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ABSTRACT

The Research Vessel Henry B. Bigelow (including a new survey bottom trawl and survey
protocols) replaced the NOAA Research Vessel Albatross IV during 2009 for use in conducting
Northeast Fisheries Science Center (NEFSC) spring and fall bottom trawl surveys. Paired tow
calibration studies were carried out using both vessels during 2008. The vessel calibration
experiment data and a beta-binomial model were used to estimate length based calibration
factors that convert American lobster catches by the Bigelow into equivalent catches by the
Albatross. Calibration factors for lobster were estimated so that the Bigelow catch for a
particular size and station divided by the calibration factor estimates the equivalent catch by the
Albatross. A total of 2,314 lobsters were taken by one or both research vessels at 201 out of 636
experimental stations. The Bigelow caught 64% more (N=1,481) lobsters than the Albatross (N=
833). Lobsters were taken by both vessels at 87 stations lobsters, the Albatross caught lobsters
but the Bigelow did not at 36 stations, and the Bigelow caught lobsters but the Albatross did not
at 78 stations. The Bigelow consistently caught higher numbers of lobsters < 10 cm carapace
length (CL) and higher proportions of total catch for lobsters < 9 cm CL. At least 30 lobsters

were taken in each 1 cm size group between 3 and 16 cm CL but sample sizes were lower at

CBigelow

smaller and larger sizes. Calibration factors were p = > 5 for lobsters smaller than

Caibatross

about 5.5 cm CL and ranged from about 1.2 to 4.8 for larger lobsters. CVs for calibration
coefficients were less than 0.2 for lobsters 5-17 cm CL but increased to 0.48 at the smallest size
and to 0.62 at the largest size. Considering the magnitude and variance of the estimates,
calibration coefficients for lobsters 5+ cm (the size range currently used in stock assessments)
are precise enough for use in providing management advice. A lookup table with calibration
factors and CVs for lobsters in Bigelow bottom trawl survey catches is provided.
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INTRODUCTION

The Northeast Fisheries Science Center (NEFSC) began using the new NOAA Research
Vessel Henry B. Bigelow (Bigelow), a new four-seam survey bottom trawl with Patriot doors,
and new operational protocols for bottom trawls surveys beginning in the spring of 2009
(NEFSC Vessel Calibration Working Group 2007; Miller et al. 2010). Prior surveys were carried
out mainly by the NOAA Research Vessel Albatross IV (Albatross) using a standard Yankee No.
36 survey bottom trawl with Polyvalent doors according to original survey protocols.

This analysis uses data from Bigelow-Albatross calibration experiment data to estimate
length-based calibration coefficients for American lobster. The calibration coefficients can be
used to convert Bigelow catches to Albatross equivalents (or vice-versa) by length. Differences
in area and volume swept between the two vessels are ignored (Miller et al. 2010) because the
goal is to convert Bigelow catch per tow to equivalent Albatross catch per tow, not to compute
densities (numbers caught per area or volume swept). However, the coefficients estimated here
will require further modification if Bigelow towing protocols are modified in future so that the
area or volume swept per tow is different than in the calibration study. Statistical methods for
lobster are slight modifications of methods used previously for finfish. Lobster length is
measured as carapace length (cm).

Miller et al. (2010) estimated calibration coefficients for total lobster catch without
considering length. However, preliminary analyses showed that calibration factors for lobsters
depend on length. Length-based calibration factors are important if size-selectivity patterns and
size composition data (expressed as proportions) differ when the two vessels fish at the same
time and in the same area. Under these conditions, predictions of total numbers per tow for
Bigelow catches expressed as Albatross equivalents will be biased if calibration factors do not
account for size.

MATERIALS AND METHODS

Miller et al. (2010) define the calibration coefficient for lobster length L (pr) as the ratio
of expected catches by the Bigelow (B;) and Albatross (4;) so that A, = B, /p, where A, is
equivalent Albatross catch, B; is observed Bigelow catch and p, is the calibration coefficient.
This study uses the same definitions and methodologies.

NEFSC carried out paired tow Bigelow-Albatross calibration experiments (636 stations)
during 2008 during June-July and the spring and fall bottom trawl surveys. Both vessels used
their own standard gear and protocols. Additional gear performance data (i.e. sensor
measurements of net opening, door spread and wing spread) were collected by the Bigelow.
Sensor data, differences in net dimensions and tow distance and area swept are not used in
calculations for this analysis, however, because the purpose was to derive calibration factors that
would convert catches from standard Bigelow tows to catches from standard Albatross tows.
Miller et al. (2010) calculate calibration factors for catch weight and mean weights also but these
variables are not important for lobster and were ignored in this analysis. Seasonal differences in
calibration factors were very small based on preliminary analysis and are ignored here.

Based on simulation analysis for a range of finfish, ratio and beta-binomial models are
recommended for estimating calibration factors (Miller et al. 2010). However, the beta-binomial
approach is the preferred method for lobsters in this analysis because a ratio estimator is not easy
to parameterize as a smooth function of size. Therefore, ratio estimates in one cm length groups
are used only to illustrate lobster calibration data in plots.

The ratio estimator for a calibration factor is:
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Y8,

PL = A,
where A, is total catch by the Albatross, B is the total catch of lobsters by the Bigelow, and the
summation is over stations (Cochran 1977).

The beta-binomial model was fit by maximum likelihood using the gamlss library in the
R statistical programming language (R Core Development Team 2011; Rigby and Stasinopoulos
2005). The model for one lobster taken at a single station by either vessel is:

e’
- 1+e te
where P; is the probability that the lobster of length L was taken by the Bigelow,
gl =em/(1+e™) is the inverse of the logit link function g; = log[P,/(1 — P;)] = log(p,), the
linear predictor is n, = a + s(L), a is an estimated intercept parameter, and s(L) is an non-linear
function estimated as a cubic spline (McCullagh and Nelder 1983, Wood 2006).

The prediction errors & were assumed to be from a beta-binomial distribution with
parameters P; and o. The beta-binomial distribution is appropriate if the distribution of
individual lobsters caught by the Bigelow at one site is Bernoulli with parameter p; and the
distribution of p; at different sites is beta with population mean P, and shape parameter . The
parameters Py, ¢, o and s(L) are estimated in the model. The shape parameter ¢ can be a constant
or vary as a function of size or other covariate, i.e. log(or) = a + L.

Calibration factors from the GAM and beta-binomial models were calculated:

P
T 1-P,
) = log(p,) were calculated by the modeling software. The

Py

PL
Py
1-P
delta melthod was used to calculate variances and coefficients of variation (CV) for calibration
factors:

Variances for P; and log(

Var[p,] = p*Var[log(p,)]
Ninety-five percent confidence intervals for predicted proportions were calculated by back-

transforming the 95% bounds for log(P,).

RESULTS AND DISCUSSION

There were 201 out of 636 stations where a total of 2,314 lobsters were taken by one or
both research vessels. The Bigelow caught 1,481 (64% more) lobsters in total whereas the
Albatross caught 833 lobsters. Lobsters were taken by both vessels at 87 stations. The Albatross
caught lobsters but the Bigelow did not at 36 stations. The Bigelow caught lobsters but the
Albatross did not at 78 stations.

Size composition data show that the Bigelow caught higher numbers of lobsters, mainly
at sizes smaller than 10 cm carapace length (CL). Bigelow proportions were higher at all sizes
less than 9 cm CL (Figures 1-2). At least 30 lobsters were taken in each 1 cm size group between
3 and 16 cm CL but sample sizes were lower at smaller and larger sizes (Figure 3).

Seasonal differences were not considered in the final beta-binomial model because
preliminary analysis showed that they were very small. A likelihood ratio test (p=¢”') and
residual analysis showed that the spline term s(L) in the linear predictor (with about five

" Another approach gives almost the save variances. If pv is lognormal with log scale

. 2 _ sz _ 2
variance sy , then CV, =+Ve ™ —1lands, = p,CV,, .

n
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effective parameters to estimate) was superior to the simple linear term AL with only one
estimated parameter. Preliminary analysis also showed that a beta-binomial model with ¢ as a
linear function of size may be better in a statistical sense than the model with constant ¢ (p=0.07
and lower AIC) but the two models gave almost the same predicted values. The simpler model
was used to estimate calibration factors because variance was reduced at the cost of little or no
bias. All terms in the linear predictor of the final beta-binomial model for lobster calibration data
were highly significant (p < 10” for ¢ and p < 10" for other parameters.

For convenience in use elsewhere, a lookup table was calculated by fitting the ancillary
GAM models p~s(L) and cv~s(L) to estimates from the final beta-binomial model (R*=100%).
The fitted models were used to predict calibration factors and CVs for lobsters between 2.9 and
26 cm CW in steps of 0.1 cm for inclusion in the table (Table 1). The lookup table can be used in
future for lobster calibration work without invoking the original models, etc.

Considering the magnitude and variance of the estimates, calibration coefficients for
lobsters 5+ cm (the size range currently used in stock assessments, ASMFC 2009) appear useful
for providing management advice. Calibration factors were large (p>5) for lobsters smaller than
about 5.4 cm and ranged from 1.184 to 4.8 at larger sizes (Table 1 and Figure 4). CVs were less
than 0.2 for lobsters between 5 and 17 cm CL but increased to 0.62 at the largest size and to 0.48
at the smallest size (Table 1 and Figure 5).

Calibrated fall survey data for 2009-2010 (Figures 6-7) show how survey data,
particularly for small lobsters, collected by the Bigelow are adjusted downward when converted
to Albatross equivalents.
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Table 1. Size-based calibration coefficients and CVs from the final beta-binomial model for American lobsters.

CL CL CL CL CL CL

(cm) P cv (cm) P cv (cm) P cv (cm) p cv (cm) P cv (cm) P cv
26 17272 048 | 6.1 3.784 0.13 | 9.6 1450 0.07 [ 13.1 1.185 0.08 [ 16.6 1.237 0.18 [ 20.1 1.564 0.52
27 16735 047 6.2 3.640 0.12 9.7 1443 0.07 [ 13.2 1.186 0.08 [ 16.7 1.247 0.18 [ 20.2 1.562 0.53
28 16198 045 63 3504 0.12| 98 1436 0.07 [ 13.3 1.18 0.09 [ 16.8 1.259 0.19 [ 20.3 1.559 0.54
29 15661 044 | 64 3376 0.12| 99 1431 0.07 | 134 1.191 0.09 [ 169 1.271 0.19 [ 204 1.556 0.56
3 15.127 043 | 6.5 3.255 0.11| 10 1426 0.07 | 13.5 1.195 0.09| 17 1285 0.20] 20.5 1.552 0.57
31 14594 041 | 6.6 3.141 0.11| 10.1 1.422 0.07 | 13.6 1.198 0.09 | 17.1 1.299 0.20 [ 20.6 1.548 0.58
32 14065 040| 6.7 3.032 0.11| 102 1.418 0.07 | 13.7 1202 0.09 | 17.2 1314 0.21 | 20.7 1.544 0.60
33 13539 038 | 6.8 2928 0.11| 103 1413 0.07 | 13.8 1206 0.09 | 173 1.329 0.22 | 20.8 1.540 0.61
34 13.018 037| 69 2828 0.10| 104 1.409 0.07 | 139 1210 0.10 [ 17.4 1.345 0.23 [ 209 1.536 0.62
35 12502 036 7 2733 010|105 1.403 0.07| 14 1213 0.10 | 17.5 1.360 0.23

3.6 11994 034 | 7.1 2641 0.10| 106 1397 0.07 | 141 1216 0.10 | 17.6 1376 0.24

3.7 11493 033 | 7.2 2553 0.10| 10.7 1.390 0.07 | 142 1218 0.10 [ 17.7 1.391 0.25

3.8 11.002 032| 7.3 2468 0.10| 10.8 1383 0.07 | 143 1220 0.10 | 17.8 1.407 0.26

39 10521 030 74 238 0.09]|109 1374 0.07 | 144 1221 0.11] 179 1422 0.27

4 10.051 029 | 7.5 2308 0.09| 11 1364 0.07| 145 1222 0.11] 18 1436 0.28

41 9594 028 7.6 2233 0.09 | 11.1 1354 0.07| 14.6 1221 0.11 ] 181 1.450 0.28

42 9151 027 7.7 2160 0.09 | 11.2 1343 0.07 | 147 1220 0.11 | 182 1.463 0.29

43 8722 026 7.8 2.091 0.09 | 11.3 1331 0.07 | 148 1219 0.12 | 183 1.476 0.30

44 8309 025( 79 2026 0.09| 114 1319 0.07| 149 1217 0.12] 184 1.487 0.3l

45 7911 024 8 1.963 0.09| 11.5 1306 0.07| 15 1.214 0.12 | 185 1.499 0.32

46 7.530 023 81 1.905 0.08 | 11.6 1.293 0.07 | 15.1 1.212 0.12 | 18.6 1.509 0.34

47 7167 022 82 1.849 0.08 | 11.7 1.280 0.07 [ 15.2 1.209 0.13 | 18.7 1.519 035

48 6821 021 83 1.798 0.08 | 11.8 1.267 0.07 | 153 1.206 0.13 | 18.8 1.528 0.36

49 6492 020 84 1.750 0.08 | 11.9 1.255 0.07| 154 1.203 0.13 | 189 1.536 0.37

5 6.181 0.19] 85 1.706 0.08 | 12 1.243 0.07 | 155 1201 0.13]| 19 1543 0.38

51 5887 0.18| 86 1.666 0.08| 12.1 1232 0.07 | 156 1.199 0.14| 19.1 1.549 0.39

52 5611 017) 87 1.629 0.08 | 122 1.222 0.07 | 157 1.198 0.14 | 19.2 1.555 0.40

53 5351 0.17| 88 1.597 0.08 | 123 1.213 0.08 | 158 1.198 0.14| 193 1.559 0.42

54 5107 0.16| 89 1568 0.08| 124 1.205 0.08 | 159 1.199 0.15| 194 1.563 0.43

55 4878 0.16| 9 1.542  0.07 | 125 1.199 0.08 | 16 1.200 0.15| 195 1.565 0.44

56 4664 0.15| 9.1 1.520 0.07 | 12.6 1.193 0.08 | 16.1 1.203 0.15 | 19.6 1.567 0.45

57 4464 0.14| 92 1501 0.07 | 12.7 1.189 0.08 | 16.2 1.207 0.16 | 19.7 1.568 0.47

58 4276 0.14| 93 1.485 0.07| 128 1.186 0.08 | 163 1.213 0.16 | 19.8 1.568 0.48

59 4101 0.13) 94 1471 0.07| 129 1.185 0.08| 164 1219 0.17| 199 1.567 0.49

6 3938 0.13] 95 1460 0.07] 13 1.184 0.08 ] 16.5 1.227 0.17] 20 1.566 0.50
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Figure 1. Mean catch in numbers per tow at size (1 cm size groups, seasons combined) for
lobsters in NEFSC calibration experiments.
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Figure 2. Proportions of total catch at size (1 cm size groups, seasons combined) for lobsters in
NEFSC calibration experiments.
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Figure 3. Final beta-binomial model fit to lobster calibration data. The smooth line is the fitted
relationship and the dashed lines bracket a 95% confidence interval. Symbols show proportions
of total catch by the Bigelow in 1 cm size groups. Numbers are the total number of lobsters in
each size group. For example, there were a total of 68 lobsters at 4-5 cm CL in catches by both
vessels.
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Figure 4. Calibration factors (p.) from the final beta-binomial fit to lobster calibration data. The

symbols show the ratio estimates % that summarize data for each 1 cm size group. The dashed
L

lines bracket a 95% confidence interval for beta-binomial estimates. The horizontal line at p=1

shows the calibration coefficient p,=1 where Albatross and Bigelow proportions would both be
50%.
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Figure 5. CVs for lobster calibration coefficients from the beta-binomial model.
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Manuscripts must have an abstract and table of
contents, and (if applicable) lists of figures and tables.
As much as possible, use traditional scientific manu-
script organization for sections: “Introduction,” “Study
Area” and/or "Experimental Apparatus,” “Methods,”
“Results,” “Discussion,” “Conclusions,” “Acknowl-
edgments,” and “Literature/References Cited.”

Style

The CRD series is obligated to conform with the
style contained in the current edition of the United
States Government Printing Office Style Manual. That
style manual is silent on many aspects of scientific
manuscripts. The CRD series relies more on the CSE
Style Manual. Manuscripts should be prepared to
conform with these style manuals.

The CRD series uses the American Fisheries Soci-
ety’s guides to names of fishes, mollusks, and decapod

crustaceans, the Society for Marine Mammalogy’s
guide to names of marine mammals, the Biosciences
Information Service’s guide to serial title abbreviations,
and the ISO’s (International Standardization Organiza-
tion) guide to statistical terms.

For in-text citation, use the name-date system. A
special effort should be made to ensure that all neces-
sary bibliographic information is included in the list
of cited works. Personal communications must include
date, full name, and full mailing address of the con-
tact.

Preparation

Once your document has cleared the review pro-
cess, the Editorial Office will contact you with publica-
tion needs — for example, revised text (if necessary) and
separate digital figures and tables if they are embedded
in the document. Materials may be submitted to the
Editorial Office as files on zip disks or CDs, email
attachments, or intranet downloads. Text files should
be in Microsoft Word, tables may be in Word or Excel,
and graphics files may be in a variety of formats (JPG,
GIF, Excel, PowerPoint, etc.).

Production and Distribution

The Editorial Office will perform a copy-edit of
the document and may request further revisions. The
Editorial Office will develop the inside and outside
front covers, the inside and outside back covers, and
the title and bibliographic control pages of the docu-
ment.

Once both the PDF (print) and Web versions of
the CRD are ready, the Editorial Office will contact
you to review both versions and submit corrections or
changes before the document is posted online.

A number of organizations and individuals in the
Northeast Region will be notified by e-mail of the
availability of the document online.




Research Communications Branch
Northeast Fisheries Science Center
National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

MEDIA
MAIL

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA’s National Marine Fisheries Service (NMFS) is “stewardship of living marine resources
for the benefit of the nation through their science-based conservation and management and promotion of the
health of their environment.” As the research arm of the NMFS’s Northeast Region, the Northeast Fisheries
Science Center (NEFSC) supports the NMFS mission by “conducting ecosystem-based research and assess-
ments of living marine resources, with a focus on the Northeast Shelf, to promote the recovery and long-term
sustainability of these resources and to generate social and economic opportunities and benefits from their use.”
Results of NEFSC research are largely reported in primary scientific media (e.g., anonymously-peer-reviewed
scientific journals). However, to assist itself in providing data, information, and advice to its constituents, the
NEFSC occasionally releases its results in its own media. Currently, there are three such media:

NOAA Technical Memorandum NMFS-NE -- This series is issued irregularly. The series typically includes: data reports of
long-term field or lab studies of important species or habitats; synthesis reports for important species or habitats; annual reports
of overall assessment or monitoring programs; manuals describing program-wide surveying or experimental techniques; literature
surveys of important species or habitat topics; proceedings and collected papers of scientific meetings; and indexed and/or annotated
bibliographies. All issues receive internal scientific review and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document -- This series is issued irregularly. The series typically includes: data
reports on field and lab studies; progress reports on experiments, monitoring, and assessments; background papers for, collected
abstracts of, and/or summary reports of scientific meetings; and simple bibliographies. Issues receive internal scientific review and
most issues receive copy editing.

Resource Survey Report (formerly Fishermen's Report) -- This information report is a regularly-issued, quick-turnaround report on
the distribution and relative abundance of selected living marine resources as derived from each of the NEFSC’s periodic research ves-
sel surveys of the Northeast’s continental shelf. This report undergoes internal review, but receives no technical or copy editing.

TO OBTAIN A COPY of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center Reference Document,
either contact the NEFSC Editorial Office (166 Water St., Woods Hole, MA 02543-1026; 508-495-2350) or consult the NEFSC webpage
on “Reports and Publications” (http://www.nefsc.noaa.gov/nefsc/publications/). To access Resource Survey Report, consult the Ecosystem
Surveys Branch webpage (http://www.nefsc.noaa.gov/femad/ecosurvey/mainpage/).

ANY USE OF TRADE OR BRAND NAMES IN ANY NEFSC PUBLICATION OR REPORT DOES NOT IMPLY ENDORSE-
MENT.




