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Introduction ment and Conservation EngineeringDWC), include Dover soldJlicrosto-

- _(RACE) Division of the NMFS Alaska mus pacificussablefish,Anoplopoma
tar?tostf)%rrncg?;vflissr?e:\r/;-)i/r?dzrgeﬁgelmpdoz;t isheries _Science Center (AFSC), inifimbria; shortspine thornyheaS,ebz_is-
for assessing, monitoring, and mana lated a pilot groundfish t_)ottom trawltolobus alascanL_;sa_nd Iongsplne
ing groundfis’h populatioﬁs NOAA's Survey of the upper continental slopghornyhead,S. altivelis Starting in
National Marine Fisherieé Service(Raymore and Weinberg, 1990). Com41988, the WCUCS groundfish bottom-
(NMFS) has been conducting groundpared to the shelf, the west coast uppérawl! surveys were done on an annual

geontinental slope (WCUCS) is a chalbasis (Parks et al., 1993; Lauth et al.,

Eiggtoégonrgr:g’;’;f;?é?%?ﬁg?etr;ﬁ%e; nging environment in which to do a1997; Lauth, 1997a, b). The NOAA ship

i rawl survey because of the extremdiller Freeman,a 66 m stern trawler
years (Dark and Wilkins, 1994). It was . e '
ot until 1984 that the Resource ASSesg_epths (183-1,280 m),_steep and irreginas _been the principal vessel f(_)r con-

ar bathymetry, submarine canyons, anducting these surveys. The spatial cov-
muddy bottom. The survey was moti-erage of annual surveys has varied. In
vated by the need for information on thel997, the entire west coast, from Point
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ence Center, National Marine Fisheries Servic ommercially important species inhab-Conception, Calif. (lat. 380'N) to the

NOAA, 7600 Sand Point Way N.E., Seattle waiting the slope region. These specied).S.—Canada border, was surveyed.
98115-0070. Email Bob.Lauth@noaa.gov referred to as the deep-water comple®?CUCS groundfish bottom trawl sur-
veys prior to 1997 were limited to only

ABSTRACT-Since 1984, annual bottom mensions, variation in trawl dimensions,secnon? of thet\)/yest coast,lso I Wan nec
trawl surveys of the west coast (California-and door attitude) and to determine if catctfSSary to combine severalyears of sur-
Washington) upper continental sloperates in terms of weight and number of DW(€Y data in order to obtain a coastwide
(WCUCS) have provided information on thespecies and invertebrates were affected bgynoptic view of the DWC.
art:undance, distr]jbution,d?nr(]j biological the gear modifications. Trawl performance Data from the WCUCS surveys are
characteristics of groundfish resources.was highly variable for the historically used ; ;

Slope species of the deep-water complestandard trawl configuration. Improvementsused to estimate biomass, gen.e.rate data
(DWC) are of particular importance and were observed with the addition of either £ the length and age composition, and
include Dover soleylicrostomus pacificus  2-bridle door or lighter ground gear. to describe other biological character-
sablefishAnoplopoma fimbriashortspine  Changes in scope length had relatively littldstics of slope groundfish species. West
thornyhead,SebaStolobus alaSCamlﬂind effect on tran performance. The interaC'Coast StOCk assessment SC'en“StS rely
longspine thornyhead. altivelis In the fall  tion of door bridle and ground gear weighth i dat . tint

of 1994, we conducted an experimental gedrad the most effect on trawl performance. €avily on Survey data as input into
research cruise in lieu of our normal sur-In spite of the standard trawl’s erratic per- groundfish stock assessment models
vey because of concerns about the perfofermance, catch rates of all four DWC spe{Jacobson, 1990, 1991; Methot, 1992,
mance ofdthe s;rvey travvfl. Thedeéperimertties and invertebrates were not significantly] 994: Turnock and Methot, 1992;
was conducted on a soft mud bottom adifferent than the 2-bridle/heavy combina- ; . .
depths of 460-490 m off the central Oregotion, which did the best in terms of enginanel €tal., 1994; Turnock etal., 1994;
coast. Treatments included different comneering performance. The most importanprodziak etal., 1997; Crone etal., 1997,
binations of door-bridle rigging, ground- factor affecting DWC catch rates wasRogers et al., 1997). Stock assessments
gear weight, and scope length. The experiground gear. Scope length and the type dfased on these survey results are used
mental design was a 22 x2 factorial door bridle had little effect on DWC catchp, fishery managers and the Pacific
within a randomized complete-block. Analyrates. Subsequent revisions to survey geat: h M tC il t tab
sis of variance was used to examine the e&nd towing protocol and their impact on the;, Ishery Management Louncii 1o estan-
fects of gear modifications on the engineereontinuity of the slope survey time series aréSh annual harvest guidelines for the
ing performance of the trawl (i.e. trawl di- discussed. DWC. Maintaining a time series as a
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representative measure of relative aburscope lengths: a total of eight gear corimplemented beginning with the 1995
dance of the DWC species requires thdigurations. These were chosen becaus¥CUCS survey. The relevance of these
a consistent sampling tool and standardhey were relatively simple modificationsdifferences to the continuity of the slope
ized sampling methods be used durinthat had potential for improving the engisurvey time series is also discussed.
trawl surveys. The validity of the slopeneering performance of the survey trawl. Methods
time series was challenged in 1993\Iso implemented was a more accurate
when a representative of the fishing inand precise method for determining the Research was conducted aboard the
dustry, invited to participate on the suramount of wire payed out and a more statNOAA shipMiller Freemanbetween 30
vey cruise, observed inconsistenciedardized method for controlling winchesOctober and 13 November 1994. The
with the design and operation of theafter brakeset. Analysis of variancestudy area lies off the Oregon coast be-
survey trawl. It was brought to our at-(ANOVA) was used to evaluate the effectéween lat. 4305' and 4536' N (Fig. 1),
tention that the doors were sometimesf gear modifications on trawl dimensionsand depths within the sampling area
falling over onto their bails and that theand door pitch and roll angles. The nultanged from 460 to 490 m. The bottom
ground gear was digging very hard intdwypotheses tested were that trawl perfoin the study area is flat or gently slop-
the mud causing the net dimensions tmance factors measured were not affectéay, composed of soft mud, free of rocky
decrease or oscillate during a tow. by the three gear modifications examinedeefs or obstructions, and was generally
Following the 1993 survey, RACE or their interactions. typical of areas sampled during the
scientists, with input from the fishing An inevitable outcome of the trawl WCUCS survey.
industry and net manufacturers, reevalyperformance part of this gear experi- As indicated previously, the study
ated the design and operation of thenent was to incorporate modificationsvas conducted with the same trawl used
survey trawl. It was concluded that stepthat improved trawl performance intofor the slope surveys. The trawl, de-
should be taken to improve the standarfiliture surveys. However, making modiscribed by Lauth et al. (1997), was a
survey trawl’s performance and, consefications to a survey sampling trawl ishigh-opening 4-seam “Nor’eastern”
qguently, the credibility of the survey.not a trivial matter. Modifications may trawl constructed of polyethylene mesh.
The fact that the survey trawl was nothange the trawl’s catching efficiency,The standard ground gear used 8-inch
operating to engineering specificationsntroduce a new bias, and thereby conrubber disks strung on a 13 mm long-
raised questions similar to those dispromise the continuity of the time sedink chain attached to a 13 mm long-
cussed by Carrothers (1981) and Walsties used for doing stock assessmentsnk chain fishing line. The total dry
et al. (1993) about potential sources of herefore, we wanted to see how catcieight of the standard ground gear with
bias and variability in resource assessates varied for each DWC specieéishing line was about 1,590 kg. The
ment trawl survey data. If it was the aimamong all combinations of the thredrawl doors used on the survey are 1.8
of aresource assessment survey to cogear modifications. Since we werex 2.7 mV-doors weighing 1,000 kg each.
trol variability and eliminate possiblelikely to chose the treatment with theA single bridle, consisting of a pair of
bias from the time series, it followed"best” trawl performance as a new stan3.05 m, 13 mm long-link chains, joined
that the survey trawl should perform as itlard, we also wanted to compare catobach door’s aft pad eyes to the transfer
was designed and in a consistent manneates for the various trawl configura-line. The trawl wire on thMliller Free-
Before we could improve trawl per-tions with the old standard WCUCSman is 25 mm in diameter with a
formance, we had to learn what wasurvey trawl. To test whether the geaswedged wire core weighing 3 kg/m.
causing it to behave the way it did. Amodifications had a significant effect onTrawl warp lengths of 930 m were used
comparative gear experiment was doneatch rates, ANOVA was again usedwith the standard slope trawl based on
in 1994 to test the effects of selectedhis time, however, the ANOVA was scope tables from the 1988—93 WCUCS
gear modifications on standard survegone using the within-block ranks of thesurveys for a target depth of 465 m.
trawl performance. The term “trawl per-catch rates, both in terms of weight and We suspected one cause of the trawl’s
formance” as used herein refers to theumber, for each DWC species. Th@oor performance was that the heavy
performance of the trawl from an engieffects of gear changes on catch rategound gear was digging too hard into
neering perspective and has nothing tof invertebrates were also analyzedhe soft mud seafloor resulting in ex-
do per se with how the trawl catchesince invertebrates are passive in resessive drag and the net loading up with
fish. Trawl dimensions (net width, doorsponse to a moving trawl and are ammud. We chose as one modification to
spread, and net height), variation irother indicator of changes to the trawl’'seduce the dry weight of the ground gear
trawl dimensions, door attitude, anccatching efficiency. Ultimately, the by 270 kg. This was done by: I) replac-
bottom contact of the ground gear wer®/ CUCS survey trawl and samplinging the long-link chain running through
the factors used to assess trawl perfoprotocol were modified, and there werghe rubber disks with 19 mm cable, 2)
mance. We wanted to know how geachanges in addition to what was judgedemoving the chain fishing line, and 3)
changes affected various aspects dbest” in this experiment. In the discus-attaching the ground gear directly to the
trawl performance. The experiment insion, we compare the original standarfbotrope without toggles. Wire clamps
volved testing two methods of door rig-survey trawl and towing protocols withwere used instead of toggles to hold
ging, two types of ground gear, and twahe new standard trawl and proceduresections of the rubber cookies in place.
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Figure |.—Location of the 1994 west coast upper continental slope groundfish bottom trawl experiment.

Another concern was the weight of
the trawl warps. Data collected at the
beginning of this experiment estab-

lished 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/h (2 knots). In the case
of our standard trawl, which used 930 m
of wire at that depth, the 300+ m of ex-
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tra trawl wire was perhaps causing thaithin a randomized complete-block Scientists, officers, and deck crew
doors to be unstable or possibly to faltlesign. Twelve blocks were used wittworked together to standardize fishing
over at slow towing speeds. As a coma total of 96 successful trawls. Withinprocedures. A scientist familiar with
promise, a shorter scope of 767 neach block, each of the eight combinatrawling was always present in the trawl
(617 m + 150 m) washosen as a secondtions of gear modifications (Table 1)house during fishing operations to
modification for this experiment. Thiswas fished in a random order. Eaclmonitor adherence to standardized pro-
was sufficient wire to ensure that the ndblock was completed before the nextocols. Also, AFSC gear experts partici-
would not rise off the bottom with nor- block was begun. The work was facili-pated in the cruise to ensure that the
mal variations in sea conditions andated by the use of a dual net reel thatawl gear and associated rigging were
vessel speed. held two trawls: one with “heavy” properly maintained. Vessel speed while
There were also indications from surground gear and one with “light” groundthe trawl was being set was between 5.5
vey gear mensuration data and test-targear. and 6.5 km/h. Vessel speed gradually
observations (Rodgthat doors with a  Sampling was done on a 24-h basislecreased to 3.7 km/h at brakeset and
single bridle were unstable and someSeveral electronic instruments were atthis speed was maintained as closely as
times fell over at a 3.7 km/h towingtached to the trawl to monitor its perpossible throughout each haul. The tar-
speed. Many west coast fishermen udermance. A SCANMAR acoustic sen-get duration of a trawl sample was 30
an additional forward bridle attachmentsor was used to measure net height; thatinutes. A haul began when the ground
to help stabilize the door at towingis, the distance from the center of thgear first touched bottom and ended
speeds less than 4 km/h. Consequentlygeadrope to the bottom. SCANMARwhen it lost contact with the bottom.
it was decided to use the 2-bridle attactsensors were also used to measure rigte Furuno netsounder was used to
ment as the third gear modification. Thevidth (distance between upper wingnonitor ground-gear contact during a
2-bridle attachment has two pairs ofips) and the distance between the doorBaul, but actual bottom time was fig-
13 mm long-link chain, with 33 links Also attached to the headrope were ared using the bottom contact sensor
leading from the forward, and 22 linksBranker XL-200 data logger for mea-times after trawling was completed. If
from the aft pad eyes. To check the angleuring depth and temperature and the gear was damaged or the trawl hung
of the door relative to the ground (anglé-uruno acoustic link netsounder forp, the haul was considered unsatisfac-
of attack), the doors were suspended lgbserving net height and the approxitory and it was repeated in a different
the bridle chains using a forklift and themate position of the ground gear relapart of the study area. During the ex-
angle was measured using an inclinontive to the bottom. Tilt sensors wereperiment, a new site was found for each
eter. The door angle measured #@- used for measuring door pitch and roltrawl haul. Position data were collected
fore and after the cruise. angles. They were attached to the baclat 6-sec intervals for each haul using a
There were some aspects of the trawkide middle of each door. Since the dodBlobal Positioning System (GPS) re-
ing procedure that were not well stantilt sensors were only capable of recordeeiver. The position data were used to
dardized for the 1988-93 surveys anthg angles within a 90arc, they were monitor ground speed, track the trawl’s
had to be corrected prior to conductingnounted in a way that allowed measurgaath, and estimate distance fished. Av-
the experiment. Especially importantments of up to 450n either side of the erage speed of the vessel over ground
was the variability found during testsdoor’s vertical axis. A bottom contactand distance fished were calculated
made after the 1993 survey in the peisensor was used to detect if the grounfdlom the position data and the trawl’s
formance of the ship’s Rapp-Hydefnagear was in contact with the bottom. lactual bottom time.
winch system. Because of inconsistenwas mounted on a triangular metal Gear performance was compared us-
cies in its two main functions (i.e. warpframe attached to the footrope where thiag data from the SCANMAR mensu-
metering and pressure adjustment/balewer breastline of the wing attaches teation system and the bottom contact

ance on the warps), these functions wetée footrope.

not used during the experiment. Instead,

metering was accomplished by mark- o

ing the warps and, rather than using thiicaions used for the 194 west coastupper con-

system’s autotrawl| function, winch tinental siope trawl survey gear experiment.
brakes were set for the duration of each

Bridle Ground gear Scopet
tow. Treatment (1 or2) (Heavy orlight) (Long or short)

The experimental design used in this 1 Heavy Long

: : 112 1 Heavy Short
experiment was a 2 x 2 factorial | 1 Light Long
v 1 Light Short

i i i X \Y 2 Heavy Long

1 Rose, Craig. NMFS Alaska Fisheries Sciencei 2 Heavy Short
Center, Seattle, Wash. Personal commun., Jung 2 Light Long
1994. Vil 2 Light Short

2 Reference to trade names does not imply A-g3q m is the “long” and 767 m is the "short” “scope”
d_orsement by the National Marine Fisheries Sep- 1-pridle door/heavy ground gear is the standard survey
vice, NOAA. trawl.

and door sensors. Samples of the catch
from each haul were sorted to the low-
est possible taxon, weighed, measured,
and counted. Catch data were standard-
ized by area swept (K Area swept
was calculated by multiplying the av-
erage net width by distance fished.
Analysis of variance was used to ex-
amine 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 terms
of weight and number of each DWC
species and invertebrates were affected
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by the gear modifications (Table 2). The Results bridle doors. Mean angles for the light

independent, discrete variables in th% . ground gear ranged from 8.8ward
analysis were DOOR, SCOPE General Description the bail side to 5%toward the bridle
GROUND GEAR, and their two- and ©f Trawl Performance side.

three-way interactions. The dependent The performance of the standard Door pitch angles also varied among
variables used in the ANOVA includedtrawl configuration (1-bridle/heavy) the types of gear modification (Table 3).
the trawl performance data and the catavas highly variable; this was true forAverage pitch angles for the 1-bridle
per unit effort (CPUE) for the DWC both long and short scopes (Fig. 2, 3{door were less than the 2-bridle door
species and invertebrates. But the déFhe 1-bridle/heavy treatment was thdor all treatments. The average pitch
pendent variable CPUE data did noinost variable of the 8 combinations. Neangle for the 2-bridle door ranged from
satisfy the ANOVA assumptions of nor-widths for these treatments would com14.4 to 16.9 and it remained relatively
mality and homoscedasticity. Conovemnonly bounce between 8 m and 20 ngonstant with changes in scope or
(1980: 337) presents one approach faind door bails often came up with mud@round gear. The average pitch angle for
dealing with this situation: that of rank-on them indicating that doors fell overthe 1-bridle door ranged from 2.0
ing the dependent observations and thefuring some tows. During some of thél3". Unlike the 2-bridle door, average
performing the usual parametric analytows the trawl closed down to about 8 npitch angle decreased considerably with
sis on the nonparametric rank-transand stayed at that width for the rest ofhe use of the light ground gear. Ranges
formed data. He states that when thghe tow. decreased from°9to 13 for the 1-
results of analyses on both untrans- Trawl performance was more stabléridle/heavy to 1.0to 5.5 for the 1-
formed and rank transformed data difwith the addition of either the 2-bridlebridle/light. Like the 2-bridle door,
fer substantially, “the analysis on ranksioor (Fig. 6-9) or the light ground geaiscope length had little effect on aver-
is probably more accurate than thgFig. 4, 5, 8, and 9) regardless of scopage pitch angle.
analysis on the (untransformed) dat&ngth. There was relatively little vari- Bottom contact of the ground gear
and should be preferred.” To compenability in gear dimensions for the 2-was another means of assessing trawl
sate for differences among the blocksridle door/light ground gear combina-performance. Bottom contact data were
due to environmental factors, procetion. The lighter ground gear appearedbtained for 81 hauls (Fig. 10). The
dural variability, and other unknownto reduce drag and put less strain on tHttom contact sensor only measured
sources of variation, each dependenioors as indicated by reduced pitch anithe occurrence of contact and not the
variable value was assigned a rank fronoll angles (Table 3). A negative aspeciegree or angle of contact. In general,
1 to 8 within its block. Test results ofof the 2-bridle door and light ground-contact was acceptable for all the com-
all factors and interactions in thegear combination was its apparentlpinations of gear modifications except
ANOVA model using ranked data arepoor bottom contact. This is evidenthe 2-bridle/light/long and 2-bridle/
reported. After the statistically signifi- from the sporadic increases in net heighight/short. With these two combina-
cant effects were identified using rankedh many hauls (Fig. 8, 9), and in the datéions, the ground gear frequently lost
data P < 0.05), the analysis was re-on bottom contact (Fig. 10). contact with the bottom. As indicated
peated using the unranked data with the Average door pitch and roll anglepreviously, the variable bottom contact
block effect added in the model. Thisdata (Table 3) were obtained for mostor the 2-bridle/ light combination can
was done to obtain a measure of the efrauls. The average roll angle for thedlso be seen in Figures 8 and 9 where
fect on catch rates due to the signifistandard trawl (1-bridle/heavy) rangedet height suddenly increases as a re-
cant variables. from 33.7 to 37.F towards the bail side sult of the net lifting off bottom. Close
of the door. However, these averageomparison of the graphs in Figure 10
angles were artificially low because thevith those in Figures 8 and 9 shows the
Table 2.—List of variables included in analysis of vari- door tilt sensors did not record anglesorrespondence between loss of bottom

ance (ANOVA) of trawl performance and trawl catch.

Trawl catch rates were assigned ranks from 1 to 8 exceeding 45 MUd present on the doorcontact and increases in net hEIght

within each block. I i il
_balls, as well as the yarlab_lhty observedEraWI Performance ANOVA
Discrete in the plots of net dimensions, sugges

Dependent variables independent variables that the doors were fa”mg over during The overall means, ranges, and stan-

Trawl performance hauls with the standard trawl configu-dard deviations of the dependent variables
Average o o™ ration. The mean door roll angle for théncluded in the ANOVA are listed in Table
Average net height (m) 2-bridle/heavy combination was lesst and the statistical results are shown in
D e Seope than that for the 1-bridle/heavy andlable 5.The ANOVA of trawl perfor-
S.D net ;r?i?eht( é?)) Ground gear ranged from 23.0to 28.7. There was mance data corroborates what was pre-
Port pitch angle (164.) Door x Ground gear no evidence that doors used with the 2sented in the section describing general
gtarboard r(?II angle (deg.)  Scope x Ground gear bridle/heaVy Combination fe” over. tran performanceThe most |mp0rtant
tarboard pitch angle (deg.) Door x Ground gear x Scope . N .

Trawl catch rates With the light ground gear, door roll factor affecting trawl performance was the
Ranked weight CPUE (kg/km?) angles were much less than with théteraction between the door bridle and

Ranked number CPUE (no./km?)

heavy gear for both the 1-bridle and 2ground gear (Table 5lhe DOORx
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Figure 2.—SCANMAR net height, 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.—SCANMAR net height, net width, and door spread during the course of each tow for the 1-bridle-heavy-short gear
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Figure 4 —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 5.—SCANMAR net height, net width, and door spread during the course of each tow for the [-bridle-light-short gear
treatment (m=average, s=standard deviation, n=number of observations).
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Figure 6.—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.—SCANMAR net height, net width, and door spread during the course of each tow for the 2-bridle-heavy-short gear
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Figure 8. —SCANMAR net height, net width, and door spread during the course of each tow for the 2-bridle-light-long gear
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Figure 9.—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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Figure 10.—Bottom contact during the course of each experimental tow grouped by gear treatment.
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GROUND GEAR interaction was highly and door spread were wider with the 2teraction (Fig. 12). Trawl dimensions
significant for all of the trawl performancebridle door when using the heavywere more variable for the heavier
variables. This means that the effect ajround gear but the converse was truground gear when combined with the
ground gear was different depending ofor the light ground gear. The DOOR 1-bridle door. Compare this to the 2-
which door was used and vice versa. GROUND GEAR interaction for aver- bridle door, which had no difference

Average net width and door spreadge net height was the inverse of avebetween the two ground gear treat-
were wider with the light ground gearage net width and door spread. ments. The 1-bridle door also had more
when using the 1-bridle door (Fig. 11). The standard deviation of net widthyariable trawl dimensions than the 2-
The opposite was true for the 2-bridlenet height, and door spread all had haridle door, but only when using the
door. Similarly, the average net widthsimilar DOORx GROUND GEAR in- heavy ground gear.

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

Table 3.—Average port and starboard roll and pitch-angle data by tow and by treatment. Positive roll angles

indicate roll toward the bail-side of the door and positive pitch angles indicate that the front end is elevated 13), and the 2-bridle door had greater
relative to rear. pitch angles with either ground gear
Heavy ground gear Light ground gear Compared tthe 1-bridle door. Roll angles
Scope 930 m Scope 767 m Scope 930 m Scope 767 m were aISO greater_ Wlth the heavy ground
b Block 1-Bridle  2-Bridle  1-Bridle  2-Bridle  1-Bridle  2-Bridle  1-Bridle  2-Bridl gear and the 1-bridle door roll angle was
sensor [o]¢ -Bridie -Bridle -Bridie -Briale -Bridie -Briale -Bridie -Briale greater than the 2-br|d|e dOOI’ Wlth the
Starboard roll 1 225 33.3 19.1 -1.4 7.8 -1.2 heavy ground gear. There was not as much
2 25.0 19.8 40.0 34.2 2.8 5.0 17.5 15.3 . .
3 25.8 20.0 409 333 -108 15.8 48 26 difference between the two door bridles
4 20.4 17.2 37.6 25.8 -1.0 ;
. e e o s 00 e when the light grOL_Jnd_ gear Was_used.
6 414 40.9 37.3 22.8 36.1 41 -1.9 39.8 Scope was a significant main effect
: 38 sr4 413 oo o3 L7 39 for average net width, average net
2 01 206 138 256 22 12 o9 65 height, and the door roll angle (Fig. 11,
11 395 19.0 39.6 195 42 49 8.3 41 13). Averageet Wi(_jthS and port and star-
12 411 21.2 35.4 222 -2.0 12 -24 08 board roll angles increased and average
Mean  33.1 23.2 35.2 26.0 1.3 a1 6.7 8.8 ; ;
gee e 5o 32 o 155 S o7 e net height decreased with shorter scope.
Port roll 1 18.3 35.2 20.3 6.9 3.1 2.9 Trawl Catch ANOVA
2 45.0 19.0 34.7 34.7 -8.6 -4.0 44 .
; 265 3L 336 40 04 85 48 oo Tables 6 and 7 list the unranked num-
5 32.9 138 43.0 29.9 0.0 5.2 14.0 15.3 ber _and weight CPUE data bY_ DwC
6 32.0 30.5 325 23.4 -16.4 0.2 -11.2 6.0 spedes and by haul and also give the
7 40.0 21.0 40.0 24.0 -8.0 42 5.0 -1.4 .
8 26.7 22.9 mean and standard deviation by treatment.
9 32.5 21.8 28.7 34.7 11.6 9.9 13.9 ; ;
10 36.8 26.0 37.4 31.6 —4.4 3.2 20.9 10.6 The most important f"_iCtor aﬁeCt_mg
11 41.9 225 417 24.2 -35 16 3.9 -15 trawl catches was the discrete variable
;2 ‘;‘;i Zg :gj zzj ‘zi ‘;Z ‘:; ‘;i GROUND GEAR (Table 8). Catch rates
so. 95 54 45 53 92 40 95 e1  for all the DWC species and the inver-
) tebrates were significantly higher in
Starboard pitch 1 17.0 14.3 15.7 15.4 7.2 15.1 . .
2 14.0 16.7 15.3 17.9 6.1 15.2 8.1 13.8 terms of weight and number with the
3 13.8 18.9 15.7 19.1 42 14.1 3.1 14.8 ; ; _
: o b s s 35 s heavier ground gear (Fig. 14-18).
5 13.9 15.0 134 155 13 155 5.0 125 The scope length had an effect on
o We w1 M U8 &5 15 g5 1ot longspine thomyhead ranked number
8 16.5 18.4 CPUE and invertebrate ranked weight
9 13.2 16.5 9.7 15.2 45 13.3 5.2 12.1
10 14.9 18.7 10.5 20.7 5.2 15.7 7.2 14.1
11 12.1 19.0 13.6 19.6 7.2 16.1 9.9 16.5
12 8.8 175 16.3 171 6.2 14.4 62 15.0 Table 4.—Means, ranges, and standard deviations of
Mean 12.8 16.6 13.0 16.9 5.0 15.0 5.5 14.4 variables used in analysis of variance to test the ef-
S.D. 2.6 25 2.9 2.6 17 0.8 2.8 1.3 fects of gear modifications on trawl performance.
Port pitch 1 15.1 11.0 14.7 16.7 1.0 15.9 Range
2 10.4 16.5 10.7 1.1 15.2 1.2 _
3 10.2 18.3 13.6 19.0 -1.3 18.4 3.1 15.7 Variable Mean Min. Max. S.D.
4 5.6 16.5 16.6 0.7
5 8.6 12.7 5.3 13.3 2.0 16.4 3.1 14.0 Average door spread (m) 536 298 63.2 6.52
6 10.3 14.9 9.3 15.2 -1.9 15.0 Average net width (m) 165 9.3 188 1.53
7 4.6 14.6 2.4 16.9 15.8 3.4 Average net height (m) 76 62 101 0.78
8 S.D. door spread (m) 5.4 1.4 17.4 4.09
9 18.0 S.D. net width (m) 1.1 05 3.4 068
10 13.4 18.1 17.5 14.0 1.3 17.3 7.4 16.6 S.D. net height (m) 08 04 15 023
11 8.6 11.0 17.5 438 16.6 3.1 16.9 Port roll angle (deg.) 162 -54 37.116.25
12 Port pitch angle (deg.) 10.9 1.0 16.6 6.25
Mean 9.0 16.1 10.1 15.8 1.0 16.6 2.9 15.7 Starboard roll angle (deg.) ~ 17.3 1.3 35.2 13.62
S.D. 2.8 1.9 4.7 2.0 2.4 1.0 2.1 1.0 Starboard pitch angle (deg.) 12.4 50 16.9 4.65
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CPUE. Catch rates were higher in botkompared to the 1-bridle/short treatterms were not significant at a level of
cases with the long scope. Table 9 listnent (Fig. 17). Differences between ther = 0.05.
the cumulative weight of all major in- 1-bridle/long and short, 2-bridle/long
vertebrates from all hauls combined irand short, and between the 1-bridle/long
descending order of abundance. Thand 2-bridle/long treatments were not The primary objective of the gear
five most common invertebrates in trawkemarkable. experiment was to learn about the be-
catches were unidentified sea anemo- Dover sole ranked number CPUE hathavior of the standard survey trawl and
nes (order Actiniaria), the orange-pinka significant DOORx GROUND to use this information as a basis for
sea urchin,Allocentrotus fragilis GEAR interaction. Catches were sigrecommending changes to the trawl and
Psiliaster pectinatusclay-pipe sponge, nificantly higher with the heavy groundassociated fishing procedures. Based on
Aphrocallistes vasty@andMyxoderma gear when using the 1-bridle but not théhe results, we rejected the null hypoth-
platyacanthum rhomaleum 2-bridle door. The 1-bridle/heavy treat-esis that trawl performance was equal
The only instance where the DOORment also caught significantly moreamong all combinations of the three
x SCOPE interaction was significantDover sole than the 2-bridle/heavy treatgear modifications. The experiment
was for shortspine thornyhead rankedhent but the same was not true for thehowed that variability in trawl dimen-
weight CPUE. Shortspine thornyheadight ground gear. In all other cases, theions decreased after modifications to
had higher catches for the 2-bridle/shofOOR effect and all other interactionthe door bridle attachment and ground
gear weight. Of the eight combinations

Discussion and Summary

Table 5.—Results of ANOVA testing the effects of gear modifications on trawl performance. Of gear mOdiﬁcationS there was no
Deg. Deg. doubt that, regardless of scope length,
free- Mean F- P- free- Mean F- P- H 7 H

Item dom square Statistic Value Item dom square Statistic Value the 2-br|d|e/heavy and the 1-br|d|e/“ght

had the most consistent performance.

Average net width (m) S.D. door spread (m) . . .
Block 11 1.53 1.05 0.41 Block 11 6.48 0.78 0.66 Net dlmenS|onS remalned Steady! door
Door 1 6.96 477 0.03 Door 1 21625 3321 <0.0001 o]l and pitch decreased, and the doors
Scope 1 9.94 6.81 0.01 Scope 1 0.38  0.05 0.83 .
Ground gear 1 2441 1672 <00001  Ground gear 1 04 m:71 <oooor did not fall over onto the bottom. The
Door x Scope 1 2.14 1.47 0.23 Door x Scope 1 0.00  0.00 0.98 I 1 1
Door x Ground gear 1 4552 31.18 <0.0001 Door x Ground gear 1 297.76  35.80 <0.0001 pOOfeSt performlng Conflg.uratlon was
Scope x Ground gear 1 137 094 0.34 Scope x Ground gear 1 19.36 233 013 the standard trawl (1-br|d|e/heavy)
Door x Scope x Door x Scope x Ground gear 1 0.49  0.06 0.81 H H H H i
Ground gear 1 152  1.04 0.31 Residual error 77 8.32 which behaved |nconS|§tentIy with ei
Residual error 7 146 Port i angle ther scope length; that is, door spread
Average et height (m) Block o 140 2711 oo and net width oscillated significantly
Block 11 0.55 1.39 0.19 Door 1 1,527.37 308.79 <0.0001
Door 1 0.00 0.00 0.99 Scope 1 1.62 0.33 0.57 and the doors frequently, fe” OVer ln
Scope 1 371 938 0003  Ground gear 1 2575 4362 <00001  SPite of the standard trawl’s erratic per-
Ground gear 1 0.37 0.92 0.34 Door x Scope 1 18.77  3.80 0.06
Door x Scope 1 125 316 0.08 Door x Ground gear 1 23394 4730 <0.0001 fOI’mE.iI"ICE, Ca_tCh rates of all four DWC
Door x Ground gear 1 1455 36.77 <0.0001 Scope x Ground gear 1 006 0.01 091 specles and invertebrates were not SIg-
Scope x Ground gear 1 1.01 2.55 0.11 Door x Scope x Ground gear 1 243 049 0.49 s . .
Door x Scope x Ground gear 1 0.00  0.00 0.99 Residual error 44 4.95 nlflcantly dlﬁerent than the 2'br|d|6/
Residual error 150 . heavy combinations, which did the best
Starboard pitch angle . 3 L
Average door spread (m) Block 11 1686 485 <0.0001 iN terms of engineering performance.
Block 11 18.48 0.72 0.72 Door 1 941.32 271.06 <0.0001 H
Door 1 14973 581 002 Soope 1 e i Toe  These results support the thesis that
Scope 1 4650 180 018 Ground gear 1 49931 14378 <0.0001 catch rates for the standard trawl and
Ground gear 1 50147 19.44 <0.0001 Door x Scope 1 173 050 0.48 .
Door x Scope 1 4619 179 0.8 Door x Ground gear 1 1003 489 <ooco1 the 2-bridle/heavy are the same. All
Door x Ground gear 1 1,081.72 4194 <0.0001 Scope x Ground gear 1 002 0.0 095 combinations with the |ight ground gear
Scope x Ground gear 1 1145 044 0.51 Door x Scope x Ground gear 1 102 029 0.59
Door x Scope x Ground gear 1 739 029 0.59 Residual error 67 3.47 performed We"y bUt bOttom contact was
Residual erfor mooBm port roll angle poor with the 2-bridle door and catch
S.D.netwidth () Block 1 el 160 o012 rates were significantly lower for all
Blocl 11 0.19 0.85 0.59 Door 1 41.75 0.97 0.33 - . .
Door 1 860 39.17 <0.0001 Scope 1 ei2ss 1415 oocos DWC species and invertebrates. This ex-
Scope 1 024  1.08 0.30 Ground gear 1 17,047.58 394.02 <0.0001 periment C|ear|y showed that reducing the
Ground gear 1 8.20 37.34 <0.0001 Door x Scope 1 2349 054 0.46 .
Door x Scope 1 010 044 051 Door x Ground gear 1 1,160.63 26.83 <0.0001 Welght of the ground gear affected the
Door x Ground gear 1 8.31 37.88 <0.0001 Scope x Ground gear 1 1.01  0.02 0.88 1 1C1
Scope x Ground gear 1 0.02 0.07 0.79 Door x Scope x Ground gear 1 8753  2.02 0.16 Captunng eﬁI,CIenCy Of the tran'
Door x Scope x Ground gear 1 0.00 0.01 0.92 Residual error 65 4327 Phy5|cal differences between the two
Residual erfor moooz Starboard oll angle ground gears we compared were minor
S.D. net height (m) Block 11 14306 207 004 except for a 270 kg difference in dry
Block 11 0.03 1.15 0.33 Door 1 215.54 3.13 0.08 . . .
Door 1070 2320 <0.0001 Scope 1 3306 497 o003 Weight. Yet we observed a major differ-
Scope 1 0.10 3.37 0.07 Ground gear 1 11,763.82 170.58 <0.0001 i
Ground gear 1 0.67 22.08 <0.0001 Door x Scope 1 0.06  0.00 0.98 ence in hOW eaCh Of the two grou.nd
Door x Scope 1 002 066 042 Door x Ground gear 1 raaas 1079 0002 gears tended bottom and caught fish.
Door x Ground gear 1 0.73 2399 <0.0001 Scope x Ground gear 1 4797  0.70 0.41 _hri :
Scope x Ground gear 1 0.08 2.53 0.12 Door x Scope x Ground gear 1 8.04 012 0.73 Poor bOttom Conta(_:t Of the 2 brldle/llght
Door x Scope x Ground gear 1 0.00 0.10 0.75 Residual error 63 68.96 treatment was ObVIOUS, and escapement
Residual error 7 0.03

under the ground gear may be one rea-
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Figure 11.—Results of ANOVA to test the effects of the gear treatments and their interactions on the means of door spread, net

width, and net height. Statistically significant effects (P<0.05) are with uppercase letters.

son for its lower catch rates. We did not
detect the ground gear rising off bot-
tom during the 1-bridle/light treatments,
but the contact may have been lighter

60(1), 1998

than with the heavy ground gear, allow-
ing more fish escapement.

The most obvious and direct way fish
escape trawl capture is through 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

17



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 (Engas
and Godg, 1989; Dahm and Wienbeck,
1992; Godg and Walsh, 1992; Walsh,
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Figure 12.—Results of ANOVA to test the effects of the gear treatments and their
interactions on the standard deviations of door spread, net width, and net height.
Statistically significant effects (P<0.05) are with uppercase letters.
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1992; Munro et al., 1997; Weinberg and
Munro?). Escapement greater than 50%
for some groundfish species has been
observed (Engas and Godg, 1989;
Dahm and Wienbeck, 1992; Godg and
Walsh, 1992; Walsh 1992).

Engés et al. (1988) compared the ef-
fects 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 effi-
ciency. Main and Sangster (1983) stud-
ied the effects of 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
of fishes to the gear.

Ground gear can also indirectly af-
tect fish catching efficiency by influenc-
ing trawl performance. Each DWC spe-
cies may react differently to an oncom-
ing 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 heavy 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 I-bridle/heavy treatment,
and the door spread and net width were
narrower and more erratic. Sablefish
show more oft-bottom behavior (Adams
et al., 1995) and they are powerful
swimmers capable of long migrations
(Shaw and Parks, 1997). Thornyheads,
on the other hand, are sedentary, are fre-
quently observed in depressions or next
to objects, and move little unless dis-
turbed (Wakefield, 1990; Krieger,
1993). Sabletish could escape using any
number of routes around the side, over
the top, or under the ground gear. In

* Weinberg, K. L., and P. T. Munro. The effect of
artificial light on escapement beneath a survey
trawl. Unpubl. manusc., 20 p. Avail. at Alaska
Fish. Sci. Cent., 7600 Sand Point Way N.E., Se-
attle, WA 98115.
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Figure 13.—Results of ANOVA to test the ef-
fects of the gear treatments and their interactions
on door attitude. Statistically significant effects

(P<0.05) are with uppercase letters.
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contrast, by the time a thornyhead erthe trawl is first detected (Foster et al.m difference between the two scope
counters the ground gear of an oncon981; Engas and Godg, 1986). lengths that we used. With the 1-bridle/
ing trawl, its only portals of escape are This experiment detected few signifi-light and the 2-bridle/heavy treatments,
straight ahead or under the ground gearant effects of the scope on trawl pertrawl performance was consistent with
through the meshes, or into the trawlformance or catch rates. The opportweither long or short scope. Similarly,
In any case, the effects of changes amity for observing scope effects was limboth scopes had equally inconsistent
trawl geometry and trawl performanceted because we tested only two scopeaw! performance with the 1-bridle/
to catching efficiency will vary depend-lengths at a single target depth. If a scogeeavy treatment, and both scope lengths
ing on what aspect of the trawl the fisteffect existed, however, a measurable difiad poor bottom contact with the 2-
encounters and the fish's behavior wheference would be expected with the 168ridle/light treatment. Scope can affect
the upward vector of the warp tension
on the doors, which can affect door be-
havior and, thereby trawl performance
(Carrothers, 1981). The short scope did
Heavy ground gear Light ground gear result in significantly less door spread
Scope 930 m Scope 767 m Scope 930 m Scope 767 m and net width, but differences were less
than 1 m. Rose and Walters (1990)

Table 6.—Catch rates (kg/km 2) for selected fish species by block and by treatment.

Catch rate (kg/km?)

Species Block  1-Bridle 2-Bridle 1-Bridle 2-Bridle 1-Bridle 2-Bridle 1-Bridle 2-Bridle h d th t A d
showed that inverse scope was a goo
Dover sole 1 832 234 150 445 910 302 1,124 211 d t f t dth bpt th t th g f
2 618 111 867 301 442 152 134 788 pre IC_OI‘_ (_)I‘ ne W' u at the el-
3 218 281 135 n 50 e 110 203 fect diminished in deeper water. At
5 152 148 1,067 1,122 689 193 509 607 greater depths, the mwar_d tension
¢ 286 s e o 283 2 P P caused by the hydrodynamic force on
8 1,001 981 2,133 1,167 1,019 2,208 412 854 trawl warps may minimize the effects
1 11 03 11 e 213 s 11s a0  Of changesin scope length.
1 619 325 580 417 338 330 192 409 The only catch rates significantly af-
;2 12?2 22‘5’ 12;2 gzg ZZ? jzi 122? ggi fected by scope were those of longspine
so 480 b o ey 2350 038 Pty > thornyhead number and invertebrate
, weight. The fact that the scope effect
Sablefish 1 1,076 1,106 1,004 586 614 961 464 907 . . .
2 1,538 801 1526 710 636 210 1,115 421 was significant for longspine thorny-
: ot 1800 e o e o7 4% M head number but not weight indicates
5 382 179 174 656 496 1,070 671 197 that smaller-sized longspine thorny-
6 1,040 189 613 670 283 79 293 351 H H H
7 696 1,587 797 1,258 491 1,084 465 sss  heads (<12 mm), which did not contrib-
8 972 710 1,359 2,004 323 685 675 1,152 ute significantly to the total weight,
9 1,163 587 1,911 582 1,330 1,005 1,230 766 . .
10 380 1,292 1,203 1,141 670 723 435 450 Were belng Captured more effectlvely
u P Lo o 226 ur su bot 768 with treatments having the longer scope.
Vean 801 951 020 71 a4 666 632 620 Invertebrates are not highly motile and
s.D. 380 538 513 491 328 388 346 355 have a static response to the trawl so
Longspine 1 53 204 248 15 6 256 9 9 there must be an active mechanism for
thornyhead 2 a7 196 1 289 126 221 us 225 herding the invertebrates into the trawl's
4 53 56 390 386 304 144 231 ge  path. Turbulent wakes generated by the
: us 166 s bpes bt a0 2 2n doors contain dirt and detritus off the
7 352 142 226 257 153 115 137 156 Sea bed and roughly follow the bridles
: 1 o W o st s ey o9 tothe wingtips (Carrothers, 1981; Main
10 510 763 24 1,340 295 567 10 11 and Sangster, 1981). Longer scopes may
11 4 12 37 2 5 11 2 5
2 55 167 51 532 239 390 361 176 have generated turbulent wakes that
Mean 262 251 315 336 238 268 174 199 pushed sedentary _mvgrtebrates .and
sb. 230 225 256 367 228 101 165 6 small and weak-swimming longspine
Shortspine 1 641 808 845 590 938 815 739 887 thornyhead into the path of the trawl
thornyhead 2 1,001 641 656 1,031 732 773 705 1,275 resulting in hlgher CatCh rates
3 914 761 618 931 502 596 679 1,123 "
4 527 978 1,135 1010 1,122 444 850 855 Door changes can affect capture ef-
5 653 597 1,220 844 816 703 744 750 A H
6 940 1362 1,042 1109 1175 1253 1172 114 ficiency of a trawl (Main and Sangster,
7 1,327 1,291 1,225 982 1,584 1,319 882 891 1979, 1981; Byrne and Forrester, 1987),
8 1,471 1,466 905 1,574 875 902 1,194 1,405 . . . e
9 003 1033 318 852 743 649 514 741 but in this experiment the door modifi-
00 1%l o ST 1223 e 803 ger 1246 cation itself showed no direct effect on
12 958 1237 1015 1,005 1,176 699 956 536 catch rates. The NMFS Northeast Fish-
Mean 929 987 924 982 914 785 792 947 eries Science Center did hundreds of
S.D. 343 313 235 259 315 271 245 294

paired tows and found that a change in
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doors Significantly affected catch rateSabie 7.—catch rates (no./km 2) for selected fish species by block and by treatment.
for Atlantic cod,Gadus morhuahad-
dock,Melanogrammus aeglefinuand

Catch rate (no./km?)

other species (Byrne and Forrester, Heawy ground gear Hight ground gear
1987)_ Our door modification was a Scope 930 m Scope 767 m Scope 930 m Scope 767 m
minor change in comparison. Anothegpecies Block 1-Bridle  2-Bridle  1-Bridle  2-Bridle  1-Bridle  2-Bridle  1-Bridle  2-Bridle
dlﬁerence was that they did not Stans e sore 1 1,970 300 338 1,058 2,043 497 2,850 361
dardize their catch data for area swept, 2 699 272 1,559 639 901 317 196 1,413
iynifi ; 3 428 405 221 322 90 236 173 383
SO S|gn|f|car_1t changes in catch_ rates A 286 o1e 67 s 301 20 180 b
could be attributable to changes in area 5 404 282 1,702 1,803 992 306 783 1,067
: : 6 540 320 218 174 382 412 135 292
swept resulting from changes in trawl 7 1,109 870 707 1,098 882 1,383 728 438
performance' Our analysis tested the 8 1,114 1,173 3,769 1,316 1,079 3,856 494 1,320
: 9 156 393 128 64 31 68 117 127
effects of the different door types after 10 1,292 352 2585 2,808 296 149 2,026 534
i7i 11 1,237 607 726 814 689 760 351 653
standar_d|2|ng catch data for area swept 12 2,329 821 1,333 1524 1,193 644 1,185 492
and taking into account variation from Mean 972 so1 1139 978 747 737 268 617
other gear effects. SD. 670 302 1121 813 564 1,044 863 420
_Some O_f the ObViOU_S |i_rni'.[ati0ns OFf sapiefisn 1 805 779 705 369 464 564 353 638
this experiment were its limited num- 2 Lo 570 %0 426 422 1e8 699 s01
ber qf tows, low statistical power, and 4 745 307 211 113 120 0 26 118
restricted depth. We attempted to con- : 2 e s P o ore oo ol
trol sources of variation using the ran- 7 459 986 471 760 323 708 336 438
domized block experimental design : 7 S ) SR oo o A
(Bergh et al., 1990) and by ranking the 10 274 705 888 669 532 477 322 309
data (Conover, 1980). The limited depth o w1 7e as s i ss 209
range of this gear experiment was an- Mean 560 584 640 498 331 428 427 407
other drawback because the WCUCS sb. 261 319 s 318 190 245 212 224
slope survey is conducted at depthSngspine 1 1,887 2,756 4,680 418 495 4,278 299 971
; ornyhead 2 7,366 5431 3,419 5174 3,265 6,022 2,934 3,697
ranging from 183 to 1,280 m, and théh 3 6,072 4571 2,759 1,707 6,126 3,573 2,541 3,067
observed gear effects may vary with 4 2,648 3313 5938 5376 5,236 2,103 3,656 2,634
species and depth. For example, short- o o357 azm%  4see  4ce 33 1e0s oo ale
spine thomyhead’ Iongspine thorny- 7 8,378 4,525 4,410 6,758 4,939 4,343 4,453 3,097
. 8 4,344 6,920 8917 4,875 6,702 5,173 4,966 7,394
head, and Dover sole each have a dis- 9 13,909 13,582 9,542 7,655 10,313 6,734 7,249 8,396
i i - 10 13434 17,623 261 12,676 7,358 11,757 900 478
tinct bathymetric demography (Jacob 19 S e ihe o P o % A
son and Hunter, 1993; Jacobson and 12 16137 10,027 9,709 6,576 6,824 10,247 7,479 3,939
Vetter, 1996). Furthermore, depth de- Mean 7,010 6,695 5270 5088 5567 5,186 3,650 3,452
pendent environmental conditions may sD. 5118 4754 3,096 3397 3,416 3,259 2,563 2,435
affect the way each species responds jeince, 5 208 170 S Sam 4 sere 4o son
trawl modifications. 3 8,767 5,121 6,759 9,662 5558 4,955 6,325 5,809
4 5,848 9,386 6,219 5939 6,710 2,463 4,815 6,007
Revised Survey Gear 5 5,099 4911 6,481 4,780 4,677 3,850 4,057 3,735
and Towing Protocol 6 5173 8492 6,943 8131 5847 9,164 6,761 7,147
7 7,651 9,920 6,800 5603 8261 8,203 6,442 4,348
L 8 12173 12,216 2,878 17,853 7,327 2,635 8,780 4,870
After considering the gear perfor podmoomogmotmoomofmoom g
mance results, we decided that the 2- 11 3555 5070 7742 7.992 4734 4030 4995 3472
bridle door should be selected as a per- 12 6,155 7,330 6,250 5,201 8,445 4,028 6,181 3,302
Mean 6,546 6952 5629 7013 6,152 4,675 5,794 5,721
manent change to the WCUCS survey SD. 2363 2589 1534 3874 1548 2,022 1,576 2,774

trawl starting in 1995. This and one
other modification were made to the

trawl in addition to several changes tespeed over ground was increased from 345 mentioned in the Methods section,

towing procedures. The other change tkm/h (2.0 knots) to 4.3 km/h (2.3 knots}he ship’s Rapp-Hydema winch system

the trawl was a reduction in the numbewith an acceptable range £0.6 km/h. was performing inconsistently and its

of links in the 9 mm drop chains attachSpeed was increased slightly to improvevarp metering and pressure adjustment/
ing the fishing line to the footrope fromvessel steerage and to increase powkalance functions were questionable.
5 links to 2 links. Towing protocol to the doors to further improve the conScope ratios used from 1989 to 1993
changes included towing speed, towgistency of trawl performance. Tow du-were probably variable between depths
duration, scope ratio, trawl warp meterration for depths greater than 732 m waand survey years because the trawl warp
ing, and trawling mode of the Rapp+educed from 60 to 30 minutes so thamnetering system was unreliable and the
Hydema winch system. Target vessdbw duration was equal for all depthsstandard scope table was not strictly
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followed. A new standard scope tablegear experiment, was used starting iresembles the original or “long” scope
based on empirical data from the 1994995. The new scope table most closel@able (e.g. 900 m compared to 930 m at

Table 8. —Results of ANOVA testing the effects of gear modifications on standardized ranked sample densities.

Item

Mean
dom square

E-

Statistic Value Item

Deg.
P- free- Mean
dom square

E-

p-

Statistic Value

Ranked Dover sole (kg/km?)
Door
Scope
Ground gear
Door x Scope
Door x Ground gear
Scope x Ground gear
Door x Scope x Ground gear
Residual error

Ranked Dover sole (kg/km?)
Door
Scope
Ground gear
Door x Scope
Door x Ground gear
Scope x Ground gear
Door x Scope x Ground gear
Residual error

Ranked sablefish (kg/km?)
Door
Scope
Ground gear
Door x Scope
Door x Ground gear
Scope x Ground gear
Door x Scope x Ground gear
Residual error

Ranked sablefish (kg/km?)
Door
Scope
Ground gear
Door x Scope
Door x Ground gear
Scope x Ground gear
Door x Scope x Ground gear
Residual error

e

@

DR R RRRRPP

o)

e N e

@

o)

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
63.38
10.67
7.04
1.04
0.38
4.77

0.67
0.17
42.67
10.67
8.17
1.50
1.50
4.98

Ranked shortspine thornyhead (kg/km?)

Door

Scope

Ground gear

Door x Scope

Door x Ground gear

Scope x Ground gear

Door x Scope x Ground gear
Residual error

@

2.04
0.67
32.67
5.04
18.38
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
0.08

0.14
0.31

13.30

224
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
0.85
191

Ranked shortspine thornyhead (kg/km?)

0.36 Door 1 6.00
0.64 Scope 1 0.17
0.02 Ground gear 1 2017
0.055 Door x Scope 1 2017
0.04 Door x Ground gear 1 0.67
0.36 Scope x Ground gear 1 1.50
0.58 Door x Scope x Ground gear 1 16.67
Residual error 88 4.98
Ranked longspine thornyhead (kg/km?)
0.12 Door 1 3.38
0.58 Scope 1 37.50
0.047 Ground gear 1 5104
0.12 Door x Scope 1 1.04
0.06 Door x Ground gear 1 1.50
0.36 Scope x Ground gear 1 1.04
0.78 Door x Scope x Ground gear 1 13.50
Residual error 88 4.49
Ranked longspine thornyhead (kg/km?)
0.71 Door 1 2.04
0.58 Scope 1 0.67
0.0004 Ground gear 1 3504
0.14 Door x Scope 1 0.38
0.23 Door x Ground gear 1 16.67
0.64 Scope x Ground gear 1 1204
0.78 Door x Scope x Ground gear 1 10.67
Residual error 88 4.84
Ranked invertebrates (kg/km?)
0.72 Door 1 0.17
0.86 Scope 1 266.67
0.004 Ground gear 1 3750
0.15 Door x Scope 1 0.17
0.20 Door x Ground gear 1 2.67
0.58 Scope x Ground gear 1 0.17
0.58 Door x Scope x Ground gear 1 0.67
Residual Error 88 2.23
0.52
0.71
0.01
0.31
0.06
0.36
0.17

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

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
0.12
0.14

0.79

119.73 <0.0001
16.84 <0.0001

0.79
0.28
0.79
0.59

Table 9.—Cumulative weight for the 20 most common invertebrates caught during the 1994 west coast upper
continental slope trawl gear experiment.

Scientific name

Common name

Sum of weight (kg)

Actiniaria (order)
Allocentrotus fragilis
Psilaster pectinatus
Aphrocallistes vastus

Myoxoderma platyacanthum rhomaleum

Ophiuroidea (class)
Octopus sp.

Neptunea amianta
Pseudostichopus mollis
Porifera (phylum)
Berryteuthis magister
Pasiphaea pacifica
Brisaster sp.
Amphiophiura ponderosa
Chionoecetes tanneri
Cephalopoda (class)
Scyphozoa (class)
Hexactinellida (class)
Salpida (order)
Asteroidea (class)

Sea anemone unident.
Orange-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
261.14
147.23
96.71
89.99
45.90
43.77
31.62
31.25
25.19
17.28
16.33
15.42
11.30
10.66
8.85
7.13
5.08
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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 de-
termining the amount of wire payed out
during trawl operations. Rather than
using the autotrawl function, 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 Survey
and Time Series Continuity

Maintaining a time series as a repre-
sentative measure of relative abundance
of the DWC species requires that the
trawl survey use a consistent sampling
gear and standardized sampling meth-
ods. 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 tow-
ing protocols starting in 1995. By mak-
ing modifications, we faced the di-
lemma 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 assess-
ing the stocks. We concluded from this
experiment that catch rates for all four
DWC species were not different be-
tween the standard survey trawl and the
2-bridle/heavy. However, there is no
empirical data to determine if the revi-
sions in addition to the 2-bridle door (as
mentioned above) would further affect
the way the trawl qaures fish. Hence,
one can only speculate how the collec-
tive changes affect the trawl’s fish catch-
ing efficiency and time series continuity.

A primary concern is whether there
was a shift in the measure of relative
abundance from the trawl surveys be-
fore and after the modifications. It is
conceivable that the collective changes
helped to increase the precision of sur-
vey results without introducing a new
bias. If such were the case, only the
width of the error bars surrounding in-
dices 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 aaccompanying shift in
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the survey’s abundance indices and inclu-
sion 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 variabil-
ity in sampling methodology so that
tows could be repeated in a more stan-
dardized fashion. Results from this ex-
periment also indicated that scope had
little effect on catch rates except for
longspine thornyhead numbers and in-
vertebrate weight. These changes argu-
ably 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,
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and it is possible they could have intro-
duced new biases into survey data
(Carrothers, 1981; He, 1993; Walsh et
al., 1993). Unfortunately, there are no
experimental data or published informa-
tion 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 without such data it is hard to specu-
late if and how these revisions would
affect catch rates. The increase in speed
was small, and it is likely that trawling
officers 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 than

t

Ground Gear

Figure 17.—Results of ANOVA to test the effects of gear
modifications and their interactions on shortspine
thornyhead catch rates. Catch rate estimates are from an
ANOVA done on unranked catch rates and probability val-
ues are from an done on ranked catch rates. Statistically
significant effects (P < 0.05) are with uppercase letters.

732 m. The original rationale for hav-
ing hour-long tows at greater depths was
that it was suspected that there were
fewer 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 escape route between the ground
gear and footrope. Video of the slope
trawl ground gear and comparative gear
experiments by other researchers using
trawl underbags indicate that more es-
capement is occurring underneath the
ground gear and not between the gaps
between the ground gear and footrope.
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