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Submitted By David Daum 
Affiliation self 
Phone 907-378-8848  
Email david_daum@yahoo.com  

Address 1540 Ivans Alley 
Fairbanks, Alaska 99709  

Alaska Board of Fisheries, Work Session, October 9-10, 2013 Girdwood 

ACR3 – Remove dip net size restriction for the Yukon Area districts 1-3 commercial summer 
chum salmon fisheries. 

I strongly OPPOSE this agenda change request (ACR). 

As stated in policy: 

the board will accept an agenda change request only 

a. for a conservation purpose or reason; 

b. to correct an error in a regulation; or 

c. to correct an effect on a hunt that was unforeseen when a regulation was adopted. 

This request meets none of these criteria. The request will result in more efficient gear that will 
not only catch more chum salmon, but will also catch substantially more Chinook salmon. 
Almost 1,000 chinook salmon were captured in the commercial dip-net chum fishery in the 
lower Yukon River in 2013, along with over 1 million pounds of chum salmon. All reported 
Chinook salmon were released alive, but there is no evidence that any of these fish successfully 
reached the spawning grounds. Only 30,000 Chinook salmon passed the main-stem Yukon River 
border into Canada, the lowest escapement on record. This request will increase the harvest of 
Chinook salmon, which is not acceptable and is a very serious conservation concern. If the 
Yukon River commercial fishery desires to harvest more chum salmon, the fishery needs to find 
geographic areas that exclude Chinook salmon, not keep developing more and more harvest 
methods that incidentally capture Chinook. 

ACR4 – Establish monofilament purse seines as a new legal gear for the Yukon Area districts 1-
3 commercial summer chum salmon fisheries. 

I strongly OPPOSE this agenda change request (ACR). 

As stated in policy: 

the board will accept an agenda change request only 
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a. for a fishery conservation purpose or reason; 

b. to correct an error in a regulation; or 

c. to correct an effect on a fishery that was unforeseen when a regulation was adopted. 

This request meets none of these criteria. The request will result in more efficient gear that will 
not only catch more chum salmon, but will also catch substantially more Chinook salmon and 
other fish species. Almost 1,000 Chinook salmon were incidentally captured in the newly 
established commercial dip-net chum fishery in the lower Yukon River in 2013, along with over 
1 million pounds of chum salmon. All reported Chinook salmon were released alive, but there is 
no evidence that any of these fish successfully reached the spawning grounds. Only 30,000 
Chinook salmon passed the main-stem Yukon River border into Canada, the lowest escapement 
on record. This request will increase the capture of Chinook salmon, which is a very serious 
conservation concern. The request states that fish mortality is near zero when released from 
purse seines. This statement is very misleading at best. Experimental gear types, including purse 
seines with seine-type material (not mono) are being studied in the Columbia River as a means to 
release non-targeted species. These studies are on-going, with interpretation of results 
confounded by many factors, including length of the drainage, mixture of stocks, and unknown 
fates of some tagged individuals (John North, Oregon Department of Fish and Wildlife, personal 
communication). If the Yukon River commercial fishery desires to harvest more chum salmon, 
the fishery needs to find fishing areas absent of Chinook salmon, not keep developing more and 
more harvest methods that incidentally capture more and more Chinook and other fish species. 

Purse seines are illegal gear in freshwater system of Alaska for commercial purposes. This ban 
has been in effect since the beginning of the 1900’s for good reason. Purse seining is very 
efficient at capturing fish; all fish. Allowing a new gear type in Alaskan freshwaters is only 
opening up a can of worms for management and enforcement. The request allows any web size 
not exceeding 3.5 inches, uses monofilament material, and allows the sale of all fish species 
captured (except Chinook salmon). Incidental harvest of Bering cisco, sheefish, broad and 
humpback whitefish would be allowed for commercial purposes. These species are very 
important subsistence resources throughout the drainage. There currently exists a 15,000 pound 
annual quota on Bering cisco commercially harvested in the drainage. Acceptable harvest limits 
of other whitefish species have not been determined to date. No population estimates are known 
for any of the whitefish species in the Yukon River drainage. In regulation, monofilament purse 
seine web is unlawful. Allowing monofilament material will ensure that all fish captured will 
likely be injured. This request will not only cause the mortality of additional Chinook salmon, 
but will also introduce new commercial fisheries with unknown consequences. 

Thank you for your consideration, 

David Daum 
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Submitted By Dan Gillikin 
Affiliation KNA 
Phone 907-545-0564  
Email dgillikin@knafish.org  

Address POB 127  
Aniak, Alaska 99557  

Dear Board of Fisheries Members, 

This letter is to express Kuskokwim Native Association’s (KNA) support for the out of cycle 
ACR submitted by the Bering Sea Fisherman’s Association to address critical conservation and 
allocation issues of Chinook salmon on the Kuskokwim River. KNA represents eleven middle 
and upper Kuskokwim River Tribes and has a long history of collaboration with the Department 
on fisheries management issues. 

KNA believes that consideration of the ARC out of cycle is warranted because of the 
Departments decisions, adopted by the Board at the regular BOF meeting last January have 
resulted in a critical conservation concern and a reallocation of Chinook salmon for subsistence 
users along the Kuskokwim River. 

Even after extensive collaborations with other stakeholders and the Department to develop what 
was thought to be a workable management plan, the record low return of Chinook in 2013 
illustrated some obvious inadequacies of adopting a basinwide SEG of 65,000 – 120,000 
Chinook, while retaining the drainage wide ANS of 64,500 – 83,000.  

It is our hope that the Board will allow a reconsideration of those decisions in light of this new 
information and take steps to correct the situation. If there are any questions or concerns please 
feel free to contact me. 

Dan Gillikin 

Director of Fisheries 

Kuskokwim Native Association 

dgillikin@knafish.org 

(907) 545-0564 
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Submitted By Megan Smith
Affiliation Fair Fishing 907

Attention: Board of Fish Comments

Alaska Department of Fish and Game

Board Support Section

PO Box 115526

Juneau, AK 99811

 

Dear Alaska Board of Fish Members,

Thank you for this chance to comment on the submitted 2013 Agenda Change Requests.

We would like to focus our concerns and comments on Agenda Change Request #6.

There are 3 very specific criteria that need to be met for the BOF to take up an Agenda Change Request. (5 AAC 39.999)

1. For a fishery conservation purpose or reason
2. To correct an error in regulation
3. To correct an unforeseen effect of a regulation

ACR #6 does not try to change an error or unforeseen effect in any regulations.  The author states that this ACR is for a fishery
conservation purpose or reason, however it lacks the specificity to deal with any particular issues in any specific fishery.  Instead, it aims to
introduce new fisheries in all areas of the state (each with their own set of unforeseen effects and errors) by using a broad- based
“conservation” catchphrase.

The Kenai and Kasilof river systems support the largest dipnet fishery in the state of Alaska.  ACR #6 would create additional pressure on
river systems that are already fully allocated.  Currently, the dipnet fishery is growing at an exponential rate and limited only by the
population of the state of Alaska.  Adding commercial fisherman on top of this geographically limited, densely populated fishery will have
negative impacted on all user groups.

The state wide, knee jerk, blanket ACR #6 does not recognize specific fisheries, specific fishery needs and the diversity of users across
the state of Alaska nor does it meet the criteria outlined for the Agenda Change Requests.  We believe it is the responsible action of the
Board of Fisheries not to take up ACR #6.

Thank you,

Todd and Megan Smith

Travis and Amber Every

Brian and Lisa Gabriel

Sarah and Jason Hudkins
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Submitted By Steve Brown
Affiliation Concerned Area M Fishermen
Phone 907-235-2631
Email browburk@horizonsatellite.com

Address 35717 Walkabout Rd.
Homer, Alaska 99603

CONCERNED AREA M FISHERMEN

35717 Walkabout Road, Homer, Alaska 99603

(907) 235-2631

 

September 24, 2013
 

Alaska Department of Fish and Game
Boards Support Section-Headquarters Office

PO Box 115526

Juneau, AK 99811-5526

Re:  ACR 11

Dear Mr. Chairman and members of the Board of Fisheries;

Concerned Area M Fishermen (CAMF) is submitting these comments regarding ACR 11, which is to be considered for adoption at your
October work session.  CAMF represents approximately 100 of the 150 salmon drift permit holders who are active in the Alaska Peninsula
(Area M) salmon drift fishery.

CAMF feels the ACR does not meet the criteria the Board has established for consideration of agenda change requests, and therefore
should not be approved for consideration during this regulatory cycle.  Redefining the outer boundary lines of the fishing districts in the
North Peninsula salmon fishery does not serve a fishery conservation purpose or reason, nor does it correct an error in regulation.

The petitioner states that adoption of the request would “correct an effect that was unforeseen when the regulation was adopted” by more
clearly defining the outside boundary lines of the North Peninsula fishing districts, and that the current regulation is “haphazardly
enforceable”.  CAMF disagrees with both assertions.  Specifically, we discussed clearer definition of the new boundary line with both the
head of the Department and the head of enforcement at the meeting prior to adoption of the new regulation. They explicitly declined our
request for better definition and subsequently answered in the negative as to any errors and omissions in the adopted language. Our
understanding is that the intent of the policy is to place a high standard for out of cycle requests, similar to the Joint Board Policy requiring
finding of an emergency. It seems appropriate that this high standard apply equally to all parties: stakeholders, managers, regulators, and
enforcers.

Further, the Division of Fish and Wildlife has enforced the current regulation during the 2013 salmon season. Our understanding is that
they found the fishery to be “pretty orderly”. The fact that at least two vessels were cited for boundary line violations this past summer
proves the current regulation is enforceable. It would be interesting to know what they found for violations in Pilot Point for comparison.

The fact that the request is submitted by stakeholders in an area adjacent to, but not directly affected by the proposed action suggests the
possibility that the primary motivation is allocation, whether or not the requestors are candid enough to say so. 5 AAC 39.999(a)(2)
explicitly prohibits acceptance of requests of this nature.

CAMF does believe that discussion of refining the description of the outside boundary lines on the North Peninsula may have merit. 
However, it seems to us that the current regulation is enforceable, and this discussion would be more appropriate to have during the next
regularly scheduled regulatory meeting for the Alaska Peninsula salmon fishery in 2016.  Therefore, CAMF urges the Board not to adopt
ACR 11 for this regulatory cycle.

Sincerely,

Steve Brown, President
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Submitted By Chris Carr
Affiliation
Phone 9078427191
Email gusuk1@hotmail.com

Address 1 gusuk rd
portage creek, Alaska 99576

Board members,i would like to urge you strongly to take up #12 and 14 ACR's,year round single hook for all of the Nushagak river.The
original intent was for decreasing the mortality rate of kings from may-july.In the end the board put all species to be caught with single hook
year round.This puts a burden on the locals who have for a very long time used other then a single hook for their subsistence
harvesting,please refer to the Nushagak advisery commitee comments on this.thank you.Chris Carr
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Submitted By Grant Fairbanks
Affiliation Holitna Salmon Watch
Phone 907 5434227
Email grantfbx@ak.net

Address box 370
bethel, Alaska 99559

As a resident of the Kuskokwim and the Holitna River for 40 years I am very concerned with the King salmon problem.The Department of
Fish and Game needs to have all fishing for King salmon halted until the King salmon populations recover to a level to support subsistence
and all other fishing.Nothing has worked to stop the decline of this population so a total closure for many years needs to be implemented

.On the Holitna River,the weir at the headwaters has seen King salmon passage go from 10 to 20 thousand kings a year to in the
thousands.This year the number will probably be below 2000.This is the LARGEST king salmon spauning river in the Kuskokwim
watershed.The village of Akiak and Kwethluk probably harvested this same number this year for subsistence but the Department of Fish
and Game still allowed fishing for kings.The department needs to halt all fishing for kings by way of an emergency order and not allow king
fishing of any type till the kings recover, if they ever do.

This problem has been around for many years and Fish and Game just changes their formula for lower excapement goals.The King
salmon fishery should never have been opened this year but was and now we have the lowest King salmon numbers ever recorded.The
board needs to act now.
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Submitted By Karen S. McGahan
Affiliation

I do not understand the reasoning behind ACR #6, but I certainly do not believe it is conservation.

I oppose ACR #6. I do not believe it meets the criteria for the Board of Fish Agenda Change Requests.

It is not specific as to any conservation issue in any particular area of the state.

I request that the Board of Fish NOT take up Agenda Change Request #6.
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Submitted in support of ACR #4: 
Allow purse seines as legal commercial fishing 
gear in Districts 1-3 for summer chum salmon in 
times of king conservation.  Also, allow purse 
seine web to be constructed from monofilament. 
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by 
YDFDA 

In support of ACR #4 
 
 

PC 34
2 of 42
PC 33
2 of 42
PC 19
2 of 42



 YDFDA and ADF&G cooperatively conducted a 
purse seine test fishery, within District 1 of the 
Yukon Area.   
 

 Major goal: 
 to evaluate the purse seine gear; and  
 to develop procedures that would facilitate the live release 

of Chinook salmon.   
 

 2 Beach seine types were modified to fish as purse 
seines: 
 monofilament  web  
 seine web (18-count threat).  
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 Also used a purse seine (12-thread count seine web).   
 

 A total of 553 chum salmon were captured in 67sets.   
 

 The vast majority of chum salmon, 73%, were 
captured during the July 2-6 sampling period in 22 
sets.   
 

 Catches of chum salmon were directly related to the 
number of chum salmon in the river, as indicated by 
sonar counts attributed to chum salmon.   
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1. Purse seine gear can be safely operated in the 
riverine environment of the Lower Yukon River;  
 

2. Purse seine gear can be used to selectively harvest 
commercial quantities of chum salmon while 
allowing Chinook salmon to be released alive; and  
 

3. Some small non-target fish, such as Bering cisco 
and small female pink salmon, were gilled in the 
3.5 inch web. These fish were retained and used 
for subsistence. 
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Purse  Seine Length  
At least 50 fathom in length;  
Max length unrestricted or set to 200 fathoms in regulation to 

allow experimentation by fishers; 
 

Purse Seine Web   
Multi-strand monofilament and/or #12-thread count seine 

material;  
Maximum of 3.5 inch stretch mesh,  
100 meshes deep; may want to set maximum in regulation to 

150 meshes; 
 

Purse Rings 
2 x 5/16 inch stainless steel rings on 6-inch bridals;   
Spaced every 10 feet along the lead line 
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Purse Seine Lead Line: 
75 or 85 pound  lead line (a heavier lead line may be 

necessary with increased water velocity in the spring) 
 
Purse Line:  

½ inch sinking purse line; 
 

Corks:  
extra large corks spaced every 18 inches 

 
Cork Line:  

floating cork line 
 

Seine design:  
rectangular,  without taper.   
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Submitted By Richard McGahan, Sr.
Affiliation

I oppose ACR #6. I do not believe it meets the criteria for the Board of Fish Agenda Change Requests.

It is not specific as to any conservation issue in any particular area of the state.

I request that the Board of Fish NOT take up Agenda Change Request #6.��
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In support of ACR # 3 and # 4 
Alaska Board of Fisheries Work Session, 

October 9-11, 2013, 
Girdwood, AK 

Prepared for YDFDA  
By  

Gene J. Sandone 
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1. To provide support for the establishment of a 
Yukon River Summer Chum Salmon 
Biological Escapement Goal (BEG) Range; 
and  
 

2. Provide information regarding the number of 
spawners at the theoretical replacement 
point, Seq,  where productivity or Return per 
Spawner (R/S) = 1.0   
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 Brood Year Tables--Necessary Inputs:   
 Brood Year time period determination; 
 Annual Estimates of Total Run  

▪ Based on Pilot Station Sonar Passage Estimates plus 
estimated removals and escapements below the sonar 
site 

 Annual Age-class composition of the harvest and 
escapement. 
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 Usable Mainstem Pilot Station Sonar passage 
estimates:  1995, 1997-2012; 

 Anvik River Escapement Estimates: 1972-
2012 

 East Fork Andreafsky Escapement Estimates: 
1981-1984 (sonar), 1985-1988 (Tower) 1994-
2012 (weir) 

 Commercial Harvest Data:  1972-2012; 
 Subsistence Harvest Data: 1988-2012; 
 Age-class composition databases: variable 
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 Pilot Station Sonar Passage Estimates: 
 Highly significant linear relationship between 

Pilot Station passage data and Anvik River sonar 
counts for the years 1995, 1997-2002 (p=0.00001; 
R2 = 0.9829) 
 Relationship changed after 1992. 
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 E.F. Andreafsky River Escapement: 
 Highly significant linear relationship between E.F. 

Andreafsky River tower and  weir counts and 
Anvik River sonar counts (p<0.00001; R2= 0.7390) 
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 Using significant linear regression analysis 
relationships:  
 

 Missing data for the Pilot Station sonar 
passage was predicted for years 1988-1994 
and 1996; and 
 

 Missing data for the E.F. Andreafsky River 
was predicted for years 1989-1993. 
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 1995-2007: based on data that are nearly 
entirely available (exception: 1996 Pilot 
Station sonar passage data); 
 

 1988-2007:  based on available data and 
predicted values for missing data, including 
passage data from Pilot Station (1988-1994, 
and 1996) and E.F. Andreafsky River 
escapements (1989-1993). 
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 Harvest 
 Lower Yukon Test Fish (LYTF) catch age data 

▪ Complete for all years 
 Weighted Harvest age data 

▪ Annual ASL sampling of harvests is variable and sporadic, 
except for District 1 commercial harvest ASL.  

 
 Escapement 
 LYTF catch age data  

▪ Complete for all years; 
 Anvik River Escapement age data 

▪ Complete for all years 
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 1988-2007 (Harvest/Escapement Age Models) 
▪ LYTF/LYTF 
▪ LYTF/Anvik Escape 
▪ Weighted Harvest/Anvik 
▪ Weighted Harvest/LYTF 

 
 1995-2007 (Harvest/Escapement Age Models) 

▪ LYTF/LYTF 
▪ LYTF/Anvik Escape 
▪ Weighted Harvest/Anvik 
▪ Weighted Harvest/LYTF 
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 Estimated number of recruits from spawners 
are almost identical for most brood years. 
 

 Similar results for all models for all Spawner-
Recruit Statistics. 
 

 80% Confidence Intervals larger for the 1995-
2007 models because of the sample size 
difference. 
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 Because spawner-recruit statistics are similar 
for all models, the remainder of the 
presentation will be limited to one age-class 
composition model for the two brood year 
periods 
 

 Preferred Age-Class model base on logic: 
 Weighted Harvest/Anvik River Escapement 
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 Median R/S values 
 1988-2007 = 1.24 
 1995-2007 = 1.13 
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 Brood Years when R/S > 2.0 
 1989, 1990,2001, 2002 
 Escape. Range = 434,723 – 926,897 
 Median escapement value = 774,487 
 

 Brood Years when R/S < 1.0 
 1988, 1993-1997,2005, 2006 
 Escape. Range =1,218,603 – 3,886,584 
 Median escapement value = 2,311,005 
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 Both models are significant;  
 1988-2007: p=0.0009; R2 = 0.4667 
 1995-2007: p=0.0149; R2 = 0.4301 
 

 Note that the line fitted to the observations 
crosses the X-axis at a point less than 2.0M 
spawners. That point indicates the replacement 
point (R/S = 1.0) on these graphs. 
 

 All escapement equal or greater than 2.0M did 
not replace themselves (R/S < 1.0) 
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 MSY (Maximum Sustained Yield) 
 1988-2007:   1.424M:  847K – 2.161M 
 1995-2007:   1.281M:  528K – 2.292M  

 
 Smsy  (Spawners that produce MSY) 
 1988-2007:  855K:  716K –  1.019M 
 1995-2007:  866K:   644K – 1.110M 
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 Smax (Spawners that produce max recruits) 
 1988-2007:  1.377M:  1,054K – 1.934M 
 1995-2007:  1.462M:  1,019K – 2.478M 
 

 Seq (Spawners at the replacement point (R/S= 1.0) 
 1988-2007:  2.205M:  1,849K – 2.569M 
 1997-2007:  2.194M:  1,586K – 2.788M 
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 Small differences in number of recruits and 
spawner-recruit statistics for all models is 
most likely the result of:  
1. Similar age compositions for the three age-class 

databases used; and 
2. Most  of the run is escapement 

▪ Median exploitation rate for the 1988-2012 is 11% 
▪ Exploitation rate exceeded 30% in only three years of 

the 25 years of record, 1988-1990.  
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1. Establish a BEG Range for Yukon River 
Summer Chum salmon of 700K to 1.0M 

 
2. Limit escapements to less than 2.0M or the 

lower end of the Seq range, 1,8M, as a 
precaution against overescapement and 
reduced future returns or run collapse, 
regardless of Chinook salmon run strength. 
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Serving western Alaska small boat fisheries since 1980 
 

 
 
 

 
 
 
 
 

 
 
September 25, 2013 
 
 
Karl Johnstone, Chair 
Alaska Board of Fisheries 
PO Box 115526 
Juneau, AK 99811-5526 
 
SENT VIA FAX to (907) 465-6094 
 
Chairman Johnstone and Board Members, 
 
 
 
We are writing to ask you to accept our Agenda Change Request (#13). 
 
The Board of Fisheries established the Kuskokwim River Salmon Management Working Group 
(KRSMWG) in 1987 (87-117-FB) to work with the Department of Fish and Game on pre-season and 
inseason management strategies. Bering Sea Fishermen’s Association has been involved with the 
Working Group for many years, and after listening to the inseason teleconferences this past summer 
and, in particular, their August 27, 2013 meeting, we felt it important to submit an Agenda Change 
Request for Chinook salmon conservation measures.  
 
At the August 27 meeting of the KRSMWG, many members voiced their strong concerns that the 
escapement goals need to be met for the sake of future generations and stronger conservation measures 
will be needed. Others voiced their concerns that the inseason conservation measures taken in recent 
years, and in 2013, had failed to share the conservation burden fairly throughout the Kuskokwim River 
drainage and had possibly resulted in a reallocation of Chinook salmon. 
 
The KRSMWG assembled a “laundry list” of possible management/conservation measures, and have 
asked for public comment on the options. We are attaching the summary from that meeting 
(Attachment A), as well as the meeting’s information packet (Attachment B) that includes escapement 
information. ). While some of these measures may be done by emergency order under the current 
management plans, other measures would certainly need regulatory change. Their goal was to create a 
suite of additional conservation tools and to the extent that allocation was discussed, it was to maintain 
the historic allocative balance along the river. Everyone was willing to share the burden, but it must be 
shared in a fair and equitable manner. 
 
We apologize to the Board that our ACR does not have more specific recommendations at this time and 
we understand that it can be difficult to weigh the merits of an Agenda Change Request without a more 

 

Bering Sea Fishermen's Association 
1130 West 6th Avenue, Suite 110 
Anchorage, Alaska 99501 
(907) 279-6519 or (888) 927-2732 
FAX (907) 258-6688 
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detailed request. However it is clear that our request satisfies ACR guideline (under 5 AAC 39.999) 
(1)(A) for a fishery conservation purpose or reason. 
 
If the Board accepts ACR #13, the KRSMWG and other stakeholders can work throughout this 
upcoming winter to develop specific recommendations to bring back to the Board. If the Board accepts 
ACR #13, we ask that you schedule it for consideration at your March 2014 meeting. 
 
Respectfully, 

 
Karen Gillis 
Executive Director 
 
Attachments(2) 
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ATTACHMENT A 
 

Meeting summary of Kuskokwim River Salmon Management Working Group from August 27, 2013 
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KUSKOKWIM RIVER SALMON MANAGEMENT WORKING GROUP 
MEETING SUMMARY WITH REQUEST FOR COMMENT 

August 27, 2013 
 
The Kuskokwim River Salmon Management Working Group met on August 27, 2013 to discuss potential solutions to 
address the record low escapements observed in 2013 and the allocation issues described by middle and upper river 
communities.   This document is a meeting summary with a request to comment on the draft mission statement for the 
Working Group as well as the management recommendations.   
 
The following draft mission statement was proposed and discussed: 

The Mission of the Kuskokwim Salmon Working Group is to promote the sustainability of our salmon 
populations for the People of the entire Kuskokwim River from it’s mouth to the headwaters. We recognize 
the importance of salmon to all user groups, including, in order of priority: Subsistence fishers, Commercial 
fishers, and Sports Fishers. We also recognize that the ultimate priority is the salmon themselves and that 
ensuring adequate escapement must take the highest priority above all user groups. 

 
Working Group members recommended presenting the draft mission statement to communities and tribes for further 
input (the Fish & Wildlife Service will help distribute it as they visit numerous villages in the coming months). 
 
A resulting 20 recommendations were described as possible solutions to address the Chinook crisis and to better 
manage the Kuskokwim king salmon run.  Positive and negative aspects of many of the recommendations were 
discussed.  Working Group members pointed out that solutions would probably involve a combination of two or more of 
the recommendations and would require the involvement of all stakeholders (i.e., the agencies and the fishers).  These 
recommendations followed by a brief summary of positive and negative aspects discussed are being made available to 
the public in a separate Excel file; the positives and negatives are limited to those discussed at the meeting and may not 
be complete.  Public input on recommendations is being sought. 
 
RECOMMENDATIONS 

1. Starting the season closed to Chinook fishing and open when the data tells us that the abundance is adequate. 
2. Starting the season on a fishing schedule. 
3. Gear Restrictions  a. Mesh Size     b. Net length     c. Depth     d. Set Net Only     e. Dip nets 
4. Addressing Quality of Escapement 
5. Voluntary Reductions 
6. Attaining more than an advisory role 
7. Limiting to Federally Qualified Users (rural residents) 
8. Addressing Choke Points 
9. Permits Systems 
10. Permit System for Bethel only 
11. Close king salmon fishing for 5 years. 
12. Stop all commercial fishing on the Kuskokwim 
13. Establishing quotas based on a percent of the number of fish present. 
14. Schedules for the Lower River Only 
15. Combine a fishing schedule with gear restrictions. 
16. Tier II  
17. Establish Amounts Necessary for Subsistence (ANS) for the Lower, Middle, and Upper River rather than one ANS 

for the whole river. 
18. Adopt an Optimum Escapement Goal 
19. Establish an Inriver Goal 
20. Use of the Elders Fishery 

 
Additional recommendations: The Working Group voted to submit a letter to the North Pacific Fisheries Management 
Council to describe the Chinook declines on the Kuskokwim and ask the Council to continue to reduce Chinook bycatch.  
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Additionally the Working Group is seeking a volunteer among Working Group members to testify before the NPFMC at 
the October meeting in Anchorage. 
 
Please send comment or resolutions to the Working Group Co-Chairs by email or contact a Co-Chair.  The most valuable 
part of your comments is the rational.  Please provide an explanation for your position including details such as pros, 
cons and feasibility about each management strategy.  You may use the format in the attached table to describe 
comment on the current recommendation or to add additional recommendations. 
 
Sincerely, 
 
 
Beverly Hoffman Lamont Albertson Fritz Charles  Mark Leary  Casie Stockdale 
KRSMWG co-chair           KRSMWG co-chair   KRSMWG co-chair  KRSMWG co-chair  KRSMWG co-chair 
543-3239  675-4380     545-2877  543-7341 
bev@kuskofish.com trout@svic.net     napaimute@gci.net cstockdale@avcp.org 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: This summary was reviewed by the Working Group Co-Chairs and was reviews by a Working Group member who 
reviewed the summary against an audio recording of the meeting.   
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ATTACHMENT B 
 

August 27, 2013 Meeting packet for Kuskokwim River Salmon Management Working Group 
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 Ku s ko kw i m R i v e r  Sa l mo n  M a nag e me n t  W o r ki n g  
Gr o u p  

1 (800) 315-6338 (MEET) Code: 58756# (KUSKO) 
ADF&G Bethel toll free: 1 (855) 933-2433 

 

Meet ing Agenda 
 

Date: August 27, 2013   Time: 1:00 pm  Place: Bethel 
 
_____________________________________________________________________________________ 
Time Called to Order  Chair   Time Adjourned  
 
ROLL CALL TO ESTABLISH QUORUM:      QUORUM MET? Yes / No 
Upriver Elder:      Processor: 
Downriver Elder:   Member at Large:  
Commercial Fisher:    Sport Fisher:  
Lower River Subsistence:   Western Interior RAC:  
Middle River Subsistence:   Y-K Delta RAC:  
Upper River Subsistence: ADF&G: 
Headwaters Subsistence: 
 
INTRODUCTIONS: 
INVOCATION:   
APPROVAL OF AGENDA: Chairs suggest tabling continuing business.  
APPROVAL OF MINUTES: 
PEOPLE TO BE HEARD:  
CONTINUING BUSINESS:   
OLD BUSINESS: 
Summary of Unalakleet Chinook Summit – Bev Hoffman 
NEW BUSINESS: 

1. Development of a KRSMWG Mission Statement – Mark Leary/Dave Cannon 
2. Starting the season closed and then open 
3. Windows schedules 
4. Gear restrictions 

a. Mesh size 
b. Net length 
c. Use of set nets 
d. Dip nets 

5. Addressing quality of escapement 
6. Voluntary reductions 
7. Attaining more than an advisory role 
8. Limit to Federally Qualified Users of the Kuskokwim Region 
9. Additional recommendations 
10. Bycatch update and notes from YRDFA Bycatch Teleconference- Casie (if time allows) 

COMMENTS FROM WORKING GROUP MEMBERS: 

NEXT MEETING DATE: Time:  Place:_________________  
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Ku s ko kw i m R i v e r  Sa l mo n  M a nag e me n t  W o r ki n g  
Gr o u p  

1 (800) 315-6338 (MEET) Code: 58756# (KUSKO) 
ADF&G Bethel toll free: 1 (855) 933-2433 

 
Information Packet  

August 27, 2013 

NEW BUSINESS: 
From: mark leary [mailto:napaimute@gci.net]  
Sent: Monday, August 26, 2013 9:44 AM 
To: Shelden, Christopher A (DFG) 
Cc: Dave Cannon; Beverly Hoffman; Casie Stockdale 
Subject: draft mission statement 
 
Hi Chris, 
  
Here is our draft mission statement: 
  
The Mission of the Kuskokwim Salmon Working Group is to promote the sustainability of our 
salmon populations for the People of the entire Kuskokwim River from it’s mouth to the 
headwaters. We recognize the importance of salmon to all user groups, including, in order of 
priority: Subsistence fishers, Commercial fishers, and Sports Fishers. We also recognize that 
the ultimate priority is the salmon themselves and that ensuring adequate escapement must 
take the highest priority above all user groups.  
  
Thanks. 
  
Mark Leary 
Director of Development & Operations 
The Native Village of Napaimute 
P.O. Box 1301 
Bethel, AK. 99559 
Ph: (907)543-2887 (Bethel), (907)222-5058 (Napaimute), (907)222-6084 (Napaimute 
Community Building) 
Cell: (907)545-2877 
 
Visit Napaimute on the web: www.napaimute.org
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Bethel Census Area Population Data: Communities of the Bethel Census Area—
population information contributed by Mark Leary 
 
Population, 2012 estimate  17,746 731,449 
Population, 2010 (April 1) estimates base   17,013 710,231 
Population, percent change, April 1, 2010 to July 1, 2012  4.3% 3.0% 
Population, 2010   17,013 710,231 
Persons under 5 years, percent, 2012   11.0% 7.5% 
Persons under 18 years, percent, 2012   36.2% 25.6% 
Persons 65 years and over, percent, 2012   6.3% 8.5% 
Female persons, percent, 2012   48.2% 47.9% 
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Contributed by Casie Stockdale
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Notes YRDFA Teleconference Bycatch Discussion 8/20/2013—contributed by Casie Stockdale 

Information Provided by: 
Diana Stram, Council Staff Plan Coordinator 
Nicole Kimball, ADF&G Staff Commissioner’s office, Voting member/Alternate for Cora 
Campbell, Commissioner of ADFG on the Council 
Becca Robbins-Gisclair, Counsel Hobbs Straus Dean & Walker, YRDFA, Advisory Panel NPFMC 

 
Jurisdiction and Management 

The North Pacific Fishery Management Council is one of eight regional councils established by 
the Magnuson- Stevens Fishery Conservation and Management Act in 1976 to manage fisheries 
in the 200-mile Exclusive Economic Zone (EEZ). The Council primarily manages groundfish in the 
Gulf of Alaska, Bering Sea, and Aleutian Islands, targeting cod, pollock, flatfish, mackerel, 
sablefish, and rockfish species harvested by trawl, longline, jig, and pot gear.  
 
 The US EEZ extends from 3 miles to 200 miles. 

The Council is the system’s decision-making body. The Council has eleven voting members and 
four non-voting members. The State of Alaska Commissioner of ADF&G holds a seat on the 
Council and plays a key role.  Bycatch reduction is a key issue for the Commissioner’s office. 
 
The NPFMC provides recommendations to the National Marine Fisheries Service (NMFS). NMFS 
provides the Council with research information, environmental modeling, stock assessment 
advice, analytical assistance, restricted access management, regulatory implementation, and in-
season monitoring and management of the fisheries. NMFS also reviews and approves 
recommendations through the office of the Secretary of Commerce.  Final decisions are 
approved by the Secretary of Commerce. 

Bering Sea and Aleutian Island Bycatch Management since 2011 

In Federal Law: Amendment 91 is an innovative approach to managing Chinook salmon bycatch 
in the BSAI pollock fishery that combines a limit on the amount of Chinook salmon that may be 
caught incidentally with incentive plan agreements and performance standard.  There is an 
overall cap of 60,000 Chinook salmon if the pollock fishery is participating in approved incentive 
plans. There is also a performance standard of 47,591 Chinook salmon. They may exceed the 
performance standard of 47,591 in two out of any seven years (but only up to 60,000 Chinook 
salmon). If they exceed the performance standard in a third year out of any seven the cap drops 
to 47,591 permanently. The program was designed to minimize bycatch to the extent 
practicable in all years, and prevent bycatch from reaching the limit in most years, while 
providing the pollock fleet with the flexibility to harvest the total allowable catch. NMFS 
implemented this program for the 2011 BSAI pollock fishery. 

Starting in 2011, the sampling method for salmon in BS pollock directed fisheries changed to 
census counts. 
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Chinook bycatch has been found to be generally age 4, 5, and 6 year old salmon.  Because the 
bycatch is multiple ages, the impact of bycatch is felt over multiple years and not just one year.  
An Adult Equivalency is therefore calculated.   

Recent genetic analyses estimate that about 73% of the BSAI Chinook bycatch is bound for 
Western Alaska (Norton Sound to Bristol Bay, including the middle and upper Yukon). 

Current bycatch numbers in the BSAI ground fisheries 

A Season (January 1 to June 10) catch in 2013 was 9,183.  This is slightly higher than but similar 
to 2011 (7,652) and 2012 (8,985) and similar to 2010 (9,466).  These were all relatively low A 
season catches. 

B Season (June 11 to December 31) so far is 554. 

Total BSAI bycatch in all ground fisheries as of August 8, 2013: 9,737.   

Total BSA bycatch in the pollock fishery as of August 8 2013: 8,788 (90% of total bycatch all 
fisheries) 

Have easily accessible historical numbers back to 1991.  Catches prior to 2011 are considered 
very accurate but are more accurate since 2011.  Since 2011 we have 100% and sometimes 
200% observer coverage on all of the pollock fleet and the sampling method changed to census 
counts rather than sampling. 

Russian and Japan EEZ 

No current information is available.  The US is working to get better information on bycatch in 
the Russian pollock fishery.  We may expect more information in the future as Russia is seeking 
Marine Stewardship Council certification.  

Upcoming: 

BSAI Chinook Bycatch Report to be published 2nd Week in September. 

Next NPFMC meeting Sept 30-Oct. 8 Anchorage Hilton.  Included on the agenda are: Industry IPA 
report for BSAI chum salmon, BSAI Chinook Salmon Report Review, Salmon Donation Program. 

Written comment deadline for next meeting:  September 24, 2013 

Send comments to: 
Email: npfmc.comments@noaa.gov (PDF attachments accepted) 
Fax: 907-271-2817 
Address: 605 W. 4th Avenue, Suite 306, Anchorage, AK 99501 
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OVERVIEW OF KUSKOKWIM RIVER SALMON RUN ASSSSMENT PROJECTS  
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ESCAPEMENT MONITORING 

Chinook Escapement  (2004 – 2013)  
Preliminary (no estimates) 
 
 
Kwethluk River weir operated from June 21st – August 16th.  Partial days reported by USFWS 
were August 9th and 16th.  No estimates have been made at this time for partial days of operation.   
 

 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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Tuluksak River weir began operations on June 24th and has not reported any operational 
difficulties to date. 

 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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Salmon River weir began operations on June 14th.  Partial day counts occurred on July 6th, 14th, 
and August  7th. No estimates have been made but will likely be minimal. 
 

 
Note: 2006 and 2009 did not cover the entire Chinook run and season totals are considered 
incomplete. 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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George River weir began operations on June 18th.  Partial day counts include June 18th and July 
7th – 11th. No estimates have been made but will likely be minimal. 
 

 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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Kogrukluk River weir began operations on June 28th.  Partial day counts occurred on June 28th, 
July 7th and 9th, and August 4th, 6th, and 21st.  Full days of inoperability included July 8th and 
August 7th – 20th.  No estimates have been made at this time but will likely be minimal. 
 

 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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Tatlawiksuk River weir began operations on June 19th. June 19th was a partial day count. 
 

 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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Takotna River weir began operations on June 24th.  A partial day count occurred on July 14th.  
 

 
*The 2013 season total is NOT the final escapement number.  Estimates will be made at the end 
of the field season. 
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Coho Salmon 

 
*August 16th was the last day of operations at Kwethluk for the 2013 field season and was a 
partial day of counts. August 9th was also a partial day due to submerged boat panels.  
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*Kogrukluk River weir was out of operation August 6th – 21st.  No estimates have been 
made at this time.  Based on average run timing, approximately 13% of the coho run was 
not counted. 
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*Tatlawiksuk River weir has been out of operation since August 23rd due to high water. No 
estimates have been made for the 23rd – 25th at this time. 
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Historical Catch Statistics 
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ABSTRACT 
 

During the 2013 summer and fall fishing seasons, Yukon Delta Fisheries Development Association 
(YDFDA) and Alaska Department of Fish and Game (ADF&G) cooperatively conducted a test fishery, 
using purse seine type gear within District 1 of the Yukon Area.  The major goal of the testing was to 
evaluate the purse seine gear and to develop procedures that would facilitate the live release of Chinook 
salmon.  YDFDA operated the purse seine gear under general conditions stipulated by ADF&G regarding 
gear type and time of operation.  Beach seines with web of monofilament and seine webbing (18-count 
threat) were modified to fish as purse seines by either attaching carabineers to the lead line or attaching 
purse rings, with and without bridals, to the lead line by carabineers or zip ties. Additionally, a purse 
seine, with 12-count threat web, was also used in this test fishery.  A total of 553 chum salmon were 
captured in 67 sets.  The vast majority of these fish, 73%, were captured during the lone sampling period 
during the summer season, July 2-6, in 22 sets.  Catches of chum salmon were directly related to the 
number of chum salmon in the river, as indicated by sonar counts attributed to chum salmon.  Dropping 
river water levels dramatically increased the number of snags encountered during the fall season, post 
July 15, sampling period.  We concluded that: 1. chum salmon can be harvested in commercial quantities 
using purse seine gear in District 1 of the Lower Yukon Area; 2. Chinook salmon captured in the purse 
seine could be released alive into the river by documenting that nearly all chum salmon and larger non-
target fish species captured could easily be released without harm; and 3. small non-target fish species, 
such as Bering cisco and small female pink salmon, were prone to be gilled and could not be released 
alive back into the river.  We suspect that these gilled fish could be used for subsistence purposes or sold 
to Kwik’pak fisheries. If the Alaska Board of Fisheries passes a regulation to allow purse seines to 
commercially harvest summer chum salmon in 2014, a documentary video will be constructed to inform 
fishers of the procedures already established that would facilitate the live release of Chinook salmon.    

 
 

INTRODUCTION 

Chinook and Summer Chum Salmon Stock Status and Management 
The Yukon Area includes all waters of Alaska within the Yukon River drainage and coastal waters from 
Point Romanof, northeast of Kotlik, to the Naskonat Peninsula.  For management purposes, the Yukon 
Area is divided into 7 districts and 10 subdistricts (Figure 1).  The Yukon River Chinook salmon 
Oncorhynchus tshawytscha run precipitously declined in 1998, increased through the mid 2000s, and then 
declined again to very low levels starting in 2008.  From the beginning of the decline, 1998, through 
2007, restrictions were imposed on the Yukon Area directed-Chinook salmon commercial fisheries to 
bolster the number of Chinook salmon crossing the border into Canada and also arriving on the spawning 
grounds in Alaskan spawning tributary streams.  Starting in 2008, the very low Chinook salmon run 
necessitated the suspension of the long-standing directed Chinook salmon fishery.  The Yukon Area 
directed Chinook salmon fishery has not been allowed since.  Additionally, because of the run timing 
overlap with Chinook salmon (Figure 2), the directed summer chum salmon gillnet fishery, which has 
been restricted to gillnets with a maximum stretch mesh size of 6 inches, has been severely curtailed to 
avoid incidental harvest of Chinook salmon.  Further, the sale of incidentally-harvested Chinook salmon 
was prohibited in 2009, and 2011through 2013 to reduce the harvest of Chinook salmon by deterring 
commercial fishers from targeting the more valuable Chinook salmon during commercial fishing periods.  
Although these restrictions have bolstered the number of Chinook salmon entering Canada, border 
passage commitments to Canada have only been achieved in 2 of the last seven years (2007-2013), 2009 
and 2011 JTC 2013; 2013 Eric Newland, ADF&G/CF, Anchorage, personal communication).   
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The Yukon River Chinook salmon runs have declined to a point that during 2013 ADF&G requested that 
subsistence fishers reduce their normal subsistence harvest by 75% (Newland and Estensen 2013).  
During the 2013 season, severe subsistence restrictions were employed throughout the drainage to bolster 
king salmon escapements and to attempt to meet the agreed upon the minimum escapement of 42,500 
king salmon in Canada plus the Canadian share of the TAC (Eric Newland, ADF&G/CF, Anchorage, 
personal communication).  Even with these unprecedented restrictions on subsistence fishing, preliminary 
data indicates that only 2 escapements goals were achieved within the Alaskan portion of the drainage.  
However, king salmon escapements to all spawning tributaries within the drainage were substantially 
below average. Additionally, the preliminary Chinook salmon passage into Canada was 30,725 salmon, 
the worst since the Eagle sonar monitoring project was initiated in 2005.  When compared to the long-
term border U.S/Canada JTC passage and escapement database, the preliminary 2013 border passage is 
only a few fish larger than the worst estimated border passage on record, 30,699, that occurred in 2000 
(JTC 2013).   
 
In contrast, recent Yukon River summer chum salmon O. keta runs have been above average in run size.  
Additionally, there has been a renewed market interest in summer chum salmon with relatively high 
prices paid to the commercial fishers.  During the past few years, millions of commercially-harvestable 
summer chum salmon have passed through the Lower Yukon Area with relatively very few being 
harvested because of the concern for the very poor runs of Chinook salmon.  This foregone harvest has 
been substantial in recent years, totaling more than 1.0M fish in both 2011 and 2012.  Despite new 
commercial fishing regulations passed by the Alaska Board of Fisheries (BOF), which allowed the use of 
dipnets, beach seines and shallower and smaller mesh size gillnets (5.5 stretch measure, 30 meshes deep), 
preliminary estimates indicate that at least 1.6M commercially-available summer chum were passed onto 
the spawning grounds.  This foregone harvest translates into a possible loss to the fishermen of 
approximately $4.3M in 2013 (Table 1) and $18.0M during the past three years.  The preliminary value of 
the 2013 Lower Yukon Area summer season salmon harvest was approximately $1.7 M (Table 1) and 
approximately $4.2M for the past 3-years.  In contrast, the annual value of the commercial harvests for 
the 10-year period (1988-1997) before the initial decline of the Chinook salmon in 1998, when king 
salmon were commercially harvested and sold, ranged from a low of $3.6M in 1996 to $10.6M in 1992.  
The 5-year average values for this time period was $6.6M (1988-1992) and $4.8M (1993-1997) (Figure 
3).  The most recent 5-year (2009-2013) average value of this fishery is $1.0M (Figure 3). Further, the 
2013 estimated spawning escapement of over 2.6M fish (Table 1) may have negative implications to the 
summer chum salmon runs four and five years hence (Sandone unpublished). 

Summer Season Harvest and Management Strategies 
During the summer season, the Chinook salmon and summer chum salmon runs overlap.  Usually, the 
Chinook salmon run is earlier than the summer chum salmon run but the degree of overlap between the 
two runs is variable from year to year.  Based on the mid-50% of the run, defined by the first and third 
quartile day, the degree of overlap varied from nearly complete overlap in 1998, 1999, 2010, 2012, and 
2013 to minimal overlap in 2003 (Figure 2).  
 
Although the 2012 incidental harvest of Chinook salmon in the directed District 1 and 2 commercial 
summer chum salmon fishery was not sold; was relatively small in numbers; and mainly consists of 
young and small male salmon, the incidental harvest from the small gillnet commercial fishery is 
unacceptable.  Of the 2,421 Chinook salmon incidentally-harvested in 2012 (ADF&G 2012), samples 
taken by ADF&G indicated that 76% were age-5 salmon or younger and 70% were male (JTC 2012).  
The 2011 incidental Chinook salmon harvest was composed of slightly younger fish, 79% were age-5 or 
younger, and a slightly higher percentage of male salmon, 82% (ADF&G 2011).  To minimize both the 
incidental harvest of Chinook salmon and Canadian-origin Chinook salmon, a basic management strategy 
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was developed in 2010 to allow directed, commercial summer chum salmon fishery openings with 
gillnets of 6 inch stretch mesh or smaller, only after the third quartile day of the Chinook salmon run had 
passed through the fishery area (Steve Hayes, ADF&G/CF, Anchorage, personal communication).   This 
management strategy was employed in 2010, resulting in very few summer chum salmon being 
commercially harvested because of coincidental run timing of the Chinook and summer chum salmon 
(Figure 2).  A more surgical management approach was developed in 2011 with summer chum salmon-
directed fisheries occurring when and where the Chinook salmon passage was minimal in the different 
mouths of the Yukon River. In 2011 and in 2012, most of the Chinook salmon migrated through the 
North and Middle Mouths of the Yukon during the latter half of the Chinook salmon run, allowing some 
commercial fishing for summer chum salmon to occur in the South Mouth (Figure 4).  However, the 
periods occurred late in the season, were of short duration, and resulted in far fewer fish harvested than 
would have occurred in a district-wide commercial fishery.  District 2 fishermen were disenfranchised 
during this period because Chinook salmon were present in relatively good numbers within District 2 
during that time.  
 
Although most of the commercial fishing occurred late in the run during these years, thousands of king 
salmon were still incidentally harvested with gillnets.  This level of king salmon harvest was deemed 
unacceptable because of poor king salmon escapements, restrictions on subsistence fisheries, and the 
failure to meet the commitment to Canada.  Additionally, since most of the run had passed through the 
Lower Yukon Area before commercial fishing commenced, summer chum salmon harvests were very 
small in relation to the available surplus and run sizes.  Accordingly, in addition to the direct monetary 
loss to the fishermen, fish buyers and processors found it very difficult to maintain markets for summer 
chum salmon because of the uncertainty surrounding the fishery timing and harvests. 

Selective Harvest Gear Regulations and Implementation 
During the regulatory scheduled Arctic-Yukon-Kuskokwim (AYK) Alaska BOF meeting in January 
2013, the BOF adopted new commercial fishing regulations for the Yukon River drainage designed to 
allow commercial fishing for summer chum salmon regardless of the size of the Chinook salmon run.  
These new regulations were employed to allow for the selective commercial harvest of summer chum 
salmon, even during times when subsistence fishing closures were implemented to protect Chinook 
salmon.  These new regulations gave ADF&G the authority to allow commercial fishing for chum salmon 
with dip nets and beach seines with the stipulation that all Chinook salmon be returned to the river alive.  
Unlike gillnets, the use of dipnets and beach seines allow the live release of king salmon when king 
conservation measures are necessary.    

These new gear options were specifically intended to allow for additional summer chum directed 
commercial fishing opportunity while allowing for the release of incidentally caught Chinook salmon. 
Harvest results indicate that dipnets accounted for 34% of the harvest in District 1, 70% in District 2 and 
50% for District 1 and 2 combined (Table 2). High water during the summer season effectively precluded 
the use of beach seines in 2013.  Additionally, 928 king salmon were caught and released with dipnet gear 
type.  Subsequent fishing with the new gillnet gear, 5.5 inch mesh, 30 meshes deep gillnets, accounted for 
36% of the District 1 harvest, while only catching 88 Chinook salmon (Table 2).  This gear was not used 
in the District 2 fishery.  Finally, near the end of the summer chum run, the traditional maximum 6-inch 
mesh, 50 mesh deep gillnet was allowed for 5 periods each in District 1 and 2.  This traditional gear type 
accounted for 31% and 30% of the District 1 and 2 summer chum salmon harvests, respectively.  Chinook 
salmon incidental harvest in this gear type totaled 301 salmon. The total incidental Chinook salmon 
totaled 381 salmon.  In previous years, the incidental Chinook salmon numbered in the thousands of fish. 
 
Beach seines were employed by only a very few fishers on very few occasions because of the lack of 
beach sites caused by the high water in the Lower Yukon Area during the spring and early summer of 
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2013. Dipnets and beach seines were allowed 12 hours a day for 15 and 17 consecutive days in District 1 
and 2, respectively.  With the addition of gillnet gear, consecutive commercial fishing days were extended 
to 23 days in District 1 and 18 days in District 2. However, the associated commercial exploitation rate 
was dismal. Although the target drainage-wide commercial exploitation rate was over 65%, the actual 
drainage-wide exploitation rate was only 15% (Table 1).  While District 1 and District 2 harvested about 
29% of their allocation, which translates into a commercial exploitation rate of 12%, the upper river 
harvested only about 14% of their allocation with an associated commercial exploitation rate of 
approximately 3% (Table 1). Although the exploitation rate using these new gear types was dismal, their 
use prevented a complete failure of the commercial summer chum salmon fishery.  Note that the harvest 
of summer chum salmon with the new gear types, dipnets, beach seines, and the 5.5-inch/30mesh deep 
gillnets, accounted for 70% of the total combined District 1 and 2 harvests. 
 
In addition to the obvious positive effects an increased fishing time and associated harvest have on the 
people of the area and the stocks of interest, other positive factors may have included the return of fishers 
and fishers’ family to fish camp because of the daily commercial fishing activity (Jack Schultheis, 
General Manager Kwik’pak Fisheries, Emmonak, AK, personal communication), less social problems 
and less complaints from the area to government agencies (Billy Charles, Emmonak commercial and 
subsistence fisherman, Emmonak, AK., personal communications). 
 
The fishing power of the Lower Yukon Area fleet, which consists of approximately 700 commercial 
permit holders, in conjunction with the very large capacity of the lone processor, are adequate to harvest 
and process the entire surplus of commercially-available Yukon River summer chum salmon.  Although 
gillnets can efficiently take this large harvestable surplus, it is not being taken because king salmon are 
incidentally taken in the gillnet fishery.  Despite nearly continuous fishing with dipnets, beach seines, and 
gillnets during the 2013 summer season, only a small portion of the total harvestable surplus was taken. 
Therefore, we are continuing our efforts to test other selective gear types and develop and propose new 
regulations that will aid in the harvest of substantial quantities of summer chum while not affecting the 
king salmon population.   

Development of New Selective Harvest Gear 
In a region heavily affected by declining Chinook salmon runs and limited opportunities for income, other 
than commercial fishing, new gear and fishing methods that would target summer chum salmon while 
minimizing negative impacts on Chinook salmon are essential. Therefore, we tested the use of purse 
seines in the Lower Yukon Area as a viable alternative to gillnets to selectively harvest summer chum 
salmon without negatively affecting the Chinook salmon run. Purse seines allow the selective harvest of 
salmon by encircling them with a net while leaving them free-swimming in the purse bag. Fish can be 
identified and released by type or species with a minimum amount of handling. We believe that dipnets 
will continue to be used, but the poor efficiency of that gear type will continue to only take a small 
portion of the harvestable surplus.  Beach seines, in some years when the water is low, may provide 
additional opportunity for commercial fishers to harvest a larger portion of the harvestable surplus.  But 
the river is usually high for most of the summer season, and by regulation, the beach seine must be set 
from and to the beach.  The scarcity of beaches during the summer season precludes their use in most 
years.  
 
We believe that the first hurdle in gaining acceptance of new selective fishing gear types for commercial 
use in the Lower Yukon area is to conduct a test fishery, where the salmon catch by purse seine is 
documented at suitable locations within District 1.  We suspect that possible large catches of summer 
chum salmon can be made with the proper purse seine gear.  We also believe that most non-target fish 
species can be released without harm.   
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Selective Fishing 
Other countries and states have already established that selective fishing is the only way to avoid 
complete shutdown of some fisheries. Selective fishing is defined as the ability to avoid known, non-
target species and stocks or, if encountered, to release them alive and unharmed. There are two 
complementary elements to selective fishing: avoidance and release. Harvest management techniques to 
avoid non-target species or stocks are mainly carried out by establishing when and where harvesting is 
permitted and implementing time and area restrictions. Fishing selectively also requires modifications to 
existing gear and fishing methods, or the introduction of alternative fishing gear and technology. 
(Fisheries and Oceans Canada 1999; WDFW 2013a). Because of the coincidental run timing of the 
Yukon River Chinook and summer chum salmon runs, we believe that there are few to no additional 
options available to avoid the Chinook salmon while attempting to harvest summer chum salmon.  
Therefore, we are convinced that we need to develop fish capture methods that will harvest large numbers 
of summer chum salmon that will also allow the live release of the non-target Chinook salmon. 
 
Research into selective fisheries started in Canada in 1998 (Fisheries and Oceans Canada 1999). Similar 
to the concern over the chronically poor Chinook salmon runs in the Yukon River, Canada’s concerns 
over critical coho salmon stocks in Canada’s Pacific fisheries threatened to shut down the Pacific salmon 
fisheries in 1998 (Fisheries and Oceans Canada, 2001a).  In response, managers in Fisheries and Oceans 
Canada’s Pacific Region developed a strategy to harvest available abundances of large, healthy stocks of 
salmon of all species while ensuring conservation of smaller, threatened stocks. They stated that the 
answer, not just for salmon, but groundfish, invertebrates, seabirds, marine mammals, and all other 
species at risk of over-exploitation, is the widespread adoption of selective fishing techniques (Fisheries 
and Oceans Canada 2001a).  In 2001, Canada developed a policy for selective fishing in Canada’s Pacific 
fisheries (Fisheries and Oceans Canada 2001a).  The intent of Canada’s selective fishing program is to 
develop fishing gear and methods first through scientific experimentation, moving to demonstration-level 
fisheries, then on to implementing new techniques as part of regular fisheries (Fisheries and Oceans 
Canada 2002). 
 

The Washington Department of Fish and Wildlife started testing selective fishing methods with tangle 
nets and box traps in 2000 (Fisheries and Oceans Canada 2001b).  In 2009, WDFW initiated a 
commercial selective gear implementation project in the lower Columbia River testing a purse seine, 
beach seine and trap net with the goal of harvesting hatchery salmon while releasing the wild salmon, 
many of which are endangered species (WDFW 2009).  This program was expanded in 2010 to include 
five purse seines, six beach seines and two trap nets (WDFW 2013b).  The research effort involved the 
catch and release of the fish.  Results indicate that fewer than 25 out of the 25,000 fish captured suffered 
direct mortality, about one-tenth of a percent of the catch (Josh Hollowats, Washington Department of 
Fish and Wildlife, Fishery Biologist, personal communication; The Columbia Basin Fish and Wildlife 
Bulletin 2010). They concluded that both purse and beach seines proved to be effective capture methods, 
with purse seines being the most effective of the two gear types (The Columbia Basin Fish and Wildlife 
Bulletin 2010).  They also noted that the fish captured were in excellent condition, regardless of gear type, 
with no immediate mortalities being observed.  The Bonneville Power Administration developed a video 
entitled: The Friendliest Catch:  Coleville Confederated Tribes’ Selective Salmon Harvest, 
(http://www.youtube.com/watch?v=Ir8QiLqPhjY) which documents the harvest of hatchery salmon 
while live releasing the wild fish (Bonneville Power Administration 2010).   

Recently, Washington's representatives to the Columbia River reform workgroup stated that they support 
the using pilot beach seine and purse seine fisheries during fall 2013 in the commercial fishery (The 
Columbian 2012).   In a related decision, The Washington Fish and Wildlife Commission unanimously 
adopted a policy that establishes a new management framework for salmon fisheries on the lower 
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Columbia River. The changes are based on recommendations made by representatives from the 
Washington commission and its Oregon counterpart and comments received during the extensive public 
review. The Oregon Fish and Wildlife Commission approved a similar management framework for 
Columbia River fisheries in December 2012. The policies adopted by both states include plans to phase 
out the use of gillnets by 2017 in non-tribal fisheries on the Columbia below Bonneville Dam (WDFW 
2013b).  

The situation on the Columbia River appears very much like the situation facing summer season gillnet 
fishers on the Yukon River and other fisheries within the state of Alaska.  The fishery will either be shut 
down or capture methods aimed at selectively harvesting the target species while allowing for the live 
release of the non-target species must be developed, demonstrated, and employed. Unfortunately, the idea 
of testing purse seines as a selective fishing gear type in the Lower Yukon River was not considered by 
YDFDA until nearly all of the Chinook salmon had migrated out of the Lower River in early July.  
Therefore, the dual objective to determine if a purse seine could be used within the Yukon River to 
selectively harvest summer chum salmon while live-releasing Chinook salmon unharmed could only be 
partially evaluated.  After it was determined that chum salmon could be caught with purse seine gear, the 
major goal of the testing changed to evaluation of the gear and the development of procedures that would 
facilitate the live release of Chinook salmon.   
 
The specific objectives of the test purse seine fishery were to: 

1) Evaluate the effectiveness of purse seine gear with regard to catching chum salmon; 
2) Determine if fish caught in the purse seine could be released alive; 
3) Learn how to use the gear effectively through repetitive use; and  
4) Determine if the gear needs to be modified and if possible, modify accordingly. 

 
 

METHODS 
 

Overview 
Three different purse seines were tested in the Yukon River during the periods: July 2 - 6; July 17 - 21; 
and August 7 - 9.  Two purse seines were modified beach seines and one was a specifically designed 
purse seine to be used in the lower Yukon River.  The web of one of the modified beach seines consisted 
of monofilament; the other consisted of heavy, 18-thread count, seine web.  The later modified beach 
seine was cut from a net that was originally 75 fathoms in length. The web of the riverine-designed purse 
seine consisted of lighter 12-thread count seine webbing.  All gear was 50-fathoms long and consisted of 
3.5-inch mesh web.   Both modified beach seines were 100 meshes deep; the purse seine was 150 meshes 
deep. The lead lines of the modified beach seines were heavy, 140/100; the lead line of the purse seine 
was lighter, 110/100.  In a subsequent attempt to shallow the purse seine from 150 meshes to 100 meshes 
because of dropping water levels during the fall sampling periods, an error was made in re-hanging the 
web onto the lead line that caused the purse seine to be inoperable.  Therefore, the purse seine was only 
used for the period July 17-21.    
 
Purse rings and the method of attachment for the modified beach seines varied. Initially, 4.5 inch 
carabineers or snap rings were attached directly to the lead lines of the modified beach seines to act as 
purse rings.  Later, 6-inch diameter neutral buoyant plastic purse rings attached to an 18-inch bridal were 
secured to the modified beach seines with the 4.5 inch carabineers.  Later in the season, these bridals were 
attached to the lead line with zip ties.  In an effort to reduce the wrapping of the web in the rings and lead 
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line, the distance between the lead line and the purse rings was eliminated and the 6-inch diameter plastic 
rings were attached directly to the lead line, without the bridal, with zip ties.  Finally, 2-inch stainless 
steel rings with 12-inch bridals were attached to the seine web beach seine with zip ties.  In another 
attempt to reduce the seine web being wrapped in the rings and lead lines, the distance between the purse 
rings and the lead line was also reduce.  The 12-inch bridal was folded and then attached to the lead line 
with zip ties, effectively reducing the distance between the lead line and the ring to 6 inches. The purse 
seine was equipped with 2 inch by 5/16 inch stainless steel rings attached to a 12-inch bridal.  The bridal 
was professionally tied onto the lead line.  
 
Yellow polypropylene rope, a floating purse line, and a sinking purse line were used as a purse line for 
the modified beach seines.  A sinking purse line was used for the purse seine. Because of the scarcity of 
salmon during most periods, all sets were drifted from 10 to 20 minutes before the set was closed.  
 
Two sites within Statistical Area 334-13 of District 1 were used in this test fishery.  One site was located 
along the south bank of the river, just upriver from Sunshine Bay (Figure 4).  The other site was located 
along the south side of a prominent sand bar, near the boundary of Statistical Area 334-12 and 334-13 
(Figure 4)  

Purse Seine Gear and Fishing Methods by Sampling Period 

July 2-6 
During the time period, all sets were conducted with the modified beach seine with monofilament 
webbing at a site along the south bank of the river, immediately upriver from Sunshine Bay (Figure 4).  
The beach seine was effectively used as a purse seine by attaching 4.5 inch snap rings or carabineers to 
the lead line at approximately 6-foot intervals.  An approximate 330-foot polypropylene rope was 
threaded through each carabineer to act as the purse line.   All sets were conducted with three boats.  Two 
boats were used in the setting of the seine; one boat surveyed the operations as a safety precaution.  
 
On July 6 YDFDA received notification, via email, from ADF&G to cease test purse seining activities 
with seines made with monofilament web.  ADF&G also relayed that since there were very few Chinook 
salmon in the lower river they felt it was no longer necessary to test the gear to see if Chinook salmon 
could be released because few if any Chinook salmon would be captured. ADF&G stated that, …since the 
original objectives of the test fishery have either already been evaluated or are no longer relevant (at this 
point in the run), the test fishing operations with monofilament should not proceed further. ADF&G 
refused to allow test purse seining activities with the monofilament web purse seine because purse seine 
web made from monofilament was prohibited by regulation (5 AAC 39.170.).  However, ADF&G 
indicated that they may be willing to allow test fishing activities continue with purse seines constructed 
with seine webbing.  
 

July 17, 19-21 
In mid July, YDFDA requested and received permission from ADF&G to commence test fishing with 
purse seines with web constructed from seine material during the fall season to further evaluate the purse 
seine gear and to develop procedures that would allow the capture and retention of chum salmon while 
allowing the live release of non-target salmon species. Test fishing was conducted with two boats since 
we did not believe that there was a safety issue in using a purse seine in the river. Most sets were made at 
the original sampling site immediately upriver from Sunshine Bay (Figure 4).   However, in an effort to 
make sets on the north bank (right bank) of the river, a site within Statistical Area 334-13, near the 
boundary of Statistical Area 334-12 on the south side of a prominent sandbar was also used (Figure 4). 
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On July 17, YDFDA commenced test fishing exclusively with a purse seine within District 1 with the 
purse seine specifically constructed for the riverine environment.  Purse rings were 2-inch by 5/16-inch 
stainless steel ring attached to a 12-inch bridal. These rings and bridals were tied onto the lead line at 10-
foot intervals.  The purse seine web was constructed of 12-thread count seine web, having a stretch mesh 
of 3.5-inch that was 150 meshes deep. Test purse seining was not conducted on July 18 because of a 
scheduled commercial fishery which we didn’t want to interfere with.  Testing resumed on July 18 and 
continued through July 21. 

August 6-8 
Alaska Board of Fisheries member, Mr. John Jensen, visited Emmonak on August 5-7, specifically to 
observe the test purse seine activities, the commercial fishery, and the fish processing facilities.  
Additionally, Mr. Jensen expressed interests in observing the testing of the purse seine with web 
constructed from monofilament.  Because of his interest in this specific purse seine, ADF&G allowed the 
testing of this purse seine on August 6 and 7.   
 
Because of the error made in re-hanging the web on the purse seine, only the modified beach seines were 
fished during this period.  Initially, 6-inch neutral buoyant plastic purse rings with 18-inch bridals were 
attached to each modified beach seine with 4.5-inch carabineers.  On August 7, we replaced the 
carabineers with zip ties as a method of securing the bridals to the lead line.  On August 8, the 6-inch 
rings were attached directly to the lead line of the modified beach seine with seine web with zip ties. Later 
that day, the 6-inch plastic rings were removed and the 2-inch stainless steel purse rings with 12-inch 
bridals were attached to the lead line.  In an attempt to reduce the distance between the lead line and the 
purse ring, the bridal was folded so that the effective distance was reduced by half.   
 
During this period, most of the sets were made on the north bank site near in Statistical Area 334-13 near 
the boundary of Statistical Area 334-12 (Figure 4). 
 
 

RESULTS 
 
 

Objective 1: Evaluate the effectiveness of purse seine gear with regard to 
catching chum salmon 
A total of 73 sets were made with the purse seines and modified beach seines during the three sampling 
periods.  A total of 553 chum salmon were captured during 67 of the sets where data were obtained.  
Catches for daily test purse seine efforts ranged from 126 on July 3 in 4 sets to 1 chum salmon caught on 
August 7 in 7 sets (Table 3).  Generally, the number of chum salmon caught in purse seine sets in District 
1 was dependent on the number of chum salmon in the river (p=0.01005).  Relatively high numbers of 
fish in the river during the end of the summer season, (July 2-6), as indicated by the associated sonar 
counts attributed to summer chum salmon, along with very low numbers of fall chum salmon in the river 
during the fall season sampling periods (July 17, 19-21 and August 6-9), are reflected in the purse seine 
catches (Figure 5).  The vast majority, 73%, of the total chum salmon catch were taken during the July 2-
6 period.  The two sampling periods during the fall season, July 17, 19-21 and August accounted for 19% 
and 8% of the total chum salmon catch, respectively.   
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July 2-6 
During the July 6-this period, 22 purse seine sets were made.  The catch included 405 summer chum 
salmon, 2 Chinook salmon, 42 Bering cisco Coregonus laurettae, 3 pink salmon O. gorbuscha, 1 burbot 
Lota lota , and 1 northern pike Esox lucius (Table 3).  Most of the Bering cisco and  about half of the  
pink salmon were gilled in the web of the seine.  These gilled fish were retained for subsistence use 
because they were not expected to live. One Chinook salmon was misidentified as a chum salmon 
because of its small size and was not immediately attended to.  It was also wrapped in the folds of the 
webbing near the rings and leads.  If immediately identified correctly, this fish would have been attended 
to immediately and probably could have been released alive.  This Chinook salmon was captured during 
the first set with the modified purse seine when we had little knowledge of procedures that would result in 
live release of non-target fish.  All other fish, including the chum salmon and the lone Chinook salmon, 
were free swimming in the bag of the purse.  Although some fish momentarily got their fins and their 
operculum caught in the web of the net, we believe it did not have a significant negative effect on the 
viability of the fish. The chum salmon were retained for sale while the northern pike and burbot were 
released alive.  The Bering cisco and pink salmon were given to residents for subsistence use.  

July 17, 19-21  
During the July 17, 19-21 period, 21 purse seine sets were made.  The catch included 104 fall chum 
salmon, 12 Bering cisco, 8 pink salmon, 2 burbot, 1 long nose sucker Catostomus catostomus and 1 
humpback whitefish Coregonus pidschian.  While most of the Bering cisco were gilled, only 2 pink 
salmon were gilled.  All other fish were free swimming in the purse bag.  The gilled fish were retained for 
subsistence use.  The fall chums were retained for sale; all non-target fish that were not gilled were 
released alive. 

August 6-8 
Catch information for August 6 was lost.  Therefore, catch data from this day were not included in the 
totals for this period.  Subjective assessment of the catch from this day was that the catch was small and 
would not substantially affect the results from this period.   
 
During the period August 6-8, a total of 30 purse seine sets were made.  Of this total, catch data were 
available for the 23 sets that were conducted during the period August 7-9.  Total catch during these days 
included: 44 chum salmon; 3 Bering cisco; 1 coho salmon O. kisutch ; and 1 Arctic char Salvelinus 
alpinus.  A total of 37 fall chum and 1 coho salmon 2 Being cisco and 1 Arctic char were released alive. 
Seven chum salmon were sold; 1 gilled Bering cisco was taken for subsistence purposes.  

Objective 2:  Determine if fish caught in the purse seine could be released alive 
The major objective in the development of new gear for the harvest of the abundant summer chum salmon 
within the Lower Yukon Area is to be able to release the Chinook salmon alive.  In the numerous sets 
made this year in the test fishery, only a few fish could not be released alive.  These fish were either small 
non-salmon fish that were gilled, such as Bering cisco, or small female pink salmon or a very small 
number of salmon that were wrapped in the webbing near the bottom of the purse seine when the purse 
rings and leads were brought aboard the boat.  However, most of the salmon wrapped in the webbing that 
could not be untangled and release in a timely manner were caught in the first few sets when procedures 
were being developed.  After repetitive sets, procedures were developed that would tend to ensure that the 
web did not get tangled with the lead  and rings, allowing nearly all captured salmon to be released alive.  
The incidence of fish trapped near the bottom of the net decreased dramatically as we continued to test the 
gear.  Indeed, during the final days of testing, nearly all salmon caught in the purse seine were released 
alive.  Those that were not released alive were sold even though they could have been released alive.  
Even with the monofilament-web purse seine, which was tested during the July 2-6 period and then again 
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on August 6 and 7 for demonstration purposes, nearly all salmon were observed free swimming in the 
purse bag and could be released alive.  Other fish as well, including northern pike, burbot, Bering cisco, 
and Arctic char were observed free swimming in the bag of the purse seine and were released alive.  The 
lone Chinook salmon that was killed, was misidentified as a chum salmon because of its small size, and 
secondarily was caught within the folds of the bottom of the purse seine webbing in the first set of the test 
fishery.  Subsequent development of procedures mainly alleviated the tangling of web and fish at the 
bottom of the net in the lead line and purse rings.  Additionally, the addition of a dip net to capture the 
fish as the purse bag was reduced, eliminated handling the fish by hand.  Fish were easily transferred to 
the dip net and released over the corks.  Further, even a few salmon even escaped over the corks by 
themselves. Based on these observations, we strongly suspect that fishers would be able to live release all 
Chinook salmon incidentally caught in the purse seine.  

Objective 3:  Learn how to use the gear effectively through repetitive use 
Meeting this objective took numerous sets to develop procedures that would catch as many salmon as 
possible but also allow the live release of the not-target salmon.  The repetitive use of the various purse 
seines aided in the development of procedures that would ultimately ensure minimal or no harm to non-
target fish species, particularly Chinook salmon, while ensuring the harvest of the abundant summer chum 
salmon.  Smaller fish, such as Bering cisco and to a lesser extent, small, female pink salmon were prone 
to be gilled in the mesh.  These smaller fish were not released but retained because they did not have a 
good chance for survival if released. 

July 2- 6 
During this period, all sets were made in one location, within Stat Area 334-13, located on the south bank 
of the Yukon River, just upriver from Sunshine Bay (Figure 4).  This was done to familiarize the crew 
with the operation of the purse seine, develop procedures in a consistent and methodically manner and to 
reduce the probability of snagging on debris on the bottom of the river. Additionally, only the 
monofilament web modified beach seine was used during this period (Table 3).   
 
During the first day of operations, the net was set from the onshore boat or auxiliary boat, while the other 
boat or the seine boat, motored in reverse and pulled the seine out of the seine boat.  The net was set 
similarly to setting a drift gillnet perpendicular to shore.  After the net was strung out, a bridal that was 
attached to the cork and lead line of each end of the net was attached to the front of each boat.  The boats 
then motored slowly downstream in reverse until the decision was made to close the set. The shape of the 
net usually took on a horseshoe configuration, with the onshore boat farther upriver. When it became 
apparent the fish were hitting the net from the bobbing of the corks, we closed the net.  When closing the 
net, the boats, still moving in reverse, were directed toward each other.  Generally, the seine boat, or 
offshore boat, moved toward the auxiliary, or onshore, boat.  The bridal attached to the auxiliary boat was 
transferred to the seine boat and the process of pursing the rings and leads into the seine boat were 
initiated. After each end of the cork line was secured in the boat, the rings were pursed by hand by two or 
more crew members pulling in the purse line on each side of the net. Both ends of the purse line were 
brought in on the port side of the boat.  After the rings were pursed, the rings and leads were pulled into 
the boat by hand over the port side of the boat.  After the rings and leads were pulled into the boat, both 
ends of the net from cork line to lead line were also brought into the boat and secured.     The outboard 
was kept running in reverse so that the corks did not crowd the boat or get caught in the propeller.  As the 
purse seine bag was being reduced by the collection of the corks and web in the boat, the fish were 
captured by hand and were either brought into the boat or released. After the entire net was in the boat, it 
was transferred into the auxiliary boat and then back to the seine boat with the corks and leads separated 
to facilitate resetting the seine.  
 

PC 30
13 of 30



 

11 
 

Procedures were modified and improved during subsequent days during this period.  Procedures regarding 
setting, drifting, and closing the purse seine basically remained unchanged.  However, a new method in 
pursing the net was employed with some success but also had some disadvantages.  After the net was 
closed, the ends of the cork lines were secured together with a carabineer.  Both ends of the purse line 
were secured to the front of the boat and the boat was motored in reverse away from the set.  As the boat 
was moved backwards under power in reverse, the rings were pursed together, closing the bottom of the 
net.  We termed this method of pursing the rings as the Axel Pull method, after the inventor.  After the 
rings were pursed, we motored toward the set, stripping the ends of the purse line into the boat as we 
advanced.  Upon reaching the set, the carabineer securing the end corks was removed; each end of the net 
were secured in the boat, with one end tied to the port side near the stern of the boat and  the bunt end of 
the seine tied to the starboard side of the boat near the front of the boat.  The rings and leads were brought 
into the boat by hand over the port side and then pulled further over to the starboard side of the boat. We 
ensured that each side of the net from cork line to lead line, along with some associated web, was brought 
into the boat.  At this point, the net ceased to fish and all of the fish in the seine were trapped. The purse 
line was pulled through the rings and coiled near the stern of the boat on the starboard side.  This 
facilitated the resetting of the net without restacking the net. 
 
Although alleviating much of the arduous work that was involved in pursing the rings by hand, using this 
boat-assisted method of pursing the rings, however, resulted in the seine web getting tangled in the lead 
line and the rings.  We suspected that the tangle was caused by the carabineers being too close to the lead 
line and the net being dragged on the bottom when the purse line was closed. After a few more attempts, 
we temporarily abandoned this method to purse the rings and reverted to the arduous process of pursing 
the rings and lifting the rings and leads into the boat by hand.   
 
Another improvement was developed in association with reducing the bag of the purse seine. Instead of 
bringing in both ends of the seine into the boat simultaneously, only the cork line, and associated web, 
that was attached to the stern of the boat was brought into the boat. In this procedure, to avoid fish getting 
tangled in the web, the web was brought into the boat first, with the corks following.  The web near the 
bunt end was the last web that was brought into the boat, followed by the corks. The fish were dipped out 
of the purse bag as the bag was reduced.  As the corks and associated web were being brought into the 
boat, the corks were stacked along the port side of the boat and as far back toward the stern as possible.  
Stacking the corks in this manner on the port stern side of the boat with the leads and rings stacked on the 
starboard front side of the boat facilitated the resetting of the purse seine.   
 
During this time, the river was relatively high and snags did not substantially hamper test fishing 
activities.  Out of the 22 sets made during this period, only 3 sets were hampered by snags (Table 3).  
Indeed, the crew thought that the 100 mesh deep net was probably too shallow, allowing many fish to 
escape under the leads.   

July 17, 19-21 
During this period, only the purse seine (12-threat count web) was tested (Table 3).  Test purse seine sets 
were conducted at two locations within Statistical Area 334-13 within District 1.  In addition to the 
original site upriver from Sunshine Bay, an additional site was added to the testing locations. This site 
was located on the south side of a sandbar near the boundary line between Statistical Areas 334-12 and 
334-13 (Figure 4).  This site was also used by ADF&G as a index site for the Lower Yukon gillnet test 
fishery (Mick Leach, ADF&G/CF, Emmonak, AK, personal communication).   .  
 
During this period, we tested a different approach to pursing the rings. We developed a modified Axel 
Pull using the auxiliary boat to purse the rings by pulling the purse line over the seine boat. Recall with 
the original Axel pull, we attached the end corks together with a carabineer, and then attached the purse 
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lines to the front of the work boat and motored backward.  When the rings were cinched together, we 
motored back toward the net, stripping in the purse line as we approached the net.  With this modification 
we attach the corks to the seine boat, brought the purse line over the gunnels of the seine boat and then 
attach each end of the purse line to the auxiliary boat. The auxiliary boat was then motored backward 
away from the seine boat.  This action pursed the rings together.    A guide for the purse line to move 
through was set up in the seine boat by using two pieces of aluminum pipe that were attached to the 
gunnels of the seine boat. When the rings were pursed, the crew in the seine boat signaled to the auxiliary 
boat driver to stop pulling and to move toward the seine boat.  The purse lines are collected in the 
auxiliary boat as that boat motored toward the seine boat.  The purse lines are then transferred to the seine 
boat.  The crew in the seine boat lifts the rings and the leads into the boat, trapping the fish.  After several 
sets, we suspected that the leads and rings were coming off the bottom as the auxiliary boat motored away 
from the seine boat, pulling the purse line.  We observed that the seine was also being pulled downriver 
because the auxiliary boat also pulled the seine boat which was attached to the seine by the cork line.  
Accordingly, we suspended this method of pursing the rings.   
 
We also attempted to maintain the pursed seine in the current on one side of the seine boat by using the 
auxiliary boat.  The auxiliary boat was attached to the seine boat by a line and was maneuvered to keep 
the seine boat upstream of the purse seine bag. This allowed the seine to be downstream of the seine boat 
and facilitated bringing in the seine into the boat and picking the fish out of the seine.  However, we 
discovered that motoring the seine boat backwards in a tight circle also provides the same or similar 
advantage. 
 
The stage of the Yukon River was much lower than the previous sampling period, with many obvious and 
not so obvious sandbars.  After a few sets, it became apparent that the net depth was too deep for the river 
conditions during this period.  However, to continue test fishing and developing procedures we used this 
seine because no other seine was available for use.  As stated above, ADF&G prohibited the use of the 
monofilament web modified purse seine and the modified beach seine with 18-thread count seine 
webbing had not yet been cut down to 50 fathoms from its original 75 fathom length. We strongly 
suspected that the 75 fathom beach seine was too heavy to safely use out of the 20-foot to 22-foot boats 
that were employed in this test fishery.  Because we did not have an alternative, we continued to use the 
purse seine for testing.  
 
Out of the 21 purse seine sets during this period, over half, 11, were substantially and negatively affected 
by catching snags on the bottom (Table 3).  Nearly all the snags were brought up with the lead line and 
purse rings.   

August 6-9 
During this period, sets were made in both previously described test locations (Figure 4) with both types 
of modified beach seines (Table 3).   
 
During this period major improvement were made to the one-boat operation methodology and the 
attachment of the rings to the lead lines.  Recall that during the one-boat operation previously described, 
we motored the boat, in reverse, toward the onshore end of the purse line while the off shore end of the 
seine was attached to the front of the boat. With this method, the onshore end of the net was free floating 
in the current.  The improved procedure involved setting the seine from onshore to offshore, in an 
upstream direction, but nearly perpendicular to shore.  After the seine was set, an approximate 55 fathom 
line was attached to the offshore cork line and was deployed from the boat as the boat moves forward 
toward the onshore cork line. As the boat arrived at the onshore float line, the end float line was picked up 
from the water and the cork line was tied to the port side of the boat. The boat was slowly motored in 
reverse downstream and parallel to shore.  The length of rope attached to the off shore float line was 
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gathered in as it became slack. The net maintained the horse pattern as it floated and pulled downriver by 
the boat. The purse seine was closed by simply pulling the line attached to the offshore cork line towards 
the boat.  At this point, the boat could have easily been moved toward the offshore portion of the net, but 
we found that it was not necessary.  A single crewmember can pull the line attached to the offshore 
portion of the net towards the boat quite easily.  While the line was being pulled toward the boat, the 
onshore end of the cork line was tied to front of the boat on the starboard side.  When the offshore cork 
line reached the boat, it was tied to the rear port side of the boat.  The boat remained facing upstream and 
the net, which was upstream of the boat, floated along with the current.  At this point the rings were 
pursed and, along with the lead line, brought into the boat to terminate fishing. 
 
Also during this period, we experimented with both types of rings, 6-inch plastic and 2.5 inch stainless 
steel, both types of purse lines, floating and sinking, and various lengths of bridals that attach the rings to 
the lead lines.  We found that the combination of a sinking purse line, a very short or no bridal, and the 
2.5 inch stainless steel rings resulted in the web not being wrapped in the rings and lead line.   
 
Because of the decreasing depth of the Yukon River, operation of the purse seine continued to be 
hampered by snags.  Out of the 16 purse seine sets conducted on August 8 and 9, 14 were negatively 
affected by snags.   
 
 

CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS 
 

Conclusions: 
The results of this study support the following major conclusions: 

1. Purse seine gear can be safely operated in the riverine environment of the Lower Yukon 
Area;  

2.  Purse seine gear can be used to selectively harvest chum salmon while allowing Chinook 
salmon to be released alive based on the ability to release captured chum salmon and other 
large resident fish species; and.  

3. Small non-target fish, such as Bering cisco and small female pink salmon, were prone to be 
gilled in the 3.5 inch web. A proportion of these captured species could not be released back 
to the river alive.  . 

 

Discussion: 
Selective harvest techniques have been and are continually being tested and employed in numerous on 
fisheries in Canada, Washington, and Oregon. While many commercial fishing regulations in Alaska have 
been designed to primarily harvest one species of fish and avoid other species by regulating mesh size, net 
length, net depth, in conjunction with fishing time, area, etc, there are several that mandate the live release 
of the non-target fish species in times of non-target species conservation, or when escapements are not 
anticipated to be met for the non-target species, or when a quota has been reached.  One particular 
regulation allows a purse seine fishery for sockeye salmon in the Inner Karluk, Outer Karluk, Inner 
Ayakulik, and Outer Ayakulik Sections to occur but requires that all Chinook salmon, 28 inches or greater 
in length, taken incidentally in the commercial salmon fishery be returned to the water unharmed (5 AAC 
18.395 (i)).  Additionally, in the SE Alaska troll fishery, a person may not have king salmon on board a 
salmon troll vessel from which the person is fishing for other salmon species (5 AAC 29.100(j)).  
Although not stated, this regulation implies the live release of Chinook salmon if caught.  In addition to 
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the selective commercial fishing regulations passed by the BOF during the last AYK BOF meeting that 
require the immediate live release of Chinook salmon in Lower Yukon Area commercial dipnet and beach 
seine fisheries (5 AAC 05.362 (k), additional selective fishing regulations that require the live release of 
the non-target salmon species in Upper Yukon Area Districts have also been previously passed by the 
BOF.  These regulations were also designed to harvest the target salmon species while allowing the live 
release of the non-target salmon species in times of non-target species conservation. Specifically, the BOF 
passed commercial fishing regulations that required the conservation of Chinook salmon while allowing 
the commercial harvest of the abundant summer chum salmon in: (1) the Anvik River with hand beach 
seines and hand purse (5 AAC 05.368); and (2) in District 4A and District 6 with modified and attended 
fish wheels (5 AAC 05.362(j)).  In addition to the commercial fishing regulations, the BOF also passed 
Yukon Area subsistence fishing regulations for the conservation of  chum and Chinook salmon by 
requiring fish wheels to be equipped either live boxes or be closely attended to ensure live release of the 
non-target salmon species that needed to be conserved  (5 AAC 01.220(m),(n).  There is also a 
subsistence fishing regulation that allows the use of dipnets in the Upper Yukon Area for the harvest of 
the target salmon species that also requires the live release of the non-target salmon species that requires 
conservation (5 AAC 01.220 (m),(n).  
 
It appears that the state of Alaska, particularly the Yukon Area fisheries may be moving toward species-
specific harvests using the release element of selective fishing because of the very low run sizes of the 
non-target species that need to be conserved that are co-migrating with the target species.  Because of the 
poor runs of Chinook salmon that are currently occurring throughout the state, selective fishing with 
release of  the non-target Chinook salmon may be the solution in some cases rather than shutting down 
the fisheries.  Using a purse seine in the Lower Yukon River commercial fisheries is a unique concept 
and, in conjunction with other selective fishery measures, may rejuvenate this fishery and the social 
aspects that revolve around family fishing and fish camps.   
 
Some small non-target fish species, such as Bering cisco and small female pink salmon are prone to being 
gilled in the 3.5 inch web.  In a commercial fishery, these gilled fish could be sold or taken home for 
subsistence purposes.  Kwik’pak fisheries have stated that they would buy all pink salmon and Bering 
cisco gilled in purse seines (Jack Schultheis, Kwik’pak Fisheries, Emmonak, AK, personal 
communication).  We suggest that the Bering cisco captured and sold in this fishery be subtracted from 
the fall season commercial quota for this fish species.  Another option is to reduce the size of the web 
mesh.   However, this would tend to add weight to the purse seine.  Successful operation of a purse seine 
by small boats in a riverine environment is contingent on the purse seine being light and maneuverable in 
the current.  Adding additional weight to the purse seine could possibly preclude a one-boat operation. 
 
YDFDA submitted and Agenda Change Request to allow purse seine gear as legal gear for commercial 
fisheries in the Lower Yukon Area in times of Chinook salmon conservation in August 2013.  Based on 
the limited sets that YDFDA made during the abbreviated test purse seine season, we firmly believe that 
that commercial fishers can catch commercial quantities of summer chum salmon when the fish are 
present in high numbers in the river and that non-target Chinook salmon could be released with little if 
any impact to the fish.  Building on the successful application of dipnets to the Lower Yukon summer 
chum salmon fisheries, we believe that purse seines can take the place and likely improve upon the 
harvests that the beach seines would have taken if water levels were lower during the spring and summer. 
We further believe that commercial fishers will exceed harvest expectations that may be assumed based 
on the limited number of sets during the July 2-6 period.  As with the dipnet fishery, we believe that 
harvest expectations will be underestimated mainly because of the ingenuity and problem-solving abilities 
of the commercial fishers of the area.  
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Recommendations: 
Based upon experiences with the purse seine and the modified purse seine in this past season’s test 
fishery, we recommend that purse seines in the Lower River be at least 50 fathoms in length with a 
maximum length of 200 fathoms so that fishers could experiment with different size purse seines.  We 
also recommend that a maximum mesh size of 3.5 inches be established.  There is an obvioius trade off of 
mesh size and towing ability because the smaller the mesh size the heavier the net.  Since we believe that 
most fishers would rather fish the purse seine with one boat, the weight of the net is extremely important.  
Mesh constructed of monofilament would be easier to tow and to manipulate in the current.  However, 
there is a current regulation that prohibits monofilament web in purse seines 5 AAC 39.170.  Included in 
the ACR is to allow monofilament web for purse seines used on the Yukon River for reasons of weight 
and being able to manipulate the seine in the river current.  The specific recommendations for Yukon 
River purse seines are: 

1. Length-- At least 50 fathom in length; max length unrestricted or set to 200 fathoms in regulation 
to allow experimentation by fishers; 

2. Web--  Multifilament monofilament or #12 thread seine material;  
a. Maximum of 3.5 inch stretch mesh,  
b. 100 meshes deep; may want to set maximum in regulation to 150 meshes; 

3. Rings-- 2 x 5/16 inch stainless steel rings on 6 inch bridals  
a. spaced every 10 feet along the lead line 

4. Lead Line-- 75 or 85 pound  lead line (a heavier lead line may be necessary with increased water 
velocity in the spring) 

5. Purse Line: ½ inch sinking purse line; 
6. Corks: extra large corks spaced every 18 inches ( the corks on the beach seine and the purse seine 

purchased this year are too small and allowed fish to escape over the float line) 
7. Cork Line: floating cork line 
8. Seine design: a totally rectangular web design.  (the webbing on the purse seine YDFDA 

purchased this year was tapered toward the end of the float line.  A totally rectangular web design 
to minimize the part of the net that would be open to escaping fish when pulling in the rings and 
lead lines. 
 

Additionally, if the BOF passes a regulation to allow purse seine use in the commercial summer chum 
salmon fishery in 2014, a training video will be constructed from the various videos taken this year of the 
test fishery.  YDFDA will encourage any commercial fisher to view the video so that they will have some 
knowledge of the operation of the purse seine that would facilitate live release of non-target fish species. 
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Table 1.  Preliminary Yukon Area Summer chum salmon run synopsis, 2013. 

 

 

 

PRELIMINARY YUKON AREA  
SUMMER CHUM SALMON RUN SYNOPSIS, 2013 

  Numbers Proportion 

Est. Total Summer Chum Salmon Run  3,200,886 1.000 
Targeted Drainage Escapement 1,000,000 0.312 
Estimated Subsistence Harvest 115,000 0.036 
Targeted Commercial  Harvest 2,085,886 0.652 

Est. Drainage-wide  Escapement 2,600,307 0.812 
District 1 and 2 Com. Allocation 1,324,538 0.414 
Actual District 1, and 2 Harvest 379,143 0.118 

Value of the District 1 & 2 Fishery $1,721,524   

District 1 and 2 Foregone Com Harvest 945,395 0.295 
Foregone revenue to Dist 1 & 2 Fishers $4,292,626   

Other District Com. Harvests 106,436 0.033 
Total Area Foregone Com Harvest  1,600,307 0.500 
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Table 2.  Commercial summer chum salmon harvest summary by gear and District, 2013. 

 

  Chinook salmon   Summer Chum Salmon 

Gear type 

Caught 
and 

Released 

Caught 
but not 

sold   Number Percent Pounds 
Average 
Weight 

Percent 
Chinook 

DISTRICT 1 
BS/DN 300 0 

 
69,967 34% 422,886 6.0 0.4% 

GN 5.5 0 88 
 

74,452 36% 447,287 6.0 0.1% 
GN 6.0 0 57   63,452 31% 406,858 6.4 0.1% 

Sub Total 300 145   207,871 100% 1,277,031 6.1 0.2% 
DISTRICT 2 

BS/DN 628 0 
 

119,241 70% 693,176 5.8 0.5% 
GN 5.5 0 0 

 
0 0% 0 0.0 0.0% 

GN 6.0 0 244   52,031 30% 325,158 6.2 0.5% 
Sub Total 628 244   171,272 100% 1,018,334 5.9 0.5% 

LOWER YUKON AREA SUBTOTAL 
BS/DN 928 0 

 
189,208 50% 1,116,062 5.9 0.5% 

GN 5.5 0 88 
 

74,452 20% 447,287 6.0 0.1% 
GN 6.0 0 301   115,483 30% 732,016 6.3 0.3% 
Total 928 389   379,143 100% 2,295,365 6.1 0.3% 

DISTRICT 4 
FW 99 0   84,592 84% 390,259 4.6 0.1% 

FW/GN 1 0   15,907 16% 77,459 4.9 0.0% 
Sub Total 100 0   100,499 100% 467,718 4.7 0.1% 

DISTRICT 6 
FW 97 0   5,937 100% 36,650 6.0 1.6% 

Sub Total 97 0   5,937 100% 36,650 6.0 1.6% 

UPPER YUKON AREA SUBTOTAL 
FW 196 0   90,529 85.1% 426,909 4.7 0.2% 

FW/GN 1 0   15,907 14.9% 77,459 4.9 0.0% 
Total 197 0   106,436 100.0% 504,368 4.7 0.2% 

YUKON AREA GRAND TOTAL 
LOWER 
YUKON  928 389   379,143 78.1% 2,295,365 6.1 0.2% 
UPPER 

YUKON  197 0   106,436 21.9% 504,368 4.7 0.2% 
Grand Total 1,125 389   485,579 100.0% 2,799,733 5.8 0.2% 
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Table 3.  Test purse seine information and catch by day, July 2-6, July 17, 19-21, and August 6-8, 2013.  

 
              Total Catch   

Date 
Number 
of sets net type web type 

net depth 
(meshes) purse rings 

# of sets 
hampered 
by snags 

Chum 
Salmon  

Bering 
Cisco 

other fish 
species Comments 

2-Jul-
13 4 

 50 fathom 
modified beach 

seine 
monofilament 100 

4.5 in. carabineers 
snapped onto lead line; ~6 

ft interval 
0 76 3 

2 
Chinook 
salmon 

2 Chinook salmon caught on the first set; 1 easily 
released; 1 small Chinook salmon misidentified and 
killed; leads and rings pulled into the boat by hand; 

3-Jul-
13 4 

 50 fathom 
modified beach 

seine 
monofilament 100 

4.5 in. carabineers 
snapped onto lead line; ~6 

ft interval 
0 126 11 2 pink 

salmon 

pulled leads and rings into the boat by hand; ADF&G 
observed the test fish activities; fish removed from the 

purse seine by dip net 

4-Jul-
13 3 

 50 fathom 
modified beach 

seine 
monofilament 100 

4.5 in. carabineers 
snapped onto lead line; ~6 

ft interval 
0 55 8 

1 
northern 

pike 

1 set too far from shore caught 0 fish; pulled leads and 
rings into the boat by hand;  

5-Jul-
13 6 

 50 fathom 
modified beach 

seine 
monofilament 100 

4.5 in. carabineers 
snapped onto lead line; ~6 

ft interval 
1 88 6 1 burbot 

1 set had lead line over cork line resulting in no fish 
caught; used the boat to purse the rings on last two sets 

(Axel Pull);  

6-Jul-
13 5 

 50 fathom 
modified beach 

seine 
monofilament 100 

4.5 in. carabineers 
snapped onto lead line; 6 

ft interval 
2 60 14 1 pink 

salmon 

successfully employed a one-boat operation; used the 
Axel Pull method to purse rings; ADF&G suspends 

purse seine test fishing operations with monofilament 
webbing 

subtotal 22         3 405 42     
-continued-
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Table 3. (page 2 of 3). 
 

Date 
Number 
of sets net type web type 

net depth 
(meshes) purse rings 

# of sets 
hampered 
by snags 

Chum 
Salmon 

Bering 
Cisco 

other fish 
species Comments 

17-Jul-
13 5 50 fathom purse 

seine 

12-thread 
count seine 

material 
150 2 in. stainless steel on 12 

inch bridal every 10 feet 4 25 4 

1 burbot; 
1 pink 

salmon; 1 
humpback 
whitefish 

Resumed test fishing activities with net in compliance 
with ADF&G stipulation. Axel Pull method abandoned 
after first 3 sets because the web was folded and tangled 
in the rings and lead line; last two sets rings and leads 

were brought in by hand. 

19-Jul-
13 5 50 fathom purse 

seine 

12-thread 
count seine 

material 
150 2 in. stainless steel on 12 

inch bridal; 10 ft interval 1 1 0   good set; appears to be no fish in river; no incidentals; 
pulled in rings and leads by hand 

20-Jul-
13 5 50 fathom purse 

seine 

12-thread 
count seine 

material 
150 2 in. stainless steel on 12 

inch bridal; 10 ft interval 2 56 1 

1 pink 
salmon; 1 
long nose 

sucker 

on two sets used the auxiliary boat to cinch rings together 
by bringing the purse line over the seine boat and 
securing the corks onto the seine boat; seemed to work 
very well at cinching up the leads.   

21-Jul-
13 6 50 fathom purse 

seine 

12-thread 
count seine 

material 
150 2 in. stainless steel on 12 

inch bridal; 10 ft interval 4 22 7 
7 pink 

salmon; 1 
burbot 

after the first 2 sets, abandoned using two boats to cinch 
rings because leads appeared to be coming off the 

bottom; 

subtotal 21         11 104 12   
 

-continued- 
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Table 3. (page 3 of 3). 
 

              Total Catch   

Date 
Number 
of sets net type web type 

net depth 
(meshes) purse rings 

# of sets 
hampered 
by snags 

Chum 
Salmon 

Bering 
Cisco 

other 
fish 

species Comments 

6-Aug-13 3 50 fathom 
purse seine 

12-thread count 
seine material 100 

6 inch plastic rings on a 
18 inch bridal attached 
to lead line by 4.5 inch 

carabineers  

NA NA NA NA 
test fishing activities observed by BOF 
member John Jensen and numerous (5) 

ADF&G staff; 2-boat operation 

6-Aug-13 3 
 50 fathom 
modified 

beach seine 
monofilament 100 

6-inch plastic rings on a 
18-inch bridal attached 
to lead line by 4.5-inch 

carabineers  

NA NA NA NA 
test fishing activities observed by BOF 
member John Jensen and numerous (5) 

ADF&G staff; 2 boat operation 

6-Aug-13 1 
 50 fathom 
modified 

beach seine 
monofilament 100 

6-inch plastic rings on a 
18-inch bridal attached 
to lead line by 4.5-inch 

carabineers  

NA NA NA NA 
test fishing activities observed by BOF 
member John Jensen and numerous (5) 

ADF&G staff; 1 boat operation 

7-Aug-13 3 
 50 fathom 
modified 

beach seine 
monofilament 100 

6-inch plastic rings on a 
18-inch bridal attached 
to lead line by zip ties 

NA 1 1 1 arctic 
char 

one-boat sets; Axel Pull to cinch rings 
and lead lines; replaced carabineers with 
zip ties to attached rings and bridals to  

lead line 

7-Aug-13 3 
 50 fathom 
modified 

beach seine 

18-thread count 
seine material 100 

6-inch plastic rings on a 
18-inch bridal attached 
to lead line by zip ties 

NA 0 0   one-boat sets; Axel Pull to cinch rings 
and lead lines 

7-Aug-13 1 
 50 fathom 
modified 

beach seine 

18-thread count 
seine material 100 

6-inch plastic rings on a 
18-inch bridal attached 
to lead line by zip ties 

NA 0 0   two-boat sets; Axel Pull to cinch rings 
and lead lines; 

8-Aug-13 9 
 50 fathom 
modified 

beach seine 

18-thread count 
seine material 100 

6-inch plastic rings on a 
18-inch bridal attached 
to lead line by zip ties 

8 40 1   

Use the Axel Pull and hand method of 
pursing rings equally; Axel Pull method 
resulted in web getting tangled in rings 
and lead lines; ADF&G obverse the test 

fishing operations 

9-Aug-13 3 
 50 fathom 
modified 

beach seine 

18-thread count 
seine material 100 

6-inch plastic rings 
attached directly to lead 

line with zip ties 
3 2     

one-boat operation; ADF&G observed 
the test fishing activities; Axel Pull to 

cinch rings; web tangled in lead line and 
rings 

9-Aug-13 4 
 50 fathom 
modified 

beach seine 

18-thread count 
seine material 100 

2 in. stainless steel 
rings 6 inches below 

lead line 
3 1 1 1 coho 

salmon 

one-boat operation; ADF&G observed 
the test fishing activities; Axel Pull to 

cinch rings; web less tangled in lead line 
and rings 

subtotal 30         14 44 3     
Total 73         28 553 57     
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Figure 1.  Map of the Yukon River drainage in Alaska showing management units.

PC 30
26 of 30



 

24 
 

 
 
 
 

 
 
Figure 2.  Annual run timing comparisons of Yukon River Chinook and summer chum salmon, as 

indicated by the mid-50% of each annual salmon run.  Markers indicate quartile days.  
Based on Pilot Station sonar counts attributed to Chinook and summer chum salmon, 
1995, 1997-2013. 

PC 30
27 of 30



 

25 
 

 
 
Figure 3.  Value of the Lower Yukon Area summer season fishery by species and year, 1977-2013.
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Figure 4. District l showing statistical areas and sampling sites, Yukon Area, 2013. 
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Figure 5.  Relationship between daily purse seine catches in District 1 and sonar counts attributed 

to chum salmon 3 days later at Pilot Station. 
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ABSTRACT 
 
 
The purpose this research was to:  1. recommend a Biological Escapement Goal (BEG) for the Yukon 
River summer chum salmon Oncorhynchus keta stock; and 2. identify the replacement point where return 
per spawner (R/S) equals 1.0.   Escapements and total run estimates were based on actual (1995, 1997-
2007) or predicted (1988-1994, 1996) mainstem Yukon Sonar counts attributed to summer chum salmon.  
Four estimates of total return (harvest and escapement) were constructed based on 3 age-class 
composition databases.  Each model was also analyzed based on two brood year time periods, 1995-2007 
and 1988-2007.  Brood year time periods were based on the observed and observed and predicted summer 
chum salmon passage, respectively.  Therefore, a total of 8 individual age-class-brood year models were 
analyzed.      Results from all models were very similar because 1. the age-class compositions of the 
various databases employed were similar; and 2. nearly all the summer chum salmon run in most years 
passed onto the spawning grounds. The preferred model used the return from the weighted harvest age-
class and the Anvik River escapement age-class compositions for the harvest and escapement, 
respectively, for the 1988-2007 brood year period.  Based on results from this analysis, I recommend that 
the Yukon River Summer Chum Salmon BEG be established at 700,000 – 1,000,000 summer chum 
salmon.   This range approximates the 80% confidence interval around the point Smsy of approximately 
855,000 salmon.  The 80% confidence interval for the escapement at the replacement point, Seq, is 
approximately 1.8M to 2.6M, with a point estimate of 2.2M salmon.  However, no observed escapements 
of 2.0M or greater have replaced themselves.  Progeny from large escapements have resulted in below 
average runs or run failures.  Therefore, as a precaution, I recommend that, regardless of management 
strategies to protect Chinook salmon O. tshawytscha, summer chum salmon escapement not be allowed to 
exceed 2.0M salmon or the lower end of the 80% confidence interval of Seq,1.8M salmon. 
 

INTRODUCTON 
 

Summer Chum Salmon Fishery Management 
 
The Yukon River is the largest river in Alaska and the fifth largest drainage in North America. The river 
originates in British Columbia, Canada, within 30 miles of the Gulf of Alaska, and flows over 2,300 miles 
to its terminus at the Bering Sea. It drains an area of approximately 330,000 square miles and 
approximately 222,000 square miles of the state (Figure 1; Estensen et al. 2012).   
 
The chum salmon Oncorhynchus keta return is made up of 2 genetically distinct runs, an early summer 
chum salmon run and a later fall chum salmon run. Summer chum salmon are characterized by: earlier 
run timing (early June to mid-July at the river mouth); rapid maturation in freshwater; and smaller body 
size (average 6 to 7 pounds). Summer chum salmon spawn primarily in run-off streams in the lower 700 
miles of the drainage and in the Tanana River drainage (Estensen et al. 2012).  Summer chum runs are 
normally larger in size than the fall chum runs, ranging up to over 4.0M salmon (Table 1) 
 
The Yukon River summer chum salmon run is managed according to the guidelines described in the 
Yukon River Summer Chum Salmon Management Plan (5 AAC 05.362). The intent of this plan is to 
conservatively manage harvests in order to provide for escapement needs and subsistence use priority 
before other consumptive uses such as commercial, sport, and personal use fishing. Since 2001, this 
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management plan allows for varying levels of harvest opportunity depending on the run size projection. If 
project run is size is 700,000 to 1,000,000 summer chum salmon and a district, subdistrict, or tributary is 
projected to meet its escapement goals, then a directed commercial fishery may be opened in the 
immediate area. When the run size is projected to be greater than 900,000 fish based on Pilot Station 
sonar project, a directed summer chum salmon commercial fishing may be opened to harvest the available 
surplus. When the projected commercial harvest range is 0–400,000 summer chum salmon, a specific 
percentage of harvest determined by the BOF should be allocated by district or subdistrict based on the 
low end of the established guideline harvest ranges. In 2010, the BOF modified the management plan to 
allow a commercial harvest up to 50,000 fish if the run size is between 900,000 and 1,000,000 fish, 
distributed by district or subdistrict in proportion to the guideline harvest levels.   
 
Since 1998, below average runs and poor commercial market conditions resulted in limited exploitation 
of summer and fall chum salmon. In 2007, both the strength of the run and renewed market interest 
allowed for summer chum salmon directed commercial opportunity. While limited commercial fishing 
has occurred, redevelopment of this fishery has been severely hindered by management strategies taken to 
reduce incidental harvest of co-migrating Chinook salmon O tshawytscha. (Estensen et al. 2012)  Since 
2008, despite the strength of summer chum salmon runs, directed commercial fishing for summer chum 
has been severely curtailed because of the efforts to conserve Chinook salmon.   
 
The fishing power of the Lower Yukon Area fleet, which consists of approximately 700 commercial 
permit holders, in conjunction with the very large capacity of the processors, are adequate to harvest and 
process the entire surplus of commercially-available Yukon River summer chum salmon.  Although 
gillnets can efficiently take this large harvestable surplus, it is not being taken because Chinook salmon 
are incidentally taken in the gillnet fishery.  In response to the conundrum of how to harvest the abundant 
summer chum salmon while still conserving Chinook salmon, the Alaska Board of Fisheries (BOF), in 
January 2013, adopted new commercial fishing regulations for the Yukon River drainage designed to 
allow commercial fishing for summer chum salmon regardless of the Chinook salmon run size.  These 
new regulations were employed to allow for the commercial harvest of summer chum salmon even during 
times when subsistence fishing closures were implemented to protect Chinook salmon.  These new 
regulations gave ADF&G the authority to allow commercial fishing for chum salmon with dip nets and 
beach seines.  Unlike gillnets, the use of dipnets and beach seines allow the live release of Chinook 
salmon when Chinook salmon conservation measures are necessary.    
 
These new gear options were specifically intended to allow for additional summer chum directed 
commercial fishing opportunity while allowing for the release of incidentally caught Chinook 
salmon. Harvest results from the 2013 summer season fishery,  indicate that these gear types, 
primarily dip nets, accounted for 34% of the harvest in District 1, 70% in District 2 and 50% for 
District 1 and 2 combined.  Additionally, 928 Chinook salmon were caught and released with dipnet 
gear type.  Subsequent fishing with the new gillnet gear, 5.5 inch mesh, 30 meshes deep gillnets, 
accounted for 36% of the District 1 harvest.  This gear was not used in the District 2 fishery.  
Surprisingly, only 88 Chinook salmon were harvested incidentally with this new gillnet gear in 
District 1.  Finally, near the end of the summer chum run, the traditional 6 inch mesh, 50 mesh gillnet 
was allowed for 5 periods each District 1 and 2.  This traditional gear type accounted for 31% and 
30% of the District 1 and 2 summer chum salmon harvests, respectively.  Chinook salmon incidental 
harvest in this gear type totaled 301 salmon.  
 
Although recent summer chum runs have been very large in numbers of fish, exceeding 3.2M salmon in 
2013, the commercial harvest has been exceedingly small.  Of the nearly 2.1M summer chum salmon 
available for commercial harvest in 2013, only approximately 486,000 were harvested commercially.   
Additionally, although the target drainage-wide commercial exploitation rate was over 65%, the actual 
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drainage-wide exploitation rate was only 15%.  While District 1 and District 2 harvested about 29% of 
their allocation, which translates into a commercial exploitation rate of 12%, the upper river harvested 
only about 14% of their allocation with an associated commercial exploitation rate of approximately 3%.  
 
During the past few years, millions of commercially-harvestable summer chum salmon have passed 
through the Lower Yukon Area with very few being harvested because of the concern for the Chinook 
salmon escapement.  This foregone harvest has been substantial in recent years, more than 1.0M fish in 
both 2011 and 2012.  Despite new commercial fishing gear allowed in 2013 by the BOF, including the 
use of dipnets, beach seines and shallower and smaller mesh size gillnets (5.5 stretch measure, 30 meshes 
deep), preliminary estimates indicate that at least 1.6M commercially available summer chum were 
passed onto the spawning grounds.  Allowing this level of escapement may be detrimental to future runs. 
 
The  Yukon River Summer Chum Salmon Management Plan (5 AAC 05.362) directly provides for a 
minimum summer chum salmon spawning escapement of approximately 600,000 when runs are less than 
950,000 and indirectly, approximately 850,000 when runs are in excess of 950,000.  However, there are a 
limited amount of actual data that supports these escapement levels.  To date, there has not been a Yukon 
River summer chum salmon escapement goal analysis conducted to establish a scientifically-defensible 
escapement goal or an equally important upper limit, or replacement point estimate, so that the stock can 
be managed effectively.  In times of Chinook salmon conservation it is equally important not to exceed 
the summer chum salmon spawning escapement that will result in jeopardizing future summer chum 
salmon runs.  Large drainage-wide escapements in 1994-1996 probably played a significant role in the 
collapse of the runs in 2000 and 2001.  Likewise, large escapements in 2005-2007 also probably played 
some role in the mediocre runs that returned to the river in 2009 and 2010. Because of the large 
escapements during the past three years, 2011-2013, we are very concerned that future summer chum runs 
from these brood years will be low. YDFDA and Kwik’pak fisheries have invested heavily in the summer 
chum salmon fishery and market development over the past few years.  Because of this, the Lower Yukon 
summer chum salmon fishery provides a glimmer of hope to the local residents in an otherwise very 
financially depressed area.  It would be unconscionable for future summer chum salmon runs to fail 
because of overescapement. 
 
The purpose of this report is to provide support for a scientifically-defensible drainage-wide escapement 
goal for Yukon River summer chum salmon stock, with additional emphasis on the number of summer 
chum salmon that may cause a severe loss of production because of overescapement. 
 

Yukon Sonar Passage Estimates 
 
Annual Yukon Sonar counts attributed to summer chum salmon are the basis for the development of the 
BEG for Yukon River summer chum salmon.  Unlike Yukon River fall chum salmon, where a post-
season reconstructed run can be determined from tributary escapements, U.S./Canada border passage 
estimates and commercial, subsistence and personal use harvests, a similar reconstructed run for summer 
chum salmon cannot be determined because of the lack of estimated escapements from all spawning 
tributaries.   Therefore, the most accurate estimates of total run for Yukon River drainage summer chum 
salmon are based on the sonar passage estimate plus harvest removals and escapements below the sonar 
site.   
 
Sonar passage estimates attributed to the various species of salmon and other migrating fish are 
considered most accurate and comparable for the years 1995 and 1997-2013 (Carroll and McIntosh 2008).  
Although sonar counts attributed to summer chum salmon are available for 1993 and 1994 (Bergstrom et 
al. 1987), changes in methodology and equipment used at the sonar site since 1995 have caused ADF&G 
to question the accuracy of those prior estimates along with the comparability to the more recent passage 
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estimates (Carroll and McIntosh 2008).  Sonar passage estimates are unavailable for 1996; the sonar was 
operated only for training purposes that year (Bergstrom et al. 1997).  Age, sex, size information for chum 
salmon passing Pilot Station is unavailable for all years. 
In 1993, ADF&G used sonar equipment that allowed greater ensonification with less signal loss.  
However, an attempt to identify direction of travel, so that assumed downstream migrants could be 
subtracted from the total target count, may have resulted in a undercounting of sonar targets.   In 1995, 
ADF&G discontinued this practice and implemented an aiming strategy designed to consistently 
maximize fish detection (Carroll and McIntosh 20008).  This and other changes in counting methodology 
caused ADF&G to state that data collected since 1995 are not directly comparable to data collected prior 
to 1995 (Carroll and McIntosh 2008). Therefore, Yukon sonar counts prior to 1995 were not used in this 
analysis.  In 2006, ADF&G revised all mainstem sonar estimates based on improvements to the species 
apportionment methodology (Carroll and McIntosh 2008).  Current passage estimates are presented in 
U.S./Canada JTC reports (JTC 2013).   
 
 
 
 

METHODS 
 
 
 

Predicted Values for Missing Data 
 
Calculation of summer chum salmon total run for several years could not be determined because of 
missing data for Yukon sonar passage and also East Fork Andreafsky River escapement.   Because reliable 
total harvest and escapement from major producing tributaries are available for Yukon River summer 
chum salmon from 1988 to the present, I explored the possibility of estimating the missing data cells for 
mainstem sonar passage data for summer chum salmon for not only the missing 1996 year but also for the 
years 1988-1994, as well, using linear regression techniques.   I also explored the estimating missing data 
cell data for summer chum salmon escapements to the East Fork Andreafsky for the period 1989-1993, 
using linear regression techniques.  Having acceptable substituted estimates for these data cells would 
provide 20 years of brood year data and provide a more complete database for the spawner-recruit 
analysis. 
 

Yukon Sonar Passage Estimates 
The most accurate and comparable estimates of summer chum salmon passing the mainstem Yukon Sonar 
project are available for years 1995, 1997-2012 (JTC 2013).  In 1996, Yukon sonar was operated for 
training purposes and no passage data were generated (Bergstrom et al. 1987).   In order to calculate 
return data for the brood years 1995-2007, complete total run estimates are needed for every year from 
1995-2007.  Without run and escapement information for 1996, return data would be missing return ages 
mainly for broods 2000 and 2001, but also for 1999 and 2002 and possibly 2003.  This is because summer 
chum salmon return mainly as age-0.3 and age-0.4 fish, with minor contributions as age-0.2, age 0.5, and, 
and, rarely, as 0.6 fish. Therefore, just as Clark and Sandone (2001) and others (Sandone 1994a, 1994b, 
1996, Huttunen and Bergstrom 1999) looked to the relationship between mainstem Yukon and Anvik 
River sonar passage estimates to provide a reasonable estimate for harvests of Anvik River-destined 
salmon below the Anvik River,wealso explored the relationship between the mainstem Yukon and Anvik 
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River sonar with respect to summer chum salmon passage to estimate the summer chum salmon passage 
at Pilot Station for 1996 and also for the period 1988-1994.  Missing data were generated based on the 
predicted values from this relationship. 
 

Escapements Estimates Below Pilot Station Sonar 
Summer chum salmon escapement estimates to the East Fork of the Andreafsky River are necessary for 
all years in order to estimate the total escapement of summer chum salmon below the sonar site so that 
complete total run estimates can be determined.  Although there are a few streams that summer chum 
salmon are known to spawn in below the sonar site, the major spawning tributary below the sonar site is 
the Andreafsky River.  Summer chum salmon land-based escapements are available for the East Fork 
Andreafsky for the years 1981-1984 (sonar), 1986-1988 (tower) and from 1994-2013 (weir) (JTC 2013; 
Fred Bue, USFWS, Fairbanks, personal communication).  Similar to generating substitute values for 
missing data cells for Yukon Sonar passage estimates of summer chum, I explored the relationship 
between The East Fork Andreafsky River escapement counts and the Anvik River sonar estimates with 
respect to summer chum salmon. Missing data were generated based on the predicted values from this 
relationship. 
   

Total Yukon Drainage Summer Chum Salmon Run Estimates 
 
Total run estimates were calculated by simply adding the harvests, test fish sales and known escapements 
(JTC 2013) below the sonar site at Pilot Station (RM 126; Figure 1) to the sonar counts attributed to 
summer chum salmon passing the sonar site.  Missing annual Pilot Station sonar count data and East Fork 
Andreafsky River escapement data, which are necessary to complete the calculations of total run, were 
estimated based on linear regression techniques. Total run estimates were calculated for the years 1988-
2012.   
 

Commercial and Subsistence Harvests 
 
Commercial harvests of summer chum salmon are reported on fish tickets and recorded for each delivery 
by each commercial permit holder. Therefore commercial harvests are a census of all fish sold under 
commercial regulations. Commercial harvests of summer chum salmon are available at least back to and 
including 1970 (JTC 2013).  Commercial harvests below the sonar project site at Pilot Station include 
harvests taken in District 1 and District 2 (Figure 1) Statistical Areas: 334.21, 334-22, and 334-23. 
Commercial harvests by stat area for all districts and subdistricts can be found in Estensen et al. 2012; 
Eric Newland, ADF&G/CF, Yukon Area Summer Season Management Biologist, Anchorage, personal 
communication).  
 
Since 1961, ADF&G has collected information on subsistence salmon harvests and use in the Yukon 
Area (Vania 2002).  However, since 1988, survey methods and corresponding harvest estimates are more 
comparable than for previous years (Golembeski and Bergstrom 1999).  Although the estimates prior to 
1988 possibly represent trends in harvests, the actual harvest estimates may not be as accurate as those 
from 1988 through the present. Yukon Area subsistence harvest data are published annually (for example: 
Jallen et al. 2012a) but are also summarized by species and community in the Appendices for the current 
year and the previous 10 years in each annual report.  Summer chum salmon subsistence harvests used in 
this report were taken from summaries contained in Borba and Hamner (2000), Jallen et al. (2012a, 
2012b).  Final subsistence harvests estimates are not yet available for 2012.  Preliminary estimates for 
2012 have been provided by ADF&G (Deena Jallen, ADF&G/CF, Fairbanks, personal communication).  
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Because subsistence harvest data are not comparable prior to 1988 to the more recent estimates, total run 
estimates were calculated and used in this analysis from 1988 to the present.  
 
Estimated subsistence harvests below the sonar site include all District 1 villages and Mountain Village, 
Pitkas Point, St. Mary’s, and Pilot Station in District 2 (Figure 1).  The District 2 village of Marshall is 
located above the Pilot Station sonar site (Figure 1).  
 

Yukon River Drainage Escapement  
 
Drainage-wide escapement was calculated by subtracting the estimated total harvest, including test fish 
sales, from the total run estimate.   
 

Age Class Composition 
 
Age class composition of the total drainage summer chum salmon escapements and harvests are lacking 
and collections have been variable from year to year.  Therefore, different ages, sex, length (ASL) data 
sets from 1988 through 2012 were used as surrogates for the annual escapement, as well as, the annual 
combined harvest to calculate brood year return.  These data sets formed the basis of the different models 
used in the spawner-recruit analysis.  ASL Data sets used to describe the escapement were Lower Yukon 
Test Fisheries (LYTF) (Schumann and DuBois 2011; Larry Dubois, ADF&G/CF, Anchorage, personal 
communication) and the Anvik River Escapement (Chapell 2001; Moore and Lingnau 2002; Lingnau 
2002; Dunbar 2003; Dunbar and Pfisterer 2007; McEwen 2006a, 2006b, 2007, 2009, 2010a, 2010b, 
20112012, 2013; AYK Data Management System (AYKDMS)) age-class compositions .  ASL data sets 
used to describe the harvest were: the LYTF and the weighted harvest age-class compositions.(Estensen 
et al. 2012; Larry Dubois, ADF&G/CF, Anchorage, personal communication).    
 

Total Brood Year Return  
 
Total brood year return was calculated for 4 different age-class composition-based models.  Two ASL 
datasets were selected to represent the age-class composition of the harvest, LYTF and the weighted 
harvest ASL databases; two were also selected to represent the escapement, LYTF and the Anvik River 
escapement databases (Appendices A1-A3). Combinations of age-class composition data sets for 
escapement and harvest for each model are as follows: 

Harvest    Escapement 
LYTF    LYTF 
LYTF    Anvik River 
Weighted Harvest  Anvik River 
Weighted Harvest  LYTF 

 
The summer chum salmon ASL associated with LYTF was chosen to represent the age-class composition 
of the harvest, as well as, the escapement in the models above because it could possibly represent the total 
unexploited run as it enters into the mouth of the Yukon River.  However, the LYTF uses one gillnet type, 
5.5 inch stretch mesh, to capture fish.  Because of the size selectivity of gillnets in general, the ASL data 
are probably bias and may not accurately represent the age class composition of the unexploited run.   
 
The weighted harvest age-class composition probably best represents the combined drainage-wide 
commercial and subsistence harvest.  However, even though it is a weighted average of all harvests 
sampled, many commercial and subsistence harvest were not sampled over the period 1988-2012 and 
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were, therefore, not represented in this weighted average. However, since most of the commercial and 
subsistence harvests are taken in Districts 1 and 2 of the Lower Yukon Area (Figure 1), the bias 
associated with this data set may be small. 
 
The age class composition of the Anvik River was chosen in to represent the Yukon River drainage 
escapement because: 1. The Anvik River is the largest single tributary producer of summer chum salmon 
in the Yukon River drainage; 2. the Anvik River summer chum salmon ASL database is the longest 
running database for summer chum salmon escapement in the Yukon River drainage; and 3. preliminary 
assessment indicates that the age-class composition of other tributary escapements, as well as harvests,  
were all fairly similar, especially among years (AYKDMBS).     
 
Two brood year tables, based on time period, were constructed for each of the four above models.  This 
brood year time periods consisted of years when mainstem sonar counts were considered accurate and 
comparable, 1995, 1997-2012, and when Pilot Station sonar passage data were predicted, 1988-1994.  
Therefore, the two brood year model category included the years 1995-2007 and 1998-2007.  Although 
the 1996 sonar passage was predicted, I am confident that the predicted passage value represents the 
actual sonar passage fairly well. 
 
The preferred age-class composition model for the calculation of the return (harvest and escapement) was 
constructed from the weighted harvest and the Anvik River escapement age class composition databases 
for the harvest and escapement, respectively.  Results from the other age-class composition models may 
provide interesting comparisons among the spawner-recruit analysis statistics, especially, the estimated 
number of spawners that produce maximum sustained yield (Smsy), estimated maximum sustained yield, 
(MSY), and the estimated number of spawners that result in a 1:1 spawner/recruit ratio, or replacement 
point (Seq). 
  
Median values and averages are used to describe central tendencies of the data where appropriate, such as, 
return per spawner, spawners, recruits, etc.  In graphs, median values are used to describe the central 
tendency of the data.  
 
 
Biological Escapement Goal Analysis 
 
BEG analysis was conducted using a spreadsheet developed by ADF&G that employed boot strapping 
techniques to estimate the summary statistics of the spawner-recruit analyses estimates and confidence 
intervals  (Steve Fleishman, ADF&G/SF Anchorage, personal communication). 
 
 

RESULTS 
 
 

Predicted Values for Missing Data 

Yukon Sonar Passage Estimates 
In the past, prior to 2003, biologists noted that summer chum salmon escapement to the Anvik River was 
approximately half of the Yukon sonar counts attributed to summer chum salmon (Clark and Sandone 
2001; Sandone 1994a, 1994b, 1996; Huttunen and Bergstrom 1999). Recently, however, starting in 2003, 
the Anvik River sonar counts of summer chum salmon escapement have accounted for far less than half 
of the sonar counts.  The mean proportional contribution of Anvik River escapement counts to the Pilot 
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Station counts was 0.458 for the years 1995, 1997-2002 and 0.240 for the period 2003-2013 (Figure 2).  
These proportional means are significantly different from each other (p<0.0001).   
 
Using all the available Yukon and Anvik River sonar passage data, the estimated summer chum salmon 
passage, based on linear regression techniques, is 2,821,251 salmon.   Although this linear relationship, 
using all data from 1995, 1997-2013, was highly significant (p=0.0006; Figure 3), the R2 value of 0.5354 
was only fair.    A possibly more accurate estimate of the 1996 Yukon Sonar counts could be determined 
by using the time period, 1995, 1997-2002, which was prior to the decline in the proportional contribution 
of Anvik River counts to the Yukon sonar counts, and also includes the year when sonar counts were 
unavailable,  1996.   Therefore, I explored the relationship between the Yukon Sonar counts and the 
Anvik River counts for the years 1995, 1997-2002 (Figure 4).  This relationship was highly significant 
(p<0.0001), with an associated R2 value of 0.9829, which was much better than the all years’ model R2 
value of 0.5466 (Figure 3).  The predicted summer chum salmon passage at Pilot Station sonar for 1996 
using this relationship was 2,355,440.  Therefore, I used the 1995, 1997-2002 model to estimate the 1996 
Yukon Sonar count.  Additionally, since is some subjective evidence that the relationship between Yukon 
sonar counts and Anvik River counts prior to 1995 did not dramatically deviated from the 1995-2002 
period, this relationship was also used to estimate the Yukon Sonar counts for the 7-year period from 
1988-1994.   
 

Escapements Estimates Below Pilot Station Sonar 
In order to estimate the escapement to the Andreafsky River for the missing 5 years, 1989-1993, I 
explored the linear regression relationships between the various methods used to estimate the escapement 
to the Andreafsky River and the sonar based Anvik River escapement counts (Figure 5).  Because the 
relationship was highly significant between the East Fork Andreafsky River tower and weir counts and 
the Anvik River sonar counts of summer chum salmon escapement for corresponding years, I used this 
relationship to estimate the escapement to the East Fork of the Andreafsky River for the years 1989-1993.  
Interestingly, the relationship between the East Fork Andreafsky River and Anvik escapement estimates 
for the period 1981-1984 was not significant (Figure 5).  During this time, sonar was used to estimate the 
summer chum salmon escapement to the East Fork Andreafsky and may have poorly performed because 
of the mixed salmon species that migrate coincidentally up the river.   
 
Total escapement to the Andreafsky River was calculated by simply multiplying the East Fork estimates 
by 2 to account for escapement in the West Fork Andreafsky River.  This was assumed to represent the 
entire escapement of summer chum salmon below the Pilot Station sonar site.   
 

Spawner-Recruit Analysis: Basic Data Needs 

Total Run Estimates 
Yukon River summer chum salmon total run estimates ranged from 493,190 in 2001 to 4,180,809 in 
1995, and averaged 2,088,451 salmon during the period 1988-2012 (Table 1; Figure 6).  Associated total 
harvests ranged from 58,467 in 2001 to 1,820,130 in 1988 (Figure 6) and averaged 439,567 for the same 
period.  Associated exploitation rates ranged from 5% in 1996 to 64% in 1989 and averaged 19% for the 
same period.  Drainage-wide escapements ranged from 493,190 in 2001 to 4,180,809 in 2006 and 
averaged 2,088,451 for the period 1988-2012 (Table 1; Figure 6).  The associated median value was 
1,635,307 summer chum salmon (Table 6). 
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Total Brood Year Return 
Brood year tables were constructed for each of the four age-class composition models described above 
based on the estimated annual harvest and escapement distributed by age class and then summed by 
returns from each brood by age (Tables 2-5).  The escapement and the return for each of the 
aforementioned age-class composition model were the inputs into the individual spawner recruit analysis. 
 
Although different age class compositions were employed to distribute the number of spawners and the 
number taken in the various harvests, the results for the return (Figure 7) and associated return per 
spawner was very similar (Table 6).  It appears that the median drainage-wide escapements and brood 
year returns were slightly higher during the period 1988-1994.  While median escapements were 464,700 
higher during the 1988-1994 period, median brood year returns were also higher for all models during the 
1988-1994 period.  This difference varied based on the age-class composition model and time period.  
The difference in the median number of returns for a given model during the 1988-1994 time period, 
ranged from 797,129 for the LYTF/LYTF model to 1,029,165 weighed harvest/Anvik River escapement 
model (Table 6).   Associated with the differences in the median number of spawners and escapement are 
the differences in the median return per spawner.  It appears that the 1988-1994 period was slightly more 
productive that the latter period.  However, again, the difference is small and may not be significant and 
may also be somewhat influence by the inclusion of the estimated mainstem sonar passage for years 
1988-1994.   
It is interesting to note that the median return per spawner for all periods and for all models range from 
1.02 R/S during the 1995-2007 period for the LYTF/LYTF model to 1.40 R/S for the 1988-1994 period 
for the weighted harvest/Anvik River escapement model.  For the combined period, 1988-2007, the range 
was from 1.06 R/S to 1.24 R/S (Table 6).  This is a relatively small range, but regardless of the 
differences, all estimated median return per spawner estimates were very low.  Based on the median R/S 
estimates and range of exploitation rates (Table 1), this low return per spawner probably reflects the under 
utilization of the stock (Figure 6) rather poor production.  It appears that the Anvik River escapements 
have a higher proportion of younger-aged fish than the age-class compositions of the LYTF and the 
weighed harvest (Figure 8; Appendix A1-A3).  This difference may also be one of the reasons that there 
are small difference in productivity and brood year return size by model type. 
 

Biological Escapement Goal Analysis 

Summary:  All models  
All spawner-recruit summary statistics are very similar for all four models for both time periods (Figure 
9; Table 7).  The point estimate of spawners that produce MSY varies very little.  The difference in the 
range of calculated MSY point estimates is 25,982 fish.  Similarly, the difference in the range of 
calculated point estimate for Seq, 39,961 fish and MSY, 227,142 are also relatively small.  The small 
differences in the different models and the different time periods indicate that all these models are similar 
(Table 7; Figure 9).  Further, the numbers of recruits for each brood year are also extremely similar 
(Figure 7).   For all practical purposes, these models are basically the same with very similar results.  
Therefore, instead of presenting each model’s spawner-recruit summary statics, tables, and graphs, I am 
limiting my presentation to the previously described preferred model.  In that model the distribution of the 
estimated harvest and escapement, by age class for each year, is determined from the weighted harvest 
and the escapement is determined from the Anvik River escapement age-class compositions, respectively.  
This model will be referred to as the weighted harvest/Anvik River escapement model henceforth in this 
document. 

Weighted Harvest/Anvik River Escapement Model (Brood Years: 1988-2007 and 1995-2007)  
Spawners and Recruits: Number of spawners and recruits for the weighted harvest/Anvik River 
escapement models for the 1988-2007 brood years are presented in Table 4.  Figure 10 graphically 
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displayed these data along with the 5-year median values for the associated R/S values.  For brood years 
1988-2007, the estimated R/S point estimates range from 0.18 in 1995 to 11.81 for the 2001.  Note both 
of these values are within the 1995-2007 brood year period.  The overall R/S estimated median value for 
the brood years 1988-2007 is 1.24; for the 1995-2007 brood years it is 1.13 (Table 4).  Overall, annual 
estimated R/S values are relatively low, less than 2.0 R/S, and are variable among years and 5-year time 
period (Figure 10).  The annual estimated R/S values have exceeded 2.0 in only 4 years, 1989, 1990, 2001 
and 2002.  During these years estimated escapements ranged from a low of 434,723 in 2001 to 926,897 in 
1989; the associated median estimated escapement value was 774,487 summer chum salmon.  
Conversely, point estimates of R/S have been less than 1.0 in 8 years, 1988, 1993-1997, 2005 and 2006.  
Estimated escapements for these years ranged from a low of 1,218,603 in 1993 to a high of 3,886,584 in 
2006 (Table 4); the associated median value for these estimated escapements was 2,311,005.  These later 
escapements did not replace themselves. 
 
Spawner-Recruit Statistics: Spawner-recruit summary statistics indicate that all point estimates are very 
similar in both brood year time period models (Table 8).  However, the 80% confidence intervals (CI) are 
wider for the 1995-2007 brood year model than the 1988-2007 brood year model (Table 8).  This is 
probably because of the difference in the number of observations between the two brood year periods, 20 
for the 1988-2007 brood year period and 13 for the 1995-2007 brood year period (Table 8).   
 
In both models, the relationship between ln(R/S) vs. Spawners is highly significant (Figure 11). Note that 
on Figure 11, the line that is fitted to the observations crosses the x-axis at an escapement level of less 
than 2.0M.  This indicates that, based on the observations from both sets of models, the replacement point 
may be below 2.0M spawners.  Note also that there are no observed estimated escapements greater than 
2.0M that are above the x-axis line.  Additionally, the spawner-recruit analysis (Figure 12) also indicates 
that all escapements over 2.0M summer chum salmon have failed to replace themselves.   However, 
results from statistical bootstrapping techniques indicate that the result with the highest frequency of Seq 
occurs at approximately 2.15M spawners for the 1988-2007 brood year model and approximately 1.97M 
spawners for the 1995-2007 brood year model (Figure 13).   
 
For both models, estimates of MSY are in excess of 1.0M salmon, 1.4M for the 1988-2007 brood year 
model and 1.3M for the 1995-2007 brood year model (Table 8).  Results from statistical bootstrapping 
techniques indicate that the number of spawners estimated to attain the sustained yield of 90% of the 
estimated MSY 90% of the time is between approximately 665,000 and 900,000 spawners for brood years 
1988-2007 and between approximately 768,000 and 878,000 spawners for brood years 1995-2007 (Figure 
14).  Note that the probably to attain sustained yield of 90% of MSY 90% of the time precipitously 
declines as the number of spawners increase and decrease from those levels cited above.  Note also that 
there is no or very little yield as number of spawners approach 2.0M salmon (Figure 14).   
 
Both brood year spawner-recruit analyses indicate that the Smsy is approximately 900,000 salmon, 855,375 
for the 1988-2007 model and 866,625 for the 1995-2007 model (Table 8).  The 80% confidence interval 
for the point estimate of Smsy is 716,337 to 1,018,937 spawners for the 1988-2007 brood year model and 
644,217 to 1,109,910 for the 1995-2007 brood year model (Table 8; Figure 12).  Using the point estimate 
for both these estimates, MSY and Smsy, the calculated return per spawner is about 1.6 R/S.   The 
estimated point estimate for the escapement that produces the maximum number of recruits, Smax, is 1.4M 
for the 1988-2007 brood year model and 1.5M for the 1995-2007 model (Table 8; Figure 12).  Both 
models indicate that the replacement point, or Seq, is approximately 2.2M salmon for both models (Table 
8; Figure 12).  
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DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 
 
 
It appears that neither the age class composition nor the brood years used in these analyses substantially 
alters the point estimate or the 80% confidence interval range of Smax, Seq, SMSY or MSY.  Therefore, I 
believe that it is logically acceptable to focus on the preferred model that uses the weighted harvests and 
Anvik River escapement age-class compositions to describe the age-class composition of the harvest and 
drainage-wide escapement age-class composition for the calculation of the brood year return.   The small 
differences in the spawner-recruit statistics is probably a direct result of 1: similarity among the age-class 
compositions of all databases; and 2. the fact that most of the run is escapement.  Note that estimated 
median exploitation rate for this stock of salmon is approximately 11% for the period 1988-2013 and has 
exceeded 30% in only 3 years, 1988-1990 (Table 1).   
 
The difference in the 80% CI around the point estimates of the spawner-recruit statistics is a direct result 
of the number of observations for each brood year model (Figure 9), 13 for the 1995-2007 brood year 
model and 20 for the 1988-2007 brood year model.  The 1988-2007 brood year model employs estimates 
of Yukon Sonar summer chum salmon passage for 1988-1994 based on the Anvik River escapement 
relationship with the mainstem Yukon Sonar project for years 1995, 1997-2002.  I believe that it is 
acceptable to employ the very good relationship between these two sonar operations, based on observed 
passage estimates, to estimate the Yukon Sonar passage estimates for the years 1988-1994, 1996, when 
mainstem Yukon Sonar counts were unavailable.   
 
Note that Anvik River BEG analyses, both past and present, assume that 50% of the salmon harvested 
below the mouth of the Anvik River are Anvik River-origin salmon for those years when Yukon Sonar 
passage estimates were unavailable, back to 1972  (Sandone 1994a, 1994b; 1996; Hutten and Bergstrom 
1999; ADF&G 2004).  Note also that ADF&G considers the Anvik River escapement goal a BEG, which 
according to the Policy for Management of Sustainable Salmon Fisheries (Sustainable Salmon Policy: 
5AAC39.222) means: 
 

…the escapement that provides the greatest potential for maximum sustained yield; BEG 
will be the primary management objective for the escapement unless an optimal 
escapement or inriver run goal has been adopted; BEG will be developed from the best 
available biological information, and should be scientifically defensible on the basis of 
available biological information; BEG will be determined by the department and will be 
expressed as a range based on factors such as salmon stock productivity and data 
uncertainty; the department will seek to maintain evenly distributed salmon escapements 
within the bounds of a BEF.   
 

Therefore, we can assume that the Anvik River summer chum salmon BEG was developed from 
the best available biological information, and is scientifically defensible.  Accordingly, if the 
assumption regarding the Anvik River-origin composition below the Anvik River is the best 
available biological information and is scientifically defensible for the Anvik River summer chum 
salmon BEG, then expanding the mainstem Sonar Project data for the years 1988-1994 and 1996, 
which is probably an improvement on the 50% assumption, should also be considered the best 
available biological information and also scientifically defensible.  Accordingly, the Yukon River 
summer chum salmon BEG should be established based on the expanded brood year model, 
1998-2007.  Therefore, I recommend that a BEG range for Yukon River summer chum salmon be 
established as 700,000 to 1,000,000 summer chum salmon.  Please note that this recommendation 
is not substantially different from the recommendation that would have been made if the 1995-
2007 brood year model was selected as preferred:  650,000 to 1,100,000 summer chum salmon. 
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The point estimate for Seq, based on statistical bootstrapping techniques, is approximately 2.2M 
salmon with an approximate 80% range of 1.8M to 2.6M.  However, examination of Figure 11, 
which portrays the relationship between ln(R/S) vs. Spawners, and Figure 12, the spawner-recruit 
relationship, indicates that the point estimate of Seq is less than 2.0M. Note also that all observed 
escapements that were at least 2.0M salmon did not replace themselves or had an R/S of less than 
1.0.  This apparent discrepancy is because estimates for Seq contain a correction factor for 
lognormal errors while the graphs do not (Steve Fleishman, ADF&G/SF, Anchorage, AK, 
personal communication).  However, it may be prudent and precautionary not to allow 
escapements to exceed 2.0M salmon, or the lower end of the Seq range, 1.8M salmon, regardless 
of the concern for Chinook salmon. Exceeding this escapement level will most likely result in 
reduced production, possibly jeopardizing future returns and the fisheries that depend on those 
runs. The failure of the summer chum run, in conjunction with the current poor runs of Chinook 
salmon, will result in the complete failure of the summer season Yukon Area fisheries.  The 
failure of these fisheries would have severe negative impacts to the villages of the Yukon River 
drainage, particularly the Lower Yukon villages in District 1 and 2.  The people who live in these 
villages almost exclusively depend on the money generated from this fishery to live and maintain 
their subsistence lifestyle.    
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Table 1.  Total run estimates, total harvest, and total escapement estimates for Yukon River summer chum salmon, 1988-2012. 

                          

Year 

Total 
Andreafsky 
Escapement   

Subsistence 
Harvest 

Below Sonar 
Site 

Commercial 
Harvest  

Below Sonar 
Site 

Test Fish 
Sales Below 
Sonar Site 

Total 
Harvest  

Below Sonar 
Site 

Yukon Sonar 
Counts   Total Run 

Total 
Yukon 

River total 
Harvest 

Yukon River 
Drainage 

Escapement 
Exploit. 

Rate 
1988 137,874   52,925 919,034 3,587 975,546 2,889,222 a 4,002,642 1,820,130 2,182,512 0.45 
1989 152,557 b 88,619 783,412 4,338 876,369 1,532,494 a 2,561,420 1,634,523 926,897 0.64 
1990 87,626 b 63,162 227,042 2,938 293,142 884,657 a 1,265,426 643,348 622,078 0.51 
1991 211,249 b 46,451 288,597 2,076 337,124 2,118,088 a 2,666,461 781,613 1,884,848 0.29 
1992 191,168 b 55,894 290,205 1,918 348,017 1,917,732 a 2,456,917 672,349 1,784,568 0.27 
1993 119,296 b 57,538 87,259 1,869 146,666 1,200,640 a 1,466,602 247,999 1,218,603 0.17 
1994 401,962   52,764 53,181 3,212 109,157 2,887,112 a 3,398,231 372,207 3,026,024 0.11 
1995 344,296   57,586 216,409 6,073 280,068 3,556,445   4,180,809 945,164 3,235,645 0.23 
1996 216,900   51,284 119,704 7,309 178,297 2,355,440 a 2,750,637 794,896 1,955,741 0.29 
1997 102,278   52,711 75,652 2,590 130,953 1,415,641   1,648,872 329,004 1,319,868 0.20 
1998 135,440   51,875 25,409 3,019 80,303 826,385   1,042,128 118,326 923,802 0.11 
1999 65,174   43,094 22,665 836 66,595 973,708   1,105,477 101,509 1,003,968 0.09 
2000 49,570   46,198 6,155 648 53,001 456,271   558,842 72,358 486,484 0.13 
2001 4,268   47,472 0 0 47,472 441,450   493,190 58,467 434,723 0.12 
2002 88,388   45,177 9,291 218 54,686 1,088,463   1,231,537 86,614 1,144,923 0.07 
2003 44,922   35,682 5,805 119 41,606 1,168,518   1,255,046 80,894 1,174,152 0.06 
2004 129,766   44,786 18,506 217 63,509 1,357,826   1,551,101 96,733 1,454,368 0.06 
2005 40,254   48,789 31,591 134 80,514 2,439,616   2,560,384 120,887 2,439,497 0.05 
2006 204,520   58,144 40,744 456 99,344 3,767,044   4,070,908 184,324 3,886,584 0.05 
2007 139,284   44,646 170,039 10 214,695 1,726,885   2,080,864 275,445 1,805,419 0.13 
2008 114,518   44,035 113,583 80 157,698 1,665,667   1,937,883 220,169 1,717,714 0.11 
2009 17,540   42,915 153,206 0 196,121 1,421,646   1,635,307 238,496 1,396,811 0.15 
2010 145,678   46,355 149,345 0 195,700 1,405,533   1,746,911 300,338 1,446,573 0.17 
2011 200,946   49,472 227,013 0 276,485 1,977,808   2,455,239 353,826 2,101,413 0.14 
2012 113,360   62,033 196,198 3,070 261,301 2,030,871   2,405,532 427,227 1,978,305 0.18 
min 4,268   35,682 0 0 41,606 441,450   493,190 58,467 434,723 0.05 
max 401,962   88,619 919,034 7,309 975,546 3,767,044   4,180,809 1,820,130 3,886,584 0.64 
mean 139,395   51,149 168,077 1,735 220,961 1,728,095   2,088,451 439,567 1,648,884 0.19 

median 113,360   46,198 31,591 134 80,514 1,405,533   1,635,307 120,887 1,446,573 0.11 
a   Estimated value based on the linear relationship between the Pilot Station sonar counts and the Anvik River sonar counts of summer chum salmon for years, 1995, 1997-2002. 
b  Estimated value based on the linear relationship between the Anvik River sonar counts of summer chum salmon and the Andreafsky River escapement counts of summer chum 

salmon for years, 1986-1993 and 1994-2012.  
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Table 2.  Brood year table for the model that includes the LYTF age class composition for the harvest and escapement, 1988-2007. 

                                  

   
Age (numbers) 

   
Age (proportion) 

Brood year Spawners   0.2 0.3 0.4 0.5   0.6   Return R/S 0.2 0.3 0.4 0.5 0.6 
1988 2,182,512   0 540,522 841,830 88,354   0   1,470,706 0.67 0.00 0.37 0.57 0.06 0.00 
1989 926,897   0 560,242 2,103,505 255,029   0   2,918,776 3.15 0.00 0.19 0.72 0.09 0.00 
1990 622,078   1,467 1,209,770 2,224,190 143,033   0   3,578,460 5.75 0.00 0.34 0.62 0.04 0.00 
1991 1,884,848   0 1,680,685 1,441,334 72,550   0   3,194,570 1.69 0.00 0.53 0.45 0.02 0.00 
1992 1,784,568   20,904 1,163,520 1,178,943 41,685   0   2,405,052 1.35 0.01 0.48 0.49 0.02 0.00 
1993 1,218,603   2,751 397,378 349,113 37,586   0   786,828 0.65 0.00 0.51 0.44 0.05 0.00 
1994 3,026,024   0 651,330 523,996 8,383   0   1,183,709 0.39 0.00 0.55 0.44 0.01 0.00 
1995 3,235,645   0 531,734 255,950 5,918   0   793,602 0.25 0.00 0.67 0.32 0.01 0.00 
1996 1,955,741   12,160 293,392 363,974 22,168   0   691,694 0.35 0.02 0.42 0.53 0.03 0.00 
1997 1,319,868   1,118 123,298 497,541 27,611   0   649,567 0.49 0.00 0.19 0.77 0.04 0.00 
1998 923,802   0 705,671 234,694 0   0   940,364 1.02 0.00 0.75 0.25 0.00 0.00 
1999 1,003,968   6,158 987,721 881,025 2,560   0   1,877,465 1.87 0.00 0.53 0.47 0.00 0.00 
2000 486,484   5,020 621,992 253,478 4,071   0   884,561 1.82 0.01 0.70 0.29 0.00 0.00 
2001 434,723   48,084 2,299,225 2,939,196 206,006   0   5,492,510 12.63 0.01 0.42 0.54 0.04 0.00 
2002 1,144,923   2,560 1,111,358 984,249 98,832   2,794   2,199,793 1.92 0.00 0.51 0.45 0.04 0.00 
2003 1,174,152   12,213 892,691 1,040,643 29,436   0   1,974,982 1.68 0.01 0.45 0.53 0.01 0.00 
2004 1,454,368   0 798,408 783,312 26,204   0   1,607,924 1.11 0.00 0.50 0.49 0.02 0.00 
2005 2,439,497   0 798,030 520,579 9,867   0   1,328,476 0.54 0.00 0.60 0.39 0.01 0.00 
2006 3,886,584   19,624 1,130,251 1,361,646 129,740   0   2,641,261 0.68 0.01 0.43 0.52 0.05 0.00 

2007 1,805,419   69,876 1,082,081 622,752 52,561 a 0 a 1,827,270 1.01 0.04 0.59 0.34 0.03 0.00 
Average                                 

1988-1994 1,663,647   3,589 886,207 1,237,559 92,374   0   2,219,729 1.95 0.00 0.42 0.53 0.04 0.00 
1995-2007 1,635,783   13,601 875,065 826,080 47,306   215   1,762,267 1.95 0.01 0.52 0.45 0.02 0.00 
1988-2007 1,645,535   10,097 878,965 970,098 63,080   140   1,922,378 1.95 0.01 0.49 0.48 0.03 0.00 

Median                                 
1988-1994 1,784,568   0 651,330 1,178,943 72,550   0   2,405,052 1.35 0.00 0.48 0.49 0.04 0.00 
1995-2007 1,319,868   5,020 798,408 622,752 26,204   0   1,607,924 1.02 0.00 0.51 0.47 0.02 0.00 
1988-2007 1,387,118   2,013 798,219 812,571 33,511   0   1,717,597 1.06 0.00 0.50 0.48 0.03 0.00 

  a  Estimated value based on the average proportional contribution of that age class to the total return. 
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Table 3.  Brood year table for the model that includes the LYTF age-class composition for the harvest and the Anvik age class 
composition for escapement, 1988-2007. 

                                  

   
Age (numbers) 

   
Age (proportion) 

Brood year Spawners   0.2 0.3 0.4 0.5   0.6   Return R/S 0.2 0.3 0.4 0.5 0.6 
1988 2,182,512   0 620,827 537,179 45,990   0   1,203,996 0.55 0.00 0.52 0.45 0.04 0.00 
1989 926,897   5,354 884,391 2,160,999 200,023   0   3,250,767 3.51 0.00 0.27 0.66 0.06 0.00 
1990 622,078   7,560 1,191,614 1,784,143 76,538   0   3,059,854 4.92 0.00 0.39 0.58 0.03 0.00 
1991 1,884,848   0 2,104,555 1,243,804 35,594   0   3,383,953 1.80 0.00 0.62 0.37 0.01 0.00 
1992 1,784,568   92,088 1,419,722 950,606 16,742   0   2,479,159 1.39 0.04 0.57 0.38 0.01 0.00 
1993 1,218,603   10,574 656,072 208,695 16,490   0   891,831 0.73 0.01 0.74 0.23 0.02 0.00 
1994 3,026,024   6,599 816,691 663,100 10,329   0   1,496,718 0.49 0.00 0.55 0.44 0.01 0.00 
1995 3,235,645   0 424,771 146,977 9,396   0   581,144 0.18 0.00 0.73 0.25 0.02 0.00 
1996 1,955,741   1,117 397,013 407,881 21,023   0   827,034 0.42 0.00 0.48 0.49 0.03 0.00 
1997 1,319,868   4,523 75,478 259,397 17,044   0   356,442 0.27 0.01 0.21 0.73 0.05 0.00 
1998 923,802   869 928,931 302,794 7,273   0   1,239,867 1.34 0.00 0.75 0.24 0.01 0.00 
1999 1,003,968   22,357 917,272 851,936 12,430   0   1,803,995 1.80 0.01 0.51 0.47 0.01 0.00 
2000 486,484   17,936 640,898 86,370 184   0   745,388 1.53 0.02 0.86 0.12 0.00 0.00 
2001 434,723   49,537 2,461,342 2,414,507 186,146   0   5,111,532 11.76 0.01 0.48 0.47 0.04 0.00 
2002 1,144,923   121 1,604,954 664,690 83,373   0   2,353,137 2.06 0.00 0.68 0.28 0.04 0.00 
2003 1,174,152   51,079 1,210,444 987,394 60,165   0   2,309,082 1.97 0.02 0.52 0.43 0.03 0.00 
2004 1,454,368   19,860 839,633 618,488 4,505   0   1,482,486 1.02 0.01 0.57 0.42 0.00 0.00 
2005 2,439,497   27,483 919,552 208,120 16,132   0   1,171,287 0.48 0.02 0.79 0.18 0.01 0.00 
2006 3,886,584   36,385 1,416,673 1,240,630 93,195   0   2,786,883 0.72 0.01 0.51 0.45 0.03 0.00 
2007 1,805,419   117,613 1,189,835 699,884 31,459 a 0 a 2,038,791 1.13 0.06 0.58 0.34 0.02 0.00 

Average                                 
1988-1994 1,663,647   17,454 1,099,124 1,078,361 57,387   0   2,252,325 1.91 0.01 0.52 0.45 0.02 0.00 
1995-2007 1,635,783   26,837 1,002,061 683,775 41,717   0   1,754,390 1.90 0.01 0.59 0.37 0.02 0.00 
1988-2007 1,645,535   23,553 1,036,033 821,880 47,202   0   1,928,667 1.90 0.01 0.57 0.40 0.02 0.00 

Median                                 
1988-1994 1,784,568   6,599 884,391 950,606 35,594   0   2,479,159 1.39 0.00 0.55 0.44 0.02 0.00 
1995-2007 1,319,868   19,860 919,552 618,488 17,044   0   1,482,486 1.13 0.01 0.57 0.42 0.02 0.00 
1988-2007 1,387,118   9,067 918,412 663,895 19,033   0   1,650,357 1.24 0.01 0.56 0.42 0.02 0.00 

a  Estimated value based on the average proportional contribution of that age class to the total return. 
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Table 4.  Brood year table for the model that includes the weighted harvest age-class composition for the harvest and the Anvik River 
escapement age class composition for the escapement, 1988-2007. 

                                  

   
Age (numbers) 

   
Age (proportion) 

Brood year Spawners   0.2 0.3 0.4 0.5   0.6   Return R/S 0.2 0.3 0.4 0.5 0.6 
1988 2,182,512   10,161 681,339 513,123 43,756   0   1,248,379 0.57 0.01 0.55 0.41 0.04 0.00 
1989 926,897   6,698 907,455 2,104,051 162,217   795   3,181,216 3.43 0.00 0.29 0.66 0.05 0.00 
1990 622,078   8,304 1,250,050 1,709,475 70,974   0   3,038,802 4.88 0.00 0.41 0.56 0.02 0.00 
1991 1,884,848   372 2,215,139 1,215,188 32,962   0   3,463,661 1.84 0.00 0.64 0.35 0.01 0.00 
1992 1,784,568   93,033 1,450,723 936,459 15,204   0   2,495,419 1.40 0.04 0.58 0.38 0.01 0.00 
1993 1,218,603   12,958 672,193 209,523 13,952   0   908,627 0.75 0.01 0.74 0.23 0.02 0.00 
1994 3,026,024   7,257 817,046 674,063 10,980   0   1,509,346 0.50 0.00 0.54 0.45 0.01 0.00 
1995 3,235,645   355 417,259 152,476 10,273   0   580,363 0.18 0.00 0.72 0.26 0.02 0.00 
1996 1,955,741   203 391,007 412,617 21,716   0   825,543 0.42 0.00 0.47 0.50 0.03 0.00 
1997 1,319,868   4,378 69,865 262,862 19,390   72   356,566 0.27 0.01 0.20 0.74 0.05 0.00 
1998 923,802   869 925,120 319,378 8,233   0   1,253,599 1.36 0.00 0.74 0.25 0.01 0.00 
1999 1,003,968   22,011 898,424 855,423 14,092   0   1,789,949 1.78 0.01 0.50 0.48 0.01 0.00 
2000 486,484   17,855 638,113 92,720 369   275   749,332 1.54 0.02 0.85 0.12 0.00 0.00 
2001 434,723   47,804 2,453,350 2,430,912 199,918   440   5,132,424 11.81 0.01 0.48 0.47 0.04 0.00 
2002 1,144,923   223 1,588,918 673,504 85,574   429   2,348,648 2.05 0.00 0.68 0.29 0.04 0.00 
2003 1,174,152   50,710 1,187,307 998,182 60,833   0   2,297,032 1.96 0.02 0.52 0.43 0.03 0.00 
2004 1,454,368   19,860 825,982 617,439 2,973   0   1,466,254 1.01 0.01 0.56 0.42 0.00 0.00 
2005 2,439,497   27,704 920,006 190,940 17,737   0   1,156,386 0.47 0.02 0.80 0.17 0.02 0.00 
2006 3,886,584   36,600 1,429,948 1,223,292 86,765   0   2,776,605 0.71 0.01 0.51 0.44 0.03 0.00 
2007 1,805,419   123,049 1,205,349 675,358 31,780 a 164 a 2,035,701 1.13 0.06 0.59 0.33 0.02 0.00 

Average                                 
1988-1994 1,663,647   19,826 1,141,992 1,051,697 50,006   114   2,263,636 1.91 0.01 0.53 0.43 0.02 0.00 
1995-2007 1,635,783   27,048 996,204 685,008 43,050   106   1,751,416 1.90 0.01 0.59 0.38 0.02 0.00 
1988-2007 1,645,535   24,520 1,047,230 813,349 45,485   109   1,930,693 1.90 0.01 0.57 0.40 0.02 0.00 

Median                                 
1988-1994 1,784,568   8,304 907,455 936,459 32,962   0   2,495,419 1.40 0.00 0.55 0.41 0.02 0.00 
1995-2007 1,319,868   19,860 920,006 617,439 19,390   0   1,466,254 1.13 0.01 0.56 0.42 0.02 0.00 
1988-2007 1,387,118   11,560 913,730 673,783 20,553   0   1,649,647 1.24 0.01 0.55 0.42 0.02 0.00 

  a  Estimated value based on the average proportional contribution of that age class to the total return. 
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Table 5.  Brood year table for the model that includes the weighted harvest age-class composition for the harvest and the LYTF age class 
composition for the escapement, 1988-2007. 

                                  

   
Age (numbers) 

   
Age (proportion) 

Brood year Spawners   0.2 0.3 0.4 0.5   0.6   Return R/S 0.2 0.3 0.4 0.5 0.6 
1988 2,182,512   10,161 601,033 817,774 86,121   0   1,515,089 0.69 0.01 0.40 0.54 0.06 0.00 
1989 926,897   1,345 583,306 2,046,557 217,223   795   2,849,225 3.07 0.00 0.20 0.72 0.08 0.00 
1990 622,078   2,211 1,268,207 2,149,522 137,469   0   3,557,408 5.72 0.00 0.36 0.60 0.04 0.00 
1991 1,884,848   372 1,791,269 1,412,718 69,918   0   3,274,278 1.74 0.00 0.55 0.43 0.02 0.00 
1992 1,784,568   21,849 1,194,521 1,164,796 40,147   0   2,421,313 1.36 0.01 0.49 0.48 0.02 0.00 
1993 1,218,603   5,135 413,499 349,941 35,048   0   803,624 0.66 0.01 0.51 0.44 0.04 0.00 
1994 3,026,024   658 651,685 534,959 9,034   0   1,196,336 0.40 0.00 0.54 0.45 0.01 0.00 
1995 3,235,645   355 524,223 261,449 6,795   0   792,822 0.25 0.00 0.66 0.33 0.01 0.00 
1996 1,955,741   11,247 287,386 368,710 22,861   0   690,204 0.35 0.02 0.42 0.53 0.03 0.00 
1997 1,319,868   973 117,685 501,006 29,957   72   649,692 0.49 0.00 0.18 0.77 0.05 0.00 
1998 923,802   0 701,860 251,277 960   0   954,096 1.03 0.00 0.74 0.26 0.00 0.00 
1999 1,003,968   5,811 968,873 884,512 4,222   0   1,863,418 1.86 0.00 0.52 0.47 0.00 0.00 
2000 486,484   4,939 619,207 259,828 4,255   275   888,504 1.83 0.01 0.70 0.29 0.00 0.00 
2001 434,723   46,351 2,291,233 2,955,600 219,778   440   5,513,402 12.68 0.01 0.42 0.54 0.04 0.00 
2002 1,144,923   2,662 1,095,322 993,063 101,034   3,223   2,195,303 1.92 0.00 0.50 0.45 0.05 0.00 
2003 1,174,152   11,844 869,553 1,051,431 30,103   0   1,962,932 1.67 0.01 0.44 0.54 0.02 0.00 
2004 1,454,368   0 784,757 782,263 24,672   0   1,591,692 1.09 0.00 0.49 0.49 0.02 0.00 
2005 2,439,497   220 798,483 503,400 11,472   0   1,313,575 0.54 0.00 0.61 0.38 0.01 0.00 
2006 3,886,584   19,838 1,143,526 1,344,309 123,310   0   2,630,983 0.68 0.01 0.43 0.51 0.05 0.00 
2007 1,805,419   75,313 1,097,596 598,226 52,882 a 164 a 1,824,180 1.01 0.04 0.60 0.33 0.03 0.00 

Average                                 
1988-1994 1,663,647   5,962 929,074 1,210,895 84,994   114   2,231,039 1.95 0.00 0.44 0.52 0.04 0.00 
1995-2007 1,635,783   13,812 869,208 827,313 48,639   321   1,759,293 1.95 0.01 0.52 0.45 0.02 0.00 
1988-2007 1,645,535   11,064 890,161 961,567 61,363   248   1,924,404 1.95 0.01 0.49 0.48 0.03 0.00 

Median                                 
1988-1994 1,784,568   2,211 651,685 1,164,796 69,918   0   2,421,313 1.36 0.00 0.49 0.48 0.04 0.00 
1995-2007 1,319,868   4,939 798,483 598,226 24,672   0   1,591,692 1.03 0.00 0.50 0.47 0.02 0.00 
1988-2007 1,387,118   3,801 791,620 800,018 32,576   0   1,707,936 1.06 0.00 0.50 0.48 0.03 0.00 

  a  Estimated value based on the average proportional contribution of that age class to the total return. 
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Table 6.  Brood year table summary statistics for all age-class composition models and for all time periods, Yukon River summer chum 
salmon, brood years 1988-1994, 1995-2007 and 1988-2007. 

 
    Brood Year Table Summary by Model 

Harvest Age Composition   LYTF   LYTF 
Escapement Age 

Composition   LYTF   Anvik River Escape. 
Brood Year Period   1988-1994 1995-2007 1988-2007   1988-1994 1995-2007 1988-2007 

Median Escapements   1,784,568 1,319,868 1,645,535   1,784,568 1,319,868 1,645,535 
Median Return   2,405,052 1,607,924 1,717,597   2,479,159 1,482,486 1,650,357 
Minimum R/S   0.39 0.25 0.25   0.49 0.18 0.18 
Maximum R/S   5.75 12.63 12.63   4.92 11.76 11.76 
Median R/S   1.35 1.02 1.06   1.39 1.13 1.24 

Median Prop <  age-0.3    0.48 0.51 0.50   0.55 0.58 0.57 
Median Prop > age-0.4   0.53 0.49 0.50   0.46 0.43 0.44 

           
            Brood Year Table Summary by Model 

Harvest Age Composition Weighted Harvest   Weighted Harvest 
Escapement Age 

Composition   Anvik River Escape.   LYTF 
Brood Year Period   1988-1994 1995-2007 1988-2007   1988-1994 1995-2007 1988-2007 

Median Escapements   1,784,568 1,319,868 1,645,535   1,784,568 1,319,868 1,645,535 
Median Return   2,495,419 1,466,254 1,649,647   2,421,313 1,591,692 1,707,936 
Minimum R/S   0.50 0.18 0.18   0.40 0.25 0.25 
Maximum R/S   4.88 11.81 11.81   5.72 12.68 12.68 
Median R/S   1.40 1.13 1.24   1.36 1.03 1.06 

Median Prop <  age-0.3    0.55 0.58 0.57   0.49 0.50 0.50 
Median Prop > age-0.4   0.43 0.44 0.43   0.50 0.49 0.50 
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Table 7.  Spawner-recruit summary point estimate statistics for the various age-class composition models for brood years, 1988-2007 and 
1995-2007, Yukon River summer chum salmon. 

  
Spawner-Recruit Analyses Statistics 

Harvest Age Composition   LYTF   LYTF    Weighted Harvest   LYTF 
Escapement Age 

Composition   LYTF 
 

Anvik River 
 

Anvik River 
 

Anvik River 

Model Years 
 

1988-
2007 

1995-
2007 

 

1988-
2007 

1995-
2007 

 

1988-
2007 

1995-
2007 

 

1988-
2007 

1995-
2007 

lnalpha^   1.3482 1.1602   1.3480 1.1623   1.3223 1.1439   1.3226 1.1420 
beta^   7.3E-07 6.7E-07   7.3E-07 6.7E-07   7.3E-07 6.8E-07   7.3E-07 6.8E-07 

sigma^   0.6907 0.7558   0.6885 0.7553   0.7472 0.8443   0.7489 0.8443 
lnalpha.p   1.5867 1.4458   1.5850 1.4476   1.6015 1.5003   1.6030 1.4984 
S.max^   1,365,807 1,501,066   1,368,271 1,495,739   1,376,954 1,462,427   1,374,435 1,467,550 
S.eq^   2,167,190 2,170,281   2,168,751 2,165,204   2,205,165 2,194,114   2,203,272 2,199,047 

S.msy^   842,880 865,491   843,748 863,200   855,375 866,625   854,401 868,862 
U.msy^   0.62 0.58   0.62 0.58   0.62 0.59   0.62 0.59 
MSY^   1,379,740 1,198,794   1,378,403 1,198,162   1,424,355 1,281,469   1,425,303 1,281,911 

Contrast   8.9 8.9   8.9 8.9   8.9 8.9   8.9 8.9 
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Table 8.   Spawner-recruit summary point estimate and 80% confidence interval statistics for the age-class composition models that uses the 
weighted harvest age-class to represent the total harvest  and Anvik River escapement age class composition to represent the total 
escapement to calculate total return for brood years 1988-2007 (left) and 1995-2007 (left), Yukon River summer chum salmon. 

 

  

  
Brood 
Years 

Harvest 
Age comp 

Escape Age 
comp 

  
  

Brood 
Years 

Harvest 
Age comp 

Escape Age 
comp 

Model 1988-2007  
Weighted 
Harvest 

Anvik R. 
Escape. 

  
Model 1995-2007 

Weighted 
Harvest 

Anvik R. 
Escape. 

            L80 Point U80 
  

  L80 Point U80 
lnalpha^ 0.9297 1.3223 1.7410 

  
lnalpha^ 0.6446 1.1439 1.6937 

beta^ 5.17E-07 7.26E-07 9.49E-07 
  

beta^ 4.03E-07 6.84E-07 9.81E-07 
sigma^ 0.5490 0.7472 0.8609 

  
sigma^ 0.5161 0.8443 0.9603 

lnalpha.p 1.1756 1.6015 2.0125 
  

lnalpha.p 0.9066 1.5003 2.0489 
S.max^ 1,054,081 1,376,954 1,933,536 

  
S.max^ 1,019,369 1,462,427 2,478,469 

S.eq^ 1,849,060 2,205,165 2,569,156 
  

S.eq^ 1,586,059 2,194,114 2,787,970 
S.msy^ 716,337 855,375 1,018,937 

  
S.msy^ 644,217 866,625 1,109,910 

U.msy^ 0.4911 0.6212 0.7227 
  

U.msy^ 0.3958 0.5926 0.7306 
MSY^ 846,562 1,424,355 2,160,790 

  
MSY^ 527,795 1,281,469 2,292,410 

Contrast   8.94   
  

Contrast   8.94   
Years   20   

  
Years   13   
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Figure 1.  Map of the Yukon River drainage in Alaska showing management units.
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Figure 2.  Proportional contribution of the Anvik River summer counts to Pilot Station sonar 

counts, Yukon River summer chum salmon, 1995, 1997-2013.  Solid lines represent the 
mean proportional contribution for the years indicated. 
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Figure 3.  Linear relationship between Yukon Sonar and Anvik River sonar counts of summer 
chum salmon for the periods 1995, 1997-2013.  The boxed 96 represents the predicted 
value for the 1996 Pilot Station sonar counts of summer chum salmon. 

 
 

 
 
Figure 4.  Linear relationship between Yukon Sonar and Anvik River sonar counts of summer 

chum salmon for the periods 1995, 1997-2002; and 2003-2013 (underlined numbers).  
The boxed 96 represents the predicted value for the 1996 Pilot Station sonar summer 
chum salmon passage. 
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Figure 5.  Linear relationship between Andreafsky River tower (1986-1988) and weir (1994-2012) 
counts versus Anvik River sonar counts, summer chum salmon escapement. The boxed 
numbers represent the years when escapement was estimated by sonar in the 
Andreafsky River, 1981-1984. 
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Figure 6.  Total Yukon River summer chum salmon run size, portioned by total harvest and escapement, 1988-2012. 

 

\ 
 
Figure 7.  Total return by brood year for the 4 age-class composition models. Yukon River summer chum salmon, brood years 1988-2007.
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Figure 8.  Median proportion values for the age-class composition of the databases used in the various models to estimate total brood year 
return, Yukon River summer chum salmon, 1988-2012.
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Figure 9.  Comparisons of spawner-recruit statistics point estimates and associated 80% CI ranges 

for Smax, Seq, Smsy, and MSY, calculated from the various age-class composition models 
for both brood year periods, Yukon River summer chum salmon brood years 1988-2007. 
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Figure 10.  Yukon River summer chum salmon estimated escapement, return, return per spawner (numbers above return), and 5-year 
median return per spawner (solid lines)  for the weighted harvest/Anvik River escapement age-class composition model, by 
brood year, brood year 1988-2007.    Note: median return per spawner value for the 3-year brood year period, 1995-1997 is 0.3.   
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Figure 11.  Relationship between ln(R/S) and escapement (spawners) for the weighted 

harvest/Anvik River escapement model for brood years 1988-2007 (above) and  brood 
years 1995-2007 (below),  Yukon River summer chum salmon.  Note: numbers on the 
graph indicate the brood year.  
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Figure 12.  Spawner-recruit relationship for the weighted harvest/Anvik River escapement model 

for the brood years 1988-2007 (above) and 1995-2007 (below), Yukon River summer 
chum salmon.  Numbers on the graph indicate brood years; diagonal line represents the 
replacement point or an R/S of 1.0; horizontal line above spawner-recruit line indicates 
the 80% CI Smsy range.  
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Figure 13.  Frequency of the estimates of the number of spawners that occur at the replacement 

point, Seq, through bootstrapping techniques for the weighted harvest/Anvik River 
escapement model for brood years 1988-2007 (above) and 1997-2007 below.  Yukon 
River summer chum salmon.  
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Figure 14.  Relative yield probability profile for the weighted harvest/Anvik River escapement 
model for brood years 1988-2007 (above) and 1995-2007 (below), Yukon River summer 
chum salmon.
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Appendix A 1.  Yukon River summer chum salmon age composition from the combined Big Eddy 
and Middle Mouth 5.5-inch mesh  gillnet test fisheries, 1988-2012 (data from 1988-
2010 taken from Schumann and DuBois 2011).  

                

  
Age 

 Year 
 

0.2 0.3 0.4 0.5 0.6 Total 
1988 

 
0.1 50.5 48.4 1.0 0.0 100.0 

1989 
 

0.0 39.9 59.5 0.6 0.0 100.0 
1990 

 
0.8 46.1 50.1 3.1 0.0 100.1 

1991 
 

0.0 45.4 53.6 0.9 0.0 99.9 
1992 

 
0.0 22.0 71.8 6.2 0.0 100.0 

1993 
 

0.1 38.2 57.4 4.4 0.0 100.1 
1994 

 
0.0 35.6 61.9 2.6 0.0 100.1 

1995 
 

0.5 40.2 53.2 6.1 0.0 100.0 
1996 

 
0.1 42.3 52.4 5.2 0.0 100.0 

1997 
 

0.0 24.1 71.5 4.4 0.0 100.0 
1998 

 
0.0 62.5 33.5 4.0 0.0 100.0 

1999 
 

1.1 48.1 47.4 3.4 0.0 100.0 
2000 

 
0.2 52.5 45.8 1.5 0.0 100.0 

2001 
 

0.0 25.0 73.8 1.2 0.0 100.0 
2002 

 
0.5 57.3 40.4 1.8 0.0 100.0 

2003 
 

0.4 78.7 18.7 2.2 0.0 100.0 
2004 

 
3.1 40.1 56.8 0 0.0 100.0 

2005 
 

0.1 89.8 9.9 0.1 0.0 99.9 
2006 

 
0.3 27.3 72.2 0.1 0.0 99.9 

2007 
 

0.0 42.9 47.3 9.9 0.0 100.1 
2008 

 
0.0 41.2 53.7 5.1 0.0 100.0 

2009 
 

1.2 48.8 47.9 1.8 0.2 99.9 
2010 

 
4.0 64.7 29.8 1.5 0.0 100.0 

2011 a 0.1 44.1 55.5 0.4 0.0 100.0 
2012 a 0.0 68.7 25.9 5.4 0.0 100.0 

a Calculated from data in the AYKDMS. 
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Appendix A 2. Weighted Yukon River summer chum salmon age-class composition of sampled 
commercial and subsistence harvests, 1988-2012.  (Data from 1988-2010 taken from 
Estensen, et al. 2012) 

 
                

  
Age 

 Year   0 0.3 0.4 0.5 0.6 Total 
1988 

 
0.0 70.1 29.1 0.8 0.0 100.0 

1989 
 

0.4 38.7 60.5 0.4 0.0 100.0 
1990 

 
0.4 38.3 58.9 2.4 0.0 100.0 

1991 
 

1.3 48.0 49.8 0.9 0.0 100.0 
1992 

 
0.2 31.0 65.0 3.8 0.0 100.0 

1993 
 

0.4 47.5 47.7 4.5 0.0 100.0 
1994 

 
0.1 51.3 46.6 2.0 0.0 100.0 

1995 
 

0.6 51.9 45.3 2.1 0.0 99.9 
1996 

 
0.4 46.2 48.8 4.5 0.1 100.0 

1997 
 

0.2 29.0 67.2 3.6 0.0 100.0 
1998 

 
0.3 62.8 34.2 2.7 0.0 100.0 

1999 
 

0.2 40.7 58.2 0.9 0.0 100.0 
2000 

 
0.0 44.2 53.4 2.4 0.0 100.0 

2001 
 

0.0 15.4 81.9 2.7 0.0 100.0 
2002 

 
0.1 52.9 44.4 2.6 0.0 100.0 

2003 
 

0.3 55.4 39.2 5.1 0.0 100.0 
2004 

 
1.3 37.2 60.4 1.0 0.1 100.0 

2005 
 

0.2 83.2 15.2 1.5 0.0 100.0 
2006 

 
0.1 18.6 81.1 0.2 0.0 100.0 

2007 
 

0.0 34.5 50.5 14.9 0.1 99.9 
2008 

 
0.1 35.0 58.6 6.1 0.2 99.8 

2009 
 

1.3 49.0 47.5 2.1 0.2 100.0 
2010 a 5.8 69.1 24.1 1.0 0.0 100.0 
2011 b 0.1 48.5 50.6 0.9 0.0 100.0 
2012 b 0.5 75.5 20.1 3.9 0.0 100.0 

a  Larry Dubois, ADF&G/CF, Anchorage personal communication. 
b  Calculated from data contained in the AYKDMS. 
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Appendix A 3.  Anvik River summer chum salmon escapement age-class composition, 1988-2012.  
(taken from various authors cited in the methods section) 

 
                

  
Age 

 Year 
 

0.2 0.3 0.4 0.5 0.6 Total 
1988 

 
5.8 77.4 16.0 0.8 0.0 100.0 

1989 
 

1.2 37.9 60.7 0.1 0.0 99.9 
1990 

 
3.1 65.1 30.1 1.6 0.0 99.9 

1991 
 

0.0 44.2 55.6 0.2 0.0 100.0 
1992 

 
0.3 26.5 69.0 4.2 0.0 100.0 

1993 
 

0.6 64.8 32.4 2.2 0.0 100.0 
1994 

 
0.0 35.0 63.8 1.2 0.0 100.0 

1995 
 

2.7 53.3 39.6 4.4 0.0 100.0 
1996 

 
0.5 55.4 42.3 1.8 0.0 100.0 

1997 
 

0.5 43.7 54.2 1.6 0.0 100.0 
1998 

 
0.0 80.4 18.3 1.3 0.0 100.0 

1999 
 

0.0 37.4 61.3 1.3 0.0 100.0 
2000 

 
0.9 73.8 23.4 1.9 0.0 100.0 

2001 
 

0.2 14.0 83.9 2.0 0.0 100.1 
2002 

 
1.9 76.8 19.6 1.7 0.0 100.0 

2003 
 

1.5 72.7 24.5 1.3 0.0 100.0 
2004 

 
3.2 41.4 54.8 0.5 0.0 99.9 

2005 
 

0.0 96.4 3.0 0.5 0.0 100.0 
2006 

 
1.3 40.0 58.7 0.0 0.0 100.0 

2007 
 

1.1 60.5 29.6 8.8 0.0 100.0 
2008 

 
1.6 43.6 50.6 4.2 0.0 100.0 

2009 
 

2.4 57.5 36.1 4.0 0.0 100.0 
2010 

 
7.3 84.5 8.2 0.0 0.0 100.0 

2011 
 

0.4 49.2 49.7 0.7 0.0 100.0 

2012 a 0.7 66.0 29.8 3.5 0.0 100.0 
 
a  Calculated value from data contained in the AYKDMS. 
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