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Attachment 1. Alaska Fisheries Science Center North Pacific Observer Program Bycatch . 
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North Pacific Observer Program Salmon Bycatch Sampling 

The Alaska Fisheries Science Center, Fisheries Monitoring and Analysis (FMA} Division manages the 
North Pacific Observer Program (Observer Program}, which monitors groundfish and halibut fishing 
activities in the U.S. Exclusive Economic Zone off Alaska. The Observer Program is responsible for the 
collection of fisheries data used by managers for stock assessment and inseason monitoring of the 
commercial groundfish fisheries. Data collected by observers are used by managers to monitor quotas, 
manage groundfish and prohibited species catch, and document interactions with protected resources. 
These data provide the best available scientific information for managing fisheries and developing 
measures to minimize incidentally caught species, including salmon. The methods used to estimate the 
number of incidentally caught salmon in the Alaska Federal groundfish fisheries vary by area and fishery. 

Observers are deployed in the field for up to three months at a time and debrief with FMA staff following 
their deployment. The data are not finalized until all observers return from the field for debriefing and 
their data are scrutinized following FMA quality control protocols. Generally, the annual observer data are 
finalized in late March to early April of the year following the fishery. 

Bering Sea Pollock Fishery Sampling and Data Collection 

The Bering Sea pollack fishery is one of the most heavily observed fleets in the nation. The regulations 
governing the Amendment 91 fishery require 100% observer coverage in the Bering Sea pollack fisheries 
regardless of vessel length, 100% retention of all salmon species, a census of all salmon species in every 
haul or fishing trip, and an expanded biological sampling program. Also, NMFS requires shoreside 
processors to provide a location from which the observer is able to view all sorting and weighing of fish, 
as well the secure storage area for salmon. The sampling protocol for salmon in the Bering Sea pollack 
fishery were collected by the Observer Program from the Chinook salmon bycatch by using sampling 
protocols recommended previously (Pella and Geiger 2009). This protocol includes a complete census of 
retained salmon bycatch which is then sampled systematically by certified fishery observers. 

On catcher/processors and motherships, the vessel personnel are required to save all salmon in an 
approved storage container until the end of the haul, and electronic monitoring systems are used to 
ensure compliance with this rule. For each haul, the observers count and identify every salmon retained. 
Observers implement a systematic sampling design for all Chinook and chum salmon collected from the 
haul by selecting every tenth Chinook and every thirtieth chum, with a random start point, for further 
biological data collection. The selected fish are used to obtain a length measurement, weight, a genetic 
tissue sample, and five scales to verify species identification. These randomly selected fish are also 
checked for a missing adipose fin, indicating a potential coded wire tag (CWT}. If the adipose fin is 
missing, a snout specimen will be collected. 

Chinook and chum salmon that are not selected using the systematic sample design are identified to 
species and counted, but no additional biological data are collected. All other salmon species are 
identified, measured, weighed, counted, and checked for a missing adipose fin. Additionally, a separate 
scale collection is collected to verify the observer's species identification skills. 

On catcher vessels delivering to processing plants1 observers do not conduct an at-sea census count of 
salmon because they may not sample every haul, or have access to all of the catch. Instead, observers 
attempt to sample all hauls and identify every salmon encountered in their randomly collected at-sea 

1 Catcher vessels delivering to motherships are not required to carry observers. The hauls are sampled by 

observers on the mothership following the procedures described for catcher/processors and motherships. 



composition samples from these hauls. Salmon encountered in the at-sea samples are counted, 
weighed, sex determined, and checked for a missing adipose fin. Additionally, a separate scale collection 
is collected to verify the observer's species identification skills. These observers monitor that no salmon 
are discarded at sea to the best of their ability. Total retained salmon numbers and related genetics 
samples are obtained from catcher vessel pollock deliveries at the processing facility by the plant 
observer. 

Once the catch is delivered to the processing facility, the plant and vessel observers coordinate to 
monitor the entire offload to ensure that all retained salmon are sorted and placed in an approved salmon 
storage container. The observers collect total salmon numbers and associated biological specimens 
following the same procedure outlined above for catcher/processors and motherships. These data are 
reported under the plant observer's cruise number. 

In the 2018 Bering Sea pollock fishery, 1,364 Chinook, 9,549 chum, 6 coho, 120 pink, and 81 sockeye 
salmon were measured for length. Of these fish, 1,336 Chinook and 9,188 chum salmon were sampled 
for genetic tissue (Table 1 ). In addition, 29 Chinook, 2 chum, and 2 coho salmon were missing their 
adipose fin and their snouts were shipped to the Auke Bay Laboratories (Auke Bay Lab) to be scanned 
for CWT presence and analysis. It is important to note that every biological specimen, such as genetic 
tissue samples or scale samples, is associated with a length. For this reason the total number of lengths 
is expected to exceed the total number of any biological specimen. 

BSAI Non-pollock Fishery Sampling and Data Collection 

The non-pollock fisheries in the BSAI, such as flatfish and Pacific cod trawl, contribute a smaller number 
of incidentally caught salmon in comparison to the Bering Sea pollack fishery. In these fisheries, the total 
number of incidentally caught salmon is obtained by using the vessel observer's at-sea species 
composition samples that are extrapolated to the vessel's total catch. Sampling protocols for observers in 
these non-pollack fisheries are different than those in the pollack fishery, and genetic tissue samples are 
not required to be collected. However, all salmon species encountered in the randomly collected at-sea 
species composition samples are counted, weighed, measured, sex determined, checked for a missing 
adipose fin, and scale samples are collected to verify species identification. The catch is not monitored for 
salmon during off-load at the processing plant. In 2018 BSAI non-pollock fisheries, observers measured a 
total of 76 Chinook, 249 chum, 4 coho, and 5 pink salmon for length. Of these fish, 3 Chinook and 14 
chum salmon were sampled for genetic tissue (Table 1 ). In addition, 1 Chinook salmon was missing its 
adipose fin and its snout was shipped to the Auke Bay Laboratories (Auke Bay Lab) to be scanned for 
CWT presence and analysis. 

Table 1. - Number of length, genetic, and CWT samples collected from 
incidentally caught salmon in the 2018 Bering Sea/Aleutian Islands 
pollack and non-pollack fisheries. 

Sample 

Area/fishe · 
BS pollack 

Chinook 1,364 1,336 29 

Chum 9,549 9,188 2 

Coho 6 n1a2 2 

Pink 120 n/a2 0 

Socke e 81 n1a2 0 

subtotal 11,120 10,524 33 

BSAI non-pollack 



Chinook 76 

Chum 249 

Coho 4 

Pink 5 

Sockeve 0 

3 

14 
n1a2 

n1a2 

n1a2 

1 

0 

0 

0 

0 

subtotal 334 17 1 

Total 11,454 10,541 34 
1Salmon head collected from fish missing adipose fin. 
2n/a - Not part of samplina protocol. 

GOA Pollock Fishery Sampling and Data Collection 

The Observer Program's biological salmon sampling protocols for the GOA pollock fishery are guided by 
the regulations implementing Amendment 93 to the GOA FMP (77 FR 42629, July 20, 2012). These 
regulations require 100% retention of all salmon caught in the Western and Central GOA directed pollock 
trawl fishery. The restructured observer program requires participation of catcher vessels between 40 ft. 
and 125 ft. LOA in the partial coverage observer program. These vessels are randomly selected for 
observer coverage on a trip by trip basis through the Observer Declare and Deploy Systerri (ODDS). 

In 2018, the 100% retention of all salmon by vessels with observers in the pollock fishery allowed catcher 
vessel observers to check every salmon encountered in their randomly collected at-sea composition 
samples for missing adipose fins, collect a scale sample to verify species identification, and monitor the 
vessel offload at the shoreside processing facility to record a total count of salmon species retained by 
the vessel personnel. The catcher vessel observers also monitored that no salmon were discarded at sea 
to the best of their ability while completing other sampling duties. The total number of salmon 
encountered by the vessel observer while monitoring the offload was used as the source of total salmon 
numbers for the vessel. The information obtained from observed vessels was then used to determine a 
prohibitive species catch (PSC) rate of salmon for un-observed vessels. 

It is important to note that, unlike the Bering Sea pollock fishery, observers were not stationed at Gulf of 
Alaska shoreside processing facilities in 2018. Vessel observers collected biological specimens at the 
shoreside processing facility from salmon delivered by the vessel following the same procedure outlined 
above for catcher/processors and motherships fishing BSAI pollock. Due to the restructured observer 
program, vessel observers were not deployed on all catcher vessels fishing pollock in the GOA. Genetic 
samples were collected from all Chinook and chum salmon made available to the vessel observer by 
plant personnel. 

Data collected from the observed vessels provided an indication of the relative numbers and species of 
salmon incidentally taken in the GOA pollock fishery. The total numbers of incidentally caught salmon 
were obtained using the number encountered by the vessel observers during the vessel offload at the 
processing facility. In rare circumstances where the offload sample was not completed, NMFS Alaska 
Region used the number of salmon in the at-sea samples to extrapolate to the entire vessel offload. 

Total numbers of all other salmon species were collected following the Chinook and chum sampling 
protocols described above while length measurements and biological data were only collected from 
Chinook and chum salmon encountered within the at-sea composition sample or during the vessel offload 
monitored by the vessel observer. In the 2018 GOA pollock fishery, 2,387 Chinook, 981 chum, 10 coho, 
and 2 sockeye salmon were measured for length. Of these fish, 2,308 Chinook and 962 chum salmon 
were sampled for genetic tissue (Table 2). In addition, 189 Chinook, 2 chum, and 2 coho salmon were 



missing their adipose fin and their snouts were shipped to the Auke Bay lab to be scanned for CWT 
presence and analysis. 

GOA Non-pollock Fishery Sampling and Data Collection 

The non-pollock fisheries in the GOA, such as flatfish and Pacific cod trawl, contribute a smaller number 
of incidentally caught salmon in comparison to the pollack fishery. In 2018, observer coverage for 
groundfish vessels was the same for both pollack and non-pollock vessels with the exception of the 
rockfish fishery that requires 100% observer coverage regardless of vessel length. 

In these non-pollock fisheries, the total number of incidentally caught salmon is obtained using at-sea 
species composition samples collected by vessel observers and extrapolated to the vessel's total catch. 
Sampling protocols for observers in these non-pollock fisheries are different than those in the pollack 
fishery, length measurements and biological data were only collected from Chinook and chum salmon 
encountered within the randomly collected at-sea composition sample. However, all salmon species 
encountered in the randomly collected at-sea species composition samples are checked for missing 
adipose fins indicating a potential CWT, and scale samples are collected to verify species identification. 

In the 2018 GOA non-pollack fisheries, observers measured a total of 107 Chinook and 160 chum salmon 
for length. A total of 103 Chinook and 153 chum salmon were sampled for genetic tissue. Of these fish, 1 
Chinook salmon was missing an adipose fin (Table 2). This salmon snout was collected and shipped to 
the Auke Bay Lab to be scanned for CWT presence and analysis. 

Table 2. - Number of length, genetic, and CWT samples collected from 
incidentally caught salmon in the 2018 Gulf of Alaska pollock and non
pollock fisheries. 

Sample 

Chinook 2,387 2,308 189 

Chum 981 962 2 

Coho 10 n/a2 2 

Pink 0 n/a2 0 

Socke e 2 n/a2 0 

subtotal 3,380 3,270 193 

GOA non-pollock 

Chinook 107 103 1 

Chum 160 153 0 

Coho 0 n/a2 0 

Pink 0 n/a2 0 

Socke e 0 n/a2 0 

subtotal 267 256 1 

Total 3,647 3,526 194 
1Salmon head collected from fish missing adipose fin. 

rotocol. 



Attachment 2. Alaska Fisheries Science Center annual report on the stock of origin and 
coded wire tag (CWT) data from incidental catch of salmon for 2018. 
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SUMMARY 

We document in this report the stock origins of coded-wire tagged Chinook salmon recovered in 
the 2018 Gulf of Alaska (GOA) and Bering Sea-Aleutian Islands (BSAI) groundfish fisheries. 
Stock origins also include any listings under the U.S. Endangered Species Act (BSA). We also 
report coded-wire tagged Chinook salmon recovered in domestic research surveys and by private 
industry in GOA fisheries. Eleven coded-wire tagged Chinook salmon from BSA-listed 
evolutionarily significant units (ESUs) were recovered in the 2018 GOA groundfish fisheries: 
Snake River fall run (N = 3), Upper Willamette River (N = 6), and Lower Columbia River (N = 
2). One coded-wire tagged Chinook salmon from the Upper Willamette River BSA-listed ESU 
was recovered in the 2018 BSAI groundfish fisheries. Two coded-wire tagged Chinook salmon 
from BSA-listed ESUs were recovered by private industry in the central GOA rockfish trawl 
fishery: Snake River spring/summer run (N = 1) and Lower Columbia River (N = 1). One coded
wire tagged coho salmon from the Lower Columbia River BSA-listed ESU was recovered in a 
2017 domestic research survey. This year's report includes previously unreported data for 
samples from multiple years of GOA and BSAI groundfish fisheries: 2012 GOA (N = 1), 2015 
BSAI (N = 1), 2016 GOA (N = 14), 2017 GOA (N = 22), and 2017 BSAI (N = 5). This year's 
report also includes corrected numbers of Chinook salmon recoveries originating from BSA
listed ESUs in years 2015-2017. 

CODED-WIRE TAG SAMPLING 

Gulf of Alaska fisheries and research 

Ground.fish.fisheries (2018) 
In the 2018 GOA groundfish fisheries, observers of the North Pacific Observer Program 
(Observer Program) sampled snouts for coded-wire tagged Chinook salmon. Sampling of snouts 
for coded-wire tags (CWTs) was based on visual detection only of a clipped adipose fin. 
Observers sampled 2,411 1 Chinook salmon and collected snouts from 192 fish with clipped 
adipose fins (Table 1). Of the snouts examined, 68 had readable CWTs (Table 1). In addition, 
one Chinook salmon was tagged with an agency-only wire. Agency-only wire tags are not etched 
with a binary or decimal code and therefore cannot be resolved to a specific release tag code 
(Nandor et al. 2010). The only information provided by agency-only wire tags is the release 
agency. 

Rock.fish trawl.fishery (2018) 
Electronic detection of CWTs in the salmon bycatch of the central GOA rockfish trawl 
fishery was conducted by Alaska Groundfish Data Bank in 2018, and Chinook salmon 
bycatch were scanned with handheld CWT detection wands. Of the 504 Chinook salmon 
scanned with handheld wands, 67 (13.3%) had clipped adipose fins, and 27 (5.4%) had 
readable CWTs (Table 1). Of the 27 with readable CWTs, 23 (85.2%) had clipped adipose 
fins and 4 were unclipped (Table 1 ). In addition, one Chinook salmon with a clipped adipose 
fin was tagged with an agency-only wire. 

1Number of Chinook salmon sampled for genetics in the pollock and non-pollock fisheries (Fisheries Monitoring 
and Analysis Division of the Alaska Fisheries Science Center). 
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U.S. research (2017) 
In 2017 the National Marine Fisheries Service (NMFS) conducted research on juvenile salmon in 
the GOA. Researchers used electronic and visual detection to sample salmon caught in trawls for 
CWTs. Researchers sampled 10 Chinook salmon, of which 2 (20%) had readable CWTs and 1 
was known to have a clipped adipose fin (Table 1). Eight coded-wire tagged coho salmon were 
also recovered. 

Bering Sea-Aleutian Islands fisheries and research 

Ground.fish.fisheries (2018) 
In the 2018 BSAI groundfish fisheries, observers of the Observer Program sampled snouts for 
coded-wire tagged Chinook salmon. Sampling of snouts for CWTs was based on visual detection 
only of a clipped adipose fin. Observers sampled 1,4402 Chinook salmon in the BSAI and 
collected 32 snouts from fish with clipped adipose fins (Table 1). Of the snouts examined, 17 had 
readable CWTs (Table 1). 

U.S. research (2018) 
In 2018 NMFS conducted research on juvenile and immature salmon in the northern Bering Sea. 
Researchers used electronic detection to sample salmon caught in trawls for CWTs. Researchers 
sampled 148 juvenile and 17 immature Chinook salmon, of which 1 was detected to have a CWT 
(Table 1). The CWT from the adipose-clipped salmon was lost before it could be read. 

ORIGINS OF CODED-WIRE TAGS 

Results in this report are summarized for two time periods. For the GOA fisheries, results are 
summarized for periods 2001-2011 and 2012-2018 because of the implementation of a revised 
genetic sampling protocol by the Observer Program in 2012. For the BSAI fisheries, results are 
summarized for periods 2001-2010 and 2011-2018 because of a revised genetic sampling 
protocol implemented in 2011. 

Gulf of Alaska fisheries 

Ground.fish.fisheries (2018) 
Coded-wire tagged Chinook salmon recovered as bycatch in the GOA are comprised of stocks 
originating from Alaska, British Columbia, Washington, Idaho, and Oregon and are summarized 
for 2001-2018 in Table 2. In 2018, one additional Chinook salmon was tagged with an agency
only wire. The agency-only wire identified the release agency as Oregon Department of Fish and 
Wildlife. Chinook salmon tagged in Alaska and harvested in the GOA have historically 
originated from two regions, Cook Inlet and Southeast Alaska, with most of the coded-wire 
tagged Alaska Chinook salmon originating from Southeast Alaska (Table 3). Since the tagging of 
Cook Inlet Chinook salmon with CWTs by the Alaska Department of Fish and Game (ADF&G) 
has been intermittent since the 2008 brood year (2010 release), most coded-wire tagged Alaska 

2Number of Chinook salmon sampled for length in the pollock and non-pollock fisheries (Fisheries Monitoring and 
Analysis Division of the Alaska Fisheries Science Center). 
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Chinook salmon harvested in the GOA for 2012-2018 originated from Southeast Alaska (Table 
3). 

Most of the Chinook salmon represented by CWTs and harvested in the GOA originated from 
hatchery production (Table 4), a reflection that wild stocks of Chinook salmon are under
represented by CWTs, especially outside of Alaskan production. Chinook salmon recovered in 
the GOA are comprised of a variety of run types (Table 5) that are designated by the tagging 
agency. Chinook salmon recovered in the GOA are also comprised of a variety of age classes 
(Table 6). Total age of each fish was calculated by subtracting the brood year of the coded-wire 
tagged recovery from the recovery year and includes freshwater and saltwater residency. 

Rockfish trawl.fishery (2018) 
Recoveries of coded-wire tagged Chinook salmon in the bycatch of the GOA rockfish trawl 
fishery are summarized by state or province of origin for 2013-2018 (Table 7). The Chinook 
salmon recovery with an agency-only wire was identified as a release by the Oregon Department 
of Fish and Wildlife. 

Bering Sea-Aleutian Islands fISheries 

Ground.fish fisheries (2018) 
Coded-wire tagged Chinook salmon recovered as bycatch in the BSAI are comprised of stocks 
originating from Alaska, the Yukon Territory, British Columbia, Washington, and Oregon and 
are summarized for 2001-2018 in Table 8. Starting in 2011, sampling expansion factors were 
calculated for coded-wire tagged recoveries in the bycatch of the BSAI groundfish fisheries and 
total estimated numbers by state or province of origin are reported for 2011-2018 (Table 9). 
Chinook salmon tagged in Alaska and harvested in the BSAI have historically originated from 
two regions, Cook Inlet and Southeast Alaska (Table 10). Since the tagging of Cook Inlet 
Chinook salmon with CWTs by ADF&G has been intermittent since the 2008 brood year (2010 
release), most coded-wire tagged Alaska Chinook salmon harvested in the BSAI in 2011-2018 
originated from Southeast Alaska (Table 10). 

Most of the Chinook salmon represented by CWTs and harvested in the BSAI groundfish 
fisheries originated from hatchery production (Table 11), a reflection that wild stocks of Chinook 
salmon are under-represented by CWTs, especially outside of Alaskan production. Chinook 
salmon recovered in the BSAI are comprised of a variety of run types (Table 12) that are 
designated by the tagging agency. Chinook salmon recovered in the BSAI are also comprised of 
a variety of age classes (Table 6). Total age of each fish was calculated by subtracting the brood 
year of the coded-wire tagged recovery from the recovery year and includes freshwater and 
saltwater residency. 

ESA-LISTED RECOVERIES 

The NMFS Alaska Regional Office contracted Cramer Fish Sciences to compile a database of 
coded-wire tagged release groups of West Coast salmon listed under the U.S. BSA; this database 
was last updated in June 2019 (Flaherty and Caldwell 2019). The database was compiled using 
the Pacific States Marine Fisheries Commission Regional Mark Information System CWT 
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database and a list of artificial propagation programs determined by NMFS to be included in 
BSA-listed BSUs. We determined from this database the coded-wire tagged Chinook salmon 
recovered in the GOA and BSAI that originated from BSA-listed BSUs. 

GOA and BSA/ ground.fish fisheries (2018) 
Coded-wire tagged Chinook salmon from BSA-listed BSUs have been recovered in GOA and 
BSAI fisheries (Tables 13-14). Since 1981, coded-wire tagged Chinook salmon recovered in 
GOA groundfish fisheries have originated from the following BSA-listed BSUs: Lower 
Columbia River, Snake River fall run, Snake River spring/summer run, Upper Columbia River 
spring run, and the Upper Willamette River (Tables 13-14). Coded-wire tagged Chinook salmon 
recovered in BSAI groundfish fisheries have also originated from BSA-listed BSUs: Lower 
Columbia River, Snake River spring/summer run, and the Upper Willamette River (Tables 13-
14). 

GOA rock.fish trawl.fishery (2018) 
Coded-wire tagged Chinook salmon recovered in the GOA rockfish trawl fishery have originated 
from the following BSA-listed BSUs: Lower Columbia River, Puget Sound, Snake River fall run, 
Snake River spring/summer run, Upper Columbia River spring run, and Upwr Willamette River 
(Table 15). 

U.S. research (2017) 
U.S. research surveys directed at juvenile salmon in the GOA have also documented the 
occurrence of Chinook salmon from BSA-listed ESUs. Since 1996, research surveys in the GOA 
have recovered coded-wire tagged Chinook salmon from the following BSA-listed BSUs: Lower 
Columbia River, Puget Sound, Snake River fall run, Snake River spring/summer run, Upper 
Columbia River spring run, and Upper Willamette River (Tables 16-17). One coded-wire tagged 
coho salmon from the Lower Columbia River ESU was recovered in the GOA in 2017. No ESA
listed, coded-wire tagged Chinook salmon have been recovered in U.S. research surveys in the 
BSAI. 

Ocean Distribution of Chinook Salmon from ESA-listed ESUs, 1981-2018 

Maps show the ocean distribution of coded-wire tagged Chinook salmon from BSA-listed ESUs 
from the Pacific Northwest (Figures 1-7). These maps were compiled from the historical 
database of CWT recoveries ( 1981-2018) from high seas commercial fisheries and research 
surveys: GOA and BSAI groundfish fisheries, GOA rockfish trawl fishery, at-sea Pacific hake 
trawl fishery off the U.S. West Coast, and the West Coast groundfish trawl fishery, as well as 
domestic and foreign research surveys in the North Pacific Ocean, GOA, and BSAI. 
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Table 1. Number of Chinook salmon sampled, number with clipped adipose fins (ad-clipped), and number with readable coded-wire 
tags (CWTs) in the various sampling programs in the Gulf of Alaska (GOA) and Bering Sea-Aleutian Islands (BSAI) in 
2017 and 2018. The number of Chinook salmon with readable CWTs that were also ad-clipped is in parentheses. 

Raalon Year ['j~~·)_,1..:.! Flaherv 
r~'1,'l'l:::I~ "' •~u. • 1~:.. I~ 'li!~I•~ , SamDllna oroaram 

~on 
-method 

Number 
aamoled 

Number 
ad-cllnnad 

ii' 
" 

Number with 
readable CWTa 

2017 Research trawl I 
National Marine 

Fisheries Service 
Electronic 
and visual 

10 -
-

2 (1) 
-

GOA 
2017 

2018 

2018 

Groundfish 

Groundfish 

Rocldish trawl 

Observer Program 

Observer Program I 

I Alaska Groundfish Data 
Bank 

Visual 

Visual 

Electronic 

2 3,9791
•

2 2,411 1•

504 
-

5852 

192 

67 

1794 (179) 

68 (68) 
.. 

27 (23) 

BSAI 
2017 

2018 

Groundfish 

Groundfish 

I Observer Program 

Observer Program 

Visual 

Visual 

3 3,0952•

1,4402·3 

1202 I 

32 

444 (44) 

17 (17) 

2018 1 Research trawl 
National Marine 

Fisheries Service 
Electronic 165 

' 
- I 

! 
os 

1Number of Chinook salmon sampled for genetics in the pollock and non-pollock fisheries. 
2Number from the Fisheries Monitoring and Analysis Division of the Alaska Fisheries Science Center. 
3Number of Chinook salmon sampled for length in the pollock and non-pollock fisheries. 
4Number updated from the previous report. 
5One tag was lost before it could be read. 
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Table 2. Observed and mark-expanded numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Gulf of Alaska 
groundfish fisheries (excluding augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder device 
testing, 2013-2014), by run year and state or province of origin: A) 2001-2011 and B) 2012-2018. Average numbers and 
percentages of the total averaged over years are reported. 

A. 2001-2011 
Alaska '"':,ii"_;~-';• _l British qolulJlbi& Idaho . Oregon i ~ _\ Waahlngton I ~i,l• Total r-

,. ' ~, 
- l:'"' 1CWTmark ~ CWlimark CWT mark' CWT mark CWil' ·mark .. CWT mark 

Obaerved expanded Observed expanded Observed 1 expanded Obaerved expanded Observed expanded Observed " ndeci' ~. 
Run year number , number number num~ number _ number number , number number number number number 

' 
2001 10 I 100.2 6 74.8 0 0 12 16.5 - __ ft _-H 

32 195.6 
---I- -- --- -- .. . ---

2002 10 47.2 -- 5 t 1__1 3.0 0 0 4 4.3 22 168.2 -- -·r- -2003 2 22.4 2 28.6 0 0 4 8.3 9 60.3 - ·- - . --- ·- ----- r -· - - -· - -- . - - - .....___ --
2004 3 30.5 _ __ 4 I 22.0 ____ o ____ o -- ii- 1~.9 

1 1.1 13 70.6 
-·- - 3~ - 33.6 - ~ - -

- - 11 I 125.4 2005 4 1 86.5 

~ -IL~ ~ 
2 3.1 2 I 2.2 

'- - - - ~ -
2006 10 58.3 7 158.3 2 2.1 5 14.5 24 233.1 -- -- -

23 I 173.3 2007 13 I 99.1 3 50.9 2 2.1 5 21.3 
6-.-- - 52.3- - . -- . - -- - - - 22 . - 75.5 2008 1 1.0 3 9.3 12 12.9 - -- - - - --- . - - - .. - - - .. -

2009 5 41.4 2 5.2 2 2.8 4 4.5 13 53.9 - -· - - - - - - - - - -· --
2010 10 81.3 4 4.0 0 0 10 25.9 12 23.7 36 135.0 

- - .. - -- --- - - ----·--
2011 3 32.3 1 ' 51.4 0 0 2 13.4 2 , 2.0 8 99.2 
Mean 6.8 I 54.4 3.5 54.2 0 0 4.4 1 9.5 ~!J 8.3 19.4 126.4 
%of total 1 

- - ~ - - - --~ --- - -

averaged 
over years 34% 46% 20% 38% 0% 0% 23% I 9% 23% I 7% 
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Table 2. Continued. 

B. 2012-2018 
Alaska 

.. 
British Colymbia 

- .. 
,Idaho Oregon " ! Washington ".-!7 Total 

., . 
CWT mark 1 CWTma~ CWT mark CWT mark CWT,.._rk CWT mark " t 

Observed ,expanded Observed : expa~ded •Observed expanded Observed expanded · I Observed ' e~n~ Observed ... ~ 
Run year number number number number number number number number ' 1 number number number number 

2012 ~l 43.6 0 0 0 0 2 2.0 2 10.8 56.5 - --- - -· - - - . -· - ·- ~ -2013 5 25.9 9 38.1 0 0 7 69.4 6 7.4 27 140.7 
2014 5 62.6 10 48.8 1 1.0 13 77.9 5 6.7 34 '. 197.0 --
2015 27 311.2 30 176.2 0 0 15 17.3 30 48.6 102 , 553.4 - - - ---, - --;1 -
2016 59 364.0 69 318.6 0 1 0 284.5 86 125.6 274 I 1,092.7 ~- --- - _9·r~~-o 2017 33 186.2 40 235.2 195.6 42 75.7 __ 11~ l 692.7 -- - ··-
2018 11 54.8 19 91.3 2 . 2.2 30.0 25 53.2 68 231.4 
Mean 20.9 149.8 25.3 129.7 0.4 0.5 24.6 96.7 28.0 46.9 99.1 423.5 
%of total 
averaged 
over 
years 25% 38% 24% 27% 1% 0.0% 25% 23% 25% 12% 
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- -

--

---

-- --- ---

Table 3. Observed and mark-expanded numbers of coded-wire tagged, Alaska-origin Chinook 
salmon captured in the bycatch of the Gulf of Alaska groundfish fisheries ( excluding 
augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder 
device testing, 2013-2014) by run year and release region: A) 2001-2011 and B) 2012-
2018. Numbers averaged over time periods are reported. The Chinook salmon tagging 
program in the Cook Inlet, Alaska region has been intermittent since the 2008 brood 
year (2010 release). 

A. 2001-
2011 

C~ok Inlet, Al_aska Southeast Alaska .. _ ~- _ Ala!tka total 
•1, CWT mark CWT mark CWT mark 

Observed expanded expanded Observed expanded Observed 
Run year number number number number number num~ 

2001 100.2 2 1 2.0 01 98.2 
2002 1 1.0 47.2 9 46.2 7fil 
2003 0 0 jj 22.4 2 22.4 -
2004 0 0 30.5 3 30.5 .,_ 
2005 0 33.6 3 33.6 o .f - -
2006 58.3 10 58.3 O+ - 0 - -
2007 0 0 13 99.1 13 I 99.1 
2008 6 52.3 2 [ 2.0 50.3 

-

2009 1 1.0 5 41.4 40.4 - -Jr 2010 0 0 81.3 81.3 _ 1~ 1 -r 2011 0 0 32.3 3 32.3 
Mean 0.5 0.5 6.3 53.9 6.8 I 54.4 

B. 2012-2018 
-. Cook Inlet, Alaska Southeast Alaska Alaska Total 

CWT mark CWT mark CWT mark 
Observed expanded Observed expanded Observed expanded 

Run year number number number number number number 
2012 --
2013 
2014 
2015 - ~l 

-
0 
-

0 
0 
0 

6 
sj 
5 

27 -

43.6 
25.9 
62.6 

311.2 
-

6 
5 
5 

27 

43.6 
25.9 
62.6 

311.2 
2016 1 1.0 58 363.0 59 364.0 
2017 3 3.1 30 183.2 33 186.2 
2018 2 2.0 9 52.7 11 I 54.8 
Mean 0.9 0.9 20.0 I 148.9 20.9 I 149.8 
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Table 4. Observed numbers of coded-wire tagged Chinook salmon captured in the bycatch of the 
Gulf of Alaska groundfish fisheries (excluding augmented sampling in the rockfish trawl 
fishery, 2013-2018, and salmon excluder device testing, 2013-2014) by rearing type 
and state or province of origin: A) 2001-2011 and B) 2012-2018. Percentages of the 
total are reported. 

A. 2001-2011 
- --j1 Rearing type - ·-

.9rigin Hatchery I Mixed I WIid 
I 

Alaska 59 I QI 6 
I 

British 
Columbia 

33 I 0 0 

Idaho - Q_l_ o : 0 
Oregon --- - 36 I 0 1 0 ----
Washington 35 10 2 

%of total 90% 6% I 4% 

B.2012-2018 
Rearing type_ ';1l 

.. 
Hatchery· Origin Mixed Wild 

Alaska 137 0 9 

British 
177 0 0 Columbia 

Idaho 3 0 0 

Oregon 167 0 5 

Washington 195 0 1 

%of total 98% 0% 2% 
I I 
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Table 5. Observed numbers of coded-wire tagged Chinook salmon captured in the bycatch of the 
Gulf of Alaska ground.fish fisheries (excluding augmented sampling in the rockfish trawl 
fishery, 2013-2018, and salmon excluder device testing, 2013-2014) by run type and 
state or province of origin: A) 2001-2011 and B) 2012-2018. Percentages of the total 
are reported. 

A. 2001-2011 
Run type 

Origin Spring Summer Fall 

Late fall 
upriver 
bright 

Alaska 
British 
Columbia 

Idaho 
Oregon 
Washington 

67 

7 

0 
20 

1 

0 0 

12 20 

0 0 
0 25 

18 29 

0 

0 

0 
3 
3 

% of total 46% 15% 36% 3% 

B.2012-2018 

upriver 
Origin Spring Summer Fall bright 

Alaska 146 0 0 0 
British 
Columbia 

11 106 60 0 

Idaho 0 0 0 3 
Oregon 118 0 51 3 
Washington 14 86 83 13 
% of total 42% 28% 28% 3% 
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Table 6. Observed numbers of coded-wire tagged Chinook salmon captured in bycatch of the 
Gulf of Alaska (GOA) groundfish fisheries (excluding augmented sampling in the 
rockfish trawl fishery, 2013-2018, and salmon excluder device testing, 2013-2014) and 
the Bering Sea-Aleutian Islands (BSAI) groundfish fisheries (excluding salmon excluder 
device testing, 2015-2016) by age during time periods. Age was calculated by 
subtracting the brood year of the coded-wire tagged recovery from the recovery year and 
includes freshwater and saltwater residency. Percentages are in parentheses. 

- - - ~· Age 
~ 

- -~, 

Fishery Time Deriod 2 I 3 I 4 I 5 I 6 

GOA 
2001-2011 

2012-2018 

14 (7%) 89 (42%) 92 (43%) 16 (8%) 

135(19%) 370 (53%) 160 (23%) 27 (4%) 

2 (1%) 

1 (0%) 

BSAI 
2001-2010 

2011-2018 

34 (12%) 141 (49%) 92 (32%) 20 (7%) 

2 (2%) 49 (42%) 49 (42%) 15 (13%) 

2 (1%) 

1 (1%) 
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Table 7. Observed and mark-expanded numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Gulf of Alaska 
rockfish trawl fishery, 2013-2018, by run year and state or province of origin. Average numbers and percentages of the total 
averaged over years are reported. 

~ Alaska British. Columbia '._:;,..; ldal\O . , - Oregon -· ·· .~ Wa.ahlngton _ , 1
.:: Total 

; · -- CWT,.mark CWT mark CWT mark · CWT mark· CWT mark . CWT mark 
Observed ·expanded Observed expand.«I Observed expanded Observed . expanded Observed expanded Observed expanded 

Run year number "u,niber number num~r number number number ' !'1Umber1 
, number number number , number 

2013 4 27.1 I _ 9 J 62.3 5 7.4 28 137.8 _§]_ 111.9 __ 11 =!_ 346.5 
2014 3 41.0 1 4.6 o o 10 I 39.1 3 4.7 17 89.4 
2015 - 3 80.8 I 2 - 17.0- . - -- 1 ·- 2.0 - 13 - 39.9-r 8 9.9- - - 27 - 149.5 
2016 1 1.0 I 4- 31.1 [ 0 - 0- - --7 12.5 . - ll-- - 14.0 - 23 58.6 
2017 2 32.3 2 2.2 I 0 0 31 3.1 7 8.0 14-- 45.6 
2018 5 

1 

54.6 , 1 1.0 I 0 0 7 7.4 14 T 26.5 27 89.5 
Mean 3.0 39.5 3.2 I 19. 7 1.0 1.6 11.3 • 40.0 18.3 29.2 36.8 129.8 
%-of total • 
averaged • 
over years 12% 40% 9% I 16% 1% 1% 35% 24% 43% 19% 
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Table 8. Observed and mark-expanded numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Bering Sea
Aleutian Islands groundfish fisheries (excluding salmon excluder device testing, 2015-2016) by run year and state or 
province of origin: A) 2001-2010 and B) 2011-2018. Average numbers and percentages of the total averaged over years are 
reported. 

A. 2001-2010 
British Columbia Alaska Washington Yukon Terrltorv Oreaon 1:-: Total 

I CWTmark I CWTmark I CWTmark I CWTmark I cwrmn I CWTmark Oburved expanded expanded Obaarvad expanded Oburved Obaerved• expanded ,,, Obaarvad expanded Obaarvad expanded Run year number number number number number number numbs numbs number number number ,numbs 

14 16.9 6 31.0 2 2.0 1 1.7 2001 1 1.0 24 52.6 
t-- ·-· -· 

27 32.7 18 284.8 21 42.8 12 31.2 2002 1 1.0 79 392.5 - ·-- ·-
6 

·-· 

24.6 13 82.3 4 4.1 3 18.3 2003 28 131.3 - . _jl 2.0 - 1 . 21 T 122.3 6 7.7 2004 2.0 11 L 115.8 -- . 16J __ 37.2 56 285.1 -
12 15.9 17 114.6 8 22.8 2005 

••· 

1.0 45 162.2 - __ , 7 7.9 
. - - -···----· . .. ·- -

16 38.8 8 93.7 6 12.9 5 5.2 2006 1 1.0 36 151.5 .. .. - .•. ·- -·--·· 
1 1.5 5 19.4 1 12.2 2 2.0 0 0 2007 9 35.2 . . - -- •. -· - -· 

2008 0 0 0 0 0 0 0 0 0 0 0 0 - -·-
0 0 0 0 0 0 2009 3 4.8 1 10.2 . - . 4 15.0 .. 

4 37.9 7 9.8 0 0 2 2.9 0 0 2010 13 
. 

50.6 
Mean 5.9 25.1 29.4 127.6 9.6 18.6 8.9 74.9 4.2 8.3 0.8 0.8 

-· - ·-· --· -··----t --· 
%of total 
averaged 
over vears 15% i 7% 2% I 1% 20% 26% 30% I 18% 33% i 49% I 
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Table 8. Continued. 

B. 2011-2018 
I , Alaska • Yukon, Territory British Columbia Oregon Washlngton Total ;,~. 

CWTmark , CWTmark CWTmartt -,I CWTmark I CW'Fmark I CWT,park ObelMICI·, expanded ObtHIMICI expanded Obeerved expanded expanded Obeerved expanded Obeerved expanded Obeerwd' Run year -number. number-Number number number number number number number riumber number number 
0 0 2011 0 0 0 0 0 2 2.0 0 1 - ---
~ 1.7 2012 1 1.0 22 2.0 2.0 0 0 5 14.2 1 l 9.4 

t -

0 0 1 2.6 1 1.0 2013 0 0 4 7.0 - -- ·--- ·- --- -
0 0 1 2.8 3 3.9 2014 0 0 5 7.7 .. - -• - - -__ ·_ ~ 

~ 

~ 1!:~ ~ -·-•· - -
1 16.7 3 

..; 

7.1 2 7.8 2 2.1 2015 11 48.5 
5 9.6 4 15.3 14 79.2 1 1.0 2016 28 109.5 4 1 4.3 

18 I 93.5 9 1 15.0 9 99.3 8 25.7 0 0 44 2017 233.5 
2 4.5 3 18.6 8 , 42.6 0 0 2018 17 73.3 4 I 7.6 

Mean 5.8 , 29.7 62.0 2.8 6.7 0.4 0.4 2.3 18.9 3., I 6.3 
-- ·-- .... --- --t·~ - 14.S j ----· -

% of total 
averaged 
overvears 10% 16% 29% 41% 21% 14% 37% 28% 3% 1% 
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	North Pacific Observer Program Salmon Bycatch Sampling 
	North Pacific Observer Program Salmon Bycatch Sampling 
	The Alaska Fisheries Science Center, Fisheries Monitoring and Analysis (FMA} Division manages the 
	North Pacific Observer Program (Observer Program}, which monitors groundfish and halibut fishing 
	activities in the U.S. Exclusive Economic Zone off Alaska. The Observer Program is responsible for the 
	collection of fisheries data used by managers for stock assessment and inseason monitoring of the 
	commercial groundfish fisheries. Data collected by observers are used by managers to monitor quotas, 
	manage groundfish and prohibited species catch, and document interactions with protected resources. These data provide the best available scientific information for managing fisheries and developing 
	measures to minimize incidentally caught species, including salmon. The methods used to estimate the 
	number of incidentally caught salmon in the Alaska Federal groundfish fisheries vary by area and fishery. 
	Observers are deployed in the field for up to three months at a time and debrief with FMA staff following their deployment. The data are not finalized until all observers return from the field for debriefing and their data are scrutinized following FMA quality control protocols. Generally, the annual observer data are finalized in late March to early April of the year following the fishery. 
	Bering Sea Pollock Fishery Sampling and Data Collection 
	Bering Sea Pollock Fishery Sampling and Data Collection 
	The Bering Sea pollack fishery is one of the most heavily observed fleets in the nation. The regulations governing the Amendment 91 fishery require 100% observer coverage in the Bering Sea pollack fisheries regardless of vessel length, 100% retention of all salmon species, a census of all salmon species in every haul or fishing trip, and an expanded biological sampling program. Also, NMFS requires shoreside processors to provide a location from which the observer is able to view all sorting and weighing of 
	On catcher/processors and motherships, the vessel personnel are required to save all salmon in an approved storage container until the end of the haul, and electronic monitoring systems are used to ensure compliance with this rule. For each haul, the observers count and identify every salmon retained. Observers implement a systematic sampling design for all Chinook and chum salmon collected from the haul by selecting every tenth Chinook and every thirtieth chum, with a random start point, for further biolog
	Chinook and chum salmon that are not selected using the systematic sample design are identified to species and counted, but no additional biological data are collected. All other salmon species are identified, measured, weighed, counted, and checked for a missing adipose fin. Additionally, a separate scale collection is collected to verify the observer's species identification skills. 
	On catcher vessels delivering to processing plantsobservers do not conduct an at-sea census count of salmon because they may not sample every haul, or have access to all of the catch. Instead, observers attempt to sample all hauls and identify every salmon encountered in their randomly collected at-sea 
	1 

	Catcher vessels delivering to motherships are not required to carry observers. The hauls are sampled by observers on the mothership following the procedures described for catcher/processors and motherships. 
	1 

	composition samples from these hauls. Salmon encountered in the at-sea samples are counted, weighed, sex determined, and checked for a missing adipose fin. Additionally, a separate scale collection is collected to verify the observer's species identification skills. These observers monitor that no salmon are discarded at sea to the best of their ability. Total retained salmon numbers and related genetics samples are obtained from catcher vessel pollock deliveries at the processing facility by the plant obse
	Once the catch is delivered to the processing facility, the plant and vessel observers coordinate to monitor the entire offload to ensure that all retained salmon are sorted and placed in an approved salmon storage container. The observers collect total salmon numbers and associated biological specimens following the same procedure outlined above for catcher/processors and motherships. These data are reported under the plant observer's cruise number. 
	In the 2018 Bering Sea pollock fishery, 1,364 Chinook, 9,549 chum, 6 coho, 120 pink, and 81 sockeye salmon were measured for length. Of these fish, 1,336 Chinook and 9,188 chum salmon were sampled for genetic tissue (Table 1 ). In addition, 29 Chinook, 2 chum, and 2 coho salmon were missing their adipose fin and their snouts were shipped to the Auke Bay Laboratories (Auke Bay Lab) to be scanned for CWT presence and analysis. It is important to note that every biological specimen, such as genetic tissue samp

	BSAI Non-pollock Fishery Sampling and Data Collection 
	BSAI Non-pollock Fishery Sampling and Data Collection 
	The non-pollock fisheries in the BSAI, such as flatfish and Pacific cod trawl, contribute a smaller number of incidentally caught salmon in comparison to the Bering Sea pollack fishery. In these fisheries, the total number of incidentally caught salmon is obtained by using the vessel observer's at-sea species composition samples that are extrapolated to the vessel's total catch. Sampling protocols for observers in these non-pollack fisheries are different than those in the pollack fishery, and genetic tissu
	Table 1. -Number of length, genetic, and CWT samples collected from incidentally caught salmon in the 2018 Bering Sea/Aleutian Islands pollack and non-pollack fisheries. Sample Area/fishe · BS pollack Chinook 1,364 1,336 29 Chum 9,549 9,188 2 Coho 6 n1a2 2 Pink 120 n/a2 0 Socke e 81 n1a2 0 subtotal 11,120 10,524 33 BSAI non-pollack 
	Chinook 76 Chum 249 Coho 4 Pink 5 Sockeve 0 
	Chinook 76 Chum 249 Coho 4 Pink 5 Sockeve 0 
	Chinook 76 Chum 249 Coho 4 Pink 5 Sockeve 0 
	3 14 n1a2 n1a2 n1a2 
	1 0 0 0 0 

	subtotal 334 
	subtotal 334 
	17 
	1 

	Total 11,454 
	Total 11,454 
	10,541 
	34 

	1Salmon head collected from fish missing adipose fin. 2n/a -Not part of samplina protocol. 
	1Salmon head collected from fish missing adipose fin. 2n/a -Not part of samplina protocol. 



	GOA Pollock Fishery Sampling and Data Collection 
	GOA Pollock Fishery Sampling and Data Collection 
	The Observer Program's biological salmon sampling protocols for the GOA pollock fishery are guided by the regulations implementing Amendment 93 to the GOA FMP (77 FR 42629, July 20, 2012). These regulations require 100% retention of all salmon caught in the Western and Central GOA directed pollock trawl fishery. The restructured observer program requires participation of catcher vessels between 40 ft. and 125 ft. LOA in the partial coverage observer program. These vessels are randomly selected for observer 
	In 2018, the 100% retention of all salmon by vessels with observers in the pollock fishery allowed catcher vessel observers to check every salmon encountered in their randomly collected at-sea composition samples for missing adipose fins, collect a scale sample to verify species identification, and monitor the vessel offload at the shoreside processing facility to record a total count of salmon species retained by the vessel personnel. The catcher vessel observers also monitored that no salmon were discarde
	It is important to note that, unlike the Bering Sea pollock fishery, observers were not stationed at Gulf of Alaska shoreside processing facilities in 2018. Vessel observers collected biological specimens at the shoreside processing facility from salmon delivered by the vessel following the same procedure outlined above for catcher/processors and motherships fishing BSAI pollock. Due to the restructured observer program, vessel observers were not deployed on all catcher vessels fishing pollock in the GOA. G
	Data collected from the observed vessels provided an indication of the relative numbers and species of salmon incidentally taken in the GOA pollock fishery. The total numbers of incidentally caught salmon were obtained using the number encountered by the vessel observers during the vessel offload at the processing facility. In rare circumstances where the offload sample was not completed, NMFS Alaska Region used the number of salmon in the at-sea samples to extrapolate to the entire vessel offload. 
	Total numbers of all other salmon species were collected following the Chinook and chum sampling protocols described above while length measurements and biological data were only collected from Chinook and chum salmon encountered within the at-sea composition sample or during the vessel offload monitored by the vessel observer. In the 2018 GOA pollock fishery, 2,387 Chinook, 981 chum, 10 coho, and 2 sockeye salmon were measured for length. Of these fish, 2,308 Chinook and 962 chum salmon were sampled for ge
	missing their adipose fin and their snouts were shipped to the Auke Bay lab to be scanned for CWT presence and analysis. 

	GOA Non-pollock Fishery Sampling and Data Collection 
	GOA Non-pollock Fishery Sampling and Data Collection 
	The non-pollock fisheries in the GOA, such as flatfish and Pacific cod trawl, contribute a smaller number of incidentally caught salmon in comparison to the pollack fishery. In 2018, observer coverage for groundfish vessels was the same for both pollack and non-pollock vessels with the exception of the rockfish fishery that requires 100% observer coverage regardless of vessel length. 
	In these non-pollock fisheries, the total number of incidentally caught salmon is obtained using at-sea species composition samples collected by vessel observers and extrapolated to the vessel's total catch. Sampling protocols for observers in these non-pollock fisheries are different than those in the pollack fishery, length measurements and biological data were only collected from Chinook and chum salmon encountered within the randomly collected at-sea composition sample. However, all salmon species encou
	In the 2018 GOA non-pollack fisheries, observers measured a total of 107 Chinook and 160 chum salmon for length. A total of 103 Chinook and 153 chum salmon were sampled for genetic tissue. Of these fish, 1 Chinook salmon was missing an adipose fin (Table 2). This salmon snout was collected and shipped to the Auke Bay Lab to be scanned for CWT presence and analysis. 
	Table 2. -Number of length, genetic, and CWT samples collected from incidentally caught salmon in the 2018 Gulf of Alaska pollock and nonpollock fisheries. 
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	Chinook 
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	2,387 
	2,308 
	189 
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	2 

	Coho 
	Coho 
	10 
	n/a2 
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	subtotal 
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	Attachment 2. Alaska Fisheries Science Center annual report on the stock of origin and coded wire tag (CWT) data from incidental catch of salmon for 2018. 
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	CODED-WIRE TAG SAMPLING 

	Gulf of Alaska fisheries and research 
	Gulf of Alaska fisheries and research 
	Ground.fish.fisheries (2018) 
	In the 2018 GOA groundfish fisheries, observers of the North Pacific Observer Program (Observer Program) sampled snouts for coded-wire tagged Chinook salmon. Sampling of snouts for coded-wire tags (CWTs) was based on visual detection only of a clipped adipose fin. Observers sampled 2,411 Chinook salmon and collected snouts from 192 fish with clipped adipose fins (Table 1). Of the snouts examined, 68 had readable CWTs (Table 1). In addition, one Chinook salmon was tagged with an agency-only wire. Agency-only
	1 

	Rock.fish trawl.fishery (2018) 
	Electronic detection of CWTs in the salmon bycatch of the central GOA rockfish trawl fishery was conducted by Alaska Groundfish Data Bank in 2018, and Chinook salmon bycatch were scanned with handheld CWT detection wands. Of the 504 Chinook salmon scanned with handheld wands, 67 (13.3%) had clipped adipose fins, and 27 (5.4%) had readable CWTs (Table 1). Of the 27 with readable CWTs, 23 (85.2%) had clipped adipose fins and 4 were unclipped (Table 1 ). In addition, one Chinook salmon with a clipped adipose f
	Number of Chinook salmon sampled for genetics in the pollock and non-pollock fisheries (Fisheries Monitoring and Analysis Division of the Alaska Fisheries Science Center). 
	1

	8 
	U.S. research (2017) In 2017 the National Marine Fisheries Service (NMFS) conducted research on juvenile salmon in the GOA. Researchers used electronic and visual detection to sample salmon caught in trawls for CWTs. Researchers sampled 10 Chinook salmon, of which 2 (20%) had readable CWTs and 1 was known to have a clipped adipose fin (Table 1). Eight coded-wire tagged coho salmon were also recovered. 

	Bering Sea-Aleutian Islands fisheries and research 
	Bering Sea-Aleutian Islands fisheries and research 
	Ground.fish.fisheries (2018) In the 2018 BSAI groundfish fisheries, observers of the Observer Program sampled snouts for coded-wire tagged Chinook salmon. Sampling of snouts for CWTs was based on visual detection only of a clipped adipose fin. Observers sampled 1,440Chinook salmon in the BSAI and collected 32 snouts from fish with clipped adipose fins (Table 1). Of the snouts examined, 17 had readable CWTs (Table 1). 
	2 

	U.S. research (2018) In 2018 NMFS conducted research on juvenile and immature salmon in the northern Bering Sea. Researchers used electronic detection to sample salmon caught in trawls for CWTs. Researchers sampled 148 juvenile and 17 immature Chinook salmon, of which 1 was detected to have a CWT (Table 1). The CWT from the adipose-clipped salmon was lost before it could be read. 
	ORIGINS OF CODED-WIRE TAGS 
	Results in this report are summarized for two time periods. For the GOA fisheries, results are summarized for periods 2001-2011 and 2012-2018 because of the implementation of a revised genetic sampling protocol by the Observer Program in 2012. For the BSAI fisheries, results are summarized for periods 2001-2010 and 2011-2018 because of a revised genetic sampling protocol implemented in 2011. 

	Gulf of Alaska fisheries 
	Gulf of Alaska fisheries 
	Ground.fish.fisheries (2018) 
	Coded-wire tagged Chinook salmon recovered as bycatch in the GOA are comprised of stocks originating from Alaska, British Columbia, Washington, Idaho, and Oregon and are summarized for 2001-2018 in Table 2. In 2018, one additional Chinook salmon was tagged with an agencyonly wire. The agency-only wire identified the release agency as Oregon Department of Fish and Wildlife. Chinook salmon tagged in Alaska and harvested in the GOA have historically originated from two regions, Cook Inlet and Southeast Alaska
	Number of Chinook salmon sampled for length in the pollock and non-pollock fisheries (Fisheries Monitoring and Analysis Division of the Alaska Fisheries Science Center). 
	2

	9 
	Chinook salmon harvested in the GOA for 2012-2018 originated from Southeast Alaska (Table 3). 
	Most of the Chinook salmon represented by CWTs and harvested in the GOA originated from hatchery production (Table 4), a reflection that wild stocks of Chinook salmon are underrepresented by CWTs, especially outside of Alaskan production. Chinook salmon recovered in the GOA are comprised of a variety of run types (Table 5) that are designated by the tagging agency. Chinook salmon recovered in the GOA are also comprised of a variety of age classes 
	(Table 6). Total age of each fish was calculated by subtracting the brood year of the coded-wire tagged recovery from the recovery year and includes freshwater and saltwater residency. 
	Rockfish trawl.fishery (2018) 
	Recoveries of coded-wire tagged Chinook salmon in the bycatch of the GOA rockfish trawl fishery are summarized by state or province of origin for 2013-2018 (Table 7). The Chinook salmon recovery with an agency-only wire was identified as a release by the Oregon Department of Fish and Wildlife. 
	Bering Sea-Aleutian Islands fISheries 
	Ground.fish fisheries (2018) Coded-wire tagged Chinook salmon recovered as bycatch in the BSAI are comprised of stocks originating from Alaska, the Yukon Territory, British Columbia, Washington, and Oregon and are summarized for 2001-2018 in Table 8. Starting in 2011, sampling expansion factors were calculated for coded-wire tagged recoveries in the bycatch of the BSAI groundfish fisheries and total estimated numbers by state or province of origin are reported for 2011-2018 (Table 9). Chinook salmon tagged 
	Most of the Chinook salmon represented by CWTs and harvested in the BSAI groundfish fisheries originated from hatchery production (Table 11), a reflection that wild stocks of Chinook salmon are under-represented by CWTs, especially outside of Alaskan production. Chinook salmon recovered in the BSAI are comprised of a variety of run types (Table 12) that are designated by the tagging agency. Chinook salmon recovered in the BSAI are also comprised of a variety of age classes (Table 6). Total age of each fish 
	ESA-LISTED RECOVERIES 
	The NMFS Alaska Regional Office contracted Cramer Fish Sciences to compile a database of coded-wire tagged release groups of West Coast salmon listed under the U.S. BSA; this database was last updated in June 2019 (Flaherty and Caldwell 2019). The database was compiled using the Pacific States Marine Fisheries Commission Regional Mark Information System CWT 
	IO 
	database and a list of artificial propagation programs determined by NMFS to be included in BSA-listed BSUs. We determined from this database the coded-wire tagged Chinook salmon recovered in the GOA and BSAI that originated from BSA-listed BSUs. 
	GOA and BSA/ ground.fish fisheries (2018) 
	Coded-wire tagged Chinook salmon from BSA-listed BSUs have been recovered in GOA and BSAI fisheries (Tables 13-14). Since 1981, coded-wire tagged Chinook salmon recovered in GOA groundfish fisheries have originated from the following BSA-listed BSUs: Lower Columbia River, Snake River fall run, Snake River spring/summer run, Upper Columbia River spring run, and the Upper Willamette River (Tables 13-14). Coded-wire tagged Chinook salmon recovered in BSAI groundfish fisheries have also originated from BSA-list
	-

	GOA rock.fish trawl.fishery (2018) 
	Coded-wire tagged Chinook salmon recovered in the GOA rockfish trawl fishery have originated from the following BSA-listed BSUs: Lower Columbia River, Puget Sound, Snake River fall run, Snake River spring/summer run, Upper Columbia River spring run, and Upwr Willamette River (Table 15). 
	U.S. research (2017) 
	U.S. research surveys directed at juvenile salmon in the GOA have also documented the occurrence of Chinook salmon from BSA-listed ESUs. Since 1996, research surveys in the GOA have recovered coded-wire tagged Chinook salmon from the following BSA-listed BSUs: Lower Columbia River, Puget Sound, Snake River fall run, Snake River spring/summer run, Upper Columbia River spring run, and Upper Willamette River (Tables 16-17). One coded-wire tagged coho salmon from the Lower Columbia River ESU was recovered in th
	Ocean Distribution of Chinook Salmon from ESA-listed ESUs, 1981-2018 
	Maps show the ocean distribution of coded-wire tagged Chinook salmon from BSA-listed ESUs from the Pacific Northwest (Figures 1-7). These maps were compiled from the historical database of CWT recoveries ( 1981-2018) from high seas commercial fisheries and research surveys: GOA and BSAI groundfish fisheries, GOA rockfish trawl fishery, at-sea Pacific hake trawl fishery off the U.S. West Coast, and the West Coast groundfish trawl fishery, as well as domestic and foreign research surveys in the North Pacific 
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	Table 1. Number of Chinook salmon sampled, number with clipped adipose fins (ad-clipped), and number with readable coded-wire tags (CWTs) in the various sampling programs in the Gulf of Alaska (GOA) and Bering Sea-Aleutian Islands (BSAI) in 2017 and 2018. The number of Chinook salmon with readable CWTs that were also ad-clipped is in parentheses. 
	Raalon 
	Raalon 
	Raalon 
	Year 
	['j~~·)_,1..:.! 
	Flaherv 
	r~'1,'l'l:::I~ "' •~u. • 1~:.. I~ 'li!~I•~ 
	, SamDllna oroaram 
	~on -method 
	Number aamoled 
	Number ad-cllnnad 
	ii' " 
	Number with readable CWTa 

	TR
	2017 
	Research trawl 
	I 
	National Marine Fisheries Service 
	Electronic and visual 
	10 
	-
	-
	2 (1) -

	GOA 
	GOA 
	2017 2018 2018 
	Groundfish Groundfish Rocldish trawl 
	Observer Program Observer Program I I Alaska Groundfish Data Bank 
	Visual Visual Electronic 
	2 3,9791•2 2,411 1•504 
	-
	5852 192 67 
	1794 (179) 68 (68) .. 27 (23) 

	BSAI 
	BSAI 
	2017 2018 
	Groundfish Groundfish 
	I 
	Observer Program Observer Program 
	Visual Visual 
	3 3,0952•1,4402·3 
	1202 I 32 
	444 (44) 17 (17) 

	TR
	2018 1 
	Research trawl 
	National Marine Fisheries Service 
	Electronic 
	165 
	' -I ! 
	os 


	Number of Chinook salmon sampled for genetics in the pollock and non-pollock fisheries. Number from the Fisheries Monitoring and Analysis Division of the Alaska Fisheries Science Center. Number of Chinook salmon sampled for length in the pollock and non-pollock fisheries. Number updated from the previous report. One tag was lost before it could be read. 
	1
	2
	3
	4
	5
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	Table 2. Observed and mark-expanded numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Gulf of Alaska groundfish fisheries (excluding augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder device testing, 2013-2014), by run year and state or province of origin: A) 2001-2011 and B) 2012-2018. Average numbers and percentages of the total averaged over years are reported. 
	A. 2001-2011 
	Alaska '"':,ii"_;~-';• _l British qolulJlbi& Idaho . Oregon i ~ _\ Waahlngton I ~i,l• Total r-,. ' ~, -l:'"' 1CWTmark ~ CWlimark CWT mark' CWT mark CWil' ·mark .. CWT mark Obaerved expanded Observed expanded Observed 1 expanded Obaerved expanded Observed expanded Observed " ndeci' ~. Run year number , number number num~ number _ number number , number number number number number ' 2001 10 I 100.2 6 74.8 0 0 12 16.5 -__ ft _-H 32 195.6 ---I--------.. . ---2002 10 47.2 --5 t 1__1 3.0 0 0 4 4.3 22 168.2 ---·r-
	14 
	Table 2. Continued. B. 2012-2018 
	Alaska .. British Colymbia -.. ,Idaho Oregon " ! Washington ".-!7 Total ., . CWT mark 1 CWTma~ CWT mark CWT mark CWT,.._rk CWT mark " t Observed ,expanded Observed : expa~ded •Observed expanded Observed expanded · I Observed ' e~n~ Observed ... ~ Run year number number number number number number number number ' 1 number number number number 2012 ~l 43.6 0 0 0 0 2 2.0 2 10.8 56.5 ------· ---. -· -·-~ -2013 5 25.9 9 38.1 0 0 7 69.4 6 7.4 27 140.7 2014 5 62.6 10 48.8 1 1.0 13 77.9 5 6.7 34 '. 197.0 --2015 27 
	15 
	Table 3. Observed and mark-expanded numbers of coded-wire tagged, Alaska-origin Chinook salmon captured in the bycatch of the Gulf of Alaska groundfish fisheries ( excluding augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder device testing, 2013-2014) by run year and release region: A) 2001-2011 and B) 20122018. Numbers averaged over time periods are reported. The Chinook salmon tagging program in the Cook Inlet, Alaska region has been intermittent since the 2008 brood year (20
	-

	A. 2001
	-

	2011 
	C~ok Inlet, Al_aska 
	Southeast Alaska .. 
	_ ~-_ Ala!tka total 
	•1, 
	CWT mark 
	CWT mark 
	CWT mark 
	Observed 
	expanded 
	expanded 
	Observed expanded 
	Observed 
	Run year 
	number 
	number 
	number 
	number 
	number 
	num~ 
	Figure
	2001 
	100.2 
	2 1 2.0 
	98.2 
	01 
	Figure

	2002 
	1 1.0 
	47.2 
	9 46.2 

	7fil 
	7fil 
	Figure

	2003 
	0 0 
	22.4 
	jj 

	2 22.4 
	-
	2004 
	0 0 
	30.5 
	30.5 

	3 30.5 
	.,_ 
	2005 
	0 
	33.6 
	33.6 

	3 33.6 
	o .f 
	-
	-
	2006 
	58.3 
	58.3 
	10 

	-
	-
	O+ 
	0 

	-
	-
	2007 
	0 0 
	13 99.1 
	13 I 99.1 
	2008 
	6 52.3 
	2 [ 2.0 
	50.3 
	-
	2009 
	2009 

	1 1.0 
	5 41.4 
	40.4 
	40.4 

	-
	-
	Jr 
	2010 
	0 0 
	81.3 
	81.3 
	_ 1~1 
	_ 1~1 
	-

	r 
	2011 
	0 0 
	32.3 
	3 32.3 
	Mean 
	Mean 
	0.5 0.5 
	6.3 53.9 
	6.8 I 54.4 
	B. 2012-2018 
	-. 
	-. 
	-. 
	Cook Inlet, Alaska 
	Southeast Alaska 
	Alaska Total 

	CWT mark 
	CWT mark 
	CWT mark 
	CWT mark 

	Observed 
	Observed 
	expanded 
	Observed 
	expanded 
	Observed 
	expanded 

	Run year 
	Run year 
	number 
	number 
	number 
	number 
	number 
	number 

	2012 -2013 2014 2015 
	2012 -2013 2014 2015 
	-

	-
	~l 
	-
	0 -0 0 0 
	6 sj 5 27 
	-
	43.6 25.9 62.6 311.2 
	-
	6 5 5 27 
	43.6 25.9 62.6 311.2 

	2016 
	2016 
	1 
	1.0 
	58 
	363.0 
	59 
	364.0 

	2017 
	2017 
	3 
	3.1 
	30 
	183.2 
	33 
	186.2 

	2018 
	2018 
	2 
	2.0 
	9 
	52.7 
	11 I 
	54.8 

	Mean 
	Mean 
	0.9 
	0.9 
	20.0 I 
	148.9 
	20.9 I 
	149.8 
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	Table 4. Observed numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Gulf of Alaska groundfish fisheries (excluding augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder device testing, 2013-2014) by rearing type and state or province of origin: A) 2001-2011 and B) 2012-2018. Percentages of the total are reported. 
	A. 2001-2011 
	---j1 
	---j1 
	---j1 
	Rearing type 
	-
	·
	-


	.9rigin 
	.9rigin 
	Hatchery 
	I 
	Mixed 
	I 
	WIid 

	TR
	I 

	Alaska 
	Alaska 
	59 I 
	QI 
	6 

	TR
	I 

	British Columbia 
	British Columbia 
	33 I 
	0 
	0 

	Idaho -
	Idaho -
	Q_l_ 
	o : 
	0 

	Oregon ---
	Oregon ---
	-

	36 I 
	0 1 
	0 ---
	-


	Washington 
	Washington 
	35 
	10 
	2 

	%of total 
	%of total 
	90% 
	6% I 
	4% 


	B.2012-2018 
	Rearing type_ ';1l 
	.. 
	Hatchery· 
	Hatchery· 
	Hatchery· 
	Hatchery· 
	Hatchery· 
	Origin 

	Mixed 

	Wild 

	Alaska 
	Alaska 
	Alaska 
	137 

	0 

	9 British 
	177 
	177 
	177 
	0 

	0 

	Columbia Idaho 
	3 
	0 
	0 Oregon 
	167 
	167 
	0 

	5 Washington 
	195 
	195 
	195 
	0 

	1 

	%of total 
	%of total 
	98% 0% 2% 

	I 
	I 
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	Table 5. Observed numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Gulf of Alaska ground.fish fisheries (excluding augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder device testing, 2013-2014) by run type and state or province of origin: A) 2001-2011 and B) 2012-2018. Percentages of the total are reported. 
	A. 2001-2011 
	Table
	TR
	Run type 

	Origin 
	Origin 
	Spring 
	Summer 
	Fall 
	Late fall upriver bright 

	Alaska British Columbia Idaho Oregon Washington 
	Alaska British Columbia Idaho Oregon Washington 
	67 7 0 20 1 
	0 0 12 20 0 0 0 25 18 29 
	0 0 0 3 3 

	% of total 
	% of total 
	46% 
	15% 36% 
	3% 


	B.2012-2018 
	Figure
	upriver Origin Spring Summer Fall bright 
	Alaska 
	Alaska 
	Alaska 
	146 
	0 
	0 
	0 

	British Columbia 
	British Columbia 
	11 
	106 
	60 
	0 

	Idaho 
	Idaho 
	0 
	0 
	0 
	3 

	Oregon 
	Oregon 
	118 
	0 
	51 
	3 

	Washington 
	Washington 
	14 
	86 
	83 
	13 


	% of total 42% 28% 28% 3% 
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	Table 6. Observed numbers of coded-wire tagged Chinook salmon captured in bycatch of the Gulf of Alaska (GOA) groundfish fisheries (excluding augmented sampling in the rockfish trawl fishery, 2013-2018, and salmon excluder device testing, 2013-2014) and the Bering Sea-Aleutian Islands (BSAI) groundfish fisheries (excluding salmon excluder device testing, 2015-2016) by age during time periods. Age was calculated by subtracting the brood year of the coded-wire tagged recovery from the recovery year and includ
	Table
	TR
	---~· Age ~ 
	--~, 

	Fishery 
	Fishery 
	Time Deriod 
	2 I 3 I 4 I 5 I 
	6 

	GOA 
	GOA 
	2001-2011 2012-2018 
	14 (7%) 89 (42%) 92 (43%) 16 (8%) 135(19%) 370 (53%) 160 (23%) 27 (4%) 
	2 (1%) 1 (0%) 

	BSAI 
	BSAI 
	2001-2010 2011-2018 
	34 (12%) 141 (49%) 92 (32%) 20 (7%) 2 (2%) 49 (42%) 49 (42%) 15 (13%) 
	2 (1%) 1 (1%) 
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	Table 7. Observed and mark-expanded numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Gulf of Alaska rockfish trawl fishery, 2013-2018, by run year and state or province of origin. Average numbers and percentages of the total averaged over years are reported. 
	~ Alaska British. Columbia '._:;,..; ldal\O . , -Oregon -· ·· .~ Wa.ahlngton _ , .:: Total ; · --CWT,.mark CWT mark CWT mark · CWT mark· CWT mark . CWT mark Observed ·expanded Observed expand.«I Observed expanded Observed . expanded Observed expanded Observed expanded 
	1

	, number number number , number 2013 4 27.1 I _ 9 J 62.3 5 7.4 28 137.8 _§]_ 111.9 __ 11 =!_ 346.5 2014 3 41.0 1 4.6 o o 10 I 39.1 3 4.7 17 89.4 2015 -3 80.8 I 2 -17.0-. ---1 ·-2.0 -13 -39.9-r 8 9.9---27 -149.5 2016 1 1.0 I 4-31.1 [ 0 -0----7 12.5. -ll---14.0 -23 58.6 2017 2 32.3 2 2.2 I 0 0 31 3.1 7 8.0 14--45.6 2018 5 54.6 , 1 1.0 I 0 0 7 7.4 14 T 26.5 27 89.5 Mean 3.0 39.5 3.2 I 19. 7 1.0 1.6 11.3 • 40.0 18.3 29.2 36.8 129.8 
	Run year number "u,niber number num~r number number number ' !'1Umber
	1 
	1 

	%-of total • 
	averaged • over years 12% 40% 9% I 16% 1% 1% 35% 24% 43% 19% 
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	Table 8. Observed and mark-expanded numbers of coded-wire tagged Chinook salmon captured in the bycatch of the Bering SeaAleutian Islands groundfish fisheries (excluding salmon excluder device testing, 2015-2016) by run year and state or province of origin: A) 2001-2010 and B) 2011-2018. Average numbers and percentages of the total averaged over years are reported. 
	A. 2001-2010 
	British Columbia 
	British Columbia 
	British Columbia 
	British Columbia 
	British Columbia 
	Alaska 

	Washington 

	Yukon Terrltorv 



	Oreaon 
	Oreaon 
	Total I CWTmark 
	1:-: 

	CWTmark 
	CWTmark 
	CWTmark 
	Figure
	I 

	CWTmark 
	I 


	CWTmark 
	I 


	cwrmn 
	I 

	CWTmark 
	I 

	Oburved expanded 
	expanded 
	Obaarvad expanded 
	Obaarvad expanded 
	Oburved 

	Obaerved• expanded ,,, 
	Obaerved• expanded ,,, 
	Obaarvad expanded 
	Obaarvad expanded 
	Obaarvad expanded 


	Run year 
	Run year 
	number number 
	number number 
	number number 

	number 
	number 
	number 
	number 
	number 
	numbs numbs 

	number number 

	number ,numbs 

	14 16.9 
	6 31.0 
	2 2.0 
	1 1.7 
	2001 
	1 1.0 
	24 52.6 
	t--·-· 
	-· 
	27 32.7 
	18 284.8 
	21 42.8 
	12 31.2 
	2002 
	1 1.0 
	79 392.5 
	-
	·-
	-

	·
	-

	24.6 
	6 
	·-· 

	13 82.3 
	4 4.1 
	3 18.3 
	2003 
	28 131.3 
	-. 






	2.0 
	2.0 
	_jl 

	-
	1 . 
	21 T 122.3 
	6 7.7 
	2004 
	2.0 
	11 L 115.8 
	16J __ 37.2 
	--. 

	56 285.1 
	-
	12 15.9 
	17 114.6 
	8 22.8 
	2005 
	2005 
	••· 

	1.0 
	45 162.2 
	-__ , 7 7.9 
	. 
	-

	-
	-···
	-

	. .. ·
	---· 
	-

	-
	16 38.8 
	8 93.7 
	6 12.9 
	5 5.2 
	2006 
	1 1.0 
	36 151.5 
	.. 
	.. -.•. ·
	-

	-
	·--·· 
	1 1.5 
	5 19.4 
	1 12.2 
	2 2.0 
	0 0 
	2007 
	9 35.2 
	. 
	. 
	. --
	-


	•. -· 
	--· 
	2008 
	0 0 
	0 0 
	0 0 
	0 0 

	0 0 
	0 0 
	0 0 
	0 0 

	-
	-·
	-

	0 0 
	0 0 
	0 0 
	0 0 

	0 0 

	2009 
	3 4.8 
	1 10.2 
	4 15.0 
	. -. 

	.. 
	4 37.9 
	7 9.8 
	0 0 
	0 0 
	2 2.9 

	0 0 
	2010 
	13 50.6 
	. 

	Mean 
	Mean 
	5.9 25.1 
	29.4 127.6 
	9.6 18.6 
	8.9 74.9 
	4.2 8.3 
	0.8 0.8 
	-· 
	-
	·-· 
	--· 
	-··----t --· 
	%of total averaged over vears 
	15% i 7% 
	2% I 1% 
	20% 26% 
	30% I 18% 
	30% I 18% 
	33% i 49% 

	I 
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	Table 8. Continued. B. 2011-2018 
	I 
	, Alaska • 
	, Alaska • 
	, Alaska • 
	Yukon, Territory 

	British Columbia 


	Oregon 
	Oregon 
	Washlngton 
	Washlngton 
	Total 
	;,~. 


	CWTmark 
	, CWTmark 
	CWTmartt 
	CWTmartt 
	CWTmark 
	CWTmark 
	CWTmark 
	-
	,I 

	CW'Fmark 
	I 


	CWT,park 
	I 


	ObelMICI·, 


	expanded 
	expanded 
	ObtHIMICI expanded 
	Obeerved expanded 
	expanded 
	Obeerved expanded 
	Obeerved expanded 
	Obeerved expanded 
	Obeerved expanded 

	Obeerwd' 


	Run year 
	Run year 
	-number. number-
	-number. number-
	-number. number-
	Number number 

	number number 

	number 
	number 
	number 
	number 
	number 
	number 
	number 

	riumber 

	number 

	number 

	0 0 
	2011 
	0 
	0 0 
	0 0 
	2 
	2 
	2.0 

	01 --
	-

	-
	~ 1.7 
	2012 
	1 1.0 
	22 
	22 
	2.0 2.0 

	0 0 
	5 
	5 
	14.2 

	1 l 9.4 
	t 
	-

	0 0 
	0 0 
	1 2.6 

	1 1.0 
	2013 
	0 0 
	4 
	4 
	7.0 

	-
	--·--
	-

	·----
	-

	0 0 
	0 0 
	1 2.8 

	3 3.9 
	2014 
	0 0 
	5 
	5 
	7.7 

	--• -
	.. 
	-

	-
	__ ·_ ~ ~ 1!:~ 
	~ 

	~ 
	-·-•· -
	-

	1 16.7 
	7.1 
	3 
	..; 

	2 7.8 
	2 2.1 
	2015 
	11 
	48.5 
	5 9.6 
	4 15.3 
	14 79.2 
	1 1.0 
	2016 
	28 
	28 
	109.5 

	4 1 4.3 
	18 I 93.5 
	9 1 15.0 
	9 99.3 
	8 25.7 
	0 0 
	44 
	2017 
	233.5 
	2 4.5 
	3 18.6 
	8, 42.6 
	0 0 
	Figure

	2018 
	17 
	17 
	73.3 

	4 I 7.6 
	Mean 
	5.8 , 29.7 
	62.0 
	2.8 6.7 
	0.4 0.4 
	2.3 18.9 
	3., I 6.3 
	-
	-·--.... --
	-

	--t·~ 
	-
	14.S j -
	-

	--· 
	-

	% of total averaged overvears 
	10% 16% 
	10% 16% 
	29% 41% 

	21% 14% 
	37% 28% 
	3% 1% 
	22 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure






