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1. Abstract

The data from 515 comparison tows made by the research vessels ALBATROSS IV and

, "BELOGORSK using the Yankee No. 36 and Modified Yankee No. 41 bottom trawls

. during day and night were analyzed for 23 species groups (including all species -
.together). In general, demersal species were significantly more vuinerable to
traw] gear dur1ng night than during day, while the converse was true for semi-

- pelagic species. The fishing power of the No. 41 trawl was significantly
greater (and never s1gn1f1cant1v tower) than the fishing power of the No. 36
trawl for 15 of the 23 species groups. The relative fishing power of the
trawls was s1gn1f1cant1y affected by the towing vessel for six of the species

_groups.

Les donnees obtenu de 515 trainees de chalut par les navires de recherche
ALBATROSS IV et BELOGORSK, pendant le jour et la nuit, avec deux chaluts,
Yankee No. 36 et Modified Yankee No. 41, pour comparaison, furent ana]ysees
pour 23 _groupements d' eSpeces (toutes especes ensemble 1nc1us) En général,

les espéces démersals étaient significativement p]us vu]nerab]e aux chaluts
pendant la nuit que le Jour, en méme temps que 1'opposé était réalisé pour les
especes semi-pélagique. L'efficience relative du chalut No. 41 était signifi-
cativement plus grand (jamais significativement plus bas) que celle du chalut
No. 36 pour 15 de les 23 groupements. L'efficience relative de ces chaluts fut
significativement affecté par le navire pour 6 groupements d'espeéces.
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2. Introduction

Research bottom trawl surveys along the Northwest Atlantic coast of the Unjted
States 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, as well as the density of the
fish in the area sampled. Therefore, the fishing power (relative 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 fishing power of a trawl depends on the towing vessel (size, power, speed,
etc.) and physical.factors (1ight conditions, sea state, bottom type, currents,
.etc.) as well as trawl design. The factorial experiment described below pro-
vided an adequate set of data to estimate the fishing power of both type trawls
when towed by two different size vessels during periods of daylight or 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
- since 1973 a modified Yankee No. 41 high-opening trawl has been used. A
detailed description of the trawls is given by Bowman2 along with some of the
reasons for switching from the No. 36 trawl to the larger modified No. 41 trawl.
Grosslein (1969) described the methodology of the USA bottom trawl surveys.

3. Gear Comparison Experiment

Gear comparison studies were conducted during the autumn of 1973-1975 using the
research vessels ALBATROSS IV and BELOGORSK. The ALBATROSS IV (56 meters in
length, 853 gross tons [metricl, 1,000 horsepower) is operated by the National
Oceanic and Atmospheric Administration and assigned to the Northeast Fisheries
Center of the National Marine Fisheries Service,-USA. - The BELOGORSK (69 meters,
2,213 gross tons, 1,600 horsepower) is operated by the Atlantic Research Insti-
_tute of Marine Fisheries and Oceanography (AtlantNIRO), Kaliningrad, USSR.

The vessels operated simultaneously at randomly selected locations within a 65-
km? area. A1l tow. locations were in waters south of Martha's Vineyard centered
at 40°50'N and 70°20'W during 1973-1974 but in 1975 about halif the tows were
made in 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 randomly. The tow speed was about 6.4 km per
. hour. The tow direction was toward the next randomly selected station. Tows-

- were made with all combinations of ship and gear during day and night periods

“1Catchability is defined as the fraction of a fish population which is caught
by a defined unit of fishing effort (Ricker 1975). The unit of fishing effort
considered in this paper is one 30-min tow. The term vulnerability is equiva-
lent to catchability but is usually applied to separate parts of a population
such as particular size categories. :

2E. Bowman. -1976. The design,Adeve]opmeht, and standardization of a two-seam
high-opening modified No. 41 Yankee bottom trawl for groundfish surveys
(unpublished).



(dawn and dusk excluded). Data from 32 days of gear comparison studies are
considered in this paper. Sixteen tows (2 gears x 2 vessels x 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 two days of the experiment by increas-
ing the number of replicates to threé. During the experiment 13 tows were not
completed or were disregarded because of factors beyond the control of the
experimenters. Therefore the results of this paper are based on 515 tows (30 x
16 + 2 x 24 - 132. A fuller account of the gear comparison experiments is
given by Bowman.

4. Method of Analysis

Using the approach of Robson (1966), the following model was applied to the
data from gear comparison experiments: ) . )

C-= o Bj Yk (aB)ij (aY)'ik (BY)jk-QPé . (1)

.where C is catch per tow; P is population density; @ is the catchability

. coefficient under standard conditions (to be defined); & is a lognormally
distributed random variable; a;s Bis Y are multiplicative gear, diel, and ship
factors, respectively; (“B)ij’ (ay)ik, and (By)jk?are multiplicative gear-diel,
_gear-ship, and diel-ship interaction factors, respectively.

Fishing with the No. 36 Yankee trawl towed by the ALBATROSS IV during daylight
was arbitrarily chosen as the standard situation and therefore oy (No. 36.
trawl), By (day period), and 0! (ALBATROSS 1V) all equal 1.0. The interaction
terms also equal 1.0 unless both subscripts are 2. The goal of the analysis is
"to estimate oo (No. 41 trawl), By (night period), Yo (BELOGORSK) , (a8)22 (No.
41 night period interaction), (ay)22 (No. 41-BELOGORSK interaction), and (sy)22
(night period-BELOGORSK interaction).

Population size is unknown, therefore fluctuations in P cannot be accounted fer
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 Tight 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
'wz P where P is the average population size over all days of the experiment and
¥, 1s the ratio of P for day & to P. The product P and § can be replaced by 6, :
%ﬁ§refore substituting and taking the natural logarithm of both sides of equation
1). .

3E. Bowman. 1976. Ibid.



loge C = Tog, a; + Tog,, By + 1oge vt loge (“B)ij.+ 1ogg (ay)ik

+ Tog, (By)jk + log, 0 + Tog, ¥, f log, & (2)

where 2 ranges from 1 to 32 and i,j,@ equal 1 or 2. Using the conversion X' =
loge X for any symbol X and rewriting Equation (2) as a multiple linear regres-
. sion problem using dummy variables,

C' =0' +a'Xy +8'X) + y'X3 + (v8)' (X;X;) + (ay)’

31
(X1X3) + (By)' (XoX5) + -z Vokmez * €' (3)

where X _{:0 for No. 36 trawl

1 11 for No. 41 trawl

. ' 1 for day m
_J 0 for daylight _ :
X -%: X =< -1 for day 32
2 1 for darkness m+3 <{ 0-Tor otherwise

x. =< 0 for ALBATROSS ‘
3 1 for BELOGORSK ' ' ‘ (4)

and €' is normally distributed.

Note that 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 neces-
sary so that the design matrix of the model is nonsingular and thus invertible
allowing 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 o', 8', and v' are dropped) by assuming a standard and
only estimating departures from the standard. For the day factor, is con-

| 1)
sidered a departure from the average condition over all days of the @xperiment,
therefore

32 ' 31

I =0 or Vi = = L Pt (5)
m=1 ™ 32 m=l M ..

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 species caught in significant amounts during the experimental
tows and for all species together with catch expressed in numbers and weight.
Data for some species were analyzed because of commercial and recreational
interests even though they were a minor component of the catch.
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In practice, the catch of all of the species considered was 0 for some of the
515 tows so that the log. C was sometimes undefined. This problem is usua]]y
avoided by adding 1.0 toec, resulting in C' greater than or equal to 0. While
it is necessary to add some constant to C, unfortunately 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 sub-.
stantially different from the ratio of 3 to 5. Therefore, 0.1 was added to C
to assure that C' was always defined, while minimizing the distortion of param-
eter 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 2' be an unbiased estimate of X' with a normal distribution. The anti-

logarithm of X! (where X' = Tog,, X) is a biased estimate of X since the expected
value of eX' is
T g2/ _ .
E (X)) = X' %972 o 02/, | (6)

where ¢ is the variance of X' (Brownlee 1965). Therefore

E(ei' - 02/py < | )

is an unbiased estimator. Since 02 is estimated by 52, an approximately
unbiased estimate of X is obtained by taking the antilogarithm of ﬁ' - 52/2.
This method was used to estimate a, B,.y, (e8), (ay), and (By) from the fegres-
sion coefficients estimated for Equation:(3). The 95% confidence jntervals of'
these coefficients were obtained by taking the antilogarithm of the'end points:
of the 95% confidence intervals of o', 8', v', (aB)', (av)* and (By)'.

5. Results

About 85 species were caught in the 515 tows 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. Since the number of obser-
vations is nearly equal for each cell, the mean catch over several cells can be
approximated by averaging values available in Table 1.
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isti significant (at the 5% level) estimates of. the parameters of
Egﬂgi?ggc%lgyareggiven in %ab]e 2. The 95% confidence limit of these e§t1mates
(1abeled as minimum and maximum estimate) and thg percentage qf the variation
in transformed catch explained by Equation (3) is also given in Table 2. Some
of the reduction in variability is attributed to the y terms of the mode_]2 bgt
these are not reported in the table because they are only 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 e' (of Equation (3))

is an independent (successive values uncorrelated) normally distributed random

- variable with a constant variance at all levels of C'. Parameter estimates of
Equation (3) are the minimum variance linear (linear function of set of C')
unbiased estimates even for a nonnormal distribution of e' (Gauss-Markoff theorem,
" see Graybill 1961). Furthermore, tests of significance and confidence intervals
are robust when ¢' has a nonnormal distribution and linear models are particu-
larly robust to nonnormal residuals and a nonconstant variance when the number

of observations in each cell is equal (Scheffe 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 Watscn (1951). The Durbin and Watson test statistic (d) has an’
expected value of 2.0 with lower values indicating positive autocorrelation and
higher values indicating negative autocorrelations. An exact test of the sig-
nificance of d is not available, but an approximate test is provided by Durbin
and Watson for up to 100 observations and five independent variables. The ‘
‘regression equations on which Table 2 is based are for 515 observations and
usually more than 10 independent variables. Extrapolating from the work of
.Durbin and Watson (1951; their Table 5), 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 equation is given in Table 2. Based on these
statistics, it appears that ‘residuals tend to be positively autocorrelated
(only 6 of 48 are greater than 2.0) but individual values of d seldom appear
significant at the 5% level. This tendency for residuals to be mildly auto-
correlated probably.results in lTittle 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 visually in order to
detect violations of the assumption of a constant variance and normal distrijbu-
tion. 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 frem-regression equations reported.
in this paper are given in Figures 1 and 2. Both figures indicate that the
distribution is truncated in the lower left quadrant. This occurs because the
lowest possible value of C' is -2.30 (log_ 0.1) which corresponds to a species
being absent from a tow. Therefore all ofservations of zero catch fall on the
straight 1line described by: Residual = -2.30 - Expected (C'). When a species
is absent from a substantial number of tows the distribution of residuals looks
particularly abnormal because so many observations lie along this line. While
the robustness of the regression model is probably adequate to allow residual
distribution with some irregularities (such as Figure 1), the abnormality of

5
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Figure 2 casts doubt on parameter estimates and particularly on confidence
‘Jimits. Note that the correction for bias used in this paper (Equation 7) also
depends on the assumption of normality. 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 'loge

(C + 1.0) instead of log, (C + 0.1) since the gap between a catch of 0 and 1 fish
in a tow is much smaller for the former than the latter transformation (]oge

1.1 - Jog, 0.1 = 2.4, 1oge 2.0 - loge 1.0 = 0.69). The serious bias that results
from using the Toge (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, Ioge 1.01 - ]oge 0.01 = 4.62).‘

6. Discussion

Significant day-night differences in catch are indicated for 19 of the 23
species groups consi<ered (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 Loligo (in numbers) by a factor of
nearly 20 when comparing night’ to day. Generally groundfish (flounders, skate,
sculpin,. and others) were more vulnerable to both type trawls at night than
during the day while the opposite was true of semipelagic species (squid,
butterfish, round herring, bluefish). Silver hake which are often assumed to -
be semipelagic were more vulnerable at night as is characteristic of ground-- -
fish. The increased vulnerability of groundfish at night may reflect nocturnal
prowling and feeding or decreased avoidance while the increased vulnerability
-of semipelagic species during the day could result from light inhibition which
concentrates fish near the bottom. It is noteworthy that lobsters 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 ship involved. Significant diel-gear or
diel-ship interactions were only detected for silver hake, Loligo, and big
skate.

" The diel factors (B) for some species were substantially different for catch in
numbers and in weight indicating that the vulnerability of fish as a function -
of weight changes with Tight level. For Loligo, the mean weight of individuals
- in the catch was seven times greater for night 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 net was significantly higher than with the No. 36
net when towed by the ALBATROSS IV for 15 of the 23 species groups. The largest
gear factor (for catch in numbers of Cancer crabs) was 5.72. The gear factors
(a) 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 all
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. .
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Catchability with the No. 36 net was often lower (8 of 23 species grgups) when
towed by the BELOGORSK than when towed by the ALBATROSS 1IV. Catchability with
the No. 36 net when towed by BELOGORSK was less than half the catchability of
the same net towed by ALBATROSS IV for Cancer crabs, silver hake, scup, and
Loligo. On the other hand, catchability with the No. 41 net 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 (ay).

The value of (ay) for Cancer crabs in numbers caught was 18.31. Other
statistically significant values of (ay) were about 2. The mechanisms that
result in the greater fishing power of the ALBATROSS IV than the BELOGORSK

when towing the No. 36 net for several species and the converse relationship -
when towing the No. 41 net are unknown. Based on the substantial data con- o
sidered in this paper, the relative fishing power of two vessels and two bottom
trawl nets during day and night were estimated to within + 1/3 (at the 5% level)
for several species. Due to violations in regression assumptions, a much lesser
degree of confidence is realistic for species absent from a majority of tows.'
Spatial and seasonal .variations in these fishing power coefficients have not
been examined in this work. 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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-Figure 1.

Residuals (vertical line) versus expected value of C'
(horizontal line) for Loligo. Numbers indicate number
of residuals at approximately the same location on the
plot with A, B, C, D, E, and F corresponding to 10, 11,
12, 13, 14, and 15 or more residuals. '
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Figdre 2.

Residuals (vertical line) versus expected value of C'
(horijzontal line) for fluke. Numbers indicate number
of residuals at approximatcly the same location on the
plot with A, B, C, D, E, and F corresponding to 10, 11,
12, 13, 14, and 15 or more residuals. ‘



Table 1(a). Mean catch per tow in weight in centigrams (100g).

. ALBATROSS 1V - . ] . BELOGORSK % of

Day . jﬂght - .. Day. Night Species tows

No. 36 No. 41" 'No. 36 No. 41 " No. 36 No. 41 " No. 36 No., 41 mean present

Bluefish (Pomatomus saltatrix) 35.2  35.2 16.0 4.3 22,5 43.4 5.5 3.9 20.6 29
Butterfish (Poronotus triacanthus) 99.7 132.3 2.9 7.3 68.5 71.0 1.8 4.8 48.2 71

Cancer crabs (Cancer spp.) 5.3 10.7 . 4.9 10.9 .1 20.8 .1 26.7. 9.9° 60
Dogfish (Mustelus canis and Squalus acanthias) 36.3 157.7 48.1 80.0 67.8 81.6 44.0 68.0 72.6 59
Flounder, 4-spot (Paralichthys oblongus) 1.5 3.8 59.6 67.3 | .6 5.6  32.2 72.3 30.5 73
Sand (Scophthalmus aquosus) .8 1.3 27.9 19.3 .5 1.4 14.3 24.8 11.3 52
Sum“er (ParaTichthys dentatus) 9.4 14.3 . 7.2 8.1 .9.7. 18.6 2.6 5.8 9.4 - 18
Winter (Pseudopleuronectes americanus) 10.5 18.8 ‘33.4 35.4 8.8 18.1 16.6 56.6 24.8 © 77
Yellowtail (Limanda ferruginea) 11.7 16.9 60.1. 63.3 5.9 13.3 29.7 77.4 34.9 g5
Goosefish (Lophius americanus) 13.0 21.0 21.4 . 49.5 5.9 24.2 14.7 58.2 26.0 43
Hake, Red (Uroghycis chuss) 0 .8 10.2 - 7.5 .1 .5 8.5 8.1 4.5 34
Silver (Merluccius bilinearis) 13.0 22.3 - 41.0 180.0 9.8 23.5 18.6 158.8 58.6 84
"Herring, . Round {EtruTeus sadina) 54.0 38.8 0 .3 76.2 60.3 .1 0 28.2 24
Lobster (Homarus americanus) 9.4 22.8 8.7 18.3 . 10.1 20.3 7.6 22.5 14.9 58
~Sculpin, Lenghorn (Myoxccephalus octodecemsp1nosus) .3 .6 10.6 18.8 4 .6 7 12,9 22.2 8.3 39
Scup (Stenotomus chrysops) 16.5 - 9.7 17.7 27.9 10.4 15.7 8.4 18.3 15.6 61
Sea raven (Hemitripterus americanus) ‘1.5 1.9 3.9 6.4 1.3 2.5 2.6 6.7 3.4 23
Sea robin, Common (Prionotus carolinus) .1 .2 8.3 6.6 .1 .1 2.9 6.6 3.1 28
* Skate, Big (Raja ocellata) 2.2 3.4 11.0 4.0 3.1 6.8 23.6 34.3 11.0 19
Little (Raja erinacea) 15,4 31.5 147.3 237.0 10.9 44.8 71.6 383.0 117.9 86
Squid glllex 'Tﬁecebgosuss 1.6 - 2.4 1.2 1.6 1.1 1.2 1.6 1.4 1.5 . 32
Loligo pealei 272.6 275.8 50.0 34.6 157.5 293.8 42.8 43.5 145.1 74

All species 655.8 913.6 596.2 .895.7 - -638.0 1012.2 375.2 1118.7

771.7 100




Table 1(b). Mean catéh per tow in-.numbers.

ALBATROSS IV BELOGORSK Species % of
Day Night Day Night- gean tows
No. 36 No. 41 No. 36 No. 41 No. 36 No. 41 No. 36 No. 41 present
Bluefish (Pomatomus saltatrix) 1.0 1.1 .5 .1 .7 5.6 2 . .1 1.1 29
Butterfish {Poronotus triacanthus) 304.5 4 10.3 15.5 197.5 . 279.6 6.7 11.5 155.0 71
Cancer crabs (Cancer Spp. ) 6.9 13.6 7.1 11.4 .1 19.7 .2 -30.8 11.2 60
Dogfish (Mustelus canis and Squalus acanthias) 5.2 56.5 8.1 22.2 23.7 18.0 5.0 11.6 18.8 59
Flounder, 4-spot (Para]1chthys oblongus) .8 2.1 33.3 36.2 4 2.5 17.8 41.1 17.0 73°
Sand (Sccphthalmus aquosus) .3 .6 12.2 7.8 .1 .7 5.3 11.1 4.8 52
Summer (Paralichthys dentatus) .4 6. 4 4 - .3, .8 .1 .4 4. 18
Winter (Pseudopleuronectes americanus) 3.0 5.6 11.2 ~ 11.5 2.7 6.2 5.4 19.8 8.2- 77
Yellowtail {Limanda ferruginea) 4.5 6.7 25.6 26.1 2.3 5.7 11.7 5.8 14.8 85
Goosefish (Lophius americanus) .4 1.0 1.1 1.9 .2 .9 .4 2.5 1.0 43
Hake, Red (Urophycis chuss) .2 .5 11.6 7.1 .1 PR 8.8 8.1 4.6 34
Silver (Merluccius bilinearis) 9.5 18.1 112.4 © 303.5 13.6 - 21.4 82.6 296.4 108.1 84
Herring, Round {Etrumeus sadina) 156.2 140.2 .1 .5 211.4 314.2 4 .1 - 101.0 24
Lobster (Homarus americanus) 1.4 2.7 ¢ 1.0 3.1 1.3, 3.2 .7 2.6 2.0 58
Sculpin, Longhorn (Fyoxocephalus octodecemspinosus) .2 .5 9.8 -15.7 .1 .5 11.3 - 19.3 7.2 - 33
Scup (Stenotomus chrysops) 8.7 4.8 17.4 16.4 . 4.7 7.8 . 5.8 14.0 10.0 61 -
Sea raven (Hemitripterus americanus) .2 4 .8 1.4 .3 ! .8 1.8 .8 23
Sea robin, Common (Prionotus carolinus) .1 .2 4.0 3.2 .1 .1 1.7 3.6 1.7 . 28
Skate, Big (Raja ocellata) .2 .3 1.9 4 .2 1.1 3.9 5.4 1.7 19
Little {Raja erinacea 3.0 7.0 29.9 54.4 - 2.0 9.5 14.4 85.8 25.9 a6
Squid (I1lex 11lecebrosus) 3.7 3.3 .6 ..9 2.8 1.9 .8 - .8 1.8 . 32
(Loligo pealei) 3193.1 .2368.8 144.2 .113.9 2751.7 3652.5 218.9 170.1  1560.6 74
All species 4475.8 3633.5 455.6  667.7 5985.0 6518.7  414.8° 788.4  2830.7 100




Yatle 2. Fishing poeir coofficients gstimated by fitting (quaticn (3) and retransforning paraweters by tquation (7).
Minimum end maxirum estirmates indicate endpoints of 95% confidence intervals.

. 4 Turtin-
o 8 Y __{ag) {ay) : - (8y) . sS Watsen
Species Min. est. est. Max, est. Min. est., est. Max, est. Min._ est. est, HMax, est, ~Min, est. est. Max, est. Min. est, est, Max. est, Min, est. est. Max, est. reduced Statist.
“Bluefish  nurber 029 0.3 0.44 ‘ : S .. 18.1 1.52
weight ) 0.14  0.19 0.27 _ ‘ . - . 18.0 1.52
Butterfish nurber - 0.048 0.06 0.09 0.52 - 0.70 0.97 i . _ ’ : 7.2 1.6
weight 1.05  1.35 1.78 0.084 0.11 0.14 0.50 0.64 0.84 3 ) 60.0 1.65
Cancer nurber 3.92 8572 8.70 ’ . 0.2 0.8 0.53 10.80 18.31 33.80 £6.0 - 1.30
crabs weight 2.60  3.59 5,10 , 0.27 0.37 0.53 C . 4.29 6.73 11.20 ) . 4.0 1.18
Dogfish  number .67 1.40 1.88 e . . : ’ 48.1 1.66
. weight .03 1.45 21 , ' - 3.2 . 1.76
Floundér . ) " . . .
4-spot  nurber .23 1.63 2,22 32.11 39.42 48.95 0.39 0.52 0.77 7129 1,92 3.00 - o 74.5 1.64
weight 1.15  1.48 1.95 26.05 31.35 38.10 0.46 0.59 0.78 © 131 1.89 . 2.81 . . T 75.6 1.61
sand humber .31 1.67 2.15 8.96 11,38 14.69 : 52.6 1.67 .
Co weight .10 .37 1.74 7.07  8.84 11.21 N . .. 50.8 1.67
wSumer  nusber  1.06  1.23  1.42 ' s 50.1 21
weight .06 1.31 1.64 . 47.7 2.13
Winter  nurber 1.63  2.02 2.55 2.61  3.25 4.10 L T 58.9 1.67 -
weight .32 1.86 2.70 1.98 2,78 4.04 . _ 46.7 1.69
Yellowtail number 131 1.76 2.41 4.58 5.66 7.08 0.40 0.54 0.74 ’ 1.25 1.88 2.98 60.5 1.82
weight .28 1.3 2.42 . 3.57 4.45 5.63 0.37 0.51 0.71 : 1.28  1.97 © 3,20 60.2 1.86 .
*Goosefish  number 1.97  2.45 3.08 1.45  1.80 2,27 ’ ’ . . 30.6 1.85
weight 238 3.35 4.86 .51 2.2 3.07 S 20.4 1.79
‘*Hake, red niuber 4.42  5.56  7.09 : - 55.8 1.52
weight 2.35  2.84 3,46 39.9 1.62
silver nutber 1,53 2.36 3.85 11.32 1583 21,91 0.26 0.41 0.67 ' 1.18  2.15 4.4 ‘ 50.0 1.48°
weight 1.06  1.61 2.60 2.24  3.18  4.68 0.33  0.47 0.69 1.66 2,69 470 L5 1.8 3.25 . §5.1 1.64
*Herring,  nurber’ . 0.11  0.16 0.23 ‘ : ' 32.3 1.56
round weight 0.32  0.41 0.52 20.6 1.65
Lobster number 2.12 2.66 3.37 . . ) ' ct . 9.3 2.01
weight 2,05 272 3.70 o o 27.2 2.02
*Sculpin,  number 1.29 1.61 2.04 8.03 10.05 12.76 . . = 65.0 1.75
Longhorn  weight 1.3 1.4 1.61 3.38  4.08  4.96 : 57.0 1.68
Scup number 1.67 2.17  2.87 , . 55.1 1.56
weight ) 1.53 1.96 2.57 0.35 0.50 0.73 : ] 46.8 1.59
*Sea raven nurber  1.10  1.28 1.49 .30 1.50° 1.75 ' ) : 1.25  2.02 3.51 63.0 1.7
weight 1.07  1.25 1.46 1.07 1.2 1.45 . _— 59.0 1.74
*Sea robin  number ) 3.2  4.18 5,17 0,55 0.71 0.92 1.20 1.59 2.16 47.0 c1.Ee
weight 2.33 277 3.32 v S 37.0 1.50
*Skate, big nurber ‘.08 141 1.87 . - . © L1000 1.50 2.09  27.6 1.58
weight 1.38 177 2.30 .01 1.29 1.68 . ‘ . 79.0 1.7
1ittle nurber 3.15 3.98 5.12 * 8.82 11.16 14.%4 : . 57.7 1051
weight 3.23 414 - 5.41 - 9.39  12.05 15.75 . ‘ 551~ 159
Squid .
*[11ex nunber 0.43  0.58 0.71 . . : . 57,9 , 1.5 °
weight . . . . : . : 55.9 2.00°
Loligo number 0.04 0.05 0.07 . ) . 83.3 1.55
. wefght . 0.25 0.38  0.58 0.25 0.37 '0.58 0.35 0.57° 0.99 1.22  2.00 . 3.52 . £3.9 1.48
* A1l species number C 0.25 0.32  0.42 . 0.49  0.67 0.94 55.0 1.47
. weight 1.5¢ 1.8 2,27 . . . 1.03  1.28 1.62 1.29 .77 2.50 28.0 1.60

Al .
, 1 *Extreme violations of underlying assumptions of analysis for these specfes. -

: | @ A




