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Introduction

In 2009, the NOAA SHIP Henry B. Bigelow replaced the R/V Albatross IV as the primary vessel for
conducting spring and fall annual bottom trawl surveys for the Northeast Fisheries Science Center
(NEFSC). There are many differences in the vessel operation, gear, and towing procedures between the
new and old research platforms (NEFSC Vessel Calibration Working Group 2007). To merge survey
information collected in 2009 onward with that collected previously, we need to be able to transform
indices (perhaps at size and age) of abundance from the Henry B. Bigelow into those that would have
been observed had the Albatross IV still been in service. The general method for merging information
from these two time series is to calibrate the new information to that of the old (e.g., Pelletier 1998,
Lewy et al. 2004, Cadigan and Dowden 2010). Specifically we need to predict the relative abundance

that would have been observed by the Albatross IV IAQA ) using the relative abundance from the Henry B.

Bigelow ( Ry ) and a “calibration factor” ( p),
R,=pR,. (1)

To provide information from which to estimate calibration factors for a broad range of species, 636
paired tows were conducted with the two vessels during 2008. Paired tows occurred at many stations in
both the spring and fall surveys. Paired tows were also conducted during the summer and fall at non-
random stations to augment the number of non-zero observations for some species. Protocols for the
paired tows are described in NEFSC Vessel Calibration Working Group (2007).

The methodology for estimating the calibration factors was proposed by the NEFSC and reviewed by a
panel of independent scientists in 2009. The reviewers considered calibration factors that could
potentially be specific to either the spring or fall survey (Miller et al. 2010). They recommended using a
calibration factor estimator based on a beta-binomial model for the data collected at each station for
most species, but also recommended using a ratio-type estimator under certain circumstances and not
attempting to estimate calibration factors for species that were not well sampled.

Since the review, it has become apparent that accounting for size of individuals can be necessary for
many species. When there are different selectivity patterns for the two vessels, the ratio of the
fractions of available fish taken by the two gears varies with size. Under these circumstances, the
estimated calibration factor that ignores size reflects an average ratio weighted across sizes where the
weights of each size class are at least in part related to the number of individuals at that size available to
the two gears and the number of stations where individuals at that size were caught. Applying
calibration factors that ignore size effects to surveys conducted in subsequent years when the size
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composition is unchanged should not produce biased predictions (eq. 1). However, when the size
composition changes, the frequency of individuals and number of stations where individuals are
observed at each size changes and the implicit weighting across size classes used to obtain the
estimated calibration factor will not apply to the new data. Consequently, the predictions from the
constant calibration factor of the numbers per tow that would have been caught by the Albatross IV will
be biased.

Length-based calibration has been performed for groundfish (cod, haddock, and yellowtail flounder
through TRAC and silver, offshore, and red hakes during SARC 51) and invertebrate species (loligo during
SARC 51) (Brooks et al. 2010, NEFSC 2011). For those length-based calibrations, the same basic beta-
binomial model from Miller et al. (2010) was assumed, but various functional forms were assumed for
the relationship of length to the calibration factor. Since then, Miller (submitted) has explored two types
of smoothers for this relationship and that of length to the beta-binomial dispersion parameter. These
smoothers (orthogonal polynomials and thin-plate regression splines) allow much more flexibility than
the functional forms previously considered for other species by Brooks et al. (2010) and NEFSC (2011).

Methods

Because the skate complex is managed as a whole and few positive observations for some skate species
during the calibration experiment, numbers captured of all seven species were aggregated by vessel,
station, and 1 cm length class for these analyses. Upon inspection of data and preliminary model fits, we
determined that predicted relative catch efficiency at the largest size classes was both highly uncertain
and sensitive to changes in proportions captured by each vessel between length classes despite few
observations. As such, we decided to pool observations at length classes greater than 94 cm as 107 cm
which is the average length of fish observed in these length classes.

We considered the same classes of smoothers as Miller (submitted). However, we also considered
effects of season (spring or fall survey or non-survey stations) region(north or south, Table 1). We also
were interested in determining whether there were further differences by depth strata (shallow and
deep depth categories in Table 2), but there was insufficient information for some subsets to fit
corresponding models. We first determined the best smoother to use for the relationship of length to
relative catch efficiency and the dispersion parameter. Then we assessed whether models where these
relationships differed by season and region were necessary. We evaluated relative goodness of fit of all

models using Akaike Information Criteria corrected for small sample size bias (AIC; Hurvich and Tsai
1989).

All models were fitted in the R statistical programming environment (R Development Core Team 2010).
For models where orthogonal polynomials and thin-plate regression splines were assumed, we used the
gamisss, gamlss.add and mgcv packages (Rigby and Stasinopoulos 2005, Stasinopoulos and Rigby 2007).
For models where the orthogonal polynomials are assumed and the form of the dispersion parameter is
based on the assumption that the mean catches by both vessels arise from a gamma distribution,
programmed likelihoods were maximized using the optim function provided in R.



Ultimately, we calibrated mean numbers-at-length per tow for spring and fall bottom trawl surveys
conducted in 2009 and 2010 and multiplied estimated mean weights-at-length from fitted length-weight
models to obtain mean biomass per tow in Albatross IV units,

B, =ZL: Al w(L,). 2)

I=1 ﬁ(L/)

Stuff about length-weight relationship estimation.
Results and Discussion

The models where the form of the beta-binomial dispersion parameter is based on a gamma assumption
on the mean catches made by each vessel performed very poorly compared to other models and are not
considered further. Among the other classes of beta-binomial models we considered, the model that
assumed a thin-plate regression spline smoother for both the relative catch efficiency and dispersion
parameter performed marginally better than the (Table 3). Further allowing the smoother of length to

differ by season and region provided the best overall fit with regard to AIC..

Important to note, that when the data are broken down into small subsets for prediction (e.g., by region
and season), the limits of the range of sizes available in the subsets can be narrower than the range of
the entire data set. As such, the ability to predict lengths at the ends of the range will be compromised.
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Table 1. NEFSC survey strata in north and south regions used in length-based calibration analyses.

Table 2. NEFSC survey strata in shallow and deep depth areas we were to consider in length-based

calibration analyses.

North

South

01190-01300
01330-01400
01351
03560
03590-03610
03640-03660

01010-01180
01610-01760
03010-03460
07510-07520
08500-08510

Shallow

Deep

01010-01020
01050-01060
01090-01100
01130
01160
01190-01210
01230
01250-01260
01330
01390-01400
01610-01620
01650-01660
01690-17000
01730-01740
07510-07520
08500

01030-01040
01070-01080
01110-01120
01140-01150
01170-01180
01220
01240
01270-01300
01340
01351
01360-01380
01630-01640
01670-01680
01710-01720
01750-01760
08510




7€°95¢C TG9990ST v 0esL- €T 1S T TT dO [4)
06'¥5¢C £07990ST 00°91S.- LT EN L 6 do TT
L8'VST 70990ST 00°0¢S.- €T 1S ¢ (0] d0 (0]
8E¥ST 99°990ST 9,'0¢SL- ) VS ‘4S T 6 d0 6
vTvSe ¢¥'990ST 88'CCSL- 186 VS ‘4S T 189 dS 8
96°¢S¢C YT1°990ST S/L'STS.- 8L°9T 1S Z4 7S99 dS L
€8°€S¢ TO'S90ST 6¥°0¢S.- T 1S C 6 dO 9
LS'EST ¥/ ¥90ST S€°0¢SL- [4) 1S T 0T do S
§9°CS¢ €/°€90ST S8°0¢S.- TT 1S T 6 d0 14
0t'cSc 85°€90ST 86'CCSL- 088 1S T 089 dS €
9¢'€8 €S V681T V9 eCvL- 99°€C 1S 14 99°'ST (uoseas)ds 4
000 ST'TISYT ce6S¢eL- c09t 4S S c0’LE (uoi3ay‘uoseas)ds T
sia1oweled S91eleA0) si191oweled
(Pov)v o]\ - [e10] # ¢ y1Sus| ¢ # Jpdg adA] [spoN yuey

7|V uo paseq sjepow Sulwaopad 1594 104 pooyl|1|-80| pue ‘sa1eleA0d uolsiadsip ‘WopaaJ) JO saa.33p

[e103 pue ‘uolsiadsip ‘Aduaidiyge yaied aaieas sisquinu (4O ‘[eiwouAjod jeuoSoyuio ‘ds ‘aulids uoissaiSas a1ejd-uiyl) adAy [spon € 3|qel




ajuend [ewloN painjde) Jaquinp [eloL ggH Aq ainyde) pani4
14 W 0 c- - 0g o.v o.m o_N o_v (04 O_m 014 o_v

O
O

[enpisay ajuend

"(3y3u)
s3juenb |ewuou J1ay} pue ‘(3jppiw) uoiies e 1e painided ysij Jo Jaquinu |10} 33 (U3)]) mojabig ‘g Aiuay ayi Aq painided ssquinu paydipaud
Sy} 01 uolle|aJ ul Ysijpal uelpedy Joy (T 3jgel ass )|y Ag painsesw se) |opow Sutwiopad 353 9y} Jo sjenpisal ajiuenb paziwopuey T 24nSi4



(wo) yibueT

00L 08 09 OF 0OC O 00L 08 09 Oy 02 O

(_I)¢ oL

0e G¢ 0cC Gl

L i B

UINos [l UHON I/ ynos Bunds ypoN Bunds

‘Al $s0430q|y pue mojablg g AiuaH syi Jo Adusidiys |enba syuasaidai s1o|d doy ur sulj AeiS [BIUOZIIOH "S|EAISIUI SIUSPLJUOI

%56 d1ewixoidde Juasaidal saul| Aeg |e211ISA pue saul| paJ pa110Q “(sutod AeaS8) ssejd yi8ua| yoes ul elep 03 1} S|Ppow dleledas woly

pue (aul| paJ pijos) yidua| jo Jayloows suljds uoissaiSau aejd-uiy) pazijeusd e e se pajapow si AJUIIDIYS Yd1ed dAILR[RI 2I3YM [SpOW [eiwoulq
-B13q 159 3y} woJ} (suwn|od) uoidas pue uosess Agq (wo10q) Jo1aweled uoisiadsip pue (do3) Adusidiya yoied aAlejal pajewiisy “g 24nsiy



Appendix

The constant model that ignores length is

and the logistic model is

e
PO =€ + 1 G

which allows the lowest calibration factors to asymptote at a value greater than zero and the difference
between the lowest and greatest values to be different than 1.

The double-logistic model is

l_e}’l 1_6}’2
p(l)ze”‘ et —— || e+ ————
1+e‘(/’o+e D] 1+e(ﬂz+“ D]

which allows the lowest calibration factors to asymptote at a value greater than zero at both small and
large size classes and the difference between the lowest and greatest values to be greater than 1. In all
models, the exponentiation of various parameters avoids boundary conditions during estimation. The
parameters may differ for data obtained at spring or fall survey stations or the site-specific stations.

Letting the full set of calibration factor parameters be @ (which depends on the above models used),
the beta-binomial likelihood we maximized is

Le.0)-T11 o

s Beta(a, +Ny,.b,+ N, ) (N, +Ny,
=l j=1 Beta (aj,bj)

where Beta() is the beta function, and N, and N, are the numbers caught at station 7 in length
class j by the Albatross IV and Bigelow, respectively. The likelihood is parameterized with parameters

a and b which are functions of the calibration factor and dispersion parameter @,

a,=p(l,10)¢
and

b, =410+ p(,10)).








