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An Analysis of Some Factors Affecting the
Catchability of Fish by Bottom Trawils

M. P. Sissenwine and E. W. Bowman
National Marine Fisheries Service
Northeast Fisheries Center
Woods Hole Laboratery
Woods Hole, Massachusetts 02543, USA

Abstract

The data from 515 comparative tows by the research vessels Afbaiross IV and Befogorsk using the Yankee No. 36 and the modified Yankee
No. 41 bottom trawis during day and night were anaiyzed for 23 species groups {inciuding all species logether}. In general, demersal species
were significantly more vulnerable to trawl gear during night than during day, while the converse was lrue for semi-pelagic species. The fishing
power of the No. 41 trawl was significantly greater (and never significantty lower} than the fishing power of the No. 36 trawl for 15 of the 23 species
groups. The relative fishing power of the trawls was signiicantly affected by the towing vessel for six of the species Groups.

introduction

Research bottom-trawl susrveys along the Northwest
Allantic coas! of the USA are intended to provide an index
of abundance of species of the region. Catch per unit of
fishing effort in these surveys is affected by the catch-
ability’ of fish by the fishing gear being used and aiso by the
density of the fish in the area sampled. Therefore, the
fishing power (refative catchability of fish) of the two trawls
predominantly used by research vessels in the area was
estimated so as to allow comparison between survey
results using either of these gears.

The tishing power of a trawi depends on the towing
vessel (size, power, speed, etc.), physical factors (light
conditions, sea state, bottom type, currents, etc.) and traw
design. The factorial experiment described below provided
an adequate set of data to estimate the fishing power of
both trawls when towed by two vessels of different sizes
during periods of daylight and darkness.

USA autumn bottom-trawl surveys were initiated in
1963 using the No. 36 Yankee trawl. Spring bottom-trawl
surveys were begun in 1968 using the same gear, but a
modified Yankee No. 41 high-opening trawi has been used
since 1973. A detailed description of the trawls is given by
Bowman (MS 1978) along with some of the reasons for
changing from the No. 36 trawl to the larger modified No. 41
trawl. Grossfein (1969) described the methodology of the
USA bottom-trawt surveys, ‘

Giear Comparison Experiment

Gear comparison studies were conducted during the
autumn of 1973-75 using the research vessels Albatross
IV and Belogorsk. The Albatross IV [56 m in length, 853
gross tons (metric), 1,000 horsepower} is operated by the
National Oceanic and Atmospheric Administration and
assigned to the Northeast Fisheries Center of the National
Maring Fisheries Service, USA. The Belogorsk (69 m, 2,213
gross tons, 1,600 horsepower) is operated by the Atiantic
Research Institute of Marine Fisheries and Cceanography
{AtlantNIRO]), Kaliningrad, USSR.

The vessels operated simultaneously at randomly
selected locations within a 65-km? area. All 1ow locations
were in waters south of Martha's Vineyard centered at
40°50°N and 70°20'W during 1973-74 but in 1975 about
half of the tows were made on the southern part of Georges
Bank centered at 41 °24'N and 66°53'W, with the other half
at the previous location. The order in which the two gears
were towed was also selected randomiy. The towing speed
was about 6.4 km per hour. The direction of towing was
toward the next randomly selected station. Tows were
made with all combinations of ship and gear during day and
night periods (dawn and dusk excluded). Data from 32
days of gear comparison studies are considered in this
paper. Sixteen tows (2 gears ¥ 2 vessels ¥ 2 time periods x
2 replicates) were planned for each of the first 30 days of
the experiment and 24 tows were implemented during the
last 2 days of the experiment by increasing the number of

! Catchability is defined as the fraction of a fish population which is caught by a defined unit of lishing effort (Ricker, 1975). The unit of fishing effort consideredin
this paper is one 30-min tow. The term “vulnerability” is equivalent to calchability butis usually applied 1o separate parts of a population such as particular size
categories.
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replicates to three. During the experiment 13 tows were not
completed or were disregarded because of factors beyond
the control of the experimeniers, Therefore the results of
this paper are based on515tows (30X 16 +2x 24 -13). A
more complete account of the gear comparison
experiments is given by Bowman (MS 1976).

Method of Analysis

Using the approach of Robson (19686), the following
model was applied to the data from gear comparison
experiments:

C = a; B v laf)jlayl (Bv@PE (1)

where G is catch per tow; P is population density; ¢ is the
catchabilily coefficient under standard conditions (to be
defined); € is a log-normally distributed random variable,
@ ,ﬁj and+y, are multiplicative gear, diel and ship factors
respectively; (a8 )ij . (ay )i . and (By)k are
multiplicative gear-diel, gear-ship, and diel-ship interaction
factors respectively.

Fishing with the No. 36 Yankee trawl by the Albatross
IV during daylight was arbitrarily chosen as the standard
situation, and therefore ac; (No. 36 trawl}, 8, (day period)
and vy ; (Afbatross V) all equal 1.0. The interaction ferms
also equat 1.0 unless both subscripts are 2. The goal of the
analysis is 10 estimate ce, (No. 41 trawi), 8, (night period),
Y {Belogorsk), (aff),, (No. 41 trawl-night pericd inter-
action), (yls, (No. 41 trawl-Belogorsk interaction), and
(67)22 (night period-Belocgorsk interaction).

Since popuiation size is unknown, fluctuations in P
cannot be accounted for directly in the model. An alternate
approach {in the absence of a measure of population
abundance) is to compare C for various combinations of
gear, ship, and light level within the same day of the
experiment, assuming that the size of the population being
sampled (within the 65-km® sample area) is relatively
constant over a brief time interval. Following this approach,
P is replaced by \!/, P where P is the average population
size over all days of the experimentand y, is the ratio of P
for day | to P. The product of P and §) can be replaced by
8. Therefore, making the substitutions and taking the
natural logarithm (In} of both sides of Equation {1});

INC = Ina; + B + Iny + Inlaf)

+ Infayhx + Byl + Inb

+ Inyg + Iné {2)

where | ranges from 11032, and i, jandkeachequals 1 or
2. Using the convention X' = In X for any symbol X, and
rewriting Equation (2) as a multiple linear regression
problem with dummy variables, -

C' = 8+ a'xy + B'% + X%y + (¥ (Xixyp)

+ (ay) (Xa)  +  (ByY (XpX3)

33
+ Z ¢mxm+3 + €' (3}
m=1 .

0 for No. 36 trawl
1 for No. 41 trawl
0

- for dayiight
2 1 for darkness
4
0 for Albatross IV )
1 for Belogorsk

1 for day m
-1 for day 32
0 for otherwise

Xme3 =

and €' is normally distributed.

The number of dummy variables used for each factor
(gear, diel, ship and day) is one less than the number of
levels of that factor. This is necessary so that the design
matrix of the model is non-singular and thus invertible,
aliowing the parameters of Equation (3) to be estimated.
For the gear, diel and ship factors, the number of
parameters and dummy variables is reduced to 1 (thus the
subscripts of ', 8’ and %' are dropped), by assuming a
standard and only estimating departures from the
standard. For the day factor.y, is considered a departure
from the average condition over all days of the experiment,
and therefore

31
L Yn=0 o ¥5 =" E ¥n (5)
m=1 m=1

The designation of dummy variable in Equation Set{4)
is equivalent to Equation {5).

The parameters of Equation (3} were estimated by
stepwise multiple regression using the Statistical Package
for the Social Sciences (SPSS) (Nie et al, 1975).
Independent variables were only included in Equation (3} if
they reduced enough residual variance to be statistically
significant at the 5% level. The analysis was conducted for
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species caught in significant amounts during the
experimental tows and for all species together with the
catch expressed in numbers and weight. Data for some
species were analyzed because of commercial and
recreational interests, even though they were a minor
compenent of the caich.

In practice, the catch of all of the species considered
was 0 for some of the 515 tows, so that the In C was
sometimes undefined. This problem is usually avoided by
adding 1.0 to C, resulting in C' greater than or equal o 0.
While it is necessary to add some constant io C when the
parameters to be estimated are ratios, the parameter
estimates are affected by the constant which is added. This
is especially true when C is the same order of magnitude as
the constant that is added to it. For example, the ratio of 2 to
4 is substantially different from the ratio of 310 5. Therefore,
0.t was added to C to assure that C' was always defined,
while minimizing the distortion of parameter estimates. A
smaller value than 0.1 was not used because this would
have had an undesirable effect on the residuals from
regression as will be discussed later.

Let Q be an unbiased estimgte of X" with a normal
distribution. The antitogarithm of X' (where X’ = in X} is a
biased estimate of X since the expected value of e is

A +¢r2 2
ERY = X102 o 002 (6)

where o is the variance of Q (Browniee, 1965). Therefore
Eex - 02y _ (7)

is an unbiased estimator. Since ¢? is estimated by s2, an
approximately unbiased estimate of X is obtained by taking
the antilogarithm of X’ -~ §2/2. This method was used to
estimate a , 8, v, (B} (@y) and (8 ) from the
regression coefficients estimated for Equation (3). The
95% confidence intervais of these coefficients were
obtained by taking the antilogarithm of the end points of the
95% confidence intervals of o', 8", v, {or B). (@-y ) and

(By)-

Results

About 8% species were caught in the 515 fows
considered in this paper. Of these, 22 species groups (or
species), which comprised 91% of the total catch, were
analyzed as described in the previous section. The
analysis was also applied to the catch of all species
combined. The mean catch per tow in weight and numbers
by species group for each cell of the experiment

(combination of gear, diel and ship factors)is given in Table
1. Gince the number of observations is nearly equal for
each cell, the mean caich over severai cells can be
approximated by averaging vafues available in Tabie 1.

Statistically significant (at the 5% level)? estimates of
the parameters of Equation (1) are given in Table 2. The
95% confidence limit of these estimates (labeled as
minimum and maximum estimate) and the percentage of
the variation in transfermed catch explained by Equation
(3) are also given in Table 2. Some of the reduction in
varigbility is attributed to the  terms of the model, but
these are not reported in the table because they are conly
applicable to fishing at a specific location on a particular
day in the past.

The estimates in Table 2 are based on the assumption
that €' [of Equation (3)] is an independent (not auto-
correlated) normally distributed random variable with a
constant variance atall levels of C'. Parameter estimates of
Equations {3) are the minimum variance linear (linear
function of set of C') unbiased estimates even for a non-
normal distribution of € {Gauss-Markoff theorem: see
Graybill, 1961). Furthermore, tests of significance and
confidence intervals are robust when €' has a non-normat
distribution and linear models are particularly robust to
non-normal residuals and a non-constant variance when
the number of chservations in each cell is equal (Scheife,
1963). The number of observations in each cell of this
analysis is nearly equal.

A test for autocorrelation of residuals from a
regression equation was derived by Durbin and Watson
(1951}. The Durbin and Watson test statistic (d) has an
expected value of 2.6, with lower values indicating positive
autocorrelation and higher values indicating negative
autocorrelation. An exact test of the significance of d is not
available, but an approximate test is provided by Durbin
and Watson for up 1o 100 observations and five
independent variables. The regression equations, on
which Tablte 2 is based, are for 515 observations and
usually more than 10 independent variabies, Extrapoiating
from the work of Durbin and Watson (1951; their table ), a
significant (5% level) degree of autocorrelation appears
indicated for d <1.5 or d >2.5. The Durbin and Watson
statistic for each regression eguation is given in Table 2.
Based on these statistics, it appears that residuais tend to
be positively autocorrelated (only 6 of 48 are greater than
2.0) but individual vatues of d seldom appear significant at
the 5% level, This tendency for residuals 10 be mildly auto-
correlaled probably results in littte underestimation of the
width of confidence intervals because of the large number
of degrees of freedom associated with the analysis.

The residuals from each regression equation were
examined visualty in order to detect violations of the

? Significance tavels are probably slightly exaggerated when coefficients of alinear model are fit by stepwise multiple regression. Forthe same teason, the wigth

of confidence intervals is probably slightly underestimated.
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TABLE 1.

Mean catch per tow: {A} in weight in cenligrams ($G0 g): and (8) in numbers.

ICNAF RESEARCH BULLETIN NUMBER 13, 1978

Albalross IV Belogorsk % of
Day Night Day Night Species ows
No. 36 Ne. 41 No. 38  No. 41 Ng. 36 No. 41 No. 36  No. 41 mean present

(A} Bluefish, Pomatomus saltalrix 352 35.2 160 4.3 25 434 5.5 39 206 it]
Butterfish, Poronotus triacanthus 99.7 132.3 29 73 685 7190 18 48 48.2 7t
Carnicer crabs, Cancer spp. 53 10.7 49 108 .1 208 0.1 267 98 60
Dogfish, Mustelus canis and Squalus acanthias 36.3 157.7 481 806 67.8 816 44.0 68.0 726 59
Fiounder, 4-spot, Parafichthys obiongus 15 38 596 673 6 56 322 72.3 305 73
Sand, Scophihalmus aquosus 08 13 279 193 05 14 14.3 248 13 52
Summer, Paralichthys dentatus 94 143 72 g1 97 186 26 58 94 18
Winter, Pseudopleuronecies americanus 05 i88 334 354 88 181 16.6 566 248 77
Yelowtail, Limanda ferruginga 1.7 169 601 633 59 133 297 T4 348 85
Goosefish, Lophius americanus 130 210 214 485 59 242 147 5B.2 26.0 43
Hake, Red. Urophycis chuss co 08 102 75 0.1 0.5 BE 8.1 45 34
Silver, Merfuccius bilinearis 130 223 410 180.0 98 235 186 158.9 58.6 84
Herring, Round, Elrumeus sadina 54.0 388 00 0.3 76.2 603 01 00 282 24
Lobster, Homarus americanus 94 228 87 183 101 203 76 225 148 58
Sculpin, Longhorm, Myoxocephalus oclodecemspinosus 03 36 1086 188 0.4 06 129 222 83 39
Scup, Sfenotomus chiysops 165 9.7 .7 278 04 157 8.4 183 156 61
Sea raven, Hemilngierus americanus 15 1.8 39 6.4 1.3 25 286 6.7 34 23
Sea robin. Comman, Prionofus carofinus [¢3] Q.2 83 68 0.1 0.1 258 6.6 31 28
Skate. Big, Raja ocellata 22 3.4 1.0 40 31 68 2386 343 11.0 19
Little, Raja erinacea 154 35 147.3 2370 10.9 448 7186 3830 1179 86
Squid, liex iliecebrosus 1.6 24 1.2 16 1.1 12 16 1.4 15 32
Loligo pealel 272.6 2758 50.0 346 1575 2938 428 435 1453 74
All species 655.8 9136 506.2 8957 6384 10122 3752 11187 7717 160
(B} Buelish, Pomatomus sallatrix 1.0 11 05 0.1 0.7 586 0.2 01 1.1 29
Butterfish, Poronotus Iniacanthus 3045 4200 103 1556 1975 2796 6.7 1.5 1860 71
Cancer crabs, Cancer spp. 6.9 136 71 11.4 (4R} 19.7 0.2 308 1.2 60
Doglish, Mustetus canis and Squalus acanthias 52 565 8.1 22.2 237 18.0 50 16 18.8 59
Elounder, 4-spot, Paralichthys oblongus 08 2.1 333 36.2 0.4 25 178 41.% 17.0 73
Sand. Scophthalmus aquosus 032 0.6 122 78 0.1 07 £3 LA 48 52
Summet, Paralichihys dentatus 04 06 04 0.4 &3 08 01 ¢4 04 18
Winter, Pseudopleuronecies amencanus 30 56 112 115 27 62 54 198 82 77
Yellowlail, Limanda ferruginea 45 6.7 256 261 23 5.7 1.7 348 148 85
Gooselish, Loghius americanus 04 10 1.3 19 02 09 G.d 25 10 43
Hake, Red, Urephycis chuss 02 05 6 71 0.1 04 88 8.1 486 34
Silver, Metivccius bifinearis 85 18.1 112.4 3035 138 21.4 826 2964 1083 84
Herring, Round, Errumeus sadina 156.2 140.2 a1 05 2114 314.2 04 01 1010 24
Lobster, Homarus americanys 1.4 2.7 10 31 1.3 3.2 0.7 26 20 58
Sculpin, Lenghorn, Myoxocephalus oclodecemspinosus 0.2 05 9.8 157 01 05 1.3 183 22 39
Scup, Slenolomus chrysops 8.7 48 17.4 164 4.7 78 58 149 10.0 6%
Sea raven, Hemilnpterus americanus 02 0.4 08 1.4 03 0.4 08 18 .8 23
Sea robin. Common, Prionotus carolinus 0.1 02 40 32 01 a1 1.7 386 17 28
Skate. Big. Raja ocellata 02 83 8 0.4 02 1.1 39 54 1.7 18
Little. Raja erinacea 30 70 2949 54.4 20 95 i44 858 259 36
Sauid, itflex illecebrosus 37 33 06 08 28 i8 08 a8 8 3z
Lofigo peatei 31931 2,368.8 144.2 1138 27517 36525 2188 17G.4 1.5606 74
All species 44758 36335 4556 667.7 5965.0 65187 4148 7884 28307 100

assumption of a constant variance and normal distribution.
The range of residuals about the expected transformed
catch (C') appears independent of the level of C', and thus
there is no evidence that the assumption of a constant
variance is violated.

Two examples of the distribution of residuals from
regression equations reported in this paper are given in Fig.
1 and 2, which indicate that the distribution is truncated in
the lower left quadrant. This occurs because the lowest
possibte value of C'is -2.30(In0.1) which corresponds toa
species being absent from a tow. Therefore, all
observations of zero catch fall on the straight line
described by: Residual = -2.30 - Expected (C'). When a
species is absent from a substantiai number of tows, the

distribution of residuals locks paricularly abnormal
because so many observations lie along this line. While the
robustness of the regression model is probably adeguate
to allow residual distribution with some irregularities (such
as Fig. 1), the abnormality in Fig. 2 casts doubt on
parameter estimates and particularly on confidence limits.
Species for which residuals have an extremely abnormal
appearance are indicated in Table 2 by an asterisk. In
general, these species were absent from 50% or more of
the tows.

The abnormal appearance of residuals could have
been reduced by using the In {C + 1.0) transformation
instead of In (C + 0.1}, since the gap between a catch of 0
and 1 fish in a tow s much smaller for the former than the




SISSENWINE AND BOWMAN: FACTORS AFFECTING THE CATCHABILITY OF FISH BY BOTTOM TRAWLS 85

TABLE 2. Fishing power coellicients estimated by #ilting Equation (3} and retransforming parameters by Equation (7). Minimuem and maximum estimates indicate endpoints of $5%
conligence intervals.

o 8 Y toB) (oy) 8 % Durkin-
Min. Max.  Min. Max. Min. Max., Min. Max,  Min. Max. Min. Max. 58 Watson
Species est.  est. est. est. est est  est. esl esl. esl est. esl. esl. est. est. esl. esl. est reduced Statist.
Bluefish " Mumber  — -~ — 028 036 044 9~ — = o~ = - - - = = -~ 181 192
Weight e - — (¢¥4 019 027 — - = — - e e - - e - — 183G 192
Butterfish Number —_ —_ — 0048 G088 009 052 070 097 - — — —_ —_ — — —_ - 72 1.6G
Weight 105 135 178 Q084 G111 014 {50 064 084 - — — - — — — - — 600 1.66
Cancer crabs Number 382 572 870 - - — 052 018 053 — - — 1080 18.3% 3380 —_ - — 560 1.30
Weight 260 359 510 —_ - — 027 037 0853 - - — 429 B73 1120 — — — 440 118
Boglish Number 107 140 1868 - — - - - — - - - - - - — —_ — 481 1.66
Weight 103 145 2341 - - —_ - - - —_ - - - - — — - — 372 1.76
Flounder
4-spot Number 123 163 222 3211 3942 4895 038 052 077 - —_ — 129 192 3060 — — — 745 1.64
Weight 115 148 195 2605 3135 3810 046 059 078 — — — 131 183 281 — — - 756 1.61
Sand Number 131 167 235 886 1138 1469 - - - — - - - — — — — — 5286 1.67
Weight 110 137 174 707 8B4 112 —_ — - — — - —_ — — - — — 508 1.67
Summer * Mumber 106 123 142 = e~ e e e e e e B0 an
Weight 106 131 164 - —_ — - - - - - - - - - — — — 477 213
Winler Number 163 202 255 261 325 410 —~ — ~ -~ — —~ —~ —  — - - . 588 167
Weight 132 186 270 188 278 404 - — - - - — - - - - e — 467 169
Yelowtail Mumber 13t 176 241 458 565 706 040 058 074 — — — 125 188 296 — — — 605 182
Weight 128 173 242 357 445 563 037 051 071 —_ — — 128 197 320 - - - 502 1.86
Goosefish * Number 197 245 308 145 180 227 — - —_ —_ — - - - — — — — 306 185
Weight 238 335 486 151 212 307 e — — - — — - - — — — — 204 179
Hake
Aeg " Nymber - - — 442 55 708 — — — — - — — ~ - —- — — 558 152
Weight — — - 235 284 346 e - - - - - - —_ - - - - 389 1.62
Silver Number 153 236 385 11.32 1553 2191 026 041 067 —~ — — 118 215 441 — —~ — 500 148
Weight 106 161 260 224 318 468 033 047 089 166 268 470 135 186 325 — - -~ 551 164
Herring‘. round Number - — — 94t 016 023 — — - - - - - - - e -~ 323 186
Weight - - = 43 04 052 - - - = - = — — — = - = 208 165
Lobster Number 232 266 3.37 - s e e - - - - — - - - - - — 383 2.01
Weight 205 272 37¢ — — - - - - - - - - - - - - - 272 202
Sculpin' ,Longhorn Number 129 161 204 803 1005 276  — - —_ = = - - - - - - - 650 175
Weight 133 134 161 338 408 496 - - - — - -— - - - - - - 57.0 168
Scup Number - — — 167 217 287 - - - - — - - — - - - - 551 1.56
Weight - — - 153 18 257 G35 050 073 - - — —_ - — - - — 468 1.59
Sea raven' Mumber 110 128 149 130 150 175 — — — - — — 125 202 35 - —_ -~ 830 177
Weighi 107 125 148 107 124 145 - —_ - —_ —_ - - —_ -— - - — 550 1.74
Sea rebin © Number  — — — 342 418 547 055 071 092 — — — 120 159 216 — — — 470 154
Weight e = 233 0277 322 - —~ — — — = = - = = - - &0 150
Skate "
Big Number — - - 108 141 187 — - — — — — —_— - — 110 150 209 278 1.58
Weight - — = 13 137 230 101 129 168 — — - — - - = e 790 174
Little Mumber 315 398 512 882 1116 1434 — — — — - - - —_ - - - - 577 1.51
Weight 323 414 H41 939 1205 1675 - - — - — - - - - - —_ - 551 159
Squid.
flex Number - — - 043 058 071 — e = = = - - - - - — 578 159
Weight — — — - — — — — — — — - - —_ —_— - - — 558 2.00
Lofigo Number — - — 004 005 @07 — — - - — - - - - - - - 833 156
Weight — - — 025 038 (58 025 037 058 035 057 089 122 200 382 - - — 589 1.48
All species Number — - — 025 032 042 - - -— — - — — e - (049 0867 094 550 1.47
Weight 154 185 227 - - - - — — 103 128 162 128 177 250 — — - 280 160

.
Extreme violations of underlying assumplions of analysis for these species.
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Fig. t.  Residuals {vertical line) versus expected value of C' {horizontal
ling) for Lofigo. Numbers indicate number of resiguais al
approximately the same location onthe plel with A B.C,D.Eand F
corresponding fo 10, 11,12, 13, 14 and 15 or more residuals.

latter transformation (In11 -In01 =24 In20-In10=
0.69). The serious bias that results from using the in (C +
1.0} transform for small values of C was noted under the
methods section of the paper. The use of a smaller
constant than 0.1 in the transformation would result in still
further abnormality of residuals (using 0.01, In1.01 - in .01
= 462).

Discussion

Significant  day-night differences in catch are
indicated for 19 of the 23 species groups considered
{(including all species grouped together). The differences
ranged from nearly a 40-fold increase in catch of fourspot
flounder (in numbers) to a decrease in catch of Lofigo (in
numbers) by a factor of nearly 20 when comparing night to
day. Generally groundfish (Hlounders, skate, sculpin and
others) were more vulnerabie to both trawis at night than
during the day while the opposite was {rue of semi-pelagic
species {squid, butterfish, round herring and bluefish).
Silver hake which are often assumed to be semi-pelagic

. 24 a
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4 4 -
a 2
2 2
- 03
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3
4 2
a 2 2
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FF 2 2-
F
F .
F 4
F
2
7
4
7
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32
2
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Fig. 2.  Residuals {vertical ne) versus expected value of C' {horizental
line) for fluke. Numbers indicate number of residuais at
approximately the same lecation on the plotwithA,B,C,D,Eand F
coresponding to 10, 11, 12, 13, 14 and 15 or more residuals.

were more vuinerable at night as is characteristic of
groundfish. The increased vulnerabilily of groundfish at
night may reflect nocturnai prowling and feeding or
decreased avoidance, while the increased vulnerability of
semi-pelagic species during the day could result from light
inhibition which concentrates fish near the bottom. It is
noteworthy thal fobsters and Cancer crabs, which are
believed to be more active at night, were equally catchable
during day and night. The differences in vulnerability
between day and night are seldom affected by the gear
and/or the ship involved, Significant diel-gear or diel-ship
interactions were only detected for silver hake, Lofige and
big skate.

The diel factors (B) for some species were
substantiaily different for catch in numbers and in weight,
indicating that the vulnerability of fish as a function of
weight changes with light level. For Loligo, the mean weight
of individuals in the catch was seven times greater for night
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tows than for day tows, but the mean weight of silver hake
was five times greater during day than at night.

Catchability with the No. 41 trawl was significantly
higher than with the No. 36 trawl when towed by the
Albatross 1V for 15 of the 23 species groups. The largest
gear factor was 572 (for catch in numbers of Cancer
crabs). The gear factors for goosefish and little skate were
also larger than 3.0, A gear factor of 1.15 would result from
the greater width (at the wings) of the No. 41 if ali other
factors are equal. Because of the variability of the data
considered in this study, factors between 0.80 and 1.20
were unlikely to be detected as being statistically
significant at the 5% level.

Catchability with the No. 36 irawl was often lower (8 of
23 species groups) when towed by the Belogorsk than
when towed by the Albatross IV, Catchability with the No.
36 trawl when towed py Belogorsk was less than half the
catchability of the same net towed by Albatross IV for
Cancer crabs, silver hake, scup and Lofigo. On the other
hand, catchability with the No. 41 trawi was significantly
higher when towed by the Belogorsk than when towed by
the Albatross IV for 6 of the 23 species groups, as indicated
by gear-ship interaction factors (o). The value of {ay) for
Cancer crabs in numbers caught was 1831. Other
statisticalty significant values of (@y) were about 2. The
mechanisms that result in the greater fishing power of the
Albatross IV than of the Belogorsk when towing the No. 36
trawl for several species and the converse relationship
when towing the No. 41 trawl are unknown.

The fishing power coefficients estimated here allow
comparison of survey resulis for data collected either
during day or night, with the No. 36 or No. 41 trawi, or with
the Albaiross IV or Belogorsk. Obviously, when these co-
efficients are appiied, they introduce an unknown amount
of additional imprecision. The available data were
inadequate for examination of the seasonal variability in
fishing power coefficients. Areal variability was examined
(between Georges Bank and southern New England). No
significant difference between areas was indicated, but the
experiment was not intended to address this problem and
therefore this result is inconclusive.

Based on the substantial data considered in ihis

paper, the relative fishing power of two vessels and two
bottom trawls during day and night was estimated to within
+ 1/3 (atthe 5% leve!) for several species, Dueto violations
in regression assumptions, a much lesser degree of
confidence is realistic for species absent from a majority of
tows. The results indicate that, for most species, more
variability in catch is explained by diel variations than by
gear type or towing vessel and that the fishing power of
trawl gears is often dependent on the towing vessel.
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