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Introduction

The general approach for estimating discards for the commercial reef-fish fleet in the Gulf of
Mexico utilizes catch-per-unit-effort (CPUE) from the coastal observer program and total fishing
effort from the commercial reef logbook program to estimate total catch,

total Catch = CPUE x total Effort .

For discard estimation, CPUE is computed for various discard categories, e.g., released alive,
released dead, etc. The primary metric for the coastal observer program is CPUE by species and
gear; however, the appropriate effort unit (e.g., trip-days, hook-hours, etc.) for computing CPUE
was unclear with respect to total catch expansion. The principal focus of this study was to
evaluate the suite of effort metrics recorded on commercial logbooks and collected by onboard
observers to identify unbiased and consistent effort variables between the two programs for
carrying out the catch expansion.

Methods
Data Sources

Catch per unit effort was determined from the coastal observer program in which scientific
observers on commercial fishing vessels recorded detailed information on catch and effort for a
subset of trips (GMFMC 2005). The program targeted two principal gears for the Gulf of
Mexico reef fishery, bottom longline and vertical lines (e.g., handlines, bandit rigs). Catch by
species was recorded according to disposition category: kept (landed), released alive, released
dead, released undetermined, and used for bait. Length and weight were recorded for a
subsample of individual fish. The coastal observer program began in July 2006; for discard
estimation, complete calendars years 2007-2017 were utilized.

Total effort was determined from the commercial reef logbook program in which fishers
reported basic information on effort and catch by species for every trip. The reef logbook
program began in 1990 for a subset of vessels in the Gulf of Mexico, and expanded to all vessels
in 1993; for discard estimation, complete calendar years 1993-2017 were utilized. Logbook
effort metrics were recorded at the trip level, whereas observer effort metrics were recorded at a
finer scale (usually individual ‘sets’ within a trip).

Comparison of Observer and Logbook Effort Variables

Analysis of observer and logbook effort variables was carried out separately for the two
major gears, bottom longlines and vertical lines. Our general analysis approach involved three
main steps: (i) identification of a subset of logbook trips that were sampled by onboard
observers; (ii) calculation of trip-level effort metrics for the observer data that corresponded with
logbook effort metrics; and (iii) comparison of the observer and logbook effort metrics for
matched trips (paired t-test) to identify potential unbiased variables for carrying out catch
expansions.

Computation of Trip-Level Catch for Observer Data
Observers collected catch data at a subtrip level (e.g., a specific longline set or a specific line
for vertical line gear), but it was not feasible to sample every set, line, etc., for every trip. Gear-
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specific procedures were developed to: (i) estimate the trip-level landed catch from the observer
data; and (ii) compare the observer and logbook catch for matched trips (paired t-test).

Catch Expansion Procedures and Verification

Observer CPUE was calculated using the resulting metrics from the trip-level effort and
catch analysis. Statistical estimation of total catch ¢ and associated variance followed
procedures for a survey design ratio estimator (Jones et al. 1995; Lohr 2010):

¢ = CPUE x X ,

where CPUE is observer mean CPUE and X is total logbook effort. Mean CPUE was estimated
by
CPUE =

A

where ¥ is average catch per trip i,

_ 1

y==2iYi
X s average catch per trip,

_ 1

X=-2iX; .
and n is the number of observer trips. Variance of total catch was estimated using

o2 2
A X
var|C] = (1 —E) (—_) T
N X n

where N is the total number of logbook trips and sample variance is

__ Yi(yi—CPUEx;)*

s?(ylx) =

n-1

Standard error of total catch was calculated as

se[¢] = Jvarc]

A verification step compared total annual landed catch from logbook data with the estimated
total catch from observer data for the period 2007-2017. After verification, the average observer
CPUE for 2007-2008 (the pre-1FQ time period prior, to change in size limit) was used to
hindcast total annual landed catch using logbook effort for 1993-2006. This expansion
procedure was then applied to estimate other catch dispositions including discards for the 1993-
2017 time period.

Results
Bottom Longline Gear



Smith, Shideler, McCarthy: CPUE Expansion Estimation for Red Grouper Discards Page 4

The observer database included 424 bottom longline trips, of which 396 had corresponding
trip and set information. Of these, a matching procedure using the vessel identification and trip
start and end dates resulted in 375 matched observer and logbook trips. Effort analysis focused
on three directly recorded effort variables from commercial logbooks: (i) the number of sets per
trip, (i) the average hooks per set, and (iii) the average soaktime per set. Soaktime was
calculated using various combinations of first hook in, last hook in, first hook out, and last hook
out due to discrepancies in the definition of soaktime for the observer and logbook programs.
Comparisons of trip effort found that most effort metrics did not correspond well between
logbooks and observers (Table 1). The number of sets per trip, an unbiased metric (Fig. 1), was
selected as the longline effort variable for loghook and observer data.

Estimates of trip-level observer catch for red grouper utilized the recorded number of
sampled and unsampled sets, resulting in unbiased catches between logbook and observer data
(Fig. 2). Using unbiased trip-level metrics for observer catch and effort, CPUE expansion
estimates of annual total landed catch compared favorably with reported logbook landings for
both the analysis time frame (2007-2017) and the hindcast time frame (1993-2006) (Fig. 3). The
corresponding CPUE expansion estimates for annual discards for 1993-2017 are shown in Fig. 4
for numbers (Fig. 4A) and weight (Fig. 4B).

Vertical Line Gear

The observer database included 1,237 vertical line trips, of which 1,210 had corresponding
trip and set information. The matching procedure resulted in 1,092 matched observer and
logbook trips. Effort analysis focused on three directly recorded effort variables from
commercial logbooks: (i) the number of lines per set, (ii) the number of hooks per line, and (iii)
the total hours fished. Due to potential ambiguous interpretation of these metrics by fishers, a
variety of metrics were analyzed, e.g., average lines per set for a trip, maximum lines fished for a
set during a trip, etc. Soaktime was calculated using various combinations of first hook in, last
hook in, first hook out, and last hook out due to discrepancies in the definition of soaktime for
the observer and logbook programs. Similar to the longline analysis, most trip-level effort
metrics for vertical line gear did not correspond well between logbooks and observers (Table 2).
One unbiased effort metric was identified for logbook and observer data: trip fishing time
computed as the cumulative daily fishing time from first hook in to last hook out (Fig. 5); this
time metric included the active fishing time as well as transit time between fishing locations
during a given trip day.

Estimates of trip-level observer catch for red grouper utilized multiple expansions to account
for sub-sampling within an individual line within a set, sub-sampling of lines for a set, and sub-
sampling of sets within a trip. This procedure produced slightly biased trip-level catches
between logbook and observer data, with the observer catch underestimating the logbook catch
by an average of 13 pounds per trip; however, the median difference was close to zero pounds
(Fig. 6).

As with longline data, CPUE expansion estimates of annual total landed catch for vertical
line gear compared favorably with reported logbook landings for both the analysis time frame
(2007-2017) and the hindcast time frame (1993-2006) (Fig. 7). The corresponding CPUE
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expansion estimates for annual discards for 1993-2017 are shown in Fig. 8 for numbers (Fig.
8A) and weight (Fig. 8B).
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Table 1. Comparison of trip-level effort variables for bottom longline gear between observer and logbook
data; n is the number of matched observer-loghook trips; mean difference (observer value — logbook
value) for each metric was evaluated with a paired t-test.

Mean SE

Effort Variable n  Difference Difference p-value
Number of Sets 375 -0.54 0.38  0.1576
Average Hooks per Set 368 293.83 22.53 <0.0001
Average Soak Hours per Set 1

(first hook in, last hook out) 355 2.33 0.08  <0.0001
Average Soak Hours per Set 2

(last hook in, last hook out) 301 1.23 0.08  <0.0001
Average Soak Hours per Set 3

(last hook in, first hook out) 301 -0.29 029 0318
Average Soak Hours per Set 4 303 0.68 029 00202

(first hook in, first hook out)

Figure 1. Frequency plot of the difference (observer — logbook) in number of sets per trip for matched
bottom longline trips. The mean difference was not significantly different from zero.
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Figure 2. Frequency plot of the difference (observer — logbook) between the estimated observer catch
and reported logbook catch of red grouper for matched bottom longline trips. The mean difference
was not significantly different from zero.
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Figure 3. Comparison of annual logbook landings of red grouper with CPUE-expansion estimates from
observer longline data. Error bars (SE) are shown for observer estimates for 2007-2017, the time
frame of the Gulf of Mexico coastal observer program.
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Figure 4. Observer CPUE-expansion estimates of Red Grouper annual discards in (A) number and (B)
weight for bottom longline gear for 1993-2017, denoting live/unclassified and dead discards.
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Table 2. Comparison of trip-level effort variables for vertical line gear between observer and logbook
data; n is the number of matched observer-loghook trips; mean difference (observer value — logbook
value) for each metric was evaluated with a paired t-test.

Mean SE
Effort Variable n Difference Difference p-value
Set Time (hrs) 916 -16.21 0.74 <0.0001
Fishing Day (hrs) 916 0.11 0.73 0.8831
Average Lines per Set 916 -0.310 0.039 <0.0001
Max Lines per Set 916 0.356 0.046 <0.0001
Average Hooks per Line 1 916  -0.95 0.17 <0.0001
(gear configurations)
Average Hooks per Line 2 916 -0.36 0.16 0.0226

(sampled lines/sets)

Figure 5. Frequency plot of the difference (observer — logbook) in fishing day hours for matched vertical
line trips. The mean difference was not significantly different from zero.
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Figure 6. Frequency plot of the difference (observer — loghbook) between the estimated observer catch
and reported logbook catch of red grouper for matched vertical line trips. The mean difference was
significantly different from zero; however, the median difference was approximately zero.
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Figure 7. Comparison of annual logbook landings of red grouper with CPUE-expansion estimates from
observer vertical line data. Error bars (SE) are shown for observer estimates for 2007-2017, the time
frame of the Gulf of Mexico coastal observer program.
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Figure 8. Observer CPUE-expansion estimates of Red Grouper annual discards in (A) number and (B)
weight for vertical line gear for 1993-2017, denoting live/unclassified and dead discards.
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Table 1. Annual estimates of Red Grouper discards for the vertical line sector in weight (whole pounds) and number
of fish for the Gulf of Mexico.

Year Weight Number
1993 211,032 81,047
1994 249,990 96,009
1995 130,131 49,977
1996 299,199 114,908
1997 350,030 134,430
1998 338,244 129,903
1999 373,402 143,406
2000 377,979 145,164
2001 388,536 149,218
2002 400,149 153,678
2003 420,961 161,671
2004 402,101 154,428
2005 354,429 136,119
2006 387,306 148,746
2007 494,752 150,881
2008 323,270 127,661
2009 460,616 219,006
2010 430,278 198,729
2011 717,532 290,423
2012 468,458 178,703
2013 229,580 96,399
2014 137,226 59,449
2015 199,812 86,568
2016 202,292 96,899

2017 132,138 71,658




Table 2. Annual estimates of Red Grouper discards for the bottom longline line sector in weight (whole pounds) and
number of fish for the Gulf of Mexico.

Year Weight Number
1993 1,159,294 456,917
1994 1,506,894 593,918
1995 681,593 268,639
1996 1,506,397 593,722
1997 1,981,268 780,885
1998 1,619,417 638,267
1999 1,701,549 670,638
2000 1,429,354 563,357
2001 1,471,031 579,783
2002 1,307,848 515,467
2003 1,344,391 529,870
2004 1,280,676 504,758
2005 994,264 391,873
2006 1,142,460 450,282
2007 1,093,883 405,702
2008 1,143,598 480,530
2009 386,362 146,457
2010 377,340 177,525
2011 835,475 346,979
2012 1,008,127 402,936
2013 537,033 209,867
2014 850,226 324,659
2015 460,603 195,727
2016 528,078 242,272

2017 436,208 216,046
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