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ABSTRACT 

In 2010, the Cornell University Cooperative Extension Marine Program (CCE) received an RSA 
grant to evaluate butterfish discard reduction in the directed winter longfin squid fishery. The 
goal was to develop a bycatch reduction device (BRD) that proved to be effective at reducing 
butterfish bycatch and not reducing squid catch.  CCE developed two BRDs that could be used 
separately or in conjunction and they were installed in trawl nets typically used in the winter 
squid fishery.  BRD design and development was based on potential differential behavior of 
squid and butterfish allowing the release of butterfish from the net while retaining squid.  BRD 1 
was a composite large mesh panel/panels located within the conventional trawling gear designed 
to reduce butterfish bycatch by allowing fish to escape through open square meshes. BRD 2 was 
a black tunnel constructed of black nylon fabric inserted anterior of the codend.  The purpose of 
this visual stimulus was to present fish with the illusion that their passage along the net is 
blocked and encourage fish to escape through the open square meshes created by BRD 1.  
Reductions in butterfish bycatch were compared to a standard unaltered trawl.  After 70 paired 
research tows, a less than desired result was obtained for the effectiveness of the BRD designs, 
resulting in an amendment to the original work plan.  We found that all of the various BRD 
configurations lose squid compared to the control and are not effective of reducing butterfish 
bycatch.  The remaining days-at-sea were used to evaluate two existing gear designs used in the 
longfin squid fishery.  The inherent bycatch reduction existing in the design of the rope trawl 
was compared to the box trawl in a redirected effort to achieve project goals. Fifty-seven paired 
research tows were completed comparing the two nets showing the rope trawl to be more 
efficient at retaining squid and reducing bycatch of several species. 

EXECUTIVE SUMMARY  

Currently the largest component of butterfish fishing mortality is from discards in other fisheries.  
Discards of butterfish are estimated to equal twice the annual landings (MAFMC, 2008) and the 
primary source of butterfish discards is the longfin squid fishery.  The main intent of 
Amendment 10 to the Squid, Mackerel and Butterfish Fishery Management Plan (SMB-FMP) is 
to minimize butterfish bycatch. The known co-occurrence of longfin squid and butterfish during 
the offshore, winter fishery results in unwanted levels of butterfish bycatch.  A critical element 
of butterfish stock management is to reduce the discards occurring in this winter, offshore 
fishery.  Codend mesh management is unlikely to provide a viable option because the codend 
mesh size needed to exclude butterfish reduces the harvest of squid to levels below economic 
viability.  Evidence suggests that butterfish and squid may react differently to various conditions 
and stimuli created within the net as it fishes.  These stimuli can be visual, acoustical, or pressure 
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related, and are created by the gear itself and its interaction with the water and sea bed.  
Differential reaction of squid and butterfish to these stimuli may offer the opportunity of 
separating them within the trawl and allowing butterfish to escape before final capture.  CCE 
hoped to take advantage of these possible differences in behavior by developing two bycatch 
reduction devices (BRD) that would work together to separate butterfish from squid ahead of the 
codend and further to direct the butterfish through an escape panel.  The first BRD was 
constructed with both one or two panels comprised of large square mesh providing an area for 
escape.  The second BRD was a 2 ft. wide piece of black nylon attached around the entire inside 
circumference of the net just aft of the escape panel.  This “black tunnel” was to give the 
impression that further passage was blocked and evoke the butterfish to use the escape panel. 

While this approach was conceptually possible, it was necessary to determine in practice if it was 
effective at reducing butterfish bycatch.  After 12 days of experimental fishing and 70 paired 
research tows a less than desired result was obtained for the efficiency and effectiveness of the 
experimental BRDs.  After analyzing the data collected during this project Phase I the following 
conclusions were made: 

• All experimental nets lose squid compared to the control 
• 2 escape panels located side to side let out more squid than other configurations 
• 1 escape panel on the bottom “collects” butterfish 
• 1 escape panel on the top does not affect butterfish but loses squid 
• The BRD configurations were not efficient at reducing butterfish bycatch 

 
CCE presented these results and conclusions to industry and other researchers at a Squid Trawl 
Network Meeting and a project Advisory Committee meeting to discuss the future of this project. 
At these meetings the idea was brought forward that if gear modifications were unsuccessful at 
separating squid and butterfish in the back end of the net perhaps they could be separated in the 
mouth of the net. A study comparing the rope trawl to the box trawl in the offshore fishery would 
address this question. CCE requested an amendment to the project’s original work plan to further 
explore the effectiveness and efficiency of these two gear designs, the rope trawl and the box 
trawl, which are the most often used gears in the longfin squid fishery. This evaluation and direct 
comparison between these two specific nets was the first of its kind to be performed in the 
offshore longfin squid fishery. By amending the project work plan to examine and evaluate any 
inherent bycatch reduction existing in the design of the rope trawl, CCE redirected efforts to 
achieve project goals through a net management perspective. This was project Phase II. 

Research for the amended work plan resulted in 9 days of experimental fishing and 57 paired 
research tows comparing the two nets.  Analysis of the accumulated data from this portion of the 
project showed that the rope trawl and the box trawl essentially fish identically when the total 
catch is low. When the total catch was large the difference between the two nets became evident.   
The rope trawl was twice as efficient in retaining longfin squid and much more efficient at 
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reducing bycatch, in general, when the catch was large. Bycatch, in general, refers to species 
such as summer flounder, fourspot flounder, monkfish, red hake, American shad, and whiting.  
Unfortunately, relative to the goal of this project, the reduction of butterfish bycatch was 
statistically non-existent when comparing the two nets.  The conclusion that can be drawn is the 
rope trawl is the better net for fishing efficiently for squid and for reducing bycatch of some  
species but not butterfish. 

PURPOSE 

Description of Problem Addressed 

Currently the largest component of butterfish (Peprilus triacanthus) fishing mortality is from 
discards in other fisheries.  In fact discards are estimated to equal twice the annual landings 
(MAFMC, 2008).  The main intent of Amendment 10 to the Squid, Mackerel and Butterfish 
Fishery Management Plan (SMB-FMP) is to minimize butterfish bycatch.   Despite the absence 
of a significant directed fishery for butterfish over much of the last decade, butterfish is listed as 
overfished by the MAFMC.  Discarding of butterfish in otter trawl fisheries is considered a 
major impediment to stock rebuilding. The directed longfin squid fishery has been identified as 
the most serious source of butterfish discards and mortality (MAFMC, 2008). According to the 
2001 observer database, there was a high volume (>1.8 million kg) of butterfish discarded in 
longfin squid-targeted tows and an even higher volume (>2.5 million kg) of discards in 
butterfish-targeted tows.  Many of the latter occur associated with longfin squid trips.  The 
directed butterfish fishery is presently extremely limited.  More recent re-analyses by NMFS-
NEFSC generally agree with this information (NEFSC, 2004a).  Powell and Bochenek (2003) 
identified the butterfish-longfin squid duo as one of the ten most serious discarding issues in 
Mid-Atlantic Bight fisheries.  The importance of butterfish discarding as a source of butterfish 
mortality has been recognized in the most recent benchmark assessment (NEFSC, 2004, b) and 
in the documentation for Amendment 10 to the Squid, Mackerel, and Butterfish Fishery 
Management Plan (MAFMC, 2008). Amendment 10 states that “Butterfish discards are 
estimated to equal twice the annual landings (NEFSC, 2004a).  Analysis has shown that the 
primary source of butterfish discards is the longfin squid fishery.” 

Analysis of the timing of these discards confirms that the discard-to-landings ratio is lowest in 
the summer (butterfish/longfin squid=0.20) and highest in winter and spring (Jan-Mar: 0.58; Apr-May: 
0.80).  As the landings of longfin squid are highest in the winter, the January-March time frame 
is critical.  Information from the 1997-2001 NMFS observer database indicates that butterfish 
discarding in longfin squid targeted tows is high in the fall, winter and spring, and that most high 
discarding events occur near and to the east of Hudson Canyon. Reviews of NMFS observer data 
for the last few years continue to support these general conclusions.  As a consequence, the 
winter longfin squid fishery must be a focal point for efforts to reduce butterfish discarding. 
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A primary goal of Amendment 10 to the SMB-FMB is to minimize bycatch and fishing mortality 
of butterfish in the directed longfin squid fishery to the extent practical.  In 2011, the MAFMC 
approved a management action within Amendment 10 that established a permanent butterfish 
bycatch mortality cap in the longfin squid fishery.  The butterfish bycatch mortality cap was 
devised to reduce the bycatch and discarding of butterfish in the longfin squid fishery as part of 
the requirement to rebuild butterfish stocks.  The main reason for the mortality cap program in 
the longfin squid fishery was to give the longfin squid industry the opportunity to find innovative 
ways to reduce discards of butterfish that are based on their own initiatives (MAFMC, 2008).  
The directed longfin squid fishery can continue to operate so long as the butterfish discards do 
not exceed the butterfish bycatch mortality cap allotted.   

Under the butterfish bycatch cap, the directed longfin squid fishery is allocated 75% of the 
butterfish allowable biological catch specified for a given year. The allocation of butterfish 
mortality cap is as follows: Trimester 1 (Jan –Apr) =65%; Trimester 2 (May-Aug) = 3.3%; and, 
Trimester 3 (Sep –Dec) = 31.7%. Consequently, butterfish bycatch reduction to mediate the cap 
effect should occur during the offshore winter longfin squid fishery. 

The specific complexity of this problem is rooted in the co-occurrence of butterfish and longfin 
squid year round.  In addition, the problem is further exacerbated by the need to rebuild the low 
value butterfish fishery while minimizing the effect on the high value longfin squid fishery.  The 
known co-occurrence of longfin squid and butterfish during the offshore winter fishery results in 
unwanted levels of butterfish bycatch.  Reducing discards of butterfish in this offshore fishery is 
a critical component of butterfish stock management.  Codend mesh management is unlikely to 
provide a viable option because the codend mesh size needed to exclude butterfish reduces the 
harvest of squid to levels below economic viability.  Evidence suggests that butterfish and squid 
may react differently to various conditions and stimuli created within the net as it fishes.  These 
stimuli can be visual as well as water pressure or acoustic signals created by the gear and its 
interaction with the water and seabed.  Differential reaction of squid and butterfish to these 
stimuli might be advantageous to separating or directing them within the trawl.  Differences in 
how they approach or avoid the twine of the net may also be used to direct fish in the net.  A way 
forward could be possible if a bycatch reduction device (BRD) creates stimuli or other net 
differences to move or redirect butterfish through a BRD mechanism as butterfish separate from 
squid in the transition to or through the codend.  .  If the butterfish BRD proved operational it 
could easily be retrofitted to pre-existing gear.  While this approach was functionally and 
conceptually possible, it was necessary to determine in practice if the BRD was effective in 
reducing butterfish bycatch.   

For this project, two Bycatch Reduction Devices were developed and installed in trawl nets 
typically used in the offshore longfin squid fishery.  The BRD design and development was 
based on possible differential behavior of squid and butterfish to allow the release of butterfish 
from the net while retaining longfin squid.  BRD 1 was a composite large mesh panel/panels 
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located within the conventional trawling gear designed to reduce butterfish bycatch by allowing 
fish to escape through open square meshes.  Varying configurations and locations of the panels 
were tested.  BRD 2 was a black tunnel, also referred to as a tarp, constructed of black nylon 
fabric inserted anterior of the codend.  The purpose of this visual stimulus was to present fish 
with the illusion that their passage along the net is blocked and encourage them to escape 
through the open square meshes created by BRD 1.  Reductions in butterfish bycatch were 
compared to a standard unaltered trawl.  Video cameras were used to attempt to identify 
squid/butterfish behavior in the net and to fine-tune the BRDs.  A more detailed description of 
each BRD is included in the Scientific Design section of this report. 

Goals and Objectives of the Project 

This research project dealt with the following 2010 RSA priority:  longfin squid and butterfish 
interactions – test gear modifications (in addition to mesh size) in the longfin squid fishery to 
reduce bycatch of butterfish and other species.  This goal was addressed by the activities detailed 
in this final report.  Since the offshore longfin squid fishery is significantly more problematic 
than the inshore longfin squid fishery relative to butterfish bycatch, the greatest reductions in 
butterfish discard can be achieved in the offshore fishery. 
Project Goal- Develop and implement a cooperative research project to test the effectiveness of 
gear modifications to reduce butterfish bycatch while retaining longfin squid in the offshore 
longfin squid fishery. 
Objectives: 

• Form an advisory committee to help guide the project  
• Develop various BRD/gear modification configurations to be tested 
• Test the BRDs in the commercial fishery 
• Statistically determine BRD/gear modification effectiveness 

The most direct option available for significant butterfish bycatch reduction in the offshore 
winter longfin squid fishery may be through gear technology improvements. Increasing codend 
mesh size has proved to be ineffective due to the unacceptable economic impact of high losses of 
longfin squid (King et al., 2009).  Since the implementation of the butterfish bycatch cap on the 
longfin squid fishery, a multifaceted approach to reducing butterfish bycatch to protect the 
valuable longfin squid fishery was warranted.  Gear technology innovation needed to be pursued 
as part of the solution.  The co-occurrence of longfin squid and butterfish coupled with their 
common susceptibility to the same gear is problematic but offers opportunity for innovation.  
One area of such opportunity rests with the ability to exploit possible physiological and 
behavioral differences between these two species.  Further, it was possible based on the 
differences in behavior of these species, to conceptually propose the hypothesis that intervention 
ahead of the codend is possible to reduce bycatch.  Our study was a proof of concept that 
butterfish bycatch in the longfin squid fishery can be reduced through the development of gear 
modifications that take advantage of differential behavior of butterfish in the net.  Our study 
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objectives and methods were proposed to prove the conceptual viability for butterfish bycatch 
reduction devices. Performance standards for a successful BRD design include: 

• BRD cannot cause important or significant reduction in longfin squid catches 
• BRD must be adaptable to the standard type trawls and net reel gear deployment and 

retrieval systems used in the winter offshore directed longfin squid fishery   
• BRD must reduce butterfish bycatch by a minimum of 25% within the research design 

comparison of control versus experimental trawl   
• BRD must result in a statistically significant higher reduction in bycatch comprised of 

juvenile and smaller butterfish 
 

It must also be noted that after the two BRD designs were found to be deficient at retaining 
longfin squid and unsuccessful at reducing the bycatch of butterfish we re-directed our efforts to 
achieve the original project goals.  An amendment to the work plan was requested and issued to 
use the remaining funds and sea days in a manner that would benefit both the butterfish stock 
and the longfin squid fishery.  The new work plan was a direct comparison of two gear designs 
that are most commonly used in the longfin squid fishery.  The rope trawl was compared to the 
box trawl relative to bycatch reduction and target species retention.  Inherent and specific 
objectives related to this portion of the project were: 

• Evaluate existing gear designs in the offshore longfin squid fishery to test for differences 
in butterfish and other species bycatch reduction and target species retention 

• Specifically compare the rope trawl to the box trawl in paired tows 
 

Thus our project was conducted as two phases.  Phase I tested the effectiveness of the two BRDs 
to reduce butterfish bycatch while retaining squid.  Phase II compared two standard net designs 
for their relative effectiveness at reducing discards and retaining squid catches.   
 

Biological Sampling 

This study has generated additional data on the length frequency structures of both longfin squid 
and butterfish during the winter, offshore, bottom trawl longfin squid fishery.  Length 
frequencies were recorded for both squid and butterfish during all 128 paired research tows that 
encompassed both the original work plan and the amendment to the work plan that was 
necessary to complete the project.  A minimum of 100 lengths for each species was recorded for 
each net on each paired tow.  If there was less than 100 individuals of a species available than all 
the specimens were measured.  It has also provided sea sampling data relative to the bottom 
trawl fishery off the coast of New York near and east of the Hudson Canyon along the 
continental shelf.  Again, for all 128 paired research tows, individual species were separated and 
total weights for each species were recorded. 
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Vessel Participation 

The F/V Karen Elizabeth based out of Point Judith, Rhode Island was the vessel used for the 
entirety of this project.  This vessel’s experience in the offshore longfin squid fishery and its 
ability to accommodate fishing and scientific crew were among the qualifications for its 
selection.  The F/V Karen Elizabeth is owned and operated by Christopher Roebuck who has 
extensive experience with academia on board his vessel to further the field of cooperative 
research.  The Karen Elizabeth is 78.5 feet long, has a gross tonnage of 157, and is powered by a 
705 H.P. Caterpillar engine.  The vessel was rigged to tow two nets simultaneously in a twin-rig 
fashion making it the ideal candidate for this type of research.  The vessel has two net reels and 
twin stern ramps.  Both nets were set and hauled together.  The vessel used one set of doors to 
haul the two nets (a door on each outside towing cable).  The vessel used a 3-wire system with a 
middle winch.  A “clump” (weighted sled) attached to the middle wire was towed between the 
two nets. Ground cables and scissors went from the clump to the inside wing of each trawl.   This 
vessel normally tows two nets in this fashion during its normal offshore fishing operations. A 
SIMRAD ITI Trawl Instrumentation System with sensors on both doors and 2 sensors on the 
“clump” and receivers on the vessel was be used. This allowed both nets to be fished square to 
the vessel, the same distance behind the vessel and with the same wing spread. 

Advisory Committee 

CCE formed an Advisory Committee as part of this project.  The Committee consisted of the 
project partners and commercial fishing industry study participants including Chris Roebuck, 
F/V Karen Elizabeth, Point Judith, RI and Jonathan Knight, Superior Trawl, Narragansett, RI.  
Project advisors were also on the Committee and included; John Hoey and Earl Meredith, 
Northeast Cooperative Research Program (NCRP), Henry Milliken, Northeast Fisheries Science 
Center (NEFSC), Christopher Glass, University of New Hampshire; Hank Lackner, F/V Jason 
and Danielle, Montauk, NY; Fred Mattera, F/V Travis and Natalie, Point Judith, RI.   

The role of the Committee was to finalize the fine detail of each BRD and to provide advice to 
the study team.  The Committee used its expertise to aid CCE in the development of the BRD 
structural design and construction details.  The Committee also made recommendations for the 
location of the BRD in the net and specific net modifications to accept the BRD without 
negatively affecting the way the net was fished.  The Committee also helped fine tune each BRD 
based on the results of the “shake-down cruise” detailed in the Scientific Design section.  It was 
and still is the opinion of CCE that the final design and construction details of the BRDs would 
be more successful if developed by a committee including: fishermen and net designers who 
have a working knowledge of net characteristics and their retention tendencies of various 
species, as well as what does and does not work to retain/release squid or butterfish; fishermen 
and scientists that have knowledge of how squid or butterfish react to the different components 
of a trawl net.  
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Additionally, the Committee was also convened prior to each research cruise via a conference 
call or an actual meeting.  Input was sought from the Committee on matters regarding the 
implementation of the project.  At each phase of the project, interim results and any available 
video were reviewed by CCE and the Advisory Committee so that necessary 
adjustments/modifications could be made to the BRDs and/or the project in general.  It was also 
in this role that the Committee was instrumental in the amendment to the original work plan.  A 
summary of the Advisory Committee meetings follow: 

• On March 11, 2010, a meeting with the BRD Advisory Committee was conducted in 
Point Judith, Rhode Island to discuss the BRD design.  The following BRD Advisory 
Committee members met with the Cornell research project staff in Point Judith, RI:  Fred 
Mattera (CFRF), John Hoey and Henry Milliken (NEFSC), Jon Knight (Superior Trawls), 
Chris Roebuck (F/V Karen Elizabeth), Chris Glass (UNH).  The committee members 
used their expertise to finalize the BRD structural and construction details, where the 
BRDs were to be located in the net, and any specific net modifications to accept the BRD 
without negatively affecting the way the net is fished.   

• On October 19, 2010, a meeting with the BRD Advisory Committee was conducted in 
Point Judith, Rhode Island to unveil the final BRD construction and discuss project 
implementation.  The following BRD Advisory Committee members met with the 
Cornell research project staff in Point Judith, RI:  John Hoey and Earl Meredith (NCRP), 
Henry Milliken (NEFSC), Jon Knight (Superior Trawl), Chris Roebuck (F/V Karen 
Elizabeth).  The committee members discussed research equipment sharing, underwater 
video capabilities, permitting issues, reporting measures and research procedures. 

• On February 14, 2011, a conference call was held with the BRD Advisory Committee 
members to discuss preliminary results of the project.  Participating in the call were CCE 
staff members (Emerson Hasbrouck, John Scotti, Tara Froehlich, Joe Costanzo, Matt 
Sclafani), Chris Glass, Henry Milliken, Eric Matzen, Earl Meredith, Carolyn Woodhead, 
John Hoey, Chris Roebuck and Jon Knight.  Included in the call was a discussion of the 
data collected to date relative to the performance of the BRDs.  Input was sought from 
the Advisory Committee on matters concerning the use of both BRDs and also on the 
locations of the large mesh panel/panels.  It was decided that the 1 panel with tunnel 
treatment was to be used on the upcoming research trip. Since video work was to be 
included during the impending trip, camera locations and subject matter were also 
discussed. 

• On November 3, 2011 the Butterfish BRD Advisory Committee Meeting attended by: 
John Hoey (NMFS), Carolyn Woodhead (NMFS), Henry Milliken (NMFS), Ryan Silva 
(NMFS), Jonathan Knight (Superior Trawl), Chris Roebuck (F/V Karen Elizabeth), Mary 
O’Rourke (Trawlworks), and Fred Mattera (F/V Travis & Natalie) made 
recommendations to amend the original work plan for this project to utilize the remaining 
sea days and funding to achieve results that will benefit the butterfish stock and the 
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longfin squid fishery. Six days at sea remained for this project.  These recommendations 
included: 

1. Evaluating existing gear designs in the offshore longfin squid fishery to test for 
differences in butterfish and other species bycatch reduction and target species 
retention 

2. Specifically compare the rope trawl to the box trawl in paired tows using the 
F/V Karen Elizabeth 

 

APPROACH 

Scientific Design 

The fundamental goal of this project was to investigate possible gear modifications to reduce or 
eliminate adverse interactions between fishing operations and non-targeted species.  Specifically, 
in the case of this research, CCE was testing a means to reduce butterfish bycatch in an effort to 
sustain the lucrative offshore squid fishery.  It is important to realize this because this project had 
an amended work plan and although the two scopes of research were  different, the fundamental 
goal remained the same.  As such the description that follows encompasses the scientific design 
of the original (Phase I) and the amended (Phase II) work plans  The original plan refers to a 
control and experimental trawl while the amended plan addresses a rope trawl and a box trawl.   

A single vessel was used in this study to conduct paired replicate tows comparing a control rope 
trawl to a BRD altered rope trawl (experimental trawl) and later a standard box trawl to a rope 
trawl.  The vessel was rigged so that the pair of nets being compared was towed simultaneously.  
In order to take advantage of optimum conditions in the offshore winter directed longfin squid 
fishery, experimental sampling occurred in November and December 2010, January through 
March 2011, and February 2012 within the Hudson Canyon region. This covers the time period 
of greatest butterfish discard as well as the time period of the most significant portions of the 
butterfish bycatch cap in the longfin squid fishery. The project included the periods covering 
96.7% of the butterfish bycatch cap (Trimesters 1 and 3). The research fishing that was 
conducted during this project took place on the grounds typically fished during the offshore, 
longfin squid fishery. 

The F/V Karen Elizabeth was chartered to conduct all sampling trips.  The vessel operated under 
the original work plan with two identical 350 x 40cm 3-bridle 4-seam Rope Trawls, Sweep 
Length:  48.25m = 158 ft.; Headrope: 42.62m = 140ft.; Mesh size: in face 2.4m = 8.0 ft., 
graduated to 6cm twine in backend.  Manufacturer:  Jonathan Knight, Superior Trawl.  This 
size/style trawl is the standard trawl used by the winter offshore longfin squid trawl fleet.  It is 
also used by the larger vessels during the summer fishery.  A control trawl was compared with 
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the experimental trawl on each tow.  The experimental trawl identical to the control net except 
for the added BRDs incorporating the following final BRD designs: 

BRD 1 – BRD 1 was a composite square-mesh panel/panels located within the conventional 
trawling gear designed to reduce butterfish bycatch by allowing fish to escape through open 
square meshes. Strategically placed panels of square-shaped mesh have been demonstrated to 
allow actively swimming fish to escape the trawl through the large opening of the square-shaped 
mesh (Broadhurst, 2000). By incorporating the panel placement, we hoped that bycatch 
reduction of butterfish could be obtained while still allowing the retention of longfin squid. The 
square mesh tailpieces inserted into conventional longfin squid trawling gear were 40 bars deep 
by 90 bars in circumference and were constructed of 10cm (5cm bars) 8 ply Ultra cross Dyneema 
webbing. These tailpieces attached forward and aft to 180 diamond meshes of 6cm and were 
inserted into the net anterior to the codend. 

• Design 1 was lined with 6cm 4 ply webbing for ¾ of the circumference (67 bars of 
the panel by 135 meshes of 6cm 4 ply) leaving ¼ (23 bars) of the panel open (25%).  
This created one escape panel which was installed on the top or bottom of the net. 

• Design 2 was lined with 6cm 4ply for one quarter (22 bars of panel by 45 meshes of 
the 6cm) of the panel on opposing sides for a total of half the panel (50%). This 
created two escape panels which were placed either on the top and bottom of the net 
or side to side. 

 
BRD 2 – Building on previous research (Glass et al, 1995 and Glass and Wardle, 1995) and 
unpublished observations (Glass and Wardle) the experimental net was rigged with an inclusion 
designed to present fish passing down the net with a strong visual stimulus. The purpose of this 
visual stimulus was to present fish with the illusion that their passage along the net was blocked 
and encourage them to escape through the open square meshes created by BRD 1.  BRD 2 was a 
commercially available black tarpaulin (referred to here as a black tunnel) constructed of black 
nylon fabric inserted anterior of the codend. The black nylon was 15’ in circumference and 2’ 
deep.  It was attached front and rear tightly around the inside circumference of the tailpiece so as 
to cover the meshes of the netting when the net was fully extended during fishing. The square 
mesh panel(s) of BRD 1 were rigged in the extension immediately ahead of the black tunnel to 
facilitate escapement of butterfish.  
 
A total of five different configurations of BRDs 1 and 2 were tested: 

• one panel on top of net with tunnel 
• one panel on bottom of net with tunnel 
• two panels on each side of the net with tunnel 
• two panels top and bottom of the net with tunnel 
• one panel on bottom of the net with no tunnel  
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The NEFSC funded the construction of a net scale model incorporating both BRDs that was 
tested at the Newfoundland flume tank with additional support from the Northeast Consortium 
for tank time (See Figure 1). 
 

 

Figure 1. Photo depicting two escape panels located side to side with the incorporated “black 
hole” 

In the amended work plan (Phase II), a traditional box trawl was compared to the newer design 
of the rope trawl.   The box trawl is a 420 x 16 cm 2-bridle 4-seam trawl with a sweep length of 
131 ft. and a headrope height of 105 ft. The box trawl used fine twine mesh throughout the net 
and was constructed with 8” mesh in the face and wings, decreasing to 6” in the first belly, with 
mesh of 3” down to 2.4” webbing in the square, side square and all the bellies (except the 1st 
bottom belly) through to the codend consisting of a 2 1/8” liner.  The rope trawl was created 
using rope to construct 8 foot meshes in the face of the net and then was graduated to 2.4” twine 
in the backend.   

The evaluation of both sets of nets was accomplished by having the capability of towing either 
set of nets that were being compared at the same time over the same ground.  The F/V Karen 
Elizabeth was rigged to tow two nets simultaneously in a twin-rig fashion.  A more detailed 
description of the twin rig setup can be found earlier in the Vessel Participation section of this 
report.  

Utilizing a single vessel to tow either pair of nets being evaluated at the same time provided 
several advantages.  Since a single vessel was used, there was no “vessel effect” to account for in 
the data analysis.  Towing both nets together allowed both nets to cover essentially the same 
bottom and be exposed to the same fish assemblages.   Fishing both nets off the same vessel 
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allowed both nets to fish much closer together (and over the same ground) than would be 
possible using a scientific design with 2 boats fishing side-by-side.  The use of one boat also 
permitted considerable cost savings to the project as vessel costs were essentially halved.  The 
one vessel approach also maximized fishing time and number of tows per day.  

Comparisons of the control and experimental nets were based on differences in butterfish and 
longfin squid retention and total catch.  Lower priority was retention of other species (e.g. 
whiting).  One hour tow durations were used during this study to maximize the number of tows 
conducted per trip and still remain within the range of commercial tow durations (normally 1-3 
hours).  The experimental sampling program consisted of 1 two-day “shakedown” cruise and 5 
research fishing trips, for a project total of 22 fishing days (steaming time to and from the 
grounds additional).  In Phase I the experimental trawl, outfitted with the BRDs, was compared 
to the control trawl during three research trips totaling 12 days of fishing and 70 paired tows.  
After this point in the project, the amended work plan was put in place and in Phase II two 
research trips were conducted.  These two research trips totaled 8 days of fishing and 57 paired 
tows comparing the rope trawl to the box trawl.  All fishing occurred during daylight hours only 
and we attempted to complete a minimum of 6 tows per day.  These trips were scheduled so that 
we would arrive on the fishing grounds before dawn.  To the extent possible we sought out 
concentrations of fish where there was the possibility of intermixing and co-occurrence of 
butterfish and squid.   

Additionally, at the commencement of the at-sea portion of this project, we had a two day 
“shakedown” trip.  During this trip we fished each BRD (and control net) for 1 full day.  During 
this trip we modified and adjusted the BRD design and construction as warranted upon seeing 
how the gear worked in actual fishing conditions.  Video was also used to examine the behavior 
of fish and squid in the net and to get a first hand perspective on the performance of the 
experimental gear. After the conclusion of this trip we convened the Advisory Committee to 
review the video and results of this shakedown trip.  Final adjustments and modifications were 
made to the BRDs based on recommendations of the Committee before we initiated the actual 
research trips described above.   

Detailed Work Plan 

The study vessel departed from Point Judith, RI for all trips. Steaming time averaged 18 hours at 
the beginning and end of each trip. For each trip, comparison fishing with the control/ 
experimental or rope/box trawls was conducted only during daylight hours from dawn to dusk.  
In response to longfin squid diel movement, typically commercial directed offshore winter 
longfin squid fishing trips exclude night time fishing or alter and/or change gear during night 
time hours.  For maximum effectiveness and to accurately reflect commercial fishing trips, we 
conducted only daylight net comparison fishing.  Our goal was to make a minimum of 6-one 
hour tows during the dawn to dusk interval.  The study protocol used the same 
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control/experimental or rope/box trawls throughout each trip to evaluate the conceptual 
effectiveness of the nets being tested against the study objectives. Ground cable length and 
construction was the same.  The same set of doors was used on all trips.  At the end of each 
fishing day we switched the port/starboard location of the trawls being tested so that they would 
be reversed for the next day’s fishing.  It was not practical to change the port/starboard location 
of the nets after each tow.  This served to normalize any port/starboard effect on the gear, if such 
an effect actually existed. 

Tow procedure had the vessel essentially fish as it would in a standard commercial fishing trip, 
with the exception that all tows were 1 hour in length as justified above.  The standard control 
net was the one that the vessel would normally use in its standard commercial squid trip.  The 
experimental net was identical to the control net with the exception of the installed BRDs.  The 
same nets were used as the control for all trips.  Similarly, the same rope trawl and box trawl 
were compared during the amended work plan trips.  Tows were made oriented along slope.  
Since both nets were towed over the same ground, depth, and temperature during the entire 
project, depth and temperature were randomized.  This in turn normalized the data relative to 
depth and temperature.  Since we did not know how fish were oriented relative to any depth 
gradient that existed along the tow, depth affect was randomized.  The tow path was moved or 
changed only if necessary due to changes or movement of fish concentrations or co-occurrence 
of longfin squid and butterfish.   

Depths, locations and gear deployment methodology were standard for the fishery.  Starting and 
hauling depths, positions, times and tow warp length were recorded for each tow.  Depth and 
bottom water temperature were logged remotely at 1-minute intervals using a Vemco sensor 
attached to the top of each net just behind the head rope.  Tow speeds, tow cable scope, and tow 
cable length were maintained consistently across all tows.  A Sippican expendable 
bathythermograph was deployed after the first and last tow of each day of research fishing or if a 
significant change in location was made, to record the depth vs. temperature profile.  In addition, 
a multi-parameter water meter was used to record salinity, dissolved oxygen, and surface water 
temperature periodically throughout each day of fishing. 

Research Trip Procedures 

The following narrative is a description of the procedures that were followed prior to each 
research cruise and during each day of research fishing.  At the CCE offices in Riverhead, NY, 
CCE staff completed the following tasks: The data loggers that were used during this project 
were programmed and launched.  All the necessary equipment and paperwork was assembled 
and the required permits accounted for.  A safety float plan was established and left with the 
appropriate personnel.  CCE staff then loaded all essential supplies and equipment into CCE 
trucks for transport to Point Judith, Rhode Island.  Upon arrival in Rhode Island, each research 
trip was initiated by loading all related project equipment on board the participating vessel.  
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Once the vessel was under way and steaming towards the targeted fishing grounds a vessel safety 
drill was conducted to familiarize CCE crew with the procedures and locations of relative safety 
equipment.  Also while steaming out, two Marel motion-compensating marine scales were set up 
and located appropriately and then calibrated. The Sippican expendable bathythermograph 
(XBT) system was also set up and a systems check conducted.  One Vemco temperature/depth 
data logger was attached to the headrope of each of the two nets being compared to record the 
data during research fishing.  If the trip was to include any video work the equipment was also 
readied and properly located.  It was established that the nets being compared were properly 
located relative to port and starboard and that they would be alternated each successive day of 
fishing.  If the research being conducted was comparing the effectiveness of BRDs, then the 
configuration and combination of the BRDs to be used was established.  Finally, vessel and 
general trip information was recorded on the appropriate data sheet.  For more information on the 
data sheets please see the Data Collection section of this report. 

At the start of each day of research fishing, a handheld GPS unit was located on deck and turned 
on to record our track.  The GPS unit was also used to mark a waypoint at the start and finish of 
each tow and these coordinates (latitude/longitude) were recorded on the proper data sheet.  A 
multi-parameter water meter manufactured by the Hach Company was used to record salinity, 
dissolved oxygen content, and surface water temperature and an XBT system recorded the 
temperature profile of the ocean water column.  This information was gathered and recorded 
after the first and last tows of each day of fishing and also if a significant change in location was 
made during the day.  During each tow, the relative information specific to that tow was obtained 
from the captain and properly recorded.  This information included tow speed, tow cable length, 
door spread, headrope height (if available), and water depth. 

Upon completion of each one hour research tow, the catch from each net being compared was 
released on deck into fish pens that kept the catch separated.  Random sub-samples of both 
longfin squid and butterfish were removed from each pen.  Each sub-sample was weighed and 
measured for length frequency. A minimum of 100 lengths were recorded but if less than 100 
were available than all were measured.  The entire catch from each net was then sorted by 
species and total weights were recorded for each species.  For large catches, a sub-sample of 
basket/tote weight was taken and used to extrapolate the total weight  (See On Board Catch 
Processing).  Finally, datasheets were checked to contain all the necessary data and completed 
sheets were then stored inside the cabin to prevent loss.  All non-legal sized fish were thrown 
overboard. 

While steaming home, completed data sheets were gathered, accounted for, and stowed properly.  
All the sampling and scientific equipment was cleaned, properly packed up, and accounted for.  
The data loggers were removed and stowed safely for data recovery back at the office. Upon 
arrival at the docks in Point Judith, the vessel was unloaded and CCE staff and equipment 
returned to Long Island. 
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On Board Catch Processing 

The onboard catch processing followed standard NMFS survey methods (NEFSC, 1988).  All 
catch data was recorded in pounds. On-deck pens were created to keep the catch from each net 
separated. Each net’s catch was sorted by species, weighed and worked-up individually.  
Butterfish from each net during every tow were accurately weighed.  Butterfish was also 
sampled for length frequency.  The goal was minimally 100 random length measurements per 
tow.  If fewer individuals were caught, all were measured.   Sampling of longfin squid was also a 
priority.  The total longfin squid catch from each tow was weighed and a length frequency 
sample was obtained.  Squid were measured for mantle length. The total weight of each 
additional species in each tow was also obtained. 

On Board Materials 

Each research trip sequence was initiated by loading all related project equipment and supplies 
on the participating fishing vessel preceding the actual trip. A checklist of the project trip 
materials was used to outfit the participating fishing vessel and account for said materials. The 
list of this equipment and supplies (Butterfish BRD Project Checklist) can be found in the 
appendix at the end of this report. 
 

Data Collection 
 
Critical to the successful completion of this project was the collection and recording of 
significant amounts of data that were generated during this project.  A key component of this 
success was the effort CCE staff put into the development of the data collection procedures that 
were used. The focus was the collection of information to meet the goals of the project. This 
information was entered into a database and has undergone a statistical analysis by Dr. Eric 
Powell, Dr. Eleanor Bochenek, and Jason Morson at Rutgers University.  The following data 
sheets were developed and utilized throughout the project: 

1.  Butterfish BRD Trip Log 
2.  Butterfish BRD Tow Log 
3.  Butterfish BRD Length Frequency 

 
Licenses, Permits, and Administrative Requirements  

 
Initially all research fishing was to be conducted under a Federal Exempted Fishing Permit 
(EFP).  This EFP was valid for 2010 and 2011. An application was submitted on December 3, 
2010 requesting instead a Letter of Acknowledgement (LOA) to conduct the project as scientific 
activities and use the F/V Karen Elizabeth as a research platform. The LOA was issued 
December 21, 2010 and superseded the EFP.  The LOA allowed for research procedures to be 
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performed aboard the research vessel and not be subjected to the Magnuson-Stevens Act or 
fishery regulations published at 50 CFR part 648. Under the issued LOA all butterfish caught 
during research trips were not counted against the 2011 butterfish bycatch quota.  All reports of 
landed fish went under LOA Research Trip Identifier Code 8888-0254.  Additionally, all CCE 
personnel and project participants took whatever steps possible to minimize the mortality of fish 
caught as bycatch during this research project.  This included returning to the sea all viable, live 
fish as quickly as was practicable. 
 

Project Management  
 
Management and staffing for all scientific components of the at-sea research portion of the 
project was conducted by CCE.  CCE was responsible for the scheduling and coordination of the 
commercial vessel fishing support associated with this project.  Dr. Eric Powell, Dr. Eleanor 
Bochenek and Jason Morson of the Rutgers University Haskin Shellfish Research Laboratory 
performed the data analysis for this project. 
 
The following individuals and affiliated agencies and organizations were project participants. 
 
Cornell Marine Program (CCE): 
           Principal Investigator:               Emerson Hasbrouck 
           CCE Staff Researchers:             Tara Froehlich, Kristin Gerbino, John Scotti 
           Project Fishery Technicians:     Joe Costanzo, Jackie Stent, Josh Clauss, Justin Eddings,  
                                                              Jason Grosskurth, Erik Braun, Will Schuman, Emerson G.                          
                                                              Hasbrouck, Barry Udelson 
           CCE Secretarial Support           Elizabeth Chopin 
 
Rutgers University Haskin Shellfish Research Laboratory: 
       Dr. Eric Powell 
                                                              Dr. Eleanor Bochenek 
                                                              Jason Morson 
 
NMFS Video Technician     Eric Matzen 
 
Participating Commercial Fishermen: 

F/V Karen Elizabeth, Point Judith, Rhode Island 
Owner/Captain Christopher Roebuck 

 
Participating Gear Manufacturer: 

Superior Trawl, Narragansett, Rhode Island 
Owner/Operator Jon Knight 
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Participating Members of the Advisory Committee: 

Chris Roebuck, F/V Karen Elizabeth, Point Judith, RI 
Jonathan Knight, Superior Trawls, Narragansett, RI   
John Hoey and Earl Meredith, Northeast Cooperative Research Program  
Henry Milliken, Northeast Fisheries Science Center  
Christopher Glass, University of New Hampshire 
Hank Lackner, F/V Jason and Danielle, Montauk, NY 
Fred Mattera, F/V Travis and Natalie, Point Judith, RI.   

 
Problems Encountered 

 
Several problems were encountered during the course of this project.  The problems were met 
head on and resolved in a timely fashion by CCE.  This allowed CCE to complete this project in 
the proposed time frame.  A description of the major issues affecting this project follows. 
 
CCE was required to reduce the overall project budget after the announcement for the RSA 
funding for the project was made.  CCE was allocated 434, 287 lbs. of longfin squid RSA for 
2010.  Due to the fact that the longfin squid quota was not caught in 2010 there were no squid 
closures, therefore the longfin squid RSA was not harvested.  This made it necessary for CCE to 
reduce the overall project budget by 12%.  CCE absorbed most of the 12% by reducing the 
number of experimental fishing days.  
 
A modification to BRD 1 (escape panel/panels) was required.  Based on video recorded during 
the shakedown cruise, the determination was made that the 10cm square meshes on the BRD 
were not fully opening.  Jonathon Knight (Superior Trawl) completed the installation of four 
kites prior to our first research trip.  Knight strategically placed the kites to create drag around 
the BRD as a means to open the mesh to its fullest extent.  Video captured during the third 
research trip revealed that the kites were performing as expected and the mesh was completely 
open offering the maximum area for butterfish escapement. 

When we started this project we assumed that we would be able to catch both longfin squid and 
butterfish in most tows while using our protocol of 1-hour tows. However, Captain Roebuck said 
that, based on his experience, we were unlikely to catch both of these species together while 
making short one hour tows. This was shown to be true in the field. We caught some squid in all 
tows but did not catch butterfish in all tows. The captain, through his experience and use of sonar 
equipment, was able to target either butterfish or longfin squid so we could see the effect of the 
BRD on squid and on butterfish even though we didn’t catch much butterfish with squid. 
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Since we could not regularly catch butterfish and squid together in the 1 hour tows, we 
essentially conducted the experiment making some directed butterfish tows so that we could 
determine the effect of the various BRDs on butterfish.  However, when we directed on 
butterfish we also caught enough squid in those tows to provide meaningful statistics for squid.  
But in many of the squid directed tows we caught very little or no butterfish.  When we had large 
catches of squid, we caught hardly any butterfish in either the control or the experimental net.  
So to have meaningful results for butterfish we selected all tows with more than 50 pounds of 
butterfish catch in the experimental net as butterfish tows.   

By far, the largest problem occurred after the conclusion of the third research trip. After 
analyzing the data from 70 paired tows, the performance of the BRDs relative to butterfish 
bycatch reduction and longfin squid retention was a less than desired result. CCE presented these 
results to industry and other researchers at a Squid Trawl Network Workshop held on July 20-21, 
2011 and convened a Butterfish BRD Advisory Committee meeting to discuss the next steps for 
this research project.  Recommendations were made to amend the original work plan to utilize 
the remaining sea days and funding to achieve results that would benefit the butterfish stock and 
the longfin squid fishery. CCE requested and was granted permission to amend the project’s 
original work plan to explore the effectiveness and efficiency of two gear designs, the rope trawl 
and the box trawl, which are the most commonly used gears in the longfin squid fishery. 

 
 

FINDINGS  
 

DATA ANALYSIS 
 

Phase I 

In Phase I, data analysis was completed on data from the first 3 trips (12 fishing days, 70 paired 
tows) to determine if there was a statistically significant difference in the longfin squid catch and 
butterfish catch between the control net and the experimental net modified sequentially with each 
BRD configuration. There were five different BRD configurations tested as described above. 
Since only one vessel was used there was no vessel effect in the analysis relative to the catch 
between tows or nets. Since both the control and experimental nets were constructed the same 
(with the exception of the BRD) and fished the same, the gear effect was only related to the BRD 
installation. Depth and temperature were randomized and did not affect the data.  Also, as 
described above, the vessel was able to tow both the control and experimental nets 
simultaneously.   

As described above, we generally switched the port-starboard configuration of the control and 
experimental nets prior to each day of fishing in order to randomize any port-starboard effect. In 
order to test whether the side of the boat on which the net was fishing (port or starboard) was 
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randomized or affected the total catch in a tow, we used an ANOVA with total catch in the 
control net as the dependent variable and fishing side as the independent variable. The test 
returned a non-significant result.  Fishing side did not affect total catch and so was not included 
in subsequent analysis. Time of day and day itself did not affect the difference in catch between 
control and experimental since paired tows were conducted simultaneously and are compared 
that way in the statistics. The catch that was available in the ocean was available to both nets at 
the same time. However, we did not have enough to repetitions for each BRD configuration to 
see if differences in catch at different times of the day were significant. In other words, were the 
catch differences at midday different than catch differences at dawn or dusk.  

As described above in the Problems Encountered Section, on many tows we caught no butterfish 
or very small amounts of butterfish in either of the nets. We therefore also conducted butterfish 
directed tows to determine the effectiveness of the BRDs on butterfish. Therefore, we assigned 
each paired tow as: a butterfish tow (defined as catching greater than 50 lbs of butterfish in the 
experimental net); or a squid tow where we used all tows in the experiment because we caught 
enough squid to run statistics in all tows. Table 1 shows the results of a Wilcoxon Signed-Rank 
test on the difference between the squid and butterfish catch between the control net and BRD 
configured net in designated longfin squid targeted tows and in designated butterfish targeted 
tows.  

Since all tows caught enough squid, all tows are thus designated as squid tows.  The Wilcoxon 
test was run based on these two categories of tows - “Butterfish tows” and “Longfin squid tows”. 

Also, we ran our statistics on the fraction (proportion) of the catch in the experimental net and in 
the control net.  For each paired tow, we used the fraction of the longfin squid (or butterfish) that 
was caught in the control and the fraction that was caught in the experimental of the total amount 
of longfin squid (or butterfish) that was caught in both nets combined for that tow pair.  Thus the 
null hypothesis for the Wilcoxon is that the proportion should be 0.50 – 0.50 between the two 
nets.  This worked out better than using the difference in actual catch weight of the experimental 
minus the control for each pair.  This is due to tows having negative differences or negligible 
catches.  Since the data are not normally distributed, using the fractional data also allowed us to 
arcsine transform the data for the ANOVA tests. 

We ran a Wilcoxon signed-rank test on the proportion data to compare the squid catch and 
butterfish catch for the various BRD configurations to the control net.  See Table 1.  The tows 
are separated into butterfish tows and squid tows as described above. 
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Table 1.  Wilcoxon Signed-Rank Test results for proportion of the total catch caught by BRD 
configured net vs. the control net in longfin squid and butterfish targeted tows. (Not significant at 
α=0.05) 

1"panel 1"panel 2"panels 2"panels 1"panel"
at"top at"bottom top"and"bottom side"to"side no"tunnel

with"tunnel with"tunnel with"tunnel with"tunnel
Fraction)butterfish)
in)experimental)net)
=)49%

Fraction)butterfish)
in)experimental)
net)=)61%

Not)significant P=.085)marginal
Fraction)longfin)
squid)in)
experimental)net)=)
43%)

Fraction)longfin)
squid)in)
experimental)net)=)
48%)

Not)significant) Not)significant

Butterfish N/A N/A N/A N/A N/A

Fraction)longfin)
squid)in)
experimental)net)=)
42%

Fraction)longfin)
squid)in)
experimental)net)=)
45%

Fraction)longfin)
squid)in)
experimental)net)
=)39%

Fraction)longfin)
squid)in)
experimental)net)
=)32%

P=.0001 P=.06)marginal P=.005 P=.005

N/A

N/A

Bycatch"Reduction"Device

Butterfish

Longfin)squid

N/A N/A N/A

N/AN/A

Tow"target Species

Longfin)squid)tows
Longfin)squid

Butterfish)tows

 

The 1 panel no tunnel configuration did not have enough paired tows to test for either target 
species. Also, there were not enough butterfish caught in longfin squid targeted tows, nor were 
there enough paired tows conducted with the 2 panel configurations in butterfish targeted tows to 
provide meaningful analysis.  However, regardless of what the 2 panel effect may have been on 
butterfish if there were more tows, both 2 panel BRD configurations had a significant loss of 
squid and are therefore not an acceptable design.   

 In longfin squid targeted tows, three of the four BRD configurations retained significantly less 
squid than the control net and the 1 panel at bottom with tunnel configuration was marginally 
significant. The 2 panel side to side configuration retained the lowest fraction of longfin squid 
(32%). The 1 panel at bottom with tunnel configuration retained the largest fraction of squid in 
the experimental net (45%) but this net still allowed more longfin squid to escape compared to 
the control net.  Thus all BRD designs had a significant (one marginally significant) loss of squid 
and are therefore not an acceptable design to effectively use in the Longfin squid fishery.   

For butterfish targeted tows, the 1 panel at bottom with tunnel BRD configuration was 
marginally significant for difference in fraction of butterfish in the control vs. experimental nets. 
The fraction of butterfish in the experimental net was 61%. This table shows that this BRD 
configuration actually “collected” butterfish in the net.  For the 1 panel at the top there was no 
significant difference in catch.  For Longfin squid there was no significant difference in catch 
between control and experimental for both of the 1 panel configurations. All 4 BRD designs lose 
Longfin squid and the 2 BRD designs that have sufficient data do not reduce butterfish bycatch.  
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For the other 2 designs we do not have enough butterfish data to analyze, it does not really 
matter because those 2 designs lost squid at a significant level.   None of the BRD configurations 
were successful in reducing butterfish bycatch and retaining longfin squid.  

Next, a standard ANOVA was used to look at the main effects of gear, total catch of all species, 
and gear*catch interaction and how these factors affected butterfish and longfin squid catches 
(Table 2). Data was arcsine transformed.  There were not enough butterfish caught in the longfin 
squid tows to analyze.  

Table 2. ANOVA Results for main effects on butterfish and longfin squid catch. (Not significant 
at α=0.05) 

Species/tow GEAR TOTAL2CATCH
GEAR2*2CATCH2
INTERACTION

Butterfish2Tows
Butterfish not2significant 0.0001 not2significant

Loligo not2significant not2significant not2significant
Loligo2Tows

2Loligo 0.004 0.0001 0.006

MAIN2EFFECTS

 

Gear and the gear*total catch interaction were not significant for butterfish and longfin squid in 
the butterfish tows. Total catch was significant for butterfish in the butterfish targeted tows. This 
is to be expected since when butterfish were targeted the catches were very high and butterfish 
comprised much of the catch.  Gear, total catch and the interaction term were all significant for 
longfin squid. Even though the result was not significant for gear in butterfish tows, the results of 
a Tukey’s Studentized Range Test showed that the 1 panel on bottom configuration was 
significantly greater than the 1 panel on top configuration for fraction of butter in the 
experimental net. The 1 panel on the bottom configuration concentrated butterfish. This 
correlates with the results of the Wilcoxon test for this BRD configuration. Results of the 
Tukey’s test run on the significant result for gear on squid in squid tows showed that the 2 panel 
side-by-side treatment captured significantly less longfin squid than the other three treatments (2 
panels top and bottom, 1 panel at the top, 1 panel at the bottom). The 1 panel configurations both 
lose longfin squid relative to the control net. 

Because of the significant main effect of total catch in butterfish on longfin squid tows in Table 2 
we ran a Spearman’s rank correlation with total catch for each BRD configuration. Results are in 
Table 3. 
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Table 3. Spearman’s Rank Correlation with total catch for each BRD configuration in longfin 
squid and butterfish tows  

1"panel" 1"panel 2"panels" 2"panels"
at"top "at"bottom top"and"bottom side"to"side

Butterfish*Tows
Butterfish

Loligo
No*correlation No*correlation N/A N/A N/A

Loligo*Tows
Butterfish N/A N/A N/A N/A N/A

Loligo C=.94**************
P=.0001

C=.99***********
P=.0001

C=.76**********************
P=.03

C=.99*****************
P=.0001 N/A

BYCATCH*REDUCTION*DEVICE

Species/tow
1"panel"at"bottom"

no"tunnel
C=.63*****************
P=.009

C=.93*********
P=.0001 N/A N/A N/A

 

The Spearman’s Rank Correlation shows a significant correlation for butterfish in butterfish 
targeted tows and longfin squid in longfin squid targeted tows. There is no correlation between 
longfin squid in butterfish tows. This is the expected result since when we were on butterfish 
targeted tows, we caught mostly butterfish and when we were on squid targeted tows, mostly 
squid were caught.  

Next, we looked at whether or not the length frequency distribution of butterfish (Figure 2) and 
longfin squid (Figure 3) was affected by each BRD configuration compared to the control net. 
All squid lengths are mantle length.   
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Figure 2.  Length frequency distributions (in centimeters) for butterfish caught in each BRD 
configuration and the control net 

 

 

The length frequency distribution for butterfish (Figure 2) is similar for most BRD 
configurations with the greatest percentage of butterfish at the 12 or 13 cm interval. The 2 panel 
top and bottom configuration had the greatest percentage of butterfish at 10 cm. This 
configuration caught the smallest butterfish.  
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Figure 3.  Length frequency distributions (in centimeters) for longfin squid caught in each BRD 
configuration and the control net 

  

For longfin squid, the length frequency distributions are similar for all BRD configurations. 
According to Figure 3 the greatest percentage of squid captured were at 10cm.  

Next, we looked at differences in squid and butterfish lengths in each pair of tows to see if BRD 
or total catch influenced any changes in size distribution of the catch. First Squid were 
categorized based on mantle length as small (<10 cm), medium (10-13 cm) or large (>13 cm). 
Butterfish were classified as small (<12 cm) or large (>= 12 cm).  We ran 5 ANOVAs:  one on 
each size category of squid and on each size category of butterfish.  Size category is the 
dependent variable.  BRD and total catch (all catch of all species) are the main effects with the 
interaction term between the 2 main effects.  Results are shown below in Table 4 and all results 
are not significant.  Neither BRD configuration nor total catch have any effect on the total catch 
in weight of the 3 size categories of squid or the 2 size categories of butterfish. 
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Table 4. Results of ANOVAs evaluating the influence of BRD type, total catch of all species and 
the interaction term on the catch of 3 size categories of squid and 2 size categories of butterfish. 
NS=not significant at α=0.05 

	  	  
Total	  catch	  (lbs)	  of	  
Small	  Longfin	  Squid	  

Total	  Catch	  (lbs)	  of	  
Medium	  Longfin	  Squid	  

Total	  Catch	  (lbs)	  of	  
Large	  Longfin	  Squid	  

BRD	  configuration	   NS	   NS	   NS	  
Total	  Catch	   NS	   NS	   NS	  
Gear*Total	  Catch	   NS	   NS	   NS	  

 

	  	  
Total	  Catch	  (lbs)	  of	  Small	  

Butterfish	  	  
Total	  Catch	  (lbs)	  of	  
Large	  Butterfish	  	  

BRD	  configuration	   NS	   NS	  
Total	  Catch	   NS	   NS	  
Gear*Total	  Catch	   NS	   NS	  

 

Next we tested to see if the various BRD configurations had any effect on the length frequency 
distribution compared to the control net.  A proc univariate procedure was run on the actual 
length frequency data for the tows for each BRD configuration and the paired control tows.  The 
output for 25th percentile, 75th percentile, maximum, minimum, interquartile range, range, mean 
and median were used in a Wilcoxon test for each BRD type to test for differences between 
control and experimental.  Results are presented in Table 5 for Butterfish and in Table 6 for 
squid.  

Table 5. Results of the Wilcoxon Signed Rank Test for butterfish lengths for each BRD 
configuration compared to the control net.  NS=not significant at α=0.05. N/A=not applicable 

1 panel at 
bottom with 

tunnel

1 panel at 
top with 
tunnel

2 panels side 
to side with 

tunnel

2 panels top 
and bottom 
with tunnel

1 panel       
no tunnel

25% NS NS N/A NS N/A
75% NS NS N/A NS N/A
Maximum NS NS N/A NS N/A
Minimum NS NS N/A NS N/A
Interquartile range NS NS N/A NS N/A
Range NS NS N/A NS N/A
Mean NS NS N/A NS N/A
Median NS NS N/A NS N/A
Q1 Range NS NS N/A NS N/A
Q3 range NS NS N/A NS N/A

Bycatch'Reduction'Device'for'Butterfish
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There were not enough butterfish targeted tows completed with the 2 panels side to side or the 2 
panels top and bottom configurations to draw conclusive results. None of the results for the other 
BRD configurations were significant.  

Table 6. Results of the Wilcoxon Signed Rank Test for longfin squid lengths for each BRD 
configuration compared to the control net.  NS=not significant at α=0.05. N/A = not applicable  

1 panel at 
bottom with 

tunnel

1 panel at 
top with 
tunnel

2 panels side 
to side with 

tunnel

2 panels top 
and bottom 
with tunnel

1 panel       
no tunnel

25% NS NS NS NS N/A
75% 0.039 NS NS 0.059 N/A
Maximum NS NS NS NS N/A
Minimum NS NS NS NS N/A
Interquartile range NS NS NS 0.0039 N/A
Range 0.035 NS NS NS N/A
Mean NS NS NS NS N/A
Median NS NS NS NS N/A

Bycatch'Reduction'Device'for'Longfin'Squid

 

The interquartile range (distance between 25% and 75% percentile) value for the 2 panels with 
tunnel configuration was significant as was the 75 percentile and range for 1 panel at bottom 
with tunnel.  The 75th percentile for the 2 panel top and bottom was marginally significant. 
Overall, the tests conducted above show that nets configured with BRDs are not impacting the 
size structure of the catch. If the net results in a loss of squid, the loss of squid is occurring across 
all sizes.  Similarly, if we are retaining butterfish we are retaining them across all sizes. 

Figures 4, 5 and 6 below illustrate the distribution of butterfish catch weight, longfin squid catch 
weight, and total catch weight for each BRD configuration compared to the control net.  
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Figure 4. Boxplot distribution of butterfish catch weight for each BRD configuration  
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Figure 5. Boxplot distribution of longfin squid catch weight for each BRD configuration 
compared to the control net 
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Figure 6. Boxplot distribution of total catch weight for each BRD configuration compared to the 
control net 

 

As was seen in the Wilcoxon test results, all BRD configurations resulted in lower squid 
retention compared to the control net. This indicates that none of the BRDs tested for this project 
would allow squid to be retained at economically viable levels in the commercial squid fishery; 
therefore, these BRDs would likely not be readily accepted by the fishing industry.  

Figures 7 and 8 show the mean catch weight per tow for butterfish and longfin squid for each 
BRD configuration compared to the control net.  
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Figure 7. Mean Weight of Butterfish Catch per Tow for Each BRD Configuration 

 

According to Figure 7 the 1 panel at bottom BRD configuration resulted in a higher butterfish 
catch than the control net. The 1 panel at the top is not significantly different from the control.  

 

 

 

 

 

 

 

 

 

 

 

 



32	  

	  

Figure 8. Mean Weight of Longfin Squid Catch per Tow for Each BRD Configuration 

 

According to Figure 8 all BRD configurations retained less longfin squid than the control net. 
The 1 panel at the top BRD configuration resulted in the lowest mean longfin squid catch. The 
two panel top and bottom configuration retained more squid than the other BRD configurations 
but still allowed squid to escape compared to the control net.  

We graphed the relationship of butterfish catch to longfin squid catch for catches in the control 
net only in Figure 9.  There is no correlation between the catches of the two species.  If anything 
when squid catches are very high butterfish catches approach zero.  We realize that NMFS uses a 
relationship between squid catches and butterfish bycatch to estimate discards.  The fact that we 
are not seeing a relationship is likely due to the issue that in 1 hour tows it is unlikely to catch 
large amounts of both squid and butterfish (see Problems Encountered section for additional 
explanation).  
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Figure 9. Relationship Between Butterfish Catch and Longfin Squid Catch in the Control Net 

 

Phase I Conclusion 

In summary, all experimental nets lose squid at a significant level compared to the control net. 
The 2 panel side-to-side treatment lets out even more squid than the other treatments. The 1 
panel at the bottom treatment “collects” butterfish. The BRD configurations tested were not 
successful at reducing butterfish bycatch and retaining normal levels of longfin squid catch.  All 
experimental nets lost an unacceptable amount of squid compared to the control net.  None of the 
tested BRD configurations were effective at reducing butterfish bycatch.  These results do not 
hold promise for a gear-based solution for butterfish bycatch while maintaining longfin squid 
catch.  The size frequencies of the catch of butterfish and of squid are not different between the 
BRDs nor between the BRDs and the control net. 

 
Phase II 
 
After the statistical analysis showed that the two BRD designs were revealed to be deficient at 
retaining longfin squid and unsuccessful at reducing the bycatch of butterfish, CCE and the 
Project Advisory Committee elected to re-direct efforts to achieve the original project goals (see 
discussion above).  It was decided that the remaining funds and sea days would be used in a 
manner that would benefit both the butterfish stock and the longfin squid fishery.  The new work 
plan was a direct comparison of two gear designs that are most commonly used in the longfin 
squid fishery.  The rope trawl was compared to the box trawl relative to butterfish bycatch 
reduction and longfin squid retention in Phase II of the project data analysis.   
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Phase II of the data analysis was conducted using data from the last two research trips (9 days 
fishing, 57 tows). The first step in Phase II of the statistical analysis was to test whether the type 
of net that was fished (box trawl or rope trawl) or the side of the boat on which the net was 
fishing (port or starboard) affects the total catch in a tow. As described above we switched the 
nets between port and starboard prior to starting fishing for each day in order to randomize the 
side of the boat each net was fished on. We used a standard ANOVA with total catch as the 
dependent variable and net type and fishing side as independent variables.  It was determined 
that net type (P = 0.1044) and fishing side (P = 0.5949) did not affect total catch (See Table 7).  
Side was randomized by switching nets and will not influence results.  Also total catch is not 
affected by net type. 

Table 7. Results of an ANOVA evaluating the effect of net type and fishing side on total catch. 
NS=not significant at α=0.05 

 Total Catch 

Net Type NS  

Fishing Side NS  

 

Next, we looked at whether time of day affected total catch, longfin squid catch or butterfish 
catch for each net type. In Figures 10-12, time of day is plotted against the catch of butterfish 
(Figure 10), longfin squid (Figure 11), and total catch (Figure 12) in the rope trawl and the box 
trawl.  
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Figure 10. Comparison of Butterfish Catch per Tow in the Rope Trawl Vs. Box Trawl with Time 
of Day 

  

Figure 11. Comparison of Longfin Squid Catch per Tow in the Rope Trawl Vs. Box Trawl with 
Time of Day 
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Figure 12. Comparison of Total Catch Weight per Tow in the Rope Trawl Vs. Box Trawl with 
Time of Day 

  

According to the figures above, time of day did not affect the difference in butterfish catch, 
longfin squid catch or total catch between the rope trawl and the box trawl. Since paired tows 
were conducted simultaneously the catch that was available in the ocean was available to both 
nets at the same time.  

The next step in the data analysis was to determine if net type affected catch of butterfish or of 
longfin squid. Total catch in pounds of butterfish and longfin squid was non-normally distributed 
by tow. To allow for parametric statistical analyses, the Box-Cox method was used to determine 
the best transformation of the data (Osborne 2010).  For both longfin squid and butterfish, the 
results indicated that 0.25 was the best power parameter transformation. 

Standard ANOVA models were used to examine the effects of net type, side of the vessel the net 
was fishing on (port/starboard), total catch, and the interaction between net type and total catch 
on the catch of longfin squid and the catch of butterfish, separately (Table 8).  Butterfish catch 
was not influenced by any main effect in the model or by the interaction term.  The catch of 
longfin squid however was significantly influenced by both total catch and the interaction term.  
The effect of net type was barely marginally significant (P=.0653). The significant interaction of 
net and total catch in the model suggests that the influence of net type is dependent on the total 
catch of all species (Figure 13).  When the catch as a whole is very large, the catch of longfin 
squid differs between the two net types, however, when the catch is small, the two net types 
catch longfin squid equally.  In other words, in very large catches, the rope trawl catch is clean 
and dominated by longfin squid, while the box trawl catch is less clean and more likely to have 
proportionately more bycatch species (Figure 13).  
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Table 8.  Results of ANOVAs evaluating the influence of net type (box or rope), total catch of all 
species, fishing side (port/starboard), and the interaction term on catch of longfin squid and 
butterfish. NS=not significant at α=0.05. 

  ANOVA 1 ANOVA 2 

  
Butterfish 

Catch 
Longfin squid 

Catch 

Net Type NS  0.0653 

Total Catch NS  < 0.0001 

Fishing Side NS  NS  

Net Type*Total Catch NS  0.0032 

 

Figure 13.  Catch of longfin squid as a function of total catch of all species for both box and rope 
trawl tows.  See discussion above.  
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Figure 14.  Catch of butterfish as a function of total catch of all species for both box and rope 
trawl tows.	  

	  

As with the ANOVA this plot shows no relationship of butterfish catch with total catch, and no 
real difference in butterfish catch between the two nets. 

We looked at the relationship of squid catch and longfin squid catch (both nets combined) to see 
if there was any correlation.  A Spearman’s Rank Correlation was performed on the transformed 
data.  The test returned a non-significant result.  We also constructed a regression plot of squid 
catch and butterfish catch.  See Figure 15.  There is no correlation between the catches of the two 
species.  As with the BRD results in Phase I, when squid catches are high, butterfish catches tend 
to be lower.  We realize that NMFS uses a relationship between squid catches and butterfish 
bycatch to estimate discards.  The fact that we are not seeing a relationship is likely due to the 
issue that in 1 hour tows it is unlikely to catch large amounts of both squid and butterfish (see 
Problems Encountered section for additional explanation).   
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Figure 15. Longfin Squid Catch Vs. Butterfish Catch in Rope Trawl and Box Trawl Tows 
Combined 

	  

The next analysis was conducted to determine if net type affects length frequency of butterfish or 
longfin squid. The length frequency distributions of longfin squid and butterfish caught in the 
two net types (rope and box) were very similar  (Table 9, Figure 16).  ANOVA was used to test 
for differences in mean length of butterfish and longfin squid in the two types of nets (Table 10).  
There was no significant difference in the mean length of butterfish (P = 0.2875) caught in the 
two nets.  A K-S test on butterfish length frequency was also not significant (0.7421). There was 
a significant difference in the mean size of longfin squid in the two nets (P =< 0.0001).  
However, the difference seemed to be minimal. The box trawl did catch smaller (mean = 
10.15cm) longfin squid than the rope trawl (mean = 10.45cm).  A K-S test on longfin squid 
length frequency was significant (<.0001) and showed that the significant difference was for 
squid in the 25% percentile.  
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Table 9.  Descriptive statistics (in centimeters) for the length frequency distributions of butterfish 
and longfin squid caught in the rope and box trawl net. 

 
Butterfish Longfin squid 

 
Box trawl Rope trawl Box trawl Rope trawl 

Mean 13.82 13.77 10.15 10.45 

Coefficient of 
Variation 

11.16 10.41 25.47 25.75 

25th Percentile 13 13 8 9 

Median 14 14 10 10 

75th Percentile 15 15 12 12 

Range 11 11 26 30 

 

Figure 16.  Length frequency distributions (in centimeters) for butterfish (top panels) and longfin 
squid (lower panels) caught in a box trawl (left panels) and a rope trawl (right panels). 
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Table 10. Results of ANOVAs evaluating the difference in mean length of butterfish and longfin 
squid on net type.  NS=not significant at α=0.05 

 ANOVA 1 ANOVA 2 

 Difference in mean length 
of butterfish 

Difference in mean length 
of longfin squid 

Net Type NS <0.0001  

 

Next, analysis was conducted to determine if the net type affects the catch of many of the 
bycatch species, other than butterfish that were encountered during this project.  Instead of 
testing the effects of net separately for each bycatch species, eight species were selected that 
accounted for greater than 1% of the total catch in weight of all species.  Principle components 
analysis (PCA) was used to standardize these common bycatch species data to a mean of 0 and a 
standard deviation of 1.  The species in the PCA included spiny dogfish, summer flounder, 
monkfish, American shad, red hake, fourspot flounder, whiting, and Illex squid.  The PCA 
identified four axes with eigenvalues greater than 1, encompassing 85% of the variation.  Factor 
loads indicated that axis 1 was determined by the catch of summer flounder, fourspot flounder, 
monkfish, and red hake with loading scores exceeding 0.82.  Factor 2 was determined by the 
catch weight of American shad and whiting with loading scores exceeding 0.70.  Factor 3 was 
determined by the catch weight of spiny dogfish with a loading score of 0.97 and Factor 4 was 
determined by the catch weight of Illex squid with a loading score of 0.98. 

ANOVA was used to test the effect of net type on the catch of Fish Factors (Table 11).  Fish 
Factor 3, spiny dogfish, was not affected by net type, total catch, or the interaction term.  Fish 
Factor 1 was not affected by net type, but both total catch and the interaction term were 
significant effects in the model. The significant interaction term can be further explained by 
plotting the catch of Fish Factor 1 for each net as a function of total catch.  Figure 17 shows that 
the significance of net type is dependent on the total catch.  As total catch increases, so to does 
the amount of summer flounder, fourspot flounder, monkfish, and red hake in the box trawl but 
not in the rope trawl.  Similarly the catch of Fish Factor 2 (American shad and whiting) differs 
between the two net types (Figure 18).  At very low catches, the rope trawl seems to catch 
slightly more of these fish than the box trawl. But as total catch increases, the rope trawl catches 
progressively less American shad and whiting than the box trawl.  In other words, when the catch 
is large, the rope trawl is much more efficient at reducing bycatch of summer flounder, fourspot 
flounder, monkfish, red hake, American shad, and whiting.  Fish Factor 4 (Illex squid) was also 
significantly influenced by total catch and the interaction term but was not affected by net type. 
The significant interaction term can be further explained by plotting the catch of Fish Factor 4 
for each net as a function of the total catch. As total catch increases so does the catch of Illex 
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squid (Figure 19).  In other words the rope trawl was more efficient in retaining Illex squid when 
the total catch was large.  

Table 11. Results of ANOVAs evaluating the influence of net type (box or rope), total catch of 
all species, and the interaction term on catch of Fish Factors 1 through 4. NS=not significant at 
α=0.05 

  ANOVA 1 ANOVA 2 ANOVA 3 ANOVA 4 

  

Fish Factor 1 
(Summer, 
fourspot 
flounder, 

monkfish, red 
hake) 

Fish Factor 2 
(American 

shad, whiting) 
Fish Factor 3 

(Spiny dogfish) 
Fish Factor 4 
(Illex squid) 

Net Type NS  0.0023 NS  NS  

Total Catch <0.0001 <0.0001 NS  <0.0001 

Net Type*Total Catch <0.0001 0.0032 NS  0.0475 

 

Figure 17.  Catch of Fish Factor 1 (summer flounder, fourspot flounder, monkfish, and red hake) 
as a function of total catch of all species for both box and rope trawl tows. 
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Figure 18.  Catch of Fish Factor 2 (American shad and whiting) as a function of total catch of all 
species for both box and rope trawl tows 

 

Figure 19.  Catch of Fish Factor 4 (Illex squid) as a function of total catch of all species for both 
box and rope trawl tows 
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ANOVA was also used to test the effect of each of the four Fish Factors on the total catch of 
butterfish and on longfin squid (Table 12).  Fish Factor 4 (Illex) had a significant effect on the 
catch of longfin squid. The Spearman’s Correlation showed a positive relationship between 
longfin squid catches and Illex squid. Higher catches of longfin squid were associated with 
higher catches of Fish Factor 4, Illex squid.  When longfin squid catches were high, there was 
also a higher co-occurrence of Illex squid. Fish Factors 1 (summer flounder, four spot flounder, 
monkfish and red hake) and 4 had a significant effect on the catch of butterfish.  The Spearman’s 
Correlation showed that high catches of Fish Factor 1 and low catches of Fish Factor 4 were 
associated with high catches of butterfish. When catching butterfish, it was unlikely to catch Illex 
squid.  

Table 12.  Results of ANOVAs evaluating the influence of Fish Factors 1 through 4 on the catch 
of longfin squid and butterfish. NS=not significant at α=0.05 

  ANOVA 1 ANOVA 2 

  Butterfish Catch Longfin squid Catch 

Fish Factor 1 0.0018 0.3501 

Fish Factor 2 NS  0.1746 

Fish Factor 3 NS  0.1435 

Fish Factor 4 0.0073 <0.0001 
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Figure 20. Boxplot distribution of butterfish catch in the rope trawl vs. box trawl 

 

Figure 21. Boxplot distribution of longfin squid catch in the rope trawl vs. box trawl 
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Figure 22. Boxplot distribution of total catch in the rope trawl vs. box trawl  

 

 

Phase II Conclusion 

The box trawl and the rope trawl catch identically at low total catches.  When the total catch was 
large the rope trawl was much more efficient in retaining longfin squid and much more efficient 
at reducing bycatch (with the exception of butterfish). When catches are large the box trawl is 
less efficient at both capturing squid and reducing overall bycatch (not including butterfish). At 
large total catches the rope trawl was the better net for fishing efficiently for squid and for 
reducing bycatch of other species (particularly summer flounder, fourspot, monkfish, red hake, 
American shad, and whiting). The ANOVA was significant for mean length of squid, indicating 
that the rope trawl catches slightly larger squid too. 

 

VIDEO 
 
CCE coordinated with NEFSC scientists Henry Miliken and Eric Matzen to collect underwater 
video footage of the experimental net equipped with the BRDs in operation. The first video was 
recorded on the initial “shakedown” trip. This trip occurred in shallower water in order to 
produce clear video footage for optimal BRD function to be observed. Due to technical 
difficulties experienced with the underwater video camera, limited video was produced. Usable 
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video was collected from the experimental net using BRD 1, which included one square mesh 
panel located on the top. We were able to observe limited longfin squid escapement through the 
square mesh. The fish behavior observed from other species seemed to be driving down into the 
lower portion of the net. This video proved quite useful in revealing that the meshes of the BRD 
were not fully extended. This video was used to improve the BRD development by adding kites 
to the square mesh paneled sections to increase mesh extension prior to the first research trip.  

NEFSC scientist Eric Matzen accompanied CCE staff on board the F/V Karen Elizabeth during 
the third research trip to collect underwater video.  The NEFSC had new video equipment and it 
was decided that Day 1 of Trip # 3 would be dedicated to testing it.  A location north and east of 
Block Island that had shoal water and a hard sandy bottom was chosen to put the equipment 
through the paces.  Nine short tows of approximately 15 minutes each were made.  Video was 
obtained from 7 of the 9 tows and issues related to camera location, BRD panel location, and SD 
card formatting were all resolved throughout the course of the day.  No data was collected 
relative to the performance of the net and catch totals as the location provided no squid or 
butterfish.  The day’s sole purpose was to perfect a procedure to capture video when we reached 
the fishing grounds and to that end the day was a success.  Video work continued over the next 
three days of research fishing in water with an average depth of 75 fathoms.  Initial footage from 
this depth revealed that the camera’s internal illumination system did not provide enough light 
for usable video.  This problem had been anticipated and several inexpensive dive lights (similar 
to flashlights) were laced into the net in hopes of illuminating the target area.  The dive lights 
performed well and supplied enough light to provide some excellent footage of the experimental 
net and BRDs performing while under tow. Video captured during this research trip also showed 
that the kites were performing as expected and the mesh was completely open offering the 
maximum area for butterfish escapement. During this trip an attempt was made to capture 
footage of the control net but no usable video was obtained.  Underwater video captured can be 
found at the following link: http://squidtrawlnetwork.squarespace.com/butterfish-underwater-
video/ 

 
EVALUATION 

 
Attainment of Goals and Objectives 
 
The key study components of research design, on-board sampling work and analysis of data were 
highly effective in delivering research results that were successful in addressing project goals 
and objectives. This project successfully evaluated and statistically verified the performance of 
BRD designs to determine if they can provide a useful gear-based solution to reduce butterfish 
bycatch in the offshore winter longfin squid fishery.   Full analysis of the two BRDs was 
provided.   Unfortunately, it was determined that the BRD configurations tested were not 
successful at reducing butterfish bycatch and retaining normal levels of longfin squid catch. All 
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experimental nets lost an unacceptable amount of squid compared to the control net. None of the 
tested BRD configurations were effective at reducing butterfish bycatch.   These results do not 
hold promise for a gear-based solution for butterfish bycatch reduction while maintaining longfin 
squid catch. Video documentation of squid and butterfish behavior in the net was recorded. 
 
Rather than expend project funds to continue to test unsuccessful gear designs, the project goals 
were modified. A second project goal was developed to test and compare two commonly used 
trawl nets (rope trawl and box trawl) for their ability to avoid butterfish bycatch and maintain 
longfin squid catch. The box trawl and the rope trawl catch identically at low catch levels.  When 
total catches were large the rope trawl proved to be more efficient in retaining longfin squid and 
much more efficient at reducing overall bycatch (with the exception of butterfish). When catches 
are large the box trawl is less efficient at both capturing squid and reducing overall bycatch.   
Since this project utilized the gear commonly used in the longfin squid fishery, it has direct 
applicability for fishermen. Based on the results of the rope trawl vs. box trawl component of the 
study, fishermen can use this information to make informed decisions about which gear is more 
beneficial to their needs. 
 
Results of this study, from a fisheries management perspective, show that for the nets and BRD 
configurations tested, there is not an easily identified conservation gear technology solution to 
the butterfish bycatch issue in the longfin squid fishery.  
 
In summary, the purpose, approach and findings sections provide factual detail related to 
meeting project goals and objectives. On review, these quantitative findings support the 
conclusion that all identified project goals and objectives were attained.  
 
Information Dissemination  
 
CCE staff participated in a Gear Conservation Technology Workshop in Rhode Island on 
February 4th and 5th, 2010.  As part of the workshop, CCE gave a presentation and overview of 
the butterfish BRD project and the conservation gear technology approaches it would employ.  
Goals and objectives of the project were also discussed and reviewed. 
 
On July 20-21, 2011, CCE presented information relative to this project to industry members and 
other researchers at a Squid Trawl Network Workshop held at the Narragansett Bay Campus of 
the University of Rhode Island.  CCE presented preliminary results on the success of the BRD 
designs being tested to date.  The less than desired results that had been revealed after the 
completion of 70 paired research tows for the effectiveness of all the experimental BRDs relative 
to butterfish bycatch and longfin squid retention were discussed.  It was at this Squid Trawl 
Network Workshop that the idea was suggested to compare a box trawl against a rope trawl in 
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the offshore arena since gear modifications were unsuccessful in the back end of the net at 
separating squid and butterfish and perhaps they could be separated in the mouth of the net.  
 
A series of Advisory Committee meetings were held to help guide this project.  Those meetings 
are detailed above.   

 
A website was developed specifically for this project on CCE of Suffolk County’s homepage. 
The website includes an overall description of the project as well as trip reports, photos and 
results. The website can be found at the following link - http://ccesuffolk.org/squid-trawl-
project-brd/. The final report will be posted on the website once it has been approved. This 
project was also featured on the Squid Trawl Network website (www.squidtrawlnetwork.com). 
The Squid Trawl Network, funded by the Northeast Cooperative Research Program, was created 
in order to establish a collaborative industry, science and management network approach to 
solving the bycatch challenges of the squid fishery occurring in the Northeast. This website 
receives traffic from many highly involved industry members. The websites have been useful for 
disseminating large amounts of project information, updates, and results to public audiences. 
Underwater video filmed during this project can also be found on the Squid Trawl Network 
website at the following link:	  http://squidtrawlnetwork.squarespace.com/butterfish-underwater-
video/. 

A Power Point presentation has been developed and presented to industry members. This 
presentation will be finalized when the Final Report is approved and will be shown at industry, 
management or scientific gatherings.  

A press release package to include Executive Project Summary, Fact Sheet, and other report 
information will be developed and distributed to news and industry publications once the final 
report is approved. Articles featuring this project have been included in the Appendix.  

A scientific paper will be prepared and submitted to a peer-reviewed journal for publication.  
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APPENDIX 
 

Butterfish Bycatch Reduction Device Project 
AT-SEA SAMPLING DAY PROCEDURE 

 
DAY BEFORE TRIP 

o Activate two data loggers 
o Establish a float plan 

 
ONBOARD BEFORE DEPARTURE:  

o Checklist complete  
o All equipment, staff, paperwork and permits on boat 

 
WHILE STEAMING OUT AND/OR PRIOR TO EACH DAY OF FISHING 

o Attach data logger to head rope between the control net and experimental net 
o Fill out vessel info data sheet 
o Set up scales and calibrate 
o Be aware that we are attempting to make 6 tows during the dawn to dusk interval 

(daylight hours) and each tow should be 1 hour in length 
o If the trip is to include video work, be sure the equipment is ready and properly 

located 
o Conduct safety drills if needed 
o Assemble the XBT and do a system check 
o Make certain nets are properly located relative to port/starboard. Control and 

Experimental net location should be changed each successive fishing day 
o Know what configuration/combination of the BRDs is to be used during each day of 

fishing 
 

IMMEDIATELY PRIOR TO EACH TRAWL 
o    Locate the GPS outside and turn it on so that it can record our track.  CHECK 

BATTERY LEVEL – be sure the batteries will last the tow – be sure to mark a waypoint 
and record lat/long at the beginning and end of each tow 

o   Take Hach reading and record data before the first and last tows of each day of fishing 
(unless a significant change in location is made) – data should include salinity, DO, and 
surface water temperatures 

o   Determine if it is necessary to launch an XBT.  XBT’s should be deployed prior to the 
first and last tow or if there is a significant change in location 
 

DURING TRAWL 
o  Make sure that all the info related to the tow is obtained from the captain and properly 

recorded.  This info should include: 
1. Tow speed 
2. Tow cable length 
3. Tow cable scope 
4. Ground cable length 
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5. Door spread 
6. Water depth 

 
POST  TRAWL – the following procedure occurs after all tows and for both the control and 

experimental nets (1 hour duration with a minimum of 6 tows)  
o Release fish on deck 
o  Remove sub-samples of longfin squid and butterfish (if possible) using 5 gallon 

buckets 
o Sort catch – remove large species from pile – fluke, dogfish, bluefish, etc… run 

everything else up conveyor for further sorting 
o Measure (length frequencies) and weigh sub-samples as quickly as possible and return to 

pile (length frequencies for butterfish and longfin squid should be minimally 100 
lengths but if less than 100 available measure all)  

o Record weights for all species (for large catches, a sub-sample of basket/tote weight will 
be used to extrapolate the weight of the total catch) 

o Be sure to obtain the number of complete boxes of squid (for each size category) and the 
partial weights after each tow from crew 

o A Cornell staff member must go below deck with a member of the vessel’s crew after the 
2nd, 4th, and 6th tows to obtain box weights for squid average – a minimum of 10 weights 
(if possible) should be collected and recorded 

o Be sure the data sheets are filled out correctly with all the gathered data  
o Completed data sheets are to be stored in the cabin, off the open deck to avoid the 

possibility of loss 
o All NON-LEGAL FISH OVERBOARD 
 

WHILE STEAMING HOME 
o Be sure ALL data sheets are filled out  
o Clean all sampling equipment  
o Pack up equipment and review checklist making sure everything is accounted for 
o Remove data loggers 

-  
BACK ON THE DOCK 

o Unload boat 
o Go over checklist again and make sure everything is accounted for 
o Pack up truck and return to office 
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BUTTERFISH BRD PROJECT CHECKLIST  

SCIENTIFIC EQUIPMENT/SUPPLIES:  

o Copies of all necessary permits 
o Baskets  
o Data sheets in aluminum case  
o Waterproof notebook and pencils/pens 
o Scale (Marel M1100) and 50 lb. calibration weight 
o Additional Marel Scales and 20 kg calibration weight (2 scales)  
o Scale enclosure  
o Extension cords 
o Panasonic Toughbook laptop 
o Garmin handheld GPS 
o XBT system – data acquisition system, launcher and probes 
o Hach meter with two 5 meter probes (DO probe and conductivity probe) 
o Data loggers (activated) and reader  
o Camera 
o Stopwatch/timers  
o Calculators (2) 
o Cell phone 
o Measuring boards 
o Any necessary knives 
o Sharpening stone/knife sharpener 
o Tool bag/zip ties (everything necessary to set up XBT) 
o Extra batteries 
o All necessary chargers for electronic equipment 
o Manuals for all equipment 
o All necessary clothing, foul weather gear, boots, and gloves  
o Coolers  
o Sea sickness medicine 
o Ziplock bags 

 
SAFETY EQUIPMENT:  

o Float plan turned in  
o Emergency plan sheet 
o Survival Suits (5) w/strobe light attached  
o Life jackets (5) 
o Life raft   
o First aid kit  
o EPIRBS (registered to user) 
o “Ditch bag” – including food rations, water, thermal protective aids, horn, strobe 

light, mirror, radar reflector, Dramamine 
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PROJECT DATASHEETS 
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ARTICLE IN THE EAST HAMPTON STAR 

 
"The Light at the Start of the Tunnel"  
Net a Fishery Lifeline  By Russell Drumm 

(November 25, 2010)   Fishermen from Montauk and Shinnecock have landed over $4 million 
worth of loligo (long-finned) squid each year since 2007. The loligo fishery has grown in 
importance given ever tighter restrictions on species including cod, yellowtail, and winter and 
summer flounder. A new net design will aim at fending off new regulations that could cut the 
loligo lifeline. 

    Tomorrow aboard the Montauk-based dragger Perception, the Cornell Cooperative Extension 
will wind up its experiment to quantify the number of fluke or summer flounder that die as a 
result of being discarded, thrown overboard, because current federal law requires it once weekly 
quotas are met. 

    The study was financed, in part, by commercial fishermen via a federal set-aside program in 
which the fishermen “buy” a portion of their quota to fund the project.  

    But while finishing up the discard study, Emerson Hasbrouck, an extension agent long 
involved in helping commercial fisheries adapt to regulations, has already engaged his team on 
the next challenge, also funded with the industry’s set-aside money. 

    “Starting in January, there is going to be a butterfish bycatch quota in the offshore squid 
fishery,” Mr. Hasbrouck said, explaining that schools of butterfish, the small, richly flavored 
species, swim with schools of squid. Government scientists allege that butterfish populations 
have been reduced in recent years, and therein lies the problem. 

    Because of the reduced abundance of butterfish, the fisheries service will soon impose a 
“butterfish bycatch quota.” 

    “Once the butterfish quota is reached, the National Marine Fisheries Service is going to close 
the loligo fishery, which is extremely important here, and in Rhode Island and New Jersey. Squid 
and whiting are the bread and butter of the trawl fleet, especially offshore,” Mr. Hasbrouck said 
on Monday. 

    When the regulations go into effect, squid fishermen will have to take government observers 
on board, when asked, to determine the amount of bycatch, whether the fish are tossed overboard 
(as in the fluke fishery) or not. In either case, the butters will be counted against the bycatch 
quota. “The quota is not a big bycatch quota, so they could close the squid fishery for the sake of 
butterfish,” Mr. Hasbrouck said. 

    One way to prevent this is to develop a modified squid net that allows butterfish to escape by 
employing a little behavioral fish psychology.  
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    The idea is simple. In front of the cod end, the end of the net where fish are gathered, a 
“bycatch reduction device” will be placed. It’s not a device really, more like a length of black 
tarp that’s sewn inside the net meshes just in front of the cod end. 

    “The fish see it as a black object approaching them [as the net is towed forward], a black hole. 
They react to that.” Just in front of the black tarp is a panel of large mesh “hung on the square 
rather than diamond,” he said, meaning that the large-mesh section would be, to the fish, the light 
at the start of the tunnel. “If they perceive a place to escape, this provides them with an escape 
route.” 

    Mr. Hasbrouck said his team came up with the idea after reviewing a variety of net design 
studies, which included underwater video showing how fish behave once in a net. Mr. Hasbrouck 
said the University of New Hampshire had done gear trials with underwater video and found that 
fish will react to a black tunnel. 

    To test the theory, the Cornell team will be working with the dragger Karen Elizabeth, a 
Rhode Island boat with enough horsepower to tow two nets at once. The Karen Elizabeth is 
equipped with two net reels, one that will tow a standard, small-mesh squid net, the other a squid 
net with the bycatch reduction device sewn in. The first thing to learn is whether the device will 
work best when sewn into the bottom, sides, or top of the net. 

    The team has already taken a shakedown cruise aboard the Karen Elizabeth to make sure that 
the sampling protocols have been worked out. Mr. Hasbrouck said the dragger and his team will 
be working through the winter and into the spring.  
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FINAL ACCOUNTING OF ALL FISH LANDED AND SOLD IN 2010 THROUGH THE 
RSA PROGRAM FOR CORNELL COOPERATIVE EXTENSION’S BUTTERFISH 

BYCATCH REDUCTION STUDY 
 
Table 13. Total Project Value Based on 2010 Ex-vessel Value of RSA Allocation Harvested 

 
The total amount of money raised through the RSA auction of fish for CCE’s RSA study was 
$463,461,61. This was broken down into $55,615.39 for NFI-SMC overhead and $407,846.22 
for CCE’s research project.  
 
Table 14. Landing Summary of 2010 Research Set-Aside Trips based on NMFS IVR Call-in 
System  
PROJECT 9342 [Commercial] / 9343 [Recreational]:  Cornell Bycatch Reduction Study 
 
Landings by 
species (lbs): Commercial Recreational 

Total 
Harvested Allocation 

% 
USED 

Remaining 
(lbs) 

Black Sea 
Bass 5,111  725  5,836  10,000  58% 4,164  
Bluefish 7,293  0  7,293  200,000  4% 192,707  
Butterfish 5,910  0  5,910  33,000  18% 27,090  
Loligo Squid 0  0  0  434,287  0% 434,287  
Scup 92,992  2,414  95,406  133,966  71% 38,560  
Summer 
Flounder 177,936  3,428  181,364  209,148  87% 27,784  

TOTAL 289,242  6,567  295,809  1,020,401  29% 724,592  
 

Species	  
RSA	  Amount	  

Harvested	  (lbs)	  
Ex-‐vessel	  Value	  

in	  2010	  
Total	  Overall	  Value	  of	  RSA	  

Harvested	  
Longfin	  squid	   0	   $1.16	   $0.00	  
Summer	  flounder	   181,364	   $2.62	   $475,173.68	  
Scup	   95,406	   $0.79	   $75,370.74	  
Black	  Sea	  Bass	   5,836	   $3.06	   $17,858.16	  
Bluefish	   7,293	   $0.58	   $4,229.94	  
Butterfish	   5,910	   $0.73	   $4,314.30	  
Total	   295,809	   	  	   $576,946.82	  


