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Purpose
This appendix documents progress in developing a standardized catch per unit effort (CPUE) index based on
fishery observer data. This index is used in development of a Stock Synthesis population dynamics model for
the Kodiak Shelikof District.

Background
Interpretation of catch per unit effort (CPUE) as an index of abundance is reliant upon a fundamental
relationship in fisheries analysis

Ut = Ct
Et

= qNt (1)

where Ct is catch at time t, Et is the effort expended at time t, Nt is abundance at time t, and q is the
portion of the stock captured by one unit of effort (Maunder and Punt 2004; Maunder et al., 2006). Provided
q is constant over time, CPUE is proportional to abundance, though it is rare that q is constant over the
entire exploitation history.

Weathervane scallop CPUE is affected by each vessel’s choice of fishing location as well as weather, currents,
sea state, captain and crew performance, gear tuning, processing capacity, markets, etc. Standardization
of scallop fishery CPUE has been explored in various forms since 2017 (NPFMC 2017). Most recently, a
standardized CPUE index was estimated using a generalized additive model (GAM) with gamma distributed
error and log link function in the form of

(U + γ) = f1(depth · Bed) + f2(longitude · Bed) +Month+ V essel +Bed+ Season+ ε (2)

where fi are smoothing functions, and month, vessel, bed, and season are parametric effects. Since all fishery
hauls were used (i.e., including zero catching and unobserved hauls), a small modifier (γ) was added to CPUE
estimates to avoid zero values. The resulting standardized index in season i was computed as the marginal of
season i (βj,i), back-transformed using

Ûi = eβj,i+
σj,i

2 − γ (3)

where (βj,i) and σj,i are the point estimate and standard error of the jth parametric effect (i.e., season) in
year i (NPFMC 2022).
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This appendix continues efforts to improve development of a standardized CPUE index following Siddeek et
al. (2016). Differences from the previous method include 1) the covariate structure, 2) method for fitting
non-linear terms, and 3) data used in the analysis.

Core data preparation
There is no minimum legal size for weathervane scallops, and thus retention size is dependent on various
factors including vessel, captain, population composition, GHL, and fishery performance, etc. Prior efforts to
standardize observer CPUE has only considered retained catch CPUE, partly because such analyses used
data from both observed and unobserved hauls. Here, standardized indices for both retained catch and total
catch (i.e., retained + discards) CPUE are estimated.

Prior to fitting linear models, observer data were filtered to exclude data not representative of core fishery
performance, and therefore abundance. Although catch estimates exist for all commercial dredges since 2009,
only observed dredges were included in this analysis. In addition, only dredges started within known scallop
bed boundaries were included. There is no regulation specifying a standard dredge width, but paired 13 ft or
15 ft dredges are used by the fleet during the vast majority of the timeseries, therefore only hauls employing
those dredge sizes were included in this analysis. Anomalously low (including zero) and high catches were
removed from analyses by including only the 2.5% - 97.5% quantiles of CPUE data. Likewise, only dredges
within the 2.5% - 97.5% quantiles of depth were included. Total sample sizes per season are listed in (Table
1).

Standardization by General Linear Model
Standardized CPUE Ûi was estimated using a generalized linear model (GLM) evaluating a range of covariates
including depth, month, dredge width, vessel, bed, and season. Since the exact functional relationship between
depth and CPUE is unknown, the effect of depth was estimated as a natural spline with 4 degrees of freedom.
Appropriate degrees of freedom were evaluated using AIC. The key point of difference between this approach
and using a GAM is that degrees of freedom are fixed in a natural spline within GLM, whereas they would
be estimated using a penalized maximum likelihood in a GAM.

Forward and backward, stepwise model selection was done with the ‘null’ model containing only a single
explanatory variable (i.e., Season),

lnÛi = Seasoni + ε (4)

eventually reaching the ‘full’ model

lnÛi = ns(depth,df = 4) +DredgeWidthd,i + V esselv,i +Bedb,i +Monthm,i + Seasoni + ε (5)

Model improvement with the addition of new covariates was evaluated using an approximate R2 statistic,

R2 = Dnull −Dresid

Dnull
(6)

where Dnull is the null deviance of the model and Dresid is the residual deviance of the model. Model
improvement was considered insignificant if increase in R2 was less than 0.01 and ∆ AIC was less than two
per degree of freedom lost (Anderson 2008; Siddeek et al. 2016). Both gamma (with log link function) and
lognormal error distributions were evaluated.

Season coefficients were scaled using

β′
i = βi

β̄
(7)
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where β̄ is defined as

β̄ = nj

√√√√ nj∏
j=1

βi,j (8)

and nj is the number of coefficients in factor i (i.e., season) (Siddeek et al. 2016). The existing GAM derived
index and nominal round weight CPUE index based on retained catch data were scaled using the same
method as GLM coefficients.

Results and Discussion
The best retained catch CPUE model included depth, month, dredge width, and season (Table 2), while
the best total catch CPUE model only included depth and month (Table 3). The addition of vessel met
significance criteria for AIC (∆ df = 3, ∆ AIC retained catch = -143, ∆ AIC total catch = -143), but not
deviance explained. Only two cooperative vessels have fished within the Kodiak Shelikof District since the
2014/15 season and they have maintained similar fishing performance (except in 2016/17 when one other
vessel fished). It is unsuprising that the addition of bed met neither significance criteria since the Kodiak
Shelikof District only contains one primary bed where most fishing effort occurs and two minor beds that are
directly adjacent and only fished sporadically (Table 2 - 3). Bed would likely be more informative in districts
with active fishing on multiple beds, like Kodiak Northeast and Yakutat Districts. As with vessel, dredge
width met significance criteria for AIC (∆ df = 1, ∆ AIC = -163) in the total catch model, but not deviance
explained (Table 3). Gamma distributed error appeared to marginally outperform log-normal distributed
error based on diagnostic plots (Figures 1 - 4).

The marginal effect of depth suggested a slightly decreasing wave-like curve, with a minor peak around 55
fathoms (Figure 5). Partial residuals indicate that this relationship is particularly noisy. Depth distribution
of weathervane scallops is not well understood, and is likely variable among beds, substrate types, and ocean
conditions. The marginal effect of month suggested that CPUE is higher in July, similar throughout August -
November (Figure 6). Most dredges occurred in July and it is unusual throughout the timeseries for a vessel
to fish during more than one month during a given season. Month effect is possibly somewhat confounded by
season since that are several years throughout the timeseries were both operating vessels finish only during
July. As would be expected, hauls that used two 15 ft dredges (i.e., 30 ft dredge width) tended to have
greater CPUE than hauls using two 13 ft dredges (i.e. 26 ft dredge width) in the retained catch model (Figure
7), though this wasn’t the case in the total catch model.

The resulting standardized CPUE indices steadily increased for the first three years and then undergo a
continuous decline to a timeseries low during the 2016/17. CPUE rebounded drastically after 2016, reaching
timeseries highs from the 2019/20 season to present and peak during the 2020/21 season (Tables ?? - ??;
Figure 8). Both nominal and GAM CPUE indices trend closely with CPUE based on the final model GLM
until the 2021/22 season, where the GLM suggests minor increase (retained catch CPUE) or decrease (total
catch CPUE) while nominal and GAM indices suggest a continued substantial increase (Figure 9). Follow-up
analyses indicated this departure was due to the GLM based index omitting anomalously high and low
catches.
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Tables

Table 1: Sample size of core commerical dredges by season with the KSH district.
Season Number of Dredges
2009/10 238
2010/11 398
2011/12 237
2012/13 204
2013/14 254
2014/15 145
2015/16 105
2016/17 92
2017/18 52
2018/19 40
2019/20 45
2020/21 44
2021/22 84
2022/23 77

Table 2: Effective degrees of freedom, approximate R2, and ∆ AIC for the null GLM fit to retained catch
CPUE, final GLM, and additional covariates fit with gamma distributed error.

Model Terms df R2 ∆ AIC
Null Season 13 0.4 0
Final ns(depth,df = 4) +Dredge Width+Month+ Season 22 0.45 -136

Final+Bed 24 0.45 -140
Final+V essel 25 0.45 -143
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Table 3: Effective degrees of freedom, approximate R2, and ∆ AIC for the null GLM fit to total catch CPUE,
final GLM, and additional covariates fit with gamma distributed error.

Model Terms df R2 ∆ AIC
Null Season 13 0.43 0
Final ns(depth,df = 4) +Month+ Season 21 0.47 -132

Final+Bed 23 0.47 -131
Final+V essel 24 0.47 -143
Final+Dredge Width 22 0.48 -163

Table 4: Standardized retained catch CPUE index, associated standard error, and CV for Kodiak Shelikof
District based on a gamma distributed GLM.

Season Index σ CV
2009 0.88 0.02 0.03
2010 0.95 0.02 0.02
2011 1.01 0.02 0.02
2012 0.88 0.02 0.03
2013 0.73 0.03 0.04
2014 0.67 0.03 0.04
2015 0.66 0.03 0.05
2016 0.56 0.03 0.06
2017 0.74 0.04 0.06
2018 0.92 0.05 0.05
2019 1.28 0.05 0.04
2020 2.02 0.05 0.02
2021 2.10 0.04 0.02
2022 1.98 0.05 0.02

Table 5: Standardized total catch CPUE index, associated standard error, and CV for Kodiak Shelikof
District based on a gamma distributed GLM.

Season Index σ CV
2009 0.94 0.02 0.03
2010 1.01 0.02 0.02
2011 1.01 0.02 0.02
2012 0.83 0.03 0.03
2013 0.71 0.03 0.04
2014 0.62 0.03 0.05
2015 0.61 0.03 0.05
2016 0.60 0.03 0.06
2017 0.77 0.04 0.06
2018 1.15 0.05 0.04
2019 1.27 0.05 0.04
2020 1.95 0.05 0.03
2021 1.89 0.04 0.02
2022 1.82 0.04 0.02
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Figure 1: Linear model diagnostics for the final model fit to retained catch CPUE with a gamma distributed
error.
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Figure 2: Linear model diagnostics for the final model fit to retained catch CPUE with a lognormal distributed
error.
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Figure 3: Linear model diagnostics for the final model fit to total catch CPUE with a gamma distributed
error.
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Figure 4: Linear model diagnostics for the final model fit to total catch CPUE with a lognormal distributed
error.
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Figure 5: Marginal effect of depth (fa) in the final GLM model fit to retained catch CPUE (top) and total
catch CPUE (bottom).
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Figure 6: Marginal effect of month in the final GLM model to retained catch CPUE (top) and total catch
CPUE (bottom).
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Figure 7: Marginal effect of dredge width (ft) in the final GLM model.
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Figure 8: Standardized CPUE index estimated using gamma GLM for the Kodiak Shelikof District.
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Figure 9: Standardized CPUE index estimated using gamma GLM in comparision to scaled GAM and
nominal (round weight / dredge hr) indices for the Kodiak Shelikof District.
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