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INTRODUCTION 

The north.east Pacific ·rrawl fis.he:ry for ocean shrimp, Par1.dal~s jordani is managed 
usin,g mutually -consistent state regulations in Washington1 Or~on and California, 
rather than a federal fisheries management plan and mles~ The principa] 
management regulation is an aggregate size limit (H~ah and Richmond 1993). 
This regulation requires landin:gs_ of ocean shrimp to average 353 shrimp per kg (160 
shrimp pe:r I b )~ The regulation is. iJ:ttended to limit e)(_pJohation rates o.t age one 
shrimp and tQ help mamtain the economic value of the catch (Pacific Fishery 
Management Council 1981). As of 1991~ when the most recent portion of this study 
was begun, the states of Washington and California ~o requited fha;.t shrimp trawls 
have a. minimtml cod.end mesh size of 34~9 mm {l-3/8. inches) stretch measure~ 
between the knots. Oregnn has had no minimuin codend mesh size :tegulation 
since 1969 (Zfrges and Robinson 1980). The other principal management regulation 
res,tricting trawl iishing for ocean shrimp is a coastwide dosed season .from 
November through March each year,. designed to protect egg-bearing fem.ale shrimp, 
from har · es:t (PFMC 1981). 

Prior study ol the. fishing gear used in the oceain shrimp fishery has focused on 
detemtining an appropriate minimum cod.end mesh size to allow for ·escapement of 
age onfl shrimp (Lo 1978). The work was somewhat succes$ful in sh.owing how age 
o:ne escapement varies with mesh size, at least imder low volume catch conditions, 
and. ,can be used to predict the effect fhat a change in mesh size might have on catch 
.rates. Howeverl to· evaluate the impact that a coastwide minimum codend mesh 
size t,egulation might have on Oregon shrimp fishermenl-it's also necessary to know 
something about the staJ1stical distribution of ooc:l,end me$: sizes presently in use by 
the fleet. Gath.ering this type of infonnation for the Oregon shrimp fleet was one of 
the principal objectives of this study. 

Zirges and Robinson (1980) and Hannah and Jones (1991) have reviewed the V,arious 
changes in shrimp fishlng ·gear which have taken place si.nce the inception of this 
fishery. One of the major structural changes in shrimp fishing, which took place in 
the rnid-l970's, was· the switch. &om pre.dominantly single--ri&,oed vessels fishing 
two-seam trawls~ to predominan,tly doubl~ngged vessels fishing four-seam, high
rise trawls. These .gear changes have created problems in interpn~tlng trends in 
catch and catch-pet-unit-effort (CPUE) data for ·this :fishery (Hannah and Jones 1991,. 
Hannah 1'993). It has been argued that the correction factor which was developed far 
converting double-rig effort into single-dg equivalent ho~~ .may substantially 
account for the :gear impro~menl$ which took pla.ce ,(Hannah 199-3). However~ the 
near total lack of lnfonna:tion on the fishing gear in use by particular vessels before, 
during and after the, gear changes took place makes the te$,ting o.f this assertion 
impossible. A se:cond objective of this study w:as to generate information on. the. 
fishing gear presently in use by the ocean shrimp fleet so that trends in ,catch and 
CPUE data can be more accurately assessed in the future. 
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METHODS 

Trawl Gear Survey 

To describe the varied trawl gear in use in the ocean shrimp fishery during the early 
1990's, we used a combination of direct measurements and interviews of vessel 
operators. We surveyed Oregon shrimp vessels three times; once over the years 
1991-1992, and then again during fall 1993 and fall 1994. Vessels from north, central 
and south coast ports were all surveyed in order to evaluate regional differences. To 
keep the surv.eys brief and to gather a variety of information, the content of th.e 
surveys varied some between years. Some questions were included in more than 
one survey to measure short term changes. We combined our results with Oregon 
Department of Fish and Wildlife mesh size data collected during 1981 and with the 
summary information provided for the ocean shrimp fishery by Zirges and 
Robinson (1980). 

The method used to select vessels for the surveys varied some .between years. In 
1981, 1991 and 1992, we contacted vessel operators opportunistically, surveying 
vessels as we en.countered them at the docks. We standardized the selection 
method for the next two surveys by using a list of all vessels landing shrimp in 
Oregon during August of that year as our sample. We contacted as many owners or 
operators.as possible from this list. The August vessel list was used because many 
vessels switch into the shrimp fishery for the beginning of the April-October season, 
but leave the fishery after a month or two. We were interested in the gear 
characteristics of the vessels that fish full-time so we purposely selected a morith 
later in the season. We didn't choose the September or October period because some 
full-time vessel.s stop fishing during the last two months of the season. 

We summarized mesh size data by coastal region and.net section, in. the recent 
surveys and in 1981. We used an lC.E.S. (International Council for the Exploration 
of the Sea) mesh gauge in the 1990's because of its precision, providing a consistent 
stretch pressure of ten pounds for each measurement. We fook mesh 
measurements from one net on each vessel. The most accessible net was selected on 
double-rigged vessels. Meshes were measured along the long axis of the net. We 
compared our findings on average mesh.size to those collected during 1981 using t
tests. It is the only other comparable mesh size data of the oceiffi shrimp fleet. The 
1981 survey included 36 vessels, divided similarly between regions. Metal wedge 
gauges were used, which measured in increments of 1/8 inch. 

Shrimp trawl meshes were measured from the codend, intermediate and b0dy 
sections when possible (Figure 1), however some nets did not ha:ve an identifiable 
intermediate section. Accordingly, only body and codend measurements were taken 
from these nets. We measured codend mesh following the general protocol used 
during 1981. This method consisted of measuring at least eight meshes within each 
longitudinal third of the codend. In 1991, we chose locations to measure at 20, SO 
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Vessel 
Outrigger 

Door Body Intermediate Codend 

Tow Cable 

Figure 1. Schematic of a double--ri,gged shrimp vessel with net body, intermediate 
and codend sections indicated. 
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and 100 meshes forward of the terminal pursing .rings, mea;suring ten meshes in 
each region. We averaged all measurements to deferm:ine a mean mesh size for the 
entire cod.end. For the int,ennediate section, we measured ten mesh.es at any 
aocessible point at- least several feet forward of the codend_ For the body of the net~ 
we also measured ten meshes approxim.ately:fourr feet behind the tr.a.wl headrupe. 

We evaluated other vessel and trawl gear characteristics by surveying vessel owners 
or operators. We gathered infortrtation on rigging type~ vessel length, engi.ne 
hor-sepower1 electronics~ tra.wl characrerisfics and dime:p:sions, and oth~ :;;~lected 
deck.gear. 

Fish Excluder Survey 

Another aspect of shrimp fishing gear we evaluated in 1993 and 1994 was the use of 
fish excluder devices. A variety of soft-paneled e'-'cluders (Figure 2), were· 
introduced into the west· coast ocean shrimp fishe,y during the early 1990' s. These 
devices consist of ·a mesh panel. of large trawl web instctµed just fo·rward of the 
codend, reclining at about a 45° angle. Working properly, shrimp pass through the 
panel while most fish are guided by the panel out an escape port at the top of the net 
(Figure. 2). The devices ,are also design~ to be quicl<ly enabled or disabled (Hannah 
et al 1996). Vessel operators were asked if they had ever used a fish excluder device. 
If yes, they were asked to estimate the percentage of .time spent fishing with the 
device enabled in 1994. The nominal mesh size of the panel used was also noted. 

RESULTS AND DISCUSSION 

Trawl Mesh Size 

We measured mesh size on 42 vessels during 199·1 and 1992.,. ·and found that mean 
coderid m~ s'ize varied by coastal region (Table 1, Figure 3). Codend m .esh size in 
the north and central regions was som.ewhaf smaller than codend mesh in the 
south. A tomparison with data collected in 1981 showed that mean codend mesh 
size from the southern regj.on ·has not changed significantly since 1981 (Table 1, 
Table 2). However,. for the northern and central ports, mean codend mesh size has 
decreased since 1981 (t-test,( P<0.06). The central region showed the sma_llest-mea_n 
codend mesh s:ize and had changed the most-since 198.1. 

The states of Washington and California had minimum mesh size regulations of 
34.9mm until 1994., when Washington dropped its minin;mm requirement Our 
in.esh size· data from both 1991-1992 and 1981 suggest that the codend mesh. 
regulations have not been routinely enforced.. Almost all of the nets we measured 
were well. below the legal minim.um (Figure 4r Figure 5), even though many of th.e 
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EXCLUSION APERTURE 

11uu SHAPED TONGUE 

c( 

c:( c:( 
3';-8" POLY MESH ------....,'V",/',..l'N~ 
EXCLUDER PANEL 

.... CODEND - - .......... · 

Figure 2. Diagram of an enabled soH mesh panel fish excluder lnstaUed in a ocean shrimp trawI. The device 
is mounted in an ,extension section, placed between the intermediate of the trawl and the codend. The device 
is disa:bled by un.lac:ing the 1U 11 shaped rongue and lacmg the exdusion aperture closed. 



Table 1- Mesh size statistics-of Oregon ocean shrimp trawl vessels dtuing 
1991 and 1992, by section of the net ·and .coastal region of the vessels home port. 

Gear, 
ooastal region 

codend 
north. 
central 
south 

intermediate 
north 
central 
sou.th 

body 
north 
central 
south 

slandard 
mean (mm} error range (mm) 

27.7 
27.2 
31.7 

35.8 
34:8 
32.~ 

34.9 
36.3 
35.S 

6 

1..331 
1.900 
3 .. 450 

2.030 
1.970 
2..510 

2510 
4270 
1.610 

23.0-·31.2 
26.2-30.6 
27.1-38.4 

31;2-37.8 
-32.5-37~7 
29_9_ 35_9 

31.2-38.1 
31.6-47.3 
326-37.9 

n 

14. 
16 
12 

14 
16 

4 

13, 
16 
12 
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Fig,lre 3. Mean cod.end, intermediate and body mesh size (mm) from trawls on 
Oregon ocean shrimp vessels by COai$tal regjon for 1991 and 19'81. Error bars 
show the standard error of the mean. 



Table 2. Mesh size statistics of Oregon ocean shrimp trawl vessels during 
19811 by section of the. net and ooashlJ. region of the vessels home port. 

Gear~ 
coastal 1.:egion. 

cod,end 
north 
central 
so.uth 

intermediate 
north 
central 
south 

body 
north 
central 
south 

mean(mm) 

29h 
29.5 
32.1 

36.3 
32.0 
31.8 

34.0 
34:5 
328 

standard 
error 

8 

0.978 
1.233 
1.655 

U.705 
2.153 
0.000 

0.970 
1.125 
1.427 

range(mm.) 

2'8 .. 6 - 31 .. S. 
25.4-34.9 
2&~6 - 38.l 

34.9- .38.1 
25.4-38.1 

31.8-34.9 
31.B-38.1 
31.8 - 38.1 

n 

10 
14 
9 

9 
14 
10 

10 
14 
12 
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Figure 4. The frequency distribution of mean codend mesh sizes (mm) on 
Oregon shrimp vessels surveyed during 1991-1992. 
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Figure 5. The frequency· distribution of mean ,codend mesh sizes (mm) on 
Oregon shrimp vessels surveyed during 1981 . 
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vessels we. surveyed r~latly fished off W~hlngton and landed int<;> Waspington 
ports 1n th.e absence of a functional mesh size regulation, central and north coast 
shrimpers have apparently chosen small ·mesh in order to increase retention of 
relatively small,,. bu·t legat shrimp whlch are ~mmon in the more· northern fishing 
areas. Ocean shrimp ru:e ,generally larger at age in the southern rqµon (Hannah and 
Jon.es 1991). Accordingly, the incentive for v~ssels to, ;u_~e smaller mesh.·oodends may 
be less in the south~ possibly explam:ing the lack of change in mesh size in the 
southern region since 1981. In 19811 south coa'St shri.mpers indicated that they 
prefel:r:ed a m~h size that conformed with California's legal requirement to allow 
flexibility ~o fish in. both states' waters. 

In contrast to oodend mesh, which has become smaller in some areas, average mesh 
size in. the intermediate and body sections of shrimp trawls has increased m some 
areas since 1981 (Figure 3 ). For the inter.meclia re sections this difference was 
statistically significant only in the cen,tral region (t-test., p<0.03)_ Mean mesh size in 
the body of the nets was larger in the SO\.\them region in 1991 than in 1981 (i-test1 

p<0.01). These differ,ences may be due to tlie types of netting used by net shops in. 
differ.ent regions, or to the styles of nets used by shrimpers. Using larger mesh in 
these sections also decreases watet resistance (Fridman, A.L. 1973), potentially 
increasing fuel economy. 

Vessel Type 

We found tha.t double-rig vessels far outnumbered single..nggers (Figure 6), 
·comprising '88.6% of the vessels surveyed in 1993. The doublec-rig percentages are 
high.er than the 6+79% range repq~ted fro.m 1985 through 1989 (Jones and Hannah 
1992), which included all ·vessels landing during a particular year~ This fin.cling 
suggests that the full-time shr.imp fleet includes a greater proportion of double-rig 
vessels than a simple listing of all vessels making landings in the fishery each year. 

Vessel Length and Horsepower (HP) 

VeS1S:el total length data were summarized by double- and single-rig categories for 
199'1-19CJ.2 and 1993 (Table 3). In 1993~ our largest 1.ength sample,. smgJe ... rig vessels 
~veraged 17.2 m and double-rigg~rs averaged 2-0.9 m. The two gear types had 
significantly different total lengths (t-test, p<.01), with double-rig vessels averaging· 
about 3.7m longer than singl~ri.g vessels. Zirges ana Robin.son (1980) described a 
typical shriinp vessel in the mid-1960' s as a single-rig vessel approximately 15-21m 
long. By 1978, the typical vessel was a double-rigger about 24 m long. In 1993, we 
found that a typical shr~p vessel was double-ngged.,. appri1ximately 20.9 m long. 
The apparent decline in length indicated .from 1978 to 1993 probably resulted from. 
our efforts to document vessel lengths of the full-time fleet only- Th.e August 
landing list which we used as. a sample of the shrimp fleet did not include some 
large vessels which had .fished for shrimp earlier in the season- Another possible 
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Figure 6. The number of single-rig and double-rig Oregon ocean shrimp 
vessels, by total length (mJ, surveyed during 1993. 
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Table 3. S~tistical summaries of vessel length (m) and engine horsepower of 
Oregon ocean shrimp trawl vessels; from 1981 and 1991 to 1993. 

Vessel type 

sing)e,.;rig 

doµble--rig 

n 

single-rig 5 

double-'fig 36 

n 

sing:l~rig 8 

double-rig 53 

length (m) 

mean 

17.1 

21.5 

length ·(m) 

mean 

17-2 

20_9 

79' 

159 

1991-1992. 

st. d.ev. n 

2.6 4 

3,4 34 

1993 

st. dev. n 

3.0 7 

2.9 56 

1981 .. 

horsepower 

275.:0 

343 . .2 

st dey. 

14:5.3. 

920 

horsepower 

mean 

2775 

3672 

st. dev. 

-68:S 

108.1 

hor~epower 

mean 

.264.3 

360.2 

st. dev. 

80.2 

105.9 

*HP compiled from ODFW vessel .riegistration r~o:rds for all vesseJs hmdi11ig .shrimp 
into Oregon por,ts during 19.81. 
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explanation is that $Ome of the· larger vessels which· had fished g,nundfish and 
shrimp in. the late 1970' s h~d become full-time groundfish vessels with the onset of 
the Pacific hake fishery in the early 1990's. 

In 199-3, mea:i:i· single-rig HP was, sharply lower than double-riggers (Table 3, t -=-test 
p<0.03), wJtlch averaged 264 HP-and 360 HP respectively. For comparison, we 
com.piled a list of declared HP ratings fom ODFW vessel .registration records for all 
shrimp vessels landing shrimp into Oregon ports in 1981. The HP o-f single- and 
double-ri.g vessels was signifi~ntly different (p<0.01) during 1'981, and appears to 
have remained stable for both gears through 1993. 

Electronics 

Zirges and Robinson (1980) stated that -economic incentives in place: around 1978 
had led to mv,esti:nents ii1 electronics tecltnqlogy, although no specifics were 
provided. LOng RAnge Navigation (LORAN) was readily available at that time and 
its capabilities were improving with the switch from. LORAN A to LORAN C 
imminent. Chromoscopes (color depth sounders) .and video plotters were becoming 
available but were considered costly. Not surpris,ingly, WRAN C systems were 
present Qn au of the 42 vessels surveyed in 1991-1992. Geographic Positioning 
Systems (GPS) were far less prevalent, present on only four- (9.5%) of these vessels .. 
GP5 potentially allows skippers to more finely l:un.e their tow paths, thus increasing_ 
their fishing efficiency pver what LORAN can offer. WRAN ~tem.s have 
generally been less accurate but offered slightly better repeatability than GPS, 
especially nearshore (Anonymous 1994). The adve,nt of Differential GPS (DGPS), 
scheduled. to be operable so.on, has the potential to outperform both LORAN and 
GPS for both accuracy ~d repeatability. The percentage Qf vessels with 
chromoscopes and p lotters was 90.5% and 95.2% respectively. 

' 

Trawl Footropes 

Zirges and :Robinson (1980) .reported that footrope length of double-rig shrimp 
vessels in their stud.y ranged from 24.3-30.Sm per side ih 1978. The mean double-rig 
footrope lengths we observed in 1991-1997 and in 1993 fell in the "low'!.r end of this 
range (Table 4), sug~sting that footrope lengths may have. chan~d little since 1978. 
Mean footrop.e lengths a.f individual nets in 1991-1992 ~d 1993 were not 
significantly different on single- and double-rig vessels (t-t:ests; p<0.15 and p<055). 
Comparative information for single-rig smi.Inp vessels fro01. the mid 19701s is 
unavailable. 

Oregon. shrimpers use a variety of footrope designs. Most vessels we surveyed used 
an arrangement of chain; primarily 1'tickler" or '"'ladder" chains. However, we 
found that about 16% of the vessels used some combination of "roller,,, "disc' 
and/ or ~'bobbin11 gear ("roller gear") in 1993. :Most of these v·essels wereJrom 
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Table 4. Statistical summaries of footrope length (m) and door area (m2} on 
Oregon ocean shrimp trawlers surveyed during the early' 1990's. 

Year, ves-s_el spedfica ti.on, sta~;tic 

1991-1992 

.footrope length (m) 
Gear 

n mean st dev: 

single-rig ( total length) 5 28..2 2.823 

doubi~rig (len,gth/ side) 36 25.2 4.100 

1993 

footrope length (m) 

n 

single-rig (toW length) 8 

double-rig Oength/side) 59 

mean 

25.4 

24.5 

st. dev. 

4.429 

3.741 

15 

n 

2 

"36 

wood doors (m2) 

mean st. dev. 

25 0.424 

5.4 i .447 



southern.. ports. The use of roller ,gear had increased by 1994, to about 23%. Again, 
they we-e concentrated to the ·south, but the numbeI" of vessels using this gear had 
mcreased to the. .north (T~ble .::i). Stated reasons 'for using thls gear· induded 
increased. shrimp catch1 decreased bycatch and, the ability to fish tougher ground_ 
Severn.I fishermen said that they wet:e planning a switch from ti.cider gear to some 
ve,sion of roller gear. We .found the oonfigµrations of this type of ·gear we.r,,:e highly 
variable among those who used it~ indicating that much experimentation was 
occurtin_g. The apparent increase muse we found from 1993 to 1994., also ~uggests 
that use of l'ioller gear is increasing. 

Doors 

Most shrimp vessels fished woodep trawl doors in 1991-1992. Three of the 42 
vesscls evaluated (all single-rig) used steel ,;yo doors, but the remainder used 
rectangular wooden doors. Mean wooden door surface are~ was· sharply lower for 
single-riggers than for double-riggers (Table 4). 

Net Style 

·we inquired about net style .on. 42 vessels during 1991-19921 including nets on 37 
double-riggers and 5 single-tiggets. All of these vessels tLo;ed high-rise four seam 
trawls, however the various styles encountered included most of the four seam 
lrawls described by Watson et al (1984). 

The type of tww_e used in the different trawls and trawl sections was also quite 
variable.. In. each of the 42 nets evaluated, the body and intermediate were 
constructed of the same material; 47.6% of these sections were made of 
polypropylene, 4Z6%. of nylon and 2.0% of cotton. All of the nets with a nylon body 
and intermediate also had a nyfon cod.end. Of those nets with polypropylene · 
forward sections.., 85% had nylon coden.ds and the remainder were polypropyiene. 
Oruy two vessels used ootkm netting,. and it was used in th,e entire net. 

Deck Gear 

Sixty-nine percent of the 42 vessels surveyed in 1991-1992 used '1s:melt "belts'1 as part 
of their on-deck shrimp handling gear (Figure 7). The primary use of these belts on 
all of the vessels was to separate fish. bycatch from slu.imp. During years when small 
shrhnp have been abundant, we have received complaints. that some shrimpe:rs 
were using these belts to separate· small shrimp from the catch, thus improving the 
average count of the load.. We have conducted some experiments with "sm,elt belts" 
that suggest some degree of sorting ls possible (ODFW unpublished). Eleven of the 
operators questioned .said that they had tried some method of sorting small shrimp 
from the catch in order to ~prove count. Ten of these eleven operators had used a 
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Table 5. Use of "roller gear" including rollers;, bobbins. or discs on the· footropes of 
Oregon oc-ean shrimp trawl vessels1 SlU'Veyed during 1993 and 1994. 

Coastal r~on 

Year, 
n.,.perrent south central north total 

1993 
n 9 1 1 70 
O/o of total 12.9 L4 1.4 

1994 
n 10 0 5 57 
% of total 17.5, o_o 8.8 
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Figure 7. Diagram of bac~-deck shrimp handling equipment,, lncludlng the 1'smeit belt"' (rotatmg belts and discard chute). As the 
catch falls onto the first belt, sma1ler fish tend to slick to the belt whUe shrimp slide down onto the conveyor below. Th.e process is 
repeated or\ the second belt, with anylhing sticking to the belt entering the dis~ard chute. Small shrimp and molting shrimp tend 
to sHck to the· sandpaper belts more read Uy than larger shrimp, ~ometim.es ending up in the discard chute, 



"'smelt=belf' as the means of sorting, One operator had sorted by hand on a sorting 
table. Opinions ·varied widely con.ciermng the effectiveness a£ sorting shrimp -with a 
11smelt-b@lf'. Two operators. "described the process as highly effectiv:e. The others 
estimated improvements in count per pound of the load ranging from 0-15 shrimp 
per pound (0 .. 33/kg)_ 

During the .mid 1980's., ODFW conducted a study testmg·a variety <;rt scales to 
detenri.ine whl~ scales were most app:roprjate for determining count per pound at
sea. (Saelens and Hannah 1988). As a result of this wor:k~ a magnetically balanced 
triple-beam ha:lance is the scale that ODFW :recommends to shrimpers. The 
1'Gadbaldi scale" (a type of liberty bal~ce) also performs re~naQty weIL In 1991-
1992,. 34 of the vessels surveyed had some type of scaJ.e on board £or determining. 
count at-sea. The remaining 8 vessels used the ·~can11 method, .a, method which 
assumes that a known volume of shrimp (usually a ·coffee can full) weighs a known 
fraction of a pound. All shrimp from a full can are counted and the results are used 
to calculate the number of shrimp per pound. 0£ the 34 vessels with scales" .4.8% 
used a. triple-beam balance, 42.9% used a "Garibaldi scale", and 52.4% used a variety 
ol spring stales such as a postal scale. 

Fish Exclude.rs 

Use of fish exdnders was evaluated during 1993 .and 1994 in order to track. the 
voluntary use of these devices- In 1992, only one· vessel was kn.own to be using an 
excluder. Abou~ 7% of the vessels used some type of device in 1993 (Figure 8)_ 
Percent use in 1994 had grown to 33% of the vessels surveye.ct however most 
fishermen still used -the device only part lime- Two thirds of the vessels which used 
an excluder actually used it less than 25% of the time (Hgun~ 9). The mesh size used 
in the excluder panels varied from 511 to 8" m 1993. During 1994, excluder panel 
mesh. size varied from 3,r to ff', as fisherme.n continued to· experiment with the 
device. 

Summary 

The data presented here suggest th.at the fishing gear used in the ocean shrimp-trawl 
fishery is quite dynamic. While some characteristics of the fleet, such. as ,a.verage 
double-rigged vessel size, have changed little since the late 1970~s, a number of gear 
chara.cteristics have changed markedly and probably will oon:tinue to c_hange. In. 
some areas, codend mesh size has decreased. The data also suggest that minimum 
codend mesh regulations have not been routinely enforced in. California and. 
Washington. Almost all of the nets we measured were below the legal minimum 
size required by these states at -the time of the surveys, even though. many of the 
vessels ~urveyed c.omm~mly land shrimp in these states. Electronic equipment used 
by the shrimp fleet continued to hnprove and the use of more sophisticated 
electronic;s was noted. We found that the use of roller ground-gear and the use of 
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Figure 8.. The estimated percentage of the Oregon ocean shrimp 
fleet that used soft panel excluders during at least some part of 
the 1991-1994 shrimp seasons. 

20 



Q) 
80 

-e 
~ 

"o 
X 60 p;J 

..c: .... ..... 
$ 
{I:) 40 'Qj 
rn 
(l.l 
Q.I 

> - 20 0 .... = a, 
u 
~ 
A,. 0 

<25% 26-50% 5]-75% 76-100% 

Percent of Time Actually Fisb.ed 

Figure 9 .• The estimated percentage of time that shnmpers using 
a soft panel excluder fished with the device enabled during 1994. 

21 



fish excluder devices were recent innov~tions. Future surveys will be needed to 
determine if these recent gear changes will become permanent co,mponents ,of th,e 
.fishing gear used by the Oregon ~htimp trawl fleet. 
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