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STANDARDIZED CATCH RATES OF YELLOWFIN TUNA IN THE (U.S.) SPORT FISHERIES
FROM VIRGINIA TO NEW YORK

J. Cramer, A M. Eklund

NMFS-Southeast Fisheries Center, 75 Virginia Beach Drive, Miami, Florida 33149, U.S.A.

SUMMARY

Abundance indices for yellowfin tuna in the west Atlantic and off the U.S. coast from
Virginia to New York (1985-1989) were developed using data obtained during phone and
dockside interviews of anglers in that fishery. Data from interviews having the same
values for year/ month/ depth/ area/ boat type/ interview type/ tournament participation/ fishing
method were combined into groups of 15 trips in order io derive standardized catch rates
and standardized indices using a General Linear Model. .

'RESUME

Des indices d’abondance pou\r‘lialbacorc dans ’Atlantique ouest et au ]afge des cites
américaines de la Virginie 2 New York (1985-89) ont été élaborés en utilisant des données
obtenues au cours d’enquéte téléphoniques et au port de pécheurs 4 la ligne. Les données
des enquétes présentant‘les mémes: valeurs pour année/mois/profondeur/zone/type +* de
bateau/type d’enquéte/participation 2 un championnat/méthode de péche ont été
regroupées en groupes de 15 sorties pour calculer le taux de capture standardisé et les

indices standards au moyen d'un madéle linéaire généralisé.

RESUMEN

Empleando datos obtenidos en conversaciones telefénicas y entrevistas con
pescadores, se hallaron indices de abundancia de rabil en el Atlintico oeste y frente a la
costa norteamericana, desde Vlrguua hasta Nueva York (1985-1989). Otros datos
procedentes de entrevistas con los mismos valores respecto a ano/mes/profundidad/
zona/tipo de barcoftipo de entrevista/participacién en torneos/método de pesca, se
combinaron en grupos de 15 viajes con ¢l fin de obtener tasas de captura estandarizadas
e indices estandarizados empleando el modelo lineal generalizado.

Introduction

Catch per unit effort data on sport fisheries off the U. S.
coast from Virginia to New York were collected from 1985-1989.
Fishermen were interviewed when they returned to the dock or
later, by phone. Interviewers recorded the species, number and
sizes of fish caught, method of fishing and the fishing effort
expended during each trip.

vVariation in area fished, time of year, and environmental
factors make it inappropriate to compare nominal CPUE across
years.. A general linear model (GLM) approach (Draper and Smith
1966) is used in this paper to develop standardized indices of
abundance for yellowfin tuna in these sport fisheries during
1985-1989. The same approach was used to develop standardized
abundance indices for small bluefin tuna fisheries off Virginia
(Brown and Lucy 1990} and large bluefin tuna off New England
(Cramer and Brown 1990).

Materials and Methods

Each trip interview record includes data on: target species,
date, gear, fishing method (trolling, chumnming or other method),
time fished (hours), latitude and léngitude, boat type (private
or charter), interview type (dock or phone), whether fishing
effort was part of a tournament, and the number of yellowfin tuna
caught. Effort was evaluated in terms of hours. Line hours were
not used because number of lines was not recorded in part of the
1988 data. For this analysis data were restricted to only those
trips which targeted marlin or tuna.

only data from trips in the months July, August, and
September, targeting marlin or tuna and fishing with rod and reel
were included in the analysis, because the proportion of
successful yellowfin trips was substantially larger with that
combination than with other gear and method combinations.

Four areas and two strata based on depth contours (Figure 3)
were defined based on examination of fishing effort
concentrations. The depth variable divides trips into (A) those
fishing in waters shallower than 40 fathoms and (B) those fishing
in areas with depths between 40 fathoms and 1000 fathoms. The
four areas from south to northeast were defined as (1) Virginia
(36 N to 37 30' N), (2) Maryland/Delaware (37 310' N to 39 30' N
inshore and 39 N offshore), (3) New Jersey (39 30' N to 40 30 N,
inshore only), and (4) Long Island (39 N to 41 N, west of 73 W)



The high proportion of unsuccessful trips (49% to 70%)
prevented the analysis of single trip observations. Trip records
were randomized, then grouped by year/month/depth/area/boat
type/interview type/tournament participation/fishing metheod to
create summary catch and effort observations. Preliminary
analyses were performed on data summarized into groups of 5, 10
and 15 trips. Examination of the final residual patterns showed
skewed distributions at the lower levels of summation and a more
normally distributed pattern at 15 trips. Therefore analyses
were conducted at that level of summation. Summary observations
were created within each stratum until less than 15 interviews
remained; these remaining interviews were excluded to ensure that
each summary observation represented an identical number of
interviews. Summation across 15 trips reduced the proportion of
zero valued observations to 0 to 19% per year (Table 4).

A GIM (Draper and Smith 1986) approach to analysis of
variance was used to examine logged catch rates per 1000 hours
for differences among the effects of year, month, area, depth,
boat type, interview type, tournament participation, and fishing
method (model 1) as well as all possible two-way interactions of
all variables except year. The value of catch rate per unit
effort for each summary observation was increased by one to
improve the residual distributions and tc permit taking the
natural logs of all catch rate values, including nominal catch
rates of 0. F-tests were conducted on all main effects and
interactions to determine whether or not each contributed
significantly to the model.

The frequency distribution of standardized residuals
[ (cbserved - predicted)/standard error of the estimate] were
examined at each level of the main effects and for the whole
model to ensure that they approximated the normal distribution
(Figures 4 and S5). The final model was used to develop
standardized catch rates for each year.

The variables for the analysis were year, month, ares,
depth, boat type, tournament, and interview type. In one set of
analysis fishing method was also included:; this analysis will be
referred to as model 1. ¥ethod was looked at in this way because
use of the method as a variable excluded all of the 1985 data,
while exclusion of fishing method (mcdel 2) permitted the
inclusion of the 1985 data.

Resulta

Nominal CPUE data for each year, month, and depth strata
obtained from single trip records and from summary observations
are contrasted in Tableés 1, 2 and 3. The mean catch rates shown
were obtained by averaging the catch rates of the observations
within each cell. Total catch (in numbers of fish) and effort
(in trips and hours) is shown for each cell. The comparison of
these values between the single trip data and the summary
observations indicates that little information was lost during
the summation process, despite the elimination of all remaining
trip data within each cell when there were fewer than 15 trips.
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The yearly mean nominal CPUE, derived from summary

observations for models 1 and 2, is plotted in Figure 1. The
parameter estimates and their standard errors are in Tables 5 and
6. For model 1 (with fishing method) F tests indicated that the
main effects of year, month, method, and two-~way interactions

of month and area, month and tournament, area and depth, area and
tournament, boat type and tournament affected logged catch rates.
Model 2 (without fishing method) F tests indicated main effects
of year, depth, tournament and two-way interactions of month and
area, month and tournament, month and depth, area and interview
type, tournament and boat type affected logged catch rates
(Figure 2).

There was a strong negative effect due to fishing in
tournaments. One explanation is that much of the tournament data
came from marlin tournaments in which yellowfin catch rates would
be expected to be low.

Although model 1 (with fishing method) was run with less
data, the results were similar to wodel 2 (without method). R?
values, residual patterns, and standardized CPUE's differed
little between the two (Figures 1, 2, 4, and 5). It is our
belief that fishing method should have an important effect on
catch rates, and therefore the model with fishing method might
better reflect the actual cenditions in the fishery.
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TABLE 12 CPUE (CATCH PER 1000 HOURS) BY YEAR, MONTH AMD

DEPTH FOR NOMINAL DATA.

(EAR . MONTH DEFTH MEAN  STD N CATCH
1795 7 1 .15 D.41 228 198
7 2 0.22 .86 51 &97
g 1 0.15 0.26 124 108
=) by 0,012 0.28 642 537
2 : 0,2 85 44
3 2 : D.7&4 183 437
1556 k4 1 .21 D.TS 293 284
7 o 0,286 0.43 497 142
a i 0.24 .52 351 &k6
a3 2 0,23 0.44 742 1451
9 1 0.2 0.42 S0 72
3 2 0,72 1.14 283 1653
1987 7 1 0.16 0.7 373 349
7 2 0,23 0.42 826 15231
8 1 0.2% 0.38 722 1085
8 2 0.14 0.32 740 822
9 i 0.18 0.4 261 291
g e 0.24 0.93 243 437
1288 7 ! 0.1a 0.64 240 222
7 2 0.27 0.64 203 371
a 1 0.06 0,17 233 97
a8 2 0.12  ©.49 229 199
% 1 0.2 0.33 99 130
9 2 .24 0.46  B1 133
i¥89 7 1 0.02 0.11 264 472
7 2 0.19  0.39 806 1032
8 1 0.03 0.1 119 21
3 2 0,12 0.3 70t 534
) 1 a,01 0,06 39 )
9 2 0.19 0.81 402 494

HOURS ZERQS

1352

3307
728
4549
S0
1148
1335
53446
2430
85726
32
2214
2434
&239
4752

. 9438

1808
1813
1601
1597
1334
1879

&34

396
1460
34659

&30
4799

258
2441

158
218
76
413
33
a9
119
23%
197
396
31
100
222
86
320
4469
168
1467
172
1G4
194
178
39
47
245
459
107
483
74
278

TABLE 2: CPUE (CATCH PER 1000 KOURS) BY YEAR, MONTH AND

YEAR

19734

19688

1789

MONTH DEFTH

QOUDNNIIDONNDISTDN DGO

BN == R Moo B e R s B = b B e BB 4e 1)

MEAN

0.13
0.2
Q.24
0.i7
.51
0.13
0.26
0.24
0.12
0.14
.17
0.13
0.3¢

0.03
0.12
0.29
0.17
0.01

0.15
6.07
0.09

0.1

R Y]

0,02
.18
0.7
.14
0.56
0.08
0,19
0,12
0.09
G.07
0.22
0.18
0.25%
G.07
0.12
0.22

0.01

0.1
0.06
0.04
G.12

™

CATCH

92
1192
81
563
536
216
1463
850
817
175
187
128
204
24
80
90
15
10
693
10
26
171

HOURS

&92
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1471
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1637
5415
3983
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TABLE 3: CPUE (CATCH PER 1000 HOURS) BY YEAR, MONTH AND TABLE 4: Percent of trips with zero catch per ymar in

DEPTH FOR SUMMARIZED DBSERVATIONS IN MODEL 2. nominal data and data summarized for models 1 arnd 2.
YEAR  MONTH DEPTH MEAN  BTD N CATCH HOURS ZEROS . NOMINAL  MODEL i MODEL 2 .
1985 7 1 0.15 0.1t 12 156 1065 o # TRIPS ¢ 5 10 13 5 10 1%
7 2 0.21 0.13 24 460 2254 o]
8 1 0.09 .0.07 4 33 346 [ YEAR
8 2 0.1 0.07 35 415 3989 ¢
9 i 0.1 G.04 2 26 263 O 1985 0% . . . 5% 17% 9w
9 2 0.27  0.24 & 218 649 o 1986 49% 9% 1% 1% T&%  23% 19%
1986 7 1 0.1% 0.11 8 122 818 0 1987 5 1ou 3w i au 19 o
7 2 0.29  0.17 I35 1lZZ 4109 o ' 19688 70% D% 0% 16% 7% 1% O
8 1 G.29 0.24  1& 516 1687 Y 1989 &% 27%  15% 9% 10% 1% O
8 = G.22 V.16 37 1009 4285 G . :
9 1 0.3 1 27 1 O
9 = G.73 G.43 11 1083 1362 o
1987 7 1 0,12 ©.08 17 203 1653 ¢
7 2 0.24  0.14 47 1258 5181 O
8 1 0.27  0.12 40 B&Y  I91S O
8 2 0.13 0.11 40 609 4544 o
E 1 0.13 0.1t i1 140 1128 <
9 z 0.2 0.286 7 22 795 Q
ieg8 7 1 0.08  0.16 i0 78 977 1
7 2 0.2 0.15 5 114 545 i
a8 1 0.03 0.0% 9 29 879 2
2] 2 0.1 G.1% 7 78 810 2
9 1 0.43 1 8 . B9 0
9 2 ¢.08 1 7 .90, o]
1989 7 1 0.01 Q.01 10 4 881 7
7 b 0.15 0.09 45 739 4721 0
B 1 Q.03 0.03 03 g 261 Q
8 2 0.11 0.09 3 454 3969 9!
] e O.16  0.18 17 258 1606 3
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Table 5. Parameter estimates and their standard errors for mocdel

1.
5td Error of
Farametar Estisate Estiaate
INTERCERT 4,101348751 B 0,62433971
JEAR { -1.105563420 B 0.13756014
2 -1.0836592074 B 020726870
3 0.055217417 B 0.12063633
3 0.000000000 B oo
MONTH 7 0.9147223% B 0, 44042553
3 0,379420809 B 0.63918914
METHOD : ?8"%682“”23% 1.51797206
3280942 0.517972
10 1.0153873%0 B 0.20362995
100 0.000000000 B n
MONTH®AREA 7 1 0.37521873% B 0.3039%127
72 -0,594549198 B 0,30932337
73 -0,451789640 B C.7819605
MONTHEARER 7 4 .00000000C B ;
81 -0.417006725 B 0.33576580
32 -1.539766715 B 0,31733974
83 -0.211681727 B 0.36774208
34 0,000000000 B .
91 -1.260799610 B 0.43271954
92 -1.386575533 B 0.86693662
33 -1.522743433 B 0.62326378
94 0,000000000 B .
MONTH#TOURR 7 O 0.59214070 B 0.53175398
71 0.000000000 B .
89 0.827098544 B 0.54224500
81 0.000000000 B .
990 1.919703410 B 0.59937992
91 000000000 B .
AREATDEPTR | | 0.356492638 B 0.312603%59
12 0.000000000 B .
21 -0.312442920 B 0.27845166
22 0.000000000 B3 . .
31 0.000000000 B - .
41 -1.7278452714 B 0.185183%8
42 0.000000000 B .
AREARTOLRN 1 0 -0.103094%01 B 0.30858457
11 0.000000000 B .
20 1. 143740777 B 0.31258642
21 0.,000000000 B .
30 0.000000000 B8 .
490 0,000000000 B .
41 0.000000000 B . :
TIPESTOURN 1 0 -0.375652219 B 0.1132567%
11 0.346342814 B 0.448831460
20 0.000000000 B .
21 0.060000000 B .



2.

Parametar

INTERCEFPT
YEAR

DEPTH

MONTH*ARZA

MONTH *TOURN

AREAINVIES

AREA*DEPTH

INVIEWTTOURE

TOURN*TYPE

LA - BV Y A W

P DR R P e e W B b WM MR R W0l WD 0O 000 g~ nd
B R - B B R R N N R e N R e S I - N SR - IR - W W I S I W I W Oy A VAR GO o S W Y e

Zatimate

3.7707317743
-0.665517428
-1.122317687

0.347438308

0.404844503

¢.000000000
-1.574367895

0.00000000¢

2.568973807

0.3800000000

@ w

0.266920210
0.647361756
2.496325769
0.639799743
—0.231950912
-0.179952293
1.649661386
0.346498179
-1.932027653
0.267472451
0.796418544
0.0600000000
~5.599456854
0.000000060
0.46518321%
0.600000060
0.000000000
0000000000
~1,120513812
0.000000000
-0.769473928
0.000000000
0.000000000
5.000000060
0.994265310
0.0006000000
0.182465273
0.00000000¢
-0.264922573
0.000000000
0.709761332
0.090002600
1.64127390
0.900000000
1.489883378
£.000000060
0.006000000
0.080000000
0.000000000
-5.791561363
9.000000000
0.000600006
0.900000000
~0.439382041
0.006600000
0.093276260
0.00000002¢ 3
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Table 6. Parameter estimates and theilr standard errors for,_ model

Std Error of
Eatimate

0.60210399
0.14172198
- 0.19743749
0.13733729
0.14394346

0.3236289%

0.55083570

0.432193982
9.41455253
0.74225729
0.40306382
0.44552466
0.40821016
0.5076238%
9.40343788
0.36965344
0.34532658
9.34209099

£.23963703

9.34713996

0.33028166

0.33394601

0:23515975
0:23632573
0:51543616
0:23132657
0:27529544

0.32662738

.

0.26064383

9.10170654

9.45132334
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FIGURE 2: Description of final models 1 and 2.
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FIGURE 1: PARAMETER ESTIMATES (2Y)

FOR YEAR.
YEAR MODEL 1 MODEL 2
(method) (no methad)
1985 1
1986 . 1 1.499062
1987 1.0%54751 1.415
1788 ZT8I41 D I233T0

1989 0.3T1012 5.3130164
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Midpoint Freq Freq Percent Psrcent
-3.0 |prrasexsencsterasaararevanaRtnNeInes 4 4 12.12 12.12
—2“ }"'-.t.t.'t‘l!lt-liic 2 ‘ “c‘ 1..1'
-1.8 { ] § 8.00 18.18
-1.2 {'Qnt't-.--'-.--.ttt. : 2 3 5.98 24.24
0.6 jersssressssssesssinsanesssens s s 33
9.8 :_o-..un.Ana-.-o'.un.n---.-a- 3 20 9.09 §0.51
1.2 ;..-en----*n-o.-a...:-.g..'-g-:'--'nnnnnnnnn'gn-t‘n' '3 28 18.18 78.7%
1 2 3 4 H §
Frequency
TTAM=3
AZSID i Cum. S,
Midpoint freq Preq Percent Perceat
-3.9 } ° [ 6.0¢ 0,00
~2.4 ;"' 3 3 1.8 1.38
-1.8 ll"" i ? .47 4.32
-1.2 {netttt'tto‘ttntl 1§ 23 3.88 14.20
-0.8 ;-o"--t-o.tttn'w'l--.'Qalsinit 30 33 18.32 312.72
6.0 :a-nnuan-.nanngnnn:nnnnnnnnnnnn. 53 106 31.72 55.43
0.6 {.ttn.:"Q't'.l‘lltil'ttﬁ"'t."t n 138 19.78 3.1
1.2 i--t-.:n-n-'---n-a' 19 187 11.73 936.91
1.8 :'"' 4 181 2.47 98.38
2.4 ;" 1 162 8.62 100.0¢
3.0 : 2 143 0.00 190.00

Figqure 5.

year, month and overall for model z.

Distributions of standardized residuals at each level of
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RESID . o, Cus.
Midpoint I Preq Fraq Percent DPerceat
-3.0 } 0 8.06 .00
-2.4 : [ 0.00 .00
S1.8 [eereenns ' 170 3.70
-1.2 }--~---’----~ § 10 5,36 3.26
=0.8 {o-ng.-t'-.nt.notau.tq’tttn-ao.'t-'t..'ha.-'t 23 32 20.17 29.63
1.2 5"'-"'-'-"" 7 107 §.48 silév
1.8 }-' 1 108 9.93 ioc.oo
2.4 = o 108 0.00 100.00
3.0 | - . . 9 108 0.00 100.00
2 4 6 % 10 12 14 15 I8 20 22 24 26 28 30 32 34 36
Frequency
The 3AS 3yutes
16:08 monday, April 15, 1981 15
TEAR=S
RESID cum. am,
Midpoiat freq Freq Psrcent Perceat
.10 ! ] 0 0.00 0.00
-2.4 {.. 1 1 1.23 1.2%
Eg i eereserseans 6. 7 Tt
1.2 J.............. ) 7T 4 5.64  17.28
8.5 {...................... 11 2% 1338 39.86
2.0 }-tw-at--.-.o-'--s'.-cnn.uw’--.'-:a-ttou'o-t.-'nttvﬁn 2¢ £33 32.10 £§1.%6
0.6 %.............-..........,n.."-....n 19 78 23.46  88.42
1.2 }............., i T T $.64  95.06
1.8 :...... 3 0 370 .M
2.4 {-a 1 1.13  100.00
3.0 } L I 5 0.00 100.00

2.4 $§ 3 10 12 14 16 13 30 27 24 2

Frequeacy

Figure 5. (continued)



HORNTH RESID P cus
Midpeint | . Preq Preq Percsat Pasrcent
JULY -3.0 [eannsean
~1.4 » 8 L 3.81 3.81
TLia freesss LR S R r
J1l2 [erevessunenens 716 133 T
-0.6 [revvendnrunasrruvsrsnnssanranasnrnnar i4 . 30 §.67 14.29
Q.0 e P 37 87 17.62 31.90
Q0.5 jrevezervasanssnsrrorcannnnenrttarererns 64 i 30.48 62.38
1.2 jrrnesanssannssarensranaren 40 in 19.08 81.43
1.8 ,liﬁttlt't'i - : 26 187 12.38 93.81
34 e 11 208 5.24 35.05
3.0 i* R 1 209 0.48 99.%2
I 1 10 0.48 100.00
3 10 15 20 25 30 35 40 45 50 3% &0
Yresgquency
MONTH=AUGUST
MONTH  RESID Cunm. cum,
Midpoint Freq Freq Percent Percent
AUGUST ~3.0 jree 3 k] 1.30 1.30
~2.4 jrres 4 7 1.74 3.04
-1.8 jresans & 13 2.6} 5.85
~1.2 [reeassarersavarnan 18 31 7.83 13.48
-0.6 ‘ii’lt'tttstﬁiti'.ﬂ"'ltit&’ttl..t 33 £4 14.3% 27.83
0.0 latn.ﬁ.ia:t)itﬂt.ttt:tdi’ti--tatt:n.wﬁi.tttttthlttq.ttitt...tnt.h...tlw..ﬁ:ttth 78 142 331.91 §1.74
9.8 AR AN I P AN LR D R AR O N AN R A SRR AR R AN IR O NN AN PRI P AR R E R IEASAER 55 108 24.1% 85,08
1.2 ARNE IR R IR ARIARRDRARNI ORI 26 224 11.30 37.3%
1.8 lvtltlt s 229 2.17 39.57
2.4 |* 1 230 0.43 100.00
3.0 | ] 230 0.00 100.00
‘ .
L i0 15 20 25 30 33 40 45 5¢ 53 14 83 70 73
Frequency
TS EFTRMRER
MONTH RESID Cum. Cum,
Midpoint Preq [rrsq Percent DPercent
SEPTEMSER -3.0 jroessessenae 3 3 5.17 5.17
-2.4 Rans 1 4 1.72 §.30
~1.8 janererie b3 § 3.45 10.34
-1.2 |enensasnenanesie 4 10 6.90 17.24
-0.6 FRARNAASRRIINARONEE D [ 15 8.62 25,35
6.0 I'gttanuttcat.n.aﬁl’-.it.-ht'.-1--iita-tat-egtt.ttnth-nnontt..ant.tbttth i8 33 31.03 %6.30
0.§ B L T T L e L L 2] 18 51 31.03 87.93
1.2 jresavnuneana 3 34 5.17 93.10
1.8 rhre 1 53 1.72 94.83
2.4 jrenvanns N 2 37 3.45 98.28
3.0 Jonew 1 53 1.72  100.00

|

1 2 3 4 % 6§ 7 & 9 10 11 12 13 14 13 1§ 17 13

Froguency

Figure 5. (continued)



RESID Overall Cum Cua.

Midpeint _ Freq Prrx‘; Percent Pearzcant
-3.9 {“"“' 14 14 2.81 2.81
-2.4 l[“’ § 20 1.20 4.02
~1.8 §’°”"" 13 35 3,01 7.03
-1.2 2-,""-."-""-" 36 71 7.123 14.26
—0.5  [trarsesresasasasacsstassssasasesssanne : % 146 15.08 29.312
0.6 [Areatasren R e iRt LA AR AR AR RR I AT IR R AR R RALS 114 420 22.89 84.34
1.2 {-nnnannnnn’nnn"a 55 475 11.04 $5.38
1.3 {.,....... _ 17 432 341 38.80
2.4 }" 4 498 ¢.30 99.50
3.0 {' 2 498 Q.40 100.00

> " -

0 20 3 40 50 60 70 3¢ 90 100 110 120 130 140 150 160

" Frequency

Figure 5. (continued)



