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ABSTRACT

Since 1984, annual bottom trawl surveys of the West Coast (California-Washington)

upper continental slope (WCUCS) have provided information on the abundance, distribution and

biological characteristics of groundfish resources. Slope species of the deep-water complex

(DWC) are of particular importance and include Dover sole (Mirostomus pacificzs,/, sablefish

(Anoplopomafimbria), shortspine thornyhead (Sebastolobus alascanus). and longspine

thornyhead (5. altivelis). In the fall of 1994, we conducted an experimental gear research cruise in

lieu of our normal survey because of concerns about the performance of the survey trawl. The

experiment was conducted on a soft mud bottom at depths of 460-490 m offthe central Oregon

coast. Treatments included different combinations of door bridle rigging, ground-gear weight,

and scope length. The experimental design \¡/as a 2X'2 X 2 factorial within a randomized

complete-block. Analysis of variance (ANOVA) was used to examine the effects of gear

modifications on the engineering performance of the trawl (i.e., trawl dimensions, variation in

trawldimensions, and door attitude) and to determine if catch rates in terms of weight and

number of DWC species and invertebrates were affected by the gear modifications. Trawl

performance \\'as highly variable for the historically used standard trawl configuration.

Improvements were observed with the addition of either a 2-bridle door or lighter ground-gear.

Changes in scope length had relatively little effect on trawl performance. The interaction of door

bridle and ground-gear weight had the most effect on trawl performance. In spite of the standard

trawl's erratic performance, catch rates of all four DWC species and invertebrates were not

significantly different than the 2-bridle/heavy combination, which did the best in terms of
engineering performance. The most important factor affecting DWC catch rates was ground-

gear. Scope length and the type of door bridle had little effect on DWC catch rates. Subsequent

revisions to survey gear and towing protocol and their impact on the continuity of the slope

survey time series are discussed.
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INTRODUCTION

Bottom trawl sunreys are an important source of fishery-independent data for assessing,

monitoring, and managing groundfish populations. The National Marine Fisheries Service

(NNßS) has been conducting groundfish bottom trawl surveys along the West Coast continental

shelf for more than 30 years @ark and Wilkins 1994). It was not until 1984 that the Resource

Assessment and Conservation Engineering (RACE) Division of the Alaska Fisheries Science

Center (AFSC), initiated a pilot groundfish bottom trawl survey of the upper continental slope

(Raymore and \rVeinberg 1990), Compared to the shel!, the West Coast upper continental slope

(WCUCS) is a challenging environment in which to do a trawl survey because of the extreme

depths (183 to 1,280 m), steep and inegular bathymetry, submarine canyons, and muddy bottom.

The survey was motivated by the need for information on the commercially important species

inhabiting the slope region. These species, referred to as the deepwater complex (DWC), include

Dover sole (Microstomus pacificzs,/, sablefish (Anoplopomafimbria), shortspine thornyhead

(Sebastolobus alascanus,), and longspine thornyhead (5. altivelis). Starting in 1988 the WCUCS

groundfish bottom trawl surveys were done on an annualbasis (Lauth et al. 1997;Lauth l997a,b;

Parks et al. 1993). The NOAA ship Miller Freeman, a 66-m stern trawler, has been the principal

vesselfor conducting these surveys. The spatial coverage of annual surveys has varied. ln1997,

the entire West Coast, from Point Conception (lat. N. 34o30') to the U.S./Canada border, was

surveyed. WCUCS groundfish bottom trawl surveys prior to 1997 were limited to only sections

of the West Coast so it was necessary to combine several years of survey data in order to obtain a

coastwide synoptic view of the DWC.

Data from the WCUCS surveys are used to estimate biomass, generate data on the length

and age composition, and to describe other biological characteristics of slope groundfish species.

West Coast stock assessment scientists rely heavily on survey data as input into groundfish stock

assessment models @rodziak et al. 1997; Crone et al. 1997; Ianelli et al. 1994; Jacobson 1990;

1991; Methot 1992, 1994; Rogers et al. 1997; Turnock et al. 1994; Turnock and Methot 1992).

Stock assessments based on these survey results are used by fishery managers and the Pacific
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Fishery Management Council to establish annual harvest guidelines for the DWC. Maintaining a

time series as a representative measure of relative abundance of the DWC species requires that a

consistent sampling tool and standardized sampling methods be used during trawl surveys. The

validity of the slope time series was challenged in 1993 when a representative of the fishing

industry, invited to participate on the survey cruise, observed inconsistencies with the design and

operation of the survey trawl. It was brought to our attention that the doors were sometimes

falling over onto their bails and that the ground-gear rryas digging very hard into the mud causing

the net dimensions to decrease or oscillate during a tow.

Following the 1993 survey, RACE scientists, with input from the fishing industry and net

manufacturers, reevaluated the design and operation of the survey trawl. It was concluded that

steps should be taken to improve the standard survey trawl's performance and consequently, the

credibility of the survey. The fact that the survey trawl was not operating to engineering

specifications raised questions similar to those discussed by Carrothers 1981 and Walsh et al.

1993 about potential sources of bias and variability in resource assessment trawl survey data. If
it was the aim of a resource assessment survey to control variability and eliminate possible bias

from the time series, it followed that the survey trawl should perform as it was designed and in a

consistent manner.

Before we could improve trawl perfoñnance, we had to learn what was causing it to

behave the way it did. A comparative gear experiment was done in 1994 to test the effects of

selected gear modifications on standard survey trawl perforrnance. The term'trawl performance'

as used herein refers to the performance of the trawl from an engineering perspective and has

nothing to do per se with how the trawl catches fish. Trawl dimensions (net widtb door spread,

and net height), variation in trawl dimensions, door attitude, and bottom contact of the ground-

gear were the factors used to assess trawl performance. We wanted to know how gear changes

affected various aspects of trawl performance. The experiment involved testing two methods of

door rigging, two types of ground-gear, and two scope lengths: a total of eight gear

configurations. These were chosen because they were relatively simple modifications that had

potential for improving the engineering performance of the survey trawl. Also implemented was a

more accurate and precise method for determining the amount of wire payed out and a more

standardized method for controlling winches after brakeset. Analysis of variance (AIIIOVA) was
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used to evaluate the effects of gear modifications on trawl dimensions and door pitch and roll

angles. The null hypotheses tested were that trawl performance factors measured were not

affected by the three gear modifications examined or their interactions.

An inevitable outcome of the trawl perfonnance part of this gear experiment was to

incorporate modifications that improved trawlperformance into future surveys. However,

making modifications to a survey sampling trawl is not a trivial matter. Modifications may change

the trawl's catching efficiency, introduce a new bias, and thereby compromise the continuity of the

time series used for doing stock assessments. Therefore, we wanted to see how catch rates varied

for each DWC species among all combinations of the three gear modifications. Since \rye were

likely to chose the treatment with the 'best' trawl perfoffnance as a new standard, we also wanted

to compare catch rates for the various trawl configurations with the old standard WCUCS survey

trawl. To test whether the gear modifications had a signifrcant eflect on catch rates, AÌ{OVA was

again used. This time, however, the A}{OVA was done using the within block ranks of the catch

rates, both in terms of weight and number, for each DWC species. The effects of gear changes on

catch rates of invertebrates were also analyzed since invertebrates are passive in response to a

moving trawl and are another indicator of changes to the trawl's catching efficiency. Ultimatel¡

the WCUCS survey trawl and sampling protocol were modified and there were changes in

addition to what was judged 'bestn in this experiment. In the discussion, we compare the original

standard survey trawl and towing protocols with the new standard trawl and procedures

implemented beginning with the 1995 WCUCS survey. The relevancy of these differences to the

continuity of the slope survey time series is also discussed.
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METHODS

Research was conducted aboard the NOAA shtp Miller Freeman between 30 October and

13 November 1994. The study area lies offthe Oregon coast between lat. 45o05' and 45o36'N

(Fig. l) and depths within the sampling area ranged from 460 to 490 m. The bottom in the study

area is flat or gently sloping, composed of soft mud, free of rocþ reefs or obstructions, and was

generally typical of areas sampled during the WCUCS survey.

As indicated previously, the study was conducted with the same trawl used for the slope

surveys. The trawl, which has been described by Lauth et al. (1997), was a high-opening 4-seam

1{or'eastern'trawl constructed of polyethylene mesh. The standard ground-gear used 8 inch

rubber disks strung on a 13 mm long-link chain attached to a 13 mm longJink chain fishing line.

The total dry weight of the standard ground-gear with fishing line was about 1,590 kg. The trawl

doors used on the survey are 1.8 X2.7 m V-doors weighing 1,000 kg each. A single bridle,

consisting of a pair of 3.05 m, 13 mm longJink chains, joined each door's aft pad eyes to the

transfer line. The trawl wire on the Miller Freeman is 25 mm in diameter with a swedged wire

core weighing 3 kglm. Trawl warp lenghs of 930 m were used with the standard slope trawl

based on scope tables from the 1988-93 WCUCS surveys for a target depth of 465 m.

We suspected one cause of the trawl's poor performance was that the heavy ground-gear

was digging too hard into the soft mud seafloor resulting in excessive drag and the net loading up

with mud. We chose as one modification to reduce the dry weight of the ground-gear by 270kg.

This was done by: l) replacing the longJink chain running through the rubber disks with 19 mm

cable, 2) removing the chain fishing line, and 3) attaching the ground-gear directly to the footrope

without toggles. Wire clamps were used instead of toggles to hold sections of the rubber cookies

in place.

Another concern was the weight of the trawl warps. Data collected at the beginning of

this experiment established that an average of 617 m of wire was needed for the net to settle at a

depth of 465 m at our standard towing speed of 3.7 km/trr (2 knots). In the case of our standard

trawl, which used 930 m of wire at that deptt¡ the 300+ m of extra trawl wire was perhaps
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causing the doors to be unstable, or possibly fall over at slow towing speeds. As a compromise, a

shorter scope of 767 m (617 m + 150 m) was chosen as a second modification for this experiment.

This was sufficient wire to ensure that the net would not rise offbottom with normal variations in

sea conditions and vessel speed.

There were also indications from survey gear mensuration data and test tank observations

(Craig Rose, AFSC, pers. commun., June 1994) that doors with a single bridle were unstable and

sometimes fell over at a3.7 km/hr towing speed. Many West Coast fishers use an additional

forward bridle attachment to help stabilize the door at towing speeds less than 4 km/hr.

Consequently, it was decided to use the 2-bridle attachment as the third gear modification. The

2-bridle attachment has two pairs of 13 mm long-link chain, with 33 links leading from the

forward, and Z?links from the aft pad eyes. To check the angle of the door relative to the floor

(angle of attack), the doors were suspended by the bridle chains using a forklift and the angle was

measured using an inclinometer. The door angle measured 40o before and after the cruise.

There were some aspects of the trawling procedure that were not well standardized for the

1988-93 surveys and had to be corrected prior to conducting the experiment. Especially

important was the variability found, during tests made after the 1993 survey, in the performance

of the ship's Rapp-Hydemar winch system. Because of inconsistencies in its two main functions

(i.e., warp metering and pressure adjustment/balance on the wa¡ps), these functions were not used

during the experiment. Instead, metering was accomplished by marking the warps and, rather

than using the system's autotrawl function, winch brakes were set for the duration of each tow.

The experimental design used in this experiment was a2X2X2 factorial within a

randomized complete-block design. Twelve blocks were used, a total of 96 successful trawls.

Within each block, each of the eight combinations of gear modifications (Table l) was fished in a

random order. Each block was completed before the next block was begun. During the course of

the experiment, eight tows \¡/ere unsuccessful. These tows were repeated within the block to

achieve a complete successful block; data from the unsuccessful tows were not included in the

analyses, The work was facilitated by the use of a dual net reel that held two trawls: one with

'heavyn ground-gear and one with "light'ground-gear.

tR.fo*"" 
to trade names does not imply endorsement by lhe National Marine Fisheries Se¡vice, NOAA.
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Sampling was done on a 24-hour basis. Several electronic instruments were attached to

the trawl to monitor its performance. A SCAIIMAR acoustic sensor was used to measure net

height; that is, distance of center of the headrope offbottom. SCAì{MAR sensors were also used

to measure net width (distance between upper wing tips) and the distance between the doors.

Also attached to the headrope were a Branker )lJ--200 data logger for measuring depth and

temperature and a Furuno acoustic link netsounder for observing net height and the approximate

position of the ground-gear relative to the bottom. Tilt sensors were used for measuring door

pitch and roll angles. They were attached to the backside middle of each door. Since the door tilt

sensors were only capable of recording angles within a9Q" arc, they were mounted in a way that

allowed measurements of up to 45o on either side of the door's vertical axis. A bottom contact

sensor was used to detect if the ground-gear was in contact with the bottom. It was mounted on

a triangular metal frame attached to the footrope where the lower breastline of the wing attaches

to the footrope.

Scientists, ofücers, and deck crew worked together to standardize fishing procedures. A

scientist familiar with trawling was always present in the trawl house during fishing operations to

monitor adherence to standardized protocols. Also, AFSC gear experts participated in the cruise

to ensure that the trawl gear and associated rigging were properly maintained. Vessel speed while

the trawl was being set was between 5.5 and 6.5 km/hr. Vessel speed gradually decreased to

3.1 kmlhr at brakeset and this speed was maintained as closely as possible throughout each haul.

The target duration of a trawl sample was 30 minutes. A haul began when the ground-gear first

touched bottom and ended when it lost contact with the bottom. The Furuno netsounder was

used to monitor ground-gear contact during a haul, but actual bottom time was figured using the

bottom contact sensor times after trawling was completed. If the gear rvas damaged or the trawl

hung up, the haul was considered unsatisfactory and it was repeated in a different part of the

study area. During the experiment a new site was found for each trawl haul. Position data were

collected at 6-second intervals for each haul using a GlobalPositioning System (GPS) receiver.

The position data were used to monitor ground speed, track the trawl's path, and estimate
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distance fished. Average speed of the vessel over ground and distance-fished were calculated

from the position data and the trawl's actual bottom time.

Gear perforrnance \ilas compared using data from the SCAIr{MAR mensuration system and

the bottom contact and door sensors. Samples of the catch from each haul were sorted to the

lowest possible taxon, weighed, measured, and counted. Catch data were standardized by area

swept (kg or number per km2). Area swept was calculated by multiplylng the average net width

by distance fished.

Analysis of variance (AIIOVA) was used to examine the effect of gear modifications on

the engineering performance of the trawl (i.e., trawl dimensions, variation in trawl dimensions,

and door attitude) and to determine if catch rates in terrns of weight and number of each DWC

species and invertebrates were affected by the gear modifïcations (Table 2). The independent,

discrete variables in the analysis were DOO& SCOPE, GROUND-GEA& and their two- and

three-way interactions. The dependent variables used in the AITIOVA included the trawl

performance data and the catch per unit effort (CPIIE) for the DWC species and invertebrates.

But the dependent variable CPUE data did not satis$ the AIIOVA assumptions of normality and

homoscedasticity. Conover (1980, p.337) presents one approach for dealing with this situation:

that of ranking the dependent observations and then performing the usual parametric analysis on

the nonparametric rank-transformed data. He states that when the results of analyses on both

untransformed and rank transformed data differ substantially, 'the analysis on ranks is probably

more accurate than the analysis on the (untransformed) data and should be preferred.' To

compensate for differences among the blocks due to environmental factors, procedural variability,

and other unknown sources of variation, each dependent variable value was assigned a rank from

1 to 8 within its block. Test results of all factors and interactions in the ANOVA model using

ranked data are reported. After the statistically significant effects were identified using ranked

data (P < 0.05), the analysis was repeated using the unranked data with the block effect added in

the model. This was done to obtain a measure of the effect on catch rates due to the significant

variables.
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RESULTS

Generel Description of Trawl Per{ormance

The performance of the standard trawl configuration (l-bridle/heavy) was highly variable;

this was true for both long and short scopes (Figs. 2 and 3). The l-bridle/heary treatment was the

most va¡iable of the 8 combinations. Net widths for these treatments would commonly bounce

between 8 m and 20 m and door bails often came up with mud on them indicating that doors fell

over during some tows. During some of the tows the trawl closed down to about 8 m and stayed

at that width for the rest of the tow.

Trawl performance was more stable with the addition of either the 2-bridle door

(Figs. 6-9) or the light ground-gear @igs. 4, 5, 8, and 9) regardless of scope length. There was

relatively little variability in gear dimensions for the 2-bridle door/light ground-gear combination.

The lighter ground-gear appeared to reduce drag and put less strain on the doors as indicated by

reduced pitch and roll angles (Table 3). A negative aspect of the 2-bridle door and light ground-

gear combination was its apparently poor bottom contact. This is evident f¡om the sporadic

increases in net height in many hauls (Figs. 8 and 9), and in the data on bottom contact (Fig. l0).

Average door pitch and roll angle data (Table 3) were obtained for most hauls. The

average roll angle for the standard trawl (1-bridle/heavy) ranged from 33.1o to 37.1o towards the

bail side of the door. However, these average angles were artificially low because the door tilt

sensors did not record angles exceeding 45o. Mud present on the door bails, as well as the

variability observed in the plots of net dimensions, suggest that the doors were falling over during

hauls with the standard trawl configuration. The mean door roll angle for the 2-bridle/heavy

combination was less than that for the l-bridle/heavy and ranged from 23.0o to 28.7o. There was

no evidence that doors used with the 2-bridlelheavy combination fell over. With the light

ground-gear, door roll angles were much less than with the heavy gear for both the l-bridle and

2-bridle doors. Mean angles for the light ground-gear ranged from 8.8o toward the bail side to

5.5o toward the bridle side.

Door pitch angles also varied among the types of gear modification (Table 3). Average

pitch angles for the l-bridle door were less than the 2-bridle door for all treatments. The average
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pitch angle for the 2-bridle door ranged from 14.4o to 16.9o and it remained relatively constant

with changes in scope or ground-gear. The average pitch angle for the l-bridle door ranged from

1.0o to l3'. Unlike the 2-bridle door, average pitch angle decreased considerably with the use of

the light ground-gear. Ranges decreased from 9o to l3o for the l-bridle/heavy to l.0o to 5.5o for

the l-bridle/light. Like the 2-bridle door, scope length had little effect on average pitch angle.

Bottom contact of the ground-gear was another means of assessing trawl perforrnance.

Bottom contact data were obtained for 81 hauls (Fig. l0). The bottom contact sensor only

measured the occurrence ofcontact and not the degree or angle ofcontact. In general, contact

was acceptable for all the combinations of gear modifications except the 2-bridle/light/long and

2-bridle/lighlshort. With these two combinations, the ground-gear frequently lost contact with

the bottom. As indicated previously, the variable bottom contact for the 2-bridle/ light

combination can also be seen in Figures 8 and 9 where net height suddenly increases as a result of

the net lifting offbottom. Close comparison of the graphs in Figure l0 with those in Figures 8

and 9 shows the correspondence between loss of bottom contact and increases in net height.

Trawl Performance ANOVA

The overall means, ranges, and standard deviations of the dependent variables included in

the A}{OVA are listed in Table 4 and the statistical results are shown in Table 5. The ANOVA of

trawl performance data conoborates what was presented in the section describing generaltrawl

performance. The most important factor affecting trawl performance was the interaction between

the door bridle and ground-gear (Table 5). The DOOR*GROUND-GEAR interaction was highly

significant for all of the trawlperfornance variables. This means that the effect of ground-gear

was different depending on which door was used and vice versa.

Average net spread and door width were wider with the light ground-gear when using the

l-bridle door (Fig. l l). The opposite was true for the 2-bridle door. Similarly, the average net

spread and door widths were wider with the 2-bridle door when using the heavy ground-gear but

the converse was true for the light ground-gear, The DOOR*GROUND-GEAR interaction for

average net height was the inverse of average net spread and door width.

The standard deviation of net width, net height, and door spread all had a similar

DOOR*GROUND-GEAR effect (Fig. l2). Trawl dimensions were more variable for the heavier
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ground-gear when combined with the l-bridle door. Compare this to the 2-bridle door, which

had no difference between the two ground-gear treatments. The l-bridle door also had more

variable trawl dimensions than the 2-bridle door, but only when using the heavy ground-gear.

Both types of doors had greater pitch angles with the heavy ground-gear (Fig. 13) and the

2-bridle door had greater pitch angles with either ground-gear compared to the l-bridle door.

Roll angles were also greater ivith the heavy ground-gear and the l-bridle door roll angle was

greater than the 2-bridle door with the heavy ground-gear. There was not as much difference

between the two door bridles when the light ground-gear was used.

Scope was a significant main effect for average net width, average net height, and the door

roll angle (Figs. I I and l3). Average net widths and port and starboard roll angles increased with

shorter scope and average net height decreased.

Trawl Catch ANOVA

Tables 6 and 7 list the unranked number and weight CPUE data by DWC species and by

haul and also give the mean and standard deviation by treatment.

The most important factor affecting trawl catches was the discrete variable GROUND-

GEAR (Table 8). Catch rates for all the DWC species and the invertebrates were significantly

higher in terms of weight and number with the heavier ground-gear (Figs. l4-18).

The scope length had an effect on longspine thornyhead ranked number CPUE and

invertebrate ranked weight CPUE. Catch rates were higher in both cases with the long scope.

Table 9 lists the cumulative weight of all major invertebrates from all hauls combined in

descending order of abundance. The five most common invertebrates in trawl catches were

unidentified sea anemones (order Actiniaria), the orange-pink sea urchin (Allocentrotusfragilis),

Psiliaster peclinatus, clay-pipe sponge (Aphrocallistes vastus), andMyxoderma platyacanthum

rhomaleum.

The only instance where the DOOR*SCOPE interaction was significant was for shortspine

thornyhead ranked weight CPUE. Shortspine thornyhead had higher catches for the

2-bridle/short compared to the l-bridle/short treatment (Fig. l7). Differences between the

1-bridle/long and short, 2-bridle/long and short, and between the l-bridle/long and 2-bridle/long

treatments were not remarkable.
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Dover sole ranked number CPUE had a significant DOOR'IGROUND-GEAR interaction.

Catches were significantly higher with the heavy ground-gear when using the l-bridle but not the

2-bridle door. The l-bridle/heavy treatment also caught significantly more Dover sole than the

2-bridle/heavy treatment but the same was not true for the light ground-gear.

In all other cases, the DOOR effect and all other interaction terms were not significant at

P < 0.05.

SUMMARY AND DISCUSSION

The primary objective of the gear experiment was to learn about the behavior of the

standa¡d survey trawl and to use this information as a basis for recommending changes to the

trawl and associated fishing procedures. Based on the results, we rejected the null hypothesis that

trawl perforrnance was equal among all combinations of the three gear modifications. The

experiment showed that variability in trawl dimensions decreased after modifications to the door

bridle attachment and ground-gear weight. Of the eight combinations of gear modifications, there

u/as no doubt that, regardless of scope length, the 2-bridle/heavy and the l-bridle/ light had the

most consistent performance. Net dimensions remained steady, door roll and pitch decreased, and

the doors did not fall over onto the bottom. The poorest performing confrguration was the

standard trawl (l-bridle/heavy) which behaved inconsistently with either scope lengtfu that is,

door spread and net width oscillated significantly and the doors frequently fell over. In spite of

the standard trawl's erratic performance, catch rates of all four DWC species and invertebrates

were not significantly different than the 2-bridle/heavy combinations, which did the best in terms

of engineering performance. These results support the thesis that catch rates for the standard

trawl and the 2-bridle/hea\y are the same. All combinations with the light ground-gear performed

well but bottom contact uias poor with the 2-bridle door and catch rates were significantly lower

for all DWC species and invertebrates. This experiment clearly showed that reducing the weight

of the ground-gear affected the capturing efficiency of the trawl.
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Physical differences between the two ground-gears we compared were minor except for a

270k9 difference in dry weight. Yet we observed a major difference in how each of the rwo

ground-gears tended bottom and caught fish. Poor bottom contact of the 2-bridle/light treatment

was obvious and escapement under the ground-gear may be one reason for its lower catch rates.

We did not detect the ground-gear rising offbottom during the l-bridle/light treatments but the

contact may have been lighter than with the heavy ground-gear, allowing more fish escapement.

The most obvious and direct way fish escape trawl capture is tkough gaps between the

ground-gear and bottom or between the ground-gear and footrope. The size of those gaps

depends on trawl dimensions, bottom contact, and the length of drop chains connecting the

ground-gear to the footrope. Canadian, European, and U.S. researchers have attempted to

estimate fish escapement beneath trawls by using a series of trawl bags underneath the ground-

gear @ahm and Wienbeck 1992, Engås and Godø 1989, Godø and Walsh 1992, Munro et al.

1997, Walsh 1992, Weinberg and Munro unpubl. manuscr.). Escapement greater than 50olo for

some groundfish species has been observed (Dahm and Wienbeck 1992, Engås and Godø 1989,

Godø and Walsh 1992, Walsh 1992).

Engås et al. (1988) compared the effects of two very different types of ground-gear on a

Norwegian survey trawl and found that the rockhopper ground-gear caught haddock and small

cod more effectively than a trawl with bobbins. Different visual or acoustic signals produced by

the two ground-gear types may also affect catching efüciency. Main and Sangster (1982) studied

the effects of a light and heavy ground-gear on a North Sea trawl. Divers made direct

observations comparing heavier bobbin roller gear and light "grass" ground-gear and found that

the bobbin roller gear was more easily seen and noisier. They concluded that visual and acoustic

cues could affect the reactions offishes to the gear.

Ground-gear can also indirectly affect fish catching efficiency by influencing trawl

performance. Each DWC species may react differently to an oncoming trawl depending on their

general behavior and what aspect of the trawl is encountered. A ground-gear change can alter the

dynamics of the entire trawl system and the way a fish reacts to it. For example, the healy

ground-gear of the WCUCS trawl put considerable strain on the doors, resulting in more extreme

roll and pitch angles. Doors fell over with the l-bridle/healy treatment and the door spread and

net width were narrower and more erratic. Sablefish show more oFbottom behavior (Adams
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et al. 1995) and they are powerfi¡l swimmers capable of long migrations (Shaw and Parks 1997).

Thornyheads, on the other hand, are sedentary, are frequently observed in depressions or next to

objects, and move little unless disturbed (Krieger 1993, Wakefield 1990). Sablefish could escape

using any number of routes around the side, over the top, or under the ground-gear. By the time a

thornyhead encounters the ground-gear of an oncoming trawl, its only portals of escape are

straight ahead or under the ground-gear, through the meshes, or into the trawl. In any case, the

effects of changes on trawl geometry and trawl performance to catching efficiency will vary

depending on what aspect of the trawl the fish encounters and the fish's behavior when the trawl

is first detected @ngås and Godø 1986, Foster et al. l98l).

This experiment detected few significant effects of the scope on trawl performance or

catch rates. The opportunity for observing scope effects was limited because we tested only two

scope lengths at a single target depth. If a scope effect existed, a measurable difference would be

expected with the 163-m difference between the two scope lengths that we used. With the l-

bridle/light and the 2-bridle/heavy treatments, trawl performance was consistent with either long

or short scope. Similarly, both scopes had equally inconsistent trawl performance with the

t-bridle/heavy treatment, and both scope lengths had poor bottom contact with the 2-bridle/light

treatment. Scope can affect the upward vector of the warp tension on the doors, which can affect

door behavior and, thereby trawl performance (Carrothers 1981). The short scope did result in

significantly less door spread and net width but differences were less than one meter. Rose and

Walters (1990) showed that inverse scope was a good predictor for net width but that the effect

diminished in deeper \ilater. At greater depths the inward tension caused by the hydrodynamic

force on trawlwarps may minimize the effects of changes in scope length.

The only catch rates significantly affected by scope were those of longspine thornyhead

number and invertebrate weight. The fact that the scope effect was significant for longspine

thornyhead number but not weight indicates that smaller-sized longspine thornyheads (< l2-mm)

which did not contribute significantly to the total weight were being captured more effectively

with treatments having the longer scope. Invertebrates are not highly motile and have a static

response to the trawl so there must be an active mechanism for herding the invertebrates into the

trawl's path. Turbulent wakes generated by the doors contain dirt and detritus offthe sea bed and

roughly follow the bridles to the wingtips (Canothers 1981, Main and Sangster 1981). Longer
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scopes may have generated turbulent wakes that pushed sedentary invertebrates and small and

weak-swimming longspine thornyhead into the path of the trawl resulting in higher catch rates.

Door changes can affect capture efficiency of a trawl (Byrne and Forrester 1987, Main

and Sangster 1979,1981), but in this experiment the door modification itself showed no direct

effect on catch rates. The Northeast Fisheries Science Center (NEFSC) did hundreds of paired

tows and found that a change in doors significantly affected catch rates for Atlantic cod, haddocþ

and other species (Byrne and Forrester 1987). Our door modification was a minor change in

comparison. Another difference was that they did not standardize their catch data for area swept

so significant changes in catch rates could be attributable to changes in area swept resulting from

changes in trawl performance. Our analysis tested the effects of the different door types after

standardizing catch data for area swept and taking into account variation from other gear effects.

Some of the obvious limitations of this experiment were its limited number oftows, low

statistical porÀ,er, and restricted depth. We attempted to control sources of variation using the

randomized block experimental design @ergh et al. 1990) and by ranking the data (Conover

1980). The limited depth range of this gear experiment was another drawback because the

WCUCS slope survey is conducted at depths ranging from 183 to 1,280 m and the observed gear

effects may vary with species and depth. Shortspine thornyhead, longspine thornyhead, and

Dover sole each have a distinct bathymetric demography (Jacobson and Vetter 1996, Jacobson

and Hunter 1993). Depth dependent environmental conditions may affect the way each species

responds to trawl modifications.

Revised Suruey Gear and Towing Protocol

After considering the gear performance results, we decided that the 2-bridle doors should

be selected as a permanent change to the WCUCS survey trawl starting in 1995. This and one

other modification were made to the trawl in addition to several changes to towing procedures.

The other change to the trawlwas a reduction in the number of links in the 9 mm drop chains

attaching the fishing line to the footrope from 5 links to 2 links. Towing protocol changes

included towing speed, tow duration, scope ratio, trawlwarp metering, and trawling mode of the

Rapp-Hydema winch system. Target vessel speed over ground was increased from
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3.7 km/lt (2.0 knots) to 4.3 km/h (2.3 knots) with an acceptable range of plus or minus 0.6 km/h.

Speed was increased slightly to improve vessel steerage and to increase power to the doors to

further improve the consistency of trawl performance. Tow duration for depths greater than

732 m was reduced from 60 to 30 minutes so that tow duration was equal for all depths. As

mentioned in the Methods section, the ship's Rapp-Hydema winch system was performing

inconsistently and its warp metering and pressure adjustment/balance functions were questionable.

Scope ratios used from 1989 to 1993 were probably variable between depths and survey years

because the trawl warp metering system was unreliable and the standard scope table was not

strictly followed. A new standard scope table, based on empirical data from the 1994 gear

experiment, was used starting in 1995. The new scope table most closely resembles the original

or'longn scope table (e.g., 900 m compared to 930 m at a target depth of 465 m). New survey

protocol also required that trawl wires be marked at 50 m intervals and that wire marks be used

exclusively for determining the amount of wire payed out during trawl operations. Rather than

using the autotrawl filnction, equal amounts of wire were payed out on both sides and the winch

brakes are set for the duration of each tow.

Changes to the Trawl Suney and Time Series Continuity

Maintaining a time series as a representative measure of relative abundance of the D\ryC

species requires that the trawl survey use a consistent sampling gear and standardized sampling

methods. The sampling gear and methods used for the WCUCS trawl surveys up until 1993 had

some inconsistencies. To correct them, we implemented changes to both the slope survey trawl

and towing protocols starting in 1995. By making modifications, we faced the dilemma of what

effect they might have on fish catching efficiency of the trawl, and ultimately, the continuity with

the existing data time series used for assessing the stocks. We concluded from this experiment

that catch rates for all four DWC species were not different between the standard survey trawl

and the 2-bridle/heavy. However, there is no empirical data to determine if the revisions in

addition to the 2-bridle door (as mentioned above) would fi,¡rther affect the way the trawl captures

fish. Hence, one can only speculate how the collective changes would affect the trawl's fish

catching efficiency and time series continuity.
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A primary concern is whether there was a shift in the measure of relative abundance from

the trawl surveys before and after the modifications. It is conceivable that the collective changes

helped to increase the precision of survey results without introducing a new bias. If such were the

case, only the width of the error bars surrounding indices would change and the time series

continuity would not be compromised. On the other hand, if a new bias was introduced by the

additional changes, there would be an accompanying shift in the survey's abundance indices and

inclusion of the newer survey data as part of the existing time series would be suspect.

Changes to trawl warp metering, winch control, and scope ratio corrected inconsistencies

associated with variability in sampling methodology so that tows could be repeated in a more

standardized fashion. Results from this experiment also indicated that scope had little effect on

catch rates except for longspine thornyhead numbers and invertebrate weight. These changes

arguably helped to increase the precision of trawl catches without introducing a new bias.

Changes to target tow speed, tow duration, and drop chain length are all changes with a

directional component and it is possible they could have introduced new biases into survey data

(Canothers 1981, He 1993, Walsh et al. 1993). Unfortunately, there is no experimental data or

published information describing what direct effects these revisions might have on catch rates of

the DWC species. The dynamics of trawl and fish behavior are complicated so it is hard to

speculate without such data if and how these revisions would affect catch rates. The increase in

speed was small and it is likely that trawling offìcers aboard the Miller Freeman tended toward

the faster towing speeds prior to 1994 in order to prevent the trawl from collapsing and to

maintain better vessel control. The change in tow duration was only for tows deeper than732m.

The original rationale for having hour-long tows at greater depths was that it was suspected that

there was less fish at depth and more time was necessary to get an adequate sample. The change

in drop chain length could have affected catch rates by narrowing the gap between the ground-

gear and footrope where fish might escape. Video of the slope trawl ground-gear and

comparative gear experiments by other researchers using trawl underbags indicate that a majority

ofthe escapement is probably occurring underneath the ground-gear and not through the gaps

between the ground-gear and footrope. Video of the trawl fishing on muddy bottoms also reveals

that this area is obscured by mud clouds generated by the ground-gear (Lauth, unpublished data)

so that fish would not be able to visually detect the opening. Furthermore, if the trawl web is
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Table 1.-List of I combinations (treatments) of gear modification
used for the 1994 West Coast upper continental slope
trawl survey gear experiment.

Treatment

Bridle

(1 or2)

Ground-gear Scopel

(Heavy or Light) (Long or Short)

f
al2

ilt
IV
V
VI
vll
vlil

Heavy
Heavy
Light
Light

Heavy
Heavy
Light
Light

Long

Short
Long
Short
Long
Short
Long
Short

t93O m is the "long' and 767 m is the "short" scope.
21-bridle door/heavy ground-gear is the landard survey trawl.



Table 2.-List of variables included in analysis of variance (ANOVA) of trawl peformance and trawl catch. Trawl

catch rates were assigned ranks from 1 to I within each block.

N
N'

Deoendent Variables Discrete lndeoendent Variables

Trawl Performance
Average Door Spread (m)
Average Net Width (m)
Average Net Height (m)
Standad Deviation Door Spread (m)
Standard Deviation Net Width (m)
Standard Deviation Net Height (m)
Port Roll Angle (degrees)
Port Pitch Angle (degrees)
Starboard Roll Angle (degrees)
Starboard Pitch Angle (degrees)

TrawlCatch Rates
Ranked Weight CPUE (kg/km'z)

Ranked Number CPUE (number/km2)

Door
Scope
Ground-gear
DoofScope
Doo¡'Ground-gear
Scope'Ground-gear
DoofGround-geafScope
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elevated relative to
Table 3.-Average port and starboard roll and Fitch angle data by tow and by treatment. Positive roll angles indicate roll

ofthe door and ¡ndicate that the ts

Heaw Ground<ear Light Ground{ear

Scope 93Sm Scope 76-l-rn

l-Bridle 2-Bridle 1-Bridle 2-l
T'¡n

Sensor Block

Scope93ùm Scope767-m

î-Bridle 2-Bridle 1-Bridle 2-Bridle

1

2
3
4
5
6
7
I
I

10
l1
12

25.0
25.8
n.4

2..5
19.8
æ.0
17.2
19.2
40.9
37.4

20.6
17.6
19.0
21.2

33.3
40.0
40.9
37.6
¡10.9

37.3
4r.3

13.8
27.3
39.ô
35.4

'19.1

u.2
33.3
É.8
2E.E
2,.8
39.0
18.5
25.6
73.9
19.5
2..2

2.8
-10.E

4.1
36.1
-5.3

-2.2
-7.0
4.2
-2.O

1.3
13.8

-1.4
5.0
15.8

7.5
17.5
4.8

9.0
-t.9

{.9
18.2
8.3
-2.4

6.7
7.7

-1.2
15.3
2.6
-t.0
17.4
æ.8
3.9

6.5
8.1
4.1
0.8

8.8
11.9

Starbqrd
Roll 41.4

38.5
31.0
æ.'l
38.4
æ.5
41.1

æ.1
7.6

4.1
1.7

1.2
4.0
4.9
1.2

4.1
4.9

Mean
St. Dev.

23.2 35.2
8.0 8.2

26.0
6.6

1

2
3
4

Port 5
Roll 6

7
I
I

l0
1l
12

Mean
St. Dev.

+i.o
æ.5
12.E
32.9
32.0
¿10.0

26..7
32.5
36.8
4't.9
4.',|

33.7
9.5

18.3
19.0
31.5
21.7
13.E
30.5
21.0

21 .8
26.0
2,.5
27.4

35.2
u.7
æ.6
4.7
4¡ì.0
32.5
¿10.0

28.7
37.4
41.7
40.3

37.1
4.5

æ.3
u.7
34.0
32.4
29.9
23.4
24.0
2,.9
u.7
31.6
24.2
32.6

¡.0
-19.4

0.0
-16.4
€.0

t'1.6
4.4
-3.5
{.1

6.9

8.5
-2.0
5.2
o.2
4.2

9.9
3.2
1.6
-1.3

3.6
4.0

3.1
4.0
-{.8
-3.0
14.0
-11.2

'i
æ.9
3.9
-1.1

2.9
4.4

9.9
15.3
6.0
-1.4

r3.9
t0.6
-1.5
0.8

z3.o
5.4

28.7
5.3

-5.4
9.2

3.0
9.5

6.1
6.1

Starboard
Pitch

1

2
3
4
5
6
7
I
9

l0
11
12

14.0
13.8
11.2
13.9
14.6
7.9
16.5
13.2
14.9
12.1
8.8

12.8
2.6

17.0
16.7
1E.9
16.1
15.0
16.9
r0.1

16.5
18.7
19.0
17.5

16.6
2.5

14.3
15.3
15.7

13.4
14.2
7.2

9.7
10.5
13.6
16.3

13.0
2.9

r5.7
17.9
19.1
17.8
15.5
r5.0
1t.3
18.4
15.2
20.7
19.6
17.1

6.1
4.2

1.3
4.9
5.5

4.5
5.2
7.2
6.2

15.4
15.2
14.1
14.9
15.5
15.5
15.5

13.3
15.7
16.1
14.4

7.2
8.'l
3.1
4.9
5.0
5.2
{.9

5.2
7.2
9.9
6.2

15.1
13.8
14.8
14.2
12.5
14.7
15.5

12.1
14.1
16.5
15.0

14.4
1.3

Mean
St. Dev.

16.9
2.6

5.0
1.7

r5.0
0.8

5.5
2.8

I
2
3
4
5
6
7
E

I
10
11
12

ro.¿
10.2
5.6
8.6
10.3
.-.

13.4
8.6

t5.l
16.5
18.3
16.5
12.7
't4.9
14.6

18.0
t a_.t

11.0
10.7
13.6

5.3
9.3
2.:

t7.5
11.0

14.7

19.0

rä.s
15.2
t u_.t

14.0
17.s

1.1
-1.3

16.7
15.2
18.4
16.6
16.4

15.8

:
17.3
t u_.u

16.6
1.0

1.0
1.2
3.1
0.7
3.1

3.4

:
7.4
.-'

2.9
2.1

15.9

15.7

ri.o

':o

16.6
tu_.t

15.7
1.0

Port
Pitch

20
t.9

Mean
St. Dev.

9.0
2.8

16.1
1.9

10.r
4.7

15.8
2.0

1.3
4-8

't.0
2.4



Table 4.-Means, ranges, and standard deviations of variables used in analysis of variance to test
the effects of gear modifications on trawl performance.

Variable Mean Minimum Maximum
Standald
Deviation

Average Door Spread (m)
Average Net Width (m)
Average Net Height (m)
Standard Deviation Door Spread (m)
Standard Deviation Net Width (m)
Standard Deviation Net Height (m)
Port Roll Angle (degrees)
Poil Pitch Angle (degrees)
Starboard Roll Angle (degrees)
Starboard Pitch Angle (degrees)

53.6
16.5
7.6
5.4
1.1

0.8
16.2
10.9
17.3
12.4

29.8
9.3
6.2
1.4
0.5
0.4

-5.4
1.0
1.3
5.0

63.2
18.8
10.1
17.4
3.4
1.5

37.1
16.6
35.2
16.9

6.s2
1.53
0.78
4.09
0.68
0.23

16.25
6.25

13.62
4.65

NA
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Table S-Results of analysis of variance testing the effects of gear modifications on trawl performance.

Source
Degrees of
Freedom

Mean
Square F-Value

Probability
>F

Average Net Width (m)
Block
Door
Scope
GroundAear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'G roundgear
Residual Error

Average Net Height (m)
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'G roundgear
Residual Error

Average Door Spread (m)
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Ground4ear
Door'Scope'Groundgear
Residual Error

Standard Deviation Net Width (m)
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door*Scope'G roundgear
Residual Error

Standard Deviation Net Height (m)
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'G roundgear
Residual Error

11

1

1

1

1

1

1

1

77

1.53
6.96
9.94

24.41
2.14

45.52
1.37
1.52
1.46

0.55
0.00
3.71
0.37
1.25

14.55
1.01
0.00
1.50

18.48
149.73
46.50

501.47
46.19

1,081.72
11.4s
7.39

25.79

0.19
E.60
0.24
8.20
0.10
E.31
0.02
0.00
0.22

0.03
0.70
0.10
0.67
0.02
0.73
0.08
0.00
0.03

1.05
4.77
6.81

16.72
1.47

31.18
0.94
1.04

1.39
0.00
9.38
0.92
3.16

36.77
2.55
0.00

0.72
5.81
1.80

19.44
1.79

41.94
0.44
0.29

0.85
39.17

1.08
37.34
0.44

37.E8
0.07
0.01

1.15
23.20

3.37
22.08

0.66
23.99

2.53
0.10

0.41
0.03
0.01

<0.0001
0.23

<0.0001
0.34
0.31

0.19
0.99

0.003
0.34
0.08

<0.0001
0.11
0.99

o.72
0.02
0.18

<0.0001
0.1E

<0.0001
0.51
0.59

11

1

1

1

1

77

11

1

1

1

1

1

1

1

77

11
1

1

1

1

1

1

1

77

11
1

1

I
1

1

1

1

77

0.59
<0.0001

0.30
<0.0001

0.51
<0.0001

0.79
0.92

0.33
<0.0001

0.07
<0.0001

0.42
<0.0001

0.12
0.7s
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Table 5.-Continued.

Source
Degrees of
Freedom

Mean
Square F-Value

Probability
>F

Standard Deviation Door Spread (m)
Block
Door
Scope
Groundgear
DoofScope
Door'Groundgear
Scope'Groundgear
Door'Scope'G roundgear
ResidualError

Port Pitch Angle
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'Groundgear
Residual Error

Starboard Pitch Angle
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'Groundgear
Residual Error

Port RollAngle
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'Groundgear
Residual Error

Starboard RollAngle
Block
Door
Scope
Groundgear
Door'Scope
Door'Groundgear
Scope'Groundgear
Door'Scope'G roundgea r
Residual Error

9
1

1

1

1

1

1

1

44

11
1

1

1

1

1

1

1

77

11
1

1

I
1

1

I
1

67

11

1

1

1

1

1

1

1

65

11

1

1

1

1

1

1

1

63

6.4E
276.25

0.38
280.41

0.00
297.76

19.36
0.49
8.32

13.40
1,527.37

1.62
215.75

18.77
233.94

0.06
2.43
4.95

16.E6
941.32

0.64
499.31

1.73
170.03

0.02
1.02
3.47

69.10
41.75

612.35
17,047.59

23.49
1,160.63

1.01
87.53
43.27

143.06
215.54
343.06

11,763.82
0.06

744.44
47.97
8.04

68.96

0.78
33.21
0.05

33.71
0.00

35.80
2.33
0.06

2.71
308.79

0.33
43.62
3.80

47.30
0.01
0.49

0.66
<0.0001

0.83
<0.0001

0.98
<0.0001

0.13
0.81

0.01
<0.0001

0.57
<0.0001

0.06
<0.0001

0.91
0.49

<0.0001
<0.0001

0.67
<0.0001

0.48
<0.0001

0.95
0.s9

o.12
0.33

0.0004
<0.0001

0.46
<0.0001

0.88
0.16

0.04
0.0E
0.03

<0.0001
0.9E

0.002
0.41
0.73

4.85
271.06

0.18
143.78

0.50
48.96

0.00
0.29

1.60
0.97

14.15
394.02

0.54
26.83

0.02
2.02

2.07
3.13
4.97

170.58
0.00

10.79
0.70
0.12
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TaHe 6.-Catch rates (kgnûP) for selected fsh species by block and by treatment.

Heaw Ground-oear Light Ground{ear

Scope93Èm Scope767-m

I -Bridle 2-Bridle I -Bridle 2-1
Species

Scope93Gm Scope767-m

I -Bridle 2-Bridle l-Bridle 2-BridleBlock

Dover
Soþ

(kgÍûrtz)

I
2
3
4
5
6
7
I
9

10
11
12

832
61E
27E
193
152
286
753

t,æ1
112

1 ,107
619

1,680

ru
t't1
281
160
148
't63
569
981
472
303
325
630

365
Æ7

150
867
135
233

1,067
r15
539

2,133
53

1,381
580

1,015

45
301
171
æ

1J2.
ô4

837
I,167

t6
I,666

417
&t7

910
42

50
2.
689
283
712

I 019
10

213
33E
933

485
354

æ2
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179
1zJ
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257

1,2U
2,M
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14
3æ
632

1,124
1U
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509

94
Æ
412
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1,193
192

1,U2

211
768
æ3
133
607
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457
854

71
380
409
42
494
É1

Mean
St. Dev.

643
480

689
634

590
532

ß7
638

¡l5l
432

I
2
3
4
5
6
7
E
I

t0
11
12

1,076
't,538
5n
973
æ2

I,040
696
972

I,163
380
405
415

I,106
801

1,869
410
179
r89

I,587
710
587

1,82
471

1,005

1,004
1,526
n5
268
174
613
797

1,359
I,911
1,æ3

æ2
983

586
710
554
f40
656
670

1,25E
2,64

582
1,141

3æ
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614
636
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157
496
283
491
3?]

1,3æ
670
247
330

961
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576

0
1,070

79
I,084
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I,005

723
611
987

ß4
1,1 15

496
39
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æ3
465
675

1,tû
¿135

999
70:t

907
421

Sablefish
(kS/ffi)

1,1 50
14
197
351
836

1,152
766
450
7æ
289

6æ
355

Mean
St. Dev.

801
380

851
5s8

929
513

n1
491

474
328

666
388

632
346

1

2
3
4

Longspiræ 5
lhomyòead 6
(KøkrrÐ 7

I
9

t0
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53
417
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r18
2U
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724
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4
(55

n4
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176
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56'l
7æ
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Æ7

É1
%

2ß
14Íl
58

390
511
194
%
æ5
596

24
37

521

't5
289
32

æ6
395
195
57

84
508

1,W
2

5:l2

6
1æn
@r
687
153
153
137
675
295

5
æ9

zu
28

256
21

92
14
340
66

115
533
4n
567

11
390

266
191

9
118
ß

n1
442
137
137
132
461

10
2

361

174
165

æ
%
186
86

zt4
27
r56
519
480

11
5

176

tæ
166

Mean
St. Dev.

82
zæ

315
2s6

336
367

Shortspiræ
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ftstunr)

1

2
3
4
5
6
7
I
I

l0
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641
I,Ogt

914
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653
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1,471
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1,352
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641
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1,362
1,æ1
1,4ô6
I,033
I,110
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1,n7

845
656
618

I,135
1,m
1,U2
1,%

905
818
527

I,OEt
I .015

590
I,031

931
1,010w
I,109

982
1,574

852
1,23

634
1,005

938
732
502

1,12,
E16

1,175
1,584

875
743w
453

1.176

815
n3
596
444
703

1,253
I ,319

902
649
803
¿f58

699

739
705
679
850
74

1,172
æ2

I,194
614
681
M
956

887
1,275
1,1?]

E55
750

I,154
891

1,405
741

Mean
St. Dev.

9æ
343

987
313

924
zaí

982
259

914
315

785
271

792
245

1,26
496
536

%7
æ4
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Table 7.-Catch rates (noJlcnz) for selected lish spec¡es by block and by treatment.

Heaw Ground<ear

Sæcie¡s
Scope93Gm Scope767-m

1-Bridle 2-Bridle 1-Bridle 2-Bridle

I idhl Grôund{ear

Scoæ 93Gm Scoæ 767-m

1-Bridle 2-Bridle 1-Bridle 2-lBlock

Dover
Sole

(number/knr'l)

Mean
St. Dev.

I,970
699
428
366
M
540

1,109
1,114

156
1,æ2
1,z'i7
2,3æ

972
670

300
272
405
215
282
3æ
870
173
393
352
607
821

501
302

338
1,559

21
387

1,702
218
707

3,769
12E

2,565
7n

't,æ3

1,139
1.121

1,058
639
32,
113

l,8Gt
174

1,098
I,316

64
2,E06

814
1,524

978
E13

2,M3
901

90
391
992
382
882

1,079
3l

296
689

1,193

497
317
26
210
306
412

1,383
3,856

6E
149
760w
737

1,U4

2,850
196
173
180
783
135
728
494
117

2,0æ
351

I,185

768
86ä

I
2
3
4
5
6
7
I
9

10
lt
12

1,413
383
325

l,æ7
æ2
438

1,320
127
534
653
492

617
4n

1

747
564

1

2
3
4

Sablefish 5
(number/lcrf) 6

7
E
9

10
11
12

Mean
St. Dev.

638
301
737
118
167
27
438
7æ
413
309
564
æ3

47
24

353
6æ
3't8
æ

476
tE!)
336
494
672
32.
729
50E

427
212

564
158
371

0
672
63

7æ
ß2
508
477
396
741

428
245

Æ4
42.

90
1n
397
206
3z3
199
737
532
172
306

3:'1
190

805 Ttg 705 369
1,048 570 903 426
4æ 1,215 607 258
745 307 211 113
2ß 156 145 429
61E 256 463 491
459 9E6 471 760
743 41 892 1 346
750 393 1,28 418
274 705 EEE 669
n1 364 403 n1
333 792 761 418

560 584 640 498
m1 319 317 318

Longsfin€
Thomyheåd

(number/lcn'l)

Mean
St. Dev.

I,887
7,366
6,O72
2,ffi
3,514
6,35/
8,378
4,W

't3,909
13¡Un
16,'t37

7,010
5,r 18

2,756
5,431
4,571
3,313
5,755
4,2æ
4,525
6,9æ

13,582
17,623

1,609
10,027

6,695
4,79

4,680
3,4't9
2,759
5,938
7,4%
4,æ2
4,410
8,917
9,542

261
I ,815
9,709

5,270
3,096

4't8
5,174
1,707
5,376
5,3æ
4,N
6,758
4,875
7,655

't2,676
2,

6,576

5,088
3,397

¡L95

3,265
6,126
5,æ6

11,679
3,379
4,939
6,702

10,313
7,358

488
6,824

5,567
3.416

4,278
6,0?2.
3,573
2,103
5,439
1,903
4,343
5,173
6,734

11,757
661

10,247

5,186
3,2æ

299
2,9U
2,v1
3,656
6,,163
2,828
4,¿153

4,966
7,249

9(x)
27

7,479

3,650
2,sdt

3,035
4,158
3,097
7,394
8,396

478
564

3,939

1

2
3
4
5
6
7
I
9

10
1l
12

971
3,697
3,067
2,æ4

3,452
2,,l3S

Shortspiræ
Thomyhead

(numÞr/kmJ

5,328
5,031
0,767
5,848
5,099
5,r73
7,651

12,173
5,1æ
8,616
3,555
6,155

4,373
3,7n
5,121
9,386
4,91I
8,¡lS¡2
9,9æ

12,216
6,660
6,27
5,070
7,330

3,58f
3,911
6,759
6,219
6,,181
6,94Ít
6,800
2,878
4,809
5,170
7,742
6,250

3,v7
5,æ5
9,662
5,9æ
4,7æ
8,131
5,603

17,853
6,593
3,824
7,æ2
5,ær

8,ø9
4,391
5,558
6,710
4,6n
5,847
8,26'l
7,327
4,389
5,€8
4,7U
8,445

6,152
1,548

4,64Ít
3,676
4,955
2,ß
3,850
9,164
8,æ3
2,635
3,824
4,625
4,0æ
4,028

4,675
2,02.

5,048
4,080
6,325
4,8f 5
4,057
6,761
6,42
8,780
3,975
8,072
4,995
6,181

5,794
1,576

4,828,
6,07't
5,809
6,007
3,735
7,147
4,U¿,
4,87C
5,343

13,721.
3,472
3,æi

5,721
2,n4

I
2
3
4
5
6
7
I
9

t0
11

12

Mean
St. Dev.

6 546 6,952 5 ôæ 7,013
2 363 2,589 I 534 3,874
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Table E.-Results of analysis of variance testing the effects of gear modifications on standardized

ranked sample densities.

Source
Degrees of
Freedom

Mean
Square F-Value

Probability
>F

Ranked Dover Sole number/kmz
Door
Scope
Ground-gear
DoofScope
DooÉGround-gear
Scope*Ground-gear
DoofScope*G round-gear
ResidualEnor

Ranked Dover Sole kg/kmz
Door
Scope
Ground-gear
DoofScope
DoofGroundgear
Scope'Ground-gear
Door'Scope'G round-gear
ResidualEnor

Ranked Sablefish number/kmz
Door
Scope
Ground-gear
DoofScope
Dool*Ground-gear
Scope'Ground-gear
DooÉScope'Grou nd-gea r
ResidualEnor

Ranked Sablefish kg/km2
Door
Scope
Ground-gear
DoofScope
Dool.Ground-gear
Scope*Ground-gear
Doof Scope*Grou nd-gear
ResidualEnor

Ranked Shortspine Thomyhead number/km2
Door
Scope
Ground-gear
Door'Scope
DoofGround-gear
Scope*Ground-gear
Doof ScoPe*Grou nd-gear
ResidualEnor

1

I
1

I

4.17
1.04

26.04
18.38
22.04

4.17
1.50
4.85

12.04
1.50

20.17
12.04
18.38
4.17
0.38
4.95

0.67
1.50

63.3E
10.67
7.04
1.04
0.3E
4.77

0.67
0.17

42.67
10.67
8.17
1.50
1.50
4.98

2.04
0.67

32.67
5.04

18.3E
4.17
9.38
4.91

0.86
0.21
5.37
3.79
4.55
0.86
0.31

2.43
0.30
4.08
2.43
3.71
0.84
0.0E

0.14
0.31

13.30
2.24
1.48
0.22
0.08

0.13
0.03
8.56
2.14
1.64
0.30
0.30

0.42
0.14
6.66
1.03
3.75
0.8s
1.91

0.36
0.64
0.02

0.055
0.04
0.36
0.58

0.12
0.58

0.o47
0.12
0.06
0.36
0.78

0.71
0.58

0.0004
0.14
0.23
0.64
0.78

0.72
0.86

0.004
0.15
0.20
0.58
0.58

0.52
0.71
0.01
0.31
0.06
0.36
0.17

1

1

1

88

1

1

1

1

1

1

1

88

1

1

1

1

1

1

1

88

1

1

1

1

1

1

1

88

1

1

I
1

1

1

I
88
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Table 8.-Continued.

Source
Degrees of
Freedom

Mean
Square F-Value

Probability
>F

Ranked Shortspine Thomyhead kg/kmz
Door
Scope
Groundgear
DooÉScope
DooÉGround-gear
Scope'Ground-gear
DoofScope'G round-gear
ResidualEnor

Ranked Longspine Thomyhead number/kmz
Door
Scope
Ground-gear
Doot-Scope
Doo¡'Ground-gear
Scope*Ground-gear
DooÊScope'G round-gear
Residual Enor

Ranked Longspine Thomyhead kg/km,
Door
Scope
Ground-gear
DoofScope
Door'Ground-gear
Scope*Ground-gear
Door'Scope'Ground-gear
ResidualEnor

Ranked lnvertebrates kg/km2
Door
Scope
Ground-gear
Door'Scope
DoofGround-gear
Scope'Ground-gear
Door'Scope*G rou nd-g ea r
ResidualEnor

1

1

1

1

1

1

1

88

6.00
0.17

20.'17
20.17

0.67
1.50

16.67
4.9E

3.38
37.50
51.04

1.04
1.50
1.04

13.50
4.49

2.04
0.67

35.04
0.38

16.67
12.04
10.67
4.84

0.17
266.67

37.50
0.17
2.67
0.17
0.ô7
2.23

1.20
0.03
4.05
4.05
0.13
0.30
3.34

0.75
8.35

11.37
0.23
0.33
0.23
3.01

0.42
0.14
7.23
0.08
2.44
2.48
2.20

0.07
119.73

16.84
0.07
1.20
0.07
0.30

0.28
0.86
0.05
0.05
0.72
0.58
0.07

0.39
0.005
0.001

0.63
0.56
0.63
0.09

0.52
0.71

0.009
0.78
0.07
o.12
0.14

0.79
<0.0001
<0.0001

0.79
0.28
0.79
0.59

1

1

1

1

1

1

1

88

1

1

1

1

1

1

1

8E

1

1

1

1

1

1

1

88
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Table 9.-Cumulative weight for the 20 most common invertebrates caught during the 1994 West Coast

upper cont¡nental slope trawl gear experiment.

Scientific name Common name Sum of weight (kg)

Actiniaria (order)

Nlocentrotus fregilis

Psilastar pectinatus

Aphrocallistes yasfus

Myoxoderma platyacanthum rhomaleum

Ophiuroidea (class)

Ocfopus sp.

Neptunea amianta

P seudoslich o pus mol/ls

Porifera (phylum)

Berryteulhis magister

Pesiphaea pacifrca

Ensaslar sp.

Amphiophiura ponderosa

Chionoecetes tennari
Cephalopoda (class)

Scyphozoa (class)
Hexactinellida (class)

Salpida (order)

Asteroidea (class)

sea anemone unident.

orang+pink sea urchin

starfish

clay pipe sponge

starfish

brittlestarfish unident.

octopus unident,

snail

sea cucumber
sponge unident.

magistrate armhook squid
glass shrimp

heart urchin unident.

brittlestarfish unident.

true Tanner crab

squid unident.
jellyfish unident.
glass sponge unident.

salps unident.

starfish unident.

608.81

524.67

380.20

26',t.14

't47.23

96.71

89.99

45.90

43.77

31.62
31.25

25.19
't7.28

16.33

15.42

11.30

10.66

8.85

7.13

5.08
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Figure l.-l"lap showing the location of the 1994 West Coast upper continental slope groundfish
bottom bawl experiment.
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Figure 2.-Graphs showing SCANMAR net he¡ght, net width, and door spread during the course of
each tow for the 1-bridle-heavy-long gear treatment (m=average, s=standard deviation,
n=number of observations).
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Figure 3.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 1-bridle-heavy-short gear treatment (m=average, s=standard deviation,

n=number of observations).
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Figure 4.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 1-bridle-light-long gear treatment (m=average, s=standard deviation,
n=number of observations).
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Figure S.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 1-bridle-light-short gear treatment (m=average, s=standard deviation,
n=number of observations).
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Figure 6.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 2-bridle-heavy-long gear treatment (m=average, s=standard deviation,
n=number of observations).
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Figure 7.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 2-bridle-heavy-short gear treatment (m=average, s=standard deviation,

n=number of observations).
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Figure 8.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 2-bridle-light-long gear treatment (m=average, s=standard deviation,
n=number of observations).
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Figure 9.-Graphs showing SCANMAR net height, net width, and door spread during the course of
each tow for the 2-bridle-light-short gear treatment (m=average, s=standard deviation,
n=number of observations).
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