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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. Sampling in 2019, which represented year 37 of the monitoring program, took place 
from June 30 through August 22, 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 forty-six net nights of sampling effort were employed over the 2019 sampling 
period, and environmental conditions during sampling were generally within historical ranges for 
the summer open-water period. Winds were mostly westerly and easterly, and salinity was higher 
than the long-term average, ranking as the sixth most saline summer since 2001. Ice out was 
average in timing, and mean water temperatures were the fourth warmest since 2001. Twenty-
one fish species were identified among the 41,198 fish that were enumerated over the sampling 
period, which represented a 44% and 38% decrease in the number of fish caught relative to 2018 
and 2017, respectively. The total catch in 2019 was the lowest since 2001, thus ranking 19th out 
of 19 years. The largest contributor to the catch was from the whitefish subfamily Coregoninae 
(54%). Individual species with the highest proportion of the total catch were Broad Whitefish 
(21%), Arctic Flounder (19%), Arctic Cisco (16%), Least Cisco (14%), and Rainbow Smelt 
(11%). Catches in 2019 only included two species that were uncommon for the project (Starry 
Flounder and Whitespotted Greenling). Catches of Least Cisco and Dolly Varden were at their 
lowest since before 2001, while Arctic Cod, Arctic Flounder, and Fourhorn Sculpin catches were 
among the lowest since 2001. The catch of Saffron Cod was the lowest that it has been since 
2007, but on the high end of the range of catches reported from 2001–2007. Arctic Cisco, Broad 
and Humpback Whitefish, and Rainbow Smelt were within the middle of the catch range since 
2001, while Chum and Pink Salmon catches were the highest on record (10 and 417 fish, 
respectively). The low abundance of Least Cisco and Dolly Varden was in large part due to the 
capture of significantly fewer fish in length group 1 (< 180 mm and < 350 mm, respectively) 
relative to length group 2 (≥ 180 mm ≥ 350 mm, respectively). Lower Arctic Cisco and Broad 
Whitefish catches in 2019 were driven almost exclusively by fewer fish in the smallest length 
group (< 120 mm). For these two species, it appears that weak year classes of age-0 fish were the 
primary drivers of these lower catches, which suggests poor conditions for recruitment. Overall, 
fish catches were the lowest on record and environmental conditions in 2019 were within or near 
previously reported ranges, albeit either on the high or low end of ranges for environmental 
conditions. Given the rapid climate 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 
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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 

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 not impacted 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, growth 

chronology relationships using an otolith sample archive for Arctic Cisco, and heat-shock protein 

response for Saffron Cod and other Beaufort Sea nearshore fishes.  

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

data necessary to assess and 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 
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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 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 toward 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 modification of the net throats to prevent incidental seal catches. 

Sampling sites in 2019 were operated from June 30–August 22, although the installation and 

removal of each site varied. Each of the four sites was sampled a minimum of effort of 23 net 

nights, for a total of 146.7 net nights (Table 1).  

Each net was checked daily (depending on safe checking conditions), and all fish were 

identified to species and enumerated. Fork length to the nearest 1 mm was measured daily for 

fish 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 and Arctic Cod. Up to 30 fish per size class 

from each of these species were measured from each net cod end 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 sampling period for later 

analyses. These included the retention of aging structures from Arctic Cisco, Least Cisco, Broad 

Whitefish, Humpback Whitefish (otoliths, scales, and fin rays) and Pink and Chum Salmon 

(scales and otoliths) for aging and isotopic analyses. Sample sizes for Pacific Salmon were 30 for 

Pink Salmon and 6 for Chum salmon. All incidental mortalities of Arctic Cod, Saffron Cod, 

Rainbow Smelt, and Arctic Flounder were retained for future laboratory analyses at UAF. For 

Arctic and Saffron Cod, additional samples of live fish were also collected during the sampling 

period. Sample sizes for these four species were as follows: Arctic Cod (n = 34), Saffron Cod (n 

= 46), Rainbow Smelt (n = 40), and Arctic Flounder (n=46). Fourhorn Sculpin (n = 68) were also 

retained for age and growth analyses. 

Star-Oddi DST CTD data loggers (Star-Oddi hf, Garðabær, Iceland) were deployed in the 

middle of the water column at each site to collect hourly water temperature (ºC), salinity (ppt), 

and depth (m) data. Hourly environmental data was available for sites 230, 220, and 214. At site 

218, the CTD logger was never recovered following a large storm event early in the summer 

sampling period soon after deployment. Water temperature (ºC) and salinity (ppt) 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 2019 followed the same basic 

established methods as documented in McCain and Raborn (2017).  

In 2019, additional protocols were added or previous protocols were modified to daily 

sampling activities without affecting the underlying study. These protocol modifications 

included the collection of scales and otoliths from juvenile and adult Pacific salmon for aging 

and isotopic analyses. Additional aging structures (fin rays, scales and otoliths) were also 

collected from Arctic Cisco, Least Cisco, Broad Whitefish, and Humpback Whitefish for 

precision and growth-chronology analysises (Appendix 2).  
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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′ = −∑𝑅𝑅
𝑖𝑖=1 [𝑃𝑃𝑖𝑖 ∗𝑙𝑙𝑙𝑙 𝑙𝑙𝑙𝑙 (𝑃𝑃𝑖𝑖)]                     𝐽𝐽′ =  𝐻𝐻′

𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
 

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

Most analyses compared the results from 2019 to data collected from 2001–2018. 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 

for additional analyses.  

Results 

Environmental Conditions 

Wind patterns in 2019 were similar those reported in 2018, with winds characterized as being 

primarily westerly and easterly (Figure 3). Between June 30 and August 2, there were 18 days 

with an average westerly wind direction, 20 days with easterly winds, 11 days with northerly 

winds, and five days with southerly winds. Mean wind speed and direction were 17.1 km/h and 

30.6°, respectively. Relative to sampling in previous years, 2019 was well above the median in 

the number of westerly wind days (Figure 4).  

Water temperatures in 2019 were warmer than the long-term average, ranking as the fourth 

warmest year since 2001 (Table 2). The coldest water temperature reported in 2019 was 4.2ºC, 
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ranking second to lowest recorded temperature (4.3°C) recorded in 2009.  Similar to 2018, Site 

230 had the highest average water temperature (10.1°C) in 2019, while site 220 had the coolest 

average water temperature (8.19ºC). Water temperatures were variable, but displayed a 

decreasing trend over the sampling period (see Figures 5 and 6).  

Salinity in 2019 was higher than the long-term average, ranking as the sixth most saline 

summer since 2001 (Table 2). Similar to other years, salinity was low following ice breakup in 

late June, but did not maintain an increasing trend into August, as observed in 2018 (Figure 6). 

Low salinity throughout much of August was largely due to unusually high discharge events 

from the Sagavanirktok River, which was greater in 2019 than in any other year from 2001 to 

2018. For example, the mean discharge was 8,228 cubic meters per second (m3/s) compared to 

the long-term mean of 134 m3/s (USGS 2019). Sites 218 and 220 had the highest mean salinities 

(18.1 ppt and 17.5 ppt, respectively), while sites 230 and 214 had the lowest mean salinities (7.1 

ppt and 14.5 ppt, respectively). Lower salinities at sites 214 and 230 can be attributed to their 

closer proximity to the Sagavanirktok River relative to the other two sampling sites. This is also 

why sites 214 and 230 experienced the largest changes in salinity over a 24-hour period, 

changing by as much as 21.60 ppt and 21.17 ppt, respectively, during that time period.  

Species Composition and Total Catch 

Over the 2019 sampling period, a total of 21 different species were identified among the 

41,198 fish that were enumerated (Table 3). In comparison, a total of 74,059 fish (representing 

21 different species) were captured in 2018 and 66,383 fish were captured in 2017 (representing 

24 different species). The largest contributor to the 2019 count was from the whitefish subfamily 

(Coregoninae; 54% of total catch; Figure 6). Individual species with the highest proportion of 

the total catch were Broad Whitefish (21.3%), Arctic Flounder (18.6%), Arctic Cisco (15.9%), 

Least Cisco (14.2%), and Rainbow Smelt (10.7%). The proportion of total catch for Pink Salmon 

was the highest ever recorded at 1.01% (407 fish). While the relative abundance of taxa varied 

during the 2019 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 2019 of 41,198 fish ranked 19th out of the last 19 years 

(range: 41,198–468,663 fish). In general, catches in 2019 appeared to peak in late July and early 
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August followed by a notable decline in catches through mid-August. Due to poor weather and 

limited sampling opportunities, a surge in fish catches could not be detected as late in the 

sampling period as in previous years. 

Two uncommon species that were captured during the 2019 sampling season included Starry 

Flounder (two fish) and Whitespotted Greenling (48 fish). Starry Flounder have not previously 

been caught and reported during this monitoring program. Although Whitespotted Greenling 

have been caught previously in 2017 (two fish), the large number of individuals of this species 

caught in 2019 is significant. It is also noteworthy that 600 Threespine Sticklebacks were 

captured in 2019, which is almost six times the highest number caught previously (2008 and 

2016). Other notable catch include Ninespine Sticklebacks (87 fish), Pacific Herring (76 fish), 

Capelin (13 fish), Arctic Grayling (10 fish), and Burbot (four fish). 

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 decreased significantly from 2018 

(8,096 fish and 50.2 fish/net night, respectively) and to a lesser extent from 2017 (384 fish and 

2.1 fish/net night, respectively) to 2019 (116 fish and 0.8 fish/net night, respectively; Figure 8). 

However, catch and CPUE for length group 2 in 2019 (5,021 fish and 34.2 fish/net night) was 

much greater in 2018 (3,008 fish and 18.6 fish/net night, respectively) and 2017 (1,231 fish and 

6.6 fish/net night, respectively) due to a strong year class the previous year. Catch and CPUE for 

length group 3 fish was higher for 2019 (1,401 fish and 9.6 fish/net night, respectively) than 

either 2018 (1,067 fish and 6.6 fish/net night, respectively) and 2017 (1,366 fish and 7.3 fish/net 

night, respectively). There was a slight trend over the past three years in increasing mean length 

for Arctic Cisco for each of the three length categories 1 (2019: 108 mm; 2018: 107 mm; 2017: 

94 mm; 2016), 2 (2019: 151 mm; 2018: 141 mm; 2017: 196 mm), or 3 (2019: 322 mm; 2018: 

316 mm; 2017: 291 mm). 

In 2019, 6,538 Arctic Cisco were captured, which is up from 2017 (2,981 fish) but half of the 

2018 catch (12,171 fish). Similarly, CPUE of Arctic Cisco was lower in 2019 (44.8 fish/net 

night) relative to 2018 (75.4 fish/net night) but higher than in 2017 (16.0 fish/net night; Figure 
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9). These comparisons were made without regard to age classes. Both catch and CPUE of Arctic 

Cisco in 2019 were ranked 10th since 2001. Catches and CPUE for Arctic Cisco varied among 

sampling sites (220: 673 fish and 16.1 fish/net night, respectively; 218: 772 fish and 19.6 fish/net 

night, respectively; 214: 2,158 fish and 93.8 fish/net night, respectively; 230: 2,935 fish and 68.7 

fish/net night, respectively), and appear to be influenced by salinity differences among sites. 

Mean length was larger for Arctic Cisco in 2019 (196 mm; Table 4) than in either 2018 (148 

fish) or 2017 (230 mm).  However, the range in length for Arctic Cisco in 2019 (47-402 mm) 

was similar to 2018 (50-401) but narrower than in 2017 (50-424 mm). 

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 lower in 2019 (564 

fish and 3.9 fish/net night, respectively) than 2018 (3,414 fish and 21.2 fish/net night, 

respectively) and 2017 (1,146 fish and 6.1 fish/net night, respectively; Figure 10). However, the 

mean length for this length class was greater in 2019 than the previous two sampling years 

(2019: 164 mm; 2018: 152 mm; 2017: 127 mm). Both catch and CPUE for length group 2 fish in 

2019 (5,257 fish and 36.0 fish/net night, respectively) were lower than in 2018 (7,000 fish and 

43.4 fish/net night, respectively) and 2017 (5,777 fish and 30.9 fish/net night, respectively). In 

contrast to length group 1, the mean length in 2019 was intermediate in 2019 (271 mm) between 

2018 (266 mm) and 2017 (288 mm). 

The catch and CPUE of Least Cisco in 2019 (5,821 fish and 39.9 fish/net night, respectively), 

regardless of length group, was lower than in 2018 (10,414 fish and 64.5 fish/net night, 

respectively) and 2017 (6,923 fish and 37.5 fish/net night, respectively; Figure 11). The catch of 

Least Cisco in 2019 was the lowest on record since before 2001; however, CPUE was ranked 

16th lowest since 2001. Catch and CPUE of Least Cisco did not follow a consistent trend as in 

previous years between high salinity (220: 1,351 fish and 32.4 fish/net night, respectively; 218: 

1,965 fish and 49.9 fish/net night, respectively) and low salinity (214: 1,825 fish and 79.3 

fish/net night, respectively; 230: 680 fish and 16.1 fish/net night, respectively) sites. Although 

the mean length of Least Cisco in 2019 (258 mm; Table 4) was greater than in 2018 (221 mm) 
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and the same as in 2017 (258 mm), the length range was much broader in 2019 (57-499 mm) 

than in 2018 (79¬390 mm) and 2017 (52–396 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 2019 (644 fish and 4.4 fish/net night, respectively) than in 2018 (2,094 fish 

and 13.0 fish/net night, respectively) and 2017 (12,775 fish and 68.3 fish/net night, respectively; 

Figure 12). For this size category, mean length was smaller for fish in 2019 (88 mm) than in 

2018 (106 mm) or 2017 (99 mm). For length group 2, catch and CPUE was higher in 2019 

(6,648 fish and 45.6 fish/net night, respectively) than the other two sampling years (2018: 6,167 

fish and 38.2 fish/net night, respectively; 2017: 4,588 fish and 24.5 fish/net night, respectively); 

the mean length of fish in this size category was greater in 2019 (177 mm) than in 2018 (169 

mm) or 2017 (156 mm). For length group 3 fish, catch and CPUE were intermediate in 2019 

(1,452 fish and 10.0 fish/net night, respectively) relative to the previous two years (2018: 984 

fish and 6.1 fish/net night, respectively; 2017: 2017 (1,947 fish and 10.41 fish/net night, 

respectively). Mean length for this length group was larger in 2019 (332 mm) than in 2018 and 

2017 (319 mm). 

The total catch and CPUE of Broad Whitefish in 2019 (8,744 fish and 59.9 fish/net night, 

respectively) was lower than in 2018 (9,245 fish and 57.3 fish/net night, respectively) and 2017 

(19,310 fish and 103.26 fish/net night, respectively), with the exception of CPUE in 2019 

relative to 2018. The catch and CPUE was the 11th and 7th highest, respectively, 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: 3,164 fish and 137.6 

fish/net night, respectively; 230: 3,775 fish and 90.3 fish/net night, respectively) than higher 

salinity sites (220: 788 fish and 19.0 fish/net night, respectively; 218: 1,017 fish and 25.7 fish/net 

night, respectively). The mean length for Broad Whitefish was greater in 2019 (212 mm) than in 

2018 (183 mm) or 2017 (156 mm); however, the length range in 2019 (50-534 mm) was 

narrower than in 2018 (37¬559 mm) than in 2017 (37–528 mm; Table 4).  
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Humpback Whitefish 

In 2019, Humpback Whitefish were larger on average (mean length = 326 mm, length range 

= 130¬460) than in 2018 (mean length = 301 mm, length range = 88-495 mm) and 2017 (mean 

length = 289 mm, length range = 90–482 mm; Figure 14). The catch and CPUE for Humpback 

Whitefish in 2019 was 1,272 fish and 8.7 fish/net night, respectively, which was slightly higher 

than in 2018 (1,243 fish and 7.7 fish/net night, respectively) but lower than in 2017 (1,651 fish 

and 8.8 fish/net night, respectively; Figure 15). Although the Humpback Whitefish catch in 2019 

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: 372 fish and 8.9 fish/net night, respectively; 218: 433 fish and 11.0 fish/net night, 

respectively) than those with higher salinity (214: 212 fish and 9.2 fish/net night, respectively; 

230: 255 fish and 6.0 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 

2019, the catch and CPUE for length group 1 (< 350 mm) was 140 fish and 1.0 fish/net night, 

respectively, and 181 fish and 1.2 fish/net night, respectively for length group 2 (≥ 350 mm; 

Figure 16). For length group 1 fish, both catch and CPUE were much lower in 2019 than in 2018 

(1,611 fish and 10.00 fish/net night) and 2017 (509 fish and 2.7 fish/net night, respectively). 

Both catch and CPUE for length group 2 fish were lower in 2019 than in 2018 (275 fish and 1.70 

fish/net night), but similar to 2017 (175 fish and 0.9 fish/net night, respectively). Dolly Varden 

were smaller in mean length but had a slightly broader length range in 2019 (196 mm and 

75¬348 mm, respectively) relative to 2018 (214 mm and 77¬348 mm, respectively) and 2017 

(227 mm and 82-348 mm, respectively) for length group 1 fish. The mean length of length group 

2 fish was smaller in 2019 than in 2018 (465 mm) and 2017 (505 mm), but the length range of 

fish in 2019 was intermediate between 2018 (352¬717 mm) and 2017 (350¬666 mm). 
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A total of 321 Dolly Varden were captured in 2019 regardless of size-class designation, and 

CPUE was 2.2 fish/net night. The catch and CPUE of Dolly Varden were much lower in 2018 

(1,895 fish and 11.7 fish/net night) and 2017 (684 fish and 3.7 fish/net night, respectively; Figure 

17). The catches and CPUE of Dolly Varden in 2019 were the lowest since before 2001. Dolly 

Varden catch and CPUE in 2019 varied by site with salinity, with the highest catches and CPUE 

occurring at sites with higher salinity (214: 185 fish and 8.0 fish/net night, respectively; 230: 69 

fish and 1.7 fish/net night, respectively) than at sites with lower salinity (218: 35 fish and 0.9 

fish/net night, respectively; 220: 32 fish and 0.8 fish/net night respectively). Although the mean 

length of Dolly Varden was larger in 2019 relative to the previous two years (2018: 269 mm; 

2017: 314 mm), the length range was intermediate between 2018 (77¬717 mm) and 2017 

(82¬666 mm).  

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 2019 (510 fish and 3.5 fish/net night) than in 2018 (13,251 fish and 82.1 fish/net night, 

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

281.71 fish/net night, respectively; Figure 19). The catch and CPUE of Arctic Cod in 2019 was 

the third lowest on record over past 19 years. Catches and CPUE for Arctic Cod varied 

considerably among sampling sites: site 214 (8 fish and 0.3 fish/net night. respectively), site 218 

(67 fish and 1.7 fish/net night, respectively), site 220 (351 fish and 8.4 fish/net night, 

respectively), and site 230 (84 fish and 2.0 fish/net night, respectively). The mean length for all 

Arctic Cod caught in 2019 was 104 mm, with a range of 50¬182 mm (Table 4; Figure 19). The 

mean length and length range for 2019 was similar to observations in 2017 (95 mm and 61¬261 

mm, respectively) and 2018 (113 mm and 63¬238 mm, respectively). 

Saffron Cod 
The total catch and CPUE of Saffron Cod was lower in 2019 (752 fish and 5.2 fish/net night) 

than in either 2018 (2,831 fish; 17.5 fish/net night) or 2017 (1,822 fish; 9.7 fish/net night; Figure 

20). In comparison to historical records, the catch of Saffron Cod in 2019 was the lowest that it 

has been since 2007 (catch range from 2008–2014 = 838 to 12,519 fish), but on the high end of 
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the range of catches reported from 2001–2007 (range = 74 to 1,733 fish). Saffron Cod catches 

and CPUE varied by site with salinity (218: 347 fish and 8.8 fish/net night, respectively; 220: 

166 fish and 4.0 fish/net night, respectively; Site 214: 187 fish and 8.1 fish/net night, 

respectively; Site 230: 52 fish and 1.2 fish/net night, respectively). The mean length for Saffron 

Cod in 2018 was 209 mm, with a range of 40¬463mm (Table 4; Figure 21). This mean length 

and length range of Saffron Cod was similar to observations in 2017 (171 mm and 70¬515 mm, 

respectively) and 2018 (210 mm and 63¬510 mm, respectively). 

Rainbow Smelt 
The catch and CPUE for Rainbow Smelt was 4,399 fish and 30.2 fish/net night, respectively, 

in 2019. The catch and CPUE were lower than in either of the past two years (2018: 5,746 fish 

and 35.6 fish/net night, respectively; 2017: 4,669 fish and 25.0 fish/net night, respectively); 

however, catch and CPUE in 2019 were the 9th and 7th highest, respectively, 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: 823 fish and 20.9 fish/net 

night, respectively; 220: 223 fish and 5.3 fish/net night, respectively) and higher at low salinity 

sites (214: 1,600 fish and 69.6 fish/net night, respectively; 230: 1,753 fish and 41.9 fish/net 

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

Arctic Flounder 
The catch of Arctic Flounder in 2019 totaled 7,640 fish, with a CPUE of 52.4 fish/net night. 

Both catch and CPUE of Arctic Flounder were lower in 2019 than in 2018 (10,549 fish and 65.4 

fish/net night, respectively) and 2017 (16,486 fish and 88.2 fish/net night, respectively; Figure 

23). The catch and CPUE of Arctic Flounder in 2019 were both the lowest since 2011 and the 

5th lowest observed since 2001, respectively (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 (3,169 fish and 137.8 fish/net night, respectively) and 218 (1,969 

fish and 50.0 fish/net night, respectively) and lowest catches and CPUE at sites 230 (1,311 fish 

and 31.4 fish/net night, respectively) and 220 (1,191 fish and 28.6 fish/net night, respectively). 

Arctic Flounder were not measured for length. 
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Fourhorn Sculpin 
A total of 3,643 Fourhorn Sculpin were captured in 2019, with a CPUE of 25.0 fish/net night. 

Both the catch and CPUE of Fourhorn Sculpin were lower in 2019 than in 2018 (5,741 fish and 

35.6 fish/net night, respectively) and 2017 (8,464 fish and 45.3 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: 

912 fish; 230: 1,366 fish; 218: 790 fish; 220: 575 fish), but CPUE also varied among sites 214 

(39.7 fish/net night), 230 (32.7 fish/net night), 220 (13.8 fish/net night), and 218 (20.1). A subset 

of 71 Fourhorn Sculpin were measured and collected for laboratory investigation. The mean 

length for these 71 measured fish was 178 mm, with a range of 56¬328 mm, which is smaller in 

length and length range than in 2018 (188 mm and 56¬328, respectively). 

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 have historically 

been captured in this region. Prior to 2019, 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). The 

trend in no catches continued for Sockeye Salmon (zero fish were caught in 2019). However, 

2019 was a record year for both Chum Salmon (10 fish) and Pink Salmon (417 fish).  

Chum Salmon 
Ten Chum Salmon were captured in 2019, and all individuals were adults (mean length: 595 

mm; length range: 539-640 mm). Although the Chum Salmon catch (10 fish) and CPUE (0.1 

fish/net night) in 2019 was higher than in 2018 (two fish and 0.01 fish/net night, respectively) 

and 2017 (two fish and 0.01 fish/net night, respectively; Figure 25), no juveniles (as in 2017) 

were captured in 2019. In 2019, Chum Salmon were captured (catches and CPUEs, respectively) 

at all sampling sites (214: five fish and 0.2 fish/net night; 218: three fish and 0.1 fish/net night; 

220: one fish and 0.01 fish/net night; 230: one fish and 0.01 fish/net night).   

Pink Salmon  
A total of 417 Pink Salmon (CPUE = 2.9 fish/net night) were captured in 2019. The mean 

length of Pink Salmon captured in 2019 was 429 mm and the length range was 97–511 mm, 

whereas 22 Pink Salmon were captured in 2018 (mean = 368 mm, range = 65¬491 mm) and 31 
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Pink Salmon were captured in 2017 (mean = 453 mm, range = 390¬534 mm). With the 

exception of 2008 when 284 fish were captured (Figure 26), catches of Pink Salmon have ranged 

from 0 to 31 fish since 2001. However, catches have been high for this species since 2015 

(range, 22¬31 fish/year). Catches and CPUEs of Pink Salmon in 2019 also varied by sampling 

site: 214 (316 fish and 13.7 fish/net night, respectively), 218 (63 fish and 1.6 fish/net night, 

respectively), 220 (24 fish and 0.6 fish/net night, respectively), and 230 (14 fish and 0.3 fish/net 

night, respectively).   

Discussion 

Continuation of this project in 2019 represented year 37 of a mostly continuous standardized 

sampling program since 1981. Although there were some changes to the sampling protocols that 

were used in 2019, 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 were maintained in a standardized manner. Overall, fish catches and environmental 

conditions in 2019 were generally within or near previously reported ranges. The total number of 

fish caught in 2019 (41,198) was well below the median total catch since 2001, and ranked 19th 

out of the last 19 years (range: 41,198–468,663 fish). 

Although the environmental conditions that occurred in 2019 were generally within the 

historical ranges for this time of year, there were more days with westerly winds, water 

temperatures were warmer, and salinities were higher relative to the long-term average. With the 

exception of 2018, these conditions were more typical of those encountered in recent years. 

Conditions were highly variable all summer, with nearshore water temperatures warmer (in 

general) than the long-term average and much warmer than were reported in 2018 at all sites. 

Site 230, as in 2017 and 2018, was the warmest of the four sampling sites in 2019. It is not clear 

if or to what extent the warmer water temperatures that occurred in 2019 influenced the species 

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

was measured in 2019) for Arctic fishes collected during this project. The salinity conditions in 

2019 were the sixth highest on record since 2001. Not surprisingly, salinity graded from being 
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more freshwater at sites 230 and 214 to more estuarine/brackish salinities at sites 220 and 218. 

Although sites 218 and 230 had the highest and lowest salinities, on average, again in 2019 (18.1 

and 7.1 ppt, respectively), these salinities were considerably higher than those reported at sites 

220 and 230 (the highest and lowest average salinity sites) in 2019 (11.5 and 1.0 ppt, 

respectively). However, salinities at all sites (but particularly at sites 230 and 214) were lower, 

on average, in August due to uncharacteristically high discharge events from the Sagavanirktok 

River (the highest on record since before 2001). 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 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 installation of Star-Oddi 

DST CTD data loggers to collect hourly water temperature, salinity, and depth data at all four net 

sites provides needed data, even though one data logger was lost due to a storm event. There 

were additional data loggers attached to net sets at sites 230 and 220, which allowed for the 

collection of continuous pH data. Starting in summer 2020, we will also begin to conduct weekly 

zooplankton tows to assess changes in system productivity by examining changes in zooplankton 

assemblage composition, abundance, and size structure. 

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

winds; however, in 2019 (as in 2018), wind patterns were mostly westerly or easterly, with a 
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mean wind direction of 30.6°. In contrast, wind patterns were predominantly easterly and 

northerly in 2018 and 2017, with a mean wind direction of 11.7° and 47°, respectively. Relative 

to previous years (but similar to 2018), there were much more days of westerly winds: between 

July 01 and August 31, there were 20 days of westerly winds compared to the 2001–2017 

average of 13.1 days of westerly winds (and 23 days of westerly winds in 2018). 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 2019 

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 and collecting information on this dynamic 

will be important to understand the variability in nearshore fish catch composition data. 

The number of fish species caught in 2019 was the same as in 2018 (21 species), and lower 

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

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 

2019 was Starry Flounder (n=2). Although this species has not been recorded in the catch records 

for this project previously, it appears that this species has been caught but misidentified as Arctic 

Flounder. Although not a new species, it is also noteworthy that Whitespotted Greenling (n=48) 

were captured in 2019. Only two individuals have been collected previously during this project 

(both in 2017). While it is unclear why a large number of this primarily marine species were 

collected during the field season, it is likely that the higher than average salinities in the 

nearshore sampling areas played a role in those higher catches (Mecklenburg et al. 2002). 

Threespine Sticklebacks were also more abundant in 2019 (n=600), with catches almost six times 

higher than the largest number caught previously (2008 and 2016). It is unclear why so many 

Threespine Sticklebacks were caught in 2019 since this species is euryhaline (Wootton 1984). 
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Although Pink Salmon have been caught every year since 2002 (catch range, 1 to 284 fish), 

catches of this species in 2019 were the highest on record (n=417). Similarly, a record number of 

Chum Salmon (n=10) were also caught in 2019. At this point, the drainage of origin for Pink 

Salmon and Chum Salmon is not clear. However, it is likely that these fish are from 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). 

Overall catch in 2019 was at its lowest level since before 2001, largely due to the significant 

number of days in which nets could not be fished due to high frequency of storm events (i.e., low 

sampling effort). This can partially be attributed to the lack of offshore pack ice during the 

sampling season, which has served as a buffer to reduce the effects of strong westerly winds 

associated with storm fronts. Similar to observations in 2012, sea ice levels in the Southern 

Beaufort tracked record lows through much of July and August 2019. As a result, surge events, 

waves, and coastal currents associated with storms in the region were amplified and sampling 

could not occur which contributed to the low catches in 2019.  

Catches of Least Cisco and Dolly Varden were at their lowest since before 2001, while 

Arctic Cod, Arctic Flounder, and Fourhorn Sculpin catches were among the lowest on record 

since 2001. Arctic Cisco, Broad Whitefish, Humpback Whitefish, and Rainbow Smelt catches 

were within the middle of the catch range since 2001, while Chum Salmon and Pink Salmon 

catches were the highest that they have been on record (10 and 417 fish, respectively). The catch 

of Saffron Cod in 2019 was the lowest that it has been since 2007 (catch range from 2008–2014 

= 838 to 12,519 fish), but on the high end of the range of catches reported from 2001–2007. 

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. This trend of changing nearshore conditions influencing Gadid abundance 

has also occurred in the Gulf of Alaska, where Saffron Cod abundance has increased while 

Pacific Cod Gadus macrocephalus and Walleye Pollock Theragra chalcogramma abundances 
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have decreased (Johnson et al. 2009). The low abundance of Least Cisco and Dolly Varden was 

in large part due to the capture of significantly fewer age-0 fish. Further, relatively few fish were 

captured at the smallest size classes for Arctic Cisco and Broad Whitefish, suggesting that weak 

year classes (and unfavorable environmental conditions) of age-0 fish were the primary drivers 

of these lower catches. 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 remains 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 2019. 
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Table 2. Range of water temperatures (°C) and salinity (ppt), 2001–2019. All sites and water 
column measurements are combined. 
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Table 3. Total catch of species at each site, 2019. 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, 2019. All sampling sites 
are combined. All fish were measured to fork length (FL), except for Arctic Cod and Saffron Cod 
which were measured to total length (TL). 
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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, 2019. Objects are not drawn to scale. 
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Figure 3. Wind velocity vectors over the 2019 sampling season. Meteorological data are from the 
NOAA National Weather Service station in Deadhorse, Alaska. 
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Figure 4. Wind velocity data, 1985–2019. 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, 2019. Surface, mid-water, and bottom values were 
averaged; data were collected using the handheld YSI probe. 
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Figure 6. Depth (m), salinity (ppt) and water temperature (°C) taken at hourly intervals at sample 
sites 230 (Red), 220 (Blue) and 218 (Black) in Prudhoe Bay, Alaska, 2019. Depth data was mean 
centered; negative values represent water levels below the average depth. Data was collected 
using Star-Oddi CTD data loggers. 
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Figure 7. Proportion of daily catch by species family groups, 2019. 
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Figure 8. Proportion of annual catch by species family groups, 2001–2019. 
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Figure 9. Scatterplot of all Arctic Cisco measured to fork length (FL) to the nearest mm, 
2019. All sites are combined. 
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Figure 10. Annual CPUE of all Arctic Cisco caught, 2001–2019. Error bars are standard error of 
annual catches per site per year. 
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Figure 11. Scatterplot of all Least Cisco measured to fork length (FL) to the nearest mm, 
2019. All sites are combined. 
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Figure 12. Annual CPUE of all Least Cisco caught, 2001–2019. Error bars are standard error of 
annual catches per site per year. 
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Figure 13. Scatterplot of all Broad Whitefish measured to fork length (FL) to the nearest 
mm, 2019. All sites are combined. 
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Figure 14. Annual CPUE of all Broad Whitefish caught, 2001–2019. Error bars are standard 
error of annual catches per site per year. 
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Figure 15. Scatterplot of all Humpback Whitefish measured to fork length (FL) to the 
nearest mm, 2019. All sites are combined. 
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Figure 16. Annual CPUE of all Humpback Whitefish caught, 2001–2019. Error bars are 
standard error of annual catches per site per year.    
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Figure 17. Scatterplot of all Dolly Varden measured to fork length (FL) to the nearest mm, 
2019. All sites are combined. 
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Figure 18. Annual CPUE of all Dolly Varden caught, 2001–2019. Error bars are standard error 
of annual catches per site per year.    

 

 
 
 
 
 
 

 



2019 Beaufort Sea Nearshore Fish Monitoring 
 

47 
 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences   
 

 
Figure 19. Annual CPUE of all Arctic Cod caught, 2001–2019. Error bars are standard error of 
annual catches per site per year.    
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Figure 20. Scatterplot of all Arctic Cod measured for length, 2019. All sites are 
combined. Arctic Cod were measured to total length (TL) to the nearest mm.  
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Figure 21. Annual CPUE of all Saffron Cod caught, 2001–2019. Error bars are standard 
error of annual catches per site per year.    
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Figure 22. Scatterplot of all Saffron Cod measured for length, 2019. All sites are combined. 
Saffron Cod were measured to total length (TL) to the nearest mm. 
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Figure 23. Annual CPUE of all Rainbow Smelt caught, 2001–2019. Error bars are standard 
error of annual catches per site per year.    
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Figure 24. Annual CPUE of all Arctic Flounder caught, 2001–2019. Error bars are standard 
error of annual catches per site per year.    
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Figure 25. Annual CPUE of all Fourhorn Sculpin caught, 2001–2019. Error bars are standard 
error of annual catches per site per year.    
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Figure 26. Annual CPUE of all Chum Salmon caught, 2001–2019. Error bars are standard error 
of annual catches per site per year.    
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Figure 27. Annual CPUE of all Pink Salmon caught, 2001–2019. 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, 2019. 
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Appendix 2. Number of Arctic Cisco (ARCS), Least Cisco (LSCS) Broad Whitefish (BDWF), 
and Humpback Whitefish (HBWF) sacrificed per length group for ageing analyses in 2019.  
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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, 2019.  
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   
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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, 2019.   

 



2019 Beaufort Sea Nearshore Fish Monitoring 
 

72 
 
 University of Alaska Fairbanks – College of Fisheries and Ocean Sciences   
 

Appendix 16. CPUE (fish/net night) for Dolly Varden (length group 2) collected at each 
sampling site and net in Prudhoe Bay, Alaska, 2019.   
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Appendix 17. CPUE (fish/net night) for Humpback Whitefish collected at each sampling site and 
net in Prudhoe Bay, Alaska, 2019.   
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Appendix 18. CPUE (fish/net night) for Arctic Cod collected at each sampling site and net in 
Prudhoe Bay, Alaska, 2019.   
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Appendix 19. CPUE (fish/net night) for Saffron Cod collected at each sampling site and net in 
Prudhoe Bay, Alaska, 2019.   
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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 2019 on the Beaufort Sea Nearshore Fish 
Monitoring Study as well as associated outcomes. 

1. Priest, J. T., and T. M. Sutton. 2019. Changes in community structure of nearshore fishes 
in Prudhoe Bay, Alaska. To be given at the 150th Annual Meeting of the American 
Fisheries Society, September-October 2019, Reno, Nevada. 

2. Gatt, K., and T. Sutton. 2019. A long-term growth response of Arctic cisco to changing 
Artic conditions. To be given at the 150th Annual Meeting of the American Fisheries 
Society, September-October 2019, Reno, Nevada. 

3. Napier, J., K. Gatt, and T. Sutton. 2019. Monitoring of fishes in nearshore waters of the 
Beaufort Sea. 2019 UAF Undergraduate Research and Creative Activity Day, April 2019, 
Fairbanks, Alaska. 

4. Sutton, T., J. Priest, D. Green, and K. Gatt. 2019. Deadhorse or deadfish: the Beaufort 
Sea fish monitoring project. College of Fisheries and Ocean Sciences Seminar Series, 
April 2019, Fairbanks, Alaska. 

5. Gatt, K., and T. Sutton. 2019. A long-term growth response of Arctic cisco to changing 
Arctic conditions. Alaska Chapter Meeting of the American Fisheries Society, March 
2019, Sitka, Alaska. 
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The following supplementary funding ($6,075 total) was secured in 2019 to support of the 

Beaufort Sea Nearshore Fish Monitoring study research components: 

Priest, J., and K. Gatt. 2019. Purchase of environmental data recording units for use in the Arctic. 

Funding for $6,075 from the University of Alaska Fairbanks Office of Undergraduate Research 

and Scholarly Activity (Innovative Teaching and Equipment [ITE] Award.  

Climate change is currently altering baseline environmental conditions worldwide, but effects are 

expected to be felt acutely in the Arctic. A long-term fisheries study in Prudhoe Bay, Alaska, 

recently began management by the UAF College of Fisheries and Ocean Science, with the intent 

to monitor fish abundance at four sampling locations. Despite the known importance of 

environmental data to fish populations, this project currently collects only daily point estimates 

of salinity and temperature data. Further, these environmental variables, as well as currently 

unrecorded measurements of depth, are theorized to alter sampling efficacy and species 

catchability, yet such hypotheses have not been investigated due to lack of data. Deployment of 

continuous data loggers will allow for a substantial improvement in quality of research given the 

impacts of environmental drivers on regional fish distribution and movement patterns. This 

proposal requests funds to purchase four autonomous conductivity (salinity), temperature, depth 

(CTD) data logger units and associated hardware/software for deployment at each sampling 

location. The CTD units would provide a means of passive, continuous monitoring of the 

aforementioned variables with long-term reliability and heightened accuracy. Data logged from 

these units would then be used to support undergraduate and graduate student research projects 

for the foreseeable future, improving research and allowing hands-on instructional experience. 
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Appendix 22. 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 2019 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 in recent decades. As a result, it is unclear how growth and condition of Arctic Cisco 

has responded to this environmental change. Historically, this species along with other high-

latitude whitefishes such as Least Cisco, Broad Whitefish, and Humpback Whitefish have been 

assigned age estimates using otoliths, scales and fin rays; however, no research exists on the 

precision of age estimates garnered from these or other alternative non-lethal 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 Arctic Cisco, Least Cisco, Broad Whitefish, and 

Humpback Whitefish. 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 high-latitude whitefishes. 

To accomplish these objectives, I will use archived Arctic Cisco otoliths collected during 

annual monitoring efforts between 2003 and 2019 efforts to construct a chronology of annual 

growth. Using this chronology, I will examine inter-annual growth rate variation and identify 

factors thought to influence growth most at the sub-adult and adult life stages. In addition, I will 

assess the precision of two alternative, non-lethal ageing structures (scales and dorsal spines) for 

Arctic Cisco, Least Cisco, Broad Whitefish, and Humpback Whitefish. All field work related to 

this project will be completed in conjunction with annual monitoring effort of the Beaufort Sea 

Nearshore Fish Monitoring Project. To date, all archived otoliths (2003 to 2019) have been 

processed (cataloged, mounted, cut transverse, annuli enumerated and measured, and growth 
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zones assigned a calendar year and age) to generate a database of annual growth data for Arctic 

Cisco. Preliminary analyses suggest Arctic Cisco have experienced significant inter-annual 

growth rate variation. Future work will attempt to link extrinsic drivers (e.g., water temperature, 

salinity, Sagavanirktok River discharge, east wind speed and fish abundances) to unique growth 

patterns. In the 2019 field season, otoliths, scales, and dorsal spines where collected from 63 

Arctic Cisco, 50 Least Cisco, 59 Broad Whitefish, and 52 Humpback Whitefish for precision 

analyses. Structures will be processed and assigned age estimates this coming winter and results 

available for the 2020 Beaufort Sea Nearshore Fish Monitoring Report.    

Data collected from this project will be used to increase 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 estimates to high-latitude Whitefishes. 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.   
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Appendix 23. Overview of the graduate research project being conducted by UAF Master’s 
degree student Justin Priest. 

Graduate Study Progress Overview – Justin Priest 

During 2019, I have made substantial progress on my graduate research. My graduate thesis has 

two chapters that are interconnected, focusing on how environmental variables affect the 

nearshore fish community as well as growth and abundance of whitefishes in Prudhoe Bay, 

Alaska. My thesis research began in 2017 and has become more in-depth since then, using the 

long-term 2001–2018 dataset to analyze different aspects of the fish community. The analyses 

for my thesis research use varied statistical approaches including non-Metric Dimensional 

Scaling, PERMANOVA, and negative binomial modeling to make assessments about how the 

fish communities and individual species were associated with different environmental 

conditions. The results indicate changes in temperature and salinity are responsible for many of 

the observed changes in relative abundances. In addition, the growth and abundance of Broad 

Whitefish and Arctic Cisco is also highly influenced by shifts in the environmental conditions.  

In addition to my personal thesis, I have worked to improve and standardize project reporting. 

This has been achieved using script files written in the statistical software R. Scripts include 

annual quality control and quality assurance (QA/QC), seasonal summaries of catch and length 

trends for major species (which assists with writing report sections), and automatic export and 

(unformatted) creation of most of the tables, figures, and appendices for the annual report. 

During the creation of the 2019 annual report, these script files were improved to be more 

generally adaptable and useful to future reporting needs.  

Over the past year, I have improved my statistical models and presented the results at the 

American Fisheries Society national conference in Reno, Nevada (“Changes in Community 

Structure of Nearshore Fishes in Prudhoe Bay, Alaska”), and during a UAF fisheries seminar 

(“Deadhorse or deadfish: the Beaufort Sea fish monitoring project”). This Spring, Kyle Gatt and 

I applied for and were granted an Innovative Teaching and Equipment Award from the 

University of Alaska Fairbanks Office of Undergraduate Research and Scholarly Activity. This 

competitive grant allowed us to purchase four Star-Oddi data loggers which have been used in 
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the 2019 report and will also be used in undergraduate classrooms as examples of real-world data 

to teach proper data management.  

My thesis work will be completed soon: Chapter 1 (“Effects of Environmental Variables on a 

Nearshore Arctic Fish Community, 2001–2018”) will be finalized in December 2019 and 

Chapter 2 (“Effects of Nearshore Water Temperature and Salinity on the Growth and Abundance 

of two Juvenile Arctic Whitefishes”) will be finalized in February 2020. I anticipate completing 

this work and defending my thesis in Spring 2020. After this, I will submit both chapters to peer-

reviewed journals, likely in Spring and Summer of 2020. These research analyses provide a great 

base for understanding how the nearshore fish community and individual species have been 

affected by recent changes in the environment. 
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Appendix 24. Overview of the graduate research project being conducted by UAF Master’s 
degree student Duncan Green. 

Graduate Study Progress Overview – Duncan Green 

The 2019 field season marked the third full year of my master’s project and my involvement 

with the Beaufort Sea Nearshore Fish Monitoring Study. I became involved with the project in 

2016 and spent the summer field season learning the ropes of the project and gaining an insight 

into the ecosystem, prior to University of Alaska Fairbanks (UAF) College of Fisheries and 

Ocean Sciences commencing operatorship of the study. During the 2017 and 2018 field seasons, 

I collected 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. I collected and preserved 265 juvenile Broad Whitefish to 

quantify full-body energy density for the species, the first such analysis for Broad Whitefish at 

any life stage. The quantification of energy density as a function of fish mass provides useful 

insight into how efficient Broad Whitefish are at converting the food they eat into tissue growth. 

In addition to energy density studies, 221 live juvenile Broad Whitefish were collected and 

successfully transported to Fairbanks in 2018 for experimental trials quantifying respiration (a 

proxy for metabolic rate) and growth rates across a range of water temperatures. These trials 

were successfully completed in early 2019. Currently, I am using my data in conjunction with 

existing bioenergetics models of related salmonids to direct the parameterization of a model 

specific to Broad Whitefish. While this model can be used to address a number of questions 

related to growth, prey consumption, or nutrient and contaminant accumulation, my study is 

aimed at predicting growth rates of Broad Whitefish at various climate warming scenarios. In 

addition, I am currently exploring the effects of shifts in food availability and quality on growth, 

as climate change is anticipated to alter food webs and ecosystem dynamics. While the changes 

likely to occur in rapidly warming Arctic ecosystems are largely unknown at this point, many of 

these shifts have already proceeded at rates exceeding predictions and in unanticipated ways. 

Species-specific investigations like my project are important for gaining insight into the 

individual mechanistic pieces of the whole-ecosystem puzzle. Studies on highly important 

subsistence species like Broad Whitefish are especially crucial given the dependence of 

indigenous communities like Utqiagvik, Nuiqsut, and Kaktovik on these resources. 
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Project completion is anticipated in late winter or early spring of 2020, and results will be 

made available to Hilcorp and published in a peer-reviewed journal upon completion of my 

research. 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 25. Overview of the graduate research project being conducted by UAF Master’s 
degree student Carolyn Hamman. 

Graduate Study Progress Overview – Carolyn Hamman 

The 2019 Beaufort Sea Nearshore Fish Monitoring Project field season was my first 

summer on the North Slope. The project that I developed will characterize thermotolerance in 

Saffron Cod Eleginus gracilis and Arctic Cisco Coregonus autumnalis. The continued increase 

in water temperatures in the Arctic Ocean has caused shifts in nearshore fish assemblages in the 

Beaufort Sea, such as a rise in Saffron Cod abundance. With current climate projections and the 

decline in other nearshore species, such as Arctic Cod, there could be an increase in competition 

for resources. In contrast to Saffron Cod, abundance of juvenile Arctic Cisco, an important 

subsistence fish for communities on the Alaskan coastal plain, has been declining. For both 

species, there is limited information on their thermotolerance or the underlying molecular 

mechanisms that drive this trait. Characterizing this attribute will aid in understanding the current 

distribution of these species and any changes that might happen in the future. One way 

ectothermic teleosts can acquire their thermotolerance is from heat-shock proteins, a highly 

conserved group of proteins that are overexpressed during a stress response (such as what would 

occur at extreme thermal conditions) to bind to unfolded proteins and immature polypeptides and 

prevent undesirable molecular interactions or improper folding that might otherwise occur. 

Protein HSP70 is a class of heat shock-protein that is consistently expressed in teleosts during a 

stress response. The objective of my study is to characterize thermotolerance of Saffron Cod and 

Arctic Cisco by analyzing HSP70 concentrations during two temperature experiments specific to 

each species.  

The increased abundance of Saffron Cod could be due thermal adaptations defined by a 

unique temperature profile in the Beaufort Sea. These adaptations can be better understood by 

analyzing a temperature-specific physiological parameter and the underlying genetic 

mechanisms driving it. Critical thermal maximum (CTmax) is a parameter that can be population 

specific and defined by the environmental thermal parameters in the area. Analyzing HSP70 

concentrations that occur at the CTmax in Saffron Cod collected from the Beaufort Sea will 

highlight potential thermal adaptations this population has acquired. I plan on collecting samples 

live from Prudhoe Bay during summer 2020 and transporting these fish to the University of 
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Alaska Fairbanks. After determining the CTmax of each population acclimated to a thermally low 

and high temperature, the HSP70 concentrations will then be analyzed for any differences 

between the populations. As previously mentioned, juvenile Arctic Cisco abundance has recently 

been declining in the Beaufort Sea. Characterizing the thermal range of this species will allow 

for better predictions to be made on how their abundance could continue to change with 

fluctuating aquatic temperatures. Live Arctic Cisco from the Beaufort Sea will be brought back 

to the University of Alaska Fairbanks for an acclimation period to allow all HSP70 

concentrations to return to a baseline level. Following this, tissue samples will be harvested and 

subsampled to be exposed to temperatures ranging from 0-20oC. The HSP70 concentrations will 

be analyzed at different time points from each tissue at each temperature treatment. The results 

from this will determine the intensity of the stress response at each temperature as well as the 

optimal temperature range for juvenile Arctic Cisco.  

The data from the two thermotolerance experiments will help to establish novel thermal 

profiles for Saffron Cod and juvenile Arctic Cisco in the Beaufort Sea. These profiles can be 

used to make predictions on how the abundance of each species might continue to shift as the 

temperature in the Beaufort Sea continues to fluctuate, which is important to understand as the 

change in abundance in these two species could influence the nearshore fish assemblages in the 

Beaufort Sea. I plan on applying to different funding sources to receive the necessary support for 

the materials I would need for this project and will apply to the UAF Office of Undergraduate 

Research and Scholarly Activity (URSA) to receive funding for an undergraduate to assist with 

my project. The anticipated semester for my thesis defense is Fall 2021.  
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