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ABSTRACT

The effects of employing a largeesh faced (top, bottom, and suwlimgs) bottom trawl designed

to capture haddock while reducing the bycatchaaf as well as other species was investigated.
This experimental net, named the OEliminator Trawl,O exploits the differences in fish behavior.
Two vessels, F/\fron Horseand F/VSea Breezeconducted side-by-side comparison hauls with
one vessel towing the controltnEurrently regulated speafations) and the other towing the
experimental net. A total of 100 successful tomere completed. All species captured were
weighed for total weight. Haddock, cod, atite majority of the flounders caught were
measured. The OEliminator TrawlO significamélguced the catch of stocks of concern
including Georges Bank (GB) cod, GB yellowt#ounder, GB winter flounder, witch flounder,
and American plaice. Other species such as fisinand skate also showed significant decrease
in catch in the experimental net. In additidre catch of GB haddock, the target species, did not
differ significantly between nets. The resultsthis study indicate thahe OEliminator TrawlO
would be an efficient tool in the B Days-at&Program as well as a Special Access Program as

it appears to meet the minimum bycatch requirdmnbe considered for both these programs.



INTRODUCTION

Atlantic cod Gadus morhup and haddock Melanogrammus aeglefinusupport important
commercial fisheries. Both are managed utiteNew England Fishery Management CouncilOs
Northeast (NE) Multispecies Fishery Magement Plan (FMP) (NEFMC 1993), which
recognizes two principal stocks for each, @esrBank (GB) and the Gulf of Maine (GOM)
(Mayo 1995; Mayo and OOBrien 1998; Cargnelile1999). Under this FMP cod and haddock
are included in a complex of 19 groundfish &®avhich have been managed by time/area
closures, gear restrictions, mmim size limits, and since 1994, efit effort controls including a
moratorium on permits and days-at-sea regtrist(Brown 2000; Mayo and OOBrien 2000). The
goal of the management program is to reducenfismortality to levels which will allow stocks
within the complex to initiallyrebuild above minimum biomasgkresholds, and ultimately, to
remain at or near target biomass levelsog@ 2000; Mayo and OOBrien 2000). In the most
recent assessment, Georges Bank cod were ddada@erfished and overfishing was determined
to be occurring. Georges Bank haddock wasrfished but overfishing was not occurring
(Mayo and Terceiro 2005).

This study focuses on the reduction of cod i fladdock catches, as well as other key bycatch
species. Haddock and cod are redulaaught together and due tloe status of the stocks and
the rebuilding objectives for cod, there are ¢rsts on the harvest of haddock (TRAC 2006).
There is a zero bycatch tolerance for the cstidiy, and therefore ondbe quota of cod is
attained, the haddock fishery is &ds In most years, this meathat the total allowable catch
(TAC) is not reached resulting in a loss of revetwthe fishermen (Table 1). The basic impact
of the research described in this report is tuvjgle fishermen an alternative means of harvesting

haddock without impacting the cod stock.

For decades, bycatch has been an issue in treladries and consequently much effort has been
directed to improve the selective performancéraivls. Research focuses on reducing both the
bycatch of undersized fish as well as non-tagpeicies (EngEs 1998eduction of undersized

fish has been accomplished using mesh size regulations; however, recently there has been a trend
towards the development of spesiselective trawl gears (Isaksand Valdermarsen 1994).



A trawl does not simply filter fish out of the sgassively; instead there is an interaction between
trawl and fish (Main and Sangster 1981; Thoms@®3). This interactiois complex involving
both the fishing gear performance and fish behavibo improve the selectivity of trawls, it is
necessary to isolate those features of fgavior and fishing gears which determine the
efficiency of the capture process (Main and Stargk981). Different species of fish show clear
differences in their reaction behaviors (Glass #Wardle 1996). By exploiting these behavioral
differences of fish in response to specific puments of the gear, trawtsn be developed to

separate the catch by species (Wardle 1993).

Separation of species becomes difficult when dgakith fish that have virtually identical shape
and size; therefore, the knowledgé fish behavior is a very important component in the
development of more selective gear. For exampbd and haddock are bottom fish with similar
shapes. However, it has become clear thaseparation of cod and haddock is possible due to
the different behaviors they exhibit whenteamg the net (Main rad Sangster 1981). Cod
remain low near the seabed and enter theltclose to the groundropehereas haddock rise
when entering a bottom trawl, high over the grdunadinto the top parof the net mouth, and
enter the trawl in the upper half. In addition, figltfialso remain low whesntering the net. The
use of these behavior differenaeay result in the development of more selective nets that allow

for greater effective management of fdbcks (Main and Sangster 1981).

Species-selective trawls are useful in multispedisheries regulated with quotas where it is
sometimes necessary to restrict fishing effort wihenquota of one speciestéken. This can be
done by either stopping all fistgnin the relevant area to avoid overfishing of the stocks of
concern or permitting a certain amount of bycabtéhthe protected species while fishing for
others (Isaksen and Valdermarsen 1994). @hmstas impose pressures on fishermen to be
more precise in their fishing texiques (Glass and Wardle 1996) and therefore beneficial for

the fishermen to use a technology where the biaatminimal and within legal limits.



The industry principal investigat®rof this study designed and tielested a trawl to eliminate
cod and other bycatch from haddock catchaerpo the deviepment of this study. The
fishermen utilized the flume tank facility at therde for Sustainable Aquatic Resources located
at the Marine Institute of Memorial Universitf Newfoundland to mia adjustments to the
original design. The modified net, which hasen named the OEliminator TrawlO by the net
manufacturer, Superior &wl, was then built for this studyThe collaborative nature of this
study makes it truly a success. Through collabmrabetween the fishing industry and the
URI/RISG Fisheries Extension Program, thejgct was developed and funded. The results

presented herein are an outcome of this collaboration.

Project Goals and Obijectives

The primary goal of this study is the reductiorcofl in the catches of haddock. In addition, the

reduction of other bycatch species was stig@ated. The main objectives were:

(1) To test the effectiveness of arperimental trawl on its ab#itto reduce the catches of cod,
as well as other bycatch, tine targeted haddock fishery.

(2) To promote collaborative resech directed by fishermen.

METHODS

Project Design

Field Methods

A bottom trawl catch characterization study wasducted aboard commercial fishing vessels,
targeting haddock using the Oside-by-side®ing method comparing the control net
(constructed to current legal specifications) wite lBrge mesh experimenta¢t. Side-by-side
towing also referred to as pded fishing, parallel tow techque, or parallel haul method,

involves two vessels fishing ondlsame ground at the same tirtines only difference being the



design of the trawl being towed. The side-ljesmethod greatly reduces the effects of the

many uncontrolled variables.

Two fishing vessels based in Rhode slarticipated in this study; the FIkon Horseand the
F/V Sea Breeze The two vessels were equivalentiength, horsepower, and fishing capacity.
Each vessel has 675 HP and each vessel used 84 type 3 Thyboron trawl doors, as well as

identical control and experimental trawls.

Sampling was done on Georges Bank in and arouose@lArea | (CA 1) (Figure 1). Depths for
the CA | tows ranged from 20 to 111 metefBhose tows conducted outside CA | had depths
ranging from 25 to 57 meters. An Exempted FighPermit was obtained so that fishing could
occur in CA I. Four fishing trips wereonducted (June, November, and December 2005; April
2006). A total of 5 days of fishing were contkatin June and November 2005, and 2 days in
December 2005 (3 days were lost to inclemesditiver); all three of #se trips were conducted
in CA | (Figures 2-4). For the April 2006 trip, total of 7 days of fishing were conducted on
Georges Bank outside CA | (Figure 5). Ataloof 107 comparison tows were conducted,

however, due to hangs and gear damageg, 100 were used in the analysis.

On each day of sampling, the two vessels towee-by-side with one vessel towing the control
net and the other the experimental net. Tomation was 1.5 hours and the vessels switched nets
after every 3 tows. All tows began and end¢dhe same time which was coordinated by the
vesselOs captains. The amount of wireout wagatfi@ims (~275 m) in CA |. Wireout for tows
outside CA | changed depending on the deptthefwater and ranged from 100 to 175 fathoms
(~180 to 320 m). Door spread data was nobrmged but was monitored by the fishermen to

verify that the doors were uprigahd spreading the net properly.

All catch was sorted by species into totes and baskets. Total weights for all species were
recorded in kilograms to 2 decimal places. Famhetow, either all of the haddock and cod or a
random subsample was measured (to nearest 8ot)sampling amounts were no less than 15%

of the total catch of each species. Flounders including yellowtail floubiearida ferrugineg

winter flounder Pseudopleuornectes americapusitch flounder Glyptocephalus cynoglosgus



and American plaiceHippoglossoides platessoidesere also measured-ork length or total
length was measured depending on the specissdlmn standard NOAA Fisheries fish sampling
protocols. The subsampled lengths were a€égusd take in account the actual weight of the

species.

Two sea samplers were onboard each vessel ghveeid measure fish. Samplers were from the
URI/RISG and the NOAA FisheseNEFSC. A Scantrol FishNer and Marel M1100 Marine
Scale were used to sample the fish. Both wermected to a Shark Marine Rocky laptop so that
data was directly sent toghcomputer. After each tow, tdawas then sent to the NOAA
Fisheries server. The NOAA Fisheries NEF®d@ited the data for gligy assurance.

Trawl Design

The four seam control net (C) was construatsithg legal 6 inch polyethylene webbing, with a
fishing circle of 392 x 6 inches, and a hangiing length of 3600 cm. Twenty fathom ground
cables and twenty fathom bridles were usedhi control trawl protocol Vertical lift was
achieved by using seventy-two 8 inch center halatfl on the headrope. The sweep consisted of
two 16 inch rockhopper discs and five 16 inch flopigscs per bight in the center, with the wing
sections having two 14 inch rockhopper discs avel 14 inch floppy discs péight (Figure 6).

The four seam experimental net (E) or OElimin@tawlO was constructed with large mesh (240
cm) jibs, wings, bunts, and first bottom belly; the square and second bottom belly of 80 cm
webbing; each of those sections was followed®Bycm webbing sections; and the last top and
bottom bellies were 6 inch webbing (Figures 7 8nhd The side panel mesh sizes were the same
configuration as the top semtis. The fishing circle was 83X 40 cm and the hanging line was
3600 cm. Twenty fathom ground cables andtyhiiathom bridles wee used with the
experimental net. Vertical lift was attained bging a 3-panel kite with each panel having an
area of one square meter.eé&ronic measurements taken dgrithe June 2005ipr determined
headrope heights between 5 and 6 fathofrtee rockhopper sweep wasnstructed with one 16
inch disc per bight ithe center, one 14 inchsti per bight alone the wings near the center, and
one 12 inch disc per bight to the wing ends (Figure 9).



Analysis

Weight

Weight data for all species was determined to be non-normal by the Shapird/\afakistic and
therefore nonparametric paired comparison teste wenducted to te$or differences between
weight of fish in the expemental and control nets. Thegn test was calculated on the
difference between the control and experimentdth weights for each tow for each species
using PROC UNIVARIATE in SA9®.1. The hypothesis tested was:

Ho: the mean weight in the contrahd experimental nets is the sarhe, /.
Ha: the mean weight in the contralcaexperimental neis not the same, # /.

The sign test counts the number of positive meghtive signs among the differences. Therefore,
the hypothesis that is theéested is that the plus and minus signs are sampled from a population
in which the two kinds of signare present in equal propantis (Sokal and Rohlf 1996). Only

paired tows with at least one fish presenteither net were included. The sign test was

conducted on those species that waesent in at least 10 tows.

Ratios of total weight of the major stocksooincern captured were calculated again haddock for
the control and experimental netalividually. The stocks ofancern included in the analysis
were cod, yellowtail flounder, andinter flounder. In addition, thratio of skate to haddock was
calculated.

Length
An independent t-test was used to compaeammlength between the control and experimental

nets for each species measured (haddool, gellowtail flounder, winter flounder, witch
flounder, and American plaice).This test is used to corape two independent groups and
determine if a significant different exists between the groups with respect to their mean scores
(Hatcher 2003). SAS 9.1 was used to conthet-test and the hygdwgsis tested was:

Ho: the mean size in the control aexperimental nets is the same,” /.

Ha: the mean size in the control angerimental nets is not the same # / ..



RESULTS

Weight

The total weight of all species captured was 56679.31 and 18600.07 kg in the control and
experimental nets, respectively (Table 2). T€batrol net caught 34 different species while the
experimental net caught 29 (Figsrl0 and 11). Separationb@frndoor skate was not conducted

for every tow; therefore some barndoor skate imave been included in the unclassified skate
category. For the control net, more than 76%heftotal catch was comprised of skate, haddock,
and winter flounder which constituted 33.4%, 22,2#td 20.8%, respectively. Haddock was the
dominant species caught in teperimental net which comprised 77% of the total catch.

Total catch weights for key spes broken down by trip and tottdr all trips can be found in
Figures 12-14. Investigating seasonal differerfoeseach net separately showed that greater
than 50% of the haddock was caught in the June 2005 trip for both nets (7574.81 kg C and
8284.82 kg E) (Table 3). Cod catch was low inftret three trips withover 80% caught in the
April 2006 trips in each net (3134.4 kg C andl21l kg E). For the control net, 91.34% (887.78
kg) of the yellowtail flounder wa captured in June, November, and December 2005 with a
similar quantity for each of those trips. Thejondy of yellowtail flounder was caught in the
experimental net in Decemb2005 (67.26%, 63.88 kg). The majp of winter flounder was
found in November 2005 for both nets. Boe control net, 90.31% or 10658.27 kg was captured
in November 2005. Winter flounder was 4% (748kg) of the experimental total catch and
91.35% (683.81 kg) was captured in Novenm®@d5. Witch flounder and American plaice had
the highest proportions in June 2005 consistingrehter than 60% of each nets catch. Skate
catch was distributed fairlyonsistently throughouwll trips, however, only 1.4% (257.71 kg) of

the total catch in the perimental net was skate as compared to the 33.4% (18956.04 kg) of the
control net. The majority of monkfishas caught in November 2005 with 78.2% (3553.04 kg)
and 88.2% (214.67 kg) of total monkfish for thentrol and experimental nets, respectively.

Other species catch weights for eagh can be found in Table 3.

The overall rounded ratio of haddock to cod fritra control net was 3:1 which was improved in
the experimental net to 20:1 (Figure 15). Tago of haddock to yellowtail flounder was 13:1
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and 151:1 for the control and experimental netspectively (Figure 15).The winter flounder
ratio was 1:1 for the control net and 19:1 for éxperimental net (Figure 16). For the control
net, the number of skate was greater than thebeu of haddock with a 0.66:1 ratio whereas for

the experimental net, thetimwas 56:1 (Figure 16).

There were 24 species that had fish presert iteast 10 paired tows and the sign test was
conducted on those species. Porbeagle shakr{a nasuswas found in 13 paired tows,
however, exact weights were nokéa and therefore they were motluded in the analysis. The
results of the sign test (Table 4) shows thattwWeenets did not differ inthe weights of haddock,
pollock (Pollachius vireny Atlantic herring Clupea harengys silver hake Nerluccius
bilinearis), red hake Wrophycis chuss illex squid (llex illecebrosu¥, and loligo squidl{oligo
pealei). The control and experimental nets war significantly different for these species,
therefore fail to reject the null hypothesis. rfeod, yellowtail flounderwinter flounder, witch
flounder, American plaice and many other spedlese was a significant difference in the catch

weights between the control and thgerimental nets (Table 4).

Length
Haddock, cod, and the majority of flatfish caughteveneasured for total length. The lengths of

haddock ranged from 19-81 cm for the control meb{797) and 16-86 cm fdhe experimental

net (=6784) (Table 5). Cod lengt ranged from 17-97 crn£1212) and 45-94 crm€219) for

the control and experimental nets, respectively i@&). The results of the t-test for lengths
indicated no significant difference for all specieg haddock. Results indicate that the control
had a larger mean size of haddock; howeverntkean lengths were 58.09 and 57.67 cm, for the
control and experimental nets, respectively. The length-frequency graphs illustrate the length
distributions observed in the coolt net and the experimental ne&a visual comparison (Figures

17 and 18).
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DISCUSSION

The OEliminator TrawlO successfully reducedcétenh of the major stocks of concern. These
included GB cod, GB yellowtail flounder, GB nter flounder, witch flounder, and American
plaice. A variety of other species were alsdueed such as skate and monkfish. In addition,
haddock catch, the target spegiavas the same between t@éEliminator TrawlO and the

currently regulated net.

The importance of reducing the catch of cod relaidbe status of the stock which is overfished

and experiencing overfishing (Mayo and Terceiro 2005)e to the low leveof cod, there is a

zero bycatch tolerance which means that the haddock fishery is closed once the cod quota is
reached. In 2004, the fishing industry lost over $15 million in haddock revenue due to the
closing of the fishery (Table 1). The substanreduction of cod in the OEliminator TrawlO
suggests that this net could be used as atto@revent the closure of the haddock fishery
resulting in the utilizabn of the allotted TAC of haddockin addition, the OEliminator TrawlO
virtually eliminated the catch of skates. eltontrol caught 19000 kg which decreased to 260 kg

in the experimental net, a reduction of 98.6%.is™ill become important as skates have the
potential to be reclassified aserfished in the near future.

The results of this study may lead to the inclusion of the OEliminator TrawlO in a B days-at-sea
(DAS) program and a Special Access PrograAP)S Groundfish species are managed using a
variety of methods, one method is DAS. Timember of days vessels can use to harvest
groundfish are limited. Amendment 13 to the MHltispecies FMP defined three categories of
DAS. The 2 main types are A DAS that can bedu® target any regulated groundfish stock and
B DAS that are used to targe¢althy groundfish stockstocks that are not overfished and that
are not subject to overfishing). The usage @AS has been made possible through the Regular
B DAS Program first established as a pilobgmam under Framework Adjustment 40A to the
NE Multispecies FMP. Under the Final Ruleg feramework 42 of NE Multispecies FMP this
program is no longer a pilot program and will remisreffect indefinitely (50 CFR Part 648).
This program allows vessels to utilize B DAS watlvariety of specific conditions for their use.
Trawl vessels participating ithe Regular B DAS Program isiuuse an approved haddock
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separator trawl. This restriction reduces théeptal for vessels to teh stocks of concern,
notably cod, yellowtail flounder, and winteoéinder. Furthermore, possession of flounders (all
species, combined); monkfish (wkalveight); and skates is limited to 500 Ib (227 kg) each, and

possession of lobsteis prohibited.

The results of this study for tt@Eliminator TrawlO fall withinéise guidelines. The net caught a
total of 871.62 kg of flounders it50 hours of towing (100 towat 1.5 hours each) for an
average of 5.81 kg per hour. For a 16 hour fighlday, that would amount to 92.97 kg per day.
The total weight of skate and monkfish was/.71 and 243.53 kg for 150 hours, for an average

of less than 28 kg per 16 hour day for both species. Currently the haddock separator trawl is the
only approved gear that can be used inRegular B DAS ProgramHowever, the Regional
Administrator has authority to approve the use of additional gear for this program, based on
approved gear standards recommended by the Couriod.results of thetudy presented in this
report demonstrate the effectiveness of the Ofiimi TrawlO to reduce the catch of all the
stocks of concern encountered: Georges Bantk Georges Bank Yelloail Flounder, Georges

Bank winter flounder, witch floundeAmerican plaice, and white ka. This net certainly falls
within the restricbns under the Regular B DAS Prograend should be considered an
alternative to the separator trawl.

The establishment of SAPs has been usedl rasthod to provide fishermen access to healthier
stocks by utilizing seldive trawls that minimize the catch efocks of concern. SAPs allow
limited entry into closed areas with specific regulatory requirements. There are a few examples
of SAPs that have been created. One progiows vessels using specially designed gear to
fish in a portion of the Eastern U.S./Canada Aneauding the northernmosip of GB CA II.

The Final Rule for Framework 42 renewed Hestern U.S./Canada Haddock SAP Program and
formalized it from a pilot program. The SAP program allows limited access for vessels fishing
with an authorized haddocksrator trawl to catch haddocising a Category B DAS (50 CFR
Part 648). As with the Regul@& DAS Program, the Regional Adnistrator has authority to
approve the use of additional gear specificédlly this SAP based on approved gear standards
recommended by the Council. In order to lim# @otential impact on fishing mortality that the
use of Category B DAS may have on GB cod, IngideCatch TACs for GB cod, as well as GB
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yellowtail flounder and GB winter flounder weestablished. Therefore, bycatch of these
species should be at a minimum when paridi in the SAP Program otherwise the vessel
must exit the Program and flip to a Category A DABawl gear that limits the catches of those
stocks of concern that would likely be caughthia SAP area is crucial to keeping programs like
this going and/or being established. Data forQEdiminator TrawlO suggests that this net would
be an efficient tool as it appears to meet thinimum bycatch requirements to be seriously

considered for a SAP for all of Georges Bank.

The impact of bottom trawls on tlseabed has been one of the giataticisms of this type of
gear. In recent years, researchers have béguook at technologa innovations that may
reduce the impact on the seabed. In additiothéomain opportunities ¢hOEliminator TrawlO
may provide as discussed above,ummtended consequence of thdizdtion of this net is the
reduction of bottom impact due to the desigihef rockhopper sweep. The sweep was designed
to allow demersal fish to escape through thecf0 spacing between the large 16 inch discs
located in its center; however, the reductiontted number of discs from five 16 inch discs
between bights on the sweep of the currently eggdl net to one 16 inch disc per bight at the

center makes for a lighter sweep with less contact on the seabed.

The results for the OEliminator TrawlO suggeshe important possibilities for the fishing
industry when trying to exploit healthy stocks whaloiding stocks of concern. The majority of
fishing is conducted in a multispecies setting, éfame developing selectivgear that can help
protect stocks that needbuilding is essential. The OElimior TrawlO did not reduce the catch
of the target species, haddock, Hid significantly decrese the catch of coand other stocks of
concern. Ten years ago, Hall (19%8ated challenges that thishing industry would have to
face in relation to bycatch. He suggested tha {ithing industry will have to lead the way in
the development of improved or alternative waf/fishing.0 Collaboratwesearch has evolved
over the years to a process thatnow frequently fishermen driven. This study is a good
example of scientists, dustry, and managers working togetteedevelop more selective fishing

gear.
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Table 1. Fishing data for haddock for thresans including TAC, landgs for each year, and

the value lost by fishermen due to noaaking the TAC because the haddock fishery
was closed. Fishing data obtained frome ffisheries StatisticBivision of NOAA
Fisheries online commercial fishery landimg®gram. TAC info was obtained from
the NOAA Fisheries Office ddustainable Fisheries.

Year TAC (mt) Landings (mt) | Total value ($) $/mt har-\I/—eAsCt:eréo(tm ) Value lost ($)
2002 11,680 7540.9 19,047,274 2526.16 4139.1 10,456,028
2003 11,680 6777 16,946,210 2500.55 4903 12,260,196
2004 14,955 8242.1 18,529,339 2248.13 6712.9 15,091,471
37,807,695
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Table 2. Total catch weights apércentages for all trips combined. Weight is in kilograms.

Note: porbeagle and mako shark weights were estimated

CONTROL EXPERIMENTAL
Total Weight % Total Weight %

HADDOCK 12579.99 22.20 14327.02 77.03
COD 3768.90 6.65 703.12 3.78
YELLOWTAIL FLOUNDER 971.94 1.71 94.98 0.51
WINTER FLOUNDER 11802.36 20.82 748.55 4.02
WITCH FLOUNDER 104.38 0.18 7.42 0.04
AMERICAN PLAICE 522.83 0.92 4.46 0.02
WINDOWPANE FLOUNDER 182.08 0.32 9.19 0.05
WHITE HAKE 71.56 0.13 5.68 0.03
POLLOCK 52.80 0.09 85.74 0.46
ATLANTIC HALIBUT 5.70 0.01 1.28 0.01
OCEAN POUT 66.09 0.12 2.70 0.01
Total Regulated Groundfish 30128.62 53.16 15990.14 85.97
SUMMER FLOUNDER 43.85 0.08 5.74 0.03
FOURSPOT FLOUNDER 212.46 0.37
MONKFISH 4543.30 8.02 243.53 1.31
ATLANTIC HERRING 47.91 0.08 68.60 0.37
BLUEFISH 7.50 0.01 11.90 0.06
CUNNER 2.14 0.00
ATLANTIC MACKEREL 0.45 0.00 1.23 0.01
ATLANTIC WOLFFISH 48.28 0.09
SILVER HAKE 39.62 0.07 29.83 0.16
RED HAKE 20.48 0.04 2.04 0.01
LONGHORN SCULPIN 112.23 0.20 8.01 0.04
SEA RAVEN 402.54 0.71 12.91 0.07
LUMPFISH 28.5 0.05 27.62 0.15
CUSKEEL UNCL 1.5 0.00
SKATE UNCL 18525.89 32.69 241.63 1.30
SKATE BARNDOOR 430.15 0.76 16.08 0.09
Total Skate 18956.04 33.44 257.71 1.39
ATLANTIC TORPEDO RAY 20.7 0.04
SPINY DOGFISH 957.46 1.69 158.93 0.85
PORBEAGLE SHARK 340 0.60 1640 8.82
SHORTFIN MAKO SHARK 50 0.27
AMERICAN LOBSTER 489.33 0.86 58.54 0.31
SEA SCALLOP LIVE 248.37 0.44 1.08 0.01
ILLEX SQUID 6.77 0.01 12.21 0.07
LOLIGO SQUID 20.04 0.04 20.05 0.11
JONAH CRAB UNSEXED 1.22 0.00

Total 56679.31 100.00 18600.07 100.00
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Table 3. Weight in kilograms for each species sampled segpanédetrips and total weight for all trips combined. Notebpagle
and mako shark weights were estimated.

June 2005 November 2005 December 2005 April 2006 TOTAL
C E C E C E C E C E
< |HADDOCK 7574.81 8284.82 2583.79 2899.45 728.44 925.79 1692.95 2216.96 || 12579.99 | 14327.02
% COD 377.46 60.62 121.33 13.50 135.71 14.79 3134.40 614.21 3768.90 703.12
g YELLOWTAIL FLOUNDER 248.92 10.74 254.12 19.44 384.74 63.88 84.16 0.92 971.94 94.98
© |WINTER FLOUNDER 15.18 0 10658.27 | 683.81 1031.99 64.74 96.92 0 11802.36 | 748.55
g WITCH FLOUNDER 93.73 7.02 0.60 0.40 0.14 0 9.91 0 104.38 7.42
% AMERICAN PLAICE 337.38 3.38 0 0 5.90 0 179.55 1.08 522.83 4.46
= |WINDOWPANE FLOUNDER 0 0 4.43 0.82 15.76 2.31 161.89 6.06 182.08 9.19
& [WHITE HAKE 21.00 0 35.04 2.10 15.52 3.58 0 0 71.56 5.68
T |poLLOCK 4.42 10.50 0 7.36 17.80 65.82 30.58 2.06 52.80 85.74
SUMMER FLOUNDER 10.94 0 0 0 0 0 3291 5.74 43.85 5.74
FOURSPOT FLOUNDER 36.72 0 143.09 0 32.65 0 0 0 212.46 0
ATLANTIC HALIBUT 0 0 0 0 1.66 1.28 4.04 0 5.70 1.28
MONKFISH 573.13 21.10 3553.04 214.67 234.99 7.76 182.14 0 4543.30 243.53
ATLANTIC HERRING 31.96 16.90 13.59 46.98 1.50 4.72 0.86 0 47.91 68.60
BLUEFISH 0 0 7.50 11.90 0 0 0 0 7.50 11.90
CUNNER 1.34 0 0.54 0 0.26 0 0 0 2.14 0
ATLANTIC MACKEREL 0.10 0 0.05 0.14 0.30 1.09 0 0 0.45 1.23
ATLANTIC WOLFFISH 48.28 0 0 0 0 0 0 0 48.28 0
SILVER HAKE 1.06 0.12 36.60 27.32 1.96 2.39 0 0 39.62 29.83
RED HAKE 2.38 0.60 18.10 1.12 0 0.32 0 0 20.48 2.04
LONGHORN SCULPIN 23.78 2.74 17.34 3.32 14.14 0.35 56.97 1.60 112.23 8.01
OCEAN POUT 23.91 2.70 4.36 0 0.78 0 37.04 0 66.09 2.70
SEA RAVEN 113.06 0 21.66 0 36.58 0.78 231.24 12.13 402.54 12.91
LUMPFISH 0 0 0 0 2.78 0 25.72 27.62 28.50 27.62
CUSKEEL UNCL 0 0 0 0 1.50 0 0 0 1.50 0
SKATE 4735.73 97.64 5859.72 55.02 3599.32 76.68 4761.27 28.37 18956.04 | 257.71
ATLANTIC TORPEDO RAY 0 0 20.70 0 0 0 0 0 20.70 0
SPINY DOGFISH 12.56 0 6.47 0 687.79 108.44 250.64 50.49 957.46 158.93
PORBEAGLE SHARK 340 1490 0 0 0 150 0 0 340 1640
SHORTFIN MAKO SHARK 0 50 0 0 0 0 0 0 0 50
AMERICAN LOBSTER 235.86 39.34 81.46 10.26 170.57 8.94 1.44 0 489.33 58.54
SEA SCALLOP LIVE 96.94 0 103.71 1.08 47.12 0 0.60 0 248.37 1.08
ILLEX SQUID 2.80 3.32 3.59 7.54 0.38 1.35 0 0 6.77 12.21
LOLIGO SQUID 0 0 16.26 19.02 3.78 0.85 0 0.18 20.04 20.05
JONAH CRAB 0 0 0.38 0 0.84 0 0 0 1.22 0
TOTAL 14963.447| 10101.54 | 23565.74 | 4025.25 | 7174.897 | 1505.86 | 10975.226| 2967.42 | 56679.31 | 18600.07
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Table 4. Results from the nonparamepared comparison of weights. TRevalue is from
the sign test. Those species highlightedjiay resulted in ngignificant difference
between the control and experimental nets.

Species P -value n
HADDOCK 1.000 97
COD <.0001 85
YELLOWTAIL FLOUNDER <.0001 91
WINTER FLOUNDER <.0001 64
WITCH FLOUNDER <.0001 35
AMERICAN PLAICE <.0001 65
WINDOWPANE FLOUNDER <.0001 56
WHITE HAKE 0.0007 19
POLLOCK 0.5811 13
SUMMER FLOUNDER <.0001 18
FOURSPOT FLOUNDER <.0001 51
ATLANTIC HALIBUT - -
MONKFISH <.0001 78
ATLANTIC HERRING 0.7608 45
BLUEFISH - -
CUNNER - -

ATLANTIC MACKEREL - -
ATLANTIC WOLFFISH - -

SILVER HAKE 0.2005 30
RED HAKE 0.0574 14
LONGHORN SCULPIN <.0001 74
OCEAN POUT <.0001 32
SEA RAVEN <.0001 76
LUMPFISH - -

CUSKEEL UNCL - -

SKATE <.0001 99
TORPEDO RAY ATLANTIC - -

SPINY DOGFISH <.0001 37

PORBEAGLE SHARK - -
SHORTFIN MAKO SHARK -
AMERICAN LOBSTER <.0001 56

SEA SCALLOP LIVE <.0001 51
ILLEX SQUID 0.3771 32
LOLIGO SQUID 0.7201 31
JONAH CRAB - -
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Table 5. Length data in cm for those speaessured including range, number measungda(d mean length.

Control Experimental

Species Range n Mean Length Range n Mean Length
Haddock 19-81 5797 58.09 16-86 6784 57.67
Cod 17-97 1212 68.22 45-94 219 69.10
Yellowtail Flounder 22-52 1278 40.82 26-52 130 42.06
Winter Flounder 25-63 7335 48.38 27-61 446 48.29
Witch Flounder 26-56 156 45.00 43-53 4 46.25
American Plaice 15-64 726 40.51 33-53 5 42.80
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Figure 2. Trawling distribution map of tows (shown in resh)ducted in June 2005 (29 towd)ines correspond to the begingiand
ending coordinates of each tow. Areas shown in yellosvthe North and South Habitat Closure Areas. Note: for
simplification, only one vesseés included on the map.

23



Figure 3. Trawling distribution map ofws (shown in red) conducteid November 2005 (23 tows).Lines correspond to the
beginning and ending coordinates of each tow. Areas showallow are the North and South Habitat Closure Areas.
Note: for simplification, only one vessel is included on the map.
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Figure 4. Trawling distribution map of tows (shown in redhducted in December 2005 (1lwk). Lines correspond to the
beginning and ending coordinates of each tow. Areas showallow are the North and South Habitat Closure Areas.
Note: for simplification, only one vessel is included on the map.
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Figure 5. Trawling distribution map of tows (shown in redhducted in April 2006 (37 tows)Lines correspond to the beging
and ending coordinates of each tow. Areas shown in yell@sthe North and South Habitat Closure Areas. Note: for
simplification, only one vesses included on the map.
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Figure 6. Photo of the rockhopper sweeghefcontrol net showing the five 16 inalbber discs per bight in the center.
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Figure 9. Photo of the rockhopper sweep of the experimentaheeDEliminator Trawl,O showing the one 16 inch disc peribigh
the center.
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Figure 10.Photos of the catch from tlomtol net, the currently regulated trawl.
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Figure 11. Photos of the catch from tixperimental net, the OEliminator Trawl.O

32



JUNE 2005 JUNE 2005

(n = 29 tows) (n = 29 tows)
9000 - 400 -
8000 - 350 -
;& 7000 g 300 -
E 6000 - % 250
© 5000 - ]
) 2 200 A
< 4000 - -
2 3000 - 5 101
= 2000 - 100 ~
1000 - 50 I
0 - I | 0 - |
5 8 ¢ 3 Ze of .f %
e ° 3 g c8 g2 S8 28
a 7 Z 5 z3 £33 W<
< 5 93 55 =g 43
T = m T o L <
>
m Control 1 Experimental ‘ ‘ m Control 1 Experimental ‘
NOVEMBER 2005 NOVEMBER 2005
(n = 23 tows) (n = 23 tows)
6000 -
10000 -
5000 - .
g £ 8000 -
< 4000 - =
% s 6000
g 3000 - 2 |
<
£ 2000 - 5 4000
|_
1000 - 2000
0 - — 0l mm
X ) L I = 14 x pd
0 o} E %) I xuw W <
o} o} < m 4 wo o Oy
o 5 & £ 52 £2 &S
< Q 23 = 9 39 s¢7
T = m T o L <
>
m Control 1 Experimental ‘ m Control 1 Experimental ‘
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Figure 13.Total catch weight of key speciestfee December 2005 and April 2006 trips. Refer
to Table 3 for exact weights. Note: scale of axisOs for each graph is different.
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Figure 14.Total catch weight of key species dbirtrips combined. Refer to Table 3 for exact
weights. Note: scale of axisOs for each graph is different.
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Figure 15. Visual representation of ratioshafldock to cod and yellowtail flounder.
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RATIO OF HADDOCK TO WINTER FLOUNDER
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Figure 16. Visual representation of ratioshafldock to winter flounder and skate.
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Figure 17. Length frequency forddock, cod, and yellowtail flounder.
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Figure 18. Length frequency for winter floumgdeitch flounder, and American plaice.
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