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the eastern Gulf of Alaska during summer 2011-2016
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Description of index: Pelagic fish were sampled using a trawl net towed in the upper 20 m of
the eastern Gulf of Alaska during the Alaska Fisheries Science Center’s Gulf of Alaska
Assessment Surveys during summer, 2011-2016. Stations were approximately 10 nautical miles
apart and a trawl was towed for approximately 30 minutes. The area swept by the trawl was
estimated from horizontal net opening and distance towed.

Fish catch was estimated in kilograms by year and station. Forage fish and squid weight was
estimated by multiplying the grand mean weight in a given year by the number captured at a
station. Surveys were not conducted in waters of the continental shelf of the eastern Gulf of
Alaska. Three forage species commonly captured in the trawl included: Pacific herring (Clupea
pallasii), squid (Gonadus, Berryteuhis), and wolf eel (Anarrhicthys ocellatus).

Abundance and distribution (center of gravity and area occupied) were estimated for using the
VAST package for multispecies version 1.1.0 (Thorson 2015; Thorson et al. 2016a, b, ¢) in
RStudio version 1.0.136 and R software version 3.3.0 (R Core Team 2016a). The abundance
index is a standardized geostatistical index developed by Thorson et al. (2015, 2016a) to estimate
indices of abundance for stock assessments. We specified a gamma distribution and estimated
spatial and spatio-temporal variation for both encounter probability and positive catch rate
components at a spatial resolution of 100 knots. Parameter estimates were within the upper and
lower bounds and final gradients were less than 0.0005.

Status and trends: Pacific herring were most abundant in 2011 but have remained at low
abundances in the GOA since 2012 (Figure 1). Wolf eel abundance was relatively low between
2011 and 2014, increased to the highest level observed in 2015, and then moderated to an
intermediate level in 2016 (Figure 1; Table 1). Squid has steadily increased since 2011 with the
exception of a large spike in abundance in 2014 (Figure 1; Table 1).

Distribution of these species varied by species and year. Herring distributed near shore (Figure
2). Wolf eel distributed offshore (Figure 3). Squid were distributed more evenly across the shelf
(Figure 4). During the 2014-2016 warm years, squid were distributed farther north (Figure 5)
and over a larger area (Figure 6). Herring and wolf eel did not show a distinct warm and cold
year difference in their distributions.

Factors causing trends: Low abundance of herring and high abundance of wolf eel in pelagic
waters during 2015 may be a response to atypically warm conditions. Herring were most
abundant during 2011 when conditions were anomalously cool despite poor primary production
(Strom et al. 2016) and an increased abundance of salps (Li et al. 2016), which further reduced



the amount of plankton available transfer energy to upper trophic levels. Squid abundance was
lowest during 2011, and have been more negatively affected by poor primary production.
Piscivorous predators not common to the eastern Gulf of Alaska were present in the eastern Gulf
of Alaska during 2014, and 2015, presumably in response to unprecedented warming in the
eastern Pacific Ocean commonly referred to as the “Warm Blob’ (Bond et al. 2015). Additional
predation pressure by these warm water predators may have reduced the amount of forage fish
that would have otherwise been present.

Implications: Lower abundances of herring in 2016 may have caused seabirds and adult salmon
to prey upon squid or other alternative prey during 2016.
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Figure 1. Index of abundance (metric tonnes) plus/minus 1 standard error for forage fish in the
eastern Gulf of Alaska during late summer, 2011-2016.
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Figure 2. Predicted field densities of herring in the eastern Gulf of Alaska during summer, 2011-
2016.
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Figure 3. Predicted field densities of wolf eel in the eastern Gulf of Alaska during summer, 2011-
2016.
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Figure 4. Predicted field densities of squid in the eastern Gulf of Alaska during summer, 2011-
2016.
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Figure 5. Center of gravity indicating temporal shifts in the mean east-to-west and north-to-south
distribution plus/minus 1 standard error in UTM (km) for forage fish in the eastern Gulf of
Alaska during summer, 2011-2016.
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Figure 6. Effective area occupies (In(km?)) indicating range expansion/contraction plus/minus 1
standard error for juvenile Pacific salmon on the eastern Gulf of Alaska during summer, 2011-
2016.



Table 1. Index of abundance (metric tonnes) plus/minus 1 standard error (SE) for forage fish in

the eastern Gulf of Alaska during summer, 2011-2016.

Year Pacific herring Squid Wolf eel
2011 9740 (13,147) 23 (20) 13 (8)
2012 614 (1211) 49 (16) 8 (4)
2013 2827(3449) 81 (22) 11 (4)
2014 2503 (2224) 529 (81) 93
2015 31 (49) 89 (30) 108 (25)
2016 751 (444) 164 (45) 28 (7)




