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PART I. EXECUTIVE SUMMARY

The West CoastGroundfish Mesh Size Studyis a multiphase, interdisciplinary research effort.
This report focuses on the results of Phase II, the preliminary field study conducted in 1988. In

addition to describing field and analytical methods and results, we also discuss the planning
process that was used to design and conduct the study, and present the rationale for decisions that
were ultimately made.

Extensive effort was expended in developing the experimental design for the field study. At an

early stage it was determined that gross revenues per trawling hour was the key response variable

to be examined in developing the experimental design. A general methodology for evaluating sta
tisticaldesigns for comparativefishing experiments was developed, and applied to data collected

previously on the West Coast groundfish fishery. Results of this application were used to select a

final experimental design for the 1988 field work. The decision was made to test four experimental
codend types (3", 4.5" and 5" diamond mesh codends, and 5" square codends), and to use a ran

domized complete block design. This required that all four experimental codend types be employed
during each fishing trip. Experimental fishing permits were obtained which allowed participating
vessel owners and skippers to use detachable codends, and also waived trip quota restrictions. A
great deal ofeffort was also expended indeveloping experimental codend design, overseeing
codend construction, soliciting and coordinating industry participation, hiring and training field
samplers, anddeveloping field, data recording anddataanalysis procedures.

Atotal of26 experimental trips were conducted aboard 21 vessels during 1988. Average trip
duration was 4.5 days, resulting in a total of 117.5 days ofsampling effort. Tows were assigned
to one oftwo sub-studies: (1) Rockfish: Fishing directed at a mixture ofrockfish (Sebastes spp.)
using roller gear on hard bottom, and (2) Flatfish: Fishing using mud gear or combination mud-
roller gear on soft bottom directed primarily at the deepwater assemblage, but also including
relatively shallow water tows directed at a mixture offlatfish and other species.

The results clearly demonstrated that codend mesh size and type have a significant impact on
important characteristics of the catch when fishing occurs under commercial production conditions.
Specifically, inmany instances increases in diamond mesh size resulted in significant decreases in
gross revenues per trawling hour, catch sorting time, and discarded catch weight, and increases in
mean length of individual species and in the extent ofgilling. Although analyses conducted for
individual species were less conclusive than those conducted on data for all species combined,
individual speciesresponses were similarto the results seen for the combined data.

Differences in responses were seen between the rockfish and flatfish sub-studies. Mean dura
tion of flatfish tows was more than twice that of rockfish tows. Rockfish fishing generated more
revenues than flatfish fishing (on a per trawling hour basis), but rockfish fishing was much more



variable in terms of catch amounts and species composition of the catch. Gilling is amuch greater
problem for rockfish than for flatfish fishing.

Our results indicate that there isaneed to conduct additional research on the effects of changing
codend type on the fishery. With the sample sizes obtained, large changes ingross revenues per
trawling hour (DPH) were detected, but greatersample sizes would be needed to estimate smaller

(but important) changes in DPH. The same is true formany of the otherresponsevariables exam

ined, particularly, individual speciesresponses. The 1988 field work examined only fourcodend

types and two fishing strategies, and there is a need to extend the fieldwork to other codend mesh

sizesandothersegments of the fishery. Field work to be conducted during 1989 and 1990 will

produce a great deal of additional information. Results of the 1988 field study will provide

information needed to develop appropriate experimental designs for these later field studies.

In addition to field studies, further analytical andmodelingwork is needed to fully evaluate the

consequences of alternative mesh size regulations. While the analyses presented in thisreport are

relevant to anassessment of short-term effects of changes in mesh size andshape, the long-term

effects of such changesmust alsobe considered. Such analyses will be conducted as part of the

fifth and final phase of this study.



PART II: INTRODUCTION

The multispecies groundfish resources off the west coast of the United States are under in

creasing pressure from a diversified fishing effort This has caused implementation of manage

ment regimes by the Pacific Fishery Management Council (PFMC) that many believe to be overly

complex, inefficient and wasteful. There is alsoconcern that some fish stocks are inadequately

conserved by present management techniques, and hope that alternativeapproachesmay enhance

production and the economic statusof the fishery.

The fishing industry and those who regulate it have repeatedlyrequested that research be con

ducted to assessthe potential for mesh size regulations to improve management since the Fishery

Management Plan for groundfish (Pacific Fishery Management Council 1982, Section 13,3,1(3))

was developed. Several obstacles have prevented such studies from coming to fruition. The

expense of the requisite studies is very large, and no single funding source is available to fully

support these studies. The research requires an interdisciplinary approach and must involve

coordination of the efforts of persons with diverse areasof expertise. In addition, there is a risk

that if such studies were conducted, the results could indicate that mesh size regulations may not

significantly improve management of the fishery. The potential risk of failure of such research to

solve existing problems, coupled with the high costs of conducting and coordinating the research,

led funding entities to hesitate to provide funds for the research. The lack of adequate research on

mesh size effects has prevented evaluation of the costs and benefits of alternative mesh size

regulations, which could lead to regulatory changesbenefitting the industry.

However, during the past few years, much progress hasbeen made in obtaining funding for,

andconducting, mesh size research. Results of these preliminary efforts indicate that there is a

goodchance thatresearch in this area will ultimatelyproduce substantial benefits. Application of

the results of such studiesmay greatly enhance the biological production andeconomic condition

of the fishery, reducediscard of fish, andreduce sorting time at sea. Effective formulation of

mesh sizeregulations could simplify and reduce thecosts of management, reduce the severity of
alternative management measures, allow for easier and lessexpensive enforcement, and provide
more equitable management

In order to evaluate, and ultimately to realize, the potential benefits of mesh size researchand

application to the Pacific groundfish fishery, a four-phase research plan was initially developed.
Recently, the research plan has been modified to include five phases. The project is structured so

that the information derived in each phase is used todevelop subsequent phases. Major objectives
for each phase are as follows:



Phase I: Compile life history and fishery information on species of major importance to the West
Coast groundfish trawl fishery. Develop amodel (expansion of the Pikitch (1987) model)
of the fishery. Using existing data, apply the model toestimate the magnitude of benefits
that could be realized through gear regulation changes. IfPhase I indicates that significant
benefits may accrue from further analysis of gear effects, proceed to Phase II.

Phase II: Design and conduct a pilot field study in 1988 toobtain apreliminary assessment of the
effects ofvarious trawl codend mesh sizes and configurations on catch amount, composi
tion,value and sorting time, andto provide data needed to plan Phase III.

Phase HI: Design and conduct acomprehensive field study under commercial fishing conditions
during 1989 to obtain a more complete assessmentof the effects of codend mesh size and

shape on important fishery responses.

Phase TV: Design and conduct a field study under commercial fishing conditions during 1990 to
obtain an assessment of the effects of codend mesh size and shape, focusing on previously
underrepresented fishing strategies and geographic areas (i.e., beach draggers and
California rockfish vessels).

Phase V: Refine themodel developed in Phase I to permit examination of dynamic effects, and to
incorporate variability and uncertainty ofmodel parameters. Using data obtained during
Phases II, HI, and TV, apply the model to predict the short- and long-run consequences of
changes in codend mesh size and shape on bioeconomic yields of the WestCoast ground
fish fishery. Integrate the results of the gear studies with information from previous studies
intoa synthetic framework for theanalysis of the impacts of management alternatives.

Present the results to the PFMC, its advisory bodies, and the broader scientific community.

Phase I wascompleted in December 1987. Results of Phase I predicted that an increase in
trawl codend mesh sizewould both increase equilibrium yields from a segment of the fishery and
reduce the sensitivity of yield tochanges ineffort (Vaga and Pikitch 1988), potentially reducing the
need for, orseverity of, alternative management measures. Phase I also documented the paucity of
empirical information on the selectivity properties of trawl codends and the sensitivity of theresults
to the gear selectivity parameters (Vaga andPikitch 1988; Rogers and Pikitch 1989). Thus, Phase

I results indicated thatchanges in mesh size regulations could potentially yield large benefits, but

that field and further analytical research were needed toaccurately determine optimal mesh sizes for

management purposes. The PFMC urged that remaining phases of the study be conducted.

This report focuses on the results of Phase II, the preliminary field studyconducted in 1988.

In addition todescribing field and analytical methods and results, we also discuss the planning



process that was used to design and conduct the study, and present the rationale for decisions that

were ultimately made.



1.1 The Planning Process

PART III: APPROACH

1. PRELIMINARY CONSIDERATIONS

From the outset it was recognized that successfully conducting a projectof this nature would

require input from persons with diverse areas of expertise. Thus, an advisory group was estab

lished, which included fishermen, gear specialists, fishing industry association leaders, scientists

and managers from state and federal agencies, and researchers from other universities. The indi

viduals who participated in the Mesh Size Advisory Group, and their respective affiliations, are

listed in Appendix A. The Mesh Size Advisory Group met several times during the course of

Phase II. In addition to attending group meetings, members also provided advice and support on
an as-needed basis. In particular, members of the advisory group helped to recruit fishermen

throughout the course of the study, and contributed greatly to gear design and modification. We

also sought the opinions of fishermen participating in the study, and consulted others not directly

associated with the project on numerous occasions.

1.2 Identification of Critical Response Variables

Figure 1 shows a hypothetical yield trajectory for a fishery which, from an initial state at equi
librium, is suddenly subjected to a change in gear type used by the fishing fleet. In this example,
the gear change envisaged is an increase in codend mesh size.. The immediate effect is a drop in

yield, due to a movement of selectivity towards larger, olderand less abundant fish and awayfrom

the more abundant smaller fish. However, in this example, with the increase in mesh size, more of

the smaller fish will grow and survive to adulthood, and eventually, yields will increase to a new

equilibrium level.

Earlier modeling studies conducted for various segments of the Pacific trawl groundfishery

(Pikitch 1987; Vaga and Pikitch 1988) indicated that an increase in mesh size would result in an

increase in sustainable yields over the long term, but did not consider short-term non-equilibrium

effects. These immediate effects deserve attention, since if short-term losses are very severe, the

fishing industry could face financial disaster, and not survive to experience the increased sustain

able yields forecast by scientists. Furthermore, estimates of long-term effects are less certain than

short-term predictions, because the former are dependenton the accuracy of a number of assump

tions about population dynamic ^nd the response of the fishing fleet to a change in regulations.

In contrast, many of the short-term consequences of a change in mesh size can be measured

direcdy in the field. While estimates of long- and short-run effects are both needed to formulate



changes in management policy, we focused on the ability to measure short-run effects in deter

mining key response variables upon which to base the experimental design.

The mostimportant yield-related quantity was identified to be thecash value of a tow per unit
of tow time, C, and this measurewas therefore chosen as the critical design responsevariable. We

define t tobe the variable denoting towtimeand letcqm be thecatch by weight from asingle tow
using net m, for speciesq. When there are Q marketable species in a fishery, the cash value of a

tow per unit tow time, using gear type m, Cm, is

Q
£pqcqm

Cm =S=V- (1)
where pqis the price per unitweight in dollars for species q (q= 1,..., Q).

Differences in Cm among gear typeswith different codend mesh sizes wereanticipated to be

accompanied by differences in the mean lengthoffish caught. Logically, catches shoulddecrease

and fish meanlength should increase with an increase in mesh size. Mean lengthestimates thus

provide an additional checkon the towcash value results. In addition, information on length-
frequency distributions offish retained by codendsof different mesh sizes is needed to estimate

species-specific gear selectivity coefficients. These estimates will play akeyrole indeveloping
refined predictions of long-term effects of mesh size changes, which will be pursued in later
phases of the study.

Mean fish lengths by species for asingle tow are given by (iq, where

^ =(£liq)/nq (2)
i=l

where nq is the total number offish from species qin the catch ofan unspecified tow, and Uq is the
lengthof the ith fish caughtof speciesq.

1.3 Decision to Use Commercial Vessels

The decision touse alarge number ofcommercial trawl vessels operating under production
fishing conditions instead ofresearch charters was made at avery early stage of planning for the
1988 field work. A major advantage of this decision was itscost-effectiveness, since vessel time
would bedonated by fishermen under this plan, whereas additional funding would have been
required tocharter vessels. In addition, astrong argument was presented by fishermen that the
results ofdata collected on charters had little credibility with the fishing community. From a
scientific standpoint itwas acknowledged that extrapolating the results from research charters to the
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commercial fleet would involve making a number of questionable assumptions, which could be

avoided by carrying out the experiments under as close to ordinary commercial operating

conditions as possible.

This decision ruled out the possibility of using specialized fishing techniques often employed in

gear experiments, such as covered codends (Margetts 1956, 1959; Otterlind 1959; Hodder and

May 1964; Robertson 1983; Robertson et al. 1986), trouser trawls, or parallel trawls. The advan

tage of such techniques is that they reduce variability of the data obtained, thus reducing the

amount of sampling effort needed to detect differences among treatment types (Pope 1963; Pope et

al. 1975). However, these techniques may also generate biased results (Stewart and Robertson

1985), limiting the direct application of results to management decision-making.

Overall, it was felt that the advantages of conducting our experiment under commercial condi

tions outweighed the advantages of other techniques. However, we recognized that the experimen

tal design would have to be carefully planned in order to make the best use of available resources,

and to assure that the results obtained would be statistically reliable.

1.4 Identification of Mesh Types for 1988 Field Work

The codend mesh types that were eventually chosen for field work in 1988 were 3", 4.5", and

5" diamond and 5" square. This choice was motivated by a number of different factors.

In the first instance, there was consensus by all interested parties that as many codend types as

possible should be investigated. There was also, however, an appreciation that increasing the

number of treatment types would increase the sampling effort required to obtain statistically signi

ficant results. Preliminary calculations showed that no more than four treatment types could be

used, given the available sampling resources.

The 3" and 4.5" mesh codends were chosen primarily because they corresponded to existing

minimum mesh size regulations for gear types employed in the fishery. It was also thought that the

large size difference between the 3" and the 4.5" mesh would result in good contrast between

responses, and hence easily lead to statistically significant results with the moderate sampling

resources available. Moreover, the view was expressed that one of the first changes in mesh size

regulations that might be contemplated is the replacement of the 3" minimum mesh size by 4.5",

and good data would be needed to argue the meritsof such a decision.

Mesh sizes smaller than 3" were not considered because it is unlikely that decreases in regula

tory minimum mesh size would be considered for the groundfish complex, and becausediscard

rates were anticipated to be unacceptably high for mesh sizes less than 3".

A larger diamond mesh size was proposed as the third treatment type. The basis for this pro

posal was that three seemed to be the minimum numberof mesh size treatment levels needed to

define catch responses for a particular mesh type (in thiscase,diamond mesh). The decision to



use a 5" codend as the larger diamondmesh was based on a numt>er of considerations. First,

previous modeling work predicted that maximum equilibrium yield for asegment of the fishery
would occur atamesh size of approximately 5" (Pikitch 1987). While better data contrast may
have been obtained with amesh size that exceeded 5", there were concerns that catch rates might
drop off very rapidly to sub-economic levels for larger mesh sizes. If the drop-off was quite
severe, it mayhave been difficult or impossible to usethe data obtained to extrapolate results to
intermediate-sized meshes. Finally, there was a concern thatgilling (fish wedged in the meshes of

the netby their gills) rates might become unacceptably high for mesh sizes larger than 5", particu
larly for rockfish.

The idea of using a square meshcodend was then put forward. This proposal was motivated

by theoretical and empirical considerations, both of which show that square meshes stay more
open during fishing, whencompared withdiamond meshes (Robertson 1982,1983,1986). This

causes square mesh netting to bemore selective than diamond mesh netting, thus allowing larger
numbers of juveniles to escape and grow to adulthood for meshes of the same size. Recent scien

tific results also suggest that the mortality rate of fish escaping from square mesh codends may be
lowerthanthat for fish escaping from diamond mesh codends (Main 1988; DeAlterisand Reifsteck

1988). Successful voluntary and legislated commercial use of square mesh codends has occurred
in Europe and on the east coast of North America.

Arguments against using a square mesh codend inthe experiment included the potential for
greater expense and difficulties inobtaining and repairing square mesh netting; lesser strength of
square mesh codends (see, for example, Robertson and Polanski 1984); and skepticism about
whether square mesh would everbecome aregulatory tool.

Anearly agreement to use the three diamond mesh codends was reached at an April 1988
meeting of the Mesh Size Advisory Group. Itwas also decided that a5" square codend would be
used, because this choice would allow adirect comparison of square and diamond mesh codends
of the same mesh size to be made.

1.5 Geographic Scope

The geographic extent of the 1988 mesh size study was set by the fishing grounds which fall
under thejurisdiction of the Pacific Fishery Management Council, and thus included waters off
shore of the states of California, Oregon, and Washington. Resources available for 1988 field
work limited the number oftrips that could be conducted, and also expenditures for transport of
samplers among ports. Because ofthese limitations, it was not possible to sample vessels operat
ing along this entire section ofcoast. Instead, the intent was to obtain arepresentative sample of
major groundfish trawling activities in the region, while focusing effort on perhaps three major
fishing ports, one in each state. We also recognized that the actual geographic distribution of
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sampling would bedetermined toa large extent by the ports of operation of vessel owners that
agreedto participate in the study.

1.6 Experimental Fishing Permits

Issuance of experimental fishing permits (EFP's) was crucial to the successful implementation
of the planned field work. Two experimental fishing permits were obtained: one at the federal

level, approved by the National Marine Fisheries Service Northwest Regional Office; and a sec

ond, issued by theOregon Department of Fish and Wildlife. Major provisions of both state and

federal EFP's were identical and were discussed at ameeting of the Pacific Fishery Management
Council prior toapproval. It was not necessary toobtain EFP's from the states ofWashington and
California. Representatives from each of these states gave input intotheconditions of the federal
EFP during the PFMC discussion, andagreed to honor these provisions at the state level.

The EFP's permitted fieldwork to be conducted in amanner which differed from regular com
mercial fishing operations in two majorrespects. First, they allowed detachable codends to be

usedthroughout the experiment, with codend mesh sizesranging from three to six inches. Detach

able codends were needed inorder tominimize disruption of commercial fishing activities during
the experiment. The study design requiredthat two or more codends of different mesh sizes be

fished in randomized order during individual fishing trips.1 It wouldhave been too time-

consuming to switch nets (rather than just codends) several times during a trip, and would have
greatly reduced the number of vessels willing and able to participate in the study. Also, few
vessels in the fishery carry twoormore nets of identical design. Thus, use of several nets might
have contributedadditional variability to the results, andcould have confounded the effects of net

type and codend mesh size, neither of which was desirable.

Secondly, the EFP's contained a provision allowing for thecommercial sale of fish caught in
excess of existing trip quota limits. In order to meetthe primary objectives of the study, it was
necessary for fishermen to target theirefforts throughout the experiment on concentrations of

commercially important species managed by trip limits. Meaningful sample sizes for theexperi
ment could not have been obtained without the potential to exceed such limits, and it would have

been wasteful not to allow such excess catches to be sold. In addition, thewaiver of trip limit
restrictions eliminatedthe possibility of confounding the effects of mesh size andtrip quotason
fishing strategy and catch disposition.

Althoughnot the primary reason for requesting an exemption from trip limit restrictions, this

provision was amajor commercial incentive, which facilitated recruitment of boats into the study.
This incentive was particularly important since fishermen were notpaid directly for their partiti

ve reasons why this design requirement was needed are given in detail in Chapter 2on Experimental Design.
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pation in the study, and were required to accommodate two observers aboard their vessel, perform
frequent gear changes, and use gear that may have been much less efficient than that ordinarily
used.

1-7 The Rockfish and Flatfish Sub-SmHw<

In aprevious study of the West Coast groundfish trawl fishery, five major fishing strategies
distinguished by gear used, target species, and depth of fishing, were described (Pikitch 1987- '
Pikitch et al. 1988). These were as follows: (1) Bottom rockfish trawling (BRF>-tows con-'
ducted using roller gear on hard ocean bottom, with the primary target of the tows being one or
more species of rockfish. (2) Midwater trawling (MID)-towS conducted using midwater trawl
gear above bottom, primarily targeted at widow rockfish (Sebastes entomelas) and Pacific hake
(Merluccius produce). (3) Deepwater Dover sole trawling (DWD)-towS conducted on soft
ocean bottom in areas generally exceeding 100 fathoms deep, using mud gear, roller gear, or mud-
roller combmation gear. An important target species of this fishing strategy is Dover sole (Micro-
stomuspacificus), bu, sablefish (Anoplopoma fimbria) and Sebastolobus spp. are also important
components of the catch. (4) Nearshore mixed-species trawling (NSM>-tows conducted using
mud gear on soft bottom in areas generally less than 100 fathoms deep; primary target species were
amixture of flatfish. (5) Shrimp trawling (SHR^-tows conducted using shrimp trawls targeting
pnmanly on pmk shrimp (Pandalus jordara), bu, with catches also including various quantities of
groundfish species.

Because of limited resources for the 1988 study, it was necessary to focus attention on two
strategies. The DWD and BRF fishing strategies were initially selected because they were among
those most impacted by trip quotas (Pikitch 1987; Pikitch et al 1988), and because preliminary
analyses indicated that they represented the extremes in terms ofvariability in catch composition
and amount However, asmall number of tows conducted using the NSM strategy were observed
du^ng the 1988 fie.d study. It is unlikely that analysis of the data obtained durinf,988 forT
NSM strategy alone would be useful because the small sample sizes obtained are unHkely to yield
statisucaUy significant results. Moreover, the 100-fathom contour line which separates the DWD
and NSM strategies is arather arbitrary boundary. Species composition changes gradually over a
broad range of depths, and thus, differences in species composition between these strategies are
greatest a, depth extremes. These factors led to adecision to combine NSM and DWD tows in

1^t^^^^^-*---
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2 Flatfish: Fishing using mud gear or combination mud-roller gear on soft bottom, directed
primarily at the DWD assemblage, but also including relatively shallow water tows «100
fathoms) directed at amixture of flatfish and other species (i.e., the NSM strategy).

Since some boats target both flatfish and rockfish within atrip, the two sub-studies were run
concurrently.

The long-run strategy of this project is to maintain the distinctions among the various compon
ents of the trawl fishery. Thus, in contrast to the procedures employed in this report, analyses of
the larger data base obtained during the course of the study (1988-1990) will be performed
separately for each fishing strategy.

1.8 foiigiffltion of^TVfV1, Pa™ciPation
Utters soliciting participation in the study were sent to approximately 350 trawl vessel owners

and operators by University ofWashington personnel on two separate occasions, first in early
April and men late in May 1988. Theaddresses were supplied by the Oregon Department of Fish
and Wildlife, the Washington State Department of Fisheries, the California Department of F,sh and
Game, and the Fishermen's Marketing Association. Newsletters of both the Oregon Trawl
Commission (formerly the Otter Trawl Commission of Oregon) and the Fishermen sMarketing
Association ran articles about the study which also solicited trawler participation.

Further efforts to solicit trawler participation were made by telephone, and through personal
contact with fishermen at major fishing ports and at Pacific Fishery Management Counci meetings.
Atotal of 48 trawl vessel owner-operators responded to the various efforts made, and all were
included in the experimental fishing permit

1.9 fVvtenri Desim fipfl Construction

We attempted to meet several objectives in designing the codends for the 1988 field expert-
ment. First, in order to be able to attribute differences in catch characteristics among experimental
codends to mesh size or shape, it was necessary to construct aU codends of simUar materials and of
equal dimensions. We also desired the design to be close to that most commonly used by West
Coast trawl fishermen, yet also be acceptable to all trawl fishermen we were likely to work with.
Since the vessels involved in the study differed from one another in anumber ofrespects these
design objectives were achallenge to meet Specifically, the codends had to be appropriate for (1)
trawl vessels ranging from 50 feet to 120 feet in length, (2) vessels targeting bottom rockfish,
flatfish, and roundfish, (3) vessels fishing from 10 fathoms to 600 fathoms deep, and (4) vessels
fishing as far north as the Canadian border and as far south as San Francisco, California.
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Initial input on codend design was sought from the Mesh Size Advisory Group, which includ

ed a commercial trawl fisherman from Northern California (Dr. RichardYoung). We alsodis

cussed codend design with three net builders, several commercial trawl fishermen, and personnel

of the National Marine Fisheries Service's net-building loft in Seattle. On the basis of the input
from these various sources, we developed preliminary specifications for the experimental codends.

These specifications were included in the second mailing to trawlers, soliciting theircomments on

the design as well as their participation in the study. Final specifications for majorcharacteristics

of the experimental codends are given in Table 1. In addition to what is listed in Table 1, codends

contained splitting rings, splitting straps, and detachable floats. Participating trawlers provided
pucker ropes.

2. EXPERIMENTAL DESIGN

2.1 Consideration of Different Experimental Designs and Determination of Sample Sizes

Planning for the 1988 study included detailed consideration of the statistical design of the field
work. The concerns that wereaddressed during this period of the study were the need to obtain

results in a logistically feasible manner that were also statistically reliable. Because of limited
sampling resources, the need tominimize sampling effort was considered in some depth.

The specific work undertaken focussed on the evaluation of experimental designs inwhich
treatment types are apportioned between fishing trips in different ways. Two extreme scenarios

were identified (see Figure 2). In the first, Design A, asingle codend treatment type isused on
each fishing trip. The alternative to this, Design B,isto use all codend treatment types of interest
oneach fishing trip. Design B utilizes statistical blocking, in which the study is broken down into
smaller, basically similar sub-studies, and is closely related to the methodof alternative tows
(Jensen and Hennemuth 1966; Smolowitz 1983).

It was anticipated that the blocking approach would require asmaller sample size (i.e., number
offishing trips) to achieve significant results. The disadvantage ofblocking is that itrequires
frequent codend changes, which interferes with normal fishing operations. Thus, the first task
during the experimental design phase was to estimate the extent ofreduction ofrequired sample
size that would result from using ablocked design, compared with the more easily implemented
unblocked design. This permitted an assessment ofwhether the extent ofthe reduction in sample
size outweighed the extra work involved in making frequent codend changes at sea, and thus
facilitated the selection ofadesign that would maximize use ofsampling resources.
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2.2 Variance Components and Sample Size

The variance ofthe critical response variables, the revenue per tow time and mean fish lengths,
consists of acontribution from the variance due to trip (a2^, which is due to the distinguishing
characteristics ofdifferent trips—such as vessel size and power, weather conditions, skipper and
crew; and variance due to tow (g2h)—the average tow-to-tow variance on a trip. Estimates of
these variance components are crucial for evaluating the relative advantages ofblocking since they
appear in the denominator mean squares ofthe F-test for the null hypothesis. For the null hypo
thesis, "no treatment effect," the trip-to-trip variance component appears in the denominator ofthe
Fstatistic for Design A, but is eliminated from the Fstatistic for the blocked design, Design B.

Existing data (circa February 1988) were used toestimate the variance components o^ and
c2H- These data were the result of apreceding study of the Pacific trawl groundfishery, which is
described by Pikitch et al.(1987). The estimates of variance components for tow revenues and fish
lengths arereproduced in Tables 3 and4, respectively. These were used to calculate an estimate of
the sample size (number of fishing trips) required to reject the null hypothesis "nocodend treatment
effect" for the dollar per hour (Cm) and mean fish length response variables. Sample size estimates
were derived for a range ofpossible magnitudes ofcodend effects using techniques discribed by
Scheffe (1959) and Peng (1967). All calculations were made for a significance level (a) of0.10
and power (1-p) set equal to 0.8, using tables ofnoncentral F(Pearson and Hartley 1962).
Further details on the estimation of o2t, a2H and the methodology used to derive sample size
estimates are given in Bergh et al. (in press).

The sample size results reported in Bergh et al. (in press), are summarized in Table 5 for the
dollar per hour response variable, and in Tables 6and 7 for the mean fish length responses. These
demonstrate that in mostcases the advantages of blocking are substantial, with reductions in
sample size ranging from a factor offour to a factor often. These results led to the proposal to use
a blocking procedure for the 1988 field work. This proposal was presented to the Mesh Size
Advisory Group and was accepted.

2.3 Selection of a Final Experimental Design

Avery common situation in the groundfishery in question is that fishing trips might often be
terminated because of unforeseen events—either weather, gear damage, or some other factor.
Design B discussed above would only require that codends be applied in random order so that an
equal number of tows are conducted with each codend over the entire trip. It isconceivable that
this simple randomization procedure could produce sequences of tows in which, if there are, say,
four treatment types, the first five orsix tows use only two ofthe treatment types. In this case, an
early trip termination would lead to the loss ofthe ability to examine all planned comparisons.
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An alternative to Design Bis arandomized complete block design (Design C) in which each

block. Within each block, each of the four experimental codends would be fished once accordingto apiedetermined, randomized design. The advantages of Design Cover Des^n B2^d
nTntaTt,3TT" C°mPlete** ™» ""*""" °f*«** d*»°*^trental codends when an early trip termination occurs are greater than for Design B(Figu^
The second advantage of Design Cis that it is likely to reduce tariwJL ^
reasons, we selected Design Cfor implementation of the 1988 field work.

2-4 TTicfaFonrM^mirttfrNnni^^ p, •n
The analysis ofvariance (ANOVA) mode, for the randomized complete block design (Design

Q^ussed ,„ the previous section is (e.g., Cochran and Cox 1957; Myers 1972; Z^Z

where

H = the overall mean response,
am = the effect ofthe mth gear type,
Pj = the effect of the jth block,

The null hypothesis is

H0: ai =a2 =... =ar =0

i.e., that there isno treatment effect.

2.5 The PmhyT ?f xt1t|t nn(1 7nu V||||M ^

rape***»,fc ms, rfotamto, ,„«„<« ,„„ M
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The result would then be an unplanned, incomplete block design, which in general would have

unestimable treatments (Bock 1975).

In the mesh size study, null values arise when a tow yields no scientific information—for

example, when the fishing gear does not fish correctly. Null values are distinct from zero response

values. The latter arise when a properly conducted tow yields no fish, or very few fish. Depend

ing on the nature of the specific response value in question, zero responses may or may not be

classed as null responses.

The null value problem has to be dealt with in a satisfactory manner while the data are being

gathered in order to obtain a complete block design. For the mesh size study, we thought it was

most important to assure that blocks would be completefor the dollars per hour response variable.

To do this, an "aborted tow" procedure was defined. This procedure formalizes the definition of a

null value, and specifies how to obtain a complete block in an objective manner.

For the dollar per hour response variable, zeroresponses were defined to be null responses,

and the associated tow was therefore classified as an aborted tow. A complete list of aborted tow

definitions is given in Table 8; this list includes tows yielding a total of less than 50 pounds of fish.

The occurrence of an aborted tow initiated a re-randomization procedure that guaranteed that a

complete blockof non-zero, non-null data would ultimately be obtained for the dollars per hour

response variable. It involved applying the sequence of untried treatment types, including the

codend currently on the fishing gear, in a new random order. The intent of the re-randomization

procedure was to prevent the skipper andcrewfrom anticipating the forthcoming treatment type,

and reacting to it subjectively by choice of target species, or towdepthor location, thus jeopardiz

ing theobjectivity of the experiment. This procedure was partof a broaderstrategy of maintaining

the objectivity of the field work, which involved the approximate blind trial procedure described in

the next section.

2.6 Approximating Blind Trials

As mentioned above, human expectations can have a detrimental effect on a field trial and

adversely affect the statistical reliability of experimental results. The ideal precaution against this is

to conduct blind trials, in which the treatment type (in this case, codend type) in use is unknown to

thefishing crew. Preliminary trials at sea attended by the statistical team showed that attainment of

blind trials was virtually impossible, and that some sacrifices would have to be made. A procedure

was agreed upon, in which the skipper would specify the upcoming tow location, depth, gear type,

and targetspecies, approximately 15minutes prior to setting the net. This commitment was then

recorded in writing, and only then was the codend type for the tow announced by the on-board

samplers.
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2.7 Subsampling Ppv^VH

Consideration ofdifferent procedures for subsampling the catch centered around the time
constraint imposed by the need to complete sampling work on atow before the arrival of the next
tow's catch on deck. From previous experience it was known that tow duration varied from 15
minutes to six hours. The subsampling procedure therefore had to be flexible enough to take
advantage of extra time, as it arose. Conversely, when time was very limited, the subsampling
procedure had to guarantee that critical information would nevertheless be recorded. This flexi
bility was achieved by formalizing the priorities ofobtaining various kinds of data (see page 19).
Samplers could therefore use their discretion, in conjunction with the priority list, to modify the
quantities and types of data collected. The most common time-saving measures taken were to
measure fewer fish for length information, or not to sex fish. Further details on subsampling
procedures arepresentedin the next section.

3. Data Recorded

While information on certain aspects of the study was collected at the conclusion ofthe field
work, most of the data collected were taken at sea or following each trip. The data recorded in the
field can be divided into data which are pertinent to the fishing trip in general, and data relating to a
particular tow of that trip. Trip information includes vessel and gear specification data, trip eco
nomic data, and information about landings for the trip as awhole. The tow-by-tow data include
those related to the catch obtained, and information on how and where the trip was conducted. A
summary ofdata collected on each fishing trip and for each tow is presented in Table 9. Abrief
description of data collection and recording methods for selected items is given below.

3.1 Trip Data

Information on vessel characteristics and specifications of gear used was obtained at the begin
ning of the trip from the skipper. Separate specification forms were completed for each type of
trawl net on board. The trawl gear used for each tow conducted was later recorded on the haul
form. The skipper's economic plans and expectations for the trip were also recorded at the begin
ning of the trip. Details included the list of target species, processor requests and limits, and the
gross revenue needed for the trip to be asuccess or to break even. At the end of the trip the
skipper's rating of the economic success of the trip, the basis for the success rating, the reason for
ending the trip, and trip expenses were recorded.

Estimated pounds retained was recorded from the vessel's logbook at the conclusion ofeach
tow. The total pounds landed was obtained at the conclusion of the trip from fish processing plant
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records ("fish tickets"). Fish ticket information included total pounds landed, total pounds
"weighed back" (landed, but not sold), price per pound, and total payment by species or species
group.

3.2 Tow Data

3.2.1 Tow Data Unrelated to Catch

The information under the heading "Haul Information" inTable 9 was recorded foreach tow,
oreach sub-tow when applicable, regardless ofthe catch which was obtained. The following
definitions and procedures were rigorously applied.

a. A sub-tow was definedas hauling the net off the bottom, and then resetting the gear to

tow over the same location or another location without bringing the catch on board.

b. The starting time ofa tow (time start) was defined as the time when the vessel stopped

letting the cable out.

c. The end of a tow (time finish) was defined as the time when the vessel began hauling the

cable in.

d. Average tow depth recorded was the average tow depth determined by the skipper.
e. Fishing strategy was recorded prior to the start of the tow and was based on the skipper's

declared depth, bottom type, and gear type.

Other pre-tow information was also collected and recorded on the haul information form prior
to the start of the tow, in accordance with the approximate blind trial procedure described above.

3.2.2 Tow Catch Data

In the following sections, we highlight some of the important aspects of the data recorded on

the catch for each tow.

In order to estimate the species composition of the catch, the following procedure was used.
The skipper's estimate of the weight of the total codend contents ("skipper hail weight estimate")
was recorded. This estimate was assumed to refer to the contents released onto the deck after the

codendpurse string was loosened, and therefore excluded fish wedged in the meshesof the

codend (i.e.,"gillers").

For catches greater than 1,000 pounds, a random sub-sample of five baskets (approximately

350 pounds) was taken. This was supplemented by collecting the entire catch of those species

judged to be relatively rare in the catch. For catches between 500 and 1,000 pounds, all fish on

one side of an imaginary dividing line through the catch on the deck were placed into baskets.
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Again, this was supplemented by collecting the entire catch of "rare" species. For catches of less

than 500 pounds, the entire catch was retained in baskets.

All fish were then sorted into baskets according to species and disposition (utilized or discard

ed) and weighed. For each weight measurement taken, codes were recorded to indicate whether

the weight represented 100% of the catch of that species, or only a subsample of that species, and

whether the weight was measured or estimated. In addition, for those portions of the catch that

were discarded, the reason for discarding was recorded.

In most cases, the catch of gillers was small, and therefore the entire catch of gillers was

weighed and sampled to determine the species composition of this component of the catch. For the

few cases when this was not possible, samplers weighed half of the gillers, and recorded the giller

catch weight as twice this estimate. As for the non-gilled catch, for each weight measurement

taken, codes wererecorded indicating the reason for discarding, whetherthe weight represented

100% of the giller catch of that species, or only a subsample of that species, and whether weight

was measured or estimated.

During initial planning, a list of focus species for obtaining length data was determined (Table

10). In the field, the objectivewas to measure the lengths of 100 fish of each focus species that

appeared in the tow. This would frequently require that fish in addition to those obtained in the

weight subsample be collected. The truncated total fish length was recorded, i.e., a value of 30 cm

would berecorded for fish between 30and 31 cm. The weight of all fish for a given species used
for length measurements was recorded.

The objective of 100 length measurements was frequently not met, either because the entire

catch contained fewer than 100 individuals of each focus species, or because of time constraints.

When time was a limiting factor, certain tasks were dropped. These are listed below in the order in

which they generally were eliminated—i.e., sexing was the first task to be dropped.
a. Eliminate sexing.

b. Eliminate estimated weights for fish measured.

c. Reduce the sample size from 100 to 50 fish.

d. Disregard species with fewer than 10 individuals in the catch.

For each fish, the data recorded were species, size, sex and disposition (utilized ordiscarded).

3.2.3 Timing of Events

:or various tasks conducted aftereach tow was hauled on board, data on both vessel time and
person time needed to complete each task were recorded. For example, for a task that started at
1200 hours and ended at 1400 hours, with one person working from 1200 to 1330 hours and
another from 1200 to 1400 hours, the vessel time was recorded as 2hours, and the person time
was calculated at 3.5 (i.e., 1.5 + 2) hours.
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Catch sorting time was measured from the time that at least one crew member began sorting the
catch, andended when the deck was cleared of fish. It excludedthe extratime neededto ice fish,

hose the deck and take breaks. Similarly, gillerpicking time was measured from the time that at

least one crew member began picking, until the netwas clear of all gillers. Time spent shaking
gillers was included in estimates of giller picking time. Time spent hauling the net through the
water to clean off gillers was recorded as such in the comments section of the relevant form.

In instances where some damage to the nets occurred, the time spent mending nets was

recorded. The time spent changing codends between tows was also recorded and included time

spent to change floats for vessels that used floats.

Foraborted tows, all information that could be obtainedwithout handling fish was recorded.

This included all the tow data notrelated to theactual catch, and estimated total catch weight.

3.3 Measurement of Actual Mesh Sizes

Mesh size refers to the distance between knots (diamond mesh) or seams (knotless square

mesh) along a diagonal by placing tension along the other diagonal (i.e., lengths La and Lb, Figure

4a,b). Although the squaremesh measurement was taken along the diagonal (Figure4b), the

square configuration was maintained while fishing (Figure 4c)because of the methodof hanging

the material between the riblines.

Inconsistent measurements of the diamond mesh web may be encountered because of asym

metrical shapes caused by the knots. It is possible to obtain differences in size estimatesof up to

1/8inch depending on preciselyhow andwhere measurements are taken (e.g., see possibilitiesLc

and Ld, Figure 4d,e). In addition, a certain amountof net stretching is expected after the first few

tows on account of material fatigue and knot tightening. The overall result of these effects is that

actual mesh sizes of the experimentalcodends may differ from the desiredtargetmesh sizes.

All codend mesh measurements were recorded at the conclusion of the 1988 field work.

Codend sets A-C were fished during 1988, whereas codend set D was not used (Table 18). The

following measuring procedure was used:

a. Meshes were stretched and measured across the diagonal (La and Lb, Figure 4a,b) using a

graduated wedge designed by the research team. This wedge was accurate to the nearest

1/8 inch, and could accommodate mesh sizes ranging from 2.5 inches to 6 inches.

b. Meshes were chosen from the top andrightcodend panels (determined by facing the

codend from the puckered end with chafing gear underneath). Measurements were taken

alongdiagonal lines between the riblines beginning at the puckeredend;every fifth mesh

was measured. Four rows of mesh per panel were measured.
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4. DATAANALYSIS METHODS

41 n^rfli Types of^flW P^ormed
The analysis of the 1988 field data was organized around three broad aims, as follows: testing

hoc samrte size calculations for use in planning future field work.

given" This is Mowed by adetailed description of the analyses performed for speofic
response variables.

4.2 T»«in? the Null HYrnth''-sis of N" Mf"^ TvPg gffegt
The null hypothesis can be formally expressed as:

H0: <xi = OS = .. -ar

where am is the effect of the mth mesh type. In most cases, analysis of variance (ANOVA) was

data distribution met the assumptions of ANOVA (i.e., normal distribution and h"*"""
variance), the analysis was performed on the raw data. In other cases, the.data^were first trans
formed using alogarithmic or logit transformation before performing the ANOVA.

in perfoLing ANOVA's for some response variables, the ANOVA model was modified from
that described by equation (3) in Section 2.4 to include covariates. Tow depth was included as a
covariate in most cases, even though it may not have always been statistically significant. Tow
time (or, alternatively, the logarithm of tow time) was included as acovariate in asmaller number

°f ^us for ANOVA's performed using both depth and some function of tow time (i.e., raw data
or logWormed tow time data) as covariates, the ANOVA model took one of the foUowingtwo
forms:

ymj =V+«m +Pj +vTmj +VCmj +Emj (4)

or

ymj =n+am +Pj +vln[Tmj] +yCmj +6mj (5)
where Tmj and Cmj =respectively, tow time, and average tow depth for the tow in block j

performed using mesh type m,
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v = the regression coefficient associated with the covariates Tmj (eq. 4), and
ln[Tmj] (eq. 5),

V = regression coefficient associated with the covariate Cmj (average tow
time, in equations 4 and 5),

and p., am, pj, and emj are as defined in equation (3) in section 2.4.

Thus far, in discussing procedures for performing ANOVA, we have covered the issues of

data transformation and model specification (i.e., number and type of covariates). Another im

portant decision that had to be made was to determine how much of the data collected should be

used in each analysis. As described earlier, the experimental design selected assured that all blocks

of data would be complete with respect to the dollars-per-hour (DPH) response variable. That is,

because of our definition of an aborted tow (see Table 8), none of the complete blocks contained

either zero or null observations for DPH. However, many trips contained tows that did not form

part of a complete block. This could arise, for example, when nine successful tows were com

pleted during a trip where four experimental codends were used. In this example, the trip would

result in two complete blocks of data for DPH, and one tow which was not partof a block. Tows

that were not partof a complete block were excluded from the analyses so that the data set used

would be "balanced"in the statistical sense, permitting use of more powerful statistical techniques.

Of potentiallygreater consequencewere decisions related to the portions of the data set to be

used forresponse variables other than DPH. It was not possible to design the experiment in such a

manneras to avoid null or zero responses for allotherresponse variables. Forexample, a com

plete block of four rockfish tows could contain catches of a particular species in only three of the

four tows. Thus, when analyzing the effect of mesh type on the catch of this species, we needed

to decide whether to include blocks such as the example block described above which contained

one zero response, or to restrict the analysis to blocks for which each tow contained at least some

catch of the species. Similarly, in analyzing thedata for this example species to determine whether

mean length differed among mesh types, we would again need to decide whether to exclude tows

which did not contain thatspecies in theanalysis. In the latter case, the lackof length data for a

particular tow would be treated as a null (missing data) response, rather than as a zero response.

Because balanced data sets are preferable to unbalanced data sets for statistical analysis, we

generally excluded blocks containing zero or null responses from the ANOVA. However, in these

cases, we usually performed a supplementary analysis to determine whether there was a tendency

for zero ornullresponses to occur withequal frequency for all meshtypes, or, alternatively, if
zero ornullresponses occurred more frequently for particular mesh types. The supplementary

analysis generally took the form of acontingency table approach for which data were transformed
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todiscrete count,> (representing frequency ofoccurrence by data category), and achi-square
statistic computed. ^

ANO^Jmmean reSP°nSeS'"" P"VElUeS ^ ** POSt"hOC -»«* Size «"*«"»«*»*e
Ts The ov7 7 f "" DM^^°f"° ^ 6ffeCtS « ^ i«*
^ are r;::5 ^wests for •n «-"*^c°—*»—**™~
43 Estimating Mean Resnnn«. hy Treatment Tyrr

Tbe second aim of the analysis of the 1988 field dam was to estimate the expected (i e mean)
response .eve. for each treatment type. Tbese means were ca.cu.ated by adjustin^ea™
z:i f:r** 4-5-inch cwiend by ,he — fact°r esti—«-«*-»°*—~types. In this manner, the 4.5-inch codend result is treated as the standard against whichTe
responses for other codend types are compared. For .og transformed variab es ( ££
dollars per hour), the model used to perform the analysis implies

lnH3 - lnU4.5 =0:3 - 04.5

The adjusted mean for the 3-inch codend is therefore:

H3 = H4.sea3-a4.5

and similarly, for the 5-inch diamond codend, it is:

M5 = m.5ea5_a4.5

1Ullv vi.e., ror tne same covanates and block-ino f*ntrm\ t* • •

occurred with equa. frequency among codend^ZZ^l^lT""""""
topredominate incatches ohtain^ h.7 ere Zero resP°nses tended

calculated by the^^IZ""""^ "^^ ^ ^ V* **»»•y above procedure may be inaccurate, and interpretation of the effects ofcodend
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type on the response should be focused on the results ofthe supplementary, contingency table
approach, rather than on the results of the ANOVA.

The calculation procedure for obtaining adjusted means for responses which were logit-
transformed is described in Appendix A.

4.4 Post-Hoc Sample Size Calculations

The third and final aim of the analyses was to use the variance estimates obtained for key
response variables toestimate the sample sizes needed toreject thenull hypothesis of notreatment
effect for all pairwise comparisons. Post-hoc sample size calculations were performed using the
method detailed inBergh et al. (in press). The main result which isreported is the sample size
needed to reject the null hypotheses, 0:3 =04.5, as =04.5,0:3 =as, as =ass, ass =04.5, and
<*5s =a3- Critical information needed for this calculation is the mean square error from the
ANOVA, the estimate of ae2.

We computed anon-centrality (J> for use with tables similar toPearson and Hartley's non-
central F tables of the form

<J)=—
2oe

where T is the number of complete blocks, and

Aa= I am»-am» I,

where iri and m" are all possible combinations of treatment types, and the gear factors used are
the actual estimates obtained from the 1988 data set. The iterative algorithm given inBergh et al.
(in press) was used to find the value ofT which would provide the projected power (1-p) needed
to reject each of the null hypotheses in turn. However, we usedana level of 5% instead of the

10% used in Bergh et al., because there was aconcern that given the large number of pairwise tests
performed, theexperimental error rate would bemuch larger than thenominal level of a =0.1
chosen for this study. The same power level of 80% used in Bergh et al. (in press), was used in
the calculationsreported here.

The assumptions associated with the above sample sizecalculations include:

1. The absolute difference in sample means is normally distributed.

2. The difference in sample means from the preliminary field study is an accurate interval for
the mesh size effect to be detected in subsequent studies. (Note, it is the absolute differ
ence that is important, not the sample means themselves.)
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3. The mean square error observed during the preliminary field study is representative of the

error variance to be observed in subsequent studies.

The reliability of the sample size calculations will depend on the degrees of freedom used in

estimating the MSE from the preliminary study. Should the preliminary estimate of MSE be too

large, the sample size calculations will over-predict the required numbers of blocks, and vice versa.

For pairwise comparisons where the null hypothesis was not rejected, the sample size calcula

tions enabled the identification of those comparisons for which rejection of the null could be

expected following the performance of a feasible number of additional blocks. Similarly, the

calculations also identified pairwise comparisons where the number of additional blocks needed to

reject the null hypothesis was so large as to be practically unfeasible. This information was vital

for planning the 1989 phase of the mesh size study.

4.5 Analyses Performed for Specific Response Variables

4.5.1 Tow Duration and Occurrence of Aborted Tows

We performed an ANOVA using the simple linear model (equation 3) on tow duration to test

the null hypothesis "There is no difference in tow time among mesh types" using data from com

plete blocks only. Separate ANOVA's were performed for the 3- and 4-codend data sets. The

purpose of these analyses was twofold. First, they provided some measure of the effectiveness of

our "approximate" blind trial procedure. In addition, it was important to assess whether differ

ences in tow duration occurred for different mesh types, so that such differences could be taken

into account in subsequent analyses of other response variables if necessary.

We examined the occurrence of aborted tows by mesh type using a contingency table approach.

The analysis was performed using data for all tows conducted during 1988, combining data from

both the rockfish and the flatfish sub-studies. The purpose of this analysis was to determine whe

ther there were detectable differences in reliability of the different codend types. In addition, it
enabled an assessment of whether the aborted tow criteria Usted in Table 8 may have contributed to
bias in the interpretation of the catch rates of different mesh types.

4.5.2 Analyses Performed for Response Variables Involving All Species Combined

A detailed set of analyses was performed for thedollars per hour (DPH) response variable,
since this was identified as the critical response variable at the start of the study. The data on DPH
were transformed using a logarithmic transformation prior to performing the ANOVA. The model

for the ANOVA was that for ablocked design with both tow duration and average tow depth as co
variates (equation 4). ANOVA's were performed separately for the 3- and 4-codend data sets and
for each sub-study (flatfish and rockfish), resulting in a total offour ANOVA's. Only data from
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complete blocks were used in the analyses. As stated previously, ourexperimental design assured

that none of the complete blocks would contain any null or zero responses.

The extent of gilling (i.e., occurrence of fish wedged in themeshesof the net)by mesh type

was considered by examining threedifferent response variables: (1) Total gillerweight per trawl

ing hour, (2) the proportion of gilled fish (by weight) in the total catch for each tow, and (3) the

time it took to pick all gillers from the codend. ANOVA's were performed foreach of thesere

sponse variables for four segments of the data set: Flatfish sub-study—3-codend data set; flatfish

sub-study—4-codend data set; rockfish sub-study—3-codend data set; and rockfish sub-study—

4-codend data set. All the ANOVA'swere performed using data from complete blocks only, and
usingaverage tow depth asa covariate. For the giller picking time response variable, one setof

ANOVA's was performed with tow time as an additional covariate, and another set conducted

without tow time as a covariate.

The data on the proportion of catch weight of each towgilled were transformed using the logit
transformation prior to performing ANOVA. The logarithmic transformation was first applied to
thedata on giller picking times and giller weight per hour prior to rjerforming ANOVA. However,

because some towsdid not result in any fish being gilled, there were anumber of zero responses
for both of these variables. Because thelogof zero is undefined, some procedure needed to be
developed tohandle zero responses. Our solution was toreplace zero responses with avalue equal
to one half of the smallest non-zero response observed in the data set for each variable.

Because of theoccurrence of zero responses in the data set, supplementary contingency table
tests were performed for the giller picking time response variable. For the 3-codend data set, giller
picking timecategories were 0-5 minutes, 5-20 minutes, and greater than 20 minutes. The number
of tows with giller picking time in each of these three categories was computed for each diamond
mesh size, and then a%2 statistic and its associated significance level (a) were computed. A simi
lar analysis was performed for the 4-codend data set, except that in this case, the time categories
used were 0-10 minutes and greaterthan 10 minutes.

Catch sorting time was analyzed in the same manner as giller picking time (i.e., the same data
transformations and ANOVA models were applied, and contingency table analyses were performed
for the 3- and 4-codend data sets).

Two response variables were analyzed toexamine the effect of codend type on theextent of
discarding. These were: (1) the proportion of thetotal catch weight discarded, and (2) total catch
weight discarded (in pounds) per trawling hour. Discard proportion data were analyzed in the
same manner as giller proportion data, and similarly, analyses performed for discard catch weight
were thesame as those conducted for the giller catch weight response variable.
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4.5.3 Analyses Performed For Individual Species

Data from the flatfish and rockfish sub-studies were pooled for analyses performed for indivi
dual species in order to maximize sample sizes. Only complete blocks of data (on an individual

species basis) were used in the analyses. Further, analyses were performed only for those species
for which two or more complete blocks of data were obtained.

Responsevariables examinedon anindividual species basiswere a subsetof those examined

for each sub-study, andincluded: total catch weightpertrawling hour(equivalent to DPH for

species of commercial value) and mean length by codend type. Methods usedto analyze these

response variables for individual species were similar to those used to examineresponse variables
for dataon all species combined.

In addition to the response variables discussed above, we estimated meanresponses for the

variables gilled weight as a proportion of individual species total catch weight, and discard weight
as a proportionof individual species total weight.

5. RESULTS

5.1 Summary of Field Accomplishments

Twenty-six experimental fishing trips wereconducted aboard 21 different vessels (Table 11).

Average trip duration was 4.5 days, resulting in 117.5 days of sampling during 1988. During the
trips sampled, a total of 410 tows was conducted, of which 345 tows were successful and 65 tows

were aborted (Table 12). Thus, there was an average of 13.3 non-aborted tows conducted per
experimental trip.

The geographic extentof field sampling ranged from approximately San Francisco, CA, to

Blaine, WA (Figure 5). The distribution of sampling was less concentrated spatially than original
ly anticipated (Tables 13 and 14), largely because of the distribution of ports of operation of
trawlers who indicated a willingness to participate in the study (Table 11). A total of 48 vessel-

owners responded to the various solicitations of participation made, and allwere includedon the

experimental permit. The highest response rates were obtained from the central Oregon and
southern Washington-northern Oregon regions, while the response rate from owners of boats
operating out ofcentral California was lowest (Table 11). Consequently, most sampling effort
occurred in theColumbia and Vancouver INPFC areas (Tables 13 and 14).



28

Diamond mesh codends became available in July, whereas the square mesh codends were not
available until September 1988.1 Thus, during the first six trips only the 3", 4.5" and 5.0" dia
mond mesh codends were used; and acomplete block consisted ofasequence of three successful
tows employing each of the codends once (in random order) at aparticular assemblage (i e flat
fish or rockfish). For the 7th through 26th trips, all four experimental codend types (5.0" square
in addition to the three diamond mesh codends) were fished. For tows directed at rockfish 45
complete blocks were obtained (21 blocks of3codends and 24 blocks of4codends) whereas for
the flatfish strategy, 35 blocks (12 blocks of3and 23 blocks of4codends) were completed (Table

During the course of the field work, trip or weekly quota restrictions were in force for five
species groups (Table 15). However, as previously stated, trip poundage restrictions did not apply
to experimental trips. Total landings, and landings ofeach species group managed by trip quotas
for each trip are summarized in Table 16. Landings ranged from 6,980 to 142,578 pounds per
trip, and totalled 1,194,817 pounds for all experimental trips combined. Trip quotas for one or
more species groups were exceeded during 24 of the 26 trips conducted.

Length measurements recorded for focus species (for both gilled and non-gilled fish) are sum
marized in Table 17. The number of fish measured ranged from alow of 268 for bank rockfish
up to 12,558 for yellowtail rockfish, and totalled 66,285 measurements for all species combined
Approxunately 87% of the measurements taken were of non-gilled fish (Table 17).
5.2 Actual CnHmd Mesh Siret

Four complete sets of three diamond mesh experimental codends (3", 45" and 5") were
constructed, but only three of the sets were used during 1988. Two of the three 5"-square codends
constructed during 1988 were used in the field. The actual average mesh sizes of the codends
measured by the research team at the conclusion of the 1988 field work differed somewhat from
the measurements stated by the net manufacturers.

AU codend meshes were larger than the sizes ordered, with the largest discrepancies, 017 to
0.49 inches, for the 3" nets (Table 18). Excesses for the other sizes were between 0.10 and 030
inches. Since the unused codend set (b) also had larger mesh sizes than were specified for manu
facture, stretching was not the only cause. An important factor that could explain these discrepan
cies might be the interpretation of the definition ofmesh size. For example, the net manufacturing
company might have worked under the definition Lc in Figure 4. Another factor that may have
contributed to the estimated averages is the pressure used to insert the measurement gauge Our

ISfflSsrStt'SWdS^ in



29

measurement procedures matched those of law enforcement personnel closely. However en
forcement personnel are primarily concerned about whether the mesh size meets or exceeds a
certain lower bound, rather than whether mesh sizes are measured accurately. For simplicity in
reporting results of various analyses in the remainder of this document, we refer to each of the
expenmemal codends based on the manufacturer's declaration of mesh size rather than the actual
measured mesh sizes.

5-3 foSUltS Of Tow Duration anH Aborted Tnw An'vni

Average tow duration differed greatly between the two sub-studies. Tows directed at flatfish
genenuyiasted more than twice as long as those directed at rockfish (Tables 20 and 21) Forme

SS2S1Tduratio: rrsi8nificamiy—«—*~*-- -^basis (Table 19), and for several of the pairwise comparisons (Tables 22,23). For the flatfish
^b-study the overal. effect of codend type on tow duration was not significant, nor^y of
the patrw.se comparisons significant for the 3-codend data set However for IT!TT*
significant differences in tow duration were found for Ze!L ^ ** Set
a «» a- „ * ™ tor three of ^ pairwise comparisons (V v«4.5 diamond, 4.5" diamond vs. 5" square, and 5" diamond vs. 5" square) (Tab72T
7) SratT,r°CkfiSh Td flatflSh' M ln ^ *»*COde"d ^ were sZ (F^ures6and
45"^"7 7^ 3"^^3nd5"""""COdCndS Were -»than tholforI45 and 5diamond codends, with tow duration for the latter two codends being rougl me

5 square codends «"^cu wun tne 4.3 diamond and

dnaoiesonnterest. This was accomplished by modifving the ANOva. • ^,

fore, the aborted tow criteria listed inL . ^^^ <* aboned tows was 0.991). There-
compa.ing responses^;££^ '^ **"-""*«"-*> — of bias when
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5.4 Results of Analyses Performed for Response Variables Involving All Species Combined

5.4.1 Presentation of Results

The response variables that fall under this category include dollars-per-trawl hour (DPH), giller
weight per trawl hour, the proportion of gilled fish (by weight) in the catch, giller picking time,
catch sorting time, discard weight per hour, and discard weight as apercentage ofthe total catch
weight. The results ofthe ANOVA's performed for these response variables are summarized in
Tables 19 through 25. Specifically, Table 19 presents the significance levels for tests ofthe null
hypothesis, "There is no effect of codend type on response level;" Tables 20 and 21 contain esti
mated mean response levels for the flatfish and rockfish sub-studies, respectively; Tables 22 and
23 present significance levels for all possible pairwise comparisons among codend types for each
response variable; and Tables 24 and 25 provide estimates of the number of blocks needed to detect
significant differences among pairs of codend types. Tables 26 through 29 contain results of the
supplementary contingency table tests performed for the giller picking time and catch sorting time
response variables. In the sections that follow, we discuss the major results for each of the
response variables in turn. Tabular results are in some cases illustrated in graphical form.

5.4.2 Results for the Dollars-per-Trawl Hour (DPH) Response Variable

For all four cases examined (rockfish and flatfish, 3- and 4-codend data sets), the overall mesh
effect is highly significant (p(FmeSh ^0.001)), confirming the expectation that mesh size has a
significant effect on gross revenues per trawl hour.

For the rockfish sub-study, all pairwise comparisons involving the 3" diamond mesh codend
were statistically significant. The increase in gross revenue obtained with the 3" net compared with
the 4.5" net is about threefold (the 95% confidence interval for that ratio Ris 2.08 <R<3.80),
and is the largest relative effect between two consecutive treatment types observed for this response
variable (Figure 8). Differences between the 4.5", 5" diamond, and 5" square nets were not sta
tistically significant Moreover, there were inconsistencies in the results of the 3- and 4-codend
data set. For example, for the 3-codend data set, mean gross revenues were higher for the 5"
diamond codend than for the 4.5" diamond codend (contrary to expectation), whereas the reverse
was the case for the 4-codend data set. Estimates of the number of blocks needed to detect signi
ficant differences in DPH among pairs of codends involving the 4.5" diamond, 5" diamond and 5"
square codends ranged from 956 to 15,837 blocks. The costs ofobtaining sample sizes of this
magnitude are unpractically large. Taken together, these results indicate that differences in DPH
among the three larger codends are probably small for rockfish tows, and that additional research
(within the scope of expected and anticipated funding levels) is unlikely to improve estimates of
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differences that may exist The results clearly document, however, that an increase in mesh size

from 3" to mesh sizes of 4.5" andgreater would resultin large declines in gross revenuesof

rockfish tows (on a per unit time basis) in the short term.

For flatfish tows, DPH declined as diamond mesh size increased, with consistent trends seen

for both3- and4-codend data sets (Figure 9). Interestingly, DPH was greater for the 5" square

codend than for the 5" diamond codend, although this result was not statistically significant. All

pairwise comparisons among diamond mesh sizes were statistically significant for the 3-codend

data set Forthe 4-codend data set, which included the 5" square codend in addition to the three

diamond mesh sizes, areasonable amount of additional sampling effort wouldhelp to clarify the

magnitude of difference in DPH for certain pairwise comparisons.

Comparing theresults withrespect to DPH of thetwo sub-studies, we see that on average
rockfish fishing generates at least four timesmorerevenue than flatfish fishing. However,

rockfish fishing is much morevariable as seen by comparing the rockfish and flatfish ANOVA

MSE's, and more riskybecause of ahigher frequency of gear damage caused by fishing onrocky
bottom. For bothrockfishand flatfish, declines wereseen in DPH with increasing mesh size.

However, for rockfish, the only significant declines were between the 3" diamond mesh codends

and codends of larger mesh size. For flatfish, trends in DPH with increasing mesh size were more
consistent, and differences in the magnitude of response tended to be smaller, than those for
rockfish.

5.4.3 Results on Extent of Gilling by CodendType

Three different response variables were examined toanalyze the extent of gilling as a function
ofcodend mesh type: Giller picking time, giller weight as aproportion of total catch weight, and
giller weight per trawl hour.

Rockfish Results. For rockfish, the results of theANOVA's performed indicated that codend
mesh type has asignificant effect (overall) on all three response variables. Trends observed were
also similar for all three response variables, with mean giller picking time, the proportion of catch
weight gilled, and giller weight per trawl hour all exhibiting increases with increased diamond
mesh size (Figures 10,12 and 14). However, not all of the pairwise comparisons were statis
tically significant, nor was the magnitude of response differences always similar for the 3-and 4-
codend data sets. For example, for the 4-codend data set, the difference in giller picking times
between the4.5" and 5" diamond codends was small (0.25 minutes), whereas for the 3 codend
data set, the difference in giller picking times between these two codends was much greater (5.6
minutes). Aswas seen for the DPH response variable, most pairwise comparisons among codend
types involving the 3" diamond codend were statistically significant for response variables related
to the extent ofgilling, whereas many ofthe pairwise comparisons involving the three larger mesh



32

codends werenot statistically significant Although results were not statistically significant, extent
of gilling seen for the 5" squarecodend was consistendy less than that observed for the 5" dia

mondcodend, and for two of theresponse variables (giller picking time and giller weightpertrawl
hour) was also less than that for the 4.5" codend (Figures 11,13 and 15).

Forthe gillerpicking time responsevariable, two ANOVA's were performed foreach codend

data set: One including the log of tow duration as acovariate and a secondexcluding tow time as a

covariate. For the first ANOVA, the regression coefficient for the log-tow time covariatedid not

differ significandy from zero, indicating that the extent of gilling is independent of tow time.

Results of both ANOVA's were also very similar.

The contingency table analyses of giller picking time produced chi-square statistics for rockfish

for the overall treatment effect null hypothesis which was not significant at the a = 0.05 level for

eitherthe 3- or 4-codend data sets (p levels were, respectively, 0.125 and0.614). The nonsig-

nificance of the contingency table analysisis indicativeof a loss in statistical power that can occur

when one uses counts based on discrete responses, rather than continuous measurements.

Flatfish Results. Results of analysis of the extent of gilling in flatfish tows were less straight

forward than results for rockfish. However, overall gilling is much less of a concern for flatfish

fishing than for rockfish fishing. For example, the mean weight of fish gilled per trawl hour was

generally much lower for flatfish tows when compared with rockfish tows conducted using the

same codend type (Figures 14 and 15). In addition, the maximum mean giller weight per trawl

hour seen for the flatfish results was only 27.46 pounds (5" squarecodend), whereas for rockfish

the maximum was 284.4 pounds (5" diamond codend).

For flatfish, resultsof the overallANOVA's for giller picking time were not statistically

significant for either the 3- or4-codend data sets. In addition, trends in giller picking times were

generally the opposite of those seen for rockfish, with giller picking time tending to decrease with

increases in diamond mesh size (Figures 10and 11). Interestingly, giller pickingtime was lowest

for the 5" square codend, and pairwise comparisons involvingthis codend are statistically

significant in some cases.

For the ANOVA's performed using log-tow time as a covariate, the regression coefficient of

the covariate, r\, is significantly different from zero (T|3 =0.712, S.E. = 0.28) in the 3-codend

analysis, but not in the 4-codend data set (Tj4 = 0.488, S.E. = 32). Overall, a model of giller

picking time increasing as a function of tow time is consistent with these results; however, the best

value of r\ depends on which data set is used.

The contingency table analyses of giller pickingtimes yieldedchi-square statistics thatwere not

statistically significant foreitherthe 3-or4-codend data sets. These results were not surprising,

given thereduced statistical power of such tests relative to ANOVA, and the nonsignificant results
obtained for ANOVA's based on the 3-codend data set
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Results for giller weight as aproportion of total catch weight were statistically significant for
both me 3- and 4-codend data sets. As for rockfish, mere was atendency for the proportion of
weight gilled to increase with increasing diamond mesh size (Figure 12), although not all pairwise
compansons among codend types were statistically significant. Results for the 5" square codend
were similar to, and not detectably different from, those of the 5" diamond codend, which differs
from the results seen for rockfish (Figure 13).

Results for giller weight per trawl hour were significant for the 3-codend data set but not
significant for the 4-codend data set. There was atendency for giller weight in flatfish tows to
increase with increasing mesh size, but the results were not as consistent as those for rockfish
(Figures 14 and 15).

5.4.4 Results on Catch Sorting Time

BaddausaOiS. The ANOVA's performed on the 3- and 4- codend data sets using tow time
as acovanate produced very similar results to those conducted without assuming tow time as a
covariate. For the latter analyses, the estimated mean sorting times were, respectively 56 73 (3")
43.26 (4.5"), and 36.42 (5») minutes for the 3-codend data set, and 31.16 (3') 34 89 (AA
18.66 (5") and 17.31 (5" sq) minutes for the 4-codend data set (see Figures 16 and 17). Although
these results suggest mere may be some tendency for catch sorting time to decrease with increasing
mesh size, the overall mesh effect and most pairwise comparisons (with the exception of the 3" vs
5 comparison) were no, statistically significant. The inconsistencies in mean sorting time esti- '
mates between the 3- and 4-codend datasets is therefore not surprising. The chi-square statistics
produced from the contingency table ana.yses were also not statistically significant OveraJ ul
resuns indicate that further work is needed to determine whether catch solg times v^
s^iificantly with codend type for rockfish tows, and that any differences that may be detected with
additional data are likely to be small. "ciccieawitn

for SSISf t$ f°r *• r0CkflSh AN°VA'S'reSUl,S °f"" natfish AN0V*'s were similar
reLhs of17 TIT ^ Wkh "* With°Ut t0W ,tae M' C°Variate>> -d - *« °n *e
timefTrT *°W*"W"inClUdedMSCWariate- •"»esti™<*-ansorting
T3 clnH? tOWS T reSPeC,iVeIy, mM ^ 6836 (4-5"}' ""« 42'85 <5"> -n«tes forme 3-codend data set, and 112.35 (3"), 67.40 (4.5"), 35.19 (5") and 40.11 (5" sq) minutes for the
efSldtttw^^^ 1?)- hCOmraSt t0 thC M fM »***•*^-«effect and most pairw,se compansons (with the exception of the 5" diamond vs 5" sauare com

ppziz:e?rsi£^rfortheflatfishcatchsortingtimes- -°*£zzz»
tz^rznbr;cf eryses were"-higwy^^^ ***** «**
°rzi^ri **4"codend resu,ts> respecdveiy- ^ «-*show that catch sorting time decreases greatly with increasing diamond mesh size for flatfish tows
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The estimated mean responses for both 3- and 4- codend data sets indicate that catch sorting times
for the 5" diamond mesh codend is less than half thatof the 3" diamond codend.

5.4.5 Results on Extent of Discards

Two response variables were analyzed toexamine the effects of codend type on the extent of
discarding: (1) the proportion ofthe total catch weight discarded, and (2) discarded catch weight
per trawling hour. The trends seen for both response variables were similar for both rockfish and
flatfish tows. Estimated differences among codends in the proportion ofcatch weight discarded
were small, and most of the differences were not statistically significant The exception tothis was
that the proportion of the catch discarded in flatfish tows conducted using the 3" codend was sig
nificantlyhigher than thatof the larger diamond mesh codends for the 3-codend data set

For both rockfish and flatfish tows, estimated catch weight discarded per trawling hour de
clined dramatically as diamond mesh size increased (Figures 18 and 19). Overall mesh effects, and
most pairwise comparisons among diamond mesh codends were statistically significant. Differ
ences in discards between the 5" square codend and the diamond codends were not statistically
significant For rockfish tows, estimated discards for the 5" square codend were lower than that
for any ofthe diamond mesh codends. The 5" square codend produced slighdy higher discard
estimates than the 5"diamond mesh codend; however, the 5"square discard estimates were
substantially lower than those of the 3" and4.5" diamond mesh codends.

5.5 Results of Analyses For Individual Species

5.5.1 General Results for Individual Species

Overall, analyses of species-specific responses led to fewer statistically significant results than
did those performed for all species combined. This was anticipated tosome extent, because it was
known that there is significant tow to tow variation in species composition among tows conducted
within each of the rockfish and flatfish sub-studies. This resulted in fewer complete blocks ofdata
being obtained on an individual species basis than on asub-study basis. In addition, the variance
ofcatches ofindividual species was often much larger than that for all species pooled together. As
aresult of smaller sample sizes and larger variances, the statistical significance of the overall mesh
effect, and pairwise comparisons ofresponses were generally weaker than those seen for analyses
of responses for all species combined (see Tables 30-41).
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5.5.2 Individual Species Results on Catch Weight per Trawling Hour

For6 of 10 species for which more than 2 blocks of complete data were obtained, total catch

per trawling hour decreased consistently with increasingdiamond mesh size for both the 3- and 4-

codend data sets (Tables 30 and 31, Figures 20 to 23). Three of the 10 species showed a consis

tent decline in either the 3- or 4-codend data sets, and only 1 species (canary rockfish) did not

show a consistent pattern in either data set. Thus, the results in catch seen for individual species

are generally similarto the decline in dollars per trawlinghour observed with increasing diamond

mesh size for the rockfish and flatfish sub-studies. The overall treatment effect was significant for

7 of the 10 species in the 3-codend data set (Table 30), and for 6 of 10 species in the 4-codend data

set(Table 31). A total of 17 outof a possible 30 pairwise comparisons, and 27 outof 60 compari
sons were statistically significant at the0.05 level for the 3- and 4-codend data sets, respectively
(Tables 32 and33). For both the 3- and4-codend data sets, 8 of the 10 species show significant

differences in catch weightper trawling hour for the3" vs. 5" diamond mesh codend comparisons.
For 8 of the 10species examined using the4-codend data set, the estimated catch pertrawling hour

in the 5" square codend exceeded that of the5" diamond codend. However, only one of the pair-

wise comparisons betweenthese two codends was significant at the p<0.05 significance level (i.e.,

rex sole, Table 33). Estimates of the number of complete blocks needed to reject the null hypo
thesis "There is nodifference in mean catch per trawl hour among pairs of codend types" based on
results obtained for the3- and 4-codend data sets are given inTable 34 and 35, respectively.

Mean catch weight by codend type is also illustrated in Figures 20and 22 (corresponding to the
3- and4- codend data sets) for canary rockfish, yellowtail rockfish, widow rockfish, Pacific ocean

perch and sharpchin rockfish. These species are among those most commonly caught in tows
conducted in the rockfish sub-study. Note that mean yellowtail rockfish catch weight exceeded
that of other rockfish species for most codend types. In addition, weobtained the largest number
of complete blocks of data (27 blocks for the 3-codend data set, and 11 blocks for the 4-codend

data set) for yellowtail rockfish than for any other species of rockfish. For the 3-codend data set,
theoverall mesheffect and both pairwise comparisons involving the 3" diamond meshcodend
were statistically significant (p<0.05) for this species (Table 32). Results for the 4-codenddata set

were weaker, but the probability associated with the Fstatistic for 4 of 6 possible pairwise
comparisons was less than 0.1 (Table 33).

The species composition of thecatch of the flatfish sub-study was less variable than that of the
rockfish sub-study. Thus, relatively high numbers of complete blocks of data were obtained for
several species commonly caught in tows directed at the deepwater assemblage. For example, for
the 3-codend data set, there were four species for which the number of complete blocks obtained
exceeded 20(Dover sole, rex sole, sablefish, and shortspine thomyhead) (Table 32). Mean catch



36

weights of Dover sole, rex sole, sablefish, longspine thomyhead, and shortspine thomyhead by
codend type are iUustrated in Figures 21 and 23, for the 3- and 4- codend data sets, respectively.
Note that mean catch weights of Dover sole and sablefish were similar for most codend types and
exceeded those ofother species in the deepwater assemblage.

For the 3-codend data set, the overall mesh effect and all pairwise comparisons were statisti
cally significant for both Dover sole and rex sole (Table 32). For sablefish, the overall mesh effect
was significant, as were pairwise comparisons involving the 3" diamond mesh codends. For
longspine thomyhead, neither the overall mesh effect nor any of the pairwise compansons were
statistically significant. For shortspine thomyhead the overall mesh effect, and two of the pamv.se
comparisons (3" vs 5" and 4.5" vs 5") were significant.

For the 4-codend data set, mean catch weight in the 5" square mesh codend exceeds that of the
5" diamond mesh codend for four of the five species examined in the flatfish sub-study. These
results are similar to the overall trend in catch weight for these two codends seen for flatfish tows
(all species combined). However, probability levels associated with pairwise differences in catch
weights for the 5" diamond and 5" square codends were less than 0.10 in only two cases (i.e.,
Dover sole, p=0.084; and rex sole, p=0.011).

5.5.3 Results on Mean Length by Codend Type for Individual Species
Results on mean length as afunction of codend type are presented in Tables 36-41 and

iUustrated in Figures 24 through 27. For the 3-codend data set,7of the 9species illustrated
exhibit aconsistent increase in mean length with increasing diamond mesh size fTable 36). These
results are similar those seen for the DPH and total catch weight response variables (i.e., decreases
in catch rates with increasing diamond mesh size should be accompanied by increases in mean
lengthin the catch).

Greater variation is seen in the results of the 5" square vs. 5" diamond codend compansons
(Tables 37 and 39; Figures 26 and 27). For the 9species examined, mean length in the 5" square
codend exceeds that in the 5" diamond codend for 5species, the reverse is the case for 3species,
and little difference in mean length between codend types is seen for 1species. However, none of
the pairwise comparisons of mean length involving these two codend types are stat.st.caUy
different (Table 39).

Fifteen of 27 pairwise comparisons of diamond mesh codends were significant at the p<0.05
level for the 3-codend data set (Table 38), whereas for the 4-codend data set, 17 of 54 posstble
pairwise comparisons were significant (Table 39). Estimates of the number of complete blocks
needed to reject the null hypothesis: "There is no difference in mean length among pan* of codend
types" based on results for the 3- and 4-codend data sets are given in Tables 40 and 41,
respectively.
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5.5.4 Results on Gilling Rates for Individual Species

Estimated means for the response variable giller weight of a species as a proportion of thetotal
catchweight of that species are illustrated in Figures 28 and 29 for the 4-codend data set and

provided inTable 42 for selected species. Overall, rockfish are far more prone tobeing gilled than
are flatfish and roundfish. This is consistent with the much larger gilling proportions observed in

the the rockfish sub-study compared to the flatfish sub-study for all species combined. Species
with relatively large gilling rates (giller weight greater than 5% of total catch weight) include Pacific
ocean perch, yellowtail rockfish, widow rockfish, and sharpchin rockfish. Species with relatively
low gilling proportions (giller weight less than 5% of total catch weight) include Dover sole, rex
sole, sablefish, longspine thomyhead, shortspine thomyhead and canary rockfish. Two of 4

species with substantial gilling rates exhibited aconsistent increase in gilling proportion with
increasing diamond meshsize, corroborating the results of theanalyses for all species combined.
Sharpchin rockfish and Pacific ocean perch show an increase in giller proportion from the3"
codend relative to the 4.5" codend, but a decrease from the 4.5" to 5" mesh codends. This result is

probably due tothe small size of adults of this species, which ismore likely toescape through the
5"net than tobecaught init. Except for Pacific ocean perch which shows the opposite trend,
gilling proportions for all "problematic" species are lower for the 5" square codend than for the 5"
diamond codend.

5.5.5 Resultson Discard Rates for Individual Species

Estimated means for the response variable discard weight of aspecies as aproportion of the
total catch weight of that species are presented inTable 43 and illustrated in Figures 30 anc 31 for
the 4-codend data set for selected species. For the 3" diamond mesh codend, discard proportions
ofgreater than 5% of the total catch weight ofaspecies were estimated for Dover sole, rex sole,
sablefish, Pacific ocean perch, longspine thomyhead, shortspine thomyhead, and sharpchin
rockfish. Discard rates exceeded 5% in either or both of the larger mesh codends only for rex sole,
Pacific ocean perch, sablefish, and sharpchin rockfish. For most species with substantial discard
rates, discard proportion tended to decrease with increasing diamond mesh size. Exceptions to this
general trend were seen for rex sole and sharpchin rockfish. For these species, discarding is often
determined bymarket factors which are unrelated to fish length.
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6. Discussionand Conclusions

neeT^"^ reSUlK(dem°nS,rate several ^ ^s. We have shown tha, we were ab.e to get theneeded cooperation ofvessel owners and skippers to conduct theresearch, and that our fieldtl
tuques were feasible. Wealso clearly demonstrated that codend mesh size and typehaveasig
mficant impact on important characteristics of the catch when fishing occurs under commercial
production conditions. Specifically, we showed that in many cases increases in diamond mesh
size result msignificant decreases in gross revenues per trawling hour, catch sorting time, and
« catch weight, and increases in mean .ength of individual species and in I extent of

gnling. Although analyses conducted for individual species were less conclusive than those con
ducted on data for all species combined, individual species responses were similar to theIT
seen for the combined data.

Some mteresting differences in responses were seen between the rockfish and flatfish sub-
studies. Mean duration offlatfish tows wasmore than twice that of rockfish tows. Rockfish
fishing generates more revenues than flatfish fishing (on aper trawling hour basis), but rockfish
SSirThm0reV^abletate^°fcaKh-ounts-dsP--co-Posiuon of the catch.Gilhng ,s amuch greater problem for rockfish than for flatfish fishing
codfZT1* lTT, *"there"8̂ t0 C°ndUCt addid0nal research °n *• ^ects ofchangingcodend type on the fishery. With the samp.e sizes obtained, large changes in gross revenues per
.awlin, nour DPH) were detected, bu, greater sampie sizes would be needed* estimate smlr
z Zcti r.1" tThe same is""for many °f the °te«•»""*»-—med, particularly, individual species responses. The 1988 field work examined only 4-codend
ypes and two fishing strategies, and there is aneed to extend the fieldwork to other codend mesh

sizes and other segmentsof the fishery. Field work to be conducted during ,989 and 1990 win
produce agreat deal ofadditional information. Results of the 1988 field study will provide infor
mation needed to develop appropriate experimental designs for these later field studies

In addition to field studies, further analytical and modeling work is needed to fully evaluate the
relevZI"" °faltematiVe ^ SfZe regUlati°nS- WbUe thC •"*" Pre*nted in mis reP°" -relevant oan assessment of short-term effects ofchanges in mesh size and shape, the long-term
^d;?Tge: r""* considered-such ~*~wui -«-£«vJ^ztifth and final phase of this study.
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Table 1.—Experimental codend specifications.

Codend component

Web

Rib lines

Hanging ratio

Codend size

Restraining straps

Chafing gear

Specification

Diamond mesh: double strand polyethylene, 4-mm diameter
Square mesh: Nichimo UC, 4-strand braided knotless, 480 ply

Polydacron rope, 1-in diameter; seized to every third knot; four rib
lines per codend

Three percent with ribline tension at 500 lb in2

3-in diamond:
4.5-in diamond:
5-in diamond:
5-in square:

112 meshes around x 142 meshes deep
80 meshes around x 100 meshes deep
72 meshes around x 90 meshes deep
72 meshes around x 180 bars deep

Polydacron rope, 1.5-in diameter, 12-ft length, placed 3 ft apart

Polypropylene rope, 0.5-in diameter, 12.5-in mesh, three of four
panels covered
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Table 2.-List of species referred to in the report giving the common
name, and the abbreviations used in the tables.

Common usage.

Arrowtooth flounder

Canary rockfish
Darkblotched rockfish

Dover sole

English sole

Greenstripe rockfish

Lingcod

Longspine thomyhead
Pacificcod, true cod

Pacificocean perch

Pacific whiting, hake

Petrale sole

Redbanded rockfish

Redstripe rockfish

Rex sole

Rosethorn rockfish

Rougheye rockfish
Rough scale grenadier
Sablefish, black cod

Sharpchin rockfish
Short spine thomyhead
Silvergray rockfish

Slender sole

Spiny dogfish
Splitnose rockfish

Spotted ratfish
Yelloweye rockfish

Yellowmouth rockfish

Yellowtail rockfish

Widow rockfish

Taxonomic name

Atheresthes stomias

Sebastes pinniger

Sebastes crameri

Microstoma pacificus

Parophrys vetulus
Sebastes elongatus

Ophiodon elongatus
Sebastolobus altivelis

Gadus macrocephalus

Sebastes alums

Merluccius productus

Eopsettajordani
Sebastes babcocH

Sebastes proriger

Glytocephalus zachirus
Sebastes helvomaculatus

Sebastes aleutianus

Coryphaenoides acrolepis
Anoplopoma fimbria
Sebastes zacentrus

Sebastolobus alsacanus

Sebastes brevispinis

Lyopsetta exilis
Squalus acanthias
Sebastes diplopora

Hydrolagus colliei
Sebastes ruberrimus

Sebastes reedi

Sebastes flavidus

Rp.hastes entomelas

usage, formal taxonomic

Abbreviation

Arrowtooth

Canary

Darkblotch

Dover

English

Greenstripe

Lingcod

LST

Pacific cod

POP

Pac. whiting

Petrale

Redbanded

Redstripe

Rex

Rosethorn

Rougheye

R.S. Grenadier

Sablefish

Sharpchin

SST

Silvergray

Slender

S. dogfish

Splitnose

S. ratfish

Yelloweye

Yellowmth

Yellowd

Widow
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Table 3.—Variance component estimates for the logarithm of tow cash value (in dollars perhourof
tow time) in the flatfish androckfish portionsof the Pacific groundfish fishery (from
Bergh et al. in press). See text (pp. 11-12) for definitions of rockfish and flatfish sub-
studies. These estimates are basedon data (Pikitch 1986) from 139 fishing trips, with a
total of 376 rockfish tows and 502 flatfish tows.

Variance Rockfish Flatfish

<s\ 0.391 0.170

q£ L368 0.454

Table 4.—Variancecomponent estimates for the mean total length (cm) for 8 speciesof importance
in the Pacific groundfishery. M - males; F - females (from Bergh et al. in press).
These estimates are based on data (Pikitch 1986) from 139 fishing trips, with a total of
376 rockfish tows and 502 flatfish tows. See text (pp. 11-12) for definitions of
rockfish and flatfish sub-studies.

Species Sex Mean length g%> o^_

Arrowtooth M 37.05 39.87 0.67

Arrowtooth F 39.62 52.18 1.06

Petrale M 32.58 9.48 3.84

Petrale F 38.90 10.13 10.33

English M 26.18 10.38 3.02

English F 31.18 - 8.66

Dover M 34.68 4.28 2.89

Dover F 39.09 8.79 7.33

Sablefish M 50.45 15.50 10.59

Sablefish F 52.71 15.19 28.52

POP M 37.32 3.65 0.82

POP F 39.16 3.25 1.96

Widow M 39.01 0.82 7.54

Widow F 40.71 4.28 7.59

Yellowd M 42.78 2.44 3.72

Yellowti F 45.06 6.39 2.01
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and flatfish sub-studies. It was «sumed?h« l^- o12) for defimtio1" ofrockfish
and ^owspertripforrock^
-ponse" is the ratio §£g, wnere DPHl „the ^ doUar^ hoiff for ^ ^ ^
thelarger gross cash value.

Magnitude ofrespond Desim A ,

Fishing strategy: Flatfish

1.05 3,444 436

1.10
902 116

1.15
418 52

1.20
246 32

1.50
52 7

2.00
18 3

Fishing strategy: Rockfish
1.05 7,240 649

1.10 1,896 168

1.15
882 78

1.20
518 47

1.50
104 10

2.00
38 4
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Table 6.—Number of trips required to reject the nullhypothesisof no treatment effect at a
=0.10 (one-tailed) with a power of (1-P) =0.80 for the meanbody length per
tow of the species and sexes (M - male; F- female) indicated using Design A
with 8 tows pertrip (from Bergh et al. in press). P is the percentage change
between two nets with different mesh size under the alternative hypothesis.

Species Sex P=l% 2 3 4 5 6 7 8 9 10

Arrowtooth M 10,528 2,632 1,168 658 420 292 214 164 130 104

Arrowtooth F 12,054 3,012 1,338 752 482 334 246 188 148 120

Petrale M 3,394 848 376 212 136 94 70 54 44 36

Petrale F 2,730 682 302 170 108 78 58 44 36 30

English M 5,676 1,418 630 354 226 156 116 88 72 58

English F - - - - - - - - - -

Dover M 1,394 348 154 86 58 40 30 24 20 16

Dover F 2,296 574 254 142 92 66 48 38 30 24

Sablefish M 2,390 596 264 148 96 68 50 40 32 26

Sablefish F 2,440 610 270 152 98 70 52 40 32 26

POP M 974 242 108 62 40 28 22 18 14 12

POP F 824 206 92 54 34 24 18 14 12 10

Widow M 418 104 48 28 18 14 10 8 8 6

Widow F 1,140 284 126 72 48 34 26 20 16 14

Yellowtl M 574 142 66 38 24 18 14 10 10 8

Yellowtl F 1,182 294 130 76 50 34 26 20 16 14
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Table 7—Number of trips required to reject the null hypothesis "There is no change in
mean length" a =0.10 (one-tailed) with apower of(1-P) =0.80 for the mean
body length per tow of the species and sexes (M -male; F-female) indicated
using Design Bwith 8tows per trip (four per treatment type) (from Bergh et al.
in press).

Species

Arrowtooth

Sex

M

P= 1% 2 3 4 5 6 7 8 9 10

11 3 2 1 1 l 1 l l 1

Arrowtooth F 15 4 2 2 1 l 1 l l 1

Petrale M 81 20 9 4 3 2 2 2 l 1

Petrale F 154 38 17 6 4 4 3 3 2 2

English M 99 24 11 4 3 2 2 2 2 2

English F - - - - - - -
"

'

Dover M 54 13 6 3 2 2 1 1 1 1

Dover F 108 27 12 4 4 3 2 2 2 2

Sablefish M 94 23 10 4 3 3 2 2 2 2

Sablefish F 232 58 25 9 6 4 4 3 3 3

POP M 13 4 2 1 1 1 1 1 1 1

POP F 28 7 4 2 1 1 1 1 1 1

Widow M 112 28 12 4 4 3 2 2 2 2

Widow F 103 25 11 4 4 3 2 2 2 2

Yellowtl M 45 11 5 2 2 2 1 1 1 1

Yellowtl F 22 5 3 2 1 1 1 1 1 1
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Table 8.—Definitions of aborted tows.

1. Catch weight less than 50 pounds
2. Doors cross and the time that the event occurred is unknown
3. Tom net or codend that may result in significant escapement
4. Catch weight composed of greater than 50% spiny dogfish

shark (Saualus acanthins\ J B

Table 9.-Summary of data collected during each trip and tow for the 1988 field study.
Vesseland gear
specifications

Trip number
Engine type
Engine horsepower
Winch type
Cable diameter (in)
Cable length (ft)
Trawl brand
Net material
Headrope length (ft)
Footrope length (ft)
Age of net
# floats onheadrope
Diameter of floats
# rollers on footrope
Diameter of rollers
Bridle length (ft)
Net vertical opening (ft)
Length ofmud gear (ft)
Diameter ofmud gear (in)
Mesh size ofnet body
Mesh size of netintermediate
Intermediate circ. (#of

meshes)
Door weight (lbs)
Door square area (m2)
Plotter brand & model
Loran receiver brand & model
Paperechosounder brand &

model

Video chromoscope brand &
model

Sonar brand & model
Net sounder brand

Haul

information

Trip number
Haul number
Sub-tow ID
Date

Time start
Time finish
Block number
Vessel trawl gearused
Fishing strategy
Codend mesh size and

type

Identifyreasonfor new
tow location

Identify target species
Intended location and

duration of tow
Wind speed (knots)
Windmagnitude
Current magnitude
Bottom type
Position start
Position finish
Depth start(fm)
Depth finish (fm)
Average depth (fm)
Length of wire out

(fm)
Average tow speed

(knots)
Net performance

Catch

information

Trip number
Estimated pounds

retained by tow and
by species (from
the vessels log
book)

Total pounds landed
and ex-vessel
prices (obtained
from fish tickets
by species)

Trip
information

Trip number
Departuredate
Departure time
Port of departure
Return date
Return time
Port of return
Off-loading date
Fish plant name
Number of crew
Rank of trip

target species in
orderof importance

List of processor
requests

Species limited bythe
processor

Gross revenues needed
for a successful trip

Gross revenues needed
to break even

Ratingof trip success
Basis of trip success

rating
Reason(s) for ending the

trip
Trip expenses
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Table 9.—continued.

Catch species Catch length Giller species Giller length Timing of
composition frequencv composition frequencv events

Trip number Trip number Trip number Trip number Trip number
Haul number Haul number Haul number Haul number Haul number
Date

Estimatedcatch weight
Date

Species name
Date

Estimatedtotal giller
Date

Species name
Giller picking

time
(weight of codend Total length weight Total length Catch sorting
contents that were (truncated, cm) Total giller sample (truncated, cm) time
dumped on the deck Sex weight Sex Net mending

timeTotal sample weight Disposition (utilized Species name: Disposition
Species name: or discarded) Utilized weight (utilized or Codendchang

Utilized weight Total weight of all Discarded weight discarded) ing time
Discardedweight measured fish by Code to indicate Total weight of all
Code to indicate whether species whether the measured fish by

the weights represent a weights represent species
sample of the catch or a sample of the
100% of the catch gilled fish or

Code to indicate whether 100% of the
the weights were gilled fish
estimated or represent Code to indicate
actual measured whether the
weights weights were esti

Code to indicate the mated or represent
reason for discards actual measured

Comments weights
Code to indicate the

reason for discards
Comments
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Table 10.—Focus species selected for obtaining total length measurements in the field.

Flatfish

Arrowtooth flounder
Dover sole
English sole
Petrale sole

Rockfish

Bank rockfish
Canary rockfish
Chilipepper rockfish
Pacific ocean perch
Redstripe rockfish
Widow rockfish
Yellowtail rockfish

Other

Lingcod
Longspine thomyhead
Pacific cod
Sablefish

Shortspine thomyhead

Table 11.—Number of vessels included on the 1988 experimental fishing permit, number of
vessels sampled and number of experimental trips conducted.

Geographical location
of vessels' home port

Northern Washington

Southern Washington &
northern Oregon

Central Oregon

Southern Oregon &
northern California

Central California

Permitted
vessels

8

15

14

8

3

Vessels
sampled

Experimental
trips

5

10

3

2
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Table 12.—Summary ofcompleted tows and blocks listed bytrip number. See text (pp. 11-12)
for definitions of rockfish and flatfish sub-studies.

Rockfish Flatfish
Trip # of tows # of tows Total # of blocks # of tows # of tows Total # of blocks
no. aborted successful tows completed aborted successful tows completed

3-diamond mesh codends

1 3 13 16 3 0 11 11 3
2 5 21 26 7 1 1 2 0
3 4 24 28 8 2 8 10 2
4 1 6 7 2 0 0 0 0
5 1 4 5 1 0 13 13 4
6 0 0 0 0 0 11 11 3

4 codends: 3-diamond & 1-square
7 1 8 9 2 0 1 1 0
8 0 0 0 0 2 6 8 1
9 4 27 31 6 0 2 2 0

10 1 1 2 0 1 6 7 1
11 5* 2 7 0 0 0 0 0
12 0 0 0 0 0 6 6 1
13 11* 7 18 1 1 5 6 1
14 0 0 0 0 1 11 12 2
15 0 0 0 0 3 19 22 4
16 0 0 0 0 1 9 10 2
17 2 5 7 1 1 10 11 2
18 4 14 18 3 0 0 0 0
19 0 10 10 2 0 0 0 0
20 0 0 0 0 0 16 16 4
21 3 17 20 4 0 0 0 0
22 0 2 2 0 0 10 10 2
23 0 1 1 0 0 11 11 2
24 3 16 19 4 0 0 0 0
25 0 0 0 0 0 4 4 1
26 3 6 9 1 1 1 2 0

Total 51 184 235 45 14 161 175 35

"•Indicates that at least one mid-water tow was conducted that was not part of the experiment.
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Table 13.—Frequency distribution of non-aborted tows by INPFC area of tow location, fishing
strategy, andmonthof fish delivery. See text (pp. 11-12) for definitions of rockfish
and flatfish sub-studies.

INPFC Area Strategy Jul Aug Sept Oa Nov Dec Total

Rockfish 34 23 36 5 98
Vancouver

Columbia

Flatfish

Rockfish

Flatfish

Rockfish

12 8

11

24

16

9 24

19 28

43

40 84

12 83

0

Eureka
Flatfish 21 21

Monterey
Rockfish

Flatfish

2

14

2

14

Total 46 66 71 94 0 68 345
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Table 14 -Frequency distribution of completed blocks by INPFC area ofblock locationTable 14. "g"»^ by the first tow ofeach block), fishing strategy, and month of fish
dS (A)Three-codenddataset: 3"d, 4.5"d and 5"d. (B) Four-codend
dataset- 3"d 45"d, 5"d and 5"s. Note that the blocks enumerated for BRelent asubset of blocks listedinA. See text (pp. 11-12) for definmons of
rockfish and flatfish sub-studies.

INPFC Area Strategy Jul Aug Sept

A-

Oct Nov Dec Total

Rockfish 10 8 7 1 26

Vancouver
Flatfish

Rockfish

'X 2 1

2

3

5

9

3 9 19

Columbia
Flatfish

Rockfish

7 3 7 2 19

0

Eureka
Flatfish

Rockfish

4 4

0

Monterey
Flatfish

3 3

Total 13 20 13 20 0 14 80

B-

Vancouver

Rockfish

Plat-fich

7

1

1

3

8

4

Columbia

Rockfish

Flatfish

2

3

5

7

4

9

2

16

12

Eureka

Rockfish

Flatfish

0

4

Monterey
Rockfish

Flatfish

0

3

0

3

Total 0 0 13 20 14 47
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Table 15.—Management regulation limits (pounds) in effect during 1988.

Effective datesSpecies

Sablefish 01/01/88-08/02/88

POP

Widow

Sebastes
complex

08/03/88-12/31/88

01/01/88-12/31/88

01/01/88-09/20/88

09/21/88-12/31/88

01/01/88-12/31/88

Regulation

6000 lb/trip, no more than 5000 pounds less than 22 inches total
length, no more than two landings per week

2000 lb/week

5000 lb/trip or20 percent (by round weight) of all legal fish on
board, which ever is less

No restrictions on landings less than 1000 pounds

30,000 lbs/week, no more than one landing per week above
3000 pounds

3000 lbs/trip

North of Coos Bay, OR:
25,000 lbs/week of which not more than 7500 lbs may be
yellowtail rockfish, or 50,000 lbs biweekly of which not
more than 15,000 lbs may be yellowtail rockfish, pr 12,500
lbs twice weekly of which not more than 3,750 may be
yellowtail rockfish.

No restrictions on landings less than 3000 lbs

01/01/88-12/31/88 South of Coos Bay, OR:
40,000 lbs/trip, with no frequency or special limit on
yellowtail
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Table 16.—Experimental mesh size study trip deliveries (in pounds) to fish processing plants
categorized by species orspecies groups managed bytrip poundage limits. Asterisks
(*) indicate those species or species groups that were caught in excess oftrip limits.

Trip Widow Yellowtail Other Sebastes Total Landing
no. Sablefish rockfish POP rockfish rockfish complex

23,700

landing

66,693

date

la 82 2,769 5,394* 23,700* 07/14/88
2a 184 5,203 3,258 106,635* 106,635* 117,790 07/29/88
3a 5,406* 3,854 3,402 18,710 22,112 42,374 08/12/88
4 700 38,390* 1,400 39,790* 42,190 08/10/88
5 10,142* 9,367 6,892 16,259 47,198 08/20/88
6 4,784* 185 720 720 25,690 08/26/88
7 6,540* 42,605* 1,900 44,505* 57,210 09/06/88
8 8,775* 362 362 24,640 09/08/88
9a 100,354* 41,346 141,700* 142,578 09/15/88

10 3,627* 2,102 2,064 2,064 13,161 09/16/88
11 28 29,732b 356 2,728 3,084 5,812 33,890 09/19/88
12 8,721* 129 129 21,619 09/26/88
13 530 2,926 14,098* 26,556* 7,380 33,936* 56,571 09/27/88
14 13,795* 495 495 39,485 10/03/88
15 3,082* 195 8,024* 11,022 11,022 38,375 10/11/88
16 5,413* 1,534 1,534 46,211 10/10/88
17 4,413* 2,016 3,034 15,148 18,182 41,128 10/17/88
18 592 707 11 17,083* 4,569 21,652 24,769 10/21/88
19 356 2,293 1,258 15,463 15,463 20,200 10/30/88
20 19,272* 705 4,159 4,159 43,368 10/31/88
21 284 19,672* 19,625 19,625 42,286 12/03/88
22 10,558* 15,084 15,084 38,071 12/09/88
23 28,475* 2,008 2,008 45,665 12/11/88
24 69,060* 11,903* 14,745 26,648* 96,011 12/16/88
25 11,805* 20,661 12/19/88
26 192 3,230* 2,128 2,128 6,980 12/20/88

Total 147,056 138,774 38,974 385,757 189,967 575,724 1,194,820

Amt.

over

quota 114,808 82,962 12,516 262,226 193,214

aTwo-week trip frequency declaration; otherwise, trip or weekly limits were in effect.
bCaptured with vessel's midwater gear.
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Table 17.—Numberof length measurements recorded for non-gilled andgilled fish during 1988.

Number measured
Species Non-gilled Gilled

Arrowtooth 2,612 820
Bank 202 66
Canary 3,661 86
Chilipepper 548 42
Dover 10,944 123
English 1,526 138
Lingcod 2,141 32
LST 995 297
Pacific cod 1,140 4
POP 3,573 1,490
Petrale sole 2,365 106
Redstripe 1,661 693
Sablefish 8,368 565
SST 3,919 344
Widow 3,841 1,405
Yellowd 10,235 2,323

Total 57,731 8,534

Table 18.—Codend mesh size measurements (in inches) recorded at the conclusion of the 1988
field work. Meshes were stretched and measured diagonally (between knots) using a
mesh measuring gauge (x = mean, S.D. = standarddeviation, N = number of meshes
measured). All diamond meshcodends of codend set A weretowed during 12
experimental trips, whereas the square mesh codend of set A was towed during 11
trips. All diamond mesh codends of codend set B were towed during 8 experimental
trips; the square meshcodend of set B was towed during 9 trips. The 4.5" and 5"
diamond mesh codends of set C were towed during 6 experimental trips and the 3"
diamond meshcodend of setC was towed during 4 trips. Codends within set D were
not used during 1988.

r
X

3.49

diamond

S.D.

0.13

N

82

4.^
X

4.62

' diamond

S.D. N
5" diamond 5i" square

Codend set X S.D. N X S.D. N

A 0.13 64 5.25 0.08 56 5.12 0.12 28
B 3.17 0.10 82 4.62 0.11 57 5.22 0.14 49 5.14 0.11 54
C 3.39 0.17 79 4.60 0.11 58 5.33 0.10 49 — -_-

D 3.27 0.09 89 4.70 0.11 56 5.21 0.11 56 — — —
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Table 19.—Results of ANOVA to test the null hypothesis"There is no effect of codend type" on
response variables invovling all species combined. Results are given for both the
flatfish and rockfish sub-studies for both 3- and 4-codend datasets. In each case, N
represents thenumber of complete blocks of data analyzed, and p(Fmesh) is thep-value
of the F-statistic for the overall mesh effect resulting from the ANOVA. See text (pp.
11-12) for definitions of rockfish and flatfish sub-studies.

Sub-studv

Ratfish Rockfish

3-codends 4-codends 3-codends 4-codends

Response variable N p(Fmesh) N p(Fmesn) N p(Fmesh) N p(Fmesh)

Tow duration (hr) 35 0.975 23 0.188 45 <0.0005 24 0.040

Dollars per trawl hour (all species) 35 <0.0005 23 0.001 45 0.001 24 <0.0005

Giller picking time (in min):

Without tow time as covariate 34 0.593

With tow time as covariate 34 0.581

Giller weight/total catchweight 35 <0.0005

Giller weight(lbs) pertrawl hr 35 0.006

Catch sorting time (in min):

Without tow time as covariate 31 <0.0005

With tow time as covariate 31 <0.0005

Discard weight/total catch weight 35 0.078

Discard weightQbs) pertrawl hour 35 <0.0005

21 0.058 38 <0.0005 24 <0.0005

21 0.121 38 <0.0005 24 0.066

23 <0.0005 45 <0.0005 24 <0.0005

23 0.1141 45 <0.0005 24 <0.0005

18 <0.0005 25 0.341 6 0.661

18 <0.0005 25 0.166 6 0.689

23 0.516 45 0.884 24 0.649

23 <0.0005 45 0.071 24 0.008
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Table 20.—Adjusted mean responses by codend type for the flatfish sub-study for response
variables involving all species combined. See text (pp. 11-12) for definition of
flatfish sub-study. Means for the 3- and 4-codend datasets are reported separately.
See text for further explanation of adjustments made.

Flatfish sub-studv

3-codends 4-codends

Response variable 3" 4.5" 3" 4.5' 5" sq.

Tow duration (hr) 4.19 4.25 4.20 4.44 4.96 4.68 4.22

Dollars per trawl hr (all species) 310.8 246.4 155.2 276.8 204.1 108.6 115.4

Giller picking time (in min):

Without tow time as covariate 8.77

With tow time as covariate 8.61

7.61 7.26 10.29 8.11 6.30 4.80

7.61 7.12 10.77 8.11 6.25 5.68

Gillerweight/total catchweight 0.0093 0.0262 0.0429 0.0101 0.0309 0.0404 0.0419

Giller weight (lbs) per trawl hr 11.53 21.54 24.38

Catch sorting time (in min):

Without tow time as covariate 109.81 68.36 43.76

With tow time as covariate 109.16 68.36 42.85

Discardweight/totalcatch weight 0.346 0.249 0.279

Discard weight (lbs) per trawl hr 498.7 242.6 179.4

14.05 25.68 22.66 27.46

102.99 67.40 35.01 32.61

112.35 67.40 35.19 40.11

0.266 0.196 0.246 0.243

311.6 141.1 106.5 114.7

Total catch weight (lbs) 186,923 128,341 127,839 122,450 80,548 52,950 62,173
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Table 21.—Adjusted mean responses by codend type for the rockfish sub-study for response
variables involving all species combined. See text (pp. 11-12) for definition of
rockfish sub-study. Means for the 3- and 4-codend datasets arereported separately.
See text for further explanation of adjustments made.

Rockfish sub-studv

3-codends 4-codends

Response variable 3" 4.5" 5" 3" 4.5" 5" 5" sq.

Tow duration (hr) 1.23 1.57 1.47 0.98 1.32 1.40 1.17

Dollars per trawl hr (all species) 1,788.7 698.1 794.9 2,289.2 829.9 805.8 736.9

Giller picking time (in min):

Without tow time as covariate 3.38 10.72 16.32 3.52 8.05 8.28 6.05

With tow time as covariate 3.67 10.72 16.61 3.57 8.05 8.30 6.10

Giller weight/totalcatch weight 0.0027 0.0684 0.1440 0.0047 0.0598 0.0995 0.0772

Giller weight (lbs) per trawl hr 11.80 112.90 284.40 25.40 115.80 157.03 112.32

Catch sorting time (in min):

Without tow time as covariate 51.12 43.26 36.57

With tow time as covariate 56.73 43.26 36.42

30.61 34.89 18.12 16.38

31.16 34.89 18.66 17.31

Discard weight/total catch weight 0.220 0.222 0.258 0.196 0.247 0.162 0.131

Discard weight (lbs) per trawl hr 1,078.3 460.0 572.9 1,489.4 672.9 372.3 276.4

Total catch weight Qbs) 267,207 144,010 127,839 137,378 80,224 51,139 46,944
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Table 22.—P-values from t-tests for all possible pairwise comparisons among codend types for
response variables involving all species for the 3-codend dataset. See text (pp. 11-12)
for definitions of rockfish and flatfish sub-studies.

Response variable Sub-study N 3"-4.5" 3"-5" 4.5"-5" MSE

Tow duration Rockfish 45 0.010 0.045 0.244 0.44

Flatfish 35 0.474 0.419 0.444 1.19

Dollars per trawl hour Rockfish 45 <0.0005 0.001 0.303 1.41

(all species) Flatfish 35 0.076 <0.0005 0.003 0.44

Giller picking time:

Without tow time as covariate Rockfish 38 0.001 <0.0005 0.117 2.31

Flatfish 34 0.229 0.163 0.403 0.61

With tow time as covariate Rockfish 38 0.002 <0.0005 0.109 2.33

Flatfish 34 0.25 0.151 0.359 0.56

Giller weight/total catch weight Rockfish 45 <0.0005 <0.0005 0.005 2.114

Flatfish 35 <0.0005 <0.0005 0.016 0.921

Giller weight per trawl hour Rockfish 45 <0.0005 <0.0005 0.012 3.526

Flatfish 35 0.006 0.002 0.303 0.988

Catch sorting time:

Without tow time as covariate Rockfish 25 0.233 0.075 0.231 0.634

Flatfish 31 <0.0005 <0.0005 0.001 0.263

With tow time as covariate Rockfish 25 0.116 0.028 0.222 0.61

Flatfish 31 <0.0005 <0.0005 <0.005 0.233

Discard weight/total catch Rockfish 45 0.39 0.311 0.415 4.13

weight Flatfish 35 0.016 0.057 0.272 0.65

Discard weight per trawl hour Rockfish 45 0.014 0.05 0.282 3.18

Flatfish 35 <0.0005 <0.0005 0.064 0.65
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Table 23.—P-values from t-tests for all possible pairwise comparisons among codend types for
response variables involving all species for the 4-codend dataset See text (pp. 11-12)
for definitions of rockfish and flatfish sub-studies.

Response variable

Tow duration

Sub-study N 3"-4.5" 3"-5" 3"-5"s 4.5"-5" 4.5"-5"s 5"-5"s MSE

Rockfish 24 0.017 0.005 0.109 0.302 0.170 0.073 0.27

Flatfish 23 0.076 0.256 0.260 0.212 0.022 0.100 1.40

Dollars per trawl hour (all species) Rockfish 24 0.001 0.001 <0.0005 0.462 0.348 0.384 1.07
Flatfish 23 0.053 <0.0005 <0.0005 0.001 0.002 0.37 0.38

Giller picking time:

Without tow time as covariate Rockfish 24

Flatfish 21

0.009 0.008 0.055 0.466 0.196 0.174 1.28

0.201 0.046 0.006 0.186 0.037 0.17 0.81

With tow time as covariate Rockfish

Flatfish

24 0.011 0.009

21 0.156 0.03

0.059 0.463 0.203 0.179 1.30

0.015 0.176 0.104 0.366 0.79

Giller weight/total catch weight Rockfish 24

Ratfish 23

<0.0005 <0.0005 <0.0005 0.089 0.248 0.245 1.89

<0.0005 <0.0005 <0.0005 0.143 0.112 0.438 0.74

Giller weight per trawl hour Rockfish

Ratfish

Catch sorting time:

Without tow time as covariate Rockfish

Ratfish

24 0.001 <0.0005 0.001 0.245 0.473 0.225 2.28

23 0.027 0.061 0.017 0.339 0.412 0.263 1.019

6 0.427 0.236 0.211 0.188 0.166 0.464 1.403

18 0.010 <0.0005 <0.0005 <0.0005 <0.0005 0.336 0.245

With tow time as covariate Rockfish 6 0.438 0.244 0.215 0.201 0.176 0.459 1.443

Flatfish 18 0.001 <0.0005 <0.0005 <0.0005 0.001 0.193 0.195

Discard weight/total catch Rockfish 24 0.321 0.358 0.224 0.204 0.113 0.345 4.717

weight Ratfish 23 0.078 0.346 0.329 0.149 0.16 0.481 0.849

Discard weight per trawl hour Rockfish 24 0.065 0.006 0.001 0.127 0.046 0.281 3.089

Ratfish 23 0.001 <0.0005 <0.0005 0.108 0.180 0.371 0.563
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Table 24.—Estimates of the number of complete blocks needed to reject the null hypothesis
"There is no difference in mean response among pairs of codendtypes" for all pos
sible pairwise comparisons. Results are given for the 3-codend dataset for response
variables involving all species combined. See text (pp. 11-12) for definitions of
rockfish and flatfish sub-studies. Sample size estimation proceduresarediscussed
in section 4.4.

Response variable Sub-study N 3"-4.5" 3"-5" 4.5"-5" MSE

Dollars per trawl hour (all species) Rockfish 45 21 27 1,038 1.41

Flatfish 35 102 13 26 0.44

Giller picking time:

Without tow time as covariate Rockfish 38 22 13 162 2.31

Flatfish 34 376 212 3,437 0.61

With tow time as covariate Rockfish 38 26 14 151 2.33

Flatfish 34 453 193 1,600 0.56

Giller weight/total catch weight Rockfish 45 5 4 39 2.11

Flatfish 35 12 7 44 0.92

Giller weight per trawl hour Rockfish 45 11 6 52 3.53

Ratfish 35 32 23 801 0.99

Catch sorting time:

Without tow time as covariate Rockfish 25 281 70 277 0.634

Flatfish 31 15 6 17 0.263

With tow time as covariate Rockfish 25 104 39 256 0.610

Flatfish 31 14 5 14 0.233

Discard weight/total catchweight Rockfish 45 3,570 1,133 5,944 4.13

Flatfish 35 44 83 581 0.65

Discard weight per trawl hour Rockfish 45 55 99 825 3.18

Ratfish 35 16 10 89 0.65
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Table 25.—Estimate of thenumber of complete blocks needed toreject the null hypothesis "There
is nodifference in mean response among pairs of codend types" for all possible pair-
wise comparisons. Resultsare given for the 4-codend dataset for response variables
involving all species combined. See text (pp. 11-12) fordefinitions of rockfish and
flatfish sub-studies. Sample size estimation procedures are discussedin section 4.4.

Response variable Sub-study N 3"-4.5" 3"-5" 3"-5"s 4.5"-5" 4.5"-5"s 5"-5"s

1,681

MSE

Dollars per trawl hour (all species) Rockfish 24 14 14 12 15,837 956 1.07

Ratfish 23 51 7 8 14 15 1,271 0.38

Giller picking time:

Without tow time as covariate Rockfish 24 24 23 55 20,323 196 162 1.28

Ratfish 21 178 42 18 157 37 137 0.81

With tow time as covariate Rockfish 24 25 23 57 16,839 209 169 1.30

Ratfish 2-1 122 34 25 144 78 1,089 0.79

Giller weight/total catch weight Rockfish 24 6 5 5 78 313 304 1.89

Ratfish 23 9 7 6 120 92 5,757 0.74

Giller weight per trawl hour Rockfish 24 14 10 14 305 31,535 252 2.28

Ratfish 23 36 56 29 812 2,828 344 1.02

Catch sorting time:

Without tow time as covariate Rockfish 6 1,015 64 51 41 34 4,124 1.403

Ratfish 18 18 5 5 9 8 617 0.245

With tow time as covariate Rockfish 6 1,403 69 52 46 37 3,186 1.443

Ratfish 18 14 5 5 9 13 181 0.195

Discard weight/totalcatch weight Rockfish 24 670 1,101 250 211 97 917 4.72

Ratfish 23 67 890 710 127 139 62,609 0.85

Discardweight per trawl hour Rockfish 24 61 21 14 110 49 433 3.09 .

Ratfish 23 13 8 9 89 163 1,273 0.56
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Table 26.—Number of tows for which giller picking time fell into one of three time categories (0-5
min; 5-20 min; and 20+ min) by codend mesh type for the 3-codend dataset for (a) the
rockfish sub-study and (b) the flatfish sub-study. See text (pp. 11-12) for definitions
of rockfish and flatfish sub-studies.

Mesh sizefs}

Giller picking time (min) 3" 4.5" 5" All

a. Rockfish sub-studv

0-5 24 29 19 72

5-20 12 6 13 31

20+ I 3 6 11

All 38 38 38 114

b. Flatfish sub-studv

0-5 25 25 26 76

5-20 8 7 6 21

20+ 1 2 2 5

AU 34 34 34 102

Table 27.—Number of tows for which giller pickingtime fell into one of two time categories (0-10
min; 10+ min) by codend mesh type for the 4-codend dataset for (a) the rockfish sub-
study and (b) the flatfish sub-study. See text (pp. 11-12) for definitions of rockfish
and flatfish sub-studies.

Mesh sizeCs}

Giller picking time (min) 3" 4.5" 5" 5"s AU

a. Rockfish sub-studv

0-10 18 19 15 17 69

10+ 6 5 9 7 27

AU 24 24 24 24 96

b. Flatfish sub-studv

0-10 15 16 19 16 66

10+ 6 5 2 5 18

AU 21 21 21 21 84
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Table 28.—Number of tows for which ratrh ™t^™ ♦;_ * u .
codend mesh ty^^TSc^ °ne °f?** time cateSories b?
flatfish sub-study See text ftml 1iE?W1^ r0ckflsh sub"study ** (b) thestudies. y (PP- U'l2) for definitions of rockfish and flatfish ub-

Mesh si7ftfg)
Catch sorting time (min) 3" 45

a. Rockfish wh-cfl^y

0-30 11

30-60 g

60+

AU 25

8

8

25

5"

14

6

-J,

25

AU

33

22

2Q

75

Table ^^^^^ time feU into one of two time categories (0-30
study and (b) theVish*S$X Seetxt'S U& ^ ^ Sub"
and flatfish sub-studies. (PP" 2) for defimtl°ns ofrockfish

Catch sorting time (min) 3"

a. Rockfish ^h.cri^y

0-30

30+

AU

b. Flatfish snh-ffflitfy

0-30

30+

AU 18

Mesh fti7?fft)

4.5" 5"

1

il

18

9

2.

18

5"s

7

11

18

AU

13

II

24

19

72
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Species N v Ty, ^ -

Cana^ 13 374.7 138.7 225.6 0280
Yellowtail 27 4418.0 2377.6 1862.8 0024
Widow 17 451.4 285.5 90.9 0'll4
l°P " 57.5 68.0 10.3 0017
Sharpchin 14 145.1 60.8 10.6 0006
^ 36 295-7 138.2 85.1 <0.0005
Rex 23 57.6

14(5 3.8 <0.0005Sablefish 35 289.6 169.3 140^4 003l'
LST 7 7924 531.9 267.5 0.262
SST 24 73.4

i^Z 25.6 <0.0005

Species

°ttmy 4 ".7 198.5 93.3 ,07.1
P(FmPch)

OJ yx:i 107.1 0 7560**- 11 3608.9 2340.6 715.6 ^ ^
"*• ' 5456.4 240, 825, 3g7, 01356
" „. 567'6 3156 1545 244.3 0.3983
!TPCh,n 6 15365 I2" 7.6 16.8 0.0003
?* 21 286° 1498 105, ,53.4 0.0045
slr„ !o 36? ,0-8 "«** .9 280.7 ,96, 1IM 93.2 00l32

5 *»* 90S 44.2 46.3 0.0602
i£[ 14 76.0 86.0 29.4 34.4

0.001,
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Table 32.-P-values from the t-tests for cateh weight per trawl hour for selected species from the
3-codend dataset.

Species
N 3-.4V 3"-5" 4.5"-5" MSE

C-ary 13 0.062 0.209 0.218 2.380
Yellowd 27 0.029 0.005 0.222 1.330
widow 17 0.257 0.016 0.057 4.030
TOP 11 0.399 0.011 0.007 2.260
Sharpchin 14 0.130 0.002 0.017 3.850
pj, 36 <0.0005 <0.0005 0.012 0.760
Rex 23 <0.0005 <0.0005 <0.0005 0.810
Sablefish 35 0.030 0.006 0.250 1.340
LST 7 0-256

0.051 0.137 1.170

0.346 <0.0005 <00005 °-690SST 24

Table 33,-P-values from the t-tests for catch weight per tmwl hour for selected species from the
4-codend dataset.

Stwcies

Canary

N

4

3M.5"

0.179

3"-5"

0.425

3"-5"s

0.370

4.5"-5"

0.226

4.5"-5Ms

0.267

5"-5"s

0.443

MSE

1.641

Yellowd 11 0.196 0.003 0.018 0.016 0.081 0.182 1.294

Widow 7 0.019 0.084 0.034 0.174 0.355 0.278 5.259

POP 6 0.229 0.065 0.149 0.186 0.371 0.280 1.648

Sharpchin 6 0.018 0.001 0.002 0.013 0.039 0.214 2.662

Dover 21 0.012 0.001 0.014 0.098 0.464 0.084 0.737

Rex 13 0.001 0.000 0.000 0.001 0.150 0.011 0.666

Sablefish 19 0.161 0.012 0.003 0.084 0.023 0.243 1.157

LST 5 0.091 0.017 0.019 0.116 0.130 0.467 0.695

SST 14 0.339 0.003 0.009 0.001 0.004 0.301 0.601
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Table 34.—Post-hoc sample size estimates forcatchweight pertrawl hour for selected species
from the 3-codend dataset. Sample size estimation procedures arediscussed in section
4.4.

Species N 3"-4.5" 3"-5" 4.5"-5" MSE

Canary 13 31 115 125 2.38

Yellowd 27 44 23 278 1.33

Widow 17 239 20 39 4.03

POP 11 1000 11 10 2.26

Sharpchin 14 64 9 16 3.85

Dover 36 17 8 41 0.76

Rex 23 7 4 8 0.81

Sablefish 35 58 32 466 1.34

LST 7 92 14 32 1.17

SST 24 928 10 11 0.69

Table 35.—Post-hoc sample size estimates for catch weight pertrawl hour for selected species
from the 4-codend dataset. Sample size estimation procedures are discussed in section
4.4.

Species N 3M.5" 3"-5" 3"-5"s 4.5"-5" 4.5"-5"s 5"-5"s

1072

MSE

Canary 4 24 609 198 36 54 1.641

Yellowd 11 86 8 14 13 31 77 1.294

Widow 7 44 19 11 44 288 115 5.259

POP 6 60 14 30 41 313 98 1.648

Sharpchin 6 7 3 4 6 10 52 2.662

Dover 21 23 11 24 74 15927 65 0.737

Rex 13 8 4 5 8 66 14 0.666

Sablefish 19 114 21 14 58 27 234 1.157

LST 5 14 6 6 18 20 4088 0.695

SST 14 486 10 14 8 11 307 0.601
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Table 36.—Adjusted mean responses for the total lengths (cm) of selected species for the 3-codend
dataset. Nrepresents the number ofcomplete blocks of data analyzed. P(Fmesh) is the
probability associated with the F-statistic of the overall mesh effect resulting from an
ANOVA with blocks and mesh as main effects and tow depth as acovariate.

Species N 3" 4.5" 5" p(FmP«!h)

Canary 9 47.57 48.42 49.47 0.690

Yellowtail 24 45.07 44.75 45.48 0.469

Widow 11 38.19 41.65 44.11 0.006

POP 7 35.73 37.92 39.29 0.527

Dover 28 35.56 37.98 39.67 <0.0005

Arrowtooth 21 46.38 49.23 52.29 0.071

Sablefish 25 50.73 51.23 53.06 0.119

LST 3 23.82 25.24 24.69 0.276

SST 15 28.73 34.63 35.27 0.002

Table 37.—Adjusted mean responses for the total lengths (cm) of selected species for the 4-codend
dataset. N represents the number ofcomplete blocks of data analyzed. P(Fmesh) is the
probability associated with the F-statistic of the overall mesh effect resulting from an
ANOVA with blocks and mesh as main effects and tow depth as acovariate.

Species N 3" 4.5" 5" 5"s P(Fm^h)

0.630Canary 3 41.72 47.77 47.85 44.61

Yellowtail 10 45.74 45.03 46.07 45.41 0.338

Widow 6 36.86 41.90 43.56 44.86 0.140

POP 5 37.14 38.01 38.65 39.97 0.923

Dover 16 35.63 37.81 39.62 39.65 <0.0005

Arrowtooth 11 52.11 52.09 56.46 54.46 0.476

Sablefish 17 50.54 51.20 53.66 55.04 0.007

LST 3 23.86 25.24 24.87 25.66 0.068

SST 12 29.13 35.56 36.56 39.37 <0.0005
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Table 40.—Post-hoc sample size estimates for total lengths ofselected species for the 3-codend
dataset. Sample size estimation procedures are discussed in section 4.4.

Species

Canary

N

9

3"-4.5" 3"-5" 4.5"-5" MSE

195 39 126 11.26

Yellowd 24 429 258 82 3.56

Widow 11 6 4 11 4.15

POP 7 26 12 65 9.78

Dover 28 22 9 43 9.75

Arrowtooth 21 26 8 22 16.16

Sablefish 25 446 21 34 9.04

LST 3 6 11 23 0.54

SST 15 11 9 731 24.15

Table 41 -Post-hoc sample size estimates for total lengths of selected species for the 4-codend
' dataset. Sample size estimation procedures are discussed in section 4.4.

Species

Canary

N

3

3"-4.5"

9

y-r

9

3"-5"s

31

4.5"-5"

43437

4.5"-5"s

26

5"-5"s

25

MSE

20.15

Yellowd 10 79 376 361 38 277 93 3.26

Widow 6 5 4 4 30 11 48 6.43

POP 5 137 46 14 247 28 60 8.26

Dover 16 29 10 10 41 40 170752 10.75

Arrowtooth 11 460233 14 41 14 40 56 17.89

Sablefish 17 300 14 8 22 11 68 10.37

LST 3 11 17 7 122 91 27 1.31

SST 12 9 7 5 290 21 38 23.71
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Table 42.—Gilled weight of a species divided by total catch weight of that species (X 100) for
species commonly caught in the rockfish and flatfish sub-studies as a function of
codend mesh type for the 4-codend data set.

Species N 3" 4.5" 5" 5"s

Rockfish Canary 4 0.00 0.20 1.60 2.86

Yellowtail 11 0.00 2.09 14.90 5.72

Widow 7 0.00 7.69 16.82 11.61

POP 6 1.01 7.47 7.23 13.25

Sharpchin 6 5.90 16.08 7.34 4.24

Flatfish Dover 21 0.10 0.19 0.29 0.00

Rex 13 0.71 0.49 0.00 1.12

Sablefish 19 0.00 2.22 1.70 2.63

LST 5 1.89 1.26 1.26 0.37

SST 14 0.44 0.92 0.48 0.54

Table 43.—Discarded weight of aspecies divided bytotal catch weight of that species (X 100) for
species commonly caught in the rockfish and flatfish sub-studies as a function of
codend mesh type for the 4-codend data set.

Species N 3" 4.5" 5" 5"s

Rockfish Canary 4 0.00 0.00 0.00 0.00

Yellowtail 11 0.00 0.26 0.11 0.08

Widow 7 0.06 0.00 0.00 0.00

POP 6 6.07 5.50 1.08 0.01

Sharpchin 6 6.91 5.08 8.76 9.54

Flatfish Dover 21 9.73 1.17 0.65 0.16

Rex 13 23.78 19.46 22.43 4.51

Sablefish 19 14.75 9.51 1.69 4.23

LST 5 10.18 4.85 2.69 2.81

SST 14 9.07 3.32 2.11 0.21
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Figure 28.
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APPENDIX A. PROGRAM MANAGEMENT

Overall project manager was Donna Reed, of the West Coast Fisheries Development

Foundation. Dr. Wes Silverthorne served as the S-K program officer for this project. Dr.

Ellen Pikitch coordinated all the technical aspects of the project. Dan Erickson served as

the field sampling coordinator, and had majorresponsibility for developing field sampling

and data recording techniques, hiring, trainingand supervising field samplers, coordinating

the development of codend design, procuring field supplies and equipment, and in coordi

nating industry participation in the project. Michael Bergh took the lead in the experimental

design phase of the project, and also coordinated the contributions of other project staff

(including E. Pikitch, J. Wallace, J. Skalski, and D. Erickson of UW) in this effort. John

Wallace created a database management system for the data collected, oversaw the efforts

of data entry personnel, and performed much of the data analysis in collaborationwith

other project staff. All of the UW personnel involved in the project made substantial con

tributions to the data analysis, interpretation of results, preparationof tables and figures,

and writing of this final report.

In addition to project staff discussed above, members of the Mesh Size Advisory

Group contributed to many aspectsof the project, particularly to project planning and

decision-making, and coordination of industry involvement. Members of the Mesh Size

Advisory group involved in planning and/or implementing Phase II and their affiliations

were:

Ralph Brown, Commercial Fisherman
Robert L. Demory, Oregon Department of Fisheries and Wildlife
Joseph Easley, Oregon Trawl Commision
Wayne Getz, University of California, Berkeley
Susan Hanna, Oregon State University
Peter Leipzig, Fishermen's Marketing Association
Bill Lenarz, National Marine Fisheries Service
Rich Marasco, National Marine Fisheries Service
Gary Stauffer, National Marine Fisheries Service
Ed Ueber, National Marine Fisheries Service
Bill West, Nor'Eastern Trawl Systems
Richard Young, Commercial Fisherman
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APPENDIX B. EVALUATION

A. DESCRIPTION OF THE ORIGINAL PROJECT GOALS AND OBJECTIVES,
AND THE CONTEXT IN WHICH THE PROJECT WAS

TO BENEFIT THE FISHING INDUSTRY

The major goals of this projects were to perform and summarize the results of a small-

scale field study, and to obtain a preliminary assessmentof the effects of various trawl

codend mesh types on gross revenues per trawling hour, and other responses of interest to
the fishing industry. Specific objectives included: (1) Hire and train field samplers,
procure supplies and equipment, coordinate industry participation; (2) Conduct sampling
aboard commercial fishing vessels operating under production fishing conditions; (3)
Summarize results offield investigations, and (4) Present summary and data to the PFMC,
the industry, and scientific and management entities.

This project is part ofamultiyear effort. The major product of this project was expect
ed to be information. Specific information sought included: (1) an assessment of the fea

sibility ofproposed data gathering procedures, (2) a preliminary assessment of the effects
ofcodend mesh type on catch characteristics and other responses, (3) development of
analytical techniques and collection ofdata needed to plan further field studies.

The goals and objectives were not modified during the course of the project, and all
have been met to a large extent. It is difficult to quantify the degree to which some of the
goals and objectives were met given the nature of these goals and objectives. For example,
it was necessary to perform some initial fieldwork in orderto determine the number of

samplers needed per trip. Itwas therefore difficult to predict the number oftrips that could
be conducted. At the inception of the project the amount ofdonated vessel time that could
be secured was not known. In addition, the possibility that long periods ofbad weather or
other unforseen events might occur made it difficult to predict the number of trips that could
be conducted.

However, following the performance ofthe first two trips it was determined that two
samplers would be needed per vessel. We then estimated that approximately 25 trips
would be conducted during 1988. This estimate was fairly accurate, since 26 sampling
trips were performed during the year.

As is clear from the contents ofthis report, (and discussed in more detail below) we
succeeded in obtaining all the information that was sought. Specifically, we demonstrated
that our data procurement procedures were feasible, analyses ofthe data demonstrate that
codend mesh type has asignificant effect on various aspects of catch and fishing operations
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when fishing occurs under production conditions, and the data collected in 1988 have

already been used to plan further field work.

B. DESCRIPTION OF SPECIFIC ACCOMPLISHMENTS.

The major products of this research are:
1. Development of a general methodology forevaluating statistical designs for

comparative fishing experiments.
2. Application of the methodology to data from the west coast groundfish fishery.
3. Results of the application were used to selecta final experimental design for the

1988 field work.

4. Submittal of experimental fishing permits to conduct the experimental fieldwork,
which were subsequently approved.

5. Development of experimental codend design.
6. Procurement of supplies and equipment necessary to conduct the fieldwork, and

supervision of codend construction.
7. Field sampling and data recording procedures were developed.
8. Field samplers were hired, trained, and supervised throughout the duration of the

field work.

9. Industry participation was solicited and secured.
10. A total of 26 experimental trips were conducted in 1988.
11. The feasibility of data procurement procedures was demonstrated.
12. Dataobtainedin the field wereentered, edited and analyzed.
13. A preliminary assessment of theeffects of codendmesh type on several response

variables (including gross revenues per trawlinghour,mean catch weight, catch
sorting time, discarded catch weight, giller picking-time, gillercatch weight and
mean length) was obtained.

14. Analytical techniques were developed to facilitate planning for future field studies.
15. The data collected in 1988 havealready proved to be extremely useful in planning

future studies.

The products of thisresearch clearly meet, and in somerespects exceed, the original

project goals andobjectives. Several of the products are not only of value to the industry

and other persons interested in the west coast groundfish fishery, but are also valuable

contributions to the scientific community at large (particularly items 1, 7,11,13 and 14).

C. DESCRIPTION OF HOW THE PROJECT BENEFITTED

THE FISHING INDUSTRY

Industry representatives playedanimportant advisory role, and were involved in

decision-making throughout thecourse of the project. Preliminary results of the study
weremadebroadly available on several occassions. For example, the special report
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prepared in February 1989 was distributed to members ofthe advisory group, the Ground
fish Management Team, and other interested persons. Preliminary results were also dis
cussed at several meetings of the advisory group and at ameeting of the Groundfish
Management Team which took place in Portland, OR and Seattle, WA. These meetings
were open to other interested persons, and several fishermen not on the advisory group
attended some meetings. Data obtained during 1988 were distributed to two members of
the advisory group (Pete Leipzig and Susan Hanna) during the early part of 1989 and to the
program officerearly in 1990.

This report constitutes the most comprehensive documentation ofresults ofthe 1988
study prepared to date. An earlier draft version was circulated to all members ofthe
advisory group for their comments. We plan to publish the final version ofthis report as a
NOAA Technical Memorandum and/or an FRI-UW Technical Report, whichwill be

broadly distributed.

Results of this project will be used inconjunction with the results of previous and
future phases of this study by avariety ofpersons. The major application of the results is
anticipated to be use of the information obtained to provide ascientific basis for manage
ment decision-making, particularly with respect to formulation and modification of gear
regulations. It is expected that the industry will extensively participate in such decision
making, and will make use of the results of this research in the process. In addition to the
industry, the results will be used by the Pacific Fishery Management Council and its
advisory bodies, other management agencies, scientists from other universities, and the
scientific and management communities at-large.

D. DESCRIPTION OF SPECIFIC ECONOMIC OR OTHER BENEFITS

This project was never intended to produce immediate economic benefits. As described
above, the major product of this research isinformation, which will be used as abasis for
management decision-making. It is likely that the results of this research will beapplied in
anumber of different ways for a large number of years. Based on the results onthis phase
and the previous phase, it islikely that the decisions made possible bythis research will
ultimately produce substantial economic and other benefits to the industry, which may in
clude enhanced fishery production and yields, reduced discards, reduced severity of alter
native management measures, increased operating flexibility, and reduced catch sorting

time.
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E. DESCRIPTION OF THE NEED FOR FEDERAL ASSISTANCE

The research activities performed during this project were clearly beyond the scope of
any single entity within the fishing industry to undertake without government assistance.
Given the fact that many of the benefits ofthis research will be accrued in the long run, and
that short-term negative impacts may occur, it is particularly appropriate for federal assist
ance to support this effort.

k



JP

103

APPENDIX C: ADJUSTED MEANS FOR
LOGIT TRANSFORMED RESPONSES

Let the observed proportion be denoted as Pm j, i.e., the proportion obtained using the
mth treatment type in the jth block. The assumption is that ymj, where

ymJ-lnCy^T),
is normally distributed. An ANOVA model was fitted to the transformed values and the

resulting gear factor estimates, am, were used tocalculate untransformed adjusted mean

proportions for giller weights and discard weights. To do this, the untransformed mean

proportion for the 4.5-inch mesh type, P4.5, is calculated from raw data, including all zero
response levels in incomplete blocks in this calculation.

The relationship between the untransformed mean proportion for the 4.5-inch mesh

type, the4.5 gear factor and the adjusted mean and gear type estimate for another mesh
type mis:

lnr^P^"lnTTp^=am-a4.5
The unknown adjusted mean, Pm, is therefore

p4.5 n«m - 0:4,5
P|i|_ 1-P4.5"

1 + p4 5 cam . a4.5
1 - P4.5
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