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Fig. 8 | The key processes operating on the low-slope plateau on Juneau Ice-
eld. A Schematic conceptual sketch of Vaughan Lewis Icefall and tongue on Gilkey

Glacier, Juneau Ice eld, in 2019. B Schematic sketch of same site to illustrate how it

might look in a few decades, highlighting some of the key processes. C Flow chart

illustrating the different processes contributing to the accelerating recession of
Juneau Ice eld and at other low-slope ice elds. See Supplementary Fig. S1D for a
eld photograph of the Vaughan Lewis Icefall and Gilkey Glacier.

ArcticDEM ‘nodata’ values were converted to O. The ArcticDEM holes
were then lled with the ASTER GDEM data ( lled output upsampled to
2 m cell size to match ArcticDEM) using raster calculator. Comparison
of the composite DEM with the original, unmodi ed GDEM raster yield
differences for individual pixels of up to 15 m, which is within GDEM
resolution. This likely stems from the resampling carried out as part of
the nal raster calculation. Hillshade and slope models were derived
from the composite DEM mosaic to aid interpretation of glaciological
features.

For some glaciers, historical maps and surveys prior to 1948 are
available. Here, the maps provided in historical sources (e.g., ref. 28)
were scanned, georeferenced, and the termini digitised and included
in the available data. As only terminus positions are available, these are
provided as polylines at the glacier terminus, annotated with the year
(e.g., Fig. 2E, Supplementary Fig. 5).

Photogrammetry and generation of orthomosaics and DEMs

Aerial photographs from surveys own in 1948 and 1979 are available
in Earth Explorer (USGS). They are scanned images, without any
geospatial data attached. The les are not georeferenced but the
database includes an approximate footprint for some images. The

surveys were undertaken in July—August 1948 and from asingle ightin
August 1979, during a period of minimal snow and cloud cover. We
selected all available images from the Earth Explorer database (1446
from 1948 AD and 103 from 1979 AD) that intersected a polygon drawn
around our study region, along with images that had no footprints in
the database but were part of the same ight roll, and that were not
damaged, torn or had holes.

For 1979, we used the calibration reports provided by NASA along
with the ducial markers to resample the images to a consistent size.
The 1948 images do not have calibration reports but do have ducial
markers, so we used the average position of the ducial marks to
resample the images. We then applied contrast limit adaptive histo-
gram equalization (CLAHE) to ensure the images had consistent
brightness. Using MicMac”, we found tiepoints and calculated the
relative camera orientations for each image and processed a relative
orthophoto and DEM, using camera coordinates rather than geo-
graphic coordinates. The 1948 images were processed in four separate
blocks due to the number of images involved. We then automatically
registered the resultant orthophotos to a Sentinel-2 image to nd
ground control points. Elevation was determined using the Copernicus
30m DEM (https://spacedata.copernicus.eu/collections/copernicus-

Nature Communications | (2024) 15:5099

14


https://spacedata.copernicus.eu/collections/copernicus-digital-elevation-model



https://spacedata.copernicus.eu/collections/copernicus-digital-elevation-model



https://data.mendeley.com/datasets/4djw8z3jrb/2
https://www.glims.org/maps/glims
https://ngmdb.usgs.gov/topoview/viewer/#4/52.19/-123.71



https://ngmdb.usgs.gov/topoview/viewer/#4/52.19/-123.71
https://earthexplorer.usgs.gov/
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-topography-mission-srtm-1
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-topography-mission-srtm-1
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-topography-mission-srtm-1
https://viewfinderpanoramas.org/dem3.html
https://asterweb.jpl.nasa.gov/gdem.asp
https://asterweb.jpl.nasa.gov/gdem.asp
https://github.com/micmacIGN/micmac
https://code.earthengine.google.com/?scriptPath=users%2Frobertmcnabb%2Fjuneau%3Aalbedo.js
https://code.earthengine.google.com/?scriptPath=users%2Frobertmcnabb%2Fjuneau%3Aalbedo.js
https://doi.org/10.1038/s41561-021-00885-z
https://doi.org/10.1038/s41561-021-00885-z
https://doi.org/10.1029/2019EF001470
https://doi.org/10.1029/2019EF001470
https://doi.org/10.3389/fclim.2021.702585
https://doi.org/10.3389/feart.2018.00020



https://climatedataguide.ucar.edu/climate-data/north-pacific-np-index-trenberth-and-hurrell-monthly-and-winter
https://climatedataguide.ucar.edu/climate-data/north-pacific-np-index-trenberth-and-hurrell-monthly-and-winter
https://climatedataguide.ucar.edu/climate-data/north-pacific-np-index-trenberth-and-hurrell-monthly-and-winter
https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/
https://www.ncei.noaa.gov/access/monitoring/climate-at-a-glance/
https://doi.org/10.3389/feart.2020.00129
https://doi.org/10.7910/DVN/OHHUKH
https://doi.org/10.7910/DVN/OHHUKH



http://www.calib.qub.ac.uk/
https://doi.org/10.1038/s41467-024-49269-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/



about:blank

































































































































about:blank



about:blank
about:blank



https://doi.org/10.3354/meps14402






about:blank
about:blank









http://fishphysiology.org/wp-content/uploads/2014/02/Houlihan1.pdf











































































mailto:vvonbiela@usgs.gov
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1139/cjfas-2020-0209



http://LEONetwork.org
https://www.adfg.alaska.gov/CF_R3/external/sites/aykdbms_website/Default.aspx






http://www.qiagen.com



























http://dx.doi.org/10.1111/jfb.12367
http://www.ncbi.nlm.nih.gov/pubmed/24684400
http://dx.doi.org/10.1080/10641260903243487
http://dx.doi.org/10.1577/H03-071.1
http://dx.doi.org/10.1016/S0378-1119(02)00687-X
http://www.ncbi.nlm.nih.gov/pubmed/12354651
http://dx.doi.org/10.1093/conphys/coaa084
http://dx.doi.org/10.1080/03632415.2016.1245993
http://dx.doi.org/10.1016/j.jhydrol.2009.03.018
http://dx.doi.org/10.3996/052017-JFWM-045
http://dx.doi.org/10.1242/jeb.02292
http://www.ncbi.nlm.nih.gov/pubmed/16809457
http://dx.doi.org/10.1677/jme.0.0290023
http://dx.doi.org/10.1677/jme.0.0290023
http://www.ncbi.nlm.nih.gov/pubmed/12200227
http://dx.doi.org/10.1002/tafs.10172
http://dx.doi.org/10.1242/jeb.161224
http://www.ncbi.nlm.nih.gov/pubmed/29093190
http://dx.doi.org/10.3389/fphys.2011.00026
http://www.ncbi.nlm.nih.gov/pubmed/21716655
http://dx.doi.org/10.1139/Z07-122



http://dx.doi.org/10.1111/j.1752-4571.2008.00033.x
http://www.ncbi.nlm.nih.gov/pubmed/25567630
http://dx.doi.org/10.1098/rspb.2009.1562
http://dx.doi.org/10.1098/rspb.2009.1562
http://www.ncbi.nlm.nih.gov/pubmed/19923129
http://dx.doi.org/10.1007/s11160-010-9164-8
http://dx.doi.org/10.1093/conphys/coaa074
http://dx.doi.org/10.1080/00028487.2014.959997
http://dx.doi.org/10.1371/journal.pone.0123127
http://dx.doi.org/10.1126/science.1199158
http://www.ncbi.nlm.nih.gov/pubmed/21454790
http://dx.doi.org/10.1093/conphys/cot008
http://dx.doi.org/10.1016/j.gene.2011.05.026
http://dx.doi.org/10.1016/j.gene.2011.05.026
http://www.ncbi.nlm.nih.gov/pubmed/21658436
http://dx.doi.org/10.1111/j.1365-294X.2011.05276.x
http://dx.doi.org/10.1111/j.1365-294X.2011.05276.x
http://www.ncbi.nlm.nih.gov/pubmed/21951593
http://dx.doi.org/10.1086/592057
http://www.ncbi.nlm.nih.gov/pubmed/18922081
http://dx.doi.org/10.1146/annurev.physiol.61.1.243
http://www.ncbi.nlm.nih.gov/pubmed/10099689
http://dx.doi.org/10.1126/science.290.5492.795
http://www.ncbi.nlm.nih.gov/pubmed/11052941
http://dx.doi.org/10.1577/T04-113.1
http://dx.doi.org/10.1577/1548-8446(1999)024%3C0006%3AIPR%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8446(1999)024%3C0006%3AIPR%3E2.0.CO;2
http://dx.doi.org/10.1111/j.1095-8649.2012.03360.x
http://dx.doi.org/10.1111/j.1095-8649.2012.03360.x
http://www.ncbi.nlm.nih.gov/pubmed/22803725
http://dx.doi.org/10.1242/jeb.00707
http://www.ncbi.nlm.nih.gov/pubmed/14638828
http://dx.doi.org/10.1023/A%3A1008812500650
http://dx.doi.org/10.1023/A%3A1008812500650
http://dx.doi.org/10.1093/icb/39.6.901
http://dx.doi.org/10.1093/icb/39.6.901
http://dx.doi.org/10.1002/ece3.274
http://dx.doi.org/10.1002/ece3.274
http://www.ncbi.nlm.nih.gov/pubmed/22957178
http://dx.doi.org/10.1111/eva.12119
http://www.ncbi.nlm.nih.gov/pubmed/24567748
http://dx.doi.org/10.1111/gcb.15155
http://dx.doi.org/10.1111/j.1600-0633.2007.00267.x
http://dx.doi.org/10.1577/H03-068.1
http://dx.doi.org/10.1111/j.1365-2761.2009.01059.x
http://dx.doi.org/10.1111/j.1365-2761.2009.01059.x
http://www.ncbi.nlm.nih.gov/pubmed/19570061
http://dx.doi.org/10.5066/P9NOHTRB
http://dx.doi.org/10.5066/P9NOHTRB
http://dx.doi.org/10.1016/j.aquatox.2011.02.022
http://dx.doi.org/10.1016/j.aquatox.2011.02.022
http://www.ncbi.nlm.nih.gov/pubmed/21543052
http://dx.doi.org/10.3389/fphys.2016.00511
http://www.ncbi.nlm.nih.gov/pubmed/26858649
http://dx.doi.org/10.1146/annurev.bi.55.070186.005443
http://www.ncbi.nlm.nih.gov/pubmed/2427013
http://dx.doi.org/10.1139/f02-117
http://dx.doi.org/10.1139/f03-039
http://dx.doi.org/10.1007/s11160-012-9271-9
http://dx.doi.org/10.1139/F09-158
http://dx.doi.org/10.1139/F09-158
http://dx.doi.org/10.1080/10641260802590152
http://dx.doi.org/10.1126/science.1196901
http://dx.doi.org/10.1111/eva.12164
http://www.ncbi.nlm.nih.gov/pubmed/25469162
http://dx.doi.org/10.1139/F02-020
https://www.noaa.gov/news/2019-was-2nd-hottest-year-on-record-for-earth-say-noaa-nasa
https://www.noaa.gov/news/2019-was-2nd-hottest-year-on-record-for-earth-say-noaa-nasa
http://dx.doi.org/10.1111/j.1095-8649.2010.02554.x
http://www.ncbi.nlm.nih.gov/pubmed/20409166
http://dx.doi.org/10.1007/s101260000005
http://www.ncbi.nlm.nih.gov/pubmed/10960122
http://dx.doi.org/10.1126/sciadv.aaw9883
http://dx.doi.org/10.1126/sciadv.aaw9883
http://www.ncbi.nlm.nih.gov/pubmed/31840060
http://dx.doi.org/10.1038/nature06880
http://www.ncbi.nlm.nih.gov/pubmed/18362915
http://dx.doi.org/10.1371/journal.pone.0040825
http://dx.doi.org/10.1371/journal.pone.0040825
http://www.ncbi.nlm.nih.gov/pubmed/22815834



http://dx.doi.org/10.1577/T05-023.1
http://dx.doi.org/10.1016/j.marpolbul.2006.05.016
http://dx.doi.org/10.1016/j.marpolbul.2006.05.016
http://www.ncbi.nlm.nih.gov/pubmed/16854435
http://dx.doi.org/10.1016/j.dci.2017.02.005
http://www.ncbi.nlm.nih.gov/pubmed/28196779
http://dx.doi.org/10.1577/T09-171.1
http://dx.doi.org/10.1534/g3.115.017699
http://dx.doi.org/10.1016/j.dci.2011.07.002
http://www.ncbi.nlm.nih.gov/pubmed/16225770
http://dx.doi.org/10.1016/j.etap.2012.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22418068
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/access-national-hydrography-products
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/access-national-hydrography-products
https://www.usgs.gov/core-science-systems/ngp/national-hydrography/access-national-hydrography-products
http://dx.doi.org/10.1016/j.dci.2017.03.004
http://www.ncbi.nlm.nih.gov/pubmed/28279806
http://dx.doi.org/10.1016/j.aquatox.2009.09.009
http://dx.doi.org/10.1016/j.aquatox.2009.09.009
http://www.ncbi.nlm.nih.gov/pubmed/19811841
http://dx.doi.org/10.1016/j.dci.2011.03.012
http://www.ncbi.nlm.nih.gov/pubmed/21414349
http://dx.doi.org/10.3390/ijms18102197
http://www.ncbi.nlm.nih.gov/pubmed/29065550
http://dx.doi.org/10.5066/P9ECW77M
http://dx.doi.org/10.5066/P9Y0IZH2
http://dx.doi.org/10.1139/f05-126
http://dx.doi.org/10.1029/2007GL030216
http://dx.doi.org/10.1016/j.fsi.2010.06.016
http://www.ncbi.nlm.nih.gov/pubmed/20633655
http://dx.doi.org/10.1038/scientificamerican0593-56
http://dx.doi.org/10.1038/scientificamerican0593-56
http://www.ncbi.nlm.nih.gov/pubmed/8097593
http://dx.doi.org/10.1029/96JB00104
http://dx.doi.org/10.1029/96JB00104
http://dx.doi.org/10.1002/ece3.6751
http://dx.doi.org/10.1016/j.aquatox.2005.05.009
http://www.ncbi.nlm.nih.gov/pubmed/16011852



http://crossmark.crossref.org/dialog/?doi=10.1002%2Ffsh.10705&domain=pdf&date_stamp=2022-02-15



















Pacific salmon premature mortality and spawning success in 2019
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Figure 9. A conceptual model contrasting different conditions associated with Pacific salmon premature mortality in Alaska
during record heat and drought in 2019, with conditions associated with typical levels of spawning success. Map (top right)
shows selected mortality observations in Yukon and Prince William Sound (PWS) regions from Figure 2. Pictures of Pacific salm-
on species included in mortality observations from the Yukon region (top left) and PWS region (top center). Plot panels show
maximum (max) daily water temperature (red line) and mean daily discharge (blue line; axes have different scales), contrasting
physical conditions in three different streams during spawning migration (gray shading is mortality observation timing; no ob-
servations in right panel). lllustrations along the bottom depict Pacific salmon spawning outcomes under three different condi-
tions. Left panel shows how prolonged, high water temperatures causes heat stress mortality of Pacific salmon when the upper
thermal limit reached the Yukon River (water temperatures from Alaska Department of Fish and Game and discharge data from
U.S. Geological Survey [USGS] gage station 15565447, Pilot Station; dashed line is 18°C water temperature threshold associated
with heat stress from von Biela et al. 2020). Center panel shows representative PWS rain-driven stream where thousands of
Pink Salmon carcasses were observed (water temperature and discharge data from USGS gage station 15215900, Glacier River,
Cordova, glaciers actually outside this watershed). Also depicted are two ways in which drought causes hypoxia mortalities:
(1) low and declining discharge reduced dissolved oxygen and increased crowding; (2) near zero discharge in August and early
September inhibited upstream migration; thus, Pink Salmon entering intertidal regions on high tides or during an early Septem-
ber rain event were stranded at low tide or when the rain ended. Right panel shows representative PWS glacier-driven stream
where Pink Salmon achieved high migration and spawning success in 2019 (water temperature and discharge from USGS gage
station 15236900, Wolverine Creek, Whittier; gage located well above spawning areas, where water temperatures were not as
cold). Figure design and illustration by Cecil Howell.

streams, and rare in glacier-driven streams. Our results sup-
port the perspective that understanding the local stream- or
population-scale response to broad-scale climate forcing
requires consideration of physical watershed characteristics
as well as population-specific traits such as escapement abun-
dance and run timing.

The propensity for spawning Pacific salmon to be influ-
enced by water temperature and streamflow is well known
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(Rand et al. 2006; Quinn 2018; Dahlke et al. 2020). A recent
meta-analysis revealed that across nearly 700 fish species,
spawning adults had a narrower thermal tolerance with a
cooler maximum temperature limit as compared to juveniles
and nonspawning adults (Dahlke et al. 2020). The most likely
cause for temperature sensitivity in spawning adults appears
to be a reduced cardiorespiratory (aerobic) capacity associated
with the energetic demands of gamete production (Dahlke
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et al. 2020). Cardiorespiratory capacity has been specifically
identified as a limitation for spawning Pacific salmon in warm
temperatures (Eliason et al. 2011) and is thought to explain
the high rates of mortality with warm water temperatures in
Fraser River Sockeye Salmon, as well as disproportionate neg-
ative effects on females, because they must produce energy-
dense eggs (Quinn 2018; Hinch et al. 2021). Particularly
difficult years for spawning salmon are occasionally apparent
and provide examples where extreme atmospheric conditions
resulted in particularly high mortality. For example, Pacific
salmon spawning migrations in the U.S. Pacific Northwest
during 2015 faced a similar set of environmental anomalies
as Alaska in 2019, including record-breaking warm tem-
peratures, low streamflows associated with drought, and the
2014-2016 Pacific marine heatwave (Crozier et al. 2020). This
resulted in almost complete premature mortality among Snake
River Sockeye Salmon and unusually high premature mortal-
ity among Snake River Chinook Salmon (Crozier et al. 2020).

Observations reported here are part of an emerging pic-
ture that biological tipping points are being reached for
Alaska’s Pacific salmon, where warming switches from ben-
eficial to detrimental in some locations, years, and life stages.
In western Alaska, evidence of heat stress was detected in
about half of spawning Yukon River Chinook Salmon sam-
pled during 2016 and 2017, when migration water tempera-
tures exceed 18°C (von Biela et al. 2020). Jones et al. (2020),
in a south-central Alaska study, also documented the neg-
ative effects of water temperatures above 18°C on annual
measures of Chinook Salmon production. Unfortunately,
protracted periods (weeks to a month) of summer water tem-
peratures above 18°C are anticipated to be more common
in south-central Alaska (e.g., Matanuska-Susitna and Cook
Inlet regions) over the next 50 years (Shaftel et al. 2020). The
opportunistic observations we collected reinforce concerns
raised in these studies and identify additional Pacific salmon
populations where detrimental effects from warming may
also be emerging.

Premature Mortality Observations

The large number of premature mortality observations,
involvement of multiple Pacific salmon species, and wide geo-
graphic distribution of the observations are consistent with a
response to large-scale atmospheric conditions in 2019. While
carcass detections grossly underestimate the true levels of pre-
mature mortality, Patterson et. al. (2007) noted that anecdotal
carcass reports provide some of the earliest indicators of en
route losses as mortality observations often occur in runs where
negative discrepancies between en route escapement projections
and final spawner escapement estimates are later identified. In
fact, other data from 2019 also indicated unusually high levels of
premature mortality in the Yukon region where carcasses were
observed. High en route mortality for Yukon Chinook salmon
was consistent with a large and negative discrepancy between
the prediction of Canadian-bound fish estimated from the lower
river monitoring station in Pilot Station, Alaska, and estimates
at the Canadian border, which resulted in a Canadian fishery clo-
sure (JTC 2020). Similarly, summer Chum Salmon abundance in
the Koyukuk River portion of the Yukon was well below average
at both the Gisasa River and Henshaw Creek weirs, which were
located upriver from areas where many carcasses were observed
(Brenner et al. 2020).

Several factors preclude us from drawing conclusions about
the number of premature mortality observations associated with

each species, since observations were opportunistic and did not
come from a designed study. For example, carcass detection was
likely higher for more abundant species, clearer streams, shal-
lower streams, warmer streams, and more frequented locations
(Patterson et al. 2007). Indeed, all of these observation biases are
present for observations of Pink Salmon, the most frequently
reported species. Pink Salmon are far more abundant than the
other species in Alaska (Brenner et al. 2020); there was a high
degree of survey effort by the ADFG, and most PWS streams
surveyed were clear and shallow since peak drought conditions
occurred during the time spawning surveys were conducted.

Relating Migration Success to Streamflow Source
in Prince William Sound

Conditions in the PWS region prior to and during the 2019
Pink Salmon spawning migration were unusual, and migration
success varied widely (Figure 7). While April snowpack condi-
tions were normal at higher elevations, snow melted early at lower
elevations (Fisher et al. 2019a). For example, there was no snow in
the Lowe River and Valdez in April, when normally snow depth
would be 0.82 m and 0.71 m, respectively (Fisher et al. 2019a). Air
temperature anomalies were warm in March and April, which
melted snow at lower elevations, and warm from June through
August, along with low precipitation (Fisher et al. 2019b).

Most regions of PWS include examples of Pink Salmon
runs with high, medium, and low migration success, with high
and low migration success streams often occurring in adja-
cent watersheds. Southern PWS’s large islands (Montague,
Hinchinbrook, and Hawkins) were the exception, with Pink
Salmon migration success universally reduced to low and
medium levels. Different streamflow sources among water-
sheds reliably predicted Pink Salmon migration success. Pink
Salmon runs to rain- and snow-driven streams were vulnerable
to the drought, with rain-driven systems being most vulnera-
ble. Glacier-driven streams were generally buffered from the
drought because glacier melt water provided a more reliable
source of streamflow. Southern PWS’s large islands have min-
imal glacier coverage and nearly all their watersheds are rain-
driven, which explains why migration success was universally
reduced there. Our results align with predicted climate change
impacts, particularly increasing temperatures and drought
severity in Arctic and subarctic watersheds that reduce the
snowpack available for enhancing streamflow during summer
and fall (Nilsson et al. 2015; Littell et al. 2018).

In PWS streams, Rain-I and Snow-II watersheds accounted
for the largest number of streams with reduced migration suc-
cess. Throughout the coastal Gulf of Alaska, these two water-
shed types account for 27% of the 4,140 watersheds that have
been classified (Sergeant et al. 2020), suggesting that stream
response to drought conditions could have been more wide-
spread across southern Alaska. Snow-driven watersheds in
this area are anticipated to continue shifting toward snow-rain
transitional hydrographs through the end of the 21st century
(Littell et al. 2018). Based on the results presented here, that
streamflow transition would also confer a higher likelihood
of reduced salmon migration success during summer drought
conditions. While our analysis indicated that watersheds with
glacier coverage greater than 18% appear to be somewhat
buffered from low summer flows, modeling in southern coastal
Alaska predicts the magnitude of summer flow will decrease
as glacier volumes continue to diminish (Beamer et al. 2017,
Pitman et al. 2020). In current times, short-term glacier melt
can also be so rapid that it causes anomalously high flows
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that impede migration (Valentin et al. 2018). Indeed, high
flows in PWS’s glacierized Copper River appeared to impede
the migration of radio-tagged Sockeye Salmon near Wood
Canyon in 2019 and resulted in a high rate (>50%) of en route
mortality for the component of the run migrating during mid-
season (P. S. Rand, unpublished data).

In glaciated southern coastal Alaska (Cook Inlet through
Southeast Alaska), two primary mechanisms have been
described in which drought leads to adult salmon mortal-
ity despite generally cool (<15°C) freshwater temperatures:
(1) exposure to lethally low dissolved oxygen levels due to
reduced reaeration rates from lower water turbulence at low
discharges and increased respiration due to high salmon den-
sity (Sergeant et al. 2017; Tillotson and Quinn 2017), and (2)
stranding in channels that dry up as the tide ebbs (Murphy
1985; P. S. Rand, personal observations).

Prior to 2019, observations of drought-related mortality
occurred in just a few streams during a particular year and tended
to involve a few thousand carcasses or fewer (C. Russell, personal
observations). Two exceptions were 1991 and 2004, when drought
and related mortalities were widespread within PWS (ADFG
records reviewed by Russell). However, 2019 conditions differed
from those in 1991 and 2004 because marine water temperatures
were also warm and reached at least 18°C in July (R. Campbell,
Prince William Sound Science Center; unpublished data from
central PWS). Some Pink Salmon appeared to respond to warm
marine water temperatures by entering cooler streams (<13°C;
PS. Rand, unpublished data collected above the high tide line in
PWS streams) earlier than normal (e.g., July instead of August).
The intensity of die-offs in some PWS Pink Salmon streams may
also be exacerbated by high rates of straying of hatchery-origin
fish into natural streams, which, by increasing fish density and
dissolved oxygen demand prior to spawning, can lead to density-
dependent hypoxia. Hogan Creek, where a significant die-off event
was observed, is comprised mostly of hatchery-origin Pink Salmon
(>50% during 2013-2015; Knudsen et al. 2021), and had markedly
higher fish densities, leading to a greater risk of premature mor-
tality among natural-origin fish than would otherwise be the case.

Synthesis

Our three plots of water temperature and discharge
(Figure 9) show the wide range of freshwater temperatures and
flows under warm air temperature and drought conditions that
occurred in Alaska during 2019, and also led us to identify three
main causes of premature mortality when examined in con-
junction with observations of carcasses: heat stress due to high
water temperatures, hypoxia due to drought, and stranding due
to drought. This did not occur in PWS’s glacier-driven streams,
where glacier runoff continued to provide a cold and stable
water source. Elsewhere in Alaska, it is likely that glacial runoff,
as well as cool groundwater sources, provided similar successful
outcomes for migrating and spawning of Pacific salmon.

The strongest support for high water temperature as a cause
of premature mortality came from the Yukon region salmon
carcass observations in conjunction with available temperature
and discharge data (Figure 9; ADFG temperature data and U.S.
Geological survey [USGS] discharge data at station 15565447
from Pilot Station, Alaska). Other studies have also identified
a heat stress response in several species of Pacific salmon in
water near 18°C and mortalities in water ranging from 21°C to
25°C (McCullough 1999; Strange 2010; Donnelly et al. 2020;
von Biela et al. 2020). For Yukon River Chinook Salmon, von
Biela et al. (2020) reported heat stress during 2016 and 2017,

166 Fisueries | Vol. 47  No. 4 ¢ April 2022

when water temperatures were less extreme than in 2019 (von
Biela et al. 2020). In 2019, the Yukon River had a maximum
daily water temperature >18°C for 44 consecutive days (June 13
— July 26) and >21°C for 9 consecutive days (July 9-17). Pacific
salmon mortality observation dates were well correlated with
dates when water temperatures associated with mortality were
reached (>21°C). Mortality observations in the Yukon region
were first reported on July 10, just 1 d after the first daily max-
imum water temperature was >21°C, while the latest mortality
observations were made in early August, just after maximum
daily water temperatures fell to <18°C. Other factors may have
also contributed to mortalities, including hypoxia, reduced
streamflow from drought, and pathogens.

The strongest support for drought as a cause of premature
mortality was in PWS Pink Salmon carcass observations in
conjunction with aerial survey estimates of migration success
and stream discharge information. Stream discharge levels
dropped through July, but high densities of Pink Salmon still
had enough water to move into streams. This combination of
less water and many salmon likely caused hypoxic conditions
that led to mortality observations in July (Figure 9). By August,
water levels were often too low for upstream movement, and
arriving Pink Salmon appeared to congregate in cooler (<13°C)
and deeper PWS marine waters, where they were occasionally
visible during aerial surveys in areas of cold water upwelling.
This pattern persisted for several weeks and delayed the typical
timing of upstream migration. By the middle of August, Pink
Salmon attempted to migrate upstream during diurnal high
tides, only to be either stranded in dewatered channels near
stream mouths or trapped in tide pools during subsequent low
tides (Figures 4, 9). Eventually, a rain event in early September
provided a narrow window of opportunity for Pink Salmon
to migrate upstream, and some were able to successfully com-
plete their migration to spawning areas. The subsequent drop
in water levels after the rain ended was associated with new
mortality observations (Figure 9).

In contrast, high migration success was generally associ-
ated with runs into small glacier-driven PWS streams that were
buffered or responded differently to the atmospheric effects of
warm temperatures and drought. A water monitoring station
just below Wolverine Glacier in western PWS demonstrated
that glacier melt continued to provide cold, stable water tem-
peratures near 2°C and discharges well above zero (Figure 9;
data from USGS gage station 15236900 on Wolverine Creek
near Whitter, Alaska; upstream of spawning grounds).

Despite the drought, return of PWS Pink Salmon from the
2019 brood in 2021 was above average for wild stocks (ADFG
preliminary data for 2021 season). Both adaptive man-
agement decisions and biological compensatory responses
potentially facilitated PWS Pink Salmon recruitment success
despite an uncertain 2021 forecast (Brenner et al. 2021). After
detecting premature mortality early in the 2019 fishing sea-
son, managers limited harvest at critical times to provide
more opportunity for fish to successfully migrate and spawn
during drought conditions (Russell, unpublished data). This
provides an example of how proactive management can adapt
to benefit fish populations experiencing unusual environmen-
tal conditions. However, major drivers of salmon population
dynamics, like compensatory processes (e.g., density depen-
dence and competitive interactions) and favorable ocean con-
ditions, almost certainly contributed to improved recruitment
and led to a relatively strong return in 2021. Among other
species with premature mortality observations, generations
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times are longer and outcomes from the 2019 brood are not
yet known.

Extreme heat and drought events are often viewed as win-
dows into the future (Russo et al. 2014; Crozier et al. 2020).
Observations from 2019 may prove to be one early warning of
widespread shifts in Alaska’s Pacific salmon production, given
some recent studies on future water temperature and salmon
production. First, watersheds with near optimal water tem-
peratures over the past several decades are projected to warm
beyond lethal limits of Pacific salmon within the next 50 years
(Shaftel et al. 2020). Second, there is already evidence of
declining population productivity with increasing water tem-
perature in southcentral Alaska’s warmest watersheds (Jones
et al. 2020). Third, there is some evidence that warming will
increase Pacific salmon production in rivers and streams that
have been historically below thermal preferences (e.g., Schoen
etal. 2017; Jones et al. 2020). Fourth, there is evidence that an
increasing number of Pacific salmon will encounter challeng-
ing environmental conditions in marine as well as freshwater
habitats as climate warming proceeds. Marine conditions are
known to influence Pacific salmon production with warmer
oceans previously linked to higher production in Alaska
(Mueter et al. 2002), but more recent evidence hinting that
extremely warm ocean conditions are problematic (Carey
et al. 2021). More frequent extreme warm ocean conditions
are anticipated (e.g., Pacific marine heatwaves in 2014-2016
and 2019; Amaya et al. 2020). This is particularly concerning
because it would likely lower productivity more than if stress-
ful conditions were limited to either marine or freshwaters.

Federal and state agencies, tribal organizations, nonprofit
organizations, and citizen scientists are already working to
maintain and increase the capacity to monitor water tem-
perature, streamflow, and fish populations across Alaska’s
expansive and remote landscape. Mortality observations can
continue to be reported via the LEO Network (LEONetwork.
org). These efforts are an important step to better detect and
prepare for long-term fisheries change and inform habitat
conservation efforts at local and regional scales. However,
systematic sampling of en route and prespawn mortality is
extremely limited in Alaska and not easily implemented in
most of Alaska’s remote salmon spawning habitat that lack
road access. Instead, researchers may need to validate new
biomarkers or models that predict premature mortality from
environmental conditions with the goal of developing alter-
native tools for monitoring premature mortality. Increased
opportunities for data sharing and organized repositories
(e.g., waterdata.usgs.gov and the anticipated AKTEMP
water temperature repository from the Alaska Center for
Conservation Science) can improve the utility of all these
data sources, and will help fishery scientists and managers
determine whether a major shift in Pacific salmon productiv-
ity is underway. A shift in the abundance of Pacific salmon
would be a significant disruption for communities that
depend on salmon to sustain their culture, food security, and
local economy.

ACKNOWLEDGMENTS
We thank the dozens of citizens and scientists who gen-
erously shared their observations of unusual fish mortality
across Alaska during 2019. Please see the associated data
release for acknowledgments of each observer associated
with their specific observations. We also thank Michael

Brubaker, Erica Lujan, and the Alaska Native Tribal Health
Consortium for their efforts in developing and maintaining
the LEO Network. Erik Schoen, Bill Templin, Jack Erickson,
and Matthew Nemeth provided helpful reviews of the initial
version of this article. Nate Mantua, Matthew Keefer, and
an anonymous reviewer provided constructive comments
that improved the article during journal review. Any use of
trade, firm, or product names is for descriptive purposes only
and does not imply endorsement by the U.S. Government.
There is no conflict of interest declared in this article.

ORCID
Vanessa R. von Biela "= https://orcid.org/0000-0002-7139-5981
Christopher J. Sergeant ([») https://orcid.

org/0000-0002-3363-3213

Michael P. Carey (1) https://orcid.org/0000-0002-3327-8995
Peter S. Rand (/») https://orcid.org/0000-0003-0166-2201
Peter A.H. Westley (=) https://orcid.org/0000-0003-4190-7314

Christian E. Zimmerman (*) https://orcid.
org/0000-0002-3646-0688
REFERENCES

ACRC (Alaska Climate Research Center). 2020. 2019 Alaska climate re-
view. The Alaska Climate Research Center, Fairbanks.

Amaya, D. J., A. J. Miller, S. P. Xie, and Y. Kosaka. 2020. Physical driv-
ers of the summer 2019 north Pacific marine heatwave. Nature
Communications 11:1-9.

Beamer, J. P., D. F. Hill, D. McGrath, A. Arendt, and C. Kienholz.
2017. Hydrologic impacts of changes in climate and glacier ex-
tent in the Gulf of Alaska watershed. Water Resources Research
53:7502-7520.

von Biela, V. R, L. Bowen, S. D. McCormick, M. P. Carey, D. S. Donnelly, S.
Waters, A. M. Regish, S. M. Laske, R. J. Brown, S. Larson, S. Zuray, and
C. E. Zimmerman. 2020. Evidence of prevalent heat stress in Yukon
River Chinook Salmon. Canadian Journal of Fisheries and Aquatic
Sciences 77:1878-1892.

von Biela, V. R., and A. Stanek. 2021. Observations documenting prema-
ture mortality among Alaska’s Pacific salmon in 2019. U.S. Geological
Survey data releaseAvailable: https://bit.ly/3AcnDfr (January 2022).

Bowerman, T., M. L. Keefer, and C. C. Caudill. 2016. Pacific salmon pre-
spawn mortality: patterns, methods, and study design consider-
ations. Fisheries 41:738-749.

Brenner, R. E., S. ). Larsen, A. R. Munro, and A. M. Carroll, editors. 2020.
Run forecasts and harvest projections for 2020 Alaska Salmon
Fisheries and Review of the 2019 season. Alaska Department of Fish
and Game, Divisions of Sport Fish and Commerical Fisheries, Special
Publication 20-06, Anchorage.

Brenner, R. E., S. L. Larsen, A. R. Munro, and A. M. Carroll, editors. 2021.
Run forecasts and harvest projections for 2021 Alaska salmon fish-
eries and review of the 2020 season. Alaska Department of Fish and
Game, Divisions of Sport Fish and Commerical Fisheries, Special
Publication 21-07, Anchorage.

Carey, M. P., V. R. von Biela, A. Dunker, K. D. Keith, M. Schelske, C.
Lean, and C. E. Zimmerman. 2021. Egg retention of high-latitude
Sockeye Salmon (Oncorhynchus nerka) in the Pilgrim River, Alaska,
during the Pacific marine heatwave of 2014-2016. Polar Biology
44:1643-1654.

Crozier, L. G,, J. E. Siegel, L. E. Wiesebron, E. M. Truijillo, B. J. Burke, B. P.
Sandford, and D. L. Widener. 2020. Snake River Sockeye and Chinook
Salmon in a changing climate: implications for upstream migra-
tion survival during recent extreme and future climates. PLOS One
15:9:20238886.

Dahlke, F. T., S. Wohlrab, M. Butzin, and H.-O. Portner. 2020. Thermal bot-
tlenecks in the life cycle define climate vulnerability of fish. Science
369:65-70.

Donnelly, D. S., V. R. Von Biela, S. D. McCormick, S. M. Laske, M. P. Carey,
S. Waters, L. Bowen, R. J. Brown, S. Larson, and C. E. Zimmerman.
2020. A manipulative thermal challenge protocol for adult salmonids
in remote field settings. Conservation Physiology 8:coaa074.

Fisueries | www.fisheries.org 167

85UB01 7 SUOWILLIOD BAIKERID 8ot (dde ayy Aq peusenob ae sejole O ‘8sN JO Sa|nJ Joj Akeiq1 18Ul UO /8|1 UO (SUONIPUOO-PUR-SLUBYWI0D A3 1M A1 1[BU [UO//STIY) SUORIPUOD PUe SULB | 8U) 89S *[7202/90/ST] Uo A%iqiauluo Ao |im 'Areiqi Aenins poaiBojoes 's'N A S0L0T USHZOO0T OT/I0pAL00" A | Im Afe.d 1 jBuluo'sqnds fe//:Sdny W1y pepeojumoq ‘v ‘220z ‘oviesrST


https://orcid.org/0000-0002-7139-5981
https://orcid.org/0000-0002-7139-5981
https://orcid.org/0000-0002-3363-3213
https://orcid.org/0000-0002-3363-3213
https://orcid.org/0000-0002-3363-3213
https://orcid.org/0000-0002-3327-8995
https://orcid.org/0000-0002-3327-8995
https://orcid.org/0000-0003-0166-2201
https://orcid.org/0000-0003-0166-2201
https://orcid.org/0000-0003-4190-7314
https://orcid.org/0000-0003-4190-7314
https://orcid.org/0000-0002-3646-0688
https://orcid.org/0000-0002-3646-0688
https://orcid.org/0000-0002-3646-0688
https://bit.ly/3AcnDfr

Eliason, E. J., T. D. Clark, M. J. Hague, L. M. Hanson, Z. S. Gallagher, K.
M. Jeffries, M. K. Gale, D. A. Patterson, S. G. Hinch, and A. P. Farrell.
2011. Differences in thermal tolerance among Sockeye Salmon pop-
ulations. Science 332:109-112.

Fisher, D., T. DeMarco, and D. Kenney. 2019a. Alaska Snow Survey Report
May 1, 2019. U.S. Department of Agriculture, Natural Resources
Conservation Service, Palmer, Alaska.

Fisher, D., T. DeMarco, and D. Kenney. 2019b. Alaska Snow Survey Report
April 1, 2019. U.S. Department of Agriculture, Natural Resources
Conservation Service, Palmer, Alaska.

Goniea, T. M., M. L. Keefer, T. C. Bjornn, C. A. Peery, D. H. Bennett, and
L. C. Stuehrenberg. 2006. Behavioral thermoregulation and slowed
migration by adult fall Chinook Salmon in response to high Columbia
River water temperatures. Transactions of the American Fisheries
Society 135:408-419.

Hinch, S. G., N. N. Bett, E. J. Eliason, A. P. Farrell, S. ). Cooke, and D. A.
Patterson. 2021. Exceptionally high mortality of adult female salm-
on: a large-scale pattern and a conservation concern. Canadian
Journal of Fisheries and Aquatic Sciences 78:639-654

Hinzman, L. D., N. D. Bettez, W. R. Bolton, F. S. Chapin, M. B. Dyurgerov,
C. L. Fastie, B. Griffith, R. D. Hollister, A. Hope, H. P. Huntington, A.
M. Jensen, G.]. Jia, T. Jorgenson, D. L. Kane, D. R. Klein, G. Kofinas, A.
H. Lynch, A. H. Lloyd, A. D. McGuire, F. E. Nelson, W. C. Oechel, T. E.
Osterkamp, C. H. Racine, V. E. Romanovsky, R. S. Stone, D. A. Stow, M.
Sturm, C. E. Tweedie, G. L. Vourlitis, M. D. Walker, D. A. Walker, P. J.
Webber, ). M. Welker, K. S. Winker, and K. Yoshikawa. 2005. Evidence
and implications of recent climate change in Northern Alaska and
other Arctic regions. Climatic Change 72:251-298.

Houghton, P.J., G. Jenkins, and J. Ephraums, editors. 1990. Climate change:
the IPCC scientific assessment. Cambridge University Press, New York.

Jones, L. A, E. R. Schoen, R. Shaftel, C. J. Cunningham, S. Mauger, D. J.
Rinella, and A. St. Saviour. 2020. Watershed-scale climate influenc-
es productivity of Chinook Salmon populations across southcentral
Alaska. Global Change Biology 26:4919-4936.

Keefer, M. L., M. A. Jepson, G. P. Naughton, T.]. Blubaugh, T. S. Clabough,
and C. C. Caudill. 2017. Condition-dependent en route migration
mortality of adult Chinook Salmon in the Willamette river main stem.
North American Journal of Fisheries Management 37:370-379.

Littell, J. S., S. A. McAfee, and G. D. Hayward. 2018. Alaska snowpack re-
sponse to climate change: statewide snowfall equivalent and snow-
pack water scenarios. Water 10:(5):668.

McCullough, D. A. 1999. A review and synthesis of effects of alterations to
the water temperature regime on freshwater life stages of Salmonids,
with special reference to Chinook Salmon. U.S. Environmental Protection
Agency Region 10 Water Resources Assessment Report No. 910-R-99-010,
Seattle.

Morella, J., C. W. Russell, J. Botz, and S. B. Haught. 2021. 2019 Prince
William Sound area finfish management report. Alaska Department
of Fish and Game, Fishery Management Report No.21-19, Anchorage.

Mueter, F. J., R. M. Peterman, and B. J. Pyper. 2002. Opposite effects of
ocean temperature on survival rates of 120 stocks of Pacific salm-
on (Oncorhynchus spp.) in northern and southern areas. Canadian
Journal of Fisheries and Aquatic Sciences 59:456-463.

Murphy, M. L. 1985. Die-offs of pre-spawn adult Pink Salmon and Chum
Salmon in southeastern Alaska. North American Journal of Fisheries
Management 5:302-308.

Nilsson, C., L. E. Polvi, and L. Lind. 2015. Extreme events in streams
and rivers in arctic and subarctic regions in an uncertain future.
Freshwater Biology 60:2535-2546.

O'Reilly, C. M., S. Sharma, D. K. Gray, S. E. Hampton, J. S. Read, R. J.
Rowley, P. Schneider, J. D. Lenters, P. B. MciIntyre, B. M. Kraemer,
G. A. Weyhenmeyer, D. Straile, B. Dong, R. Adrian, M. G. Allan,
O. Anneville, L. Arvola, J. Austin, J. L. Bailey, J. S. Baron, J. D.
Brookes, E. de Eyto, M. T. Dokulil, D. P. Hamilton, K. Havens, A. L.
Hetherington, S. N. Higgins, S. Hook, L. R. Izmesteva, K. D. Joehnk,
K. Kangur, P. Kasprzak, M. Kumagai, E. Kuusisto, G. Leshkevich, D.
M. Livingstone, S. Macintyre, L. May, J. M. Melack, D. C. Mueller-
Navarra, M. Naumenko, P. Noges, T. Noges, R. P. North, P.-D.
Plisnier, A. Rigosi, A. Rimmer, M. Rogora, L. G. Rudstam, J. A. Rusak,
N. Salmaso, N. R. Samal, D. E. Schindler, S. G. Schladow, M. Schmid,
S. R. Schmidt, E. Silow, M. E. Soylu, K. Teubner, P. Verburg, A.
Voutilainen, A. Watkinson, C. E. Williamson, and G. Zhang. 2015.

168  FisHERIES | Vol. 47  No. 4 ¢ April 2022

Rapid and highly variable warming of lake surface waters around
the globe. Geophysical Research Letters 42:10,773-10,781.

Patterson, D. A., K. M. Skibo, D. P. Barnes, J. A. Hills, and J. S. MacDonald.
2007. The influence of water temperature on time to surface for adult
Sockeye Salmon carcasses and the limitations in estimating salm-
on carcasses in the Fraser River, British Columbia. North American
Journal of Fisheries Management 27:878-884.

Pfeffer, W. T., A. A. Arendt, A. Bliss, T. Bolch, J. G. Cogley, A. S. Gardner, J.
0. Hagen, R. Hock, G. Kaser, C. Kienholz, E. S. Miles, G. Moholdt, N.
Molg, F. Paul, V. Radi¢, P. Rastner, B. H. Raup, J. Rich, M. J. Sharp, L. M.
Andreassen, S. Bajracharya, N. E. Barrand, M. J. Beedle, E. Berthier,
R. Bhambri, I. Brown, D. O. Burgess, E. W. Burgess, F. Cawkwell,
T. Chinn, L. Copland, N. J. Cullen, B. Davies, H. De Angelis, A. G.
Fountain, H. Frey, B. A. Giffen, N. F. Glasser, S. D. Gurney, W. Hagg, D.
K. Hall, U. K. Haritashya, G. Hartmann, S. Herreid, I. Howat, H. Jiskoot,
T. E. Khromova, A. Klein, J. Kohler, M. Kénig, D. Kriegel, S. Kutuzov,
I. Lavrentiev, R. Le Bris, X. Li, W. F. Manley, C. Mayer, B. Menounos,
A. Mercer, P. Mool, A. Negrete, G. Nosenko, C. Nuth, A. Osmonov,
R. Pettersson, A. Racoviteanu, R. Ranzi, M. A. Sarikaya, C. Schneider,
O. Sigurdsson, P. Sirguey, C. R. Stokes, R. Wheate, G. J. Wolken, L. Z.
Wu, and F. R. Wyatt. 2014. The Randolph glacier inventory: a globally
complete inventory of glaciers. Journal of Glaciology 60:537-552.

Pitman, K. J., . W. Moore, M. R. Sloat, A. H. Beaudreau, A. L. Bidlack, R. E.
Brenner, E. W. Hood, G. R. Pess, N. J. Mantua, A. M. Milner, V. Radi¢,
G. H. Reeves, D. E. Schindler, and D. C. Whited. 2020. Glacier retreat
and Pacific salmon. BioScience 70:220-236.

Post, E., R. B. Alley, T. R. Christensen, M. Macias-fauria, B. C. Forbes, M.
N. Gooseff, A. ller, J. T. Kerby, K. L. Laidre, M. E. Mann, J. Olofsson,
J. C. Stroeve, F. Ulmer, R. A. Virginia, and M. Wang. 2019. The polar
regions in a 2°C warmer world. Science Advances 5:eaaw9883.

Quinn, T. P. 2018. The behavior and ecology of Pacific salmon and trout,
second edition. University of Washington Press, Seattle.

Rand, P. S., S. G. Hinch, J. Morrison, M. G. G. Foreman, M. J. MacNutt,
J. S. Macdonald, M. C. Healey, A. P. Farrell, and D. A. Higgs. 2006.
Effects of river discharge, temperature, and future climates on ener-
getics and mortality of adult migrating Fraser River Sockeye Salmon.
Transactions of the American Fisheries Society 135:655-667.

Russo, S., A. Dosio, R. G. Graversen, J. Sillmann, H. Carrao, M. B. Dunbar,
A. Singleton, P. Montagna, P. Barbola, and J. V. Vogt. 2014. Magnitude
of extreme heat waves in present climate and their projection in
a warming world. Journal of Geophysical Research: Atmospheres.
119:12,500-12,512.

Schoen, E. R, M. S. Wipfli, E. J. Trammell, D. J. Rinella, A. L. Floyd, J.
Grunblatt, M. D. McCarthy, B. E. Meyer, J. M. Morton, J. E. Powell, A.
Prakash, M. N. Reimer, S. L. Stuefer, H. Toniolo, B. M. Wells, and F. D.
W. Witmer. 2017. Future of Pacific salmon in the face of environmen-
tal change: lessons from one of the world's remaining productive
Salmon regions. Fisheries 42:538-553.

Sergeant, C. ., J. R. Bellmore, C. McConnell, and J. W. Moore. 2017. High
salmon density and low discharge create periodic hypoxia in coastal
rivers. Ecosphere 8:e01846.

Sergeant, C.J.,J. A. Falke, R. A. Bellmore, J. R. Bellmore, and R. L. Crumley.
2020. A classification of streamflow patterns across the coastal Gulf
of Alaska. Water Resources Research 56:1-17.

Shaftel, R., S. Mauger, J. Falke, D. Rinella, J. Davis, and L. Jones. 2020. Thermal
diversity of salmon streams in the Matanuska-Susitna Basin, Alaska.
Journal of the American Water Resources Association 56:630-646.

Strange, J. S. 2010. Upper thermal limits to migration in adult Chinook
Salmon: evidence from the Klamath River Basin. Transactions of the
American Fisheries Society 139:1091-1108.

Strange, J. S. 2012. Migration strategies of adult Chinook Salmon runs in
response to diverse environmental conditions in the Klamath River
Basin. Transactions of the American Fisheries Society 141:1622-1636.

Tillotson, M. D., and T. P. Quinn. 2017. Climate and conspecific density
trigger pre-spawning mortality in Sockeye Salmon (Oncorhynchus
nerka). Fisheries Research 188:138-148. Elsevier B.V.

Valentin, M. M., T. S. Hogue, and L. E. Hay. 2018. Hydrologic regime
changes in a high-latitude glacierized watershed under future cli-
mate conditions. Water 77:1878-1892.

Westley, P. A. H. 2020. Documentation of en route mortality of summer
Chum Salmon in the Koyukuk River, Alaska and its potential Iinkﬁ%to
the heatwave of 2019. Ecology and Evolution 10:10296-10304.

95U901 ] SUOLILIOD BATIR10) 3 0Ed1{dde aU Ad PoLLIBA0B 2.2 SBDIL VO 88N J0 S3NJ 10 AIRIG 17 3UIIUO AB]IAN UO (SUOIPUGD-PUE-SLLLBILIOY" A5 | ARRIGIPU|UO//SCL) SUONIPUOD PUE SWd | 3L 89S *[7Z02/90/ET] Uo A1 8UIlUO A8 A1 ] ABAINS [£01601009 'S"N Ad G0Z0T'US}Z00T OT/10p/wi0o" KB | 1M AeJclIpu 1 |UO'SGds /Sty Woi papeojumod Y ‘2202 ‘9rv8syST



Al Yy,

+ NOAA Technical Memorandum NMFS-AFSC-446

>3

@

= - <
&

Genetic Stock Composition
Analysis of Chinook Salmon
(Oncorhynchus tshawytscha)
Bycatch Samples from the
2020 Bering Sea Pollock Trawl
Fisheries

C. M. Guthrie Ill, Hv. T. Nguyen, C. L. D’Amelio,
K. Karpan, P. D. Barry, and W. A. Larson

August 2022 U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric
Administration

National Marine Fisheries Service
Alaska Fisheries Science Center




The National Marine Fisheries Service's Alaska Fisheries Science Center uses the NOAA Technical
Memorandum series to issue informal scientific and technical publications when complete formal
review and editorial processing are not appropriate or feasible. Documents within this series reflect
sound professional work and may be referenced in the formal scientific and technical literature.

The NMFS-AFSC Technical Memorandum series of the Alaska Fisheries Science Center continues
the NMFS-F/NWC series established in 1970 by the Northwest Fisheries Center. The NMFS-
NWFSC series is currently used by the Northwest Fisheries Science Center.

This document should be cited as follows:

Guthrie, C. M. lll, Hv. T. Nguyen, C. L. D’Amelio, K. Karpan, P. D. Barry, and W. A. Larson. 2022.
Genetic stock composition analysis of Chinook salmon (Oncorhynchus tshawytscha) bycatch
samples from the 2020 Bering Sea pollock trawl fisheries . U.S. Dep. Commer., NOAA Tech. Memo.
NMFS-AFSC-446, 35 p.

This document is available online at:

Document available:

Reference in this document to trade names does not imply endorsement
by the National Marine Fisheries Service, NOAA.


https://www.afsc.noaa.gov/Publications/AFSC-TM/NOAA-TM-AFSC-398.pdf 

O

K nonn g8
g e
§ E
13 =
z

<

’d’

- FISHERIES

Genetic Stock Composition
Analysis of Chinook Salmon
(Oncorhynchus tshawytscha)
Bycatch Samples from the
2020 Bering Sea Pollock Trawl
Fisheries

Auke Bay Laboratories

Alaska Fisheries Science Center

National Marine Fisheries Service

National Oceanic and Atmospheric Administration
17109 Pt. Lena Loop Road

Juneau, AK 99801

U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
National Marine Fisheries Service

Alaska Fisheries Science Center

NOAA Technical Memorandum NOAA-TM-AFSC-446

August 2022






111

ABSTRACT

Genetic analysis of Chinook salmon (Oncorhynchus tshawytscha) captured as bycatch in
the 2020 Bering Sea-Aleutian Island (BSAI) trawl fishery for walleye pollock (Gadus
chalcogrammus) was undertaken to determine the overall stock composition of the bycatch and
examine variation in stock compositions across space and time. Samples were genotyped for 37
single nucleotide polymorphism (SNP) DNA markers and stock compositions were estimated
using a SNP baselined developed by the Alaska Department of Fish and Game (ADF&G).
Genetic samples were collected using a systematic random sampling protocol where one out of
every 10 Chinook salmon encountered was sampled. Based on analysis of 2,614 Chinook salmon
bycatch samples, Coastal Western Alaska was the largest contributor (52%), with smaller
contributions from British Columbia (15%), North Alaska Peninsula (13%), and West Coast US
(7%) The proportional contribution of Western Alaska stocks was higher than the average over
the last ten years (44%) and the proportion of Middle (2%) and Upper Yukon (2%) stocks was
about average (2% and 4%, respectively). In total, we estimated that 16,796 (16,032-17,561 95%
CI) fish were caught from Coastal Western Alaska stocks, 670 (396-981 95% CI) were caught
from the Middle Yukon and 729 (517-968 95% CI) were caught from the Upper Yukon. The
number of fish caught from the Coastal Western Alaska stock was substantially higher than the
10-year average and represented the second highest catch in the last decade. In general, the
contributions of southern stocks (British Columbia and West Coast US) were lower than average
in 2020 declining since 2018, contributions from Western Alaska were above average, and all

other stock groups were similar to their 10-year average.
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INTRODUCTION

Pacific salmon (Oncorhynchus spp.) are prohibited species in the federally managed
Bering Sea groundfish fisheries, which are subject to management rules (NPMFC 2017a) that are
in part designed to reduce prohibited species catch, hereafter referred to as “bycatch”. It is
important to understand the stock composition of Pacific salmon caught in these fisheries, which
take place in areas that are known feeding habitat for multiple brood years of Chinook salmon
(Oncorhynchus tshawytscha) from many different localities in North America and Asia (Myers
et al. 2007, Davis et al. 2009). Chinook salmon are economically valuable and highly prized in
commercial, subsistence, and sport fisheries. Determining the geographic origin of salmon
caught in federally managed fisheries is essential to understanding the effects that fishing has on
Chinook salmon stock groups, especially those with conservation concerns (NPFMC 2017a).
This report provides genetic stock identification results for the Chinook salmon bycatch samples
collected from the Bering Sea walleye pollock (pollock; Gadus chalcogrammus) trawl fishery.
National Marine Fisheries Service (NMFS) geographical statistical areas (NMFS area) associated
with the Bering Sea groundfish fishery (NMFS areas 509-524) and Alaska Department of Fish
and Game (ADF&G) statistical areas grids' (Fig. 1) are used to describe the spatial distribution
of the Chinook salmon bycatch and genetic samples.

Amendment 91 to the North Pacific Fishery Management Council (NPFMC) Fishery
Management Plan (FMP) for groundfish of the Bering Sea Aleutian Island (BSAI) Management
Area was enacted in 2010 and included retention of all salmon caught in the pollock fishery. In

2011, a systematic random sampling design recommended by Pella and Geiger (2009) was

! http://www.adfg.alaska.gov/static/fishing/PDFs/commercial/chart03_bs.pdf



http://www.adfg.alaska.gov/static/fishing/PDFs/commercial/chart03_bs.pdf

implemented by the Alaska Fisheries Science Center’s (AFSC) Fisheries Monitoring and
Analysis Division’s (FMA) North Pacific Groundfish and Halibut Observer Program (Observer
Program) to collect genetic samples from one out of every 10 Chinook salmon encountered as
bycatch in the Bering Sea pollock fishery.

In 2020, genetic samples were collected by the Observer Program from the Chinook
salmon caught as bycatch in the Bering Sea pollock fishery. The number of available samples
and the unbiased sampling methodology facilitated the extrapolation of the sample stock
composition to the overall Chinook bycatch from the Bering Sea pollock trawl fishery in 2020.
Samples were collected from both the Bering Sea “A” season which started 01/01/2020 and
ended 06/09/2021, and the Bering Sea “B” season which started 6/10/2020 and ended
12/31/2020. Stock composition analyses were performed using the single nucleotide
polymorphism (SNP) baseline provided by ADF&G (Templin et al. 2011), the same baseline that
was used previously to estimate stock composition of samples from the 2005-2019 Chinook
salmon bycatch (NMFS 2009; Guyon et al. 2010a,b; Guthrie et al. 2012-2021; Larson et al.

2013).
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Figure 1. -- NMFS (outlined in black) and ADF&G (outlined in light gray) statistical areas associated
with the Bering Sea and Gulf of Alaska groundfish fisheries.

SAMPLE DISTRIBUTION

Samples were collected from Chinook salmon bycatch by the Observer Program for
analysis at AFSC’s Auke Bay Laboratories (ABL). Axillary process tissues and 3-4 scales were
stored in coin envelopes which were labeled, frozen, and shipped to ABL for analysis. Scales
were collected as an additional source for ageing and a backup for genetic analysis.

In 2020, an estimated 32,294 Chinook salmon were taken in the bycatch of BSAI pollock
trawl fisheries (NMFS 2021). The Chinook salmon bycatch estimate is 6% below the historical

average (34,589) between 1991 and 2019, and far below the highest overall Chinook bycatch in



2007 when an estimated 122,195 fish were taken (Fig. 2). Of the total 2020 bycatch, 18,369 were
from the trawl “A” season and 13,925 were from the “B” season. For the genetic analysis, the
“B” season started on 6/01/20 (Statistical Week 23) because all but one of the “A” season

samples were collected by 4/18/20. This difference is reflected in Appendix 2.
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Figure 2. -- Annual “A” and “B” season estimates for the Chinook salmon bycatch from the Bering Sea
pollock trawl fishery (NMFS 2021). The yellow dashed line shows the average bycatch
before Amendment 91 and the purple shows the average after.

In 2020, there were 3,241 genetic samples received from the Bering Sea Chinook salmon
bycatch collected by the Observer Program; of those samples, 2,614 were successfully genotyped
for an overall genotyped sampling rate of 8.1% (“A” season N = 1,371 fish, 7.5% sampling rate;
“B” season N = 1,243 fish, 8.9% sampling rate).

Potential biases primarily introduced through spatial and temporal aspects of genetic
sample collection from the bycatch are well documented and have the potential to affect resulting
stock composition estimates (Pella and Geiger 2009). The distributions of 2020 Chinook salmon

bycatch genetic samples were evaluated by comparing the collection of genetic samples with the



overall bycatch distribution (Fig. 3). The temporal distribution of samples collected and
successfully genotyped was evaluated across the two fishing seasons (Fig. 3). The sample spatial
distribution was compared with the total bycatch by NMFS statistical area (NMFS area) over
time (Fig. 3). While there was minor over- and under-sampling, genetic samples were generally
spatially and temporally representative of the total Chinook bycatch (Fig. 3), since most under-

and oversampled collections are from small bycatch collections.
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Figure 3. -- Proportion of Bering Sea Chinook salmon bycatch sampled for genetic analysis by statistical
week and NMFS Statistical Areas. The size of the circles correspond to the number of
bycatch fish. Weeks 4-20 correspond to the groundfish “A” season, whereas weeks 24-48
correspond to the “B” season. The black line delineates the “A” and “B” seasons. Sample
sizes smaller than five not shown.

GENETIC STOCK COMPOSITION - PROCEDURE
DNA was extracted from axillary process tissues with Machery-Nagel kits (Allentown,
PA) SNP genotyping was performed using Genotyping-in-Thousands by Sequencing (GTseq;
Campbell et al. 2015) chemistry that uses short-read sequencing on an Illumina platform to

interrogate the 37 SNP DNA markers represented in the Chinook salmon baseline (Templin et al.



2011; Appendix 4. The SNP baseline contains genetic information for 172 populations of
Chinook salmon grouped into 11 geographic regions (also known as stock groups or reporting
groups; Appendix 1). Proof tests performed previously have shown the baseline to be suitable for
stock composition analysis using the regional reporting groups defined in Appendix 1 (Templin
et al. 2011).

Sequencing libraries were prepared using the GT-seq protocol (Campbell, et al. 2015).
PCR was performed on extracted DNA with primers that amplify 37 SNP loci (Templin et al.
2011). These PCR products were then indexed in a barcoding PCR, normalized using SequalPrep
plates (Invitrogen) and each 96 well plate was subsequently pooled after Sequel prep
normalization. Next, a double-sided bead size selection was performed using AMPure XP beads
(Beckman Coulter), using ratios of beads to library of 0.5x to remove non-target larger fragments
and then 1.2x to retain the desired amplicon. Libraries were sequenced on a MiSeq (Illumina)
using a single 150-cycle lane run with 2x75 bp paired-end (PE) chemistry. PE reads for each
individual were joined with FLASH2 (Mago¢ & Salzberg, 2011;
https://github.com/dstreett/FLASH2). Merged reads were genotyped with the R package

GTscore (McKinney; https://github.com/gjmckinney/GTscore). Individuals with low quality

multilocus genotypes (< 80% of loci scored) were discarded. We re-genotype 3% of all project
individuals as quality control measures.

From the 2020 Chinook salmon bycatch from the Bering Sea pollock trawl fishery, a
total of 3,241 samples were analyzed of which 2,614 samples were successfully genotyped for 30
or more of the 37 SNP loci, a successful genotyping rate of 81%. The successfully genotyped
samples had genetic information for an average of 36 of 37 markers from both the “A” (n =

1,371) and “B” (n = 1,243) seasons. Unfortunately, the Dutch Harbor air cargo carrier left a large


https://github.com/gjmckinney/GTscore

percentage of the “A” season samples in their warehouse unfrozen for over a month, which
resulted in the lowered genotyping success rate for the “A” season. We were pleasantly surprised
that we were able to extract as much genotypic information as we did given this logistical error.
Mixtures were created by separating sampled fish into spatial and temporal groups from
observer data from the AKFIN database. Genetic stock identification was performed with the
conditional genetic stock identification model in the R package rubias (Moran and Anderson
2019). For all estimates, the Dirichlet prior parameters for the stock proportions were defined by
region to be 1/(GCg), where Cg is the number of baseline populations in region g, and G is the
number of regions. To ensure convergence to the posterior distribution, 11 separate MCMC
chains of 70,000 iterations (burn-in of 35,000) of the non-bootstrapped model were run, with
each chain starting at disparate values of stock proportions; configured such that for each chain
95% of the mixture came from a single designated reporting group (with probability equally
distributed among the populations within that reporting group) and the remaining 5% equally
distributed among remaining reporting groups. The convergence of chains for each reporting
group estimate was assessed with the Gelman-Rubin statistic (Gelman and Rubin 1992)
estimated with the gelman.diag function in the coda library (Plummer et al. 2006) within R.
Once chain convergence was confirmed, inference was conducted with the conditional genetic
stock identification model with bootstrapping over reporting groups (70,000 MCMC iterations,

burn-in of 35,000, 100 bootstrap iterations).

GENETIC STOCK COMPOSITION - RESULTS

For “A” and “B” seasons combined, 69% of the bycatch samples were estimated to be from
Alaska river systems flowing into the Bering Sea (Appendix 1, Reg. Num. numbers 2-5) with the

Coastal Western Alaska region contributing the most (52%), followed by the North Alaska



Peninsula (13%). Thirty-one percent of all of the samples were from the southern (Appendix 1,
Reg. Num. numbers 6, 9-11) regions, with the British Columbia (15%) region contributing the
most, followed by the West Coast US (7%) and Northwest GOA (6%) regions (Appendix 2,
Fig. 5).

The stock composition results indicate that 81% of the 1,371 Chinook salmon samples
from the “A” season originated from Alaska river systems flowing into the Bering Sea with the
largest contributions from Coastal Western Alaska region (52%) and the North Alaska Peninsula
(25%). The remaining 19% were from southern regions with British Columbia (12%)
contributing the most, followed by the West Coast US (3%) (Appendix 2, fig. 5). In the “B”
season, 58% percent of the 1,243 “B” season samples originated from Alaska river systems
flowing into the Bering Sea with the largest contribution from Coastal Western Alaska region
(54%), while 32% were from southern regions; British Columbia (18%), West Coast US (11%)),
and Northwest GOA (9%) regions (Appendix 2, Fig. 5).

Using information from the ANSWERS tool provided by AKFIN (NMFS 2022),
geographical (ADF&G statistical areas) aggregations were developed to investigate how stock
compositions might vary among smaller areas of interest to the NPFMC. It should be noted that

some of these strata overlap, with some samples being used in multiple analyses.
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Figure 4. -- Location of sample strata used in comparative stock composition estimates from the 2020
Bering Sea Chinook salmon bycatch. Circles represent the amount of total bycatch in each
stratum. The red dashed line delineates the Northwest and Southeast strata, while the solid

blue line shows the boundary of the CVOA (NMFS 2021).

The “A” season estimates were developed for overlapping strata with sufficient numbers
of samples (Appendix 2; Figs. 4, 5); Catcher Vessel Operation Area (CVOA) (659 samples,
Figs. 4, 5), NMFS Statistical Area 509 (578 samples; Figs. 1, 5), Southeast Bering (792 samples,
Figs. 4, 5), and Northwest Bering (579 samples, Figs. 4, 5). Over 73% of the Chinook salmon
bycatch in the CVOA, NMFS Area 509 and Southeast Bering strata during the “A” season were

from Alaska river systems flowing into the Bering Sea. For the CVOA, NMFS area 509, and
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Southeast Bering Sea during the “A” season, most fish were from Coastal Western Alaska (47%,

46%, and 47%, respectively) followed by North Alaska Peninsula at (26%, 26% and 28%). The

largest southern components for CVOA, NMFS Area 509 and Southeast Bering Sea during the

“A” season were British Columbia (18%, 20% and 16%, respectively) and West Coast US (5%,

5% and 4%). For the Northwest Bering “A” season stratum, 88% of the bycatch was estimated to
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Figure 5. -- Stock composition estimates with 95% credible intervals of the 2020 BSAI Chinook salmon
bycatch for overall (3,241 samples) “A” and “B” seasons; CVOA overall (1,325 samples), “A”
and “B” season; NMFS area 509 overall (1,332 samples) and “A” season (bottom); Northwest
Bering overall (1,150 samples), “A” and “B” seasons; and Southeast Bering overall (1,464
samples) “A and “B” seasons (NMFS 2021)

be from Alaska river systems flowing into the Bering Sea, with the largest contributions from

Coastal Western Alaska (58%) followed by North Alaska Peninsula (21%), Upper Yukon (6%)
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and Mid Yukon (3%). Six percent of the stock composition was estimated to be from southern
regions, with most fish from British Columbia (5%).

For the “B” season, stock composition estimates were developed for CVOA (766
samples, Figs. 4, 5), Southeast Bering (672 samples, Figs. 4, 5), and Northwest Bering (372
samples, Figs. 4, 5) (NMFS 2021). For the Northwest Bering “B” season stratum, 76% of the
stock composition was estimated to be from Alaska river systems flowing into the Bering Sea,
which includes the largest contributor Coastal Western Alaska (67%). Twenty-three percent of
the stock composition was estimated to be from southern regions, where the largest contributors
were British Columbia (11%), Northwest GOA (5%) and West Coast US (5%).

Fifty-six percent of the “B” season stock composition estimates for the CVOA and
Southeast Bering were from southern regions (Fig. 5, Appendix 2). The largest contributors were
British Columbia (25% for CVOA, 24% for Southeast Bering), West Coast US (16% for CVOA,
17% for Southeast Bering), and Northwest GOA (13%). The major contributor from the Bering
Sea was Coastal Western Alaska at 43% for CVOA and Southeast Bering. It is important to note
that CVOA is a subsection of the Southeast Bering where most of the bycatch occurs.

Both the CVOA and Southeast Bering “B” season samples had a higher proportion of fish
from southern regions (56%) than the “B” season overall (41%). The stock compositions were
highly variable in the CVOA and Southeast Bering across the seasons. It is notable that the
contribution from the West Coast US region increased from 5% to 17% for CVOA and Southeast
Bering strata from the “A” and “B” seasons while the contribution from the Northern Alaska
Peninsula region decreased from ~27% to almost zero in the same time frame. The Northwest
GOA region increased from almost zero to 13% between the CVOA and Southeast Bering “A”

and “B” seasons. The largest differences in the Northwest Bering between the “A” and “B”
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seasons were the increase of Coastal Western Alaska from 58% to 67% and the decrease of

North Alaska Peninsula from 21% to 2%.

COMPARISON WITH PREVIOUS ESTIMATES

About 60% of the Chinook salmon bycatch in 2020 occurred during the “A” season
(Fig. 2), which is similar to most previous years since 2011. As in most previous years (with the
exception of 2017), stock compositions from the analysis of the 2020 “A” season Chinook
salmon bycatch showed that the majority of fish originated from river systems flowing into the
Bering Sea (81%; Fig. 6). The Coastal Western Alaska region was the largest contributor in the
2020 “A” season, consistent with every year except 2017. The 2020 “B” season stock
composition estimates from Coastal Western Alaska at 52% was higher than 2018 and 2019
(~30%), with Coastal Western Alaska contributions in all three of these years being substantially
more than 2016 and 2017 when Coastal Western Alaska stock proportions were closer to 15%
(Fig. 6, Appendix 3). Contrastingly, the higher levels of southern stock groups contributions
observed from 2015 to 2018 are continuing to decrease. The estimated relative contributions
from these more southern regions in the “B” season previously increased from a low of 20% in
2011 to a high of 86% in 2017, declining to 63% in 2018, and bumping up slightly to 67% in

2019, then dropping to 41% in 2020 (Fig. 6, Appendix 3).
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2011-2020 from the Bering Sea Chinook salmon bycatch.
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When the stock compositions were analyzed on a yearly basis, the Coastal Western
Alaska region shows variable contributions over time, but it was generally trending downward
since 2011 until 2017, and since 2018 it has been trending upwards (Fig. 7). The 2020 North
Alaska Peninsula region contribution of 13% was about average compared to previous years
(Fig. 7). The Upper and Middle Yukon River, GOA, and Coastal Southeast Alaska contributions
continued to be low in 2020, while contributions from the British Columbia and West Coast US
regions have generally decreased from 2017 to 2020 (Fig. 7).

The estimated numbers of Chinook salmon caught as bycatch from Coastal Western
Alaska stocks has varied from a high of 17,421 in 2011 to a low of 4,635 in 2018 (Fig. 7,
Appendices 2, 3). Total catches of Coastal Western Alaska stocks were relatively stable from
2012 to 2018 and were consistently below 8,000 fish. In 2019, the catch increased slightly to

near 10,000. In 2020 the catch further increased to nearly 17,000, close to the high in 2011.
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Catches from the North Alaska Peninsula stock group have been relatively consistent over the
last decade, ranging from ~2,500 to 5,000. Catches of southern stocks from British Columbia and
the US West Coast peaked in 2017 at ~15,000 fish but generally range between 5,000 and
10,000. Catches of these two stocks in 2020 were the lowest since 2015. It is important to note
these catch estimates represent the removals by region in each year but they cannot be used as is
to represent any trends in the impact rates to particular regions over time because the amount of
bycatch and areas fished vary. Stock-specific impacts are best estimated with adult equivalency

models (Ianelli and Stram 2015).
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Figure 7. -- Annual (2011-2020) stock composition estimates with 95% credible intervals from the Bering
Sea Chinook salmon bycatch (Top). Annual (2011-2020) bycatch estimates in numbers of fish
with 95% credible intervals from the Bering Sea Chinook salmon bycatch (Bottom). Regions
with low catches, Russia (Avg. N = 145) Copper (Avg. N = 22), and Northeast GOA (Avg.

N = 6) were omitted.
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AGE COMPOSITION ANALYSIS
Ageing Methods

Obtaining ages is important for parameterizing adult equivalency models and can also
provide information on specific cohorts that can be used to better understand stock composition
trends. The AFSC genetics program received paired genetic and scale samples from the Observer
program. Scales were removed from sample envelopes and cleaned of dried slime and grit by
moistening the scale with RO water and gently rubbing the scale between thumb and forefinger.
Clean scales were then moistened and the sculptured side of the scale was mounted up on the
scale gum card. Acetate impressions of each card of scales were made with a PHI PW220H
scale press. All acetate impressions were delivered to the ADF&G Mark Tag and Age Lab (MTA
Lab) for age estimation. All age estimates are stored in the AKFIN database with paired observer

information.

BSAI Ages

Of the 2,926 scales that were pressed, 1,782 scales were successfully read by the
ADF&G MTA Lab (Fig. 8). The most common freshwater and saltwater zone error codes were
inverted and wrong species. The most common freshwater age was 1 (79.2%), followed by age 0
(20.7%) whereas the most common saltwater ages were 2 (46.9%), 3 (30.9%), and 1 (14.8%). Of
the three-, four-, and five-year-old fish caught in the BSAI trawl fishery, the majority were from
Coastal Western Alaska (48.58%, 53.27%, and 56.03%, respectively). Middle and Upper Yukon
stock groups contributed a relatively small amount, with the largest contribution of Middle
Yukon stocks to the age-4 and age-5 mixtures (2.7 and 2.8%) and Upper Yukon to the age-5 and

age-6 mixtures (7.7% and 6.6%). The North Alaska Peninsula stock groups comprised the largest



16

proportion of the oldest age class of fish, 6-year-olds (59.5%), with progressively declining
contributions at younger ages. Northwest Gulf of Alaska stock groups comprised 10.9% and
4.8% of the age-3 and age-4 mixtures but contributed less than 1% to age-5 and age-6 mixtures.
The southernmost stock groups (BC and West Coast US) were predominately age-3 and age-4

when captured, comprising 32.1% and 23.3%, respectively.

1.004

Russia

Coast W AK
Mid Yukon
Up Yukon

N AK Pen
NW GOA
Copper

NE GOA
Coast SE AK
BC

West Coast US

0.751

0.501

Stock proportion

0.251

0.00 -

3 4 5 6
(n=384) (n=625) (n=357) (n=85)

Total Age

Figure 8. -- Stock Composition of the four age classes of Bering Sea Chinook salmon bycatch. The number
of successfully aged samples is below the respective bars.

SUMMARY
Stock composition estimates of the Chinook salmon bycatch inform pollock and salmon
fishery managers of the biological effects of the incidental take of salmon in the trawl fishery
(Ianelli and Stram 2015). The incidental harvest of Chinook salmon in the Bering Sea pollock

fishery averaged 34,258 salmon per year between 1991 and 2019 (29-year average), with a peak
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of 121,195 in 2007 and a low 0f 4,961 in 2000 (Fig. 2; NMFS 2021). The Bering Sea Chinook
salmon bycatch has abated somewhat in more recent years. The incidental harvest between 1991
and 2010 averaged 40,976 and after the implementation Amendment 91 between 2011 and 2019
the average dropped to 19,328 (Fig.2; NMFS 2021). In 2020, a total of 32,294 Chinook salmon
were caught, which is below the 28-year average, but above the 9-year post-Amendment 91
average.
Sampling Issues

With the implementation of systematic random sampling, 2020 is the tenth year from
which representative samples have been collected from the Chinook salmon bycatch. Systematic
random sampling represents a substantial effort on the part of the Observer Program to develop
standardized protocols for collecting sets of samples from numerous observers both at sea and in
shore-based processing plants, the results of which are clearly apparent in the representative
nature of the sample sets (Figs. 3). The number of successfully genotyped Chinook salmon from
the Bering Sea bycatch samples was 2,614 corresponding to an effective overall sampling rate in

2020 of 8.1%, despite mishandling of samples noted earlier by a Dutch Harbor air cargo carrier.

Stock Composition Estimates
The proportions of Chinook salmon originating from Alaska rivers flowing into the
Bering Sea accounted for most of the catches in early post-amendment 91 years, but southern
regions have accounted for larger and larger proportions in more recent years with a maximum in
2017, where southern stocks accounted for more than half of the bycatch. The 2018-2020 data
may signal a change to this pattern, with Chinook salmon originating from Alaska rivers flowing
into the Bering Sea accounting for more than two-thirds of the bycatch in 2020 (Appendices 2,

3). The stock composition of the Chinook salmon bycatch from the 2019 “A” season differed
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from the “B” season, demonstrating temporal changes (Appendix 2; Figs. 5 and 6). This was
especially apparent for the North Alaska Peninsula (25% and 2%) region. The largest contributor
to both “A” and “B” season fisheries was the Coastal Western Alaska region which increased
slightly from “A” to “B” (52% to 54%).

Spatial analysis showed that the stock compositions varied within season depending upon
where the salmon were caught. For example, during the “B” season a higher proportion of
Coastal Western Alaska Chinook salmon were intercepted in the northwestern area of the Bering
Sea, and a higher proportion of southern origin Chinook salmon were intercepted in the
southeastern area of the Bering Sea (Fig. 5). Analysis of bycatch by age indicated that fish from
the Coastal Western Alaska region were encountered at similar rates across the primary ages (3,
4, 5). Fish from southern stocks (NW GOA, British Columbia, and West Coast US) were
encountered more frequently at younger ages. This is the first analysis year where age estimates
have been widely available and more scale are currently ageing additional years to investigate
temporal trends in stock compositions by age. It is notable that the North Alaska Peninsula stock
group comprised the largest proportion of the oldest age class of fish.

Application of Estimates

Stock composition estimates for the 2020 Bering Sea Chinook salmon bycatch were
mostly representative of the overall bycatch for this year and are presented in relative
contributions as well as estimated numbers of fish. The extent to which any salmon stock group
is impacted by the bycatch of the Bering Sea trawl fishery is dependent on many stock-specific
factors including 1) the overall numbers of the stock in the bycatch, 2) the ages of the salmon
caught in the bycatch by stock group, 3) the ages of the returning salmon by stock group, and 4)

the total annual run-size of the affected stock groups. Because the effect of stock-specific
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numbers of Chinook salmon in the bycatch is moderated by several factors, a higher contribution
of a particular stock group in one year does not necessarily imply greater impact than a smaller

estimate the next.
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APPENDICES

Appendix 1. -- Chinook salmon populations in the ADF&G SNP baseline with the regional
designations used in the analyses of this report. S. = South, R. = River, H. = Hatchery,
and L. = Lake.

Population name
Bistraya River
Bolshaya River
Kamchatka River late
Pakhatcha River
Andreafsky River
Aniak River
Anvik River
Arolik River

Big Creek
Cheeneetnuk River
Eek River
Gagaryah River
George River
Gisasa River
Golsovia River
Goodnews River
Kanektok River
Kisaralik River
Kogrukluk River
Kwethluk River
Mulchatna River
Naknek River
Nushagak River
Pilgrim River
Salmon R. -Pitka Fork
Stony River
Stuyahok River
Takotna River
Tatlawiksuk River
Togiak River
Tozitna River
Tuluksak River
Unalakleet River
Beaver Creek
Chandalar River
Chena River
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Henshaw Creek
Kantishna River
Salcha River
Sheenjek River

S. Fork Koyukuk River
Big Salmon River
Blind River
Chandindu River
Klondike River
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Mayo River
Nisutlin River
Nordenskiold River
Pelly River
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Takhini River
Tatchun Creek
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Black Hills Creek
King Salmon River
Meshik River
Milky River
Nelson River
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Ayakulik River
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Chignik River
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Kenai River mainstem
Killey Creek
Ninilchik River
Prairie Creek
Slikok Creek
Talachulitna River
Willow Creek
Bone Creek
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Gulkana River
Indian River
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Population name
Kowatua River

Little Tatsemenie River
Macaulay Hatchery
Medvejie Hatchery
Nakina River

Tahltan River

Unuk R.-Deer Mountain H.
Unuk River - LPW
Upper Nahlin River
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Birkenhead River spring
Bulkley River

Chilko River summer
Clearwater River summer
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Ecstall River
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Kateen River
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Kitimat River
Klinaklini River
Kwinageese Creek
Louis River spring
Lower Adams River fall
Lower Atnarko River
Lower Kalum River
Lower Thompson River fall
Marble Creek

Middle Shuswap R. summer
Morkill River summer
Nanaimo River
Nechako River summer
Nitinat River
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Quesnel River summer
Quinsam River
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Salmon River summer
Sarita River
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Stuart River summer
Sustut River

Torpy River summer
Wannock River
Alsea River fall
Carson Hatchery spring
Eel River fall

Forks Creek fall
Hanford Reach
Klamath River
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Lower Deschutes R. fall
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Makah National Fish H. fall
McKenzie River spring
Sacramento River winter
Siuslaw River fall
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Reg

Num.

11
11
11
11
11
11
11
11

Region

West Coast US
West Coast US
West Coast US
West Coast US
West Coast US
West Coast US
West Coast US
West Coast US



30

Appendix 2. -- Regional Rubias stock composition percentage estimates, standard deviations (SD), 95% credible intervals (CI), and
estimated numbers of Chinook salmon fromthe the 2020 Bering Sea pollock trawl fisheries.Sample sizes are adjacent to the
stratum designation. Total catch is the census for each stratum from AKFIN reports (NMFS 2021). Estimated numbers of fish
for aged fish are for only the number of fish aged.

"A" Season (N=1,371)

"B" Season (N=1,243)

Bering Sea all (N=3,241)

Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 435 24 048 (1.53.4) 123 0.9 028 (0.4,1.5) 552 1.7 030 (1.2,2.3)
Coast W AK 9,469 515 1.64 (48.3,54.7) 7467  53.6 1.68  (50.3,56.9) 16,796 520 121  (49.6,54.4)
Mid Yukon 281 1.5 049 (0.7,2.6) 318 23 073 (1.0,3.8) 670 2.1 047 (1.2,3.0)
Up Yukon 557 3.0 054 (2.1,42) 130 0.9 041 (0.3,1.8) 729 23 036 (1.6,3.0)
N AK Pen 4,553 248 141 (22.1,27.6) 208 1.5 048 (0.7,2.5) 4247 131 084 (11.514.8)
NW GOA 143 0.8 0.53 0.3,2.1) 1,295 93 112 (7.2,11.6) 1,825 5.7 0.68 (44,7.1)
Copper 0 0.0 0.11 (0.0,0.4) 7 0.0 0.08 (0.0,0.3) 0 0.0 0.06 (0.0,0.2)
NE GOA 3 0.0 0.10 (0.0,0.3) 12 0.1 0.15 (0.0,0.5) 14 0.0 0.10 (0.0,0.3)
Coast SEAK 297 1.6 0.55 0.7,2.8) 249 1.8 0.73 (0.5,3.3) 497 1.5 047 (0.7,2.6)
BC 2,138 11.6 1.01 (9.7,13.6) 2,548 183 125  (15.9,20.8) 4824 149 084 (13.3,16.6)
West Coast US 494 2.7 047 (1.9,3.7) 1,569 113 095  (9.5,13.2) 2,141 6.6 0.52 (5.7,7.7)
Total Catch 18,369 13,925 32,294

CVOA "A" (N=659) CVOA "B" (N=766) CVOA (N=1,325)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 0 0.0 0.05 (0.0,0.1) 88 1.0 041 (0.3,1.9) 65 04 020 (0.0,0.8)
Coast W AK 4,696 473 229 (42.8,51.8) 3,796 426 216 (38.3,46.8) 8,035 446 1.64 (4144758
Mid Yukon 56 0.6 0.38 (0.1,1.5) 0 0.0 0.08 (0.0,0.2) 42 0.2 0.18 (0.0,0.7)
Up Yukon 20 0.2 028 (0.0,1.0) 2 0.0 0.09 (0.0,0.3) 23 0.1 0.13 (0.0,0.5)
N AK Pen 2,538 256 205 (21.6,29.7) 60 0.7 051 (0.0,1.9) 2,199 122 1.16  (10.0,14.5)
NW GOA 36 04 048 (0.1,1.8) LI75 132 1.64 (10.1,16.5) 1,421 79 109  (5.9,102)
Copper 0 0.0 0.12 (0.0,0.4) 3 0.0 0.10 (0.0,0.3) 0 0.0 0.07 (0.0,0.3)
NE GOA 4 0.0 0.17 (0.0,0.6) 14 0.2 025 (0.0,0.9) 16 0.1 0.14 (0.0,0.5)
Coast SEAK 272 2.7 1.06 (0.9,5.0) 105 1.2 0.88 (0.0,3.2) 370 2.1 0.96 044.2)
BC 1,818 183 1.81  (14.9.21.9) 2,150 241 191 (205,27.9) 3934 218 148 (18.9,24.7)
West Coast US 486 49 0.87 (3.4,6.8) 1,514 17.0 1.57  (14.1,20.2) 1,917 10.6 090  (8.9,12.5)
Total Catch 9,925 8,907 18,022

NW Bering S. "A" (N=579) NW Bering S. "B" (N=571) NW Bering S. (N=1,150)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 394 6.0 1.10 (4.0,8.3) 50 0.8 038 (0.3,1.7) 522 4.1 0.65 (2.9,5.4)
Coast W AK 3,808  58.1 249  (53.1,62.8) 4,177 667 228  (622,71.1) 7,785 608 1.77 (57.2,64.2)
Mid Yukon 201 3.1 1.00 (14,5.3) 347 55 133 (3.1,8.3) 488 3.8 085 (2.3,5.6)
Up Yukon 367 5.6 1.03 (3.7,7.8) 106 1.7 0.89 (0.3,3.7) 526 41 0.71 (2.8,5.6)
N AK Pen 1,369 209 2.00 (17.1,25.0) 127 2.0 082 (0.7,3.9) 1,511 11.8 122 (9.514.3)
NW GOA 32 0.5 0.63 0.1,2.4) 316 5.0 127 (2.8,7.8) 428 33 091 (1.7,5.3)
Copper 20 0.3 042 (0.1,1.6) 5 0.1 0.17 (0.0,0.6) 16 0.1 0.19 (0.0,0.7)
NE GOA 1 0.0 025 (0.0,0.7) 5 0.1 025 (0.0,0.9) 7 0.1 0.19 (0.0,0.7)
Coast SEAK 29 04 051 (0.0,1.8) 123 2.0 0.75 (0.7,3.7) 168 1.3 046 (0.5,2.3)
BC 305 4.7 0.95 (2.9,6.7) 675 108 136  (8.3,13.6) 1,027 8.0 0.85 (6.4,9.8)
West Coast US 29 04 032 (0.0,1.3) 327 52 097 (3.5,1.3) 336 2.6 _0.50 (1.7,3.7)
Total Catch 6,557 6,258 12,815

SE Bering S. "A" (N=792) SE Bering S. "B" (N=672) SE Bering S. (N=1,464)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 0 0.0 0.11 (0.0,0.4) 75 1.0 0.40 (0.3,1.9) 67 0.3 0.19 (0.0,0.8)
Coast W AK 5431 46,6 207 (42.5,50.6) 3282 425 219  (38.2,46.7) 8,725 450 1.54 (42.048.0)
Mid Yukon 132 1.1 049 0.4,2.3) 0 0.0 0.08 (0.0,0.2) 114 0.6 0.26 0.2,1.2)
Up Yukon 131 1.1 0.3 (0.3,2.3) 2 0.0 0.09 (0.0,0.3) 116 0.6 0.28 0.2,1.2)
N AK Pen 3214 276 191 (239314 68 0.9 0.54 (0.1,2.1) 2,772 143 115 (12.1,16.6)
NW GOA 48 04 048 (0.1,1.7) 1,024 133 1.64 (10.2,16.6) 1,355 7.0 0.96 (5.2,9.0)
Copper 0 0.0 0.09 (0.0,0.3) 2 0.0 0.10 (0.0,0.3) 0 0.0 0.06 (0.0,0.2)
NE GOA 4 0.0 0.14 (0.0,0.4) 14 0.2 025 (0.0,0.9) 15 0.1 0.11 (0.0,0.4)
Coast SEAK 303 2.6 0.99 (0.8,4.7) 86 1.1 0.84 (0.0,3.0) 378 20 082 (0.4,3.6)
BC 1,905 163 1.62  (13.3,19.7) 1,877 243 187 (20.8,28.1) 3939 203 129 (17.9,23.0)
West Coast US 491 42 0.79 (2.8,5.9) 1,205 168 1.57  (13.8,19.9) 1,904 9.8 082  (83,11.5)
Total Catch 11,659 7,726 19,385
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Appendix 2. -- Continued

Area 509 "A" (N=578)

Area 509 (N=607)

Bering Sea Age 3 (N=384)

Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 0 0.0 0.00 (0.1,0.0) 0 0.0 0.00 (0.1,0.0) 7 1.9 0.76 (0.7,3.6)
Coast W AK 3912 457 4095  (2.4,45.7) 3,843 434 3879 (24434 187 486 294 (42.8,54.3)
Mid Yukon 46 0.5 0.04 (0.4,0.4) 51 0.6 0.11 (0.4,0.5) 2 0.4 0.50 (0.0,1.8)
Up Yukon 8 0.1 0.01 (0.2,0.0) 7 0.1 0.00 (0.2,0.0) 5 1.2 0.66 (0.2,2.8)
N AK Pen 2249 263 22.08 (2.2,26.3) 2,254 255 2143 (2.1,254) 14 3.8 1.32 (1.5,6.7)
NW GOA 24 0.3 0.06 (0.4,0.1) 49 0.6 0.16 (0.6,0.2) 42 109 223 (6.9,15.6)
Copper 0 0.0 0.00 (0.1,0.0) 0 0.0 0.00 (0.1,0.0) 0 0.0 0.11 (0.0,0.3)
NE GOA 2 0.0 0.00 (0.2,0.0) 0 0.0 0.00 (0.2,0.0) 1 0.2 0.39 (0.0,1.4)
Coast SEAK 202 24 0.66 (1.1,2.2) 221 2.5 0.65 (1.2,2.3) 4 1.0 0.64 (0.0,2.5)
BC 1,729 202 16.51  (1.9,20.2) 1,847 209 17.01  (2.0,20.8) 85 221 225 (17.9,26.7)
West Coast US 383 4.5 3.02 (0.8,4.4) 582 6.6 4.77 (1.0,6.5) 38 9.9 1.65 (6.9,13.4)
Total Catch 8,554 8,854 384

Bering Sea Age 4 (N=384) Bering Sea Age 5 (N=384) Bering Sea Age 6 (N=384)
Region Est. # Mean _SD 95% CI Est. # Mean SD 95% CI Est. # Mean _SD 95% CI
Russia 11 1.7 0.58 (0.7,3.0) 0 0.1 0.23 (0.0,0.8) 0 0.0 0.36 (0.0,1.1)
Coast W AK 333 533 236 (48.6,57.9) 200 56.0 3.04 (49.9,61.9) 24 281 587 (17.2,40.1)
Mid Yukon 17 2.7 1.10 (0.8,5.0) 10 29 1.14 (1.0,5.5) 1 1.3 2.06 (0.0,7.0)
Up Yukon 8 1.3 0.81 0.2,3.1) 27 7.7 1.61 (4.8,11.0) 6 6.6 317  (1.6,13.9)
N AK Pen 67 107 1.60  (7.8,14.0) 69 193 250 (14.6,24.3) 51 595 610 (47.3,71.1)
NW GOA 30 4.8 1.31 (2.6,7.7) 1 0.3 0.64 (0.0,2.2) 1 0.8 1.61 (0.0,5.8)
Copper 5 0.7 0.56 (0.3,2.1) 2 0.5 0.49 (0.1,1.8) 0 0.2 0.78 (0.0,2.7)
NE GOA 0 0.0 0.18 (0.0,0.6) 1 02 0.71 (0.0,2.6) 0 0.1 0.77 (0.0,2.6)
Coast SEAK 8 1.3 0.88 (0.0,3.3) 1 04 0.58 (0.0,2.0) 0 0.0 1.00 (0.0,3.5)
BC 100 161 1.62  (13.0,19.4) 39 109 1.71 (7.7,14.4) 2 1.9 1.67 (0.3,6.2)
West Coast US 46 7.3 1.05 (5.49.5) 7 1.9 0.72 (0.7,3.5) 1 1.5 141 (0.0,5.2)
Total Catch 625 357 85
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Appendix 3. -- Regional BAYES stock composition percentage estimates and estimated numbers of previous years of Chinook salmon from
the Bering Sea pollock trawl fisheries. The BAYES mean estimates are also provided with standard deviations (SD), and
the 95% credible intervals (CI). Sample sizes are adjacent to stratum designation. Total catch is the actual catch for that year.

2019 "A" Season (N=1499) "B" Season (N=811) Bering Sea all (N=2,310)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 8 0.1 0.09 (0.0,0.3) 47 0.5 0.27 (0.1,1.1) 60 02 0.13 (0.1,0.6)
Coast W AK 7,055 448 1.67 (41.548.1) 2,812 304 188 (26.8,34.1) 9,901 396 132 (37.0422)
Mid Yukon 6 0.0 0.11 (0.0,0.4) 126 1.4 057 (0.5,2.6) 122 0.5 0.21 (0.2,1.0)
Up Yukon 39 03 0.20 (0.0,0.7) 55 0.6 0.35 (0.0,1.4) 105 04 0.18 (0.1,0.8)
N AK Pen 3420 217 150 (18.8,24.7) 32 04 048 (0.0,1.6) 3,635 146 112  (124,16.8)
NW GOA 36 02 0.37 (0.0,1.3) 1,036 112 143 (8.5,14.1) 964 39 073 (2.5,5.4)
Copper 3 0.0 0.07 (0.0,0.2) 17 02 0.25 (0.0,0.9) 10 0.0 0.09 (0.0,0.3)
NE GOA 2 0.0 0.05 (0.0,0.1) 6 0.1 0.21 (0.0,0.7) 5 0.0 0.07 (0.0,0.2)
Coast SEAK 318 2.0 0.55 (1.0,3.2) 264 29 0.75 (1.5,4.4) 550 22 043 (1.43.1)
BC 3,827 243 118  (22.0,26.7) 2392 259 160 (22.829.1) 6,236 250 096 (23.1,26.9)
West Coast US 1,025 6.5 0.67 (5.3,7.9) 2461 266 1.59  (23.5,29.8) 3395  13.6 074 (12.2,15.1)
Total Catch 15,738 9,246 24,984

2018 "A" Season (N=827) "B" Season (N=470) Bering Sea all (N=1,297)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 0 0.0 0.03 (0.0,0.1) 41 0.8 0.46 (0.1,1.9) 43 03 0.19 (0.0,0.8)
Coast W AK 2974 348 201 (31.0,38.8) 1,613 31.1 250 (26.2,36.0) 4,635 33.8 1.64 (30.6,37.0)
Mid Yukon 36 04 0.51 (0.0,1.7) 65 1.3 1.14 (0.0,3.8) 62 0.5 0.51 (0.0,1.6)
Up Yukon 69 0.8 0.38 (0.2,1.7) 55 1.1 0.79 (0.0,2.8) 122 0.9 0.31 (0.4,1.6)
N AK Pen 2,187 256 186 (22.1,29.3) 153 29 1.05 (1.2,5.2) 2395 175 129 (15.0,20.0)
NW GOA 126 1.5 0.84 (0.1,3.3) 209 40 1.34 (1.8,7.0) 312 23 0.69 (1.1,3.8)
Copper 2 0.0 0.06 (0.0,0.2) 26 0.5 037 (0.0,1.4) 33 02 0.16 (0.0,0.6)
NE GOA 6 0.1 0.20 (0.0,0.6) 2 0.0 0.20 (0.0,0.5) 4 0.0 0.09 (0.0,0.3)
Coast SEAK 279 33 0.79 (1.9,5.0) 273 5.3 1.66 (2.2,8.7) 509 3.7 0.70 (2452
BC 2333 273 1.62 (24.230.6) 1,715 33.0 256 (28.1,38.1) 4,060 296 135 (27.0,32.3)
West Coast US 526 6.2 0.89 (4.5,8.0) 1,039 200 191 (16.423.9) 1,550 113 091 9.6,13.1)
Total Catch 8,535 5,191 13,726

2017 "A" Season (N=1,866) "B" Season (N=753) Bering Sea all (N=2,619)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean _SD 95% CI
Russia 35 02 0.12 (0.0,0.5) 19 02 0.19 (0.0,0.7) 54 0.2 0.10 (0.1,0.4)
Coast W AK 6,118 283 123  (25930.8) 1,019 120 133 (9.5,14.7) 7,113 237 099 (21.7,25.6)
Mid Yukon 136 0.6 0.26 0.2,1.2) 29 03 0.33 (0.0,1.1) 162 0.5 0.21 (0.2,1.0)
Up Yukon 156 0.7 0.27 (0.3,1.3) 1 0.0 0.04 (0.0,0.1) 162 0.5 0.20 (0.2,1.0)
N AK Pen 4465  20.7 1.15  (18.5,23.0) 154 1.8 0.59 (0.8,3.1) 4,490 149 0.87 (13.3,16.7)
NW GOA 78 0.4 0.39 (0.0,1.4) 231 2.7 0.79 (1.3,44) 406 1.4 045 (0.6,2.3)
Copper 2 0.0 0.04 (0.0,0.1) 10 0.1 0.18 (0.0,0.6) 3 0.0 0.03 (0.0,0.1)
NE GOA 13 0.1 0.12 (0.0,0.4) 2 0.0 0.08 (0.0,0.2) 9 0.0 0.07 (0.0,0.3)
Coast SEAK 691 32 054 (2.24.3) 575 6.8 1.24 (4.5,9.3) 1,221 41 052 (3.1,5.1)
BC 7,609 352 1.18  (32.9,37.6) 3,141 371 201 (33.241.0) 10,812 36.0 1.03  (34.0,38.0)
West Coast US 2,303 10.7 0.75 (9.2,12.2) 3291 388 1.87 (352425) 5642 188 0.81  (17.2,20.4)
Total Catch 21,603 8,473 30,076

2016 "A" Season (N=1,488) "B" Season (N=422) Bering Sea all N=1.910)
Region Est. # Mean SD 95% PI Est. # Mean SD 95% PI Est. # Mean _SD 95% PI
Russia 108 0.6 0.25 0.2,1.2) 12 02 0.24 (0.0,0.9) 114 0.5 0.19 (0.2,1.0)
Coast W AK 6,570  39.0 146 (36.2,41.9) 843 165 214  (12.520.8) 7372 336 128 (31.2,36.2)
Mid Yukon 283 1.7 0.40 (1.0,2.5) 18 04 0.60 (0.0,2.0) 327 1.5 034 (0.9,2.2)
Up Yukon 365 22 043 (1.43.1) 34 0.7 048 (0.0,1.8) 406 1.9 035 (1.2,2.6)
N AK Pen 2,839 169 1.17 (14.6,19.2) 56 1.1 0.72 (0.0,2.8) 2927 134 096 (11.5,15.3)
NW GOA 94 0.6 0.46 (0.0,1.6) 298 59 1.54 (3.1,9.1) 458 2.1 0.62 (1.0,3.4)
Copper 3 0.0 0.06 (0.0,0.2) 90 1.8 0.73 (0.6,3.4) 75 03 0.18 (0.1,0.8)
NE GOA 2 0.0 0.07 (0.0,0.2) 2 0.0 0.13 (0.0,0.3) 2 0.0 0.07 (0.0,0.1)
Coast SEAK 663 39 0.72 (2.6,5.4) 333 6.5 1.70  (3.6,10.2) 971 44 0.64 (3.3,5.8)
BC 4394 261 126 (23.7,28.6) 1,888  37.0 2.68 (31.842.3) 6312 288 1.14 (26.6,31.0)
West Coast US 1,506 9.0 0.81 (7.4,10.6) 1,524 299 233  (25.434.5) 2960 135 0.82  (11.9,15.1)
Total Catch 16,828 5,098 21,926
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Appendix 3. -- Continued

2015 "A" Season (N=1,181) "B" Season (N=576) Bering Sea all (N=1,757)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean _SD 95% CI
Russia 75 0.6 0.29 (0.2,1.3) 5 0.1 0.20 (0.0,0.7) 93 0.5 0.21 (0.2,1.0)
Coast W AK 5,644 459 1.87 (42.2,49.5) 1,651 274 236 (22.9,32.1) 7256  39.6 1.60 (36.4,42.7)
Mid Yukon 119 1.0 0.76 (0.0,2.7) 97 1.6 0.67 (0.6,3.2) 304 1.7 0.71 (0.6,3.2)
Up Yukon 448 3.6 0.68 24,5.1) 65 1.1 0.55 (0.2,2.3) 502 2.7 048 (1.9,3.7)
N AK Pen 1,785 145 133  (12.0,17.2) 60 1.0 0.85 (0.0,3.0) 1,943  10.6 1.00 (8.7,12.6)
NW GOA 349 2.8 0.82 (1.4,4.6) 496 82 195 (4.6,12.3) 724 40 0.83 (2.5,5.7)
Copper 21 02 0.36 (0.0,1.3) 3 0.1 0.12 (0.0,0.4) 11 0.1 0.18 (0.0,0.7)
NE GOA 2 0.0 0.10 (0.0,0.2) 4 0.1 0.22 (0.0,0.7) 4 0.0 0.11 (0.0,0.3)
Coast SEAK 475 39 0.72 (2.6,5.4) 381 63 1.39 (3.8,9.3) 828 45 0.67 (3.3,5.9)
BC 2,355  19.1 121 (16.8,21.6) 1,603 266 2.06 (22.6,30.7) 3998 21.8 1.08 (19.7,24.0)
West Coast US 1,030 84 0.84 (6.8,10.1) 1,659 275 195 (23.8314) 2,665 145 0.88  (12.9,16.3)
Total Catch 12,304 6,025 18,329

2014 "A" Season (N=1,066) "B" Season (N=319) Bering Sea all (N=1,385)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean _SD 95% CI
Russia 74 0.6 0.26 0.2,1.2) 13 0.4 0.50 (0.0,1.7) 96 0.6 0.23 (0.3,1.2)
Coast W AK 6,301 546 2.17 (50.4,58.8) 1,109  31.8 3.09 (25.8,37.9) 7314 487 179 (45.2,522)
Mid Yukon 380 33 124 (1.2,5.9) 58 1.7 0.98 (0.1,3.9) 484 32 091 (1.5,5.1)
Up Yukon 471 4.1 0.79 (2.7,5.8) 55 1.6 0.86 (0.3,3.6) 564 3.8 0.66 (2.6,5.1)
N AK Pen 2,624 227 158 (19.7,25.9) 3 0.1 0.31 (0.0,1.0) 2,666 177 135 (15.2,20.4)
NW GOA 16 0.1 0.32 (0.0,1.1) 642 184 2.68 (13.4,23.9) 630 42 1.00 (2.4,6.3)
Copper 1 0.0 0.05 (0.0,0.1) 5 0.1 037 (0.0,1.3) 5 0.0 0.09 (0.0,0.3)
NE GOA 1 0.0 0.05 (0.0,0.1) 3 0.1 0.32 (0.0,1.1) 3 0.0 0.08 (0.0,0.2)
Coast SEAK 68 0.6 0.36 (0.0,1.4) 124 3.6 141 (1.3,6.7) 207 14 043 (0.6,2.3)
BC 1,174 102 0.98 (8.3,12.2) 855 245 259  (19.6,29.7) 2,049 136 1.01 (11.7,15.7)
West Coast US 422 3.7 0.63 (2.5,5.0) 624 179 221 (13.83,22.4) 1,013 6.7 0.76 (5.2,8.3)
Total Catch 11,539 3,492 15,031

2013 "A" Season (N=792) "B" Season (N=454) Bering Sea all (N=1,246)
Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean _SD 95% CI
Russia 74 0.9 0.40 (0.4,1.7) 43 0.9 0.50 (0.2,2.0) 117 09 0.30 (0.4,1.5)
Coast W AK 4,135 502 220 (46.0,54.5) 2490 519 280 (46.4,57.3) 6,530  50.1 1.80 (46.7,53.5)
Mid Yukon 91 1.1 0.60 (0.0,2.6) 91 1.9 1.00 04,4.2) 235 1.8 0.70 (0.6,3.1)
Up Yukon 593 72 1.10 (5.1,94) 67 1.4 0.90 (0.0,3.4) 652 5.0 0.80 (3.5,6.7)
N AK Pen 1,573 19.1 1.80 (15.7,22.8) 283 59 1.50 (3.4,9.0) 1,851 142 140 (11.6,17.0)
NW GOA 41 0.5 0.70 (0.0,2.4) 331 69 1.80 (3.5,10.7) 443 34 1.00 (1.8,5.5)
Copper 8 0.1 0.10 (0.0,0.5) 5 0.1 0.30 (0.0,0.9) 13 0.1 0.20 (0.0,0.7)
NE GOA 0 0.0 0.10 (0.0,0.4) 0 0.0 0.20 (0.0,0.4) 0 0.0 0.10 (0.0,0.3)
Coast SEAK 157 1.9 0.70 (0.8,3.4) 91 1.9 1.10 (0.1,4.5) 313 24 0.60 (1.3,3.6)
BC 1,400 17.0 140 (14.2,19.8) 686 143 190 (10.8,18.2) 2,020 155 1.10 (13.4,17.8)
West Coast US 165 2.0 0.60 (1.0,3.3) 710 148 1.70  (11.6,18.2) 873 6.7 0.80 (5.2,8.2)
Total Catch 8,237 4,797 13,034

2012 "A" Season (N=759) "B" Season (N=352) Bering Sea all (N=1,111)
Region Est. # Mean SD 95% CI Est. # Mean _SD 95% CI Est. # Mean SD 95% CI
Russia 42 0.5 0.27 0.2,1.2) 86 24 0.83 (1.1,4.3) 126 1.1 0.32 (0.6,1.8)
Coast W AK 5266 67.8 222  (63.4,72.1) 1,863  52.1 292  (46.3,57.7) 7,152 63.1 1.83 (59.4,66.6)
Mid Yukon 92 1.2 0.82 (0.0,3.1) 6 02 0.32 (0.0,1.1) 115 1.0 0.59 (0.0,2.3)
Up Yukon 241 3.1 0.82 (1.6,4.8) 35 1.0 0.64 (0.1,2.5) 271 24 0.60 (1.3,3.7)
N AK Pen 1,256 162 1.88  (12.7,20.0) 3 0.1 0.25 (0.0,0.8) 1,227  10.8 1.35 (8.3,13.6)
NW GOA 19 02 035 (0.0,1.2) 135 38 144 (1.3,6.9) 155 1.4 0.73 0.2,3.1)
Copper 2 0.0 0.12 (0.0,0.3) 2 0.1 0.17 (0.0,0.5) 2 0.0 0.07 (0.0,0.2)
NE GOA 6 0.1 0.26 (0.0,0.9) 2 0.1 0.20 (0.0,0.6) 6 0.1 0.17 (0.0,0.6)
Coast SE AK 128 1.7 0.78 (0.3,3.4) 292 82 1.84 (4.5,11.9) 381 34 0.73 (2.0,4.9)
BC 568 73 1.12 (5.2,9.6) 547 153 224 (11.2,20.0) 1,159 102 1.01 (8.3,12.3)
West Coast US 146 1.9 0.51 (1.0,3.0) 609 17.0 2.09 (13.1,21.3) 749 6.6 0.78 (5.1,8.2)
Total Catch 7,765 3,579 11,344
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Appendix 3. -- Continued

2011 "A" Season (N=695) "B" Season (N=1,778) Bering Sea all (N=2,473)

Region Est. # Mean SD 95% CI Est. # Mean SD 95% CI Est. # Mean SD 95% CI
Russia 12 02 0.16 (0.0,0.6) 184 1.0 0.25 (0.6,1.6) 196 0.8 0.19 (0.5,1.2)
Coast W AK 3,856 540 228  (49.6,58.5) 13,549 738 128 (71.3,76.2) 17,421 683 1.16  (66.0,70.6)
Mid Yukon 127 1.8 0.76 (0.6,3.6) 233 1.3 046 (0.5,2.2) 411 1.6 0.46 (0.8,2.5)
Up Yukon 526 74 1.12 (5.3,9.7) 119 0.7 0.35 (0.1,1.4) 627 2.5 047 (1.6,3.4)
N AK Pen 1,556 21.8 1.94 (18.1,25.7) 628 34 0.65 (2.2,4.8) 2,201 8.6 0.81 (7.1,10.3)
NW GOA 41 0.6 0.60 (0.0,2.2) 654 3.6 0.89 (2.0,5.5) 663 2.6 0.67 (14,4.1)
Copper 1 0.0 0.07 (0.0,0.2) 105 0.6 0.30 (0.0,1.2) 69 03 024 (0.0,0.8)
NE GOA 1 0.0 0.09 (0.0,0.2) 26 0.1 0.24 (0.0,0.8) 13 0.1 0.12 (0.0,0.4)
Coast SEAK 218 3.1 0.86 (1.6,4.9) 259 1.4 046 (0.6,2.4) 459 1.8 041 (1.1,2.6)
BC 515 72 1.13 (5.1,9.6) 1,425 7.8 0.71 (6.4,9.2) 1,984 7.8 0.62 (6.6,9.0)
West Coast US 283 4.0 0.78 (2.6,5.6) 1,181 6.4 0.61 (5.3,7.7) 1,461 5.7 049 (4.8,6.7)
Total Catch 7,137 18,362 25,504
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Appendix4. -- 37 SNP DNA markers represented in the Chinook salmon baseline

Locus Ploidy SNPpos Allelel Allele2 Probel Probe2 Primer Primer Conc. (uM)
Ots_AsnRS-60 2 1T C TGAGTCCCTGACCAGC AGTCCCCGACCAGC CCGACGCCTCACTGAGT 0.16
Ots_E2-275 2 1A G CCCCCATATTGCTG CCCCACATTGCTG GGTGCCACTTTAGTATAGCTGCTTA 0.16
Ots_ETIF1A 2 1A C CAACTGAAGAAAATAATATG CTGAAGAAAAGAATATG TCTGAACTCACCAAAGGAACACTTG 0.16
Ots_FARSLA-220 2 1G A CCTTGGATGGGATGTG CCTTGGATAGGATGTG GTTCGTGGGATTGTTCAATGTITCAT 0.16
Ots_FGF6A 2 1G T CACGATTAGCAATGAACAA CACGATTAGCAATTAACAA TCAAAAATGTCTATCCAACAAATACTCTGAAAAATATTG 0.16
Ots_GH2 2 1A T TGACTCTCAGCA[TA]CTG TGACTCTCTGCA[TA]CTG GCGTACTGAGCCTGGATGACA 0.08
Ots_GPDH-338 2 1G A CCACTACTTAACGTGCTTT CCACTACTTAACATGCTTT CACTAAATATTCCTTATCATTTCATACTAAGTCTGAAGAA 0.32
Ots_GPH-318 2 1C T ATCAAGCTGACGAACCA CAAGCTGACAAACCA GGTGATAACAGGTGTTGCACCAA 0.08
Ots_GST-207 2 1C T ATGAGAGAGTCTTTCTCTGTT ATGAGAGAGTCTTTTTCTGIT  GGAGAACATGCATCACCATTCAAG 0.16
Ots_GST-375 2 1C T TTTCTTGTAGGCGTCAGAG TCTTGTAGGCATCAGAG CAGCCCGTCCCAAAATCAAG 0.16
Ots_GTH2B-550 2 1C G ATAACATCTGCAGCATTAA ATAACATGTGCAGCATTAA CACAGGAAGGACGTGTTTTGATG 0.32
Ots_hnRNPL-533 2 1A T CATTTACCAGTTCTCACACAC TTTACCAGTTCACACACAC TCTTTGATATTGAGCTCATAAAAGCAAGGT 0.16
Ots_HSP90B-100 2 1C T TCTATGGTGTGATTCATT TTCTATGGTGTAATTCATT CACCTTAGTTCCACGCAACATG 0.16
Ots_IGF-1.1-76 2 1A T CTGCCTAGTTAAATAAAATA CTGCCTAGTTAAATTAAATA GGTAGGCCGTCAGTGTAAAATAAGT 0.32
Ots_ Ikaros-250 2 1G A ACAGAAGATTTTCGGCTGC ACAGAAGATTTTCGACTGC GAGGCTGACTTGGACTTTGC 0.16
Ots_LEI-292 2 1G A CATCATGTCAGGCCTG ATCATGTCAAGCCTG CACCTGAACCTCCACTGTGT 0.16
Ots_LW Sop-638 2 1T C TTTAACAAGAAAATTATACATTTC CAAGAAAGITATACATTTC CAATTACTCTTTCTCAGCCCTGTGT 0.16
Ots_ MHC1 2 1G A CATCATCCCGTGAGCAG TCATCATCCCATGAGCAG GTCCACATTCTCCAGTACATGTATGG 0.16
Ots_ MHC2 2 1T G CTGGAGCGTTTCTGTA CTGGAGCGTGTCTGTA GTCCTCAGCTGGGTCAAGAG 0.16
Ots_NODI 2 1C G CCAACGGCGACTTG CCAACGCCGACTTG GTGCTGCAGGAACCATGTG 0.08
Ots_P450 2 1T A CCCCGAAGTACTTTT CCCGAAGAACTTTT TGAGCGAGATTTATCAAACTGTCAAAGA 0.32
Ots_Prl2 2 1A G ATGTATTGTTCATTTAATG TGTATTGITCGTTTAATG CCTGGTCTGTTTGTGATCAAGATG 0.16
Ots_RAG3 2 1C T CTCTACAGTATGAACTATG CTCTACAATATGAACTATG CATTTCCACGAAAAGCCAGATGAC 0.32
Ots_RFC2-558 2 1A TGCATGTAACAAATAACAT TGCATGTAACATAACAT AAGGTCTACTCCGGTTGTATTCGGT 0.08
Ots_S7-1 2 1T C TACAGGAGATAAGGTCGCA CAGGA GATAGGGTCGCA TGCCATCATAAACAACCTAACAAGTAACT 0.32
Ots_SCIkF2R2-135 2 1A T ATTCAAAGTCAAATTTT ATTCAAAGTICTAATTTT CCAAATACAGACCAGCTACTTGTGT 0.16
Ots_SERPC1-209 2 1A T CATTCAGCTTTTTTTC ATTCAGCATTTTTTC CTAAGITCTTCCTGCCTAATGTGGAT 0.16
Ots_SL 2 1A G TCAAAGATATGATTCAATTAA AAGATATGGTTCAATTAA AATATTGGCTTTCTGAGAATGCATTTGG 0.16
Ots_SWSlop-182 2 1T A ATGTACTTTAACGATTCATTT ATGTACTTTAACGTTTCATTT TCAAAGACATCGAACACAAGAACGA 0.32
Ots_TAPBP 2 1C T CAGCTGTCCAGTITCTG CAGTTGTCCAGITCTG TTTCTCATCCTTCTCTCTTCCAGTCT 0.08
Ots_Tnsf 2 1A G TGCTCCAGATCTC TGCTCCAGGTCTC GCCAATACGGGTTCTGAACTGT 0.16
Ots_u202-161 2 1T A AGCTAGTGCTTAGCAGCTA[AC] AGCTAGTGCATAGCAGCTA[AC] CACTTTTGACTTTACATGGAACTTAACTCAT 0.32
Ots_u211-85 2 1C T TCCCAAAGTCGAGTGTG CCCAAAGTCAAGTGTG TGGTGAGAGCAGCTTTAAATGTCTT 0.16
Ots_U212-158 2 1G A CTGGAAGAAGGCCTC CTGGAAAAAGGCCTC CCCCATATGAGACGCTACAGTAATG 0.16
Ots_u4-92 2 1T C CTGTGTTGAATTTAACATAAT TCTGTGTTGAATTTAACGTAAT ATCCAAGGAGCCCCATTAAAGATTT 0.16
Ots_u6-75 2 1C T TTAGTCAACTGITGITTTT TTAGTCAACTGTITATTTTT GAAAAAGTAAAGTAAAAGTAAAGTATTATACCACTAAAGACAAT 0.32
Ots_zP3b-215 2 1G T CCAAATATCCTACCCGTGATG CAAATATCCTACCAGTGATG TGCTGAGGACCATCTGCAATTC 0.16
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ABSTRACT

Lagasse, C.R., Fraser, K.A., Houtman, R., Grundmann, E., Komick, N., O’Brien, M., Braithwaite, E.,
Cornthwaite, A. M. 2024. Review of Salmon Bycatch in the Pacific Region 2022/23 Groundfish Trawl
Fishery and Preliminary Results of an Enhanced Monitoring Program. Can. Manuscr. Rep. Fish. Aquat.
Sci. 3273:v+35p.

The Pacific Region groundfish trawl fishery is one of the largest fisheries in British Columbia by catch
volume and value, operating throughout the year with all fishing trips subject to at-sea electronic
monitoring and independent validation of landings via a dockside monitoring program. An enhanced
monitoring and sampling program for salmon bycatch was initiated for all Option A trawl licence holders
on September 26, 2022 to improve the accuracy of estimates of salmon catch by species and collect coded
wire tag (CWT) and stock composition information to assess potential impacts on Chinook salmon
(Oncorhynchus tshawytscha) stocks of concern. This report summarizes estimates of Pacific salmon
bycatch in the groundfish trawl fishery since 2008, with a focus on the 2022/23 fishery. Catch of Pacific
salmon in the 2022/23 fishery was the highest recorded since 2008 with a total catch of 28,117 Pacific
salmon, including 26,273 Chinook salmon. Most of this catch occurred during the enhanced monitoring
period from September 26, 2022 to February 20, 2023, with 15,234 Chinook salmon sampled during this
period for CWT analysis and estimation of stock composition. The enhanced monitoring program will
continue to be implemented through the 2023/24 fishery with additional results described in future
reports.



RESUME

Lagasse, C.R., Fraser, K.A., Houtman, R., Grundmann, E., Komick, N., O’Brien, M., Braithwaite, E.,
Cornthwaite, A. M. 2024. Review of Salmon Bycatch in the Pacific Region 2022/23 Groundfish Trawl
Fishery and Preliminary Results of an Enhanced Monitoring Program. Can. Manuscr. Rep. Fish. Aquat.
Sci. 3273:v+35p.

Les péches au chalut des poisson de fond dans la Région du Pacifique est I'une des plus importantes
pécheries de la Colombie-Britannique en termes de volume et de valeur des prises, opérant tout au long
de lI'année avec toutes les sorties de péche étant soumises a une surveillance électronique en mer et a
une validation indépendante des débarquements via un programme de surveillance a quai. Pour
améliorer I'exactitude des estimations des prises de saumon par espece et recueillir des données sur la
composition des stocks afin d’évaluer les impacts potentiels sur les stocks préoccupants de saumon
quinnat (Oncorhynchus tshawytscha), un programme amélioré de surveillance et d'échantillonnage des
prises de saumon a été lancé pour tous les titulaires de permis de chalutage de I'option A le 26 septembre
2022. Ce rapport résume les estimations des prises de saumon du Pacifique dans la péche au chalut du
poisson de fond depuis 2008, en mettant I'accent sur la péche de 2022-23. Les prises de saumon du
Pacifique dans la péche de 2022-2023 ont été les plus élevées enregistrées depuis 2008 avec une capture
totale de 28 117 saumons du Pacifique, dont 26 273 saumons quinnat. La plupart de ces prises ont eu lieu
pendant la période de surveillance accrue du 26 septembre 2022 au 20 février 2023, avec 15 234 saumons
quinnat échantillonnés au cours de cette période pour l'analyse étiquette de fil codée (CWT) et
|'estimation de la composition du stock. Le programme de surveillance améliorée continuera d'étre mis
en ceuvre tout au long de la péche de 2023-2024 et une période de données plus longue sera décrite dans
les prochains rapports.



INTRODUCTION

The Pacific Region groundfish trawl fishery is one of the largest fisheries in British Columbia by catch
volume and value, operating year-round using either mid-water or bottom trawl gear to target various
flatfish, rockfish, and other groundfish species. The fishery consists of approximately 45 active vessels that
are managed under an individual transferable quota / individual vessel quota system with each vessel
individually accountable for their catch (Fisheries and Oceans Canada 2023a). Management of the fishery
is informed by a comprehensive catch monitoring program with all fishing trips requiring logbook records
and independent validation via at-sea electronic monitoring (EM) and a dockside monitoring program
(DMP).

Recent estimates from catch monitoring data in the groundfish trawl fishery indicated that thousands of
Pacific salmon (Oncorhynchus spp.) were being caught on an annual basis, with most bycatch occurring
using mid-water trawl gear and Chinook salmon (Oncorhynchus tshawytscha) the main species of salmon
being caught. While existing monitoring programs in the trawl fishery provide comprehensive estimates
of catch weights of groundfish species, they were not targeted towards accurate estimation of salmon
piece counts by species or assessment of potential impacts on stocks of concern. Over the past decades,
there have been widespread declines for many stocks of Chinook salmon, and a growing number of
populations are now assessed as at risk by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC 2018, 2020), and designated as stocks of concern by DFO (Fisheries and Oceans Canada 2023b).
In salmon-directed fisheries, monitoring programs require the collection of samples for genetic analysis
and coded wire tag (CWT) recovery to estimate stock composition and impacts on stocks of concern. This
information supports the assessment of fisheries management objectives for stocks of concern, including
for Fraser Chinook stocks (Dobson et al. 2020).

Beginning in 2021, DFO engaged with industry representatives and monitoring service providers to review
monitoring procedures and develop an enhanced monitoring and sampling program for salmon bycatch.
The program was initiated on September 26, 2022, and is ongoing during the 2023/24 fishery. This report
summarizes estimates of bycatch of Pacific salmon in the groundfish trawl fishery since 2008, with a focus
on the 2022/23 groundfish fishing year, which began on February 21, 2022, and ended on February 20,
2023. Preliminary results from the enhanced monitoring program are also provided including CWT and
stock composition analysis.

METHODS

Salmon Bycatch Monitoring and Sampling

Monitoring requirements for the groundfish trawl fishery are detailed in Appendix 8 of the Groundfish
Integrated Fisheries Management Plan (Fisheries and Oceans Canada 2023a). This section provides a brief
overview of monitoring requirements with a focus on changes to catch monitoring and sampling of Pacific
salmon that occurred during the 2022/23 groundfish trawl fishery for Option A licence holders (see Table
1). Groundfish trawl license holders may choose one of two license options at the beginning of each fishing
year that determines allowable fishing locations and gear type: Option B vessels must fish exclusively
within PFMA 12 to 20 and 29 using bottom trawl gear, while Option A vessels may fish in all other areas
and inside PFMA 12 to 20 and 29 using mid-water trawls only. Option A licences represents approximately
40 of the 45 active commercial groundfish trawl licences and the only licence type permitted to use mid-



water trawl gear, and thus this licence type was the focus for changes to monitoring and sampling of
Pacific salmon.

Commercial groundfish trawl catch is monitored and reported using a combination of fisher logbooks,
independent at-sea EM auditing, and DMP validation of landed catch. While at sea, all vessels must keep
accurate records of fishing activities in an electronic fishing logbook while ensuring that the at-sea EM
systems are fully operational. EM system requirements are specified by DFO and include video cameras,
global positioning systems (GPS), and hydraulic sensors. EM information is used to verify the accuracy of
information recorded in fisher logbooks via audits of a random subset of tows from each trip. If fisher
reported information does not meet accuracy requirements, logbook data may be replaced by EM results
and additional audits conducted. Prior to March 2020, independent at-sea monitoring requirements for
Option A trips were fulfilled by the at-sea observer program (ASOP), with the exception of trips targeting
Pacific hake using midwater trawl gear and landing fresh product; however, the ASOP has been suspended
since the Covid pandemic. At the end of each fishing trip, landed catch must be independently validated
by the DMP during offload to ensure accurate catch weights for each species.

Prior to implementation of the enhanced monitoring program, there were no requirements for
monitoring Pacific salmon in the groundfish trawl fishery, other than the requirements that apply to all
species encountered in the fishery. As a prohibited species, Pacific salmon were not allowed to be targeted
and were required to be released at-sea if caught. Therefore, available estimates of Pacific salmon catch
were based on fisher logbook information, with DMP validation only when Pacific salmon were landed
incidentally. Before March 2020, the ASOP provided independent monitoring of retained and released
catch of Pacific salmon as described above. In addition, opportunistic at-sea or shoreside biological
sampling, including the retention of heads from adipose clipped Chinook and Coho and the recording of
lengths and weights, occurred as a lower priority to other groundfish catch monitoring duties.

A review of monitoring procedures beginning in 2021 led to the development of an enhanced monitoring
program for salmon bycatch that revised retention and monitoring requirements in order to provide more
accurate estimates of bycatch counts by species and collect CWT and genetic samples. The enhanced
monitoring program was developed collaboratively with representatives from DFO Pacific Region Science
and Fisheries Management, the groundfish trawl industry, the David Suzuki Foundation, and monitoring
service providers from Archipelago Marine Research Ltd. and J.0. Thomas and Associates Ltd. In
consideration of information needs for assessment and management, the following four objectives were
used to guide development of the program:

1. Accurately estimate fishery catch counts (pieces) of fish of each Pacific salmon species;

2. Ensure sufficiently precise and representative CWT sampling to quantify the fishery
mortality for Chinook CWT exploitation rate indicator stocks;

3. Use genetic stock identification to identify the stock composition of Chinook catch, including
for populations that do not have CWT exploitation rate indicator stocks; and

4. Estimate the spatial and temporal distribution of Chinook catch to determine when and
where mortality on stocks of concern may be occurring.

Objectives 2 to 4 were focused on Chinook salmon as these were the most prevalent salmon bycatch
species, and where potential impacts on stocks of concern were considered most likely. Coho salmon were
also sampled for CWTs and DNA, but represented a much smaller portion of salmon catch. The program
was targeted towards all Option A trawl vessels, but did not include trawl vessels fishing under Option B,



which represent a smaller component of the fishery and do not capture significant amounts of salmon
bycatch because they are not permitted to fish using mid-water trawl gear.

The changes to retention and sampling requirements were implemented via scientific licences under
Section 52 of the Fisheries (General) Regulations (1993). Scientific licences were issued to all Option A
Groundfish trawl vessels authorizing the retention of salmon to enable independent validation of catch
numbers by species and collection of DNA and CWTs. Changing to mandatory retention was not expected
to significantly increase mortality from trawl bycatch; although there are no established mortality rates
for salmon released at-sea caught with trawl gear, all species entering a receiving tank vessel (those
landing catch frozen) have a 100% mortality rate applied and it was assumed that most salmon do not
survive being caught in a trawl net regardless of retention status. The sale, trade, or personal use of any
retained salmon remained prohibited in the licence requirements.

Most Option A trawl vessels land catch fresh and whole, while a few vessels are fitted to process and
freeze landed catch at sea. Different catch retention requirements and sampling procedures were
developed for vessels landing catch fresh versus frozen to achieve monitoring objectives (see Appendix A
for a detailed description of requirements). For vessels landing fresh catch, all Pacific salmon were
required to be retained and landed whole, where they would be subject to DMP validation of catch
numbers and weight by species on all trips. 25% of trips were also targeted for collection of Chinook and
Coho salmon heads by the dockside observer, with sampling of trips randomly selected after vessel hail-
in. A target of 25% was chosen to correspond with the 20% standard sampling rate to recover CWT
indicator stocks in salmon-directed fisheries, plus a 5% buffer for potential implementation error.

For vessels landing frozen catch, which consisted of six active licence holders in the 2022/23 groundfish
Option A trawl fishery, scientific licences required the retention of heads only in recognition of the limited
freezer space available for storage of non-marketable fish. Vessels were responsible for retaining heads,
including gills and collars, and bagging and labelling them on all trips according to instructions provided
by DFO (Appendix B). The requirements specified that salmon heads from each tow should be bagged and
labelled separately so that samples could be matched to tow information such as location and date. At
the end of each trip, heads were to be packaged in larger trip bags and received by the DMP. The 100%
sampling rate was chosen to ensure representative sampling of the small number of vessels that were
able to fish over long periods and wide areas.

After landing, salmon head bags were collected and labelled by dockside observers to allow the bags to
be traced back to the trip, placed in cold storage, and shipped to the sampling service provider, J.O.
Thomas and Associates Ltd. Every head was identified to species, counted, and checked for the presence
of a CWT using specialized electronic detection equipment. CWTs were recovered from all heads that
scanned positive. DNA tissue samples were initially collected from the operculum and then later
changed to cheek tissue to improve success rates of DNA amplification for genetic analysis.

Catch Data Analysis

Summaries of salmon catch information presented in this report are based on commercial groundfish
trawl catch monitoring data, with adjustment of salmon catch using information from the enhanced
monitoring program beginning on September 26, 2022. Commercial groundfish fisher log, ASOP, and DMP
data are housed in the Fishery Operations Systems (FOS) database, DFO’s centralized repository for
commercial fishery data in the Pacific Region. DFO Pacific Science maintains a ‘Groundfish views of FOS’
(GFFOS) database that restructures the data for convenient access for Groundfish scientists.



During the standard monitoring period, prior to September 26, 2022, estimates of salmon bycatch were
compiled from the GFFOS Official Catch table, which summarizes the best available data for each fishing
event (i.e. trawl tow) using fisher logbook, ASOP, and DMP sources. Landed catch for each tow is
calculated by prorating the DMP landed catch at trip offload over the retained catch from logbook and
ASOP sources, such that landed catch for a species added across all tows for a trip will equal the DMP
landed catch for that trip. If there are DMP records for a species that is not recorded in ASOP or fisher
logbook data for a trip, it will be associated with the trip but not assigned to a specific tow, and therefore
catch location and other data may be unavailable. Since 2020, ASOP data has been based on fisher
reported information that is corrected using EM data where the audit reveals consistent differences
between EM and fisher reported catches.

For the enhanced monitoring period, from September 26, 2022 onward, different methods for
determining best estimates of salmon catch by species were applied for landed fresh catch versus frozen
catch corresponding with the different collection methods and sampling requirements. For vessels landing
catch fresh, salmon catch was compiled from the GFFOS Official Catch table and based upon DMP
validation of landed catch. DMP validation occurred on all retained fresh salmon catch due to new
retention requirements, whereas during the standard monitoring period only salmon retained incidentally
would have been validated by the DMP. For the subset of trips where DMP collected Chinook and Coho
salmon heads, the DMP counts of catch by species at offload were compared to counts of salmon heads
by species conducted by J.0. Thomas to confirm accuracy.

For vessels landing catch frozen during the enhanced monitoring period, salmon catch estimates were
derived from lab counts of salmon heads identified to species and matched to trips and tows. If salmon
heads were unable to be matched to tows using label information, salmon catch was estimated from lab
counts over the entire trip and not associated at the tow level, analogous to the method for applying DMP
validation of landed catch. Salmon catch from logbooks in GFFOS were not used to estimate salmon catch
by species, however, they provided information on tows where salmon catch occurred for trips with
missing label information.

The location of salmon catch was determined for individual tows or across a trip using logbook
information. Salmon heads that could be matched to specific tows were assigned to PFMA from the GFFOS
Official Catch table based on tow start and end locations. For salmon heads that could not be matched to
a specific tow, including most catch landed fresh and unlabeled catch landed frozen, catch locations were
inferred for broader regions based on the locations of all tows within a trip. Regions consisted of
geographic groupings of PFMAs (e.g. West Coast Vancouver Island South) and were identified based upon
fishing patterns by catch type and areas of salmon encounters (see Appendix C for correspondence
between Regions, PFMAs, and groundfish management areas). Where logbook records of species catch
by tow occurred within the same Region throughout a trip, all salmon catch from that trip was assigned
to the Region. Using this method, almost all salmon catch during the 2022/23 groundfish trawl fishery
could be assigned to a Region, with only a small proportion of catch remaining in an “unassigned”
category.

Coded Wire Tag and Stock Composition Analysis

A key component of the enhanced monitoring program was the collection of CWTs and DNA tissue from
Chinook salmon to estimate recoveries of CWT exploitation rate indicator stocks and estimate stock
composition. To develop these estimates, salmon bycatch in the trawl fishery was divided into catch strata
that represented different fishing areas, catch type, and time periods. More specifically, each catch



stratum consisted of a combination of Region, whether catch was landed fresh or frozen, and whether
catch occurred from September 26 to December 31, 2022, or from January 1 to February 20, 2023. CWT
Analysis relied on CWT recoveries from all head samples, while stock composition analysis used CWT
recoveries and DNA.

CWT Analysis

CWTs are tiny lengths of metal wire inscribed with a numeric code that are implanted in the snout of
groups of Chinook and Coho salmon juveniles before their ocean migration. When recovered, read with a
microscope and associated with CWT release data, CWTs accurately identify the stock of origin, brood
year, and other associated rearing information of the CWT release group. The Chinook Technical
Committee (CTC) of the Pacific Salmon Commission uses CWTs to perform an annual exploitation rate
analysis (CTC 1988), and currently monitors 45 Chinook CWT exploitation rate indicator stocks within
Canada and the US (see Appendix D for geographic locations, stock acronyms, and full stock names).
Recovery of CWT indicator stocks in salmon-directed fisheries and escapement is used to assess survival,
maturation rates, exploitation, and fishery mortality rates in Canada and United States fisheries, as
required under Chapter 3 of the Pacific Salmon Treaty and reported on annually (e.g. CTC 2023).

To estimate total CWT recoveries for Canadian Chinook CWT exploitation rate indicator stocks, the CWTs
recovered were expanded by the inverse of the sample rate within each catch stratum. Sample rates
corresponded to the number of Chinook salmon heads collected and scanned for CWTs, divided by the
total Chinook salmon catch in each catch stratum. Total CWT recoveries are reported separately by 2022
and 2023 calendar years for consistency with CWT recovery estimates developed by the CTC for Canadian
salmon-directed fisheries.

CWT analytical methods and stock information presented in this report were created from the Mark
Recovery Program Information System (MRPIS). MRPIS is maintained by Salmon Stock Assessment and is
DFQ’s centralized repository for salmon coded wire tag data in the Pacific Region.

Stock Composition Analysis

Stock composition of Chinook salmon catch in each stratum was estimated using both CWT and genetic
methods to identify fish to population or conservation unit of origin, which were rolled up to the stock
management unit (SMU) level for reporting (see Appendix E for SMU assignment tables). CWT recoveries
can determine the stock of origin to high accuracy and resolution; however, they cannot be used to
determine stock composition for hatchery or wild fish that do not have CWTs. Therefore, for fish that did
not contain a CWT, DNA tissue samples were analyzed to determine stock of origin using parentage-based
tagging (PBT) and genetic stock identification (GSI) assighment methods.

GSI assignment matches genetic markers to baselines collected from spawning grounds to identify the
population of origin for wild or hatchery fish, while PBT assignment matches hatchery produced fish back
to their parents, allowing determination of the hatchery of origin and age of sampled fish (Beacham et al.
2018). PBT analysis can only be conducted for populations in which all hatchery brood stock is genotyped,
and therefore can only be applied to fish produced in Canadian hatcheries that have PBT programs in
place. PBT results provide better accuracy than GSI and were used instead of GSI to determine stock of
origin where available, with the combined application of both methods denoted by PBT-GSI.

To determine stock composition of Chinook salmon catch, each stratum was partitioned into fish
containing CWTs and fish that did not contain CWTs, and separate stock proportions for each partition
were calculated using CWT and genetic (PBT-GSI) stock assignments respectively. The overall stock



composition estimate for each catch stratum was calculated by weighting each set of stock proportions
according to their respective catch. The CWT partition represented the proportion of catch estimated to
have CWTs and was equal to the number of CWTs recovered divided by the number of heads scanned for
CWTs within each catch stratum. The PBT-GSI partition consisted of all Chinook salmon estimated to not
have CWTs within the catch strata, and was calculated as the remaining proportion of catch after
subtracting the CWT partition. The sample rate for the PBT-GSI partition was the number of PBT-GSI
samples successfully analyzed divided by the estimated catch without CWTs within each catch stratum,
while the sample rate for the CWT partition was equal to the number of heads scanned for CWTs divided
by the total catch.

In addition to stock identification, results from the PBT analysis provided information on brood year
composition, which can be used to calculate salmon age by subtracting the year a fish was caught from
the brood year. Chinook salmon from the 2020 brood year would represent age 2 fish if caught in 2022
and age 3 fish if caught in 2023. While CWTs can also provide brood year information, most Canadian CWT
indicator stocks from the 2019 brood year were not tagged due to the Covid pandemic. Therefore, brood
year compositions based upon CWTs are not reported due to expected bias.

RESULTS

Salmon Catch

Catch of Pacific salmon was estimated from the standard monitoring program beginning in 2008, the first
full year where data are stored in the Fishery Operations System (FOS) database, up until September 25,
2022, while catch between September 26, 2022 to February 20, 2023 was estimated from the enhanced
monitoring program procedures. Annual totals of salmon bycatch by species, numbers of fishing trips,
tows using mid-water gear type, and total landed catch weights are summarized by groundfish fishing
year from 2008/09 to 2022/23 in Table 2. Annual salmon bycatch by calendar year from 2008 to 2022 are
summarized in Table 3. Monthly catch of salmon by species for the 2022/23 fishery is provided in Table 4.
Table 5 provides salmon catch by species for the 2022/23 fishery within each Region, catch type, and time
period strata (for catch by PFMA in the 2022 calendar year see Appendix F). Key catch results are
summarized below:

e Estimated bycatch of Pacific salmon in the groundfish trawl fishery for the 2022/23 groundfish
fishing year was the highest recorded among recent years with a total catch of 28,117 salmon
(Table 2). The second highest fishing year was 2020/21 with a total catch of 12,354 salmon.

e Chinook salmon was the primary salmon species caught in the 2022/23 groundfish fishing year
with an estimated catch of 26,273, representing 93% of total salmon catch. Chinook salmon
represent greater than 80% of Pacific salmon bycatch in most groundfish fishing years from
2008/09 to 2022/23.

e Estimated catch of other salmon species caught in the 2022/23 groundfish fishing year was 625
Coho salmon, 1097 Chum salmon, 18 Pink Salmon, and 42 Sockeye salmon. There were 123
salmon that were reported as Pacific salmon and trout that could not be identified to species
either by fisher or independent monitoring programs.

e Most salmon bycatch in the 2022/23 groundfish fishing year occurred during the enhanced
monitoring period, with 18,867 salmon caught between September 26, 2022 and February 20,



2023. The highest monthly catch occurred in October and February, with 8,268 and 3,272
salmon caught in these months respectively (Table 4).

The Regions with the highest salmon catch in 2022/23 were Queen Charlotte and Johnstone
Strait with 12,176 salmon caught, followed by WCVI South with 10,428 salmon, and Strait of
Georgia with 3,264 salmon (Table 5). There were only 540 salmon caught in the North Coast
Region, while 1,065 salmon were caught in the WCVI North Region. 644 salmon were
unassigned and could not be associated to a specific Region.

There were 6 active licences for vessels landing frozen catch in 2022/23 that caught 74% of
salmon in the trawl fishery, corresponding to 20,745 salmon pieces including 19,026 Chinook
salmon. All of the 12,176 salmon caught in the Queen Charlotte and Johnstone Strait Region
were landed frozen catch, while the remaining landed frozen catch of salmon mostly occurred in
the WCVI South Region where 7,135 salmon were caught by these vessels.

For vessels landing fresh catch, 3,293 pieces or 45% of this salmon catch in 2022/23 occurred in
the southern West Coast Vancouver Island Region, while 3,264 pieces or 44% of salmon catch
occurred in the Strait of Georgia.

96% of salmon were caught using midwater trawl gear during the 2022/23 fishery. 26,907
salmon were caught in tows with midwater trawl gear as the reported gear type, while 807
salmon were caught with bottom trawl gear. 403 salmon were caught with an unspecified or
unavailable gear type.

There were 847 unique trawl fishing trips and 3,424 tows with mid-water trawl gear that
occurred in the 2022/23 groundfish fishing year (Table 2). This was lower than the annual
average from 2008/09 to 2022/23 of 1,316 trips and 3,699 mid-water tows. Total landed catch
of Pacific Hake (Merluccius productus) in 2022/23 was among the lowest in the time series at
38,560,000 kg compared to the average of 66,402,000 kg; however, landed catch of Walleye
Pollock (Gadus chalcogrammus) was the highest in the time series at 9,412,000 kg compared to
the average of 4,945,000 kg.

Salmon catch was concentrated within a small proportion of trawl fishing trips and tows. Out of
the 847 trips in the 2022/23 groundfish fishery, the 10 trips with the highest salmon catch
caught 15,145 salmon, or 54% of the total salmon catch. Out of the 3,424 tows using mid-water
trawl gear in 2022/23, 42 tows caught more than 100 salmon, while no salmon catch was
recorded in 2,616 or 76% of tows.

Coded Wire Tag and Stock Composition Results

Estimates of the catch of Canadian exploitation rate indicator stocks and stock composition for Chinook
salmon cover the enhanced monitoring period from September 26, 2022 to February 20, 2023. Although
this period represents less than 5 months of sample collection, it coincided with the period of highest
salmon bycatch in recent years within the groundfish trawl fishery, with a total of 15,642 Chinook salmon
heads collected.

Every Chinook salmon head collected was scanned for CWTs, yielding 2,051 CWTs from Canadian and US
tagging projects, and 298 CWTs from Canadian exploitation rate indicator stocks. More than 35% of catch
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was sampled from all catch strata, except in the WCVI North, WCVI South, and North Coast Regions where
smaller catches occurred. There were 1,913 DNA samples that were successfully analyzed for PBT-GSI
among sampled Chinook salmon without CWTs, out of which 362 were identified to stock of origin by PBT
and 1,555 were identified by GSI. PBT-GSI sample sizes and sample rates varied considerably and not all
catch strata were sufficiently represented to accurately estimate stock composition, particularly those
catch strata occurring in the WCVI North and WCVI South Regions where sample rates were 2% or less.

The number of Chinook salmon sampled, numbers and proportions of CWTs, and sample rates for CWT
and PBT-GSI are summarized by catch strata in Table 6. Estimates of total CWT recoveries of Canadian
exploitation rate indicator stocks are provided in Table 7, including a comparison to 2022 estimates of
CWT indicator stock recoveries in Canadian marine salmon-directed fisheries. Stock composition
estimates using combined CWT and PBT-GSI stock assignments are provided for southern BC Chinook
salmon SMUs in Table 8 and for northern BC SMUs in Table 9. The brood year composition of PBT samples
is summarized by catch strata in Table 10.

Key observations from CWT and genetic analysis are as follows:

e The highest estimated CWT recoveries for Canadian exploitation rate indicator stocks were from
Chilliwack, Harrison, and Cowichan stocks, with estimates of 76.1, 40.5, and 37.6 respectively
during the 2022 calendar year (Table 7). By comparison, total estimated CWT recoveries for the
2022 calendar year from Canadian salmon-directed fisheries in marine areas was 178.1, 87.8,
and 276.6 for Chilliwack, Harrison, and Cowichan stocks respectively. Comparisons between
estimated CWT recoveries in fisheries are based on CWT sampling over the entire year in
salmon-directed fisheries, while trawl CWT sampling occurred from September 26 to December
31, 2022 and has not been expanded to represent catch prior to the enhanced monitoring
period.

e Other Canadian exploitation rate indicator stocks in trawl samples included Big Qualicum River,
Nicola River, Robertson Creek, Puntledge River, and Quinsam River. Estimated CWT recoveries
of the US Samish River indicator stock, included as a proxy for Boundary Bay Chinook, was 63.1
in 2022. There were no CWT recoveries of the Similkameen River stock, which is used as a proxy
for Canadian Okanagan Chinook. Proxies were used to provide an indication of potential
fisheries catch for Boundary Bay and Canadian Okanagan Chinook because there is no Canadian
indicator stock for these populations (Dionne et al. 2023, Matylewich et al. 2019).

e The stock composition of Chinook salmon represented by Canadian-origin stocks, as estimated
based upon combined CWT and PBT-GSI information, varied from 21% to 83% among catch
strata. The highest proportions of Canadian-origin stocks were estimated in the Strait of Georgia
Region, with estimates of 82% to 83%. In the Queen Charlotte & Johnstone Strait Region, where
the largest amount of Chinook salmon catch occurred, the Canadian proportion was estimated
at 37% for bycatch occurring between September 26 to December 31, 2022, and 60% for
bycatch occurring between January 1 to February 20, 2023.

e Most of the Canadian-origin Chinook salmon catch originated from the Fraser Fall 4(1), Lower
Georgia Strait, and Middle Georgia Strait SMUs according to stock composition estimates (Table
8). Fraser Fall 4(1), which includes Chilliwack and Harrison Chinook CUs, was the highest
proportion of catch among Canadian SMUs, representing 21% to 51% of Chinook catch within
the Queen Charlotte & Johnstone Strait and Strait of Georgia Regions. Stocks of concern that



were represented by smaller proportions in some catch strata included Fraser Spring 4(2), Fraser
Spring 5(2), Fraser Summer 5(2), and WCVI Chinook. Central Coast, Skeena, and Nass were the
only northern BC SMUs detected and represented a much smaller proportion of the catch than
southern BC SMUs (Table 9).

Most Canadian-origin Chinook salmon that could be assigned to brood year using PBT belonged
to the 2020 brood year, which represented 69% of the 141 PBT observations from catch
occurring between September 26 and December 31, 2022 and 91% of the 226 PBT observations
from catch occurring between January 1 and February 20, 2023 (Table 10).

DISCUSSION

This report summarizes estimates of salmon bycatch in the groundfish trawl fishery since 2008, with a
focus on estimates for the 2022/23 fishery and results from an enhanced monitoring program that was
implemented beginning on September 26, 2022. As this is a new monitoring program, the results may be
subject to change and further revisions. There are also several sources of uncertainty and limitations that
should be considered when interpreting results.

Known sources of uncertainty and limitations in the results include:

Catch counts (pieces) for salmon may be incomplete or lower accuracy prior to the enhanced
monitoring program. Catch weight by species is the primary metric for quota management and
catch reporting used in the groundfish trawl fishery, however, piece counts of fish are used
throughout this report as they are the metric used to manage salmon-directed fisheries. Salmon
piece counts of released catch were not subject to DMP, auditing, or verification of species,
except by the ASOP prior to March 2020.

Estimates of CWT recoveries of Canadian Chinook indicator stocks (Table 7) do not include fish
from the 2019 brood year for most stocks because they were not tagged with CWTs due to the
Covid pandemic. Estimates may therefore be lower than would otherwise have occurred if CWT
tagging had included the 2019 brood year. For exploitation rate analysis, the Chinook Technical
Committee has developed infilling methods to compensate for this missing information using
the long time series of CWT data (CTC 2023); however, this was not possible for the trawl
fishery.

Estimates of CWT recoveries of Chinook indicators are provided irrespective of age and have not
been adjusted into adult equivalent mortalities according to models developed and applied by
the CTC when reporting on CWT-based exploitation rates in salmon-directed fisheries (see CTC
2019, page 9). By adjusting fishery catches into adult equivalent mortality based on age and
stock, CTC models are intended to more accurately represent the numbers of fish of a given age
that would, in the absence of fishing, leave the ocean and return to terminal areas to spawn.
Available information from PBT brood year assignments (Table 10), while limited in its
representation of the fishery, suggests that most Chinook salmon caught in the trawl fishery
during the enhanced monitoring period were from the 2020 brood year or 2-3 year olds. This is
younger than most Chinook salmon catch in salmon-directed fisheries and therefore catch
numbers in trawl and salmon fisheries may not be directly comparable in terms of adult
equivalent mortality.



e Estimates of CWT recoveries of Chinook indicators and stock composition only represent the
enhanced monitoring period occurring in the final 5 months of the 2022/23 groundfish fishery
year. Fishing activity in the trawl fishery changes throughout the season and across years in
response to various factors, therefore, the results should not be considered representative of
the entire fishery or other years. Stock and age composition may also vary considerably
between years and during the year as a result of changing distributions and abundances of
Chinook salmon populations.

e Stock proportions of Chinook salmon SMUs (Table 8 and 9) are derived from PBT-GSI results that
have low sample rates for some catch strata, particularly for bycatch occurring in October and
November 2022 and in WCVI Regions.

e During the first few months of the enhanced monitoring program, PBT-GSI analysis had low
success rates because DNA tissue collected from the operculum was inadequate quality. As a
result, sampling rates were lower for PBT-GSI stock assighnments at the beginning of the
enhanced monitoring program. DNA sampling protocols were revised to collect samples from
cheek tissue for the remainder of the program, resulting in improved rates for successful PBT-
GSI analysis.

Despite potential sources of uncertainty, monitoring data shows that bycatch of Pacific salmon in the
groundfish trawl fishery were the highest on record during the 2022/23 fishery, as estimated using a
combination of standard and enhanced monitoring procedures. Most bycatch occurred around the
southern West Coast Vancouver Island and the Queen Charlotte & Johnstone Strait Regions during a small
number of fishing trips, primarily from vessels landing frozen catch. Most salmon were caught using mid-
water trawl gear, with less than 4% of salmon caught when using bottom trawl gear. Many of these mid-
water trawl tows with salmon bycatch targeted Pacific Hake and Walleye Pollock, though detailed
information on target species associated with salmon bycatch was not examined.

There are many factors that may influence the prevalence and distribution of salmon bycatch in the trawl
fishery. An analysis of these factors and the spatiotemporal dynamics of salmon encounters was not
included in this report; however, information on total landed catch of groundfish species and the number
of fishing trips and mid-water tows suggest that overall fishing activity in the 2022/23 groundfish fishing
year did not increase compared to previous years, with the exception of landed catch of Walleye Pollock.
Further analyses could explore the use of spatiotemporal models as a forecasting tool to predict Chinook
salmon bycatch associations with target species, locations, depths, times, and other fishing characteristics
(e.g. Shirk et al. 2023).

Stock composition estimates and recoveries of CWT indicators during the enhanced monitoring period
indicate that the Fraser Fall 4(1) SMU is the largest proportion of catch among Canadian-origin stocks,
followed by Lower Georgia Strait and Middle Georgia Strait SMUs. Due to sampling gaps and the limited
time series represented by these results, stock composition estimates were not applied to Chinook salmon
catch to calculate catches by SMU or determine exploitation rate indices, as has been applied to salmon-
directed fisheries to assess achievement of fisheries management objectives for Fraser Chinook stocks of
concern (Dobson et al. 2020); however, estimates of total CWT recoveries are provided for Canadian
exploitation rate indicator stocks to compare with marine salmon-directed fisheries, albeit with some
limitations and differences. These comparisons show that estimates of CWT indicators in the groundfish
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trawl fishery for Chilliwack and Harrison River Chinook between September 26 to December 31, 2022
were more than 40% of CWT recoveries from salmon-directed fisheries in Canadian marine waters in
2022. Relative proportions between groundfish trawl catch and marine salmon-directed fisheries were
variable for other indicator stocks, and these comparisons do not include estimates of CWT recoveries
that occur in freshwater or terminal fisheries.

Implementation of the enhanced monitoring program will continue through the 2023/24 Option A
groundfish trawl fishery and mandatory retention requirements to collect head samples have been
ongoing since the program was initiated. Results from the enhanced monitoring program that include
2023/24 will be described in future reports. Additional monitoring information will support more
comprehensive assessments of groundfish trawl fishery bycatch of Chinook salmon stocks of concern
compared to the limited time series represented in this report.
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TABLES

Table 1 — Summary of salmon bycatch monitoring and sampling requirements in the Option A groundfish trawl fishery for the standard and enhanced monitoring periods.

Standard Monitoring Period

Enhanced Monitoring Period

Time period

All catch monitoring results prior to
September 26, 2022

September 26, 2022 to February 20, 2023, ongoing
as of report publication

Vessels landing fresh

Retention of salmon prohibited

100% retention of entire salmon to enable accurate

Retention catch enumeration and sampling
requirements by
catch type Vessels landing frozen | e Retention of salmon prohibited e 100% retention of salmon heads only, vessels
catch responsible for cutting and bagging heads
Vessels landing fresh e Fisher loghook reporting of at-sea released e Fisher logbook reporting of counts and weights of
catch salmon catch retained salmon catch.
e ASOP catch monitoring up until March 2020 e DMP counts and weights of all landed salmon catch
e DMP counts of any landed salmon by species by species
Species e 25% of trips randomly selected for collection of
. - p . Chinook and Coho salmon heads by DMP
identification and I
counts e Lab: Counts and speciation of all salmon heads

Vessels landing frozen
catch

Fisher loghook reporting of at-sea released
salmon catch

ASOP catch monitoring up until March 2020
DMP counts of any landed salmon by species

Fisher logbook reporting of counts and weights of
at-sea retained salmon catch with EM auditing
100% of trips targeted for collection of salmon
heads (all species)

Lab: Counts and speciation of all salmon heads

Coded wire tag

Vessels landing fresh
catch

No random/representative requirement for
sampling of CWTs
ASOP opportunistic sampling of CWTs

25% of trips randomly selected for collection of
Chinook and Coho salmon heads at offload
Lab: All heads sampled for CWTs

Vessels landing frozen
catch

No requirements for DNA sampling

sampling - . - - -
Vessels landing frozen | ¢ No random/representative requirement for e 100% of trips targeted for collection of salmon
catch sampling of CWTs heads, bagged and labelled by tow
e ASOP opportunistic sampling of CWTs e Lab: All heads sampled for CWTs.
Vessels landing fresh e No requirements for DNA sampling e Lab: All heads sampled for DNA; Sub-sample of
catch Chinook salmon heads selected for genetic analysis
DNA sampling

Lab: All heads sampled for DNA; Sub-sample of
Chinook salmon heads selected for genetic analysis
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Table 2 — Summary of annual coastwide salmon catch (numbers of fish retained and released) by species, number of fishing trips, tows with mid-water gear type, and landed
catches (kg) in the groundfish trawl fishery reported by groundfish fishing year (February 21 of the starting year to February 20 of the subsequent year). Unidentified salmon
catch was reported as Pacific salmon and trout and represents salmonids that could not be identified to species either by fisher or independent monitoring programs.

Groundfish Al Chinook Coho Chum Pink | Sockeye | Unidentified # of # of mid- Landed Landed

fishing sa(Ln::;n (# of (# of (# of (# of (# of salmon trawl water Tz::lc:‘a(nkdg()ed catch Pacific V\::Itlg;e
year fish) fish) fish) fish) fish) fish) (# of fish) trips tows Hake (kg) Pollock (kg)
2008/09 3,470 3,121 56 195 19 0 79 1,882 4,029 | 103,600,000 73,800,000 1,606,000
2009/10 9,611 8,628 95 191 566 32 99 1,586 2,967 85,280,000 55,780,000 3,570,000
2010/11 7,364 6,973 62 185 44 21 79 1,537 3,333 85,760,000 56,020,000 3,706,000
2011/12 11,193 9,808 242 457 328 22 336 1,534 3,500 90,780,000 55,400,000 3,866,000
2012/13 8,062 7,119 418 253 25 18 229 1,369 3,286 81,190,000 46,910,000 5,807,000
2013/14 4,813 3,034 292 218 700 16 553 1,395 3,415 90,790,000 54,060,000 4,063,000
2014/15 7,668 6,641 234 240 125 23 405 1,151 2,671 79,640,000 37,440,000 7,006,000
2015/16 7,645 6,319 193 794 122 80 137 1,049 2,673 80,470,000 45,420,000 3,984,000
2016/17 3,510 2,469 403 296 21 28 293 1,268 3,454 | 109,800,000 74,610,000 2,340,000
2017/18 8,265 7,320 113 394 157 39 242 1,374 3,988 | 124,300,000 90,780,000 3,363,000
2018/19 8,886 8,290 123 284 46 16 127 1,403 4,741 | 133,200,000 | 102,400,000 3,275,000
2019/20 7,680 6,776 199 294 80 59 272 1,304 5,063 | 132,200,000 98,830,000 7,587,000
2020/21 12,354 11,848 27 197 30 2 250 1,141 5,030 | 127,300,000 | 102,100,000 6,006,000
2021/22 11,627 9,635 695 708 572 17 0 907 3,912 98,350,000 63,930,000 8,588,000
2022/23 28,117 26,273 625 1,097 18 42 123 847 3,424 74,710,000 38,560,000 9,412,000
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Table 3 — Estimated annual coastwide salmon catch (numbers of fish retained and released) by species in the groundfish trawl fishery reported by calendar year.

Calendar year Total salmon Chinook Coho Chum Pink catch Sockeye Unidentified

catch catch catch catch catch salmon catch
2008 3,209 2,871 26 191 19 0 102
2009 9,646 8,666 121 178 566 32 83
2010 7,582 7,097 65 205 44 20 151
2011 11,081 9,753 242 456 325 23 282
2012 8,299 7,404 378 254 28 18 217
2013 4,681 2,898 289 212 701 14 567
2014 7,299 6,303 247 244 121 24 360
2015 8,171 6,731 211 795 119 81 234
2016 3,157 2,211 400 290 28 28 200
2017 6,839 5,944 129 394 93 39 240
2018 9,218 8,514 119 288 85 16 196
2019 7,828 6,945 146 292 96 55 294
2020 10,002 9,442 83 178 39 6 254
2021 14,270 12,255 697 729 572 17 0
2022 24,457 22,624 613 1,101 16 42 122
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Table 4 — Coastwide monthly catch by salmon species (numbers of fish retained and released) in the groundfish trawl fishery for the 2022/23 Groundfish Fishing Year (February
21, 2022 to February 20, 2023). The number of salmon heads collected represents heads that were counted and identified to species by independent lab verification as part of
the enhanced monitoring program, and are included in monthly catches by species.

Month s:;:\:ac‘:n ! ;:Iar:(sm Chinook Coho Chum Pink catch Sockeye Steelhead Un;:Ier:gzied
catch collected catch catch catch catch catch catch
F::bzzis_ 67 0 67 0 0 0 0 0 0
Mar 514 0 514 0 0 0 0 0 0
Apr 267 0 189 13 61 1 3 0 0
May 1,117 0 1,044 7 66 0 0 0 0
Jun 495 0 464 2 29 0 0 0 0
Jul 1,978 0 1,963 6 3 4 0 0 2
Aug 2,704 0 2,053 547 90 1 13 0 0
Sep 2,227 1 2,029 33 53 9 25 0 78
Oct 8,268 7,129 7,518 4 767 1 0 0 39
Nov 2,625 2,124 2,594 1 27 0 1 0 2
Dec 2,827 2,556 2,825 0 1 0 0 0 1
Jan 1,756 1,585 1,755 1 0 0 0 0 0
::: ;"-) 3,272 3,057 3,258 11 0 2 0 0 1
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Table 5 — Total salmon catch (numbers of fish retained and released) by species, Region (see Appendix C for included PFMAs) and catch type for the 2022/23 groundfish fishery

year (February 21, 2022 to February 20, 2023). Catch in the Unassigned Region could not be associated to a single geographic Region.

Region Catch tvpe Total salmon | Total heads Chinook Coho Chum Pink Sockeye Unidentified
& P catch sampled catch catch catch catch catch salmon catch
FRESH 87 4 44 15 20 5 3 0
North Coast
FROZEN 453 346 427 11 8 1 6
QC & ISt FRESH 0 0 0 0 0 0 0 0
Strait FROZEN 12,176 11,987 11,649 4 513 2 25 3
Strait of FRESH 3,264 1,162 3,220 4 40 0 0 0
Georgia FROZEN 0 0 0 0 0 0 0 0
wWceVvi FRESH 360 2 355 1 0 0 0 4
NORTH FROZEN 705 393 383 27 309 0 1 11
FRESH 3,293 105 3,280 12 1 0 0 0
WCVI SOUTH
FROZEN 7,135 1,965 6,299 550 179 10 13 99
FRESH 368 216 348 1 19 0 0
Unassigned
FROZEN 276 272 268 0 8
FRESH 7,372 1,489 7,247 33 80 5 3 4
TOTAL
FROZEN 20,745 14,963 19,026 592 1,017 13 39 119
TOTAL 28,117 16,452 26,273 625 1,097 18 42 123
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Table 6 — Summary of Chinook catch (numbers of fish), sample sizes of CWTs and PBT-GSI, and sample rates for CWT and stock composition analysis in the Groundfish Trawl
Fishery during the enhanced monitoring period (September 26, 2022 to February 20, 2023). The CWT sample rate is equal to the proportion of Chinook catch that had heads
collected and scanned for CWTs, while the CWT Partition is the proportion of heads that contained CWTs from those that were scanned. The PBT-GSI partition is the remaining
fraction without CWTs where stock composition is estimated from PBT-GSI samples. The PBT-GSI partition sample rate is the proportion of Chinook catch without CWTs that
have been analyzed using PBT-GSI, while the CWT partition sample rate is the same as the CWT sample rate.

CWT Analysis Stock Composition Analysis
. Chinook # Indicator PBT-GSI
Time | . . | Catch c::'c':‘(’:'; o | sampled S::‘VTIe #CWTs | CWTs from cwT PBT-GSI | #PBT-GSI | Partition
period J type fish) (# heads Rat’:: recovered Canadian Partition | Partition analyzed Sample
collected) Stocks Rate
North FRESH 23 2 9% 0 0| 0.0% 100.0% 0 0%
Coast FROZEN 342 339 99% 67 19.8% 80.2% 38 14%
Q;th;thSt FROZEN 7212 7212 100% 1088 116 15.1% 84.9% 306 5%
$ep26 - | strait of . . . .
Dec 31 Georgia FRESH 2606 1037 40% 95 17 9.2% 90.8% 315 13%
2022 Wevi | FRESH 178 0 0% 0 0
North FROZEN 193 190 98% 28 14.7% 85.3% 47 29%
WCVI FRESH 271 9% 35% 5 0| 52% 94.8% 5 2%
South FROZEN 1941 1941 100% 203 15 10.5% 89.5% 18 1%
. __________________________________________ ______________________________________|
North FRESH 0 0 0
Coast FROZEN 2 0 0% 0 0
Qsctf;thSt FROZEN 4287 4287 100% 558 144 13.0% 87.0% 1068 29%
Jan1- :
Feb 20 Zt;':g:’: FRESH 247 120 49% 6 4 5.0% 95.0% 111 47%
2023 WCVI | FRESH 43 2 5% 0 0 0.0% |  100.0% 0 0%
North | FROZEN 0 0 0 0 0
WCVI FRESH 332 7 2% 1 0 14.3% 85.7% 5 2%
South FROZEN 1 1 100% 0 0 0
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Table 7 — Estimates of CWT recoveries of Canadian exploitation rate indicator stocks in the Groundfish Trawl Fishery during the enhanced monitoring period (September 26,
2022 to February 20, 2023). The CWT sample rate is equal to the proportion of Chinook catch that had heads collected and scanned for CWTs for each combination of Region,
catch type and calendar year. Regions without any CWTs recovered from indicator stocks are excluded from the table. Estimates of CWT recoveries of indicator stocks for
2022 salmon-directed fisheries in BC marine waters are provided for comparative purposes. For consistency with trawl estimates, estimates for salmon-directed fisheries do
not include incidental mortality, do not represent adult equivalents, and have not been infilled to compensate for missing observations on 2019 brood years due to lack of
tagging. These estimates may therefore differ from numbers reported in PSC Chinook Technical Committee reports.

Canadian CWT stock codes are as follows: CHI = Chilliwack River; HAR = Harrison River; BQR = Big Qualicum River; COW = Cowichan River; NIC = Nicola River; RBT = Robertson

Creek; PPS = Puntledge River; QUI = Quinsam River

Time Catch cwr
Period Region Tvoe Sample CHI HAR BQR cow NIC RBT PPS Qul SAM! | SMK?
yp Rate
':2::: FROZEN 99% 1 0 0 0 0 0 0 0 3 0
Qgtf;ijts’t FROZEN 100% 57 31 12 14 1 1 0 0 36 0
SSP 2:1' SGt:'rtgf’: FRESH 40% | 101 25 5 26| 25 0 0 o| 151 0
ec
2022 l‘\ﬁ) cr\tI|: FROZEN 98% 1 0 0 0 0 0 0 0 1 0
;I::EY!: FROZEN 100% 7 7 0 1 0 0 0 0 8 0
TOTAL 76.1 | 40.5 17 376 | 3.5 1 0 0| 631 0
Estimated CWT recoveries in
2022 BC marine salmon-directed 178.1 87.8 7.2 276.6 21.5 2609 5.1 275.3 412.8 87.9
fisheries retained catch
|
Qstf;if't FROZEN 100% 56 73 5 7 1 0 1 1 10 0
Jan1l-
F:gzgo Ztngg‘l’: FRESH 49% 2.1 4.1 0 21 0 0 0 0 0 0
TOTAL 58.1 | 77.1 5 9.1 1 0 1 1 10 0

1 SAM = Samish River is a US stock and has been included as a proxy for Boundary Bay Chinook
2 SMK = Similkameen River is a US stock and has been included as a proxy for Okanagan Summer Chinook
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Table 8 — Stock composition for Southern BC Canadian stock management units of Chinook salmon during the enhanced monitoring period (September 26, 2022 to February
20, 2023) across Region, catch type, and time period strata. Stock proportions are estimated using weighted proportions from CWT and PBT-GSI samples, with CWT stock
proportions applied to fish with CWTs and PBT-GSI proportions applied to the remaining subset of fish without CWTs. Stock composition estimates from strata with less than

5% CWT or PBT-GSI sample rates have not been estimated due to low sample sizes.

. inoo b raser raser raser raser raser ower iddle pper
Time Catch Chi k % F F F F F L Middl V) SC
. egion catc anadian a um. um. pring pring eorgia eorgia eorgia ainlan
eriod Regi tvpe h (# | Canadi Fall S S Spri Spri G i G i G i wcvi Mainland
P YP of fish) origin 4(1) 4(1) 5(2) 4(2) 5(2) Strait Strait Strait Inlet
North FRESH 23
oast 5% 6% 1% 1% .0% .0% A% 2% .0% 2% .0%
C FROZEN 342 23.5% 6.6% 2.1% 2.1% 0.0% 0.0% 2.1% 4.2% 0.0% 4.2% 0.0%
JSt
Q;:tf;its FROZEN 7212 36.9% | 21.4% 0.0% 0.0% 0.0% 0.6% 4.4% 10.2% 0.3% 0.0% 0.0%
Sep26- Mgt of
Dec 31 . L/ D/ U U7 a8/ D/ .07 D/ 87 .U D/
Georgia FRESH 2606 82.2% 49.5% 0.0% 0.0% 0.4% 0.3% 17.6% 13.5% 0.4% 0.0% 0.3%
2022
WCVI FRESH 178
. 0 . 0 . 0 . 0 . 0 . (] . (] . 0 . (] . (] . (]
North FROZEN 193 36.8% 27.7% 0.0% 1.8% 0.0% 0.0% 3.6% 3.6% 0.0% 0.0% 0.0%
WCVI FRESH 271
South FROZEN 1941
- - - - |
QC & JSt
. . 0 . 0 . 0 . 0 . 0 . (] . (] . 0 . (] . 0 . (]
Strait FROZEN 4287 60.2% 51.1% 0.0% 0.0% 0.0% 0.0% 2.6% 5.6% 0.1% 0.2% 0.3%
Strait of
Jan1l- Georgia FRESH 247 82.8% | 41.4% 0.0% 0.0% 0.0% 0.0% 17.2% 22.5% 0.0% 0.0% 0.0%
Feb20 [— Csl
2023 FRESH 43
North
WCVI
South FRESH 332
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Table 9 - Stock composition for Northern BC Canadian stock management units of Chinook salmon during the enhanced monitoring period (September 26, 2022 to February
20, 2023) across Region, catch type, and time period strata. Stock proportions are estimated using weighted proportions from CWT and PBT-GSI samples, with CWT stock
proportions applied to fish with CWTs and PBT-GSI proportions applied to the remaining subset of fish without CWTs. Stock composition estimates from strata with less than
5% CWT or PBT-GSI sample rates have not been estimated due to low sample sizes.

Time Chinook % Central
. Region Catch type Catch (# | Canadian Skeena Nass
period R . . Coast
of fish) origin
North FRESH 23
Coast FROZEN 342 23.5% 0.0% 2.1% 0.0%
ac& .JSt FROZEN 7212 36.9% 0.0% 0.0% 0.0%
Sep 26 - Strait
Dec31 | “waitof FRESH 2606 82.2% 0.0% | 00%| 00%
2022 Georgia
WCVI FRESH 178
North FROZEN 193 36.8% 0.0% 0.0% 0.0%
Wcvi FRESH 271
South FROZEN 1941
. _________________________________|
Qc & st FROZEN 4287 60.2% 0.1% 0.1% 0.1%
Strait
Strait of FRESH 247 82.8% 0.0% |  00% | 00%
Jan1-Feb Georgia
20 2023 WCVI
North FRESH 43
Wcvi
South FRESH 332
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Table 10 — Brood year composition of Canadian-origin Chinook salmon samples based on parentage-based tags (PBTs) collected during the enhanced monitoring period from
September 26, 2022 to February 20, 2023. Regions not shown did not contain any PBT samples. Salmon age may be calculated by subtracting the year a fish was caught from

the brood year.

2018 2019 2020 % 2018 % 2019 % 2020
. . . brood brood brood
Time period Region # PBT brood brood brood
year (# of | year (#of | year (# of car car car
Chinook) Chinook) Chinook) y ¥ y
North Coast 6 2 4 0% 33% 67%
?tf:tm 47 3 44 0% 6% 94%
Sep 26 - Dec 31 | Strait of
P 2022 Gerz'rg:; 85 37 47 1% 44% 55%
WCVI North 3 1 2 0% 33% 67%
TOTAL 141 43 97 1% 30% 69%
-
(Slt(r:asi;:JSt 192 8 184 0% 4% 96%
Jan 1-Feb 20 it of
5023 Z‘;‘:'rtg:’a 29 11 17 3% 38% 59%
TOTAL 221 20 200 1% 17% 82%
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Appendix A - 2022/23 Option A Groundfish Trawl Fleet Enhanced Salmon Monitoring, Bycatch
Reporting & Biological Sampling Program Requirements

Introduction Aug 30, 2022
Program requirements were developed by DFO in consultation with the Groundfish Trawl Salmon
Bycatch Technical Working Group with representatives from the GTAC, and dockside monitoring service
providers. The requirements apply to all salmon bycatch, including steelhead.

A pilot program for the groundfish trawl fleet was conducted on the F/V Pacific Legacy No. 1 between
September 2021 and February 2022. Lessons learned from the pilot have informed sampling procedures

and further development of the monitoring program.

Separate requirements have been developed for Receiving Tank Vessels (RTVs) that freeze product at sea
and vessels that land fresh product.

Vessels Freezing Catch at Sea

Vessel Requirements

For all trips:
1. For each tow,

a. Remove the heads from all salmon bycatch according to sampling instructions. Do not
mix heads from separate tows.
b. Package all heads into bags.
c. Using TOW bag labels in sequence, record the vessel name, packing date and time, and
tow # (if known) using pencil, on a TOW bag label.
d. Putacompleted TOW bag label into each bag of heads and seal with a zip tie.
e. Inthe at-sea observer logbook, record the total estimated retained pieces and weights of
all salmon by species. If species cannot be determined, record as “salmonids (106)”.
2. Freeze salmon heads in tow bags until delivery.
3. Transfer all frozen samples in tow bags to the dockside monitor at the end of the offload.

Sampling kits will be provided by the dockside monitor and will contain:

o Detailed sampling instructions, including salmon head cut requirements

e Bags for samples and zip ties

e TOW bag labels and pencils
Throughout the season, more supplies will be available from the dockside monitor. Please verify
sufficient supply as part of your pre-departure checklist.

AMR Dockside Monitor Procedures

For all landings:
1. Receive all tow bags containing heads from the vessel.
2. Ask the vessel crew if they need a resupply of any items they are running low on.
3. Fill in the Groundfish Salmon Head DMP form using pencil.
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4. Pack all tow bags containing salmon heads into larger trip bags to consolidate the samples. If

the vessel used large bags for tows there is no need to consolidate the tow bags, but each tow

bag will need to be labelled with a TRIP bag label.

Record essential information for the landing on TRIP bag labels using pencil.

Close all trip bags and attach a TRIP bag label to each bag using zip ties.

7. Create a record of each bag of salmon heads in the “tagged fish” form of the Trawler
dockside monitor application noting the hail number and TRIP bag label number.

8. Coordinate cold storage and direct shipment of trip bags to the CWT lab in VVancouver or to
DFO’s Pacific Biological Station in Nanaimo.

oo

Vessels Landing Fresh Product

Vessel Requirements

For all trips:
1. Retain all salmon bycatch.
2. In the at-sea observer logbook, record the total estimated retained pieces and weights of all
salmon by species. If species cannot be determined, record as “salmonids (106)”.
3. All salmon retained must be landed at the conclusion of each trip.

AMR Dockside Monitor Procedures

Dockside Monitors will be responsible for the collection of salmon heads from 25% of the landings.
The dockside monitoring data management system will be used to randomly select vessels and notify
dockside monitors which landings require salmon head sampling.

For all landings:
1. Inthe trawler platform, record the pieces and weights of all salmon by species.

For landings randomly selected for salmon head sampling:
1. Remove the heads from all Chinook and Coho salmon.
2. Package salmon heads into bags.
3. Using TRIP bag labels in sequence, record essential information for the landing on TRIP bag
labels using pencill.
4. Take a digital photo of the first TRIP bag label used and the last TRIP bag label used to
associate the TRIP label series used to the hail number.
Close all trip bags and attach a TRIP bag label to each bag of heads using zip ties.
Fill in the Groundfish Salmon Head DMP form using pencil.
7. Create a record of each bag of salmon heads in the “tagged fish” form of the Trawler
dockside monitor application noting the hail number and TRIP bag label number.
8. Coordinate storage or direct shipment of trip bags to the CWT lab in Vancouver or to DFO’s
Pacific Biological Station in Nanaimo.
9. Send all salmon bodies to offal after heads have been removed.

oo

For landings not selected for salmon head sampling, send all salmon to offal.
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Appendix B - DFO Option A Trawl Salmon Head Sampling Instructions for Vessels Landing Catch
Frozen

( -
l*l Fisheries and Oceans Péches et Océans ;
Canada Canada SALMON

HEAD
RECOVERY
PROGRAM

Option A Trawl RTV Salmon Head Sampling Instructions
(for Receiving Tank Vessels that freeze their product at sea)

According to the scientific licence conditions, all Option A Trawl Receiving Tank Vessels that freeze
their product at sea are required to remove and retain heads from all salmon caught as bycatch prior to
landing. The bags and labels provided with these instructions must be used to store these heads.

1. Remove the heads from all salmon species with a straight cut running square to the lateral line, at
least 1 cm behind the operculum, and include the gills and pectoral fins.

Single cut
straight down,

1 cm behind
operculum

2. Heads must be packed by the tow in which they were caught. Do not mix heads from separate
tows.

3. Use as many bags as needed for storing heads from a given tow. Three sizes of bags are provided
so that you can choose the appropriate sized bag for the quantity of heads being packed — do not
overfill medium and large bags as they may break during handling or transport.

Large Bags 18 x 30 inches | Leave approx. 12 inches (30 cm) of space at top before closing
Medium Bags 14 x 24 inches | Leave approx. 8 inches (20 cm) of space at top before closing
Small Bags 12 x 18 inches | Leave enough space at top to securely zip-tie

4. Every bag must have a completed tow bag label inside. Fill out a tow bag label: record the vessel
name, tow number (if known), and packing date and time on the label. Put the label inside the
tow bag, then close the bag securely with a zip tie.
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SALMON HEAD TOW BAG LABEL

(Instructions on back)

1509001

EVesseI Name: Tow#: Unknown:

- [l
[

EPacking .
1Date &Time: 2 O o AM |:| PM

15 24 NP FM LF LP

&

L

D.

§§PO AN
o

O

Heads in bags must be frozen until delivery to preserve samples.

. Transfer all bags containing heads to the designated Archipelago Marine Research (AMR)
dockside monitor at the end of the offload.

. Let the AMR dockside monitor know if there aren’t enough supplies for your next trip and they
will resupply you.

For further assistance call the DFO Salmon Head Recovery Program at 1-866-483-9994.
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Appendix C - Table and map of Regions for defining catch strata

Table C1 — Correspondence between Regions and PFMAs and groundfish management areas. Regions were used to define
strata for reporting, CWT analysis, and stock composition estimation.

Region

Abbreviation

Pacific Fishery Management
Areas (PFMAs)

Groundfish Management
Areas

West Coast Vancouver Island
South

West Coast Vancouver Island
North

Strait of Georgia

Queen Charlotte & Johnstone
Strait

North Coast

Unassigned

WCVI South

WCVI North

SoG

QC & JSt Strait

NC

UN

20to24,121to 124

25to 27,125 to 127

14t0 19, 28, 29

11,12
3t0 10, 101to 11, 127, 130,

142
Unknown or multiple PFMAs
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3C, portions of 4B and 3D

3D, portions of 5A

Portions of 4B

Portions of 4B and 5A

5B, 5C, 5D, 5E, portions of 5A
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Figure C1 — Map of Groundfish Management Areas and PFMAs. Adapted from https://www.pac.dfo-mpo.gc.ca/fm-gp/maps-

cartes/ground-fond/index-eng.html
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Appendix D - CWT Exploitation Rate Indicator Stocks used in Exploitation Rate Analysis

Figure D1—Geographical locations of historic and current Chinook salmon coded wire tag (CWT) exploitation rate indicator
stocks. See Table D1 for the full stock names associated with each number. The southern B.C. and Puget Sound area, where
concentration of the CWT indicators is greatest, is shown in the expanded view. Adapted from CTC 2023, Page 3
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Table D1—Summary of current and historic (last tagged brood year in brackets) coded wire tag (CWT) exploitation rate
indicator stocks, location, run type, and smolt age. Adapted from CTC 2023, Pages 4-5.

Stock/Area Exploitation Rate Indicator Stock | Hatchery Run Type Z’::It Map Status
No.
Northern Southeast Alaska (NSA) Crystal Lake Spring Age 1 ! Current
(ACI), Macaulay
Southeast (AMC)
Alaska Herring Cove Current
(AHC), Little
Southern Southeast Alaska (SSA) Port Walter Spring Age 1 2
(ALP), Deer
Mountain
(ADM), Neets
Bay
(ANB)
Chickamin (CHM) wild Spring Age 1 3 S
(2005)
Chilkat (CHK) wild Spring Age 1 4 Current
Unuk (UNU) wild Spring Age 1 5 Current
Transboundary | Taku (TAK) wild Spring Age 1 6 Current
Rivers Stikine (STI) wild Spring Age l 7 Current
North/Central Kitsumkalum (KLM) Deep Creek Summer Age 1 8 Current
B.C. Atnarko (ATN) Snootli Summer Age 0 9 Current
WCVI Robertson Creek (RBT) Robertson Fall Age 0 10 Current
Creek
Quinsam (QUI) Quinsam Fall Age 0 11 Current
Phillips (PHI) Gillard Pass Summer/Fall Age 0 12 Current
Strait of Puntledge (PPS) Puntledge Summer Age 0 13 Current
Georgia Big Qualicum (BQR) Big Qualicum Fall Age 0 14 Current
Nanaimo (NAN) Nanaimo Fall Age 0 15 S
(2004)
Cowichan (COW)1 Cowichan Fall Age 0 16 Current
Harrison (HAR) Chehalis Fall Age 0 17 Current
Chilliwack (CHI)1 Chilliwack Fall Age 0 18 Current
Chilko (CKO) Spius Creek, Summer pge1 | B In
Chehalis developme
) nt
Fraser River Nicola (NIC) Spius Creek Spring Age 1 20 Current
Lower Shuswap (SHU)1 Shuswap Falls Summer Age 0 21 Current
Middle Shuswap (MSH) Shuswap Falls Summer Age 0 22 Current
. 23 Historical
Dome (DOM) Penny Creek Spring Age 1 (2002)
Nooksack Spring Fingerling (NSF) | Kendall Creek Spring Age 0 Current
Nooksack Spring Yearling (NKS) Kendall Creek Spring Age 1 24 stlt;;;al
Samish Fall Fingerling (SAM)2 Samish Summer/Fall Age 0 25 Current
SN;::]ZPUgEt Skagit Summer Fingerling (SSF) Marblemount Summer Age 0 26 Current
Skagit Spring Fingerling (SKF) Marblemount Spring Age 0 Current
Skagit Spring Yearling (SKS)2 Marblemount Spring Age 1 27 H;sztglrgc)al
Central Puget Stillaguamish Fall Fingerling Stillaguamish Summer/Fall Age 0 28 Current

Sound

(STL)3

Tribal
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Smolt

Stock/Area Exploitation Rate Indicator Stock | Hatchery Run Type N Map Status
ge No.
Skykomish Summer Fingerling Wallace Summer;/Fall Age 0 29 Current
(SKY)2,3
Nisqually Fall Fingerling (NIS)2 Clear Creek Summer/Fall Age 0 30 Current
South Puget Sound Fall Fingerling | Soos/Grovers/Is Summer;/Fall Age 0 31 Current
(SPS)2 saquah
South Puget creeks > Fr—
Sound South Puget Sound Fall Yearling Tumwater Falls Summer/Fall Age 1 Istorica
(2013)
(SPY)
Squaxin Net Pens Fall (SQP) Squaxin Net Pen 3 Al )
(1997)
University of Washington University of 34 Historical
Accelerated (UWA) Washington (1988)
White River Spring Yearling White River Spring Agel 3 H;sztglrlsc)al
(WRY)a
Hood Canal George Adams Fall Fingerling George Adams Summer/Fall Age 0 36 Current
(GAD)2
Juan de Fuca Elwha Fall Fingerling (ELW) Lower Elwha Summer/Fall Age 0 37 Current
Hoko Fall Fingerling (HOK) HOk.O Makah Fall Age 0 38 Current
National
North Hatcher
Washington Wild.s :/ 39 c :
Coast Queets Fall Fingerling (QUE) ,I , >a1mon Fall Age 0 urren
River (WA)
Tsoo-Yess Fall Fingerling (SO0)s l;:l:hkah National Fall Age 0 40 Current
Hatchery
Columbia Lower River Hatchery Big Creek Fall Tule Age 0 41 Current
(LRH)2
Cowlitz Tule (WA) (CWF) Cowlitz Fall Tule Age 0 42 Current
EO‘I’V”U " Lewis River Wild (LRW) Wild Fall Bright AgeO | 43 Current
olumbIa RIVET ™ \Villamette Spring (WSH)1 Willamette Spring Agel | 44 Current
Hatcheries
Spring Creek Tule (WA) (SPR)2 Sprllng Creek Fall Tule Age 0 45 Current
National
Hatchery
Hanford Wild (HAN) wild Fall Bright Age 0 46 Current
Upper Similkameen Summer Yearling similkameen Summer Age l 47 Current
Columbia River | (SMK) and
Omak Pond
Columbia Summers (WA) (SUM) Wells Summer 'g?f 48 Current
Columbia Upriver Brights (URB)2 Priest Rapids Fall Bright Age 0 49 Current
Snake River Lyons Ferry Flnge.rlmg (LYF)s Lyons Ferry Fall Br!ght Age 0 50 Current
Lyons Ferry Yearling (LYY)2 Lyons Ferry Fall Bright Age 1 Current
North Oregon Salmon (SRH) Salmon Fall Age 0 51 Current
Coast
L\:/Iolgs(t)regon Elk River (ELK) Elk River Fall Age 0 >2 Current
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Appendix E - SMU-CU-Reporting Units Tables

Table E1 — PBT-GSI reporting units and corresponding CU and SMU assignments used for stock composition estimates in this
report.

Reporting CU# Conservation Unit (CU) name Stock Management Unit
Unit (SMU)
DOCEE 36 Docee Central Coast
RI 37 Rivers Inlet Central Coast
WANN 38 Wannock Central Coast
BCR-BENT 39 Bella Coola-Bentinck Central Coast
DEAN 40 Dean River Central Coast
NCC-lake 41 North and Central Coast-late timing Central Coast
NCC-stream 42 North and Central Coast-early timing Central Coast
BB Boundary Bay_FA_0.3 Fall 41 Boundary Bay
LFR-fall Lower Fraser River_FA_0.3 Fraser Fall 41
STh-BESS 16 South Thompson-Bessette Creek_SU_1.2 Fraser Spring 42
LTh 17 Lower Thompson_SP_1.2 Fraser Spring 42
MFR-spring 10 Middle Fraser River_SP_1.3 Fraser Spring 52
UFR-spring 12 Upper Fraser River_SP_1.3 Fraser Spring 52
NTh-spr 18 North Thompson_SP_1.3 Fraser Spring 52
LFR-spring 4 Lower Fraser River_SP_1.3 Fraser Spring 52
LFR-UPITT Lower Fraser River-Upper Pitt_SU_1.3 Fraser Spring 52
FRCanyon 8 Middle Fraser-Fraser Canyon_SP_1.3 Fraser Spring 52
STh-0.3 13 South Thompson_SU_0.3 Fraser Summer 41
STh-SHUR 15 Shuswap River_SU_0.3 Fraser Summer 41
Maria 7 Maria Slough_SU_0.3 Fraser Summer 41
MFR-summer 11 Middle Fraser River_SU_1.3 Fraser Summer 52
STh-1.3 14 South Thompson_SU_1.3 Fraser Summer 52
NTh-sum 19 North Thompson_SU_1.3 Fraser Summer 52
LFR-summer 6 Lower Fraser River_SU_1.3 Fraser Summer 52
Portage 9 Middle Fraser River-Portage_FA_1.3 Fraser Summer 52
LFR-suppl 9006 Fraser-Cross-CU Supplementation Exclusion<<Bin>> Fraser-Cross
HGN 43 Haida Gwaii-North Haida Gwaii
CWCH-KOK 22 East Vancouver Island-Cowichan and Lower Georgia Strait
Koksilah_FA_0.x
EVI-fall 25 East Vancouver Island-Nanaimo and Lower Georgia Strait
Chemainus_FA_0.x
SMn-SFj 28 Southern Mainland-Southern Fjords_FA_0.x Mainland Inlet
HOMATH 34 Homathko_SU_x.x Mainland Inlet
KLINA 35 Klinaklini_SU_1.3 Mainland Inlet
SMn-GStr 20 Southern Mainland-Georgia Strait_FA_0.x Middle Georgia Strait
QP-fall 27 East Vancouver Island-Qualicum and Middle Georgia Strait

Puntledge_FA_0.x
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Reporting CU# Conservation Unit (CU) name Stock Management Unit
Unit (SMU)

EVIGStr-sum 83 East Vancouver Island-Georgia Strait_SU_0.3 Middle Georgia Strait
LNR-P 57 Portland Sound-Observatory Inlet-Lower Nass Nass

UNR 58 Upper Nass Nass

SKEst 45 Skeena Estuary Skeena

ECST 46 Ecstall Skeena

LSK 48 Lower Skeena Skeena

KALUM-E 49 Kalum_early timing Skeena

KALUM-L 50 Kalum_late timing Skeena

MSK-LGLKS 53 Middle Skeena-large lakes Skeena

MSK-M_S 54 Middle Skeena-mainstem tributaries Skeena
MSK-UprBulk 55 Upper Bulkley River Skeena

USK 56 Upper Skeena Skeena

ZYM 80 Zymoetz Skeena

SIC 81 Sicintine Skeena

NEVI 29 East Vancouver Island-North_FA_0.x Upper Georgia Strait
SWviI 31 West Vancouver Island-South_FA_0.x WCVI

NoKy 32 West Vancouver Island-Nootka and Kyuquot_FA_0.x  WCVI

NWVI 33 West Vancouver Island-North_FA_0.x WCVI
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Table E2 — CWT exploitation rate indicator stock codes and corresponding Chinook salmon CUs and SMUs used for stock
composition estimates. Canadian CWTs that did not belong to an indicator stock are not included in this table, but were
matched to CU and SMU through a table provided by the Enhancement Planning and Assessment Database (EPAD). EPAD is
maintained by the Salmonid Enhancement Program and is DFO’s centralized repository for enhancement data in the Pacific

Region.

Stock code Stock name Conservation Unit (CU) LS Ma(:a“iﬂ;‘ent St
SHU Lower Shuswap Shuswap River_SU_0.3 Fraser Summer 41
MSH Middle Shuswap Shuswap River_SU_0.3 Fraser Summer 41
HAR Harrison River Lower Fraser River_FA_0.3 Fraser Fall 41
RBT Robertson Creek West Vancouver Island-South_FA_0.x WCVI
KLM Kitsumkalum Kalum_late timing Skeena
PHI Phillips River Fall Southern Mainland-Southern Fjords_FA_0.x Mainland Inlet
ATN Atnarko Bella Coola-Bentinck Central Coast
BQR Big Qualicum River iisnttl\(/;r;cité\;i)l.sxland-QuaIicum and Middle Georgia Strait
KLY Kitsumkalum Kalum_late timing Skeena
Qul Quinsam River East Vancouver Island-North_FA_0.x Upper Georgia Strait
PPS Puntledge River East Vancouver Island-Georgia Strait_SU_0.3 Middle Georgia Strait
NIC Nicola River Lower Thompson_SP_1.2 Fraser Spring 42
cow Cowichan River Eziii\ll::jc:)::/g'rxlsland-Cowichan and Lower Georgia Strait
CHI Chilliwack River Fraser-Harrison Fall Transplant_FA_0.3 Fraser Fall 41
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Appendix F - Salmon catch by Pacific Fishery Management Area for 2022

Table F1 — Estimated annual salmon catch (pieces retained and released) by Pacific Fishery Management Area (PFMA) in the
groundfish trawl fishery during the 2022 calendar year. *Catches are confidential when fewer than 3 distinct vessels fished in
an area over the time period.

PFMA All salmon Chinook Coho Chum Pink Sockeye Un;:rr:::ed

0 4,235 4,191 2 34 0 0 5
3*

7 228 216 7 1 1 0 3
11 3,819 3,350 0 455 0 13 1
12 2,340 2,291 0 57 0 12 0
14 2,854 2,816 0 38 0 0 0
15 38 38 0 0 0 0 0
17*

18 123 123 0 0 0 0
20 206 145 32 29 0 0 0
21%*

29 49 49 0 0 0 0 0
101 183 173 0 7 2 0 1
104 32 31 1 0 0 0 0
105 1 1 0 0 0 0 0
107 10 1 6 1 0 0 2
108 24 15 4 4 1 0 0
109 12 3 3 2 0 0
110 5 2 0 3 0 0 0
111 17 11 2 4 0 0 0
121 4,911 4,337 374 99 9 13 79
123 3,175 3,004 138 33 0 0 18
124 902 860 17 22 1 0 2
125 526 457 4 64 0 1 11
126 54 42 0 12 0 0 0
127 548 306 23 234 0 0 0
130 2 2 0 0 0 0 0
142 3 0 0 0 0 3 0

Total 24,457 22,624 613 1,101 16 42 122
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