
Pacific Salmon Strategy Initiative
Mark-Selective Fisheries (MSF)
Catch Monitoring Workshop

1

March 28, 2023



• One voice at a time

• Respect others that are speaking 

• Disagree without being disrespectful, challenge ideas not people 

• Unless you are speaking stay on mute by using the mute function

• Use the raise hand function if you wish to speak or have questions

• For individuals calling in note that *5 is the raise/lower hand function and *6 is the 

mute/unmute function

Mute/Unmute
Camera On/Off

Show Meeting 
Participants Access Chat

Raise Hand

Housekeeping



Workshop Objectives

1. Review key monitoring challenges/gaps identified in the 
MM/MSF Discussion Paper and the catch monitoring related 
feedback provided

2. Receive an update on some new advancements on CWT 
indicator program and FRIM

3. Review and discuss proposed enhanced catch monitoring plan 
for Chinook mark-selective fisheries.

Please kindly note: Upcoming workshop is being planned for mid-April on data review 
of the 2021 and 2022 MSF fisheries

3



Workshop Outline

1. Review MM/MSF Discussion paper and feedback

2. Review recent advancements

a) Calendar Year Exploitation Rate (CYER) working group 
recommendations for the Pacific Salmon Commission

b) Fishery Related Incidental Mortality (FRIM) studies

3. Review and discuss DFO's enhanced MSF monitoring plan for 2023

a) Expanded creel and overflight coverage

b) Reference fishery

c) Supplementary sampling

4. Discuss annual report/review process

5. Discussion/questions
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1. Discussion Paper – Key Monitoring Challenges
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• Differential exploitation between CWT indicators and unmarked wild-origin 
Chinook

• New analytical methods developed by PSC CYER Working Group

• Recommended Transition Plan for Estimating Calendar Year Exploitation Rates for 
Chinook Salmon Escapement Indicator Stocks Impacted by Mark-Selective 
Fisheries. https://www.psc.org/download/33/psc-technical-reports/14971/psc-
technical-report-no-50.pdf

• FRIM rates are poorly estimated and may underestimate the real-world rates

• New UBC recreational FRIM studies

• SFI best handling practices educational campaign

• Uncertainty in estimates of released catch

• Creel coverage of MSF pilots

• Independent verification of releases through reference fishery

• Stock composition of releases (biological sampling)

https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.psc.org%2Fdownload%2F33%2Fpsc-technical-reports%2F14971%2Fpsc-technical-report-no-50.pdf&data=05%7C01%7CPeter.Hall%40dfo-mpo.gc.ca%7C0a32f68fac2e40c0b81d08db2ca45dca%7C1594fdaea1d94405915d011467234338%7C0%7C0%7C638152856677116551%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=DbPajSH%2BLzZ8UJKlqEpsQyV1Anyw6STtAUvYXoS81yE%3D&reserved=0


1. Discussion paper feedback on impacts to 
assessment programs
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• Impacts to assessment programs (CWT Indicator Program) (Section 2a)
• Adequate domestic and bilateral monitoring, data, and assessment systems to plan and evaluate fishery-stock -age specific impacts must be in 

place prior to MSF implementation. The evaluation of impacts must be transparent and quantitative

• If DITs are planned as an evaluation tool, tagging programs need to be planned years in advance to coordinate with MSFs and need to be 
considered in the tagging schedule.

• A review of whether CWT exploitation rate indicators stocks are useful proxies for wild Chinook stocks. This will inform discussions on implications 
of MM and MSF for the CWT program

• Suggestion for the management program to address CWT Chinook exploitation and mortality measurements that may be affected by differential 
mortality in MSF

• Adequate population and fishery monitoring and enforcement programs need to be in place, including: additional depots for head recovery, 
development of DIT programs, purchase of electronic tag detection equipment, expansion of catch monitoring and sampling programs, and 
revision and development of new databases, analytical tools and planning and evaluation models for these tools to be useful for representing 
fishery impacts under MSF

• Concerns with many uncertainties (FRIM impact from UBC-SFI study, increased fishing efforts, CWT and stock assessment changes)

• Uncertainty in FRIM (Section 2b)
• Concerns over catch and release and related mortality.

• Robust and/or precautionary estimates of FRIM rates;

• Concerns over insufficient data on FRIM impacts to make science-based MSF decisions

• It is critical that FRIM and fishery effort is closely tracked.



1. Discussion paper feedback on catch monitoring
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• Monitoring plan/resources should be addressed before proceeding (Section 3)
• Monitoring, assessment, and management issues resulting from MSF implementation need to be identified and resolved 

prior to change in management regime.

• Concerns that DFO staff will be stretch thin further, are there sufficient resource allocated?
• A clear and transparent plan for long-term funding to support monitoring and assessment programs critical to MSFs for 

assessing impacts to wild Chinook salmon
• Required assessment, monitoring, and enforcement structures are in place, including FRIM.

• Uncertainty in release estimates (Section 3)
• Implementing new MSF may worsen uncertainty in estimate of catch composition and related mortality due to 

uncooperative recreational fisher.

• Stock composition of released fish at a sufficient resolution (e.g. population or CU);

• Recommend independent verification of releases/reference fishery (Section 3)
• Robust and/or precautionary fishery independent estimates of releases;

• Test fisheries to verify fisher dependent data such as releases, stock composition or

• Long-term funding needs for sufficient and continued independent monitoring of fisheries.



1. Discussion Paper feedback on catch monitoring (cont.)
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• Recommend transparency & review process with catch monitoring data/results 
(Section 4)
• DFO to consider Washington State’s example and provide a comprehensive annual public report of verified catch, release, 

compliance, and stock composition information sourced from both fisher dependent and independent monitoring programs

• Programs to provide robust and transparent monitoring and assessment program

• A monitoring and assessment framework that provides verifiable, accurate estimates of retained catch, legal releases, sub-
legal releases, the stock composition of all encounters, compliance, and Fishery Related Incidental Mortality (FRIM), including MSF; 
and - Adequate funding to ensure baseline studies are completed and progress fully monitored and reported on

• Recommend mandatory reporting for guides/new tools
• Group recommend that recreational fisheries be closed until opened and guides and lodges be required to report catches.

• The SFAB and groups that represent guides, lodges and charter operators have already confirmed their support for enforced 
mandatory catch log compliance by guides

• The SFAB has been consistent in its advice to DFO regarding the development of tools that can enhance, supplement, or even replace 
creel surveys depending on the risk presented by the fishery. These tools include the FishingBC app, Guide Catch Log Program, Avid 
Angler Program and iREC catch surveys.



2a. Transition Plan for Estimating ER in MSF
• Mark Selective Fisheries (MSFs) 

present a challenge for estimating 
exploitation rates on unmarked 
stocks:

• they break the underlying assumption 
that a marked CWT indicator stock 
experiences the same fishery impacts 
as associated unmarked stocks.

• 2019 PST Chinook Chapter 
Update: New obligations with limits 
on calendar year exploitation rates 
(CYERs) in ISBM fisheries.

• Basic Question: How do we estimate 
CYERs on unmarked Chinook salmon 
that have been impacted by MSFs?
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2a. Transition Plan for Estimating ER in MSF
• Define alternative estimators

• Single Index Tag (SIT) – one CWT 
group, marked

• SIT 2:  backward cohort analysis (i.e., 
starts with spawners)

• SIT 4:  forward cohort analysis (i.e., 
starts with recruits)

• SIT 7:  forward cohort analysis with 
MSF “savings” passed to escapement

• Double Index Tag (DIT)  - two CWT 
groups, one marked, one unmarked

• DIT 1:  MSF fishery mortalities 
estimated by subtraction of paired 
CWT codes

• DIT 2:  MSF fishery mortalities 
estimated from adjacent fishery
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Repeat many times for a scenario
Repeat for ~20 simulated scenarios



2a. Transition Plan for Estimating ER in MSF
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SIT 2 and SIT 4 performed the best of the methods evaluated, across all scenarios we simulated.

CYER WG recommended conducting future exploitation rate analyses using either SIT 2 or SIT 4 
(the choice between them will be based on considerations such as ease of implementation).



2a. Transition Plan for Estimating ER in MSF
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• Technical review required at multiple stages

• Recommendation numbers align with PSC Technical Report 50 



2a. Transition Plan for Estimating ER in MSF
Proposed Next Steps

Approach

✓ Statistically Evaluate Alternative CYER Estimation Methods

✓ Identify Monitoring and Data Management Requirements

✓ Develop Recommended Transition Plan (PSC Technical Report 50)

• Draft technical report for May 2023

• Agency implementation of recommended processes

• Integration into PSC processes
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2b. New FRIM Studies
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2b. New FRIM Studies
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2b. New FRIM Studies
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3. Enhanced MSF Monitoring Plan for 2023
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a) Expand creel survey coverage to potential Chinook mark-selective fisheries

• Overflights

• Dockside interviews

• Biological sampling of retained catch

b) DFO-led Reference fishery (trial)

• Independent verification of at-sea releases

• Biological sampling of releases

c) Supplementary sampling

• Avid Anglers program

• First Nation's support



Fisher 
Sampling 

Kept & 
Released fish

Catch by species, stock 
group, by PFMA sub-

area

Creel Survey Dockside Observers Creel Survey Overflight Avid Anglers and Guides

Observer 
Sampling 
KEPT catch 

only

Catch by species by 
PFMA

iREC reporting 
program

Voluntary
Head Recovery

Coded-Wire-
Tags

Interview 
Audit 

Kept Accuracy

Reference 
Fishery

Release Audit

Increased 
AA/guide 

Participation

3. MSF Enhanced Monitoring Plan



3. Recreational Catch Monitoring

Fisher-independent data

SC Marine Creel program:

• Landing site surveys

• CPUE by species

• Activity Profiles

• Biological sampling

• Target interview 
rate of 10%

• Overflight Effort Counts

• Instantaneous 
effort counts

Fisher-dependent data

Logbook Program:

• Daily catch and effort by 
Creel Subarea

• Typically, Guided effort

• Includes bio-sampling 
component

Avid Angler Program:

• Combination logbook 
program with more 
emphasis of both landed 
and release bio-sampling

• Better compliance

Internet Recreational Catch 
and Effort (IREC):

• License based program to 
help fill in gaps of the 
existing creel program



3. Creel Survey – History and Methods
•The recreational creel survey 

began in the Strait of Georgia in 

1980 and expanded to Alberni 

Inlet/Barkley Sound (1984), WCVI 

(1991) and Johnstone Strait (1998).

•The main components of a creel 

survey are catch and effort

•Angler Interviews produce an 

estimate of catch by species per 

boat

•Boat counts provide an estimate 

of effort

20
English, K., Searing, G.F., and Nagtegaal D.A. 2002. Review of the Strait of Georgia Recreational Creel Survey, 1983-
1999. Canadian Technical Report of Fisheries and Aquatic Sciences 2414



21

Basic Creel Program Flow Chart



Online Creel Survey - iREC



Creel Heat Maps and iREC
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•The following chart shows example of iREC based Chinook catch distribution within the Pacific 
Region marine area.

•The cells with dark outline have creel survey or logbook monitoring….approximately 90% 
coverage for Chinook and halibut. Feb-March in Victoria area are often added depending on 
available funding.

The remaining cells (comprising 10% of total catch and effort) would use calibrated iREC catch 
and effort

Allocation of observers is based 
on risk within each fishery 
stratum. Risk is based on
1) Overall effort
2) Catch of key species such as 
chinook, halibut, sockeye
3) Prevalence of stocks of 
concern
4) Data are needed for in-
season management
5) Vicinity to Pacific Salmon 
Treaty indicator stocks. Funds 
for monitoring are allocated 
based on this risk.

"...but the creel survey is 

only run in peak months; 

what about the rest of the 

year?"



24

Strata
WD = weekday
WE= weekendInterview Shifts

Flight Schedule

"...but more people fish on 

weekends than weekdays."

"...but everyone avoids Tuesdays 

and Saturdays because that is 

when they are at the dock."

Stratified random sample 
design

Schedules generated randomly pre-
season
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Creel Overflight Routes
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Digitized effort by creel sub-area



27

PFMA Sub Areas

Creel Sub Areas



Detailed Creel Flow Chart

28



Final Product

https://waves-vagues.dfo-mpo.gc.ca/library-
bibliotheque/41048192.pdf

Total Estimate for 

creel months

Uncertainty expressed as percent standard error = SE/Estimate

Objective is 10% SE on annual estimates at PFMA level

https://waves-vagues.dfo-mpo.gc.ca/library-bibliotheque/41048192.pdf


3b. Reference Fishery - Purpose

• Independent verification of at-sea releases

• Address concern that release estimates are from fisher-dependent 
data only

• Increase public confidence

• Audit function only

• Used to compare against estimates generated from Creel and/or 
iREC

• Estimates from Creel and iREC will remain the official estimates

• Focus on potential MSF pilots

• Not necessary to cover all times/areas

• Biological samples

• Compare mark:unmark ratios and legal:sublegal sizes ratios

• Understand stock composition of releases

• Fishery Impacts by stock

• Releases multiplied by stock proportion
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3b. Reference Fishery vs Commercial Test Fishery
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Commercial Test Fishery Recreational Reference Fishery

Unselective gear – represents fish present
Recreational gear/techniques – must reflect fish 
encountered in the recreational fishery

CPUE’s used to estimate abundance
CPUE’s expected to be higher than average –
not representative of general recreational fishery

Operates consistently through the season –
run timing

Audit function – occurs at selected times/areas –
focus on MSF pilots in 2023

Scientific licence Recreational licence

Requires all-sector approval of test fishery 
allocation

Part of recreational fishery

Biological samples represent true stock 
composition

Biological samples represent recreational fishery 
encounters

Mark:Unmarked ratio and length category ratios 
are the key data!



3b. Reference Fishery – vs WA "test" fishery
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• No overflights

• Effort determined from landing site fraction sampled by creel 

interviews

• At-sea interviews determine intended landing sites

• Interviews for landed catch only

• Releases not asked for in interview questions

• Release estimates from test fishery

• Ratio of legal:illegal

• Expanded from landed catch estimate

• Also Voluntary Trip Reports



3b. Reference Fishery – Prioritization
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• Where/when to implement Reference Fishery?

• Chinook MSF focus for 2023

• Pure (marked only) vs hybrid (some unmarked retention 

permitted)

• Times/areas with most effort anticipated

• Times/areas with encounters of stocks of concern 

anticipated

• Match spatial/temporal strata of creel/iREC program 

estimates

• Other priority metrics?



3c. Supplementary biological sampling
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• Creel survey

o Retained fish only

• Avid Angler program

o Continue to collect samples from retained and released fish

o Times/areas with reference fishery and without reference fishery

o Results can be compared to reference fishery

• First Nations sampling



4. Annual Report/Review Process

• Recommendations for a transparent review process for MSF catch 

monitoring programs

o Creel survey data

o Avid Angler data

o Reference fishery data

o IREC data

• What should the review process look like?

o Who, what, where, when?

o Privacy issues

o Timeliness issues

• Annual report
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5. Discussion/Questions for attendees:

• Any other technical considerations?

• Other assessment approaches that should be considered?
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Appendix

• Additional creel slides with formulas for total catch and effort including:

• Instantaneous counting efficiency profiles

• Expanded fishing effort

• Catch per unit effort (CPUE)

• Estimates of uncertainty
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Detailed Creel Flow Chart
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Instantaneous Counting Efficiency (ICE) Profiles

ICE used to expand the instantaneous count to the full day

ICE = proportion of total 
fishing boats actively 
fishing each time block 
(hour)

"...but what about the boats that launched 

after the plane flew over."



2b. Effort: Instantaneous Counting 

Efficiency (ICE) = W1

𝑊1𝑑𝑖𝑗 =
𝑁𝑑
𝑛𝑑𝑖𝑗

Where: 
• 𝑁𝑑 = number of type d days in 

month
• n = number times sampled
• d = daytype (weekday / weekend)
• i = landing site,
• j = landing time block

W1 accounts for differences in 

the number of days sampled 

across Landing Timeblocks

and sites Example: d = daytype = weekend 
𝑁𝑑 = 10
Time period = June

Landing 
Site
(i)

Landing 
timeblock
(j)

Times 
sampled
(n)

Boats 
fishing
(F)

W1 Adjusted 
boats 
fishing

Big W 6 10 200 1 200

Big W 7 5 100 2 200

Generating ICE Profiles Part 1 (W1)
"...but the creel survey doesn't operate every day."



2b. Effort: Instantaneous Counting Efficiency 

(ICE) = W2

𝑊2𝑑𝑖𝑗𝑘 =
𝐿𝑑𝑖𝑗𝑘
𝐼𝑑𝑖𝑗𝑘

Where: 
• L = total number of boats 

landed
• I = total number of interviews
• d = daytype (weekday / 

weekend)
• i = landing site,
• j = landing time block
• k = stint (work shift by date)

W2 accounts for interviewer 

saturation

Example (just pretend): 
• d = Daytype = weekend 
• k = stint = June 6
• i = landing site = “Big Wharf”

Landing 
timeblock

(j)

Fishing 
intvs.
(F)

Not 
fishing 
intvs.

Boats 
missed

Total 
boats
(L)

Total 
intvs.
(I)

W2 Adj. 
boats 
fishing

6 10 0 10 20 10 2 20

7 5 5 0 10 10 1 5𝐹𝑖𝑠ℎ𝑖𝑛𝑔 𝐵𝑜𝑎𝑡𝑠

𝐹𝑖𝑠ℎ𝑖𝑛𝑔 𝐼𝑛𝑡𝑠
=

𝑇𝑜𝑡𝑎𝑙 𝐵𝑜𝑎𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑡𝑠

Generating ICE Profiles – Part 2 (W2)
"...but the creel surveyor missed a bunch of boats during 

the rush."



2b. Effort: Instantaneous 

Counting Efficiency (ICE) = 

Total fishing boats

𝑇𝑔𝑑 =

𝑖



𝑗

𝑊1𝑑𝑖𝑗

𝑘

(𝑊2𝑑𝑖𝑗𝑘𝐹𝑑𝑖𝑗𝑘)

Where: 
• 𝑇𝑔𝑑 = Total boats fishing by group 

of landing sites and daytype
• W1 = corrects for uneven 

timeblock samples
• W2 = corrects for missed 

interviews
• F = number of fishing interviews
• g = group of landing sites
• d = daytype (weekday / 

weekend)
• i = landing site
• j = landing time block
• k = stint (work shift by date)

Landing 

Site

(i)

Landing 

timeblock

(j)

Stint (k) Fishing 

Interviews

(F)

W2 Adjusted 

W2

W1 Adjusted 

boats fishing

(T)

Big W 6 June 6 10 2

80 2

400

Big W 6 June 13 10 2

Big W 6 June 14 10 2

Big W 6 June 20 10 2

Little D 6 June 6 10 2

40 4
Little D 6 June 20 10 2

Big W 7 June 6 5 1
10 4

Big W 7 June 13 5 1

Little D 7 June 6 5 1

10 4
Little D 7 June 20 5 1

Example:

d = daytype - weekend

8 weekend days in June

Generating ICE Profiles – Part 3 (W1 + W2)
"...but not every boat interviewed was fishing 

which lowers average catch."



2b. Effort: Instantaneous 

Counting Efficiency (ICE) = 

Total fishing boats per 

timeblock

𝐴𝑔𝑑𝑡 =

𝑖



𝑗

𝑊1𝑑𝑖𝑗

𝑘

(𝑊2𝑑𝑖𝑗𝑘𝐹𝑑𝑡𝑖𝑗𝑘)

Where: 
• A = fishing activity
• W1 = corrects for uneven 

timeblock samples
• W2 = corrects for missed interviews
• F = number of boats interviewed as 

fishing during each fishing 
timeblock

• g = group of landing sites
• d = daytype (weekday / weekend)
• t = fishing time block
• i = landing site,
• j = landing time block
• k = stint (work shift by date)

Fishing 
timeblock (t)

Landing 
Site
(i)

Landing 
timeblock
(j)

Stint (k) Fishing 
Interviews
(F)

W2 Adjusted 
W2

W1 Adjusted 
boats fishing
(T)

4 Big W 6 June 6 8 2

68 2

372

4 Big W 6 June 13 8 2

4 Big W 6 June 14 8 2

4 Big W 6 June 20 10 2

4 Little D 6 June 6 10 2
40 4

4 Little D 6 June 20 10 2

4 Big W 7 June 6 4 1
9 4

4 Big W 7 June 13 5 1

4 Little D 7 June 6 5 1
10 4

4 Little D 7 June 20 5 1

5 Big W 6 June 6 10 2

70 2

364

5 Big W 6 June 13 5 2

5 Big W 6 June 14 10 2

5 Big W 6 June 20 10 2

5 Little D 6 June 6 10 2
40 4

5 Little D 6 June 20 10 2

5 Big W 7 June 6 5 1
10 4

5 Big W 7 June 13 5 1

5 Little D 7 June 6 5 1
6 4

5 Little D 7 June 20 1 1

Generating ICE Profiles – Part 4
"...but more people fish in the morning and the 

surveyor was here in the afternoon."



𝐵𝑠𝑑𝑢 =
𝐵𝑠𝑑𝑢𝑡
𝑃𝑑𝑔𝑡

Where: 
• 𝐵𝑠𝑑𝑢 = estimated number of boats fishing on day 

of flight
• 𝐵𝑠𝑑𝑢𝑡 = IC (number of boats observed in flight)
• 𝑃𝑑𝑔𝑡 = ICE at time of flight

• d = daytype (weekday / weekend)
• s = subarea
• u = day of survey
• t = fishing time block
• P = proportion of fishing activity
• g = group of landing sites

2c. Effort: Daily Effort

Flight
(u)

Observed 
boats 
fishing 
(effort)

𝐵𝑠𝒅𝑢𝑡

Time of 
flight
(t)

ICE
𝑃𝑑𝑔𝑡

Daily 
effort

𝐵𝑠𝒅𝑢

June 2 25 10:08 
am

0.5 50

June 9 35 11:15 
am

0.6 58.3

June 24 9 10:15 
am

0.5 18

Example:

d = daytype = weekend

s = subarea = 23B

Converting Boat Counts to Daily Effort

All that work on ICE 

profiles ends up here

Raw boat count

Total estimated 

boats for the day



2d. Effort: Total Effort

𝐸𝑠𝑑 =
σ𝑢𝐵𝑠𝑑𝑢
𝑛𝑠𝑑

𝑁𝑑

Where: 
• 𝐸𝑑𝑠 = total monthly fishing effort

• 𝐵𝑠𝑑𝑢 = estimated number of boats fishing on day 
of flight

• 𝑛𝑑𝑠 = total number of flights
• 𝑁𝑑 = number of type d days in month
• s = subarea
• d = daytype (weekday / weekend)
• u = day of survey

Flight
(u)

Observed 
boats 
fishing 
(effort)

𝐵𝑑𝑠𝑢𝑡

Time of 
flight
(t)

ICE
𝑃𝑑𝑔𝑡

Daily 
effort
𝐵𝑑𝑠𝑢

June 2 25 10:08 am 0.5 50

June 9 35 11:15 am 0.6 58.3

June 24 9 10:15 am 0.5 18

Example: 
d = daytype = weekend
s = subarea = 23B  
𝑁𝑑 = 10

𝐸𝑑𝑠 =
(50 + 58.3 + 18)

3
10 = 421

Boat counts to total monthly 
effort per sub area



1. Catch per Unit Effort (CPUE)

(𝐶𝑃𝑈𝐸)𝑠𝑑𝑟 = ൘
σ𝑞 𝐶𝑠𝑑𝑟𝑞

σ𝑞𝐹𝑠𝑑𝑞

Where: 
• CPUE = catch per unit effort
• C = catch
• F = interviewed boat trips
• s = creel subarea
• d = daytype (weekday / weekend)
• r = species
• q = boat trip

Example:

s = subarea = 23B

d = daytype = weekend

Trip

(Fq)

Species

(r)

Catch

(C)

1 Chinook 2

2 Chinook 0

3 Chinook 3

(𝐶𝑃𝑈𝐸)𝑠𝑑𝑟 = ൗ2+0+3
1+1+1 = 1.67

Average Catch per Boat Trip -
CPUE

3 boat trips

5 Chinook Chinook/boat trip by 

creel sub area by 

weekday/weekend



𝐶𝑠𝑟 = 

𝑑

(𝐸𝑠𝑑 (𝐶𝑃𝑈𝐸)𝑠𝑑𝑟)

Where: 
• 𝐶𝑠𝑟 = total catch per subarea and species
• 𝐸𝑑𝑠= total effort
• (𝐶𝑃𝑈𝐸)𝑑𝑠𝑟 = catch per unit effort
• s = subarea
• r = species
• d = daytype (weekday / weekend)

Example: 
s = subarea = 23B  

𝐶𝑤𝑒𝑒𝑘𝑒𝑛𝑑 = 421 ∗ 2 = 842

𝐶𝑤𝑒𝑒𝑘𝑑𝑎𝑦 = 200 ∗ 4 = 800

𝐶𝑠𝑟 = 842 + 800 = 1642

Converting Effort and CPUE to Catch

Catch per boat trip/sub 

area/species/WD/WE

Catch
Total (expanded) Effort

sum of 

weekend/weekday 

estimates



PFMA Catch by size, mark status, kept/released

Catch per boat trip/sub 

area/species/WD/WE/size/a

dipose/disposition

PFMA Catch 

(Area 17)
Total (expanded) Effort

sum of weekend/weekday estimates

sum of sub-areas (17a + 17b + 17c....)

*Disposition = kept/released



(𝐶𝑃𝑈𝐸)𝑠𝑑𝑟 = ൘
σ𝑞 𝐶𝑠𝑑𝑟𝑞

σ𝑞𝐹𝑠𝑑𝑞

Where: 
• C = catch
• F = interviewed boats
• s = creel subarea
• d = daytype (weekday / weekend)
• r = species
• q = boat trip

Estimate of Uncertainty 
Part 1 - Variance in CPUE



𝐵𝑠𝑑𝑢 =
𝐵𝑠𝑑𝑢𝑡
𝑃𝑑𝑔𝑡

Where: 
• 𝐵𝑑𝑠𝑢 = estimated number of boats fishing on day 

of flight
• 𝐵𝑑𝑠𝑢𝑡 = IC (number of boats observed in flight)
• 𝑃𝑑𝑔𝑡 = ICE at time of flight

• P = proportion of fishing activity
• g = group of landing sites
• d = daytype (weekday / weekend)
• s = subarea
• u = day of survey
• t = fishing time block

Part 1

Part 2

Estimate of Uncertainty
Part 2 - Variance in Daily Effort



𝐸𝑠𝑑 =
σ𝑢𝐵𝑠𝑑𝑢
𝑛𝑠𝑑

𝑁𝑑

Where: 
• 𝐸𝑠𝑑 = total monthly fishing effort

• 𝐵𝑠𝑑𝑢 = estimated number of boats fishing on day 
of flight

• 𝑛𝑠𝑑 = total number of flights
• 𝑁𝑑 = number of type d days in month
• d = daytype (weekday / weekend)
• s = subarea
• u = day of survey

Estimate of Uncertainty
Part 3 - Variance in Total Effort



𝐶𝑠𝑟 = 

𝑑

(𝐸𝑠𝑑 (𝐶𝑃𝑈𝐸)𝑠𝑑𝑟)

Where: 
• 𝐶𝑠𝑟 = total catch per subarea and species
• s = subarea
• r = species
• d = daytype (weekday / weekend)
• 𝐸𝑑𝑠= total effort
• (𝐶𝑃𝑈𝐸)𝑑𝑠𝑟 = catch per unit effort

Estimate of Uncertainty
Part 4 - Standard Error of Total Catch


