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Introduction
SUMMAR»Y- The purpose of this paper is to provide standardized CPUE for
I large bluefin tuna caught off the northeast coast of the United
Large bluefin tuna indices of abundance were derived for the US. rod and states for possible' use by the SCRS in its stock assessments. .

recl/handline fishery off the northeast U.S. using generalized linear models (GLM) analyses :‘:és 1250‘; , ctég:;:\;a:;:n B:-iwiar(lll:;; )"Q:r:; b,gurna ::':n:ngrmeflgg g ?,9

to fit aggregated and disaggregated data. Indices presented vary with respect to aggregation it t:iffers from earlier work in some aspects of the analytical..

variables and analytical methods.
. Although rod and reel and handline fisheries for Large bluefin

tuna have existed for many years off the northeast coast of the
United States, catch and effort information currently available
RESUME is from a time interval (1983-1992) when catch rates were very low
and regulations limiting catches of bluefin to one or two fish per

Les indices d’abondance des grands thons rouges ont &té calculés pour la pécherie explores the effects of variations in the environment, fishing
américaine 3 la canne/moulinet au large des cOtes nord-est des Etats-Unis en utilisant Jes
analyses du modele linéaire généralisé (GLM) pour ajuster les données regroupées et non

regroupées. Les indices présentés varient selon les variables d’aggrégation et les méthodes Materials and Methods

d'analyse. Catch, effort, and gize composition from rod and reel and
handline fisheries for large bluefin off the northeast United

States have been collected since 1982. A detailed description of

the agencies involved in data collection, methods of collection and

variabilities in data elements recorded in early years can be found

in Turner et al. ¢ 1992). As noted . in the earlier paper, data from

RESUMEN . 1982 is not currently available. The two Years of data (1991 and

‘ 1992) which were not available in the 1992 analyses, are similar to

Se obtuvieron fndices de abundancia de atuncs rojos, grandes para la pesqueria data collected in Y_e,"s 1388-~1990.

.estadounidense de cafia carrete/cafia-lifia, frente 1a costa nordeste de Estados Unidos, por
medio de andlisis de modelos lineales generalizados (GLM) para ajustar datos. agregados

y disgregados. Los indices presentados varian en lo que se refiere a las variables de . ) L S
: . - _ Two applications of general linear models (GLM) were used to
agregacion y métodos analiticos. estimate indices of abundance. The first approach replicated the
method applied by 'Turner et al. (1992), in which the log-

transformed Qaily catch rates from disaggregated data and from data
aggregated into observations of 15 trips randomly selected from
w:.th:_ln the strata are modelled as a function of categorical and
continuous variables, and in which a constant (a value of 1) was
added to each observation to allow log-transformation of the zero
catch rates and inclusion of these data into the modelling. In
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addition to using a +1 transform, following from Porch and Scott
(SCRS/93/75) a constant equal to 10 times the maximum observed CPUE
was also added prior to logging the observations. The second
approach applied the delta-lognormal approach described by Lo
et.al. (1992) in which the log-transformed positive catch rates
(without any constant added) and the proportion of observations
(days fishing) for which there was a positive catch were modelled
separately to produce an index as:

£=Cad= [0 ) [T gets-1],

where ! represents the estimated annual index value, C, the annual
standardized positive catch rate, and § the annual standardized
proportion of days fished for which there was success in catching
bluefin. Pollowing Lo et.al. (1992), a value of 1 was added to the
observed S values to permit inclusion of 0 values in modelling the
log-transformed observations. In the above equation, B. and 8,,
represent the log-scale, standardized GLM estimates of marginal
mean (LSMEAN) CPUE and proportion of days fished on which bluefin
were caught, and ¥. and ¥,, the log-transformation bias adjustments
for 8. and 8,, respectively. variance in 1 was estimated via the
delta method (Seber 1982). The appropriate equations for estimating
this variance and calculating the log-transformation bias
adjustment terms are provided in Lo et.al. (1992) and are not
repeated herein. The log-transform bias adjustment was applied to
both the Delta~lognormal and added constant transform methods.

{ables ] .

Environmental variables included in the analysis were year,
month, area, sea surface temperature (8ST). The boundaries of the
three fishing areas were :NYNJ 39° to 40.67, N and west of 72° W;
SONE, outside of NYNJ (north of 40.67° N and west of 72, W) and from
39° to 41.66° N and west of 66° W; and GOMA 41.67° N to 45° N and
west of 66° W (Figure 1). SST was assigned to each area from
weekly oceanographic charts and was the only continuous variable in
the analysis.

Variables relating to effort included boat
type(private/charter), gear(troll/chum), fishing method
(chum/troll), trip length, and number of lines. Not all variables
were recorded in each year.

One variable related to sampling, interview type (phone/dock),
was investigated. Since. the object of this variable is to compare
information collected immediately after a fishing trip (dock) to
information which must be recalled (phone), dockside interviews
covering trips made before the date when the interview actually
took place were grouped with the phone interviews.

One vafipble related to management of the fishery, trip limit
(number of fish that could be legally caught per trip) was also
investigated.
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Results and Discussion

\nqle EEE s Thad : .

A GLM (using the +1 transform) was run for each variable to
determine the proportion of the total sum of squares (SS) accounted
for by that variable and that variables interaction with year.
Subsets of the data which included observations of the variable
considered in all cells were jdentified and used in these initial
GLMs. Factors which accounted for more than 10% of the total SS

were considered for inclusion in the model.

Year was included in all models tested because it would be
used in the final index. 1In a model including all years (1983-
1992) the year effect accounted for about 113 of the total sum of
squares of the raw data and about 50% for the aggregated analysis.

In the many of the single effects models data from 1983-~1986
were excluded in order to create balanced subsets of data and to
avoid possible confounding effects of area.

Targeting (analyzed for Yyears 1987-1992 only) was found to
have a major influence on catch rates. Target accounted for 4% of
the total SS in the disaggregated data and 40% of the total SS of
aggregated data. Target-year interactions were less than 1% for
disaggregated and 2% for aggregated data. Effort reported for
large bluefin had much higher catch rates than effort reported as
directed at marlins and tuna.

area effect, analyzed over years 1987-1992, accounted for 4%
of the total SS in the analysis of raw data and 34% in the analysis
of aggregated data. GOMA catch rates consistently exceeded catch
rates in the southern areas (SONE and NYNJ) during this interval
and catch rates in the southern areas were not significantly
different. Therefore SONE and NYNJ were combined to make one area
referred to as STHN. Year-area interactions accounted for less
than 1% of the total SS of raw and 3% of aggregated data.

Number of lines fished accounted for less than 1% of the SS of
raw data and 14% of the SS of aggregated data. Line-~year
interactions were 2% or less. Since tests could not be conducted
on the effects of using 1-4 compared to 5 or more lines from both
the GOMA and STHN areas, the data were limited to 2-6 lines which
excluded about 3% of the effort targeted at large bluefin and about
23% of the marlin/tuna effort; it excluded about 5% of the catch on
trips recorded as targeting large bluefin and 4% of the catch on
trips recorded as targeting marlin tuna.

The effect of month on catch rates was analyzed for month July
through September because insufficient observations were available
in the early years to create balanced designs when June and October
were included. Month effect accounted for less than 1% and month-
year interaction accounted for 2% of the SS of aggregated data.




SST effect analyzed for 1983, and 1987-1992 and its
interaction with year accounted for less than 1% of the total SS of
unsummarized data for 4% of the $S in the aggregated model. Year-
SST interaction for the aggregated model was 4%.

Data from year 1985 and area GOMA in all Years were not
included in the analyses for gear because handline gear .was
infrequently reported in GOMA and no identifiable handline effort
was reported in 1985. Gear effect accounted for less than 1% of
the disaggregated or aggregated Ss. Gear-year interaction
accounted for 6% of the aggregated Ss.

The effects boat type (private/charter), fishing.methpd, and
trip limit accounted 2% or less of the total SS from dlsagg;egated
or aggregated data. Interview type (phone/dock) and trip length
accounted for 5% of the aggregated Ss. With the exception of
fishing method, all year interactions for these variables accounted
for 5% or less of the SS. Year~fishing method interaction accounted
for 9% of the aggregated SsS. . '

When the GLMs were rerun using only positive data, year and
trip length were the only relevant variables.
Analysis with 3 Primary variables

From the above analyses on single effects and their
interactions with year, it was concluded that the primary
influences on large bluefin catch rates were year, area and target.
The nominal mean CPUE‘s by year, year and target, and year and area
are plotted in figures 3-5, Further analyses were conducted on
these three variables. In the analysis aggregated over year, area
and target, area accounted for less than 1% of the total and target
about 7%. Therefore area was dropped from the model. The model
with year and catch rate was then run with the +10 MAX
transformation and used in the proportion positives analysis. A
model with year and trip length
was applied to the positive data.

The index of annual abundance estimated using the delta-
lognormal method GLMs showed a similar pattern to the added
constant transformation GLMs (Figures 2a-2d). The resulting index
values from the delta-lognormal method were slightly more precise
and the residual patterns generally less skewed than in the case of
the +1 or +10 MAX transformation. Tables 2-11 Present the results
of the GLM fits to the data and a description of the residuals of
the fits. Results are summarized in Table 1.

At the 1991 SCRs meeting the bluefin working group elected to
exclude the 1983 point from its tuning index. Data were collected
in 1982 but most of the data is not currently available for
analysis. Table 12 shows a comparison of - summarized observations
from sampling contract reports (Birdsong 1982,1983); it indicates
that 1982 and 1983 catch rates were similar. The same contractor
and sampling regime was used in 1984, but no contract report was required.
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Figure 1. Map of the northeastarn coast of tha United States
showing the 100 meter . b ieas of the
three fishing areas used in thia analynis ars shown.




vable 1: Indices of abundance for large bluefin tuna off the ¥o
1000 hooks: Rel represants relative

Ibe respresents estimated Catch/
ant of Variation Fits were made using data fros 1983-1992.

CV_I represents the satinated Coeffici

DELTA - LOGNORMAL

+ 10XMAX TRANSFORNATION

YRAR INDEX REL cv_I IWDERX REL, cv. X
1983 12.06 1.00 0.03 15.16 1.00 0.03
1984 4.08 G.34¢ 0.04 5.30 .38 0.0
1988 3.44 0.29 .06 .50 ©.17 0.34
-1986 1.08 0.0 .16 C.94 0.06 1.63
1987 1.66 0.14 0.07 1.87 0.12 o.21
1988 2.31 .19 0.07 2.45 0.16 0.25
1989 1.91 0.16 .07 2.12 0.14 0.23
1990 1.58 .13 0.06 1.8 0.12 o.23
1991 2.08 0.17 0.05 2.71 Q.18 Q.16
1992 0.58 0.0% c.09 0.83 ©.03 0.65
+ 1 TRANSPORMATION + 1 TRANSPORNATION (AGGREGATED)
YEAR INDEX REKL cv_I INDEX REL [ 5 4
18 1.66 1.00 0.08 5.59 1.00 0.08
1984 .47 0.28 0.10 2.0 0.36 0.11
1988 0.40 0.24 C.19 1.56 o.28 o.23
1986 0.10 0.06 1.18 0.93 0.17 ©.53
1987 0.16 0.10 Q.18 .82 0.18 .12
isas 0.27 0.16 0.18 1.13 0.20 0.17
1eay 0.28 0.11 0.20 0.80 O0.14 .16
1990 0.13 0.0% 0.19 0.78 0.13 .14
1991 0.20 0.12 0.16 .92 .17 0.13
1992 0.08 0.03 0.66 0.26 0.08 ©.37
Table 2: QM on proportion positives
Source or Sun of SQuares Nesnt Square
Model 10 71.04454818 7.10445422
error 11329 0.82912029 0.060007318
Corrected Total 11339 71.87366845
R-Square c.v. Root NSZ
0.988464 11.14118 0.00855486
Source - 4 Typs III 38 Nean Square
YR [ 4 34.4275115) 3.835279%06
TARGET 1 7.83046951 7.89046981
T for EO: > |2
Parssetar Estimate Paranetar=0
INTERCEPT 0.0453441994 B 162.14 2.0001
YR 9 G.1981077805 B 561.3¢ 8.0001
| 1] 0.0767776384 B 208.8 0.0001
35 0.0835142876 B 167.483 6.0001
86 0.0104471601 3 12.6% 0.0001
87 0.0256196555 B 75.36 0.0001
1) 0.0507320553 3 122.30 0.0001%
114 0.029075966% B 7%.09 ©.0001
20 0.0247325059 B 72.00 0.0001
1 28 0.0323915%22 B 92.62 0.0001
2 0.0000000000 B . .
TARGET 1 -,0653057949 B -328.38 4.0001
3 0.0000000000 B . -
fable 3: Studentired Pesiduals Proportion Posities . .
x 11340 Sum Wgts 11340
Nean 4.3758-¢ 3Sum 0.069617
Std Dav 1.00017¢ Variance 1.000382
Skawness 0.983434 Kurtoais 3.239197
Nidpoint
-3.0
-2.5
-2.0 eReseeoted
-1.% seae
-1.0 aneesartARInNe
-G.58 L
8.0 srnen adpow
0.5 P T * '3 .
1.0
1.8
2.0
2.5 sewseese
:.o oeteas
400 so0 1200 1600 2000 2400 2800 3200 so00 4000

Frequancy

rtheast Coast of the U.S.
CPUZ relative to 1983

¥ Value
97074.42

¥ Vslue

52268.15
39999.9%¢

T >

4

$8.0001

POS Nean

0.07673596

”7 >

4

0.0001
0.0001

std RFrror of

Estinate

0.00027%66
©.00035251
6.00037302
0.00049480
Q.00082346
0.00033998
0.00041430
0.00036763
0.00G34379
0.0003437¢

0.00019889

Preq Preq Psroant Percent

493 493
1133 1628
700 2328
1458 1786
4220 %006
2684 10690
¢ 10650

0 10690

8 10630
388 11078
265 11340

0.00
.00
4.37
14.36
20.53
33.38
70.60
94.37
94.27
94.17
94.27
7.6
100.00
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Tuble ¢: GIN on Positive Cutches

source Dy Sus of Squares Nean Square P Yalue Y >r
Modal 11 128.31869014 11.663331347 €7.70 0.0001
Errar 233 160.77423063 0.17231968
Currectad Total 44 289.09292077
R-fquare c.v. Moot RSE IAPCR Rean
0.443067 10.75598 2.41811402 3.859350%0
source or Type III 88 Nean Square ¥ valua b R 4
R 9 14.75061692 1.63095744 .51 0.0001
TRIPLEN 2 93.00647507 46.50323754 269.87 0.0001
2 for MO: ”x > |%| . std Rrror of
Paramatax Estinats Paranetar=g0 Ewtinats
INTERCEXPT 3.018871985 B3 7.0 0.0001 ' 0.31175%41
k2 3 | >3 0.177600406 B 1.90 0.0581 0.09361210
4 0.005699892 B 0.06 0.9532 0.09715743
[ 13 ~0.231445%43 B ~2.17 0.0301 0.10854211
a8 0.050434078 B c.28 0.7820 0.18224867
27 =0.013145982 B ~0.12 0.9086 0.11082%818
23 =0.198843856 B -1.78 0.07%7 0.21183%77
[ 1] 0.043144148 B 0.39 0.4939 .- 3.1103390¢
0 «0.036501173 B -0.34 0.7312 8.1062209%6
” 0.047433921 B 0.48 0.6472 0.10360337
2 0.000000000 B - - -
TRIPLEN 1 . 1.331843357 B 16.63 0.0001 0.08008670
2 0.63949216% B 8.46 0.0001 0.07534306
3 ©.000000000 B . . .

Tabls 5: Stodentized Residusls Positive Catches

» 245 Sum Wgtm 845
Maan ~0.00001 Sum -0.01267
St4 Dev 1.000021 Variance 1.000043
Skawness 0.314916 Kurtosis ©.385654

reg Freg Parcant Parcent

Nidpoint
-3.0 . 2 2 0.21 8.21
-2.5 LT . | | p-} 0.85 1.06
-2.0 sesteatn 20 30 2.12 3.17
=1,% RENAEPIFRA B EEEE 3 &8 4.02 7.20
=-i.0 bbde . . seiaease 163 111 17.3% 24,44
~G.5 * * bkl 218 445 23.07 47.8%1
0.0 * 183 602 16.19 €3.70
a.s hddaded pl hdaladedabodedd 133 735 14.07 77.78
1.0 . . ceee 0 107 842 11.32 19,10
1.8 wasesss 55 89?7 . B.82 94.92
2.0 e dokednbdededieded 24 21 2.54 27.46
2.5 19 %40 2.01 99.47
3.0 5 943 8.53 100.00

10 20 30 40 50 €0 70 80 90 100 110 120 130 140 130 160 170 180 190 200 210

Frequency

Table 6: GLM on +10 JMAX Transforastion
Source or Squares Square P Valua Pro>r
Model 1o 0.05318667 0.00531867 116.8¢ 0.0001
Zxror 11329 0.51%572698 0.00004552
Correscted Total 11339 0.56821362

R-Squars c.v. Root NSE LECPUE Mesn

0.093408 0.08€215 0.006747 7.825865
Source or Type III 38 ¥san 3Squara ¥ Valus Pr>r

YR - 1 0.03179507 0.003%3379 77.80 8.0001
TARGET 1 0.00316601 0.00316601 €9.55% 0.0001



PAranater . Ixtimate Paranater—0 Eacinate
INTERCERT ~ 7.825030364 B 35477.81 0.0003 0.00022056
™m [ b ) 0.005714054 B 20.5% 6.-0001 06.00027802
L 3 0.0019853%75 B €.73 8.0002 0.00029420
] 0.000663752 B 1.70 c.0887 0.00039340
L 13 0.000046345 B .07 0.9431 0.00064945
27 0.000417352 8 1.56 0.1196 §.00028814
1 2] 0.00064818¢6 B 1.98 0.D473 0.00032678
9 0.000517107 B 1.78 0.0748 0.00028994
20 0.000401047 3 1.48 0.1391 £0.00027114
£ 23 0.000751782 3 2.73 0.0064 - §.000273&3
2 000000000 B . . -
TARGYY 1 -0.001308147 B -8.34 €.0001L ©.0001568¢
3 0.000000000 B . . .
fable 7: Studectised Residuals +10 NAX Transfarmstion
x 11340 Sus wWgts 11340
Nean =1.178~7 Sus -0.00132
std Dev 0.999964 Variance 0.999929
Sxewness 4.691239 Xurtosis 32.48783
SRESID can. Cun.
Nidpoint Preaq Preq Percent Percect
-3.0 [} Q 0.00 0.00
-2.8 0 - 0.00 0.00
-2.0 ] .} 0.00 0.00
-3.5 o o a.00 0.00
-1.0 seatd 1151 1153 10.13 10.18
-G.3 L dbaibabdd 1756 2907 18.4% 25.83
6.0 hid 7504 104112 $6.17 91.81
0.5 53 10464 0.47 92.28
1.0 . 147 10611} 1.30 $3.57
1.8 . 152 10763 1.34 94.91
2.9 . 127 10890 1.12 96.03
2.5 105 10998 0.93 26.96
3.0 . 343 11340 3.06 100.00
2000 4000 6000
rraquency
Table $: GILX on catches +1
Source or Sum of Squares Nsan Square
nodal 10 1444.92945924 144.49294592
error 11329 11895.41087361 1.04999655
Corrected Total 11339 13340,34037485
R-Square c.v. Root MSE
0.108313 316.6328 1.024693)Y
source or Type III $S Nean Squars
YR L] 780.57730714 96.71081190
TARGET b 130.44742395 1320.44742395
T tor BO: re
Paramater Extinate parametar=0
INTERCEPT 0.1787955202 3 S.34
YR a3 0.9259968685 B 1.9
84 0.335167299¢ B 7.50
[ 13 0.2830747936 B 4.78 0.000
[ 13 0.0355078508 B 6.36
87 0.0974393439 B 2.3
(1] 0.1842637351 B 3.73
(1} 0.1134877831 B 2.58
0 0.0923664%33 B 2.24
[ 23 0.1317584656 B 3.18
92 £.0003000000 B -
TARGET 1 -.2581520616 B -10.71
©.000000000C 8 .
ml *
L 11340 Sum WgLs 11340
Hean 9.3188~8 Sus £.001079
sta Dev 1.000012 vVariance 1.006023
Sxewnsss 2.604316 Fuxrtosis ¢.556106
sidpoint i
-3.98 2
-2.5% 3
1.9 b
-3.
a} .8 T ool ol il R g::g
-0.8 |* 5354
0.0 R L g 9
0.5 s
1.0
1.8 u
46
2.0 b 2113
2.9 oo 78
3.0 assesened
400 1200 1800 2400 3J000 3400 4200 4800

Prequency

? Vslue Pr>7
137.61 0.0001
LXCPUE Mean
©.32361204
7 Value Pr>7r
82.60 0.0001
114.72 ©.0001
> j7l srd prror of
Estinate
0.0001 0.03349724
6.0001 0.04322388
8.0001 0.04468015
1 0.058746321
0.7189 0.09863364
0.0167 0.04072316
0.0002 0.04962446
©.0100 0.04403428
0.0249 0.04117872
0.0017 0.04189112
0.6001 0.02382208
reeg parcane Farcent
[ 8.00 g.00
0 0.00 0.00
] 8.00 9.08
] 8.00 8.00
1191 10.15 10.18
8341 38,19 45.34
10395 46.33 21.67
10398 0.00 91.67
10395 0.90 $1.67
10406 6.10 .76
10452 c.41 93.17
10665 1.88 $4.05
11340 s.93 100.00
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source ¢ 4
Modal 10
=xTor 736
Correctad Total 748
R-Squars
0.643408

Soarce or
YEAR 9
TARGET 1
Souxrce ) 4
YEAR ]
TARGET 1
Source or
YEAR S
TARGET 1
Paranstar
IXTERCXPT
YEZAR 33

[ 23

85

(13

&7

ss

[ 1]

90

£ 23

91
TARGET LARGE BF

NARLIN/TURA

SuR of Squares Nean Sgquare
444.22736884 44.42273480 133.96
244.06483973 0.33160984
689.29120059
C.¥. oot RER
€3.32284 0.5758557¢
Typs I 58 Kean Square ? Valua
346.71686892 38.531409638 116.17
$7.51049993 $7.510499%93 294.05
TYpe II SS Naan Squars ? Valus
140.90781480) 15.65642387 47.22
97.51049993 $7.51049991 294.05
Type III 8S Nean Square ? Value -
140.907814823 15.65642387 47.21
97.51049993 97.51049993 294.05
T for HO: Pr > |7}
Estimate Parsneter=¢
~0.221516860 B ~-2.84 0.0046
1.657049771 B 17.89 0.0001
0.8732017%6 B 8.93 0.0001
0.706205209 B8 5.38 0.0001
0.409406508 B 1.89 0.05%0
0.368384832 3 4.12 g0.0001
0.527029755 B 4.94 0.0001
0.35%12682¢ B 3.72 0.0002
0.3295195¢4 B 3.65 0.0003
0.425873611 B 4.83 0.0001
0.000000000 B - -
0.896371026¢ B 17.18 0.0001
0.000000000 B . N

Table 11: Suidentised Residuals +1 Agregated

747 Sum Ngts

Mean 4.3582-¢ Sum
Std Dev 1.001299 Variance
Skewness =0.1444 Kurtosis

Midpoint req
-3.0 b3
~2.% Ldd 13
-2.0 cenenwe 55
-1.% 2
-1.0 LE 23] s
-0.8 e . e 197

0.0 174
0.5 sssensessasttsee 119
1.0 esnsanee §3
1.8 sesnven 52
2.0 reee 27
2.3 * 7
3.0 2

ZTubla 12. Large bluefin tuna CyUR

30 60 %0 130 150 180

Fraquency

YRAR = 1382

0.0
1.0
Q.

req

1
14
€9
7

106
303
477
386
639
711
738
745
747

LARGE RPFY LINR ERS CPUR

ANEA
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