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ABSTRACT  

Beach, K. 2021. Tracing the impacts of Canadian commercial fisheries on Northern BC chum 
stocks using DNA and otolith analysis: Results of the DNA analysis of samples from 2019. 
Unpublished report for the Pacific Salmon Commission Northern Boundary and Transboundary 
Rivers Restoration and Enhancement Fund 2020. 
 
Since 2011, Fisheries and Oceans Canada (DFO) has been working to trace the impacts of 
Canadian Area 3 commercial seine and gillnet fisheries on Area 3 wild chum (Oncorhynchus 
keta) salmon stocks, which have been identified to be of conservation concern. To do this, chum 
were collected during Area 3 commercial fishing openings and their otoliths were analyzed to 
determine the hatchery component in the catch and ultimately to identify if there are timing 
options for fishery openings where impacts on weak wild stocks are minimal. In 2019, this 
project developed a single nucleotide polymorphism (SNP) baseline for North Coast chum, and 
samples collected during 2019 openings were analyzed in 2020. Because of a lack of fishing 
openings due to low sockeye and pink stocks in the North Coast in 2020, only a single opening 
occurred and thus project partners returned most of the funds, with the exception of expenses 
used to conduct the DNA analysis on 2019 samples. This report will focus on the results from 
that analysis and include a summary of findings to date. 
 
Otolith samples were collected from chum salmon caught in Canadian Area 3 commercial 
fisheries in 2019 to identify the component of hatchery stocks within the catch using otolith 
thermal marks. Though there were limited fishing opportunities, technicians sampled 3.17% of 
the total catch. Of readable samples, 60% were marked by hatcheries in Alaska and 40% were 
not and therefore were presumed wild. Tissue samples from chum matched with otoliths from 
unmarked samples were then sent to the Molecular Genetics Lab (MGL) in Nanaimo, BC. Of 
samples with sufficient DNA quality (n=253), 73% were from South East Alaska (SEAK) and 
Portland Inlet, Portland Canal, and Lower Skeena Conservation Units (Area 3). The ability to 
genetically resolve among SEAK, Portland Inlet, and Portland Canal remains to be determined, 
and may not allow for reliable resolution between the United States (US) and Canadian 
populations specifically within this region. Of the remaining samples, contrary to assumptions of 
the Run Reconstruction Model, 12% were from Douglas Inlet in Area 6. However, caution 
should be taken with interpretation of this data since the mixed-stock sample size was small and 
this was the first year to trial the SNP baseline, for which the reliable resolution level of the 
reporting unit is still being characterized. Additional work is being done now to augment  
collections with new samples for those with smaller sample sizes to best be able to separate 
between Conservation Units (CUs) within the baseline. The MGL in Nanaimo will look to work 
with geneticists from ADF&G in Alaska in 2021 to collect representative samples from these 
areas and to develop genetically supported baseline grouping system.  
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INTRODUCTION 

Funding for this project was provided by the Northern Boundary and Transboundary Rivers 
Restoration and Enhancement Fund (Northern Fund) to conduct the analysis of DNA collected 
during commercial fisheries in Area 3 where chum salmon (Oncorhynchus keta) were captured 
as a by-catch.  Since 2011, research has focused on catch composition of hatchery versus non-
hatchery distribution of catch. In general, fisheries earlier in the fishing season (late June-mid-
July), and fisheries that occur further out (Area 3B and 3C) encounter fewer unmarked fish. This 
information allows managers to identify chum retention opportunities for the Area 3 commercial 
fishing fleet while minimizing impacts on weak wild chum stocks.  
 
In 2020, because of a lack of fishing openings due to low sockeye and pink stocks in the North 
Coast, only a single opening occurred and thus project partners returned most of the funds, with 
the exception of expenses used to conduct the DNA analysis on 2019 samples. This report will 
therefore focus on the results from that analysis and include a summary of findings to date.  

 

METHODS 

Chum samples were collected during 2019 commercial sockeye and pink fishery openings in 
Area 3. Sampling involved on-water sampling crews approaching seine and gillnet fishing boats 
in two 5.4-meter rigid-hulled inflatable boats (RHIBs) and requesting to board. During fisheries 
where chum salmon retention was allowed, chum were tagged using zap straps color-coded to 
the sub area where they were caught and then the heads were picked up from processing plants. 
Tissue samples were also collected and mounted on Whatman paper for DNA preservation. 
During fisheries where chum salmon retention was prohibited, samplers were present while 
incidental chum were brought on board, and the fish were sampled in the field. Because of 
difficulties collecting samples on the water, fish were sampled in Prince Rupert. 
 
Otoliths were sent to the ADF&G Thermal Mark Lab in Alaska for analysis. After otolith 
analysis, unmarked chum samples were linked with their tissue samples and those were sent to 
MGL for DNA extraction, genotyping, and genetic stock identification (GSI) analysis using the 
newly-developed, 500-marker SNP marker panel baseline. The GSI analysis can identify the 
most probable stock or regional origin of the unmarked fish. The MGL at the Pacific Biological 
Station has moved almost entirely to amplicon sequencing for GSI and parentage-based tagging 
(PBT), with Chinook, coho, and chum salmon preferentially genotyped by the 500-marker SNP 
panels.  In recent years, 500-marker SNP panels have been found to outperform microsatellite 
panels including in low genetically structured species (of which chum salmon would be 
considered). This outperformance occurs with fewer samples included in the baseline. With 
improved resolution, more information about the boundaries of different populations can be 
attained. Furthermore, SNP panels are preferred for any species for which cross-laboratory work 
is relevant, given the much simpler portability of SNP genotyping methods across labs, the 
increased automation and therefore increased objectivity of genotyping, and increased 
throughput scalability. Specifically, the chum panel in operation at DFO was designed using 
highly discriminating markers from collaborator panels and published literature, including but 
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not limited to 200 markers from University of Washington (McKinney & Seeb, pers. comm.), 
and 163 markers from WDFW. Additionally, the genotyping consistency between the WDFW 
laboratory and DFO laboratory is being coordinated to ensure consistent scoring of markers, as 
part of initiatives through the Chum Technical Committee (Maureen Small, John Candy, pers. 
comm.). Initial assessment of this panel has been conducted, and the panel has now been 
benchmarked into v.1.0 and is in operation at MGL for genotyping and assignment of 
populations from the Columbia River through Alaska. The baseline is currently grouped by 
Conservation Unit (CU) for reporting units. Populations from some CUs are still undergoing 
augmentation in sample size (part of a proposal to the Southern Endowment Fund, 2021/22, 
Sutherland, Candy, Van Will, Beacham) in order to improve assignment reliability. Within BC, 
there are currently 31 CUs included, and eight regions from southern US, five reporting units in 
Eastern Alaska, six reporting units in the Canadian Yukon, four in the US Yukon, and seven in 
Central and Eastern Alaska (Sutherland et al., in prep). At current the resolution to CU is largely 
attainable although some CUs may require augmentation or may not fit completely within the 
CU limits (resolution work on the baseline is ongoing). In several cases the new baseline shows 
promise to sub-CU resolution. The panel is in operation at high throughput.  

RESULTS 

Otoliths and DNA samples were collected from chum salmon caught in Canadian Area 3 
commercial fisheries in 2019 to identify the component of hatchery stocks within the catch using 
otolith thermal marks and then to analyze the non-marked chum to compare to the SNP baseline.  
A total of 790 chum were sampled in Area 3 between the dates of June 24th and July 22nd, 2019, 
from two of the four open subareas of Area 3 (3B and 3C) during seven gillnet and three seine 
commercial fishing openings. This sample size made up 3.17% of the total catch during fishing 
openings. Of the 790 otoliths collected, and 704 were readable. After otolith analysis, 422 were 
identified to have hatchery markings (59.9% of readable sampled catch). Of those marked, 
98.3% were released from southern southeast Alaska, with 90.5% released specifically from 
Nakat Inlet, Alaska. After otolith analysis, tissue samples from the 282 unmarked chum (40% of 
the sampled catch) were sent to the MGL in Nanaimo, BC. Of those, 253 had sufficient DNA 
quality for genotyping and were run against the genetic baseline v.1.0.1. Of the unmarked chum, 
73% were from South East Alaska (SEAK) and Portland Inlet, Portland Canal, and Lower 
Skeena Conservation Units (Area 3). The ability to resolve with genetics among SEAK, Portland 
Inlet, and Portland Canal remains to be determined, and specifically in this region may not allow 
for reliable resolution of the United States (US) and Canadian populations. Interestingly, 12% of 
the samples indicate origin from Douglas Inlet in Area 6, whereas the run reconstruction model 
assumes none (English et al. 2004). With ongoing work setting the resolution of the baseline and 
determining whether all CUs are reliably separable, this result should be taken with caution until 
the baseline has been put into fully genetically defensible reporting units (work is ongoing). As 
this was the first year to trial the new SNP baseline, we identified the need to conduct targeted 
sample collection to augment the genetic baseline so that there can be the best chance of clear 
separation within the reporting units within the baseline, if it is feasible given the genetics and 
ecology of the species. The MGL in Nanaimo will aim to work with geneticists from ADF&G in 
Alaska in 2021 to collect representative samples from these areas and to develop genetically 
supported baseline grouping system.  
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Figure 1: Catch composition of samples taken from Area 3 commercial fishing catch in 2019 (note: DNA 
assignment to the reporting unit of highest probability) 

 
Findings from 8 years of chum otolith analysis is available in Table 1-6 
 Table 1: Chum otolith analysis results by fishing week and gear in 2019. 

o Note that the low number of samples in early weeks may mean that the marking 
proportion may not be accurately reflected. 

 Table 2: Percentage of marked chum catch by fishing week 2012-2019 (all areas, both 
gear types).  

o Although not apparent in 2019 due perhaps to the low sample number, overall by 
the third week of July there was a drop in the percentage of marked chum caught 
in Area 3 commercial fisheries and a noticeable drop in the percentage of marked 
chum caught in August. More consistent sampling across all years would be 
helpful to see patterns but fisheries management has curbed fisheries during 
August to protect weak Area 3 and Area 4 stocks.   

o Note that percentages of marked chum catch may differ slightly from percentages 
of marked chum sampled as samplers are not out every sampling day.  

 Table 3: Percentage of marked chum by sub-Area 2012-2019. 
o Although not apparent in 2019 due perhaps to the low sample number overall 

outside fisheries (3B) encounter a lower percentage of unmarked chum, meaning 
that they have less chance of impacting weak Area 3 and Area 4 chum stocks.  

 Table 4: Percentage of marked chum by sub-Area and fishing week 2012-2019. 
o The breakdown by sub-Area and fishing week shows that the fisheries occurring 

in August and moving up towards the Nass River (3B being furthest to sea, 3D 
being closer to the Nass) have the most encounters with unmarked chum salmon 
(e.g., non-hatchery).  

 Table 5: Percentage of marked chum catch per gear type 2012-2019. 
o Gear does not appear to influence the impact on unmarked chum as much as time 

and area.  
 Table 6: Origin of chum by fishing week in 2019. 
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o Most marked chum originate from hatcheries in Southern Southeast Alaska.  
 

DISCUSSION 

Overall, this project aligns with the mandate of the Northern fund, “to assist stocks and fisheries 
covered under the Pacific salmon Treaty” and contributes to all of the Northern fund committee 
objectives outlined in Chapter 2 Part 5 of the Pacific Salmon Treaty: 
 
A) Evaluate the effectiveness of management actions; 
B) Identify and review the status of pink, chum, sockeye and coho stocks; 
C) Present the most current information on harvest rates and patterns on these stocks and      

develop a joint data base for assessments; 
D) Collate available information on the productivity of stocks in order to identify 

escapements which produce maximum sustainable harvests and allowable harvest rates; 
E) Present historical catch data, associated fishing regimes and information on stock 

composition in fisheries harvesting this stock; 
F) Devise analytical methods for the development of alternative regulatory and production 

strategies; 
G) Identify information and research needs, including future monitoring programs for stock 

assessments; and 
H) For each season make stock and fishery assessments and recommend to the Northern 

Panel conservation measures consistent with the principals of the Treaty. 
 
The intent of the program is to better understand the temporal and geographical patterns of wild 
chum abundance in Area 3 commercial fisheries to ensure that management actions in place to 
protect weak Area 3 and 4 wild chum are successful.  
 
With the information obtained through this project since 2011, managers have been advised that 
in Area 3, earlier fisheries further away from the Nass River encounter fewer unmarked chum 
(see Table 2-5). However, in some years, the proportion of unmarked fish can be high and 
knowing their origin would be beneficial for management. Though we were working with a 
small mixed-stock sample size, in the 2020 SNP analysis we showed that it is possible to identify 
the origin populations down to representative units. If funded in 2021, we will increase efforts to 
obtain representative samples sizes from all fishing weeks. 
 
The Northern Boundary Run Reconstruction Model feeds an Area 3-5 Chum Model that assumes 
very few of the chum encountered in the Area 3 fisheries are destined for Area 3 or Area 4. 
These assumptions are based on tagging studies in the 1980s (before expansions of Alaskan 
hatchery programs) and assumptions of similar migration patterns to sockeye and pink salmon. If 
these assumptions are true, the impact of Area 3 fisheries on chum destined for Area 3 or 4 is 
very minimal under the current management regime. However, if that assumption is not correct 
and more of the unmarked fish in Area 3 fisheries are destined to spawn in Area 3 or 4, more 
management actions may be required in years of lower abundance of returning chum salmon.  
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TABLES 

Table 1: Chum otolith sampling results by fishing week and gear in 2019. 

Stat Week 
(CDN/AK) 

Gear Area  # of 
samples 

Unread Marked Unmarked % 
Total 
Marked 

% Total 
Unmarked 

64/26 GN 3B 5 0 1 4 20% 80% 
64/26 GN 3C 2 0 1 1 50% 50% 
71/27 GN 3B 30 0 22 8 73% 27% 
71/27 GN 3C 4 0 1 3 25% 75% 
72/28 GN 3B 50 0 40 10 80% 20% 
72/28 GN 3C 35 0 23 12 66% 44% 
73/29 GN 73 1 0 1 0 100% 0% 
72/28 SN 3B 111 2 72 39 65% 35% 
73/29 SN 3B 207 5 127 80 61% 39% 
73/29 SN 3C 23 0 14 9 61% 39% 
74/30 SN 3B 195 3 113 82 58% 42% 
74/30 SN 3C 12 0 7 5 58% 42% 
All GN/SN All 675 10 422 253 62% 38% 
 
Table 2: Percentage of marked chum by fishing week 2012-2019 (all areas, both gear types). Note that there 
was a low number of samples in 2019 in early weeks due to low chum numbers.  

 Fishing week (CDN/AK) 
Year 64/26 71/27 72/28 73/29 74/30 75/31 81/32 82/33 
2012 87% 89% 85% 94% 77% 46% 56% - 
2013 - 79% 79% 63% 67% 92% - - 
2014 71% 83% 84% 81% 72% 81% 28% - 
2015 - - 87% 83% - 75% 46% 39% 
2016 77% 81% 78% 69% 62% 69% - - 
2017 100% 82% 87% 78% 80% 79% - - 
2018 88% 78% 74% 52%     
2019 29% 68% 69% 62% 58%    
Average 75% 80% 80% 73% 70% 74% 43% 39% 
 
Table 3: Percentage of marked chum by sub-Area 2012-2019. 

 Sub-Area Sample Rate 
Year 3B 3C 3D 
2012 80% 71%  2.01% 
2013 83% 64%  1.38% 
2014 72% 70%  2.96% 
2015 82% 68%  0.91% 
2016 76% 68%  1.55% 
2017  84%  67% 1.52% 
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2018 mixed mixed  2.38% 
2019 63% 61%  3.17% 
Average 77% 57% 67%  
 
 
Table 4: Percentage of marked chum by sub-Area and fishing week 2012-2019. 

Year SubArea Fishing Week % Marked Average per 
Stat Area 

2012 3B 71/27 91% 80 
72/28 88% 
73/29 94% 
75/31 43% 
81/32 84% 

3C 64/26 87% 71 
71/27 82% 
72/28 84% 
73/29 84% 
74/30 77% 
75/31 47% 
81/32 28% 

2013 3B 71/27 89% 83% 
72/28 82% 
73/29 82% 
74/30 67% 
75/31 92% 

3C 71/27 69% 64% 
72/28 75% 
73/29 63% 
75/31 48% 

2014 3B 71/27 83% 72% 
72/28 83% 
73/29 77% 
74/30 80% 
75/31 83% 
82/33 26% 

3C 64/26 71% 70% 
71/27 83% 
72/28 85% 
73/29 84% 
74/30 63% 
75/31 79% 
82/33 29% 

2015 3B 71/27 87% 82% 
72/28 86% 
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73/29 81% 
75/31 76% 

3C 71/27 90% 68% 
72/28 87% 
73/29 84% 
75/31 60% 
81/32 46% 
82/33 39% 

2016 3B 64/26 77% 76% 
71/27 88% 
72/28 81% 
73/29 74% 
74/30 64% 
75/31 72% 

3C 64/26 76% 68% 
71/27 73% 
72/28 71% 
73/29 63% 
74/30 59% 
75/31 66% 

2017 3B 71/27 97% 84% 
72/28 87% 
73/29 78% 
74/30 80% 
75/31 79% 

3D 71/27 67% 67% 
2018 3B 

 
64/26 88%  
71/27 78%  

3B/3C* 72/28 71%  
3B/3C* 73/29 52%  

2019 3B 64/26 20% 57% 
71/27 73% 
72/28 73% 
73/29 61% 
74/30 58% 

3C 64/26 50% 56% 
71/27 25% 
72/28 66% 
73/29 81% 
74/30 58% 
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Table 5: Percentage of marked chum catch per gear type 2012-2019. 

Year Seine Gillnet Average 
2012 92% 87% 90% 
2013 79% 75% 77% 
2014 80% 83% 82% 
2015 83% 86% 85% 
2016 68% 77% 73% 
2017 92% 100% 96% 
2018 mixed mixed mixed 
2019 55% 61% 58% 
Average 78% 81% 80% 

 

              
 

Table 6: Origin of chum by fishing week in 2019 

               
               

Row Labels Count of MARK_ID 

 362 
ANITABAY13 1 

30 1 
3C 1 

ANITABAY15 9 
27 2 

3B 2 
28 1 

3B 1 
29 2 

3B 1 
3C 1 

30 1 
3B 1 

33 2 
6 2 

35 1 
6 1 

ANITABAYLL15 1 
28 1 

3B 1 
BEARCOVE15A 1 

30 1 
3B 1 

DIPAC14 1               
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29 1 
3B 1 

DIPAC15B 2 
27 1 

3B 1 
28 1 

3B 1 
KENDRICK13 1 

30 1 
3B 1 

KENDRICK15 22 
27 1 

3B 1 
28 7 

3B 4 
3C 3 

29 6 
3B 6 

30 8 
3B 8 

KITH2014CHUMH14 1 
34 1 

6 1 
KITH2015CHUMH14 1 

34 1 
6 1 

NAKATINLET14SUM 21 
27 3 

3B 3 
28 9 

3B 8 
3C 1 

29 7 
3B 7 

30 2 
3B 2 

NAKATINLET15FALL 4 
30 4 

3B 4 
NAKATINLET15SUM 332 

26 2 
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3B 2 
27 16 

3B 16 
28 111 

3B 94 
3C 17 

29 116 
3B 104 
3C 12 

30 87 
3B 83 
3C 4 

NAKATINLET16SUM 25 
28 4 

3B 2 
3C 2 

29 9 
3B 8 
3C 1 

30 12 
3B 10 
3C 2 

NEETSBAY14SUM 1 
34 1 

6 1 
NEETSBAY15SUM 1 

28 1 
3B 1 

NEETSBAY16SUM 2 
29 1 

3B 1 
30 1 

3B 1 
NITH2015CHUM31H 1 

30 1 
3B 1 

PORTARMSTRONG15CHUMA 1 
30 1 

3B 1 
Grand Total 790 
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Figure 2.  Location of Area 3 in northern British Columbia. 
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