. M. Sutton. 2018. Shifts in the baseline: changes to a nearshore Arctic 

fish community. Western Division Meeting of the American Fisheries Society, May 

2018, Anchorage, Alaska. 

3. Green, D. G., and T. M. Sutton. 2018. Bioenergetics modeling of juvenile broad 

whitefish growth in the Alaskan Arctic. Western Division Meeting of the American 

Fisheries Society, May 2018, Anchorage, Alaska. 

4. Sutton, T. M. 2018. Ghosts of fishes past, present, and future: confronting data-limited 

stocks in a changing Arctic. Western Division Meeting of the American Fisheries 

Society, May 2018, Anchorage, Alaska. 

5. Erickson, M., T. Dorsaz, D. Green, and T. Sutton. 2018. The design and construction of 

an intermittent-flow respirometer. UAF Research and Creative Activity Day Symposium, 

April 2018, Fairbanks, Alaska. 

6. Dorsaz, T., D. Green, and T. Sutton. 2018. Growth and metabolism of juvenile broad 

whitefish in a climate change context. UAF Research and Creative Activity Day 

Symposium, April 2018, Fairbanks, Alaska. 

7. Priest, J. T., and T. M. Sutton. 2018. A shift in the baseline: changes to a nearshore Arctic 

fish community. 2018 UAF Student Subunit of the American Fisheries Society Meeting, 

April 2018, Fairbanks, Alaska. 

8. Priest, J. T. 2018. Changes in Community Structure of Nearshore Fishes in Prudhoe Bay, 

Alaska. Western Division American Fisheries Society Student Colloquium, November 

2018, Corbett, Oregon. 
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The following supplementary funding ($7,500 total) was secured in 2018 to support of the 

Beaufort Sea Nearshore Fish Monitoring study research components: 

1. Napier, J. 2018. Monitoring of fishes in nearshore waters of the Beaufort Sea. Submitted 

as an Undergraduate Summer 2018 Research Project Award to the UAF Office of 

Undergraduate Research and Scholarly Activity and successfully funded for $5,000. 

These funds were used to cover supply costs and fall salary for undergraduate Jonathan 

Napier to assist with field sampling. 

2. Napier, J. 2018. Growth and feeding dynamics of Fourhorn Sculpin in Prudhoe Bay, 

Alaska. Submitted as an Undergraduate Fall 2018 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 

Jonathan Napier to assist with sample processing. 
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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 

During 2018, progress has continued on my graduate research, focusing on changes in the 

nearshore fish community of Prudhoe Bay, Alaska. This year I participated in my second year of 

fieldwork in Prudhoe Bay, assisting with project deployment and demonstrating how to operate 

and sample all field sites. Initial work on my personal thesis project began during 2017 once 

UAF had possession of the 2001–2016 catch database. Since then, I have been working on data 

management on the database, primarily quality control and quality assurance (QA/QC). Work 

doing QA/QC has 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. There have been several QA/QC improvements this year. 

Notably, all issues found during routine checks in 2018 have gone into an R script file to 

automatically flag such issues in the future, thereby saving time and standardizing the process. 

Other R scripts built this year will assist with project reporting in future years. These include 

seasonal summaries of catch and length trends for major species (which will be summarized as 

sections in the report), as well as automatic export and (unformatted) creation of most of the 

tables, figures, and appendices for the annual report. 

Research over the past year has built upon initial results and was presented at several 

conferences including the American Fisheries Society (AFS) Alaska Student Symposium (where 

it won the St Hubert Research award for Best Introduction), AFS Western Division Annual 

Meeting, and at the AFS Western Division Student Colloquium in Corbett, Oregon. The analyses 

for these presentations used varied statistical approaches including non-Metric Dimensional 

Scaling and PERMANOVA modeling to make assessments about how the fish communities 

responded to or were associated with different environmental conditions. The results indicate 

changes in oceanic conditions (i.e., salinity) are responsible for most of the observed changes in 

abundances to date. In addition, the shifts and fluctuations in the total abundance of whitefish 

species over the years are tied to shifts in the environmental conditions. Other analyses that have 

been conducted during 2018 include modeling the estimated number of age-0, age-1, age-2, and 
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age-3+ Broad Whitefish and Arctic Cisco for each year of the project based upon growth trends 

by date. These estimates are reported in this annual report, and will be the basis for the second 

chapter of my thesis. Next, I will model how environmental conditions affect these species’ 

recruitments to determine the causes behind the trends. By reporting the annual estimated 

abundance by age, we are helping other researchers in the region who have asked us for this 

information.  

Environmental changes are not the only source of difference in catches: for both the 

individual species modeling and the overall community composition analysis, we see clear 

changes in catches between sites, years, and over the course of the season. Thus, there are both 

environmental and more structural differences that result in each season’s annual catches. Taken 

together, these modeling efforts provide a great base for understanding how the nearshore fish 

community has been shifting in recent years. 
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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 

The 2018 field season was my third summer working in Prudhoe Bay, Alaska, and the 

second summer in which I was able to carry out field work for my master’s project while 

operating the Beaufort Sea Nearshore Fish Monitoring Study. In August 2018, I collected both 

data and Broad Whitefish Coregonus nasus samples (both live and euthanized fish) that I 

brought back to the laboratory at the University of Alaska Fairbanks (UAF) College of Fisheries 

and Ocean Sciences. From collections over the 2018 sampling period, I was able to collect and 

preserve 140 juvenile Broad Whitefish as part of my ongoing energy density study. Together 

with the 125 preserved fish that I collected in 2017, these samples are being used to quantify full-

body energy density for juvenile Broad Whitefish, the first such analysis for this species at any 

life stage. For this analysis, stomach contents are being extracted from each fish and the 

remaining tissue is freeze-dried to remove water content before being homogenized using a 

blender and mortar and pestle. Homogenized tissue will then be compacted into uniform 0.5-g 

pellets and analyzed for caloric content using bomb calorimetry. In addition to these samples, 

221 live juvenile Broad Whitefish were collected and successfully transported to Fairbanks in 

2018 for experimental trials to quantify respiration (a proxy for metabolic rate) and growth rates 

across a range of water temperatures. These trials are currently ongoing, and results will be 

available following the completion of experiments during winter 2018-2019. Upon completion of 

energy density and metabolic trials, a model will be developed and used to predict growth rates 

at various climate warming scenarios. In addition, my study will explore the effects of shifts in 

food availability and quality, as climate change is anticipated to alter food webs and ecosystem 

dynamics. While the many changes likely to occur in rapidly warming Arctic ecosystems are 

largely unknown at this point, species-specific investigations like my project are important for 

gaining insight into the individual mechanistic pieces of the whole-ecosystem puzzle. 

Investigations on highly important subsistence species like Broad Whitefish are especially 

important given the dependence of indigenous communities on these resources. 

Currently, all preserved Broad Whitefish samples collected in 2017 have been processed for 

analysis and quantified for caloric content. Preserved specimens from 2018 are in the process of 
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being dissected for stomach-content removal prior to freeze drying and homogenizing for energy 

density analysis. The experimental growth study involving Broad Whitefish is partially 

completed, with results from the first experiment being analyzed now. The second experiment 

has just begun, with comparisons among temperature and feeding treatments soon to be 

available. Metabolic trials have likewise been started. Additional progress will be reported 

throughout the ongoing study, and results will be made available to Hilcorp upon completion of 

my research. 

Since the publication of the 2017 Annual Report (Priest et al. 2018), we used additional 

funding secured through the UAF Office of Undergraduate Research and Scholarly Activity 

(URSA) mentoring program to involve undergraduate students at UAF. With these funds and 

under the supervision of myself and Dr. Trent Sutton, two undergraduate students, from the 

Departments of Fisheries (Tibor Dorsaz) and Mechanical Engineering (Max Erickson), designed 

and built a swimming respirometer that is being used to measure oxygen consumption and 

quantify metabolic rates in juvenile Broad Whitefish at varying swimming speeds. To date, five 

undergraduate students and one laboratory technician have been able to gain experience while 

assisting me with my Broad Whitefish experiments, laboratory analyses, and general fish 

care/husbandry. In several cases, these students took a lead role in applying for and securing 

their own funding with the help of Dr. Sutton and myself. The collaboration with undergraduate 

students has helped me develop as a supervisor, and opened these students to new experiences 

and opportunities.  
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Appendix 24. Overview of the graduate research project being conducted by UAF Master’s 
degree student Kyle Gatt. 

Graduate Study Progress Overview – Kyle Gatt 

Since the completion of the 2018 Beaufort Sea Nearshore Fish Monitoring Project field 

season, I have been working to develop an age-and-growth study on an important high-latitude 

fish species. Arctic Cisco Coregonus autumnalis is a species with high subsistence value to 

many communities on the Alaskan coastal plain and the focal species for my graduate research. 

Previous studies have shown that the productivity in Alaskan stocks of this species has shifted 

over time. In addition, the Beaufort Sea has experienced significant changes in environmental 

conditions over the past several decades. As a result, it is unclear how growth and condition of 

Arctic Cisco has responded to this environmental change. Historically, this species has been 

assigned age estimates through the use of otoliths; however, no research exists on the precision 

of these estimates nor the precision of alternative, non-lethal aging structures. The objective of 

my project is to expand upon the existing body of published knowledge with recent data to 

examine how Arctic Cisco populations have responded to ongoing climate-change events. My 

project will also provide baseline information on the consistency of alternate non-lethal ageing 

structures in estimating the ages of juvenile Arctic Cisco. Information obtained from my project 

will improve our understanding of the biological factors that influence growth and productivity 

of Arctic Cisco in the Beaufort Sea as well as to inform future management of this species.  

To accomplish the aforementioned study foci, I will use archived Arctic Cisco otoliths 

from the Beaufort Sea that were collected between 2003 and 2018 (I will also include samples to 

be collected in 2019) to construct a chronology of annual growth. Using this chronology, I will 

examine cohort-specific growth rates over time and identify potential environmental factors that 

have affected growth. In addition, I will assess the precision of two alternative, non-lethal ageing 

structures (scales, fin rays) for juvenile Arctic Cisco. All field work related to this project will be 

completed through the Beaufort Sea Nearshore Fish Monitoring Project over the course of the 

2018 and 2019 field seasons. To date, all archived otolith samples from Arctic Cisco captured 

during the Beaufort Sea Nearshore Fish Monitoring Project field seasons between 2003 and 2017 

were enumerated and cataloged into an archival database for later age-and-growth analyses (it 

should be noted that these fish have already been assigned an age estimate). Arctic Cisco otoliths 
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collected during the 2017 field season were assigned age estimates using crack-and-burn method. 

During the 2018 summer field season, otoliths, fin rays, and scales were collected from 200 

Arctic Cisco to be used in the construction of the growth chronology and for aging structure 

precision analyses. This past fall, archived otoliths were mounted in epothin epoxy for 

incremental analyses and the construction of the growth chronology, which is anticipated to be 

completed by spring 2019. For the 2019 field season, otoliths, scales, and fin rays will again be 

collected from 200 Arctic Cisco for future age and growth analyses.    

Data collected from this project will be used to further our knowledge in how an Arctic 

fish species, Arctic Cisco, is responding to a changing climate while potentially providing an 

alternative, non-lethal means to estimate age and growth. As temperatures continue to rise in the 

Arctic, there will be a greater need for baseline and long-term data to assess population-level 

health and productivity, especially for species of subsistence importance. It is anticipated that my 

project will fulfill this need by providing in-depth analysis of population-level changes occurring 

for Arctic Cisco in Alaskan nearshore waters of the Beaufort Sea, while identifying the 

individual factors likely responsible for the underlying change. It is also anticipated that my 

project will reaffirm the need for more regional-, species-, and cohort-specific ageing analyses 

by providing evidence for the use of alternative, non-lethal structures for age-and-growth 

evaluations.   

 

 


