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U. Abstract 

Evaluation of Fish Excluder Technology to Reduce Fmfish 
Bycatch in The OreaIJc Shrimp Trawl Fishery 

Robert W. Hannah, Stephen A_ Jones,. Vicki J. Hoover 

Oregon Department of Hsh and Wildlife. 
Marine Regionr 2040 S.E. Marine Science Drive 
Newport~ ore-goo 97365 

MarchF 1995 

This project evaluated the effectiveness •Of four different types of fish exduders 111 
the ocean shrimp (Pandalus_ jordani) trawl fISh.ery. Assessment techniques included 
uru.:lerwater video equipment aud catnparative fishing expemnents employing ~ide­
by-side comparisons on double-:dgged shrimp vessek Data are presented on. :fish. 
exclusion efficiency by fish type and lengthl as well as data on shrimp loss caused by 
the devices and. effocts on shrimp siz-e composition. Recommendations for further 
dlevelopmen.t. and testing of fish exduders· for this fishery are also provided. 

ID~ Executive Summary 

Four fish excluders-were evaluated in the ocean shrimp traw] fishery, under actual 
fishing conditions. Three of the e-xcluq,e~ wer~ simple "soft-panel" devices 
employing .etther 3, S or 8 inch mesh to, guide fish out .an escape port on the top of 
the trawl. The fourth design tested was the Nordmore grate system. The 5 and 8 
inch. excluders~ and the Nordmore grate~ were finit evaluated using an undenvater 
video cam.era. Subsequently,. all four exclu.de:rs .were ·ev.aluated by fishing them 
against a control net on a double-rtgge.::l shrimp Ve5$el. Our findings were as 
follows~ 

1. All fou:r devices work;ed well .::tt excludin,g large -fish1 reducing:fish catch 70% to 
1CKY'k, by weight. 

2.. The ·Nordmore grate and 3 inch mesh excluders were clearly better at excluding 
adult ha~e (Medu~c:fus pradudus), excluding :nearly 100%. The other exclu.ders 
elimmated roughly· 70% of the ~dult hake. 

3. All four of the devu;es, performed Similarly at excluding small fish. Exclusion 
rates were· highly variable~ ranging from 30% to 70%. 

4. Shrimp loss caJused by the ecd1;1ders was highly variable, even ·betw'een cruises 
testing the same excluder device. 
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5. The Nordmore filate and 3" inch soft-panel excluder ca~d shrimp losses of from 
Oto 10%. The other d.evices caused higher losses, sometimes as high as 15%.to 31%. 

6. Shrimp lo.$8 da~ for the Nordmor-e grate mdica-ted. ·that a grate with larger bar 
spacing may perform better in this fishery, especially in the soqthem .fishliig areas 
where ~rimp are larger. 

7. Since only one cruise tested the 3 inch excluder, it's unclear that this device can 
co~IStentiy deliver performance· comparable to -fhe Nordmore grate. The 3 inch 
mesh excluder used a different escape port design than fhe other devices, and was 
much easier to .handle on-deck than the grat¢. 

8.. In some tests# the excluder devices caused. sta:tistkally sigpificant i_n~ in 
a.verage count-per-powtd of shrimp captured~ although this effect was -not consistent 
between trials. 

9. Additional study of the 3 inc:h mesh device is .recommended. Follow-up research 
should include an assessment of this device using underwater video e.qulpment to 
determine how escape port design mfl.uences, shrimp loss, and also some additional 
comparaµve fishing' experiments. Testing of a Nordmore gr~:te with larg,er bar 
spacing is .also recommended. 

IV~ Purpose 

A. Description of the Pmblem 

'Discaro rates m. the Pacific northwest trawl fishery for ocean shrimp (Pand4l.us 
jardani) a·ee low m comparison to other shrimp fisheries throughout the wo:rld 
(Alverson et al. 1994). However, in some years and in certain areas discard can still 
represent a. large propoTtion of the total ca.kb in this fishery (Demory et al 1980). 
Sometimes the umna:rketable bycatch. is so large that entire tows are dumped, 
wasting shrintp as well as fish. CJceqsionally~ large portions of th.e .shrimp grounds 
are avoided by ·shrimpers because the unwanted bycatch is too abundant. 

Since 1989.,. the .abundance of Pacific: hake (Me-rluccius produ:ctus) on the shrimp 
grounds off of Califrn::nia, Oregon and Washington has been partk:ularly high, 
causing shrimpets to dump tows and avoid rimre a:reae:. In an effort to reduce. wa$le, 
gain access to more of the producti.v:e .grounds and reduce the time spent sorting the 
ca~ fishermen began, experini.~ting with home-made., soft~panel, fish ,excluder • .. 
devices. These dev·ces, made from 3 to 8 inch groundfish mesh (Figures 1- and ·2), 
were built to be readily enabled or disabled by simply re:movin.g a zipper in the 
excluder panel 

Since local fi$hermen began experimenting with excluder devices, trip limits for 
.2 
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Figure 1. The design of the 5 and 8 inch soft-panel exclude-rs. 
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Figure 2. The design of thlii! 3 inch soft-panel e~cluders. 
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many ground.fish species have been reduced by the Pacific Fishery Management 
Council. Since implementation of limited entry for the Pacific coast groundfish 
fishery, federal groundfish trip limits now apply to shrimpers (PFMC 1992). In the 
future, finfish excluders may become a necessary tool in managing the shrimp 
fishery to prevent significant wastage of marketable fish which are under reduced 
trip limits. A thorough understanding of the efficiency of the available excluder 
designs, and the operational problems they create ior fishermen, is needed prior to 
any consideration of using excluders as a management tool. Additionally, to 
encourage fishermen to choose excluders as an alternative to on-deck sorting of the 
catch, information o~ the effectiveness of various designs is needed. Basic 
information on the performance of excluders now in use can also assist in the 
development of more effective devices .for this fishery. 

B. Objectives 

The principal objective of this study was to evaluate the efficiency of four readily 
available fish excluder designs, under actual fishing conditions, in the ocean shrimp 
fishery. The designs we tested were the soft-panel excluders (Figures 1 and 2) in 3, 5 
and -8 inch mesh versions (note: metric units are used throughout this t'eport, with 
the exception of the excluder designations, 3 inch, 5 fuch etc. where we employed 
the designations used by the shrimp industry) and the Nordmore grate excluder 
with 25.4 mm bar spaciI)g (Figure 3). The Nordmore grate has been proven to be 
effective in other shrimp fisheries (Isaksen et al. 1992, Kenney et al 1992, Larsen et 
al. 1991, Ryan and Cooper 1991). Specifically, we wanted to determine the follewing. 

1. What level of shrimp catch reduction can be expected with the 
eiccluders? 

2. How does the level of bycatch reduction vary by fish species, and 
fish size for each of the excluders tested? 

3. How is the size frequency of the shrimp catch changed by the 
Nordmore gra.te and by the soft excluders? 

One secondary objective of this study was to gather information on operational 
problems associated with the use of excluders to better understand how fishermen 
feel about using the devices. Another secondary- objective was to obtain some 
additional information on general levels of bycatch in the shrimp fishery . 

5 



ACCELERATOR FUNNEL 

0( 

C( 

'EXCLUSION APERTURE 

Figure 3. Schemat-ic of the Nordmore grate fish excluder. 

. ' 

... 

.. 



V. -Approach 

A. Descrip_tion of the Work Pe~rn;ted 

l. Study Design 

The ori,ginal intent of this project was to test three devices; the 5 and 8 inch soft­
panel excluders and the Nordmore grate. The 3 inch soft-pan.el excluder came into 
use in the shrimp fishery after our odginal study plan had been submitted. 
Consequently, evaluation of this, device was conducted only after the original study 
plan to test ·three devices had been completed. • 

In the first phase of the project., we used underwater video equipment to verify that 
each set of excluder gear was fishing correctly. National Marine Fisheries Service's 
Conservation Engineering Division provided_ the . ideo equipment ,(Figure, 4) and 
expertise necessary to complete this phase of the project~ which was completed in 
totlghly four days of vessel charter tune,aboard. the F/V Prospector out of Astoria,. 
Oregon. We positioned the video equipment in a variety of locations within the 
excluder sections and in the codend to answer the following questicms .about the 5 
inch, 8 inch and Nordmore .~te excluders. 

1 . Was the excluder paiwl., as installed, hangµig at the proper an.gle? 

2. Was the water flow out the exit hole~ and/ or the quantity of shrimp 
observed escaping, excessive? 

3. Was the excluder panel hanging evenly; or were there areas in which the 
panel was stretched too tightly or bunched up? 

4. Were the intermediate and codend sections expanded normally or 
collapsed? 

In the second phase of the project, we con.ducted comparative fishing .experiments to 
evaluate each excluder d,evice.. Doubles-rigged shrimp trawlers were chartered for 
these experiments. The budget was scaled to provide the vessel time needed to 
conduct the video work and- comparative fishi.ng ,experiments on the Nordmore 
grate and the 5 and 8 inch versions of the soft-panel excluder. Since the actual cost 
per vessel-day was lower than originally projected; we were able to accomplish some 
additional work. Specifically we completed an additional c.rui5e evaluating the 
Nordmore grat.e., and an additional cruise assessing .~ 3 inch version of the soft~panel 
excluder. 

The basic statistical design. of the fishing experiments compared catches, from either 
·, side of a double-rigged shrimp trawler (Figure 5) .. with one side of gear fishing the 

excluder device (Figures 1-3) and the other acting as a control Each cruise tested 
only one type of excluder versus a control. In addition to ::requiring each charter 
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vessel to proVJde well-matched nets, we also attempted to eliminate the influence of 
differences in efficiency between the port and starboard nets via the statistical design. 
Prior to each cruise, the excluder devices to be tested were incorporated into the port 
and starboard nets of the charter vessel. Each excluder was designed to be rapidly 
enabled or disabled. The physical setup of the comparisons; the· side of the vessel to 
fish the enabled excluder and the side with the excluder disabled (the control) was 
changed systematically every two tows. : 

The original study design called for randomization of the excluder effect with 
respect to the port and starboard sides of trawl gear. Early on, it became appMent 
that the F /V Ginger B's nets were not fishing evenly; the starboard net was 
consistently out-fishing the port net. While our statistical design was planned to 
compensate for just such a problem, some ad.ditional steps were taken to assure that 
we could get the most useful information from this data Analysis we had 
completed in early May suggested that when the nets were poorly matched, a 
systematic statistical design (similar to a latin square) was more efficientthan a 
randomized design. Thus, on the first cruise we switched to a systematic approach 
for varying the excluder effect between port and starboard sides of the boat We also 
made sure to alter the pattern as needed to balance the number of tows with the 
excluder enabled between the port and starboard sides before the end of each cruise. 
In addition, we conducted four "calibration tows" where both excluders were 
disabled and the catch from each side was sorted and weighed. The calibration tows 
were conducted so that a correction factor could be calculated for the two nets, 
allowing an alternate approach to data analysis. Analysis of the data fi6m the. first 
cruise indicated that the statistical design was generally working as anticipated and 
·calibration tows were probably not needed. 

For the second and third sets of o:u.ises we continued using· the balanced statistical 
design, systematically varying the side with the excluder effect, and did not conduct 
cahbration tows, 0n the second set of cruises, the F /V Lady Kaye's nets were fishing 
evenly, further obviating th.e need for calibration tows. For the third sef of cruises, 
again on the F /V Ginger B, the skipper installed a different.net on the port side in 
an effort to provide a better matched pair of nets. However, after the first few tows, 
it was clear the starboard net was still out-fishing the port.net. Prior to the last 
cruise, the skipper added some additional chain to the footrope of the port net. 
Subsequently, the nets fished much more evenly. • 

In another minor departure from the original study desi~, on one cruise· we 
conducted several tows with the escape port on the 8 inch mesh excluder reduced in 
size. This was done beca.use it appeared that shrimp loss caused by this excluder was 
especially high. The catch data from this cruise was analyzed separately for the 
standard and reduced escape ports. 
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Excluder Construction 

AD e?(clnders tested were mounted in an -extension, a cylindrical tube -of shrimp 
netting, just long enough to mount the excluder panels at a 45-48° angle. The 
.excluder: panels were. inclined •fore to aft and an escape port was cut in the extension 
web, above the exdude·r panel. We mounted the ·excluder sections immedia:tely aft 
of the ")ntermedia:te" sedion of ea.ch net. We supplied new nylon cod.ends, (approx. 
5.8 m long or 200 meshes), which were mounted to the aft end of the excluder 
sections. Mean codencl mesh size was -26.7 mm. (between. knots). All of the 
excluders we tesfed were desjgned to he. disabled and enabled quickly. Each soft­
panel excluder had some· form of seam in the .. middle -with. a. ·"zipper" that could be 
untied to .. allow· fish to pass into, the codend. Disabling was-achieved by opening the 
excluder panel seam and sewing shut the escape port. fu the case of the ·Nordmore 

_ grate, disabling was accomplished using a special mounting frame for the grate 
(Figln'e· 6}. 

The .soft-mesh exclndets tested, .and th.eh' extension sections (Figures, 1 and .2.), were 
constructed by two different net manufacturers~. The 5 and 8 inch mesh versions 
were desi~ed and cons~ctea· by George Mdv[unick of the. Astoria Net Shop~ 

• Astoria, Oregon (Figure 1). The extension st'.Ctions of these two .exdu.ders were made· 
of 35.5 mm braided blue-green polyethylene mesh,. were approximately 3.5 m long 
(100 mesh~)., and were. -200 meshes jn circwnference. The excluder panels were 
made of ·bTaided orange poly mesh. .Each was mom1ted at approxima:t:ely. a 45 degree 
angle. The panels had ·a pre-cut ''inverted U" shaped tongue which was sewn back 
into place· when the e~uder was enabled.. The E$Cape port was a lateral slit (9()0 to 
long axis of net), 0.029 m wid.e in the 5 inch version and 0~036 m wide in the 8· irtch. 

In our tests of the 3-,in.ch mesh excluder-" we used excluders that had been pwd1a.sed 
and us·oo previously by-the owner of the F/V Ginger B. These excluders were 
designed and constru.cied by Bob Driscol- of the J &. B Net Co.1 Warrenton,. Oregon 
{Figitfe ·2). The extension section was made -of dark colored braided nylon mesh, was 
approximttt~ly 3.6 m long, and 250 meshes in circumference. - The -e~cluder panel 
was made of dark colored braided nylon mesh. It was mounted at approximately a 
45 degree angle. 'fhe escape port was ·a. longitudinal slit approximately 48 meshes 
long, terminating several meshes forward of the top of the· excluder panet creating a 
111• ,. £. ,;.k 

1p OJL SO-1- L;;>.. 

The Nordmore .grate we tested was a rigid polyethylene panel (1.34 m 1o1'g by 0.66 ID 
wide) consisting of vertical bars with l "' spacing (Figure 3). It was purchased. fuom 
Woodex-Bearing Co • ., Georgetown" Maine. A frame of heavy gauge 2'' diameter 
aluminum pipe was .fabri.cated (Halco-Welding Co.1 Newports • Or-egpn.) to facilitate 
disabling the excluder for our tests. The grate was moun.ted within the frame by 
using ·three stainless steel rods, passing laterally through eye straps on. the grate and 
securing into holes in the frame (Figute ·6).. Rods wer-e placed near the bottom.,. 
middle and top Df the grate. To disable the device. the ·middle and top rods were 
removed.,. allowing the grate to lay down,, pivoting on the bottom rod . 
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The Nor-dmore extension section was constructed by .Astoria. Net Shop according 'to 
specifications provided by Larsen et al (199'1}. The section was 4~9 m long .(140 
meshes) and was .200 meshes in circumference (Figur,e 3). The·netting used was 35.5 
mm. blu.e-gr.een. polyethylene mesh. The Nordmore grate: and its frame were 
mounted at a. 45-48°' angle from the horizontal in the aft end -0f the extension 
section. An accelerat-o-r .funnel was. mounted at the forward end· of the extension.,. 
tapering aft toward the bottom of the ·,grate. The esa:pe port was trian~ in. shap~, 
ro~ghly 66 an on· a side. The base ·o.f the triangular escape port was placed directly at 
the top of the grate. Four orange 11 cm diameter floats were placed immediately aft 
of the top of the grate to help maintain the grate m an -upright position. 

Video Equipm~~t Components and Arrangement 

The underwater video system we used consisted of the following pa~ .. a ~era 
with -an adjustable swivel mount an'4 protective shroud,. a light with a protective 
shroud, .a video recorder {camcorder) and batteries in -a sealed. pr,essure housing, and 
a sealed hotlsing for· the light batteries (Figure 4). Waterproof cable was used to 
inte·rconn.ect the components. Components were attached d::irec)tly to the shrimp 
trawl web :in positions likely to give desired views. Camera r,epositiorung was often 

••~~ ,,ill i,-eq wieu,. 

Bottom time with. the video system was limi~ed by video tape- length and by battery 
life. The video recorder had to be turned. on (with tape running) before it was placed 
in the pressure housing. It often took 1/2 hour or mo,re to load th.e housin,g, attach 
:it to the net make other necessary t<mnections and set the trawls& We· used 2 hour 
Hi--8 video tapes, which limited. our bottom time for ieach. tow to less than an hour. 
The batte-ri~ we used generally lasted through two tows,. 

Video tapes were reviewed on-1:,oard after each tow. A ·television and spare 
camcorder were used for the review while a new- tape and batteries were loaded into 
the pressure housings. Camera and light adjustments' •could ·then be made to 
improve our field of view on. the next tow. 

Field Ct,llec"tion Methods 

Catch evaluation included sorting and weighing all the catch by species from each 
tow, as well a~ gathering count-per-pound samples and length data. The catch from 
the port and starboard nets was sorted and weighed separately. This was 
accomplished by eni.ptying each toden_d into its respective side of a divided hopper. 
Catch from one side was completely sorted before sorting of the other side began 
Sorting personnel included three biologists and two crew membe:cs. 

Two types of divided hopper were used. One simply had a. plywood partition placed 
centrally~ The .other was divided inl9 three side-by-side compartments~ Each of tile 
lateral compartm.ents could 'be empti~d independently into the central 
compartment~ which supPJied .the sorting belt. Occasionallyi some .catch. fell into the 
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wrong side of the bin. These tows were either not used, or when possible, were 
corrected using a visual estimate of the catch that had entered the wrong 
c61t1partrnent. 

Halibut were removed from the hopper as sooh as the codends were emptied. They 
were measured (fork length, inches) and released immediately. We used an 
International Paci.fie Hahbut Commission (IPHC) length-weight relationship to 
estimate the weight of these fish. Dungenes,s crab, and occasionally other species, 
were also removed for release when possible. 

Fish, and invertebrates other. than shrimp, were sorted from the catch as it passed 
from the hqpper over·the sorting belt We used color coded baskets; red for 
starboard and grey for port, to prevent intermixing the catch from each side. This 
was a quick preliminary sort enabling us to weigh and ice the shrimp catch from 
both siaes as quickly as possible. A Morris Scale Co. manual flatbed scale was used 
for weighing catch to the nearest 0.1 pound. After all shrimp were placed in the 
hold, we re-so.rted the baskets of f15h by species. Eelpouts and other small and 
uncommon fish and invertebrates were simply discarded. 

Occasionally, there was ·too much bycatch to weigh and count all the fish in the time 
available. Normally, shrimpers would simply dump such tows, due to the lack of 
shrimp, and move to a different area. We chose to try and use these tows since they 
provided useful information on how excluders work when bycatch is heavy. We 
processed ·these tows by subsampling. Some tows had abundant and diverse flatfish 
or baitfish. For such tows, subsamples were taken of the mixed catch. The 
subsamples were sorted, counted and weighed, and ihis data was expanded to the 
total weight o.f the mixed fish, shrimp and other invertebrates. When large fJSh (i.e. 
adult Pacific hake) were abundant, we.weighed the first 50 individuals and counted 
the rest. The average weight was used to calculate the total weight of the sp~es. 

Two count-per-pound samples were.collected from each side of gear for each tow. 
The siimples were collected directly from the hopper or from the shrimp that came 
off the sorting belt A magnetically dampened triple beam balance was used for 
-weighing approximately one hundred shrimp per sample to calculate count-per­
pound. 

We also tried to obtain length data for each species from several tows, each day. 
Time limitations often prevented us from measuring all species from every tow. In 
these instances, ·several species were selected for measurement based on what was 
needed to achieve our daily goal A subsample of a species was taken whenever 
there were more than about 50 individuals on a side. Subsampling was achieved by 
mixing the fish and counting out the first 50 for measurement. Depending on the 
species, either fork or total lengths were taken, and rounded to the next lowest 
centimeter. 
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Data Analysis 

In. comparative fishing ~eriments,. it is comm.on for some species to be pr-esent in 
some hauls but absent from others. Likewise, a particu.lar length range of a species 
can be present at times and then absent Iatet. This can make it difficult to make 

• meaningful comparisons at the "species:' level. To deal with this problem, we 
gr,ouped fish of snnilar body shapes for catch ana_lysis and also for analysis -of si?;e 
selectivity of the exdud,ers. We used slightly different groupings for the tWo 
analyses. For the catch data., which was ana :yz.ed. based on total weiiht, we gro~ped 
the fish as shown in Table 1, combining species of similar ave:r~ge size and body 
shape. For analysis uf length selectivity, we grouped fish of similar body shape, 
without :regard to, size (Table 2}. With the exception of same distinctively shaped 
fish that wer~ uncommon, such as skate.s, and :raysj this approach yielded sufficient 
data for meaningful analysis of all groups. We also .assessed the exclusion efficiency 
of the various excluders., by weight for all fish species combined. 

We analyzed. the catch data using three factor analysis of varianc.;e. (ANOVA) with 
haul number,. the presence or apsence of an exduder and the "sf.de'' of gear as main 
effects (without-interaction). Using this type of analysis, we tested for difference~ in 
fishing efficiency-between fhe. port and starboard· nets ;:ilong with the effect of the 
excluder device. Occasionally, we deleted one or two hauls m balanc-e. the design. 
When no -s~-dif{:erence was found between sides of gep.r, this factor was 
deleted, and the test was recalcuJated. Similarly, we tested whether the exduders 
caused changes in the size distribution of shrimp using three-factor ANOV A. Two 
replicate measurements of count-per-pound from each side of gear constituted the 
dependent variable. 

To make our analysis.as .comprehensive as poss.i"ble, we a180 included some 
additional data from earlier tests of the 8 inch mesh sqft-panel excluder. Th~e data 
were obtained m 1993 on a "ride-along'' trip on the F/V Prospector, using similar 
methods to the present study. In this earlier effort, only information on the weight 
of shrilnp and. fish bycatch, by species group, was obtained. 

We log-transformed the catch data prior to ANOV A· The Jog transformation was 
used becallSe we expected both fish escapement and shrimp losses through the 
escape port to be proportional to the total catch in the control net Ac:c.ordingly a 
multiplicafjve, rather than an additive model is apPropriate. This transformation is 
also ,generally helpful with catch data, since it tends .to normalize·a .skewed 
distribution. To estimate the percentage reduction in catch caused by an excluder 
device, th.e means of the transformed data were ha.ck transformed and the 
percentage calculated. 

A simple graphic·-approach was used to evaluate how each excluder performed. at 
excluding different .sizes of fish. We ove layed .graphs of the cumul.ativ-e length 
frequency for the e·xperimental and control nets~ for e,ach gea type tested. While not 
a statistical test, this approach provides information on the length frequency of fish 
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Table L Species composition of groups used for analysis of fish excluder catch data. 

Catch Group 

r'I-~ -- Shrim· .• . ,- -U'U:d.11 . p 
Adult Hake 
Juvenile Hake 
Large Flatfish 

MediQm Flatfish 

Small Flatfish 

Large Rockfish. 

Small Rockfish 

Skates/Ra,.ys 

Dogfish_ Sharks 
Baitfish 

Assorted Roundfish 

Misc. Fish 

Hagfish/Lamprey 

Dungeness Crab 

Species Included 

Ocean shrimp 
Pacific hake (>33 cm) 
Pacific hake (S.'33 cm) 
Pacific halibut 
Arrowtooth flounder 
Dover sole 
English sole 
Petrale sole 
Rode sole 
Rex .sole 
Pacific sanddab 
Slender sole 
Flathead sole 
Canary rockfish 
Yellowtailrockfish 
Darkblotched rockfish 
Rougheye rock:fish 
Gr:~triped rodfish 
Miscellaneous rockfish 
Shortspine thomyhead 
Bigskate 
Longnose skate 
Sandpaper skate 
Pacific .electr~c ray 
Spiny dogfish 
Pacific herrii\g 
Pacific sardine 
Smelt spp. 
Sablefish 
Llngcod 
Pacific cod 
Chub mackerel 
Jack mackerel 
Spotted ratfish 
American slla,d 
Glant wrymouth 
Pacific tomcod 
Pacific <.1rge:r;itine 
Hagfish 
Pacific Jam.prey 
Dtingeness crab 
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Scientific Name 

Pandalf4:s jordani 
Merluccius prod)udus 
Merluccius productus 
Hippoglossus stenolepis . 
.Athere.sthes Btomias 
Microstomus pa'cificus 
Pleu:ronectes vetulus 
Eopsetta jordani 
PJeurone.ctes bilineafus 
Errex zachirus 
Citharichthys sordidus 
Eopsetta erilis 
Hippogfossoide's elassodon 
Sehaftes pinn iger 
Sebastes flavidus 
Sebastes crameri 
Sebas tes a leutianus 
Sebas tes elon.gatus 

Sebastolobus alascanus 
Raja binoculata 
Raja rhina 
Bathyrajo. in_terrupta 
Torpedo californica 
Squalus . acanthias 
Clupea p.al lasi 
Sardinops sagax 
Osm~ridae -
Anoplopoma fimbria 
Ophiodon elongatus 
Ga,d,us m-acrocephpJus 
Scomb.er japonicus 
Trachiurus. symme'tric11s 
Hydrolagus colliei 
Alosa siilpidissima 
Cryptacanthodes giganteus 
Microgadus proximus 
A rgenti1i4 s iafis 
Epta;tretus spp. 
Lampetra tridenta.ta 
Cancer magister 



Table 2. Species composition of groups used. for analysis of length selectivity of the 
1excluder devic~s. 

Catch. Group 

Ocean shrimp 
Hake 
Flatfish 

Rockfish 

Skates/Rays 

Dog6sh Snarks 
Baitfish 

Roundfish 

Sp.edes Included 

Ocean shrimp 
Pacific hake 
Pacific hahbut 
Arrowtooth flounder 
Dover sole 
En~ sole 
Petra.le sole 
Rock sole 
R~ sole 
Pacific sandda.b 
Slender sole 
Flathead sole 
Canary rockfish 
Yellowtail rockfish 
Darkblotched rockfish 
Rough.eye rockfish 
GreeQStriped rockfish 
Miscellaneous rocldish 
Shortspine thorri.yhead 
Big_skate 
Longnose skate 
Sandpaper skate 

. P,a.cific electric ray 
Spmy dogfish 
Pacific herring 
Pacific · sardine 
Smelt spp. 
Sablefish 
Llr)gcod 
Pacific cod 
Chub mackerel 
Jack mackerel 
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Scientific Name 

Pandalus jordani 
Merlut.cius prod.uct:us 
Hippoglossus sl.enolepis 
Atheresthes ·stomias 
Microstomus pacificus 
Pleuronectes vetul11s 
Eopsetta jordtini 
Pleu:tonectes bilineatus 
Erret zachirus 
Citharichthys sordiduB· 
Eapsetta exilis 
Hippo g losso.iiies elasso4 ,m • 
Sebastes pinn'iger 
Seliastts _flo.r#d ~ 
Sebastes crameri 
.Scbaste.s . aleutianus 
Sebastes ,e'longµtus 

Seb"1:s tol,Qbµs alascamts 
Raja binoculata 
Kaja . rhina 
Ba thyr.aja interrupta 
Tcnyedo C#lifornica 
Squq.l us acfl.nthias 
Clupea pallasi 
.Sar.dinops sagax 
Osmeridae 
Anoplop,ema fimbria 
Ophtodim elc:mgatus 
Ga.dus macrouphalus 
Scombe.r Japonit•us 
Trachurus symmetri.cus 



encountered by -each device as well as how readily fish of different sizes Wel'e 

excluded .. 

Catch data from the control side of ,gear~ m combination with. ·catch data from the 
calibration tows~ wa!;i also summarized to provide a "snapshot" of the bycatch we 
encountered. As .. -mentioned previously, we observed definite differen.oes in the 
catch rates of our port and starboard nets on one .of the vessels we chartered~ which 
changed in response to minor ~ges in the amount of chain on the footrope. 
Different shrimp vessels .use a variety of designs-for their net foOitropes (ODFW 
llllpublished data), ahnost certainly caus:in.g variation in bycatch between vessels. 
It's. also dear that bycatch .rates and composition vary sigmficantly over time and 
betw~-areas. Acc-0rdmgly, our data is not representative of the bycatch for the 
entir,e fishery for 1995. However, we believe onr data is . a reasonable approximation 
of the bycatch bein,g encountered by the- fleet in the areas and months in whi.ch we 
f.d. AcrordinglyE the bycatch d.ata are tabulated.by month and PSMFC area 
(Figure 7). 

8.. Project Mana.gemeat 

This project was conducted by the following staff of the Oregon Department of Fish 
and Wildlife: 

Project Manager/Principal Investigator 

Assistant Project Manager 

Other Participants 

Other ParticipaDts (at-sea sampling) 

NfvlFS Cooperators· 

Robert W~ Hannah 

Stephen A. Jones 

Vidd J. Hoover 
Susan Riemers 

James T. Golden 
Robert Mikus 
Marl< Vatgas 
John Schaefer 

Craig Rose 
Scott Mc.Entire 

The·skippers and crew of .several shrimp vessels also. participated in this study. 
These were the F /V's Pruspector and Ginger B out of Astoria, Oregon ,and the F /V 
Lady Kaye ()utof Newport, 'Oregon. These vessels were mattered by the Or,ego:n 
Dep~ent of Fish and Wildlife to conduct the at-sea portion of this project, which 
was completed in. four sets of cruises. 

The first cmise1 aboard the F /V Prospector was OOJ1ducted out of A,stori~ Oregon 
between 10/9 /94 and 10/12/94. This cruise was dedicated to underwater video 
assessments of three, types of fish. exclude:i;, the No1dmore· grate (Figure .3) and 5 and 
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Figure 7. Location of-commen:ial concentrations of pink shrimp Pandalus jordani 
alongthe U.S .. Pacific coast (shaded areas) in PSMFC statistical area~ 72~2 
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8 inch mesh versions of the soft-panel excluder (Figure 1). The underwater video 
work was conducted in cooperation with National Marine Fisheries Service 
Resource Assessment and Conservation Engineering Division, who supplied the 
underwater video system and considerable technical advice and expertise. The 
objective of this cruise was to determine if the three devices were constructed and 
functioning properly prior to conducting compara.tive fishing. experiments. Th.e 
video footage necessary to evaluate each device was successfully obtained, and the 
necessary gear modifications were implemented prior to the comparative fishing 
experiments. 

The second set of cruises was conducted out of Astoria, Oregon aboard the F / V 
Ginger B, and consisted of three cruises of four days each conducted between 5/24/95 
and 6/16/95. On the first cruise, we fished the 5 inch mesh soft-panel excluder 
against a control net, following the procegures described earlier. On the second 
four-day cruise, the Nordmore grate was fished against a control net, while on the 
third cruise, the 8 inch mesh soft-panel excluder was similarly evaluated. The third 
cruise was actually broken up into two segments of two. days each because of adverse 
weather conditions. 

The third set of cruises was conducted out of Newport, Oregon aboard the F /V Lady 
Kaye, and consisted of three cruises of four days each, conducted between 6/2S/95 
and 7 /16/95. On these cruises, we also fished each gear for four days, using the same 
order; 5 inch, then the Nordmore ·grate followed by the 8 inch mesh excluder. 

The fourth set of two cruises, of four days each, was.conducted out of Astoria, 
Oregon, once again aboard the F /V Ginger B. These two cruises were made possible 
by cost sii,v ings on earlier cruises, All charter cruises were procured via competitive 
bidding and the marketable catch was sold and deducted from the charter cost. 
Accordingly, a combmation of competitive bids and successfuJ fishing created cost 
savings allowing .additional at-sea work. The first of these two cruises was used to 
conduct some additional tests of the Nordmore grat~, while the final cruise was 
used to evaluate a 3 inch mesh version of the soft-panel excluder which came into 
use in the shrimp fishery in 1994. 

VI. Ac1=omplishmehts 

A. Findings/Results 

Video Assessment 

Our video observations of the soft-panel excluders indicated that the 8 inch panel 
was installed properly but the 5 inch panel was not. The angle of the 5 inch panel 
was too shallow and video footage showed that much of the water flow and catch 
was exiting the escape port. The 5 inch mesh panels were subsequently modified to 
more closely approximate the angle in the 8 inch mesh device, which appeared to be 

20 



,, 

working properly. Poor mesh spreading observed· with the 5 inch excluder was· 
probably .aiso, caused by the unproper installation. 

Observations of the Nordmore grate ,suggested that it was also mst.~ed at too 
shallow an angle. We used an inciinomet~ attached. tu the downstream .side of th.e 
grate to provide a. direct measurement of the angle, recorded on -video. The grate 
was remounted -at-sea and -we were able to verify that the ,co~ angle was acme · ed, 
by moving the bottom of the grate back about 12 meshes. It should be n:oted that the 
grate was hung and tied in the net shop at .a 45 degree angle and that the effective 
~e while fishing was different. 

Video footage taken in the codend. revealed another problem associated with the 
excluder ~nsion sections. The codend was poorly filled out at limes, indicating 
·that water flow· th.rough the excluder and. into the codend wa_s insuffiaent After 
consulting with our net supplier, we shortened. the excluder extensicn sections as 
mu.ch as possible to mirumiz-e water loss thr-ough the extension meshes. Although 
not attempted. in this study1 other options· were to use smaller mesh ot larger ·twine 
in the excluder sections,. o:r to mount the excludei: panels dir-ectly in the 
intermediate,. eliminaDJl.g the extension section entirely. Additional underwater 
video' work could help determine the most effective strategies· fur resolving this 
problem when it ,occurs . 

. Fish Exclusion Efficiency 

We ·found all four devices to be 'effective at substantially reducing the total weight of • 
fish caught (Figure 8 and Tables 3--7). However, the Nordmore grate and the 3 inch 
mesh soft--panel eJOCluders were more effective:, yielding roµ.ghly an 80% red,ucticm, 
while the 5 and 8 inch mesh devices reduced fish bye.at-ch by roughly 55%_ The 
overall .fish exclusion pedorm.ance we observed :fi;lr both the Nordmore -grate· and 3 
inch mesh excluder is consistent with the performance reported by others for the 
Nordmore gµite _<{Isaksen et al. 1992, Kenney et al. 1992a, Kenney et.al 1992b1 Ryan 
and Cooper 1991)- We also observed substantial variption in exclusion efficiency 
between tripsE with the same excluder device. Tiris is most likely due to variation in 
the. size and species composition ·of the. bycatc;h encounte;red. 

An. examination. of the· pe·rcent reduction., by weight and .species group, for the 
Nordmore gr~te {Table 6t shows that this device· is extremely e£fective on all large 
fish. and also -somewhat effa:tive on small .fish,, such as juvenile. hake,. baitfish and 
• small flatfish. For most species gtoups, the 5 anp 8 inch mesh exd:iJ.d~ gave 
somewhat lower~ bJit simila:1;'1 performance to the Nordmore ~ate (Tables 3 and 4}, 
while tihe 3 inch. mesh device yielded performance. very comparable to fue 
Nortlmo,ie grate~ es,pecially with adult hake (Table 7). As expected, the· eight inch 
mesh device was less effective a:t exeluding fish_. even large ones~ however it's 
overall performance was surp~gly g~:>0d with a variety of ·fish groups that can 
readily pass tbrou.gh 8 mch m~sh,, notably adult hake, and small and medium 
flatfish. In contrast to the good performa11ce of even t • e 8 inch excluder on some 
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Exclusion Efficien·cy-AII Fish Co,mbi~ned 

EXCLUDER 

Nordmore .Grate 

3 Inch: Mesh 

5 Inch Mesh•••••r--

8 Inch '(Red. Aperture) 

8 Inch Mesh ------•---

0 25 75 

Percent Reduction By Weight 

100 

■ July '93 

□ June '95 

July '95 

■ September 195 

Figure 8. Percent reduction. by weight obtaine.d with four fish excluder devicesl 
fur all fish species combined. 
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Table 3. Percent reduction by weight and species gr-oup for the 5 inch mesh excluder. 
Reduction estima~ are ~incant at E· < 0.01 unless noted. 

-Species Group 

Pink Shrimp 
Adult Hake· 
Juvenile Hake (~ 33 cm) 
Large Flatfish 
Medium Flatfish 
Small Flatfish 
Large Rockfish 
Swall Rockfish 
Skates/Rays 
Dogfish 
Baitfish 
Assorted Roundfish 
Misc. Fish 
Hagfish/Lamprey 
Dungeness. Crab 

Percent Reduction By Weight 

June 1995 -

7"""" 
80 
31 
94 
85 
5~ 

100 
56,~~ 

100 
.79 
56 
96 
73--.~-
ns 

C 

July 1995. 

15 
67 
35 

iOO 
95 
52 
97 
ns 

100 11,,i, 

60 
97 
90 
n.s 

C: 

"-"=;insufficient data1 ns = non-significant (p > 0.10), c = some crab observed, ail or 
mostly in. non-excluder side 
~ < 0.10, "p < o.os 
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Table 4. Percent reduction by weight and species group for the 8 inch mesh excluder. 
Reduction estimates are significant at p < 0.01 unless noted 

Species Group 

Pink Shrimp 
Adult Hake 
Juvenile Hake (:S 33 cm) 
Large Flatfish 
Medium Flatfish 
Small Flatfish 
Large Rockfish 
Small Rocldish 
Skates/Rays 
Dogfish 
Baitfish 
Assorted Roundfish 
fvlisc; Fish 
Hagfish/Lamprey 
Dung_eness Crab 

July 1993 

6 ns 
41 
ns 
71 
84 
43 .. 
,44 

65 "'"' 

78 · 
ns 
81 

Percent Reduction By Weight 

June 1995 July 1995 

Inc 31 
70 81 
24 ~ .. ns 
9i 100 .. 
89 100 ·* 
55 63 ,. ,f-

100 100 ... 

47* 78 ~ 

100 
72 Of ,t, 100 ,t 

67 83 
94 
92 97 ~ 

ns ns. 
C 

.. _ .. = insufficient data,. ns == non-significant (p > 0.10), c = some crab present, all or 
mostly in non-excluder side.., lfl.c = Increased catch in excluder side 
~ · < 0.10, *t> < 0.05 
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Table 5. Per-cent reduction by weight and species group for. the 8 inch mesh ·excluder 
with the fish escape opening, reduced in size approximately 35%. Reduction_ 
estimates are significant at p < 0.01 unless noted. 

Species Group 

Pink Shr" . _ 1mp 
Ad.ult Hake 
Juvenile Hake (S 33 cm) 
Large Flatfish 
Medium Flatfish 
SmaU Flatfish 
Lai;ge Rockfish 
Small Rockfish 
Skates/Rays 
Dogfish 
Eaitfish 
Assorted Roundfish 
Misc. Fish 
Hagfish/Lamprey 
Dungeness Crab 

Percent Reduction By Weight 

July 1995 

2 ns 
62 
.26 

83 '.. lf-

32 • 
57 ·Jf-Jf-

ns 
ns 

48 

89,.,. 
ns 

"-" = insuffi~ient d.atal ns = non-significant (p > 0.10), c = some crab observed, all or 
mostly in non-.excluder side 
~ < 0.10, ~*p· < 0.05 
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Table 6~ Percent reduction by weight and species group ·fur the Nordmore .grate 
excluder. Reduction estimates are significant at p < 0.01 unle~ noted. 

Species Group 

Pink Shrimp 
Adult Hake 
Juvenile Hake (:5 33 cm) 
Large Flat&h 
Med,_ium Flatfish 
Sm.all Flatfish 
LargeR~h 
Small Rockfish 
Skates/Rays 
Dogfish 
Bait-fish 
Assort~ Rotmdfish 
Misc~ Fish 
Hagfish/Lamprey 
Dung~ss Crab 

June 1995 

Inc 
100 
30 .i:· 

100 
94 
46 

100 
6{f"""* 
96 

100 
70 

100 
94 
ns 

C 

Percent Reduction By We;igh.t 

July 1995 

10 
99 
55 

100 
BO " 
58 

100 
54. >t 

99 
53 at 

ns 
C 

September 1995 

Inc 
100 
64 

100 
86 """" 
75 
95 *"" 

84 
93 * 

100 
71 

t oo 
87 
ns 

c., 

"-';=insufficient data~ ns = rton-sigruficant (p >- 0.10), c = some crab present~ all or 
mostly in non:--excluder side, Inc = Increased. -catch in excluder side. 
"E>p < 0.10, '~p. < 0.05 
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Table 7 Percent reduction b,y weight a;nd speci.es group for the 3, inch mesh excluder. 
Reduction estimates are. sigrtificant at p < 0.01 unless no~d. 

Species Group 

Pink Shrimp 
Adult Hake 
Juvenile Hake (~ 33 cin) 
Large Flatfish 
Medium Flatfish 
Sin.all Flatfish 
Large Rockfish 
Small Rockfish 
Skates/Rays 
Dogfish 
Baitfish 
Assorted Round.fish 
Misc. Fish 
Hagfish/Lamprey 
Dmtgeness Crab 

Percent Reduction By Weight 

September 1995 

7 •• 
97 
40 
99 
97 
69 

100 
71 

100 
95 
65 
96 
89. 
ns 

c. 

"-" ::::;: insufficien.tclata1 ns; n.on~significant: (p > 0.10), c = some crab observed_, all or 
mostly in non-excluder side 
:tp < O. lOr ;t,t'p < 0.05 
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small and medium-sized species, none of the devices significantly Ieduced the catch 
of hagfish, a common, but not abundant, bycatch species. 

One important area in which the 3 inch and Nordmore devices·out-perfonned the 
other devices was in tne exclusion of adult and juvenile ha.ke. On c1verage, the 
Nordmore grate and 3 inch excluders removed nearly 100% of the adult hake and 
40-50% of the juvenile hake, by weight. The 5 and 8 inch devices removed roughly 
70% of the adult hake and 8-33% of the juveniles. Since hake were quite abundant 
during the study, these differences may account for much of the difference in 
overall performance between the devices (Figure 8). It should be noted, however, 
that juvenile hake were increasing in size as the field season progressed, skewing 
the juvenile numbers somewhat. For example, the exclusion efficiency of the 
Nordmore grate for juvenile hake increased from 30% in June 1995, to 55% in July 
1995, to 64% in September 1995. The 3 inch mesh device was only tested in 
September, while the 5 and 8 inch devices were only tested in June and July, 1995. 

• A~cordingly, the apparent differences in exclusion efficiency for juvenile hake may 
be somewhat overstated by the c<1tch data. 

Exclusion byFishSize 

1n general, the length data show that all of the devices were very efficient at 
excluding large fish and less efficient with smaller ones (Figures 9-15). Also, as 
expected, the Nordmore grate and three inch soft-panel excluder were somewhat 
better at excluding small fish than the 5 and 8 inch excluders. The exclusion 
efficiency of hake and spiny dogfish, by length, followed this genera.I pattern (Figures 
9 and 15). However, there were some fish groups in which one, or both, of ·the 
larger mesh excluders performed comparably to the Nordmore grate and three inch 
mesh excluder. This was the case for rockfish (Figure 11), where the 3, 5 and 8 inch 
mesh excluders performed similarly; while the Nordmore grate excluded fish more 
effectively than the other three devices. The exclusion efficiency for roundfish was 
high for all 4 devices (Figure 12). Somewhat surpising was the fine performance of 
the 5 and 8 inch mesh soft-panel excluders at excluding smaller flatfish (Figure 10), 
which were not excluded at high rates by the Nordmore grate and the 3 inch 
excluder. One possible explanatiox:i for the lower perfQ_rmance of the.Nordmore 
grate at excluding small flatfish is that the vertical bars allow small and medium­
sized flatfish to pass through very easily if they tum sideways. 

The Nordmore grate performed better at excluding small baitfish than the other 
devices (Figure 13)., For baitfish above 15 cm, the 5 and 8 inch excluders showed 
roughly similar performance to the Nordmore grate, while the 3 inch mesh 
excluder was somewhat less efficient. The baitfish graph for the 3 inch mesh 
excluder also shows that the control net was more efficient at catching small and 
medium sized baitfish than the net with the excluder device. This graph was 
strongly influenced by the catch from one particular tow in which the starboard net 
on the F /V Ginger B, with the excluder, caught several times more herring than the 
port net. If this tow is excluded from the analysis, the performance of the 3 inch 
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mesh excluder at removing small ba:itfish closely mimics the performance of the 5 
inch mesh excluder. The most reasonable explanation for these results is that a 
large school of herring entered the starboiµ-d net, by chance, skewing the overall 
results. The general tendency for the F /V Ginger B's starboard net to out-fish the 
port net probably also contributed to the problem. 

All of the excluder devices tested showed some evidence of exclucting. Dungeness 
crab (Cancer magister), although crab w~re only encoW1tered in abWldance on one, 
very .atypical, haul. In this instance, the last haul of the day yielded approximately 
500 lbs of softshell crab in both the experimental and control nets, With no other 
species present. The Nordmore grate we were fishing at the time appeared to be 
ineffective at excluding such a large volume of crab. In this instance, the crab 
accumulated just forward of the grate. Market squid (Loligo opplescens) were also 
encountered, in moderate abundancer on one cruise. At that time we were also 
fishing the Nordmore grate and it ap~a.red that this excluder reduced the squid 
catch by roughly half. 

Shrimp Loss Through The Exduders 

The shrimp loss caused by the devices showed wide variation between cruises, even 
with the same excluder device (Tables 3-7). For example, shrimp .loss with the 5 
inch device (Table 3) ranged from 7 to 15%. With the 8 inch mesh device, i~. ranged 
from a net increase to 31% (Table 4). On two of the three Nordmore grate cruises, 
the side with the excluder device also caught more shrimp than the control side, 
while on 1he other cruise a 10% lqss of shrimp was measuxed (Table 6). Shrimp loss 
for this single cruise is well above the 2-4% shrimp loss reported in the literature 
(Isaksen et al. 1992, Kenney et aL 1992a, Kenney et al. 1992b, Ryan and Cooper 1991). 
One possible explanation for the high shrimp loss on this trip is that the average 
size of shrimp was very large for this trip, mueh lar.ger than all of the other cruises 
(Table 8). This result suggests that a Nordmore grate with bar spacing greater 'than 1 
inch may be needed for this fishery, especially in the more southern fishing areas, 
where shrimp are gfmerally bigger. Larger bar spacing may, in tum, degrade the fish 
exclusion performance of the Nordmore gtate, especially with smaller fish. 

The Nordmore grate caused less shrimp loss than the 5 and 8 inch excluders (Tables 
3-6). The data for the 3 inch mesh excluder and for the eight inch mesh excluder 
with a reduced escape aperature (Tables 5 and 7) suggest, however, that comparable 
performance may be attainable from the soft-panel excluders. Reducing the escape 
port on the 8 inch device appears to reduce shrimp loss, but this improvement in 
shrimp loss may be at the expense of fish exclusion efficiency. Since we obtained 
only a single shrimp loss estimate for these two variations, additional testing is 
needed to determine the full potential of the soft-panel excluders. 

To ma!(imize efficiency,. the Nordmore grate employs a grate with narrow bar 
spacing to exclude even some small fish, along with an accelerator funnel to 
concen~te the catch near the bottom of the net and minimize shrimp Joss (Figuxe 
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Table 8. Mean count~peI"-pound of ocean shrimp from the experimental and control 
nets, grouped by excluder type and. cruise da.te. Asterisks denote levels of statistical 
significance fur the observed difference in count-per-poµnd. ANOVA mod.el is 
three factor with haul number,. .side of gear (port or starboard) and excluder .(enabled 
o:r disabled) as main effects. 

Excluder 

.5 Inch Soft-Panel 
5 Inch Sp:ft-Panel 
8 Inch Soft-Panel 
8 .Inch Soft-Panel 
Nordmorec grate 
Nordmore grate 
Nordmore gtate 
3:Inch Soft~Panel 

Cruise Date 

Jw,e 1995 
July 1995 
Tune 1995 
July 1995 
June 1995 
July 1995 
~t~ 1'995 
Sept 1995 

Number 
of Hauls 

18 
20 
20 
20 
16 
14 
14 
20. 

ns = non-s,ignilicant, ~ < 0.05, ~'1<0.01, ~<0.001 

3.7 

Mean Count-Per--Pound 

Control 

144.0 
127.5 
142.4 
131.1 
123.2 
91.1 

122.8 
12:l.5 

Experimental 

143.0ns 
131.5,tjf-
154.~atat.t-
131.4ns 
123.Sns 
90.Sns 

134.9"* 
124.Sns· 



3). This makes the relatively good performance of the 3 inch mesh excluder 
somewhat surpri$ing. If this excluder can consistently show. low shrimp loss, it may 
be due to ifs particular design, which differed from the other soft-panel excluders. 
Most significantly, the escape port on the 3 in.ch mesh excluder was oriented 
longitudinally on top of the net. The 5 and 8 inch devices had somewhat smaller 
escape ports, oriented perpendicular to the longitudinal axis of the ne.t. In this 
design, additional strain on the net; from the drag of the catch, may stretch open the 
escape port, while in the longitudinal design, additional stra:in should have less 
effect on the escape port width. Additionally, while all of the mesh panels attach to 
the upper part of the codend slightly behind the escape port, creating a "lip" of sorts, 
the 3 inch device has a somewhat larger '1ip". Some additional testing of the three 
inch mesh excluder, including some underwater video footage, is needed to verify 
it's performance and to evaluate how this design can be "tuned" to work even 
better. 

Shrimp Size Composition 

The comparison of average shrimp count-per-pound between the experimental and 
control nets suggests that somefimes the 5 and 8 inch exclu.ders and the Nordmore 
grate can significantly increase the average count of shrimp (p<0.01, Table 8). 
Moreover, the trips with elevated counts in the excluder net were not consistently 
,the trips showing high levels of shrimp loss (Tables 3-7). These results are difficult 
to explain fully, however Beardsley's (1973) !'esearch suggests a possible explanation. 
Beardsley (1973) examined the near-bottom v.ertical distribution of ocean shrimp 
and showed that sometimes shrimp are vertically segregated by size, with the larger 
shrimp higher off the bottom. H, on some of our cruises, larger shrimp were further 
off bottom, perhaps enough large shrimp were transported out the escape hole to 
increase the average count of the catch. 

Summary of Observed Bycatch 

The bycatch we en<c:ountered on our 8 research cruises varied substantially between 
cruises (Figure 16). Fish represented the majority of the control side catch for most 
of our cruises, and ranged from 25% to nearly 75% of the total catch. This lev.el of 
fish catch is not unusual for this fishery, especially when shrimp abundance is low, 
as it was in 1995. The shifting nature of l'.!ycatch in this fishery is also well shown by 
the data we collected. For example, we encountered our lowest percentage of bycatch 
in PSMFC area 84 .in June and our highest level in the same area the very next 
month (Figure 16). It is common in thi/; fishery to see bycatch levels vary between 
different areas and months. In general, Pacific hake dominated the bycatch we 
encountered, although flatfish, baitfish (mostly Pacific herring) and spiny dogfish 
were also quite abundant in some samples (Table 9). The species mix we 
encountered was fairly typical for the shrimp fishery in PSMFC areas 72 -84. 
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Catch Co,mposition By Area And Month 

MAY/AREA 74 

MAY/AREA 72· 

JUNEJAREA 84 

JUNE/AREA 82 ~ 

JUNE/AREA 74· 

JUNE/AREA 72 • 

JULY/AAEA .86 

JULY/AREA 84 

JULY/AREA 82 

SEPT/AREA 72 · 
• I 

SHRIMP 

0.0% 25~0°/o 50.0% 75.0% 100.0% 

PERCENTAGE 

Figure 16. Composition of the catch in the control net b y area and month.. 
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Table 9. Percent composition by weight of the fish by_ca.tch from the control nebind all callbration tows,. by P.SMFC 
statistical ,area.. and month, 1995. 

Percen.tage Composition of the Fish Bycatch 
PSMFC 

Mon-t'h Are~ Pacific Flatfish Rockfish Baitfish Round:flsh Spiny Skates Ml$c. Total 
hake dogfish 

May 74 40.4 33.0 5.4 10.6 1.0 6.6, 2.2 0.B 100.0 
May 72 51.8 10.9 9.6 8.2 4.2 12.4 2.7 0.-2 100.0 
June 84 ~3.5 28 .. 7 2.8 4.9 4.-7 o.o 1.1 4.3 10.0.0 
June 82 86.6 0.3 1.0 0.1 0.7 0:0 0.4 0.9 100.0 
June i-4 62.0 12.3 1..3 22.6 0.8 0.7 Q,.O 0.3 100.0 
June 72 'i'9.4 8.9 2.5 0.5 6.7 1,6 0.2 0;2 100.0 
July 8.6 81.5 8.1 1.1 0.1. 3.3 4.6 0.6 0.7 rno.o 
July 84 93.8 2.5 LS 1,3 0.4 o.o 0.0 0.2 100.0 
July 82 90.0 3.3 1..8 2.3 0.5 0.1 0.5 1,5 100.0 
Septembe.r n. 6-8.5 7.2 2 .. 2 11.0 3.9 5.5 0.,8 Q.9 100,0 
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Operational Asst!$Sment 

Deployment and retrieval of nets with the soft mesh excluders was simple and 
straight-forward, with no operational problems observed.. The deck crews .set and. 
'hauled their nets-as they normally would. However~. the No:rdmore grate system 
was fairly cumbersome to hand.le, causing crews 'to deviate fr.om their normal net 
handling p:ro~utes. We found that the rigid Nordmore grate tended ·to, hang-up 
on hard deck structures, which necessitated crew intervention.. The grate and frame 
became hazardm1s at times while suspended a.bove--deck daring heavy seas. Part of 
-the difficulties experienced were undoubtedly caused by the aluminum •frame that 
we used arotmd the Nordmore ·grate itself in orderto facilitate disabling of the 
device. Howe-ver, we feel that most_of the on-deck hJl.ndling difficulties would 
-rema.Jn H a pfain polyethylene Nordmore grate were used. The Nordmore .. wate 
also required more care when releasing the nets after unloading -µie codends. The 
crew needed to be quite ca:reful to make sure that the net was released exactly as it 
had been brought in and not with a 360° twist Such a twist is trivial with other 
excluders since the net is free to untwist as it is reset. With the rigid Nordmore 
grate, having floats at the top to. keep the· grate upright under water1 the twist will 
not c-ome out on its own.. Rather, the nets had to be brought :in,. untwisted, and 
·reset. One vessel also had to alter its standard procedure for loading the nets 
onboard at night to accomodat:e the Nordmor-e grate system. The crew of the F /V 
Lady Kaye generally used a net block to load the nets., which saves time. Since the 
rigid Nordmore grate could not pass ·through a net block1 the- more time consuming 
method of grabbing "bites" of the net, and hauling them onboa;rd with the 
hydraulics~ had to be used. 

We noted a variety of factors which we believe may have :influenced the 
performance of the excluders. Each .of these factors. need to be considered by excluder 
users, and solutions for achieving optimum petformance should be expected to vary 
between different nets.. First of all., we observed consistent excluder performance 
differences between the nets. of the Ginger B and Lady Kaye, even though the same 
excluder extension section was used on both vessels and w~ installed in the same 
way. Catch did not wash back as readily into the codends of the Lady Kaye's nets as it 
did on the Ginger B. Appanmtly., water flow characteristics were different between 
the neis. The nets on these vessels were all high rise box trawls,. but were supplied 
by different manufacturers. The .11ets presumably had construction differences. In 
itddition to these differences, each skipper presttm.ably tuned their nets differently, 
such as--different footrope setbacks from the doors. It was beyond the ·scope of trus 
study to_ define and evaluate the eHects of these differences but it is important. fo 
fishermen and fishery managers to realize that exduders need to be tuned to 
individual nets . 

Our observations ,convin.ced us th_at shape and size of the excluder escape port may 
nave important impacts on performance. Mid-way through our tes.t of the 8 inch 
soft-panel excluder on. the Lady Kaye, we noted that shrimp loss appeared to be 
abnormally high. We had previously noted that the escape port was larger on thls 
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device than with the 5 inch mesh device but had deferred to current manufacturing 
norms. We decided to reduce the escape po.rt size in an attempt to reduce shrimp 
loss, and were successful. There are obvious real limits to how small the escape port 
can be while still allowing passage of larger fish, but fishermen do have some • 
latitude when tuning excludel'S for their nets. Another solution became apparent . 
when we tested the 3 inch soft-panel excluder. This excluder utilized a longitudinal 
slit as the escape po.rt insteacl of the side-to-side slit used with the other soft-panel 
excluders. Our video assessment showed that the side-to-side slit was kept open 
during fishing, apparently through.a combination of water pressure and net tension. 
The 3 inch mesh device (Figure 2) was not assessed during our video work, but 
discussions with fishermen have convinced us that net tension tends to keep the 
longitudinal escape port more clcised. Hence a relatively large escape port can be 
used to pass large fish without increasing shrimp loss. 

The.method we used to di.sable and enable the soft-panel excluders is commonly 
used in the shrimp fleet, but it may have had subtle influences on our ability to 
estimate shrimp loss. The inverted "U" shaped tongue cut in the excluder panel 
(Figure 1) was resewn by hand each time the excluder was enabled. Due to the 
awkward conditions imposed by limited access through the·excluder escape port, 
imperfect alignment of the tongue and non-uniform tension on the suturing line 
may have caused some distortion in the excluder panel while fishing. Variation in 
exclusion effitiency or shrimp Joss caused by such distortion could not be measured. 
Some fishermen in the fleet use a vertical slit in the center of the excluder instead of 
a "tongue". Th.is design was incorporated in the 3 inch mesh ~cluder we tested 
(Figure 2). With this approach, fewer meshes need sewing, alignment is straight­
forward, and a more uniform tension in the excluder panel ~ easier to achieve. Our 
observations suggest that the vertical slit is the preferred method for disabling and 
re-enabling these devkes. 

Fish gilling was less of a problem than we had anticipated with all of the dev:ices. 
No gilling was observed between the bars of the Nordmore grate at all Meshes in 
the accelerator funnel were readily clogged by some kinds of small fish, notably 
eelpouts (family Zoarcidae), but this didn't noticeably influence funnel 
performance. It is a potential problem for- fishermen however, who must remove 
entangled dead fish from the net at the end of each trip. Access to the funnel for 
cleaning is poor. A long longitudinal z,ipper placed over the funnel could ease this 
problem and facilitate the· removal of other debris as well We experienced some 
gilling with all of the soft-panel excluders, primanly adult hake and dogfish. The 
fish were usually gilled high on the excluder panel near the escape port. It is unclear 
whether the fish were gilled while the net was fishing or during haulback. 
However, we did not observe any gilling during our video assessments, indicating 
that gilling during haulback is the most likely explanation. 
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B. Problems 

The only sj.gnifirant problems that surfaced <:luring this study were 'those caused by 
the differences in fishing efficiency between the port and staiboa~ nets on. the F /V 
Ginger R For aill. of the cruises on this vesset the "side'1 effect was statistically 
significant (p<0.05), with the starboard net consistently out-fishing the port net. 
This was never the case £or the cruises on the F /V Lady Kaye (p>0~OS). Our study 
design was set ttp specifically to aocount for· between-net differences in efficiency, 
and we also .made some adjushnents to help minimize ~ problem (detailed above 
under Study Design). However, out apPlication of ANOVA here assumes a linear. 
,additive model is appropriate for our log-transformed. catch data and, implicitly, ·that 
an of the basic assumptions of ANOVA are also met. We thinkifs possible that 
departures from normality in the ·transformed data, m combination with major 
differenc-es between port and starboard nets, may have made it more q.ifficult to 
detect significant differences in shrimp catcli c;aused by the excluders on the F /V 
Gir;tger B cruises. For subsequent wo:rk usin_g double-rigged shrim:pers for 
comparative fishing experiments, we recomm.end that a day is spent calibrating and 
modifying, as needed,. the port and starboard nets prior to conducting experiments. 
Our experience· suggests that for the ocean shrimp fishery~ in which tbe height of the 
footrope above bottom seems to have ~-critical impact on ca:tch rate,. a video view of 
both footropes- might be another way to quickly tune the nets to fish more evenly. 

C . .Need For Additional Work 

These da.ta show that the soft--panel excluders used. in the ocean shrimp · fishery 
exclude. fish quite effectively, but cause somewhat higher shrimp loss than the 
Nordmore grate. They also suggest that the 3 inch mesh soft-panel excluder may 
have the potential to provide oomparable performance to the Nordmore gratel at 
leas:tin this fisheey. Although the use of excluders in the ocean. shrimp f•ry is 
,growing slowly, some 6$hennen .a;re resistant toWaJ'.ds using the devices, probably as 
a. result .of experiencing high lev;els ·of shrimp loss. Our data ·show that the 
.fishe.nnen's eiperiences are not unusual. We encountered a lot of variation in 
shiimp los..s with all devices, despite prior und.erwater video assessments1 a 
techruque generally not available to fishemien. If the use of ~cluders is to ·grow, 
the devices need to be capable of consistently producing low levels of shrimp loss., 
while efficiently excluding the .fish that a.· e a nuisance ~o fishermen, especially hake, 
small b.attfish and small flatfish. The next l~gical step is to try and replicate the 
performance of fhe three inch mesh excluder on an additional 2 trips. .Another 
obvious step is to obtain some underwater video footage of this device to see how 
the size and orientation of the escape port is influencing shrimp retention, and how 
shrimp retention might be improved. Additionally, some video assessments 
sb.onld be conducted. at a more basic level ·to detemune· how escape port size, shape 
and orienta.tion influence codend shape and shrimp retention. Hav:ing this 
additional information .should allow us ·to dev,elap-a fish excluder "primer'1 for 
fishennen; a pamphlet o:r vjdeo which helps fishermen and net shops trQtlble-shoot 
an excluder installation and obtain peak perfo.rmance. 
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Our data suggest that shrimp retention with the Nordmore grate; in this_ fishery, 
might be improved by increasing the bar spacing to accomodate larger shrimp, 
which are sometimes encountered. It's also possible, however, that increased bar 
spacing may degrade fish exclusion performance. Additional field -tests with a grate 
employing wider bar spacing are needed to answer these questions .. Since excluders 
are not mand~tory for this fishery, fishermen favor devices which can be readily 
disabled to take advantage of marketable bycatch when it "is available. Accordingly, ~-
we consider further research with the Nordmore grate, which cannot be readily • 
disabled, a lower priority than efforts to further improve the soft-panel devices 
which fishermen are using now -voluntarily. 

VIL Evaluation 

While the r:esults of this study do suggest some additional work that needs to be 
done, the objectives of the project were all met or exceeded. We determined the 
level of shrimp loss, and degree of variability in shrimp loss, that can be expected 
from the 3 devices that were originally scheduled for evaluation. Although our 
original objective of measuring shrimp loss was met, the level of variability we 
encountered suggests that additional tests could improve our knowledge of the 
average shrimp loss each device is likely to cause. We also collected some fish 
exclusion and shrimp loss data on an additional device, the 3 inch mesh excluder, 
which shows a lot of promise. Fish exclusion efficiency, by weight, arid differentially 
by fish size-, was also determined for all of the devices. We also found that some of 
the excluder deviees.can occasionally increase the average count of shrimp retained. 

The findings from this study have already been disseminated to some degree and 
have met with favorable comments from scientists an<i industry members. 
Preliminary results were presented at the joint industry/ agency bycatch workshop in 
Seattle, Wa~ington, September 25-27, l995. This conference was entitled "Solving 
Bycatch; Considerations for Today and Tomorrow'". Updated results were next 
presented at the 9th Western Regional Groundfish Conference in Newport, Oregon, 
January 23-25, 1996. 

To provide better public access to the results of this study, we produced a short VHS. 
videotape summarizing this project and our principal findings, complete with 
narration and some underwater and-on-deck footage. Copies of the video summary 
have been provided to all of our cooperators in the study, including the Oregon 
Otter Trawl Commission, Astoria Net Shop and to National Marine Fisheries 
Service Resource Assessment and Conservation Engineering Division. Copies of 
the videotape and this final report, are also available upon request from our 
regional office in Newport, Oregon. To further disseminate the findings of this 
study to the fishing industry, we .µso published a brief summary of the results in 
our annual shrimp industry newsletter, in March 1996. 
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