Marianne McClure
CRITFC
Sept. 11, 2007




“altho all the scales, are not just of the same
shape, | have yet observed, in many of them, as |
judged, the same number of circular lines. From
whence | conclude that every year the scale

encreased one circular line...”

Leeuwenhoek 1685




e Stock composition (e.g.,
Kamchatka vs. Alaskan origin)

e Hatchery vs. Wild
determinations




» Mortality rates

e Recruitment and Production
patterns

e Forecasts based on sibling
regression




Disadvantages:

Subject to scale ageing errors
Need to validate and perform QC




—Precision, Repeatability
e Misclassification

—Accuracy




. Regenerated

. lllegible
. Missing

. Reabsorbed

. Wrong species
. Not preferred




—Breadth: experience with different
stocks and life history types

—Local knowledge

(e.qg. life history type)




* WWrong Life History Type : stream vs
ocean

— Estuarine checks misclassified as

freshwater annuli
 Wrong Growth patterns, etc.




—CWT

—PIT tags

—Otolith marking

—Chemical marks, e.g. calcein



population of interest




\ND. VCIV < Ve LU H+ Ul AUt C =

 CV or RPE If different # of classes
Misclassification/Accuracy

e 0 Correct

o Matrix of ACTUAL vs. ASSIGNED w/
probabillities of each combination




Misclassification Matrix

Newman, K.B., A.C. Hicks, and D.G. Hankin. July 7, 2004.
A marking, tagging, and recovery program for Central
Valley hatchery chinook salmon.

Table 8: Aging error matrix used in the simulations {G. Kautsky, Hoopa Tribal Fisheries Depart-
ment & Allen Grover, CDFG, pers. comm.). Rows are the true age and columns are the age that
1s assigned to the fish.

Assigned Age
2 3 4 5




Not enough validation and most validation
results are not published

Accuracy studies based on tagged fish are
usually hatchery stocks




10,057 scales used,
2 Independent
readings

1,987 bad samples

74% (n=125)
83% (n=6)

Trinity CWTed fish
95% Accuracy
5s as 4s, 60% of time
4s as 3s, 19% of time




2006 Validation matrices

Klamath R. Technical Advisory Team, 2007
Age 2: 86%, 99% Age 4: 93%, 97%

Age 3: 91%, 96% Age 5: 59%, 50%

Table 4a. 2006 Klamath River scale validation matrices. Table 4b. 2006 Trinity River scale validation matrices.




Validation: In-River

Data from Tim Heyne
San Joaquin River Basin, 1990-2000, 1148 fish

2 3 4
n 296 755 97
Under 0 20 PAY)
Over 28 50 S

Actual 1 2 3 4 More
2 3% 88% 9%

3 2% 3% 89% /%
4 4% 30% 61% 5%




200 chinook of known age (via fin-clip, hatchery) from
terminal Columbia R. returns (ocean and stream type
stocks) aged via scales

Accuracy ranged from 64-83%; average ~75%

Lower degree of accuracy among stream-type samples




2003 155 90 2.6

Columbia R. Buoy 10 Fishery

Year n % Right % Over % Under

2001 106 92 6.6 1.9
2002 178 30 10.1 10.1
2003 41 38 2.4 9.8




2005 30 93

2006 13 77
Columbia R. Upriver Bright Carcass Sampling

Year n % Right

2004 110 90
2005 61 39
2006 48 90




WA Coast and Grays Harbor
95% Accuracy for 1977-2001




fisheries of known age (CWTd), mixture of
coastwide stocks, stream and ocean type.

e Avg. accuracy of experienced (2): 95-99%

e Avg. accuracy of inexperienced (3): 88-91%




very

e 86 scale samples from mixed-stock commercial
fisheries of known age (CWTd)

e Accuracy Iin total age: 16.3-95.3%
* Average: 69%




91-94% Accuracy for 495 hatchery
fish In mixed-stock ocean troll

83.3% agreement (all 3 readers)




Validation: sw age, “Mixed Stock” Fishery

Doug Eggers, ADFG

200 scales of naturally spawning fish
8 PNW stocks (.0) and 2 AK (.1) stocks
20 scales each for 200 scales

Blind test, read by 2 ADFG scale readers
unfamiliar with ocean-type scales, twice

30-62% Accuracy/Agreement; 36-67% Over-aged

Estuarine check interpreted as FW annulus In
absence of experience or knowledge of source

Especially bad for WA (17%, 58%) and OR (27%,
47%) Coastal stocks



., Spawning escapement at age ->
used to calculate recruitment at age->
used to calculate productivity->

used to calculate effective population
Size




Implications

Ageing errors can have synergistic
effects with other errors

 E.G. Impacts of misspecified M on CA

Mertz and Myers. 1991. CIJFAS(54)

The summation over ages in the cohort reconstruction can
lead to a serious cumulative error when there 1s an overesti-
mate in M whuch 1s comparable with the fishing mortality. In
fractional terms, the sevenity of the error when M 1s under-

estumated 1s not as great, but it can nevertheless be appreciable.

Based on our analysis (Fig. 2 in particular) we would suggest
that |JAM] < 0.5F 1s necessary for accurate cohort reconstruc-
tion. This implies that stocks that experience low fishing mor-
talities, 1n the range of 0.10.2, are particularly vulnerable to
gross errors of estunation of the cohort size.




e Subjectivity/Precision ->
— 1-on-1 training w/ experienced reader
— At least 10% of scales read by 2 people

— Double-blind reading, 3" read ->consensus

» Misclassification/Accuracy ->
— Validation studies, comparison w/ known age




e Estuarine rearing fish are most
likely to have age overestimated




forecasts
KRTAT used this:

Kimura, D.K and Chikuni, S. 1987. Mixtures of empirical
distributions: an iterative application of the age-length
key. Biometrics 43:23-35




Framework for estimating true age
distribution based on
e Multiple readings of same sample

* Using previously estimate classification matrix

Sample sizes should take ageing error
Into account




0aSed Ol ~ JRRFA A0 e (adlc
Or Incorporate errors

Jason M. Cope and Andre E. Punt. 2007.
Admitting ageing error when fitting growth

curves: an example using the von Bertalanffy
growth function with random effects. Can. J.
Fish. Aquat. Sci. 64(2). 205-218




* FIn rays and otoliths can be

used for total age where scale
resorption Is a problem




Kiefer et al. (2001)
—100% accuracy for otoliths and scales
Flain and Glova (1988)

—80-94% accuracy for otoliths
Murray (1994)




 Need a repository (StreamNet?) —
not really scientific journal

material




IS NOT based on known age fish)

e Need “reference” scale collection
to faclilitate better training



\J C v v \ v

to further identify hatchery vs. wild

o Stock specific age composition (albeit
with error) can be estimated in mixed-

stock fisheries
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