
~

, p+~QXy+~, .4'K@XNNM~~~�~4gi<+~~x

~~pcs~ ~C<WQj

~
 +h%+8~44k+g+p!Qgc'~!j+ ~/

0 /~A~ d. h x, %*

M ~::,:NN.I.NK W~
P4M M 879+-W-~~ e<'

!i
' gb

!+! ~a

~
b

j
;">9

n
4+<2

!

<~g<~<
<A

Jg

~
vy Q~>i Q ~>J~~>',~x»~ yiQxXXQXX~>ci i<q~gyX"q+X<~g>, > '>~@% yqiXxqg

~

0Ah
0

b

C

o

gyp~>~!@gal. "~+VS/7;z4sgp>'p;-.,"-yN

~ ~ C

'+> 'a~i. ',,"

8 ~4' N ',

~4 y X~~~@q~~~i i~cc,xa<~ -,z'J~;;;

~
  ~>ax> ',.�,<',.;,!~~<,.

/

! 0

/

%K kXM~AX4x x O'X i~.'Me<< +4'.5

gy <~g+y~~MggqpSyi$QQi"',~wag',.X

~



4' i''

!X%

4 !

7 ! ~

n



LOAN COPY ONLY

Proceedings of the Fisheries
Conservation Engineering Workshop

Iield aI The University of Rhode Island Bay Campus
hfarragansett, Rhode Island, April 4-5, I 990

EDITED BY

Joseph T. DeAlteris and
Mary Grady, Rhode Island Sea Grant

LAYQUT BY

LaVie McDonald

WORKSHOP COSPONSORED BY

Rhode Island Sea Grant

New England Fishery Management Council
National Marine Fisheries Service

Massachusetts Division of Marine Fisheries

PUBI.LSHED BY

Rhode ISIand Sea Grant, 1991



Cosrrerr>

Introduction

Joseph T. DeAlteris / page 1

A Study of Ghost Cillnets in the Inshore Waters of Southern New England
H. Arnold Carr and Alan Blott / page 2

Shrimp Separator Trawl Experiments In the Gulf of Maine Shrimp FIshery
John Honey, Alan Blott, and Joseph T. CKVterls / page 6

Effect of Mesh Size In the Body of a Bottom Trawl on the Catch Retained In the Cod End
Joseph T. DeAlteris, Kathleen Castro, and Salvatore A. Testaverde / page 12

Improved Trawl Selectivity through Strategk Use of Colored Twine
Phillip H. Averil / page 20

A Methodology for Investigating the Behavior and Survival of Bottom-Trawl Cod End Escapees
and Some Preliminary Results

Daniel M. Reifsteck and Joseph T. DeAlteris / page 25

Trawl Wklth Variation during Bottom-Trawl Surveys: Causes and Ccemguences
Craig S. Rose and Gary E. Walters / page 34

Fish Behavior In Bottom Trawls and the Use of Vli9eo for 13ehavkor Observations
Clem S. Wardle / page 42

Research on Selective Shrimp Trawl Designs for Penaekl Shrimp In the United States:
A Review of Selective Shrimp Trawl Research In the United States since 1973

John W. Watson and Charles W. Taylor / page $0

Experimental Designs and Data Analysis Methxhlogles for the Evaluation of Bottom Trawl
Performance hse9 on Catch Comparisons

Joseph T. DeAlterls and Kathleen Castro / page 60



Introduction

Joseph T. DeAlteris

Department of Fisheries, Animal and Veterinary Scicncc
%be University of Rhode island

Kingston, RI 0288 l

Marine fishery resources in the United States are experiencing record levels of exploitation. As
a result, many fish stocks are depressed to record low levels, Resource managers face a difficult task:

rebuilding the fish stocks while maintaining a viable commercial fishery. To allow the stocks to

rebuild, fish mortality must be reduced,and this can only be achieved with areduction in fishing effort
and an impmvement in the species- and size-selectivity of fishing gear. In addition, bycatch of

nontarget marine resources must be reduced. Conservation engineering � the design of fishing gear

that minimizes the negative impact of the harvesting process on the marine ecosystem � has the
potential of realizing some reduction in fishing mortality without requiring a reduction in fishing
effort

These proceedings are the result of a workshop held at The University of Rhode island on April

4 and 5, l 990. Fisheries biologists and fishing gear tcchnologists mct to review recent progress in

various aspects of their research related to conservation engineering. Dr. Clem Wardle, from the

Marine Laboratory in Aberdeen, Scotland, was invited to lecture on his tcn years of research on fish

behavior in the vicinity of fishing gear. Twelve papers were presented during the two-day meeting,

and nine were submitted for publication in these proceedings.

The workshop was cosponsored by Rhode Island Sea Grant, the New England Fishery
Management Council, the National Marine Fisheries Service, and the Massachusetts Division of

Marine Fisherics. The workshop was organized by Joseph DeAlteris of The University of Rhode

Island, Alan Blott of the National Marine Fisheries Service, and Arnold Carr of the Massachusetts

Division of Marine Fisheries.

0



A Study of Ghost Gillnets in the Inshore
Waters of Southern New England

H. Arnold Carrl and Alan Blott2

t Massachusetts Division of Marine Fisheries
Sandwich, MA 02563

2Fisheries Engineering Group
NOAA F~

Narrag~ RI 02882

1. Require gillnet fishermen to stand by any actively
fishing gillnet gear.

2. Modify the gear to limit its active fishing life.

INTRODUCTION
Synthetic fibers revolutionized the fishing industry and

have a wide application in gillnet construction. The

nondegradable quality of the nylon is attractive to the fishing
industry, but is also a serious Ihieat to living marine resources
when a net made of it becomes derelict. The conlroversy over
gillnet losses and their continued fishing as derelict  ghost!
gillnets has been an issue in this region for more than a
detach, since the use of bottom-tending gillnets greatly
expanded. Bottom-tending gillnets are used to fish for benthic
species year round in inshore walla in the northeastern
United Statea. These demerSal netS are StatiOnary and an-
chored to Ihe bottom. Unlike pelagic  surface-tending!
gillnets, the demersal net is not teadily moved by tidal currents
or storms,

'ihe concern about ghost gillnet gear spurred the National
Marine Fisheries Service  NMFS!, the Masaehusetts Division

of Marine Fisheries  MDMF!, and the National Undersea
Research Program  NURP! to undertake a three-year study
that determined the magnitude and impact of ghost gillnets in
two traditional gillnet areas located in the Gulf of Maine. This
study concluded in 1986  Carr et al 1985!. 'Ihe reseaieh
entered a second phase when one net that was found in 1984
was surveyed in the winter and spring of 1985 with a submers-
ible, and again in 1986 with Ihe use of a remotely operated
underwater TV vehicle  ROV!. This enabled scientists to

observe the net when many important groundfish and marine
animals were present. The results of these surveys indicate
that a lost net may maintain its vertical profile due Io the
positive buoyancy of the floatline and floats and that the rate
of continued fishing of the ghost net is primarily a function of
the maintained vertical profile and Ihe net's visibility to the
fish  Cooper et al 1988!.

Concern is still expressed by many, including the New
England Fishery Management Council and the NOAA
Entanglement Program, about giflnetling and the impact of
lost demersal gillnets, which is inevitable when fishing, The
question remaining is what level of gillnet losses are accept-

able and what means aie available to mitigate the impact of
lost nets. The aforementioned studies suggested that gillnets
lost in the two study areas in Ihe Gulf of Maine were probably
a result of a sharp increase in gillnetting by inexperienced
people. More recently, losses appear to be more often a result
of gear conflict between mobile and fixed fishing gear.

If gillnetting is continued without ptohibition, two of the
possible ineans of reducing the impact of lost gillnets on

This project addressed the second of these possible
solutions.

Last year, NMFS and MDMF started investigating the
use of degradable products to limit the active fishing life of
the gear, Our focus was on the eventual elimination of net
buoyancy of a lost neL Without the buoyancy of the floats and
floatline, the gillnet would lose much or all of its vertical
profile, become overgrown, and blend into the bottom. The
limitation of this potential solution is that the remaining

webbing and leadline will not degrade and wiII remain in the
marine environmenL

The specific objective of this study was Io determine if
degradable float systems reduce the active fishing life af a
bottom-tending derelict gillnet.

MATERIALS AND METHODS

Two 50 fa commercial gillnets with 10.5 cm mesh were

set in four different configurations to compare floatation and
iesulting vertical profile. 'Ihe control section was a typical
commercial fishing arrangement. Section 2 had a neutrally
buoyant polyester floatline. Section 3 had the floats connected
Io the floatline by 18-thread cotton string. The fourth section

had the floats connected with biodegradable plastic panels
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provided by the Polymer Pleasing Institute at Stevens
Institute of Technology.

Three different types of degradable plastics wete usecL
Two types had different shapes but were both composites of
polyethylene and 15 percent starch with aluminum ~
and a copper acetylacetoneate catalyst. The other was a blend
of a low density polyethylene  &0 percent! and polycapro-
Iactone �0 percent!,  Gonsalves et al 1989!. Twenty float
were attached over a 48 m section of netting with these plastic
panels  Fig. 1!.

Figure 1. Oiayrarn of a degradable lloa4

Figure 2. Map of the study location in Buzzards Bay, off
southeastern Massachusetts.

The site selected for this work was in 20 m of water at the

entrance to Buzzards Bay  Fig. 2!. The site was chosen
bemm it was logistically convenient and not subject ta
iinpact by the trawl fishery.

The R/V Gloria hfichelle served as the primary support
vessel. Diving activities were conducted off an inllaiable
vesseL

The nets were set June 19, 1989. A series of lines

connected the ends of the nets to each other. This arrangement
permitted the divers to survey both nets during one dive. Each
net was ~ along the floatiine at 9.7 m intervals with
numbeted tags and weighted along the leadline in five places
with steamboat chain,

Dive surveys were scheduled every month between June
and October, and bimonthly thereafter. The survey routine just
after the nets were set and during the initial months was to
dive over a two ar three day period each month to permit a
thorough evaluation of the entanglement mte. During this time
the sites were expected to be heavily populated with a variety
of vertebrate and invertebrate species. Surveys during the
winter months would narmaily require one day. Data an
vertical profile, float attachment and condition, and the catch

of etLh section were recorded by the divers on waterproof
paper and with underwater video cameras.

RESULTS AND DISCUSSION

Seven dive surveys were conducted between June 1989

and January 1990  Table 1!, The bottom type at the site was
cobble with scattered boulders. A thin layer of silt covered the

bottom, and the area was subject to surge. This may have
contributed ta the periadic paar underwater visibility in the



Total
days
set Actlvlty

Date

19]une,,: .; 0
20 JurIe..:- :.:= 1
21 June.,' '..' 2
6 July-".. '. =::.. 18
19 July::.,::, 31
20 July,-,:-,.:::::-. 32
28 Auyjg - 71
30 Augujt-..., 73
230Chgir '- 124
26 actbbii-,:-- 128
2 Novetitkii': 134
25 JanIialIr .. 219

Figure 3. Fioat
attached to the
gillnet. The gi linet is
overgrown with
bryosoans.

Figure 4. Float with one of two
twine attachments disintegrated.

Table 1: Dive survey and activity schedule

19 June 1989 to 31 January 1990

Set nets, preliminary dive survey
DNe survey
Dive survey
Abort dive, poor U/W visibility
Dive survey
Dive survey
Dive survey
Dive survey
Bouys gone, net not found
Recover high flyer, poor visibility
Aborted dive, poor UhV visibility
Survey, one net only, other lost

water, especially 2 to 3 m off the bottom. TIre poor viibility
in the area resulted in reduced obrervrttions during the fall and
sprmg.

One net made up of two sections, one with the neutrally
buoyant floatline and ane with the floats atrsiched by cotton
twine, was lost &om August 1989 to July 1990. We believe
this net was dragged offstation by a fishing vessel ar a tug
with a barge in tow.

The normal vertical profile of these demersal gillnets is
about 2 m from the floatline to the ieadline which is normally
on the sea bottom, During the first dive survey, the nets had a
vertical profile of 2 m off the bottom. Two exceptions were
observed. One part of ane of the nets was set over a 1.8 m
high boulder, this piece of netting therefore rose to a height of
about.3.5 m oÃ the bottom. The other exception was the
section with the neutrally buoyant flaatline which had a
maximum height of 0.3 m off the bottom.

On the second and third days after the initial setting of the
nets, the vertical profile of the buoyant xx:tions diminished as
fish became gilled or entangled and twisted the webbing,
which reduced the height in specific locations. The vertical
profile observed thereafter was between 0.3 to 1.6 m in the

sections with floats and more than 80 percent of these sections
had a vertical height of less than ar equal to 1 m. The section
without floats remained less than 0.3 m in vertical profile
throughout the experiment.

The experimental floatation arrangements were intact
through August 30, 1989, 73 days after the gear was set. By
this time, the monofilarnent webbing was becoming fouled
with bryozoans. This fouling increased the visibility of the
webbing  Fig. 3!. Along certain locations of the net, the
webbing was clean with no bryozoans, 'Ihis was usually the
result of entangled fish cleaning the immediate webbing while
srruggling to escape.

'Ihe next successful survey, when underwater visibility
again permitted observations, was on January 25, 1990; 219
days after the gear was set. Two of 20 degradable plastic
cannectors had failed. The floats remained attached to one of

the two points  Fig. 4!.

The gNnets immediately entangled animals. Skates  Bala
sp.! were the most prevalent species and were caught almost
equally in all sections of the net. Dogfish  Sclualus sp.! were
next most frequently caught, but only in the three sections
with floatation. Other species caught, in descending abun-
dance, were bluefish  Pornatornus saltatrix!, taulag  Tautoqis
onitus!, scup  Stenotornus chrysops!, winter flounder
 Pseudopleuronectes americanus!, summer flounder

 Paralichthys dentatus!, and sea robins  Prionotus carolinus!.
The bluefish catch was initially high, 22 fish, but quickly
decreased as the net became fouled with bryozoans.

We did ~ and record on video finfish escaping
born the net. One of the most notable incidents was a bluefish

which was entangled about the jaw. When divers approached
the site where the bluefish was entangled, the fish twisted and
managed to free itself.

Finfish were also observed feeding an entangled fish and
invertebrates. The cunner  Tautogalabrus adspersus! was
most numerous near Ihc nets and was the most aggressive
feeder. One event observed and recorded on video was a

school of cunner feeding on a dogfish carcass.



The predominant invertebrate caught in the nets was the
American Lobster. On July 6 the total catch was 18 lobsters;
on July 19 the total catch was 37 I~ and on August 28
the catch was 36 lobsters. On January 25 the lobster catch was
five, four alive and one dead. The catch of lobsters was about
equally dispersed throughout Ihe sections.

We presume that most, if not aII, of the lobsters caught in
the gillnet die. Dead lobsters were seen in the net with their
exoskeletons intact. Exoskeletal parts were not found on the
bottom near the net. These parts were probably devoured by
other invertebrates or bacteria.

These nets were set in waters that are considered inshore.

The previous studies were done on gillnets in offshore waters.
1be catch in the nets set inshore in this study differed consid-
erably from the catch in the nets found offshore. Inshore there
is more species variety and abundance, This difference was
reflected in our observational data; the catch rates and species
diversity were higher than those of the offshore study.

This study is ongoing and comprehensive results will be
reported upon completion.
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Shrimp Separator Trawl Experiments in the
Gulf of Maine Shrimp Fishery

John Kenneyl Alan Blott1 and Joseph T. DeAlteris2

1National Marine Fisheries Service Fisheries Engineering Gxoup
Narmgansett, RI 02882

20eAlteris ~iates, Inc.
Jamestown, RI 02835

INTRODUCTION METHODS

0

Statement of the Problem
le discard of finfish bycatch in the Gulf of Maine

northern shrimp trawl fishery is considered a serious
problem.The species-specifiic discaxd rate varied fxam 17
pexcent far winter flounder to 95 percent for silver hake in 50
tows made by ctwnmexcial irawlers during the period 1985-
1989  HoweU and Langran 1990!. Studies by Jean �963! and
HoweU and Langran �987! suggest a very high mortality for
discarded finfish in the western North Atlantic fisheries, The

discaid problem has two major facets: direct wastage in
throwing fish back into the sea and loss of future catches af
larger animals through the mortality of smaU individuals
 Saila 1983!.

Rationale and Objectives
Given the perceived problem of discards bycatch in the

Gulf of Maine shrimp fishery, the objective of this project was
to experiment with several design modifications to existing
traditional trawls that would reduce the juvenile finfish
bycatch. The concept of selective shrimp trawls is not new.
Trawl design modifications have been evaluated in shrimp
fisheries for separating finfish from shrimp, with varying
degrees of success  West et al 1984, AveriU 1988, Watson

1989, Watson and Taylor 1990!. The techniques utilize
behavioral and size difFerences between shrimp and finfish,
and include harizontal separate twine panels, large mesh
escape panels, deflecting gxids, accelemkr funnels, and others.
Northern-style shrimp tmwls were the contxol nets in these

experiments. The basic modifications to the nets evaluated in
this project were. large mesh in the belly area and a funnel
accelerator ahead of the trawl cod end.

Maty Area, Fishing Vessels,
and Experimental Tra14ls

The trawl comparison experiments were conducted in the
offshtxe waters of the Gulf of Maine, Water depths in the area
range from 90 xn to 120 m. The fishing vessels participating in
the trawl comparison experiments were the F/V Miss Paula
 MP!. operated by Captain Terry Alexander, the F/V Mary
Ellen  ME!, operated by Capuiin Charles Saunders, and the

R/V Gloxx'a Michel!e  GM!, a NOAA research vessel operated
by Lt. Kenneth Barton. Two of Ihe vessels were southern
shmnp tx3wlexs converted to northern stern draggers, and aU
were about 23 xn in length and powered by 365 HP diesel
engines. The F/V s Miss Paula and Mary El!en were horne
ported in Cundys Harbor, Maine, and the captains were
experienced in the local waters and local fishing methods,
including the use of sonar to navigate a trawl through the
rough bottom areas. The R/V Gloria Michellc was home
parted in Narragansett, R.l., and the captain was not experi-
enced with the specific area, nor did he have the use of sonar.

Northern-style shriinp trawls served as the contxol nets in
the experixismts and as the basic nets that would be modified

with either large mesh in the belly section or the use of a
funnel accelerator.

The Control Tobey  Cf! was a net designed and built by
Andrew Tobey, The trawl had a 23.4 m �6 ft! hanging line, a
163 m �3 ft! headrope, and a fishing circle of 800 meshes,
each with a 5 cm � in! slretched xncsh length  Fig. 1!. 'Ihe net
was rigged with 28 m �5 fa! legs attaching the wing ends to
the trawl doors.

'Hie Contxol Mi ss Paula  CMP! was the net usually used
on board the F/V Miss Paula in the shrimp fishery. This trawl
had a 24k m  80 ft! hanging line, a 19.4 m �3 ft! headrope,
and a fishing circle of 822 meshes, each with a 5 cm � in!
stxetched mesh length  Fig. 2!. The net was rigged with 28 m
�5 fa! legs attaching the wing ends to the trawl doors.



The Control Mary Ellen  CME! was the net usually used
on board thc F/V Mary Ellen in the shriinp fishery. This trawl
had a 28 m  91 ft! hanging line, a 23.4 m �6 ft! ~pe, and
a fishing circle of 820 meshes, each with a 5 cm � in!
stretched mesh length  Fig, 3!. This net was rigged with 28 m
�5 fa! legs attaching the wing ends to the trawl doors.

As noted pieviously, the experhn coital shrimp trawls were
modifications of the three control nets, Experimental trawl No.
X 1 was a modiTication of the Conttol Tobey  CT! trawl, A
rectangular section of square mesh webbing, 15 cm � in! on
the straight bar, measuring 3.4 m �1 ft! by 3,4 m �1 ft! was
located in the center of the belly extending back from the
hanging line. The net included a poly fbpper on the upper
panel of the extension section. The net was rigged with 9.2 m
� fa! legs connecting the net wing ends to the tmwl doors.

Experimental trawl No. X2 was another modification of
the Contxol Tobey  CI! trawl. A triangular section of diamond
mesh webbing, 30 cm �2 in! stretched mesh length, measur-
ing 3.4 m �1 ft! along the base and cut on the bar to an apex
�2 meshes wide by 11 1/2 meshes deep! was located in the
center of the lower belly exteixhng back fium the hanging
line. The net included a poly flapper on the upper panel of the
extension section. The trawl was rigged with 9.2 m � fa! legs
connecting the net wing ends to the trawl doors,

Experimental trawl No. X3 was a modiTication of the
Control Miss Paula trawl  CMP!. A diamond mesh section of
webbing 20 cm  8 in! stretched mesh Ienyh was located at the
wide end of the lower belly, In addition a poly flapper was
installed in the upper panel of the extension section.

Experimental trawl No. X4a was another modification of
the Control Miss Paula trawl  CMP!. An acceletmtor fuiinel
was constructed of 33 cm � 3/8 in! stretched mesh length
poly webbing that had undergone a depth stretch/heat setting
proem. This funnel was installed in the extension section of
the nct and two diamond-shaped holes were cut in the
extension to provide a means of escape.

Experimental trawl No. X4b was a modification of the
Control Miss Paula  CMP! and identical to X4a except that
the escape means was provided by a diainond mesh section of
webbing 30 cm �2 in! stretched mesh length in place of the
diamond-shaped holes.

Experimental trawl No. X6 was a modification of the
Control Mary Ellen  CME!. A triangular section of large
diamond-mesh webbing, 30 cm �2 in! stretched mesh length,
measuring 3.4 m �2 ft! along the base and cut along the bar to
an apex �4 meshes wide by 12 meshes deep!, was installed in
the center of the lower belly extending from the hanging line
behind 5 rows of 15.4 cm � in! stretched mesh length
reinforcing twine.

Experimental trawl No, X7 was another modification of
the Control Mary Ellen. A trapezoidal section of Ltrge
diamond mesh, 30 ctn �2 in!, was installed in the lower belly,
The wide end of this section was 48 meshes, the narrow end
was 38 meshes, and the depth was 6 meshes.
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Ffeld Experiments
The field experimental design used was alternate paited

rows. Tows were 60 minutes in duration at a towing speed of
2.5 knots. The experimental and control gear were alternated
routinely by disabling  or covering! the experimental portion,
or escape route, ~ by the experimental net. In addition,
some of the configurations requited changing the length of the
legs.

In all comparistms, the control gear, including doors,

frame, sweep, set-backs, etc., was identical to the experimental
gear with the exception of the experimental modifications.
This allowed for a ditect evaluation of the design modification
based on the catch data.

Catches were sorted by species and weighed. Selected
species  or a subsample for large catches! were measuretL
Station selection was hised on information from the commer-

cial vessel captains with respect to locations of shrimp and

bycatch. A Scan' hydroacoustic trawl mensuration system
was used periodically to determire trawl mouth geometry in
order to confirm proper trawl performance.

'Ile following paired alternate comparisons were made;

X 1-MP vs. CI'-MP

Xl-GM vs. CT-GM

X2 vs. CT

X3 vs. CMP

K6 vs. CME

X7 vs. CME

X4a vs. CMP

X4b vs. CMP

Data Analyst
The final data were compiled by tow pairs for each

comparison. The parameters evaluated for this comparison
were number and weight of dabs. Hippoglossoides
platessoides, the number and weight of cod, i"adus morhua,
and the weight of shrimp, Pandalus borealis, captured per
tow. A Wilcox signed ranks test was applied to each set of
comparison data to test the null hypothesis that the catches of
the experimental and control trawls wete similar for the
variables noted previously  i.e., testing the effectiveness of the
modiTications!. If a significant difference was observed
between the two trawls in the numbers of finfish bycatch
retained, then a Kolmogorov-Smirnov two-sample test was
applied to the length-frequency distributions of the catdm of
the two tiawls to test for similarities in the proportions oF the
distributions  Sokal and Rohlf 1981!, lie purpose of this test
was to investigate potential size-specific effects of the various
modifications on the finfish bycatch.

RESULTS

Geonsetrlc Performance
The results of the ScanMar observation of trawl mouth

gixxnetry are presented in Table 1. Door spread of the various
trawls was determined by leg length. The door spread of Xl
trawl with the 9.2 m leg was only 24 m, while the other trawls
with the 28 m legs experienced approximately a 34 m door
sptead. Wing sptcad of all trawls averaged about 12 m
irrespective of door spread or leg length. Vertical opening of
the tmwl mouth was only 22 m on the Tobey trawl with the 5
m leg length, and reached about 4 m on the CME and CMP
trawls.

Catch Performance

Xl-MP vs. CI'-MP

The results of the shrimp separator trawl comparison X 1-
MP vs. CT-MP are summarized in Table 2. Eleven paired tow
comparisons were available for analysis. There was no
significant difference in catch of dabs  nuinber and weight!
between the experimental and control trawls. There was a
signihcant reduction in the number of cod with the experimen-
tal trawl, but no corresponding difference in the catch weight
of cod. Ae length-frequency distributions of cod for the two
trawls were compiueiL There was a significant difference in
the pn~ortions of the two curves, indicating that the experi-
mental trawl captured less small cod. The legal minimum size
of the cod is 483 cm �9 in!, and 78 petcent of the cod catch
was undersize with the experimental trawl as compared to 87
petcent with the control trawL

The ratio of shrimp catch  kg! to the total bycatch of cod
 kgj and dab  kg! was 2,3:1 for the experimental trawl, and
1.9:1 for the control trawL Approximately 98 percent of the
dabs were undersize    14 in, 35.6 cm! and dismdetL and

approximately 83 percent of the cod were undersize    19 in,
48.3 cm! and discarded.

XI-GM vs. CT-GM

11ie results of the shrimp septuator trawl comparison Xl-
GM vs, CT-GM are summarized in Table 3. Eight paired tow
comparisons were available for analysis. No significant
diffetence was found in the weight or number captured of cod
or dab between the experimental and the control trawls,

The ratio of shrimp catch  kgj to bycatch of dab  kg! plus
cod  kgj was 1.3: I for the experimental trawl and 1.3:1 for the
control trawL

X2 vs. CT

The results of the shrimp separator trawl comparison X2
vs. CT are summarized in Table 4. Seven paired tow compari-
sons were available for analysis. There was a significant
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Number of Deb 280 t 72
Weight of nab kg! . 27 t 6
Number of Coef 1 7 t 10
Wefght of Cod  kg! 14 t 6
Wefght ef 'Shrfrnfr  kg! 94 t 39

331 t 74
31 t 8
23 t 14
17 t 10
91 t 40

0.14
0.08

0. 04'
0.08
0.48

Number of Qeb '. 242 t 90
Wefghtof Dab ftrg! ' 32 t 10
Number of Cod .. '. 5 t 4
Weight of Cod kg! 11 t 12
Welghtof shrfmp kg! 58 + 38

258 t 89
37 t 11
S t S
10 t 7
61 S 53

0.26
0.13
0.58
0.99
0.99

Nuinbee' of ffeb - 2'1 0 t 44
VAight of t3eb lag! 23
Number of Cocf 17 t 9
Weight of Cod  kg! 15 t 7
Weight ofshrfrnp arg! 83 t 44

278 t 70
* 9

28 t 19
27 j 14
84 t 21

0,02'
0.04'

0,06
0.04'

0.87

0

Table l. Shrirrp Tnnvf Ceornetric P~ce

Table 2. Shrimp Separator Tnnvf Cornlaarfson: Xl-fvfP vs. CT-MP, bared
on 1 l paired tows, Tabafated vafaes an average per tovv, t a standard
deviattsn, Sfatistfcaf aanparison 8 based on o Wrfoae signed ranks test
a non-parametric ant kr poked samples. The tabaiated sofar is a hvo
tcrifed probabiTXy, ' irdfcates a sifnfscant ~ ' indicates o highly
s~ di%rem.

Net X14hp Net CT-MP Statfstlcal
Comparison

Tabte 3. ShrirnpSepanstor Travvl Comparbon: Xf CM vs. CT<ht,
based on 8 paied tow'. Tabafatect vafaes tee average per tow% a
standard deviatfan. Stotfsticxrf cornpari on b based orr a Wkox signed
ranfrs ting. a non panwnetric lest Ibr paied samples. The tabulated
vafae b a bvo taffed probabffty, 'idicafes a s+iffcant d8hrncr, *'
indicates a hfghfy sfffnryeant difference,

Net Xt-CM Net CPM Statfstlcal
Comparison

Tabk 4. ShrirnpSeparator Travrf Cornparirorc X2 vr CT, based on 7
paied toes, T~ vobes are average per tovtf t a ~
deviaton. Sfotfsticaf comparison b based an a Wkae sifnedrants re,
a non~vretrfctest for paffed sampler ihe «rbafated vofae b o two
taffed probabiNty, '/ndicafes a sifre%ant dNfermu, "fndbrses a
hifhfy snfafksrrn dl%rence.

Net X2 Net CT Stailstkel
Corn parfson

reduction in both the catch number and weight of dab in the

experiniental trawl. 'lhe length-frequency distribution of dab

for the two trawls were compared. There was no significant
difference in the proportions of the two distribution curves,
indicating no size-dependent characteristic in the reduced dab
catch of the experimental trawl. Approximately 97 percent of
the dab catch was undersize for both trawls. The nuinber of

cod captined was not significantly different for the two trawls,
but the weight of cod captured was diffctent, with the experi-

mental trawl retaining less cod by weight.
The ratio of shrimp catch  kg! ta bycatch of dab  kg! and

cod  kg! was 2.2:1 for the experimental trawl, and 1.4:1 for
the control trawl.

X3vs,CMP
The results of the shrimp separatar trawl comparison X3

vs. CMP are summarized in Table 5. Five paired tow compari-
sons were available for analysis. No significant differences
were found in either the weight or number captured of cod or
dab between the experimental and control trawls.

'Ihe ratio of shrimp catch  kg! to bycatch of dab  kg! and
cod  kg! was 2.1:1 for the experimental trawl and 0.75: 1 for
the control trawl. The reason this data set is uniquely high
with regard to its cod bycatch is that on one tow the cod catch
exceeded all others by 10 times.

X6 vs. CME

The results of the shrimp separator trawl comparison X6
vs. CME are summarized in Table 6. Six paired taws were
available for analysis. No significant difference were found in
either the weight or number captured of cad or dab between
the experimental and control trawls,

lite ratio of shrimp catch  kg! to bycatch of dab  kg! and
cod  kg! was 7.1.1 far the experimental trawl and 6.6:1 far the
control trawl.

X7 vs. CME
11te tesults of the shrimp separator trawl comparison X7

vs. CME are summarized in Table 7. Ten paired tow compari-
sons were available for analysis, There was a highly signifi-
cant teductian in the catch weight and number of dab with the
experimental trawl as compared lo the standard ttawl. 'The
length-frequency distributions of dab for the two trawls were
compared. There was a significant difference in the relative

proportions of the two curves, indicating the experimental
trawl retained less small dab.

The ratio af the shrimp catch  kg! to bycatch of dab  kg!
and cad  kg! was 4.0:1 for the experimental trawl and 3.4:1
for the control trawl

X4a vs. CMP
The iesul ts of the shrimp separator trawl coinparison X4a



TaMe S. Shrimp cparaior Trawl Compansorc X3 vs. CiviP, based on S
paired tone, Tatedattd valets sec ~ pcr tow, k a siandord
Cvviation Stat sucsd Gxllpadsah is bcntd ofl a W4N signed rarda test a
narviqaisenttriC ieSr ier paired Sampler lhC Stadactd value iS a iwe
Oibd protvkkluy, brckatcS a Siyntssanr ~ -irvycates a hjfdy

Net CNtp Stattstkat
Comparison

Table 6, Shnmp Sppeorar Trawl ~rc X6 vs. Cia bastd on 6
paired taws, Tafadattd vaiacs Ne avcrayc ptr law, b a ~ dcvia.
tiers Staristicai con parian is based an o WNcor dyned rants test, a rwn.
$KFomctdc lest for paired samples Tht tabidat td vaRit d a hvo tastd
piobotdity, ' irasMtts a ~nt diftrtnct, " incycatts a hiyhb
ssynctcorc dwrninor.

Net Xr N t C4% Stattstkat
Com padson

TaMe 7. Shrimp Separator Trawl Canvrarbaro Z7 vo Cital based an
l 0 paicd towL Tabalatcd vrdacs cat avemyc pcr law, + a stondld
ckviatkm Sleisdad conipccfron lS based an iVdcoc S/yned naida
~ a non-psecerabtc test bsr prdrcd sanfsica Tht tabulated
valve i a iwo layed probabaly, ' hscfcotes a ~ ~

indlcctts a htyhiy ikynfflnt dfrcrenct.

Net X7 Net Ck% Stattstkef
Com paclson

TaMe 8 Shrimp Scpccotar Trawl Coepadrors Xda va Civip, based an
l i paired town Tatadottd vcdscs Ne average pcr aav, a a ~
Viviotsorc tadstiad comfneian i bosed an a Wyccvr siyncd rorsts trst,
a rasnpanrntbfc lest lbr poised sample@ The tsdadatcd fabri a two
tctltd plobabdpp boycotts a ~ ddfcr~ ' bvdcatts a
isiyi8 ~ dlftrcnce.

Net X* Net Cfrsr Statbttcat
Comparbon

Table 9. Shnrnp Separator Trawl C~rc X4r va ChfP, based
on 6 painrd tawL Taiadatcd vates cce averoys pw iow, e a sinyit
stansbed dcvsotion. Statbticrd cornparbon i based an a Wyosc sly ned
raise tact a nan-inranctriC test isrpa4d Sanydes lht tataiiotad
vobis i a two taded probablty, ' Syndicates a iyntfcara diftrence,
~ '~ahtybiy~ flwcnce.

Net xeb Net CMP Statbucal
Comparison

Noioberof Dab . 197 b 50 211 k 70
Weight of Dab thill: 25 t 3 26 e 6
Nomberof Cod 17 t ll 19 t lS
Wetghtof Cadge! 20 t 13 23 + le
Welghtof Shdmp hg! 82 t 55 91 i 53

Hornber oi Dab 285 b 109
Weight of Dab tryer 26 a 6
Hinnbec of Cod 36 k 6
Weight of Cod  tsgj 22 k 11
Weight ofshsfmp Osgl 101 x 64

Nomberof Dab 112 b 59
Weight of Dab fbgf 16 x 6
Numbec of Cod . 3 a 2
Weight of Cod {bg! 3 + 2
Wetghtof Shsfmptttgl 120 b 56

Number of Deb 62 8 17
Wetghtof Dais  tsg! 7 e 2
fissmberof Coif .: 7 b 6
Welghtof Cod tsg! . 7 e 6
Weight of shstdsfs gq! 63 b 36

Nomberof Dots. 169 k 70
Weight of Deb ttsg! 18 t. 5
Nombec of Cost 18 a 20
Webfht of Cod thg! 17 a 12
Weight of Shrimp tlag! 66 e 21

226 k 60
26 4 3
99 k 'I%8
7< j 126
72 4 51

105 b 71
1S b 12
6 t 7
3 t: 6
119 8 78

66 b 32
yb<
9 a 6
ll + 6
67+ 35

170 a 77
21 t 6
30 t 21
33 b 62
70 e 23

0,22
0.28
0.69
0.89
0.22

0.92
0.92
030
030
0.78

0.01~
0.01~

0.11
0.07
0,86

0.86
0,07

O.tN*
0.06
0.72

0,75
0.75
0.68
0.72
0.92

vs, CMP are summarized in Table 8. Eleven paired tow
cattparisms were available For analysis. There was no
significant difference in the catch of dabs  number and
weight! between the experimental and control trawls. Thel
was a significant reduction in the catch number of cod with
the experimental yawl, but no corresponding difference in the
catch weight of ccxL TTie length-frequency distributions of cod
for the two trawls were compared. There was no significaru
diffefence in the ielativc proportions of the two curves,
i~g that both trawls performed similarly with respect to
size selectivity.

The ratio of the shrimp catch  kg! to the bycatch of dab
 kg! and cod Qg! for the experimental trawl was 1.9:1 and
1.3:1 fOr the COnlrOI trawl.

X4b vs, CMP
Table results of lhe shrimp sepamtor yawl comparisons

X4bCMP are summarized in Table 9. Six paired tow
comparisons were available for analysis. No significant.
differences were found in the weight or number captured of
cod or dab between the experimental and the control yawls,

The ratio of shrimp catch  kg! to bycatch of dab  kg! and
cod  kg! was 1.8:1 for the experimenytl trawl and 1.9:1 far the
conyol trawL

DISCUSSION, CONCLUSIONS, AND
RECOMMENDATIONS

Three northern-style basic shrimp y3wls wefe compared
to seven experinxntal trawls that were modifications oF the
three basic trawls. Eight paired comparisons were made.

The reduction in leg length from 28 m �5 fa! to 92 m �
fa! resulted in appioximaiely a 30 percent reduction m trawl
door spreatL which presumably should reduce herding effects
on juvenile ground fish. Trawl wing spread was unaffected by
leg length. Trawl vertical opening appeared to be a function of
trawl design rather than modiTications made. In this case
control trawls of the FfVs Mary Ellen and Miss Paula opened
vertically almost twice as much as the control Tobey trawL
The apparent reason for this is that the control Tobey trawl
had only 25 floats, whereas the control Miss Pcuda and Mary
Ellen trawls had about 50 floats.

The bycatch issue in the Gulf of Maine shrimp fishery has
attracted considerable interest in the last several years.
However, compared to the tropical shrimp fisheries where 10
kg of finfish bycalch is captured and discard for each 1 kg
of shrimp captured, the Gulf of Maine shrimp fishery is not
nearly as wasteful. The results of this project indicate that an
average finfish bycatch for the control tlawls is 0.43 kg of cod
and dab per 1 kg of shrimp, and for the experimental trawls,
0.3S kg of cod and dab per 1 kg of shrimp. For the composite
catches of all control trawl tows, approximately 73 percent of
the cod catch was undersize  <19 in, 48.3 cm! and discarded;
additionally, 98 percent of the dab catch was undersize  <14
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in, 35.6 cm! and discarded.
With respect to thc modifications of the basic northern-

style trawls, it appears that large mesh �0 cm! in the lower
belly, shorter legs  9 m vice 28 m!, and an accelerator funnel
can result in significantly reduced catches of either cod or dab.
However, the rcsuIts are not definitive for indicating whether
rcduccd lcg !cngih alone, an accelerator funnel alone, or large
mesh alone will reduce catches of both cod and dab. Trawl

X2, with short legs and large diamond mesh, captured less cod
and dab. Trawl X7, with only large diamond mesh, captured
less dab; and trawl X4a with the accelerator funnel and
diamond-shaped exits captured less cod.

The expcrirnental results are not clear because the

experimental design and the resulting data confound too many
variables into single experiments, with insufficient data to

definitively answer any questions. For example, an appropr-
iat question may be: Does shorter leg length result in reduced
catches of cod or dab due to reduced herding? The only
variable tested should be reduced leg length, and the evalua-
tion should be exhaustive, comparing several different net

styles using 9 m and 28 m leg lengths in alternate paired tows
with ex:h net style.

Another issue might be to confirtn that large diamond
mesh in the lower belly reduces catches of cod and dab. Again
the only variable tested should be the large mesh in the lower
belly, and it should be evaluated on several net styles so as to
confirm its usefulness on an industry-wide basis.

Future studies should emphasize experiments with single
variables, and adequate replicate samples.
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Trawl on the Catch Retained in the Cod End

Joseph T. DeAltcris Kathleen Castro l and Salvatore A, Testaverde

1Department of Fisheries, Animal and Veterin;tiy Science
University of Rhode Island

Kingston, RI 02852

National Marine Fisheye+ Service
One BltsMurn Drive

Gloucestcr, MA 01930

INTRODUCI1ON

The New England Fishery Management Council
 NEFMC! introduced the multispecies fishery manitgement
plan during the mid-l980s, The purpose of the plan was to
effectively conserve the fishery rescxlces through a manage-
ment regime that maintained operational flexibility with
maximum efficiency and minimum regulatory burden
 NEFMC 1985!. Two important changes that updated the
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ABSTRACT

Two experiments were conducted to investigate the effect
of mesh size in the body of a bottom trawl on the catch
retained in the cod eixL 'Ihe purpose of the experiments was to
evaluate the potential impact on the catches of the trawl
fishing industry of minimum mesh size regulations throughout
the entire trawl rather than only in the cod end. Catches of
small-mesh trawls with large-mesh regulation cod ends
 standard trawls! were compared to catches of trawls with
mesh sizes equal to or larger than the regulation cod end mesh
size  experimental trawls!. The target species were Atlantic
cod, haddock, and yellowtail flounder.

The results of the experiments indi~ed no significant
differences in the catches of the s~ tiawls compared to
the experimental trawls with respect lo both the numbers of
fish capttired and length-fiequency distribution of the catches.
This result confirms observations of previous investigators
that the size-se,lection process occurs in the cod end and that.
mesh size in the body of the trawl does not affect catches.
Therefore, reguhtions affecting mesh sizes in the body of the
trawl will have no effect on the catches of the trawl fishing
industry, and may improve compliance with minimum mesh
size regulations because of the absence of webbing with a
mesh size smaller than the regulation mesh size on board the
fishing vesseL

initial plan were: �! the establishment of regulations on
landings of minimum fish length size for seven major
commeicial species, and �! the increase of the minimum

mesh size in mobile trawl nets. The required minimum mesh
size in the cod end was iix~ised to 140 mm in diamond-mesh
or square-mesh configuratiorL

'nie revised 1987 regulations maintained the requirement
that moMe trawl vessels continue the minimum 140 mm cod

end; however, cod cnd length incnmaxL New regulations
stated that the cod end must extend for at least 75 meshes

forward of the terminus of the net. The increase in cod end

length was in nurse to fishermen's complaints that some
vestels were fishing with cod ends 20 meslm in length. The
20 meshes teflected Ihe initial mesh regulation which stated
that the average mesh size for enforcement standards was
determined from a series of 20 consecutive meshes.

After implementation of the 1987 regulations, further
complaints indicated that some vessels were circumventing
the minimum mesh size regulations via a technique called
"tying off." Since the minimum mesh size regulations only
pertained to the cod end, the body and extension piece of trawl
net were permitted to have mesh sizes smaller than 140 mm.

Hence, "tying off" refers to the choking of the net at the
junction of a smaller mesh size extension piece and the
beginning of the regulated 140 mm mesh size cod end. During
the fishing tow, captured fish are coflected within the smaller
mesh extension piece instead of the regulated cod end. The
"tie-off" rope used ta constrict the junction point consists of a
material that breaks during the haul back Fish then collect in
the regulated cod end and are unloaded on the fishing vessel's
deck.

Numerous complaints during NEFMC and public
meetings indicated widespread use of liners, smaller mesh
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webbing placed within the regulated cad end. In effect, liners
and "tieeffs" defeat the size selectivity of the cod end of the
trawl nets.

An extensive discussion of selectivity af cod end mesh is
provided by Smolowitz �983!. In essence, a particuhr mesh
size retains a particular size fish length, As a result of continu-
ing complaints from the fishing community regarding the
circumventiiig of existing regulatiaris pertaining to cod end
mesh sizes, the NEFMC decided ta explore alternative
management tools that would improve mesh size region
compliance. In particuhr, the NKFMC proposed a manage-
ment measure that, a trawl net be cmstiuctied entirely of the
minimum mesh size of 140 mm or greater. Coupled with a
regulation requiring minimum mesh size on board the fishing
vessel, compliance with minimum mesh size would increase
due to the difficulty in circumventing the regulation.

The purple of this project was to deterniine and docu-
ment the harvesting efficiency and potential size selectivity of
groundfish with various fishing ports' staiidard multispecies
trawl nets, versus a trawl with a minimum 140 mm mesh
throughout the net. To date there exist no data to determine the

catchability of legal size fish with the various nan-ieguhgM
size trawls. Thus, the performance of alternate trawl net
designs are evaluated in this report based on the relative size
distribution and total numbers captured of three target fish
species: cad, haddock, and yellowuul flounder  Motte and
litaka, 1975!.

METHODS
Two experiments were conducted 'I1ie first experiment

was by two New Bedford, Mass., commercial fishing vessels
fishing alternate paired hauls. 71ie second experiment was by
anc commercial fishing vessel ham Pt. Judith, R.I., conduct-
ing alternate fishing hauls.

Mesh Measuretnen b
Mesh mcaIxuements were taken along the entire net from

ibe square ia the cad end, The average mesh was determined
from a series of 20 consecutive meshes. All mesh measure-

ments were taken by an ICES mesh gauge set at 5 kilogiams.
Measurements were recarded serially to enable any fast' aft
trend to be detected. While steaming io the fishing grounds,
mesh measurements were taken for each of the dry trawls.
Thereafrn, measurements of the standard and experimenial
trawl nets were collected and reported as the number of days
fished.

Experiment One
The F/V Lucisaara and F/V Calypso, born the port of

New Bedford, Mass., conducted a 10@ay  May 17-26, 1988!
experiment. on Gearges Bank The alternate paised trawl hauls
were conducted ta obtain catch data on commercially impor-
tant finfish species: haddock, cad, and yellawtail flounder.

Experimental trawl nets were hult entirely fram 140 mm
mesh, whde the standard trawl net consisted of 120 mm mesh

in the upper and lower wings, top square, and belly, a 108 mm
mesh extensitm piece, and the regulated 140 mm mesh cad
end  Fig. 1!. Each cod end had its underside sections matted
with polyethylene strands. This standml trawl uet is typical of
the type that many members of New Bedford Offshase
Mariners Association use, a Yankee-style net with an 18.3 m
king heiidrape and a 24.4 m long sweep.

Twine size and type cansistcd of light-tone, green
polyethylenes in diameters 3 mm, 4 mm, and 5 mm. Twine
diameter size was adjusted during construction of the 140 mm
mesh experiniental trawl to equal the twine surfixxs area of the
stani!iud trawl, The twine surf~ area of the two trawl nets

was 41.3 m' far the standard net and 41.3 m' far the experi-
mental net. Bath uawls' headrapes were 18.3 m af 22 mrn
combination tape equipped with 24 200 mrn diameter plastic
floats; the footropes were 24.4 m of 16 mm diameter chain
with 12,5 rnm rubber cookies. An additional 15 rn of 16 mm

diainiAer chain was attached from the center point of the

foatrape and ~ around the rubber ~ outwards
iowNd each wing,

Figure 1. Net plans for the standard and expenmentai Yankee
trawis. Stretched mesh sizeis expressedin an and twine diam-
eter is in mm.



The Irawls were fished with Euranete steel doors; each

daar weighed approximately 450 kg. These were rigged to the
trawl net with 65 m of 22 mm diaineter steel wire

graundcables, 21 m upper legs of 16 mm diameter steel wire,
and 21 m lower legs of 16 mm diameter steel chain.

'Ihe two medimn-sized stern tiawlers  F/V Lucisaura and
F/V Calypso! were eiLh outfitted with standard and experi-
mental tiawls. While maintaining close communication aixl
interaction, each of the paired vessels followed naemal
commercial fishing practices. All experimental tows were
conducted at normal towing speeds. Each vessel hsd dual net
reels, and each vessel had an identical standard trawl net and
an identical experimental trawl net. The trawl nets were
alternate tow by tow on et':h vessel. Diinition of taws were
two hours or mare during the expeeimental fishing activities.
Both vessels set out and hauled back at approximately the
same time, providing tows of abaut equal duration.

On both vessels, catch per effort and biological data were
collected and recorded by technical observers during a 12-
hour period per day. The total catrh weight of each tow was
estimated by the captain, crew. and observers. Length-
isequency memurements of all groundfish, espoMly had-
dock, cod, and yellowtail flounde, were recorded during each
experimental 12-hour period.

The catch dani from 32 paired tows conducted horn the
F/V Lucisaura and F/V Calypso in May of 1988 were
analyzed. Taw durations ranged from 135 ta 195 minutes. All
tow data was initially adjusted to a duration of 150 minutes to
allow far a comparison between vessels, and grouping for the
gear comparison. The adjusunent was made by proportirming
the data based on a ratio of the actual tow duration ta the
comman time of 150 minutes.

The iaw length-frequency distribution data far each of the
target species and tows were initially loaded into a LOTUS
spreadsheet. The data were sorted to provide summary length-
frequency distributions for each target species, comparing the
experimental trawl on the F/V Lucisaura ta the experimental
trawl on the F/V Calypso  n=6!, and the standard trawl on the
F/V Lucisaura to the standard trawl on the F/V Calypso  nW!.
The iehtive proportions of the length-fsequency distributions
were compared using a two-way contingency table and chi-
square test statistic  Hintze 1983, Sakal and Rahlf 1981!.
Similarities between the proportions of the distribution were
evaluated at ~,05.

A camparisan of the total number of fish capturrxl per
tow in the length-frequency comparison was canducted using
a Mann-Whitney two-sample test  Hintze 1983, Sakal and
Rahlf 1981!. This non-parametric procedure compares the
medians of two populations using independent samples. In this
case, the null hypothesis is that the populatians of total catch
 numbers! per tow of a particular target species were simihr
for each of Ihe previously noted comparisons. 'Ihis hypatfiesis
was evaluated at a=0.05.

Experiment Two
The F/V I'imkee Lady, out af Point Judith, R I., conducted

a nay  April 9-17, 1989! experiment on Gearges Bank.
Twelve alternate hauls were conducted between the experi-
mental and stanrhrd trawl nets. The alternate trawl hauls were

conducted to obtain catch data on canunercialiy important
finfish: haddock, cod, and yeilowtail flounder.

The F/V I'arub,e Lady, a steel stern trawler, was outfitted
with a typic' "multi-purpose" �80-by-14 cm mesh! four-
sean tsawl net  Fig. 2!. 'Ihe standard trawl net was con-
structed of braided polyethylene 203 mm mesh in the upper
and kswer wings, 140 mm mesh in the square and first bellies,
121 mm mesh in the second upper and lower bellies, and 76
min extension piece extending ta the re~ 140 mm mesh
cod end. The length of the headrape and footrope wese 31 m
and 34.2 m, respectively, The trawl was hung on 16 mm
stainless steel combination rapes with a rubber and lead
coohe, adjustable sweep, and 40 200 mm plastic floats. This
type of trawl net is used in many fisheries found along the
Southern New England coast, for example, silver hake, squid,
butterfish, etc.
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Figure 2. Net plans far the standard and expenmental four-seam
trowh. Strehirred mesh size is e~essedin air and twine diameter
is errpressedin mm.



'ihe experimental trawl was built entirely from 203 mrn
to 160 mm mesh, continuous to the regulated 140 mm cod
end. All trawl net dimensions were similar to the standard

trawl. The cod end was a double 6 mm polyethylene, with a
40-mesh wide 140 mm nylon mat of polyethylene strands.
The twine surface area of the two trawl nets was similar, with

a standard net of 48.3 m' and an experimental net of 49.0 m'.
%he trawl nets were fished with steel Ihyvraon Slot V-

Doars; each door weighed approximately 377 kilagrams.

These were rigged to the trawl net with a 19 min diameter,
109 m steel wire cookie, covered groundcables, and 19 in
diameter, 36.5 m steel wire upper and lower legs.

The F/V Yankee Lady was outfitted with the two multi-
purpose trawl nets. The vessel followed normal commercial

fishing practices. All experimental tows were conducted at
normal towing speeds. As the vessel had only one net reel, the
trawIs were alternately Duration of tows were 90 minutes or

more during the experimental fishing activities.
The catch per effor and biotogicat data were collected

and recorded by technical observers during a 12-hour period
each day. The total catch of each tow was placed within
plastic tubs and recorded. Two random subsamples were
collected with all species in each sample being weighed and
recarded. Length-frequency measurements of all groundfish,
especially haddock, cod, and yellowtail flounders. were
recnrrkxl during each experimental 12-hour period.

The catch data from 24 trawl nct tows conducted aboard

thc F/V Yankee Lady in April of 1989 were available for

analysis. Tow durations ranged from 60 to 240 minutes;
however, most of the trawl net tow data were from paired sets
of equal duration. Unequal sets were adjusted to a common
time by praportioning the catch data accordingly.

The raw length-frequency distribution data far each af the
target species and tows were initially loaded into a LOTUS
spreadsheet. The data were sorted to provide summary length-
frequency distributions for each target species comparing the
standard net to the experimental net �2 paiied taws; N=12!.
The relative proportions of the length-frequency reIationships
for the standard and experimental trawis were compared using
a two-way contingency table and chi-square test statistic

 Hintze 1983, Sakal and Rohlf 1981!. Similarities between the
proportions of the disuibutions were evaluated at ~,05.

A coinparison of the total numbers of fish captured for
each of the target species for the standard and experimental
net designs was conducted using a Mann-Whitney two sample
test  Hintze 1983, Sokal and Rohlf 1981!. This non-parametric
praceduie compares the medians of two populations using
independent samples. In this case, the null hypothesis was that
the populations of total catch  numbets! per tow  n=12! of a
particular target species were similar far both the standard and
experimental trawls. This hypothesis was evaluated at ~.05.

RESULTS

Mesh Measuremenfs
The means and standard deviations of the mesh size

measurements taken from each trawl net's body and cad end
are given in Table 1. The data indicate considerable variability
in the measured incan mesh size within a single net as a
function of time and space. Yet there are no apparent uends in
mesh size variation, suggesting either random measurement

emr or an inherent high degree of variability in mesh size.

Kxperlment One
1' length-hequency distributions of the cod catches far

the F/V Lucisaura and F/V Calypso standard and experimen-
tal trawls were compared using a chi-squaie analysis that
indicated no significant difference in the relative prapartions
of the curves. A Mann-Whitney test indicated no significant
difference in the total number of cod captured per taw far the
two nets on the two vessels.

Aie length-frequency distributions far the grouped vessel
catches far the standard and experimental trawls are presented
in Figure 3. 'nie chi-squaie analysis indicated no significant
difference between the two nets with respect to the relative
proportions of the distribution curves. The Mann-Whitney test
indicated no significant difference in the total number of cod
captured per tow in this comparison.

The length-lrequency distributions of the haddock catches
for the F/V Lucisaura and the F/V Calypso far the standard
and experimental tnwls were compared using a chi-square
analysis that indicated a significant difference between the
iehtive prolxxtians of the, curves. A Mann-Whitney test
indicated a significant difference in the total number of
haddock captured per tow for the two nets and the two vessels.
Careful examinations of the data indicated that on two of the

tows the F/V Calypso caught many mare haddock than the
F/V Lucisaua. These larger catches included proportionately
mare small fish and this accounts far significant difference in
the length-frequency distributions,

'ihe length-frequency distributions far the grouped vessel
catches far the standard and experimental tnwls are presented
in Figurc 4. The chi-square analysis indicated no significant
difference between the two nets with respect to the relative
Iircipartions of the distribution curves. The Mann-Whitney test
indicated no diffmence in the total number of haddock

cagkumi per tow in this comparison.

The length-liequency distribution of the yellowtail
flounder catches for the F/V Lucisaura and F/V Calypso for
the standard and experimental trawls were compared using a
chi-square analysis that indicated no significant difference in
the relative proportions of the distribution curves. A Mann-
Whitney test indicated no significant difference in the total
number af yellawtail flounder captured per tow for the two

15



Table 1. MeSh SiZe meC~vnEvttS  mrn! fOF ca>A trCFwi body Onri COCf entt MeOSEFFemeFTtS wan. taken dOTty with OFF ICE5gauge Set at 5 kgS fOFTCe n&0!.

FISHINC OAYS

2 30

Net section Body cod OTTd Body cod OtHE - aody ciod oTTd Body cad end Body cT2d end ~ cod OFTd eody: codon

F/V LU saura-- tan ar tr - mm y, 1 mm co en
Mean,127 'l57 ' 132 141 137 151 133 142 131 149 136 140,137, 139
std.dev, , '5: 5 2 5 3 2 2 6 7 7 3 5 '4.'- - 7

F/V Ludsaura- Kxperlmentai trawl - 140 mm body, 140 mm cod end
Mean 147 150 148 148 148 147 148 147 147 ' .147 . 150 147
std, dev 4 2 3 2 2 4 2 4 0 . 4 3 2

F/V a so - Stan ard trawl- 120 mm dy, 140 mm co end
Mean .125 135 127 135 127 134- 125 143 127 132 127 135 -128, 138
std.dev. -:.-.1' . 4-. 2 4 2 -- .3 . 4 2 2 -1 3 4

F a so- perlmenta traw -140mm o, 'i40 mm c en
Mean .'i%2 138 145 142 ] 44 143 146 143 145 143 144 142 145 . 143
std.dev.:''3-- ' 3 2 3 .-3 4, - 3 3 2 -3 3 3 2

F/V Yankee Lady-Standard trawl - 140 mm body, 140 mrn cad end
Mean .147 ]49 - - - ~ 148
std. dev ..:3 10 3

F/v Yankee Lady ~rlmental trawl - 160mm body, 140mm cod end
Mean = .146 1 41: 144 143 -144 . 138 - - - - 146
std. dev. 3 3 3 3 4 4 3
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Figure 3. &rpeiment One: length-frequency distributions of the
Atlantic cod catches of the grouped standard and estpenmentaf
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Figure 5. &periment One: length-frequency rihtrihutions of the
yellowtail flounder catches of the grouped standard and
expenmental trawl.

rets on the two vessels.

The length-frequency distributions for the group sd vessel
catches for the st sndar d and experiniental trawls are prevented
in Figure 5. The chi-square analysis indicated no significant
difference between the two nets with respect to the relative
proportions of the distribution curves. 'nie Mann-Whitney test
indicated no significant difference in the total number of
yellowtail flounder capturixl per tow in the comparis ~.

Zxpedsstenf Two
The length-irequency distributions of the cod catches for

the standard and experimental nets are shown in Figure 6, Chi-
square analysis of the relative prc portions of these distribu-
tions indicated no significant difference. The comparison of
the total number of cod captured per tow for the standard and
experimental trawls  Mann-Whitney test! itidicated no
significant difference.

The length-frequency distiibution of the haddock. catches
for the standard and experimental nets are shown in Figure 7.
Chi-square analysis of the relative proportions of these
distributions indicate a significant difference in the catch
curves, with the experimental trawl retaining proportionally
more fish in the 50-70 cm range. In contrast, the results of the
Mann-Whitney test comparing the numbers of haddock
captured per tow by the standard and experimental trawls
indicated no significant difference in the medians of the two
populations.

The length-frequency distributions of the yellowtail
flounder catch for the standard net and experimental trawls are
shown in Figure 8. Chi-square aiialysis of the rehtive propor-
tions of these distributions indicated no signiTicant difference.
The comparison of the total number of yellowtail flounder
captured per tow for the standard and experimental trawl

Figure 6. bpeiment Two: length-frequency distnbutions of the
Atlantic cod catches with the expenmentaf and standard trawls.

t

Figure 7. Experiment Two: length-frequency cgstributions of the
haddock catches of the experimental reid standard trawls.

Figure 8. Expenment Two: length-frequency distribubons of the
~ail fbunder catches of the experimental and standard
trawis.
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designs indicated no significant difference in the medians of
the catches using the Mann-Whitney test statistic.

DISCUSSION

The pritnary pupee of these two experiments was to
investigate the effect of the mesh size in the body of a trawl
net on the catch ietained in the cod entL 'nie standard net had

a small mesh body and the regulation large-mesh cod entL The
experimental trawl had no webbing with a mesh size smaIhr
than the regulation large mesh cad end. In experiment one, the
experimental trawl was constructed of unifaim mesh size
equal in mesh size to the regulation cad end. In experintent
two, the experimental trawl was constructed of larger mesh
size in the trawl body than in the regulation cad end. It is
notable that mesh size measured with the ICES gauge was
variable, and may present management problents in the future.

The three target species were Atlantic cod, haddoclr, and
yellowtail flounder. The results of these exfeziments clearly
indicate that both the standard and the experimental trawls had
reasonably similar catch performance on the target species,
with respect to both the relauve propitious of the length-
frequency distributions of the cumulative catches and the
numbers per tow of target species captured. These results
confixm the observations of previous investigators that ahnost
all selection occurs in the rear section of the cod end

 Bevertan 1963, Margetts 1963!, and therefore that the mesh
size in the mouth and body of the net does not affect catch
performance.

ln conclusion, the results of these expr~nts clearly
indicate that regulatians affecting mesh sizes in the body of
the trawl will have no effect on the catches of the trawl fishing
industry. It is speculated that these regulations may improve
compliance with minimum mesh size reguhttians because of
the absence of webbing with a mesh size smaller than the
regulation mesh size on board the fishing vesseL

Postscript
Regulations based on this resemh were implemented an

January 1, 1990, for the large-mesh management areas af the
Ncw England region.
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Improved Trawl Selectivity through Strategic
Use of Colored Twine

Phillip H. Averill

Fisheries Technology Service
Maine Department of Marine Resources

Augusta, ME 04333

ABSTRACT

As efforts to develop more selective gmundfish and
shrimp trawls have increased, it has become necessary to find
ways to direct a fish's behavior so the fish will go toward ar
away from certain parts of the net. Fish have been shown to
respond to co1ar or contrast differences in a net. This project
was intended to be a field study on the exploitation of this
phenomenon. Only the Grst of twa phases of the work was
completed. The results show little impact of color on fish
eirapement by the method chosen here. Still, we believe that
this subject area deserves more study as our results were not
conclusive.

in altering fish behavior, we intended to move on io specific
applications of those colors to various fish erzapement
systems with square mesh being the first candidate.

RESULTS
Initial taws were made with two light-blue cod ends to

confirm that the trouser trawl fished evenly on both sides. As
in the total project, catches of fish in these control taws were
low, especially catches of cod, our main species of careem.
These low catches forced us to group Gsh types together into
flatfish, cod, skates, dogfish, and athers in order to obtain
numbers of sufficient size to analyze statistically. Our
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INTRODUCIION

Improved size and species selectivity of trawl gear has
become a fertile area of investigation by gear technolagists aU
over the world. Sqxu'atar trawls, square mesh cod ends, raped
cod ends, radial escape sections, and skylight tiawls are all
being used to provide "holes" for fish of certain sizes or
species to leave a net while desired sizes or species are
retained. 'Ihis has created a need to understand marine fish

behavior, an area of study that has received very little attention
to date.

Work by a few remmhers and observations by commer-
cial fishermen have indicated that fish can sense and react to

parts of a net that they can see. A variety of experiments have
been carried out at the Marine Laboratory in Aberdeen,
Scotland, showing how fish can be made to go toward or away
&om twine areas of certain contrast  Wardle 1986, Wai4e and
Main, pers. corn.!. Our intent in this project was to combine
this information with our need to have fish find the "holes" we

provide for them in our various selective trawl designs by
making those "holes" a contrasting color.

As a fust step in the direction of improving the selective
performance of trawls through strategic use of contrast, we
proposed to demonstrate the "color effect" in conventional
groundfish trawls. After defining which colors were effective

MATERIALS AND METHODS
To observe the effects of twine colar vaiiituons, the

tmuser trawl method was chosen. It was felt that the effects

we weie looking for might be small at this point, and much
ieductian in control variability was needed ta define fish
behavior changes. The travel had a dividing panel splitting the
net in two Gom the headrope back to two cod ends  Fig. 1!.
The catch was split equally an each side by this panel. The
plan was to build a monocolar trouser trawl, in this case, light
blue, and fish it with a matching fight blue! cod end on ane
side as a control. The cad end an the other side would be of

diffeient colors to try to maximize and minimis its appear-
ance to the fish. All cod ends were made fiom the same bale

of 10 cm white braided nylon twine. Colors were achieved by
dying. White was achieved by dying in clear dye so twine
smell, stiffness, and movement weie the saine far all colors.

Tows were made as similar as possible to a commercial
fishing operation and data were recorded on fish size, number,
and weight. All work was perfarmcd off the FI'S vessel R/V
Paul Dcmcher, a 13 m fiberglass dragger. Experimental and
control cod ends were swapped side to side daily in case the
trouser trawl was nat fishing evenly on both sides. Tows were

of two.hour duiatian. Ninety-six taws were inade at 30 ta 50
fathoms off Pemaquid Point and Damariscove IslancL



Table 1

Catch Results
NUMBER

skate 4r

do ghat
¹ blue

side
color cod

triat- con- treat- con- treat -,'Cari- treat con-
rnent.,-,= .. tiol ment trol ment .. trol ~ ment trol
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'l08 ' 94 26 20 88: .:,:1 08: 78 44
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8P
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6P
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10P
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30 2041
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wlrtdow v blue 13
6P
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assumption  not based on any particular scientific findings!
was that most flatfish species behaved similarly and could be
treated as one group.

We found that flatfish were divided quite evenly between
the two cod ends on the control tows while cod seemed to

slightly favor the port side of lhe net. All other species divided
fairly evenly  Table I!. T1ie control tows were also used to
tune up the net. ScanMar net mensuratim gear was made
available by The University of Rhode Island Sea Grant

Marine Advisory Service and was used to document door
spread, wing spread, and headri~ height at various speeds.

The first experiment was white vs, blue control cod ends.
Underwater obsenrations confirmed the results firn Scotland

that light blue and white appeared similar underwater. The
catch data in Table I confirm this and these tows can be

combined with the control tows to bicisden the control

baseline, if need be. Again, no differenc were noted in the
catch of the two sides for any of the species groupings.
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Figure 1, OMR Trouser Trawl, based on 6 Goudey's 3-in-1 net.
Hanging ratio O,S, headrope and iootrope hong $9b tight, ngged
with roliers. 3 mm, 14 cm mesh throughout. The vertical diving
panel is made from any available shrimp twine  mesh size not
important!.

The next two colas studied were black topriwhite bottau
and white toi|tblack bottom. As with the caitrol Irsws, no
significant differences were noted  using stanhn5 t-test! in
any species groupings. As can be seen in TaHe 1, the blue
control cod end caught consistently fewer fish than the
exixsirnentai side but not enough fewer to be calhki signifi-

ln an attempt to maximize the "color effect," since we
had not Ien ate yet, a "winciow" cod end was made. This
wm a black cod end with white "windows" at 10 o' clock and
2 o'dock on the circumference of the neL Two 'windows,"
each about 30 by 60 cm, were on each side  Fig. 2!. The hope
was that fish would view these as large hoks in the net aud
auemg escape. Wtule the data did change somewhat with this
arrangement by having higher retention of flatfish on the blue
side, no signi6cant differences were disrmmxl fa' the four
species Noups exammed.

Length-frequency data were collected on ca}, hake,
whiting. and flatfish. Length-frequency plots are given in
Figure 3 and show no differences in retention by length fcr
any coksr. However, upon sorting the caleb, it was quite
nodceable that thee was a maja' difference in the whiting
catch  Table 2!. While the whiting catch was quite hw, fish
were only occasionally found in the blue control side while
being found frequently in the window side. While this
diffcmxe was seen in the other cokxs as weU, it was much
mae pronounced in the window tnwl.

At this point, a number of events ranging from lack of
fish lo winch mota replacement brought the vessel operations
to an end. Four tows were made with the square mesh cod end
in a "window" color but catch was too hw to be of value.

Flgiire 2. Arrangement of tNhite "windows" in block cod end at
10 o'clock and 2 o'clock,
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Table 2

%hitirtg and Hake
NUMBERS CAUGHT

Whiting
Color Blue

Hake
Color Blue

Blue v Blue 6 4
White v Blue 43 27

8
27 11

Black
v blue 20 8

White
5 3

White
v Blue 10 17

Black
2 2

Windovvv Blue 120 26 40 10

25

DISCUSSION
The original goal of the project was to demonstrate the

use of twine colar in directing fish behavior to improve trawl
seIrctivity. The plan was ta start with conventional diamond-
mesh cod ends to learn how color changes affect catch and

then move on to square-mesh cod ends to see if the color
effects could be enhanced.

The diamond-mesh trials were completed but few effects
were seen. Square-mesh trials were not uir ertakcn. The

results with the few whiting we caught indicated some sort of
color reaction for at least that species. Still, the color effect has
been deinonstrated in a~arch trials and we are led to

conclude that our experimental design may have been faulty.
One possibility is that by having the colors in the cod end, the
fish were tao exhausted by this time to respond to the opportu-
nities presented, that is, attempt escape more vigomusly.

The second possibility is that the low catches did not
close up the diamond meshes and the resulting open rneshn
allowed excellent selectivity. With everything geuing out both
sides that could get aut, no differences would be seen, Fish
may have reacted to the colored sections but ~ting fish
escaped later in the tows through the slack meshes.

The third possibility is that providing colored escape
opportunities is not enough. Some form of physical stimula-
tion may be needed to get fish to utilize these opportunities.

We hope to investigate these possibilities by a variety of
methods, from moving the colored sections up into the beihes,
to providing simulated catch in the cod ends with water-filled
garbage bags. With requirements far sepanttor trawls now in
the regulations in the shrimp fishery, and in~ calls for
iinproved selectivity of regulated species, we believe that
color of twine may play a large role in improving net perfor-
mance and thereby avoiding more onerous regulations and
restrictions.
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ABSTRACT

The physical validity of an experimental methodology far
investigating thc behavior and survival of bottom-trawl cod

end escapees is described. The physical characteristics of the
methodology are critically evaluated. Flume tank tests were
conducted to evaluate the flow within a towed cod end

simulation apparatus /MESA!. There was no significant
effect ~.05! on flow velocity due to mesh shape or the
presence of a cod end cover, A small but significant difference
 P<0.001! in flow velocity was detected between the TCESA
and a cod eiid attached to a box trawl tested in the flume tank.

Results based on two years of data collection on scup and one
year on winter flounder aie reviewed. Field trials resulted in

high survival of control fish and variable survival of treated
fish. Data collected from this methodology include accurate
measurement of escapement time for individual fish, general
behavior patterns within the cod end for different fish species,
and the survival probability of fish relative to species, size,
mesh shape, and escapement time.

INTRODUCTION

Minimum mesh size regulation is the primary method of
regulating trawl fishing niortality on juveniles iir a fish stock,
The basic principle in minimum mesh size regulations is that
undersized fish escape from the cod end and survive, becom-

ing part of the future spawning biomass of the popuhtion.
This assumption has never been thoroughly tested. Sound
scientific evidence is needed to prove that undersize fish that
do escape actual ly survive,

Research has shown that otter trawl gear has the potential
to have a devastating effect on fish stocks  Alexander et al
1915, Herrington 1932 and 1935, and Main and Sangster
1981!. Hie process of fish capture and escape from a trawl net
presumably induces an acute siress and has been associated

with mortality  Dando 1969, Miles et al 1974, and Lockwood
et al 1983!, The potential mortality of escapees may be related
to the physical damage such as abrasions, lacerations, and

contusions that a fish may acquire within the net or during
escape. Mortality may also occur because of physiological
stress associated with hyperactivity and the resulting condi-

Hydrodynamic frxces within the net may phiy a critical
role in fish retention. llie selectivity of a trawl depends
partially on the flow regime through the net, especially in the
cod end  Ferro 1988!. In experiments conducted in a circulat-

ing water channel, ~ velocity inside the net body was
higher than that at the net mouth or at the outer ~ of the

neL This was related to the ratio of twine diiuneter to mesh

size  Higo 1964, Higo et al 1973, Higo et al 1974, Higo and
Mouri 1975!. Tliese results are supported by recent Polish
research using towed model nets  Ziembo 1974, 1987, 1988!
that ~ increases in velocity of the flow within small-
and medium-mesh nets, but no increase in a large-mesh net
when compared to the velocity of the towirg platform. High
�967! noted diminished flow in the rear of a trawl cod end
when captured fish slowly drifted out of an opened cod end,
yet the same wrwk indicated that flow inside the webbing
exceeded adjacent water flow outside the ~ body of the
trawl. These ohiervations suggest that when a small-mesh
trawl net is towed througli still water the ~ body oF the
net acts as a funnel, axeietating water into the cod end.
Eventually the flow reverses as water beeves entrained by
the cod end, providing a zero flow velocity relative to the
trawl net in the rear of the cod end.

The setting angle of the netting may contribute signifi-
cantly to the water flow in the cod end  setting angle is
defmed as the angle of the individual bars relative to the
direction of travel!. The setting angle of diamond-mesh
webbing is relatively acute and is variable with the amount of
had applied to the twine. Increasing load will cause iMividual
meshes to ekegate in the direction of travel and to chse in the
direction perpendicular to traveL Bars of square-mesh
webbing maintain a parallel and perpendicular relatioiiship to



the direction of travel, which is independent of load provided
there is no degeneration in the integrity of the twine and/or
knots. Ferro �9&8! found that a square-mesh cod end did not
entrain water to the same extent as in the diamond-mesh cod

erid. The seuing angle then, aEects the porosity of a net
section and may inhibit or enhance the flow of water through
the meshes of the twine depending on that angle. Less porous
nets may filter less water than more porous nets  Tianter and
Smith 1968!.

A scienufic method was designed to investigate ~
ment of fish from bottom-trawl cod ends and the survival of

escapees. The experimental design is described herein and
critically evaluated in terms of its physical and biological
performance.

I26cm m ERIC~VI W

280cm 165 cm IO2 cm
2,5 cm SDUARE MESH 2.5 cm SOUARE ME.SH
SWIMMING CHAIJIBER COD � END COVER

6 0 cm SOUARE OR DIAMOND MESH
EXPERIMENTAL CDD END

$ g~iI W

F tgure 1. front and side view of a towed cod end simulation
appar'atus  TCESA! designed to duplicate the cod end
enVirOnment of a frShing net. Pre SubSurface tOw Sled, 5 Wimrning
chamber, removable cod ends, and cod end cover are illustrated.
Mesh length of various componentsis descnbed  bar length of
the meshis expressedin cm!.

Experimental Methodology
A towed cod end simulation apparatus  TCESA! was

designed to duplicate the cod end environment  Fig. 1!. This
device consisted of a swimming chamber tapering to a cad
cnd section, which is enveloped in a cover, all of which was
attached to a towing sled. The sled was made from 5 cm ID
plastic pipe, Front and tap sections were at right angles with
support braces on either side. Water surface planing devices
were attached to each side of the top section.

Extending 5,5 in from the sled was a cylindrical panel of
3.0 cm bar length squaie-mesh webbing. Three plastic hoops.
126 cm in diameter, were fixed to Ihe inside of the small mesh
cylinder to maintain the diameter of the webbing. A tapered
section of 6.0 cm diamond mesh, 30 cm in depth, tapered back

to the cod end. Different experimental cod ends were easily
exchanged with a zipper line. Mesh shape and the setting
angle of the experimental cod ends were maintained by
securing small hoops to the webbing. A plastic plate 30 cm in
diameter was attached to the terminus of each cod end to

simuhite fish catch and ~ tension on webbing in tow,
Cod end webbing was double twine polyethylene, 4.0

mm in diameter with a 6.0 cm bar length. Tests were con-
ducted with the cod end webbing hung on a square and
diamond shape. The square-mesh cod end was 48 bars amund
a circular hoop frame 90 cm in diameter and 35 bars in total
length. The open area of the square-mesh cod end was 4.15
m'. lite diamond-mesh cad end was 48 meslm around a

circular hoop frame 90 cm in diameter, and 20 meshes in
length. The open area of the diamond-mesh cod end was 3.96
in .

Size range of fish to be heated was determined by
conducting selectivity experiments. Selectivity work was
canied out with a conventional bottom trawl net. Cod ends

were of identical material and design as those described
previously but weie two times longer. The square-mesh and
diamond~ txxi ends were switched with alternate tows.

Catches retained in the cod end and in the cover weie sorted

and measurements on individual fish included total length,
standard height, and maximum width. These data were used to
develop selectivity curves for each species and for each mesh
shape  Pope et al 1975!, Based on these curves, fish sizes
between 5 and 30 percent. retention were selected for the
survival/behavior experiments.

In the survival/behavicr experiments one or two small
~h vessels � m! equipped with live tanks were utilized.
Three live tanks were used  coritrO, capture, and treatment!.
Both experimental and control treatments were applied during
a single day. Experimental fish were captured with techniques
that varied with species. Scup  Sterrotamus chrysaps! were
easily captured with barbless hooks on hand linea Winter
flounder  Pseudopleuronectes americanus! wete captured
during a 5 min. tow with a small scientific trawl net. Plastic
zip-lock bags were used for all fish transfers.

Fish were placed in a captuie holding tank and measure-
ments of total length and depth were estimated After a brief
acclimation period of at least one hour, the treatment was
applied. Half of the captured fish were used as controls and
half were tteatetL

Each trial consisted of two actions. From the capture tank
one individual was transfemxl to a control tank and another

individual was introduced into the mouth of the TCESA by a
diver. Towing speed was maintained at 128 cm/s, Tow
duration was as long as the fish required to esaqe or a
maximum of 30 minutes. At that time the trial was terminated,
the towing vessel stopping, and the fish were allowed to escape
through Ihe stack cod end webbing. The escapee was immedi-
ately removed from the cover and carefully deposited into the
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treatment tank of lhe towing vessel. Observations of fish
behavior in selauon to the webbing were nxostled. Behavioral
characteristics were noted and recorded chsonologicaHy at the
end of ea:h trial. At the culmination of the experiments, the
treated and control fish were placed in separate cages on Oe
seabed to begin a 10-day monitoring periocL

Quantitative data collected in the survival experiments
included total swimming time and escapement time for each
treatment fish and percent survival for each treatment group.
Analysis of variance was used to determine if significant
difference exist between the escapement time and survival as
a function of mesh shape.

The objectives of this paper are to assess the physical
validity of the previously described experimental methodol-
ogy, and to preset preliminary biological results on the two
species. The physical evaluation is based on a comparisce of
flow conditions inside a bottom trawl net with attached cod
end, and inside the TCESA. The effect of the cod end cover
on flow conditions is also considered. Parrish and Pope �963!
arid Pope et al �975! indicate that the masking effect oF small
mesh covers over the cod end may affect flow or hinder
eSCapement in SeleClivity eXperimentS. 'Ae biOlagiCal
evaluation is based on a comparison of the survival of control
and treatment fish in terms of experimental handling stress,
and the usefulriess of the fish behavior data collected in terms
of the escapement process and the associated stress.

SURVI VAL CONFIGURATIONS

Swimminsr chamber and cod-end

Swimming chamber, cod-end and cover

SELECTI V IT Y CONTI GURAT ION 5

four - seam nei, cod end and cover

Figure 2. Four net configurations representing the rrarfousgea'
types used. Square-mesh and diamond-mesh cod ends were
tested with each configurarion for a total of eight treatments
tested in the flume tanlr. interchangeable cod ends err
represented by dashed lines. Refer to Table 1 for details of the
individual components.

Table 1. Desirfrr rirNalfs of each cwnponenr uSerf ta maire ap the varies
configurations. Deiah indude rhe total orea, the twine surface arert and the
open area of each panet The open area  rrr'! of the webbing panel is ob-
tained by subrracrincf the twine surface area  rrr'l from the total area  rn'! of
the panel.

Cam~ Total aea of Tvvtne surface of Open aea of
Type ' Panel  m'! panel  ~ panel  nF!

METHODS

Full-scale tests were conducted in a flume tank to

measure the water flow regime in the previously described net
cortfigurations. 'Ihe purpose was to diect and quantify
differences in water flow within the webbing as affected by
mesh shape and cod end cover,

The circulating wats channel at the David Taykir Naval
Ship Re<earch and Development Center in Bethesda, Md.
 USA!, was employed. Two vertical struts were positioned at
the upstream end of the test section for attachment of net

configurations, A single velocity of 103 cm/s was used for all
experiments. Higher flume velocity was unpossible because
of the extreme drttg associated with the test configurations,
and the liinited structural capacity of the struts,

Flow meastuements were obtained with a Marsh-

McBirney Model 523 Iaboratory~uality dectromagnetic
current meter wilh a 1.2 cm diameter spherical sensor. Row
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measuremems were made at stations along the longitudinal
axis of the gear. Individual readings were recorded along a
cross section of each station at various depths. In addition to
these euierian measurements of lhe flow, injections of dye
Irom a single point source were used to investigate the flow
distribution ahead of and within the net. The pauern of the dye
streams was photographed and used lo qualiurtively assess
spatial variability in the flow.

Four net configurations representing the various gear
types were studied  Fig. 2!. The measurement locations were
divided into three regions. For the survival configurations,
mea!xsrement locations were in front of the net mouth  A!, in
the body of the net or swimming chamber  B!, and in the cod
end  C!. For the selectivity configurations the locations were
in front of the net mouth  A'!, in the body of the four-seam net
 B'!, and in the cod end �!. Square-mesh and diamond-mesh
cod ends were tested with each configuration for a total of
eight treatments. Ihe design details of each component are
described in Table I. Square-mesh and diamond-mesh
selectivity cod ends werc tested behind a four-scam trawl. 'Hm

four-seam trawl was constructed of single polyethylene twine
with a stretched mesh size of l4 cm and a diameter of 3.5 mm.

The effect of a cod end cover on water flow in the different

selectivity cod ends was examined. The survival configuration
from the 'ICESA was tested with square-mesh and diamond-
mesh cod ends, and the effect of the cover on water fiow in the
different cod ends was also examined. A plastic plate 30 cfn in
diameter was secured to the back end of each of the cod ends
to simulate catch and induce adequate tension of the webbing.

Velocity was ex~ as a ratio of flow inside the net to
the free stream velocity and was uansfofmed for statistical
analysis  Dowdy and Wearden 1983!. Using transformed
velocity data as the dependent variable, the General Linear
Models Pfocedufe  8 AS 1987! was applied to detect signifi-
cant statistical differences due to cover effects, mesh type, net
type, and location within the net. The interaction of important
variables was tested  Saila 1964!.

RESULTS

The results of the vefocity profile experiments for the
selectivity and survival net configurations are shown in Tables
2 and 3, respectively. The relationship between the velocity
measured within the net to the free stream velocity at the same
deplh is described by a dimensionless ratio. Velocity ratios of
each configuration were averaged and grouped by area for
comparison.

There was no significant effect  PA.05! on the flow due
to different mesh shape or due to the cover. Flow within the
entire net configuration was significantly different  P<0.001!
between the selectivity and the survival configurations, with
mean flow 9.5 percent less in the latter. However, it must be
noted that mean flow in both configurations diminished no
more than 10.8 percent of free stream velocity. IIiere was a

Table 2. Afeans rttf stanrfard fevfafom af vtfodty rafts for tfrertns h front af the ntt
~ br the~ of tht net arcfbr thr codtlaf deadssefsdbsy sorsffaaaisrs lhe trull
8 dre outrage drsths tha drslnht 8» rairtforrrf8r bttrreen fht lvforsy nsassttdnqHn the
net to the bee stream vtbrdty a 4%rent points br thea|ant rtea d the net hfeser fs rrfrr».
sensed by vanrf shrarrfard ckrvfatfrm b refrresenredby 0

Table 3. frfeans ond srandard rfntarhrns d vefndty rates for r' etta br front of rhr net
msurlt h tht body of tht ner, and In the ood end of tash survhaf oonifsrrratfors lhe
melar Is tht averrrge of roke+ that dftsrr8rt the farfonsfrfp beerretn ihe vefodty rneo-
Sued withbr the nee tO the free Stream Vefarby at dfferea frafnta in the Slant rater Of tht
net l4tan b rvfrreanrfsd by v and ~ drvictim fs rc ftestrlttd by rs



significant iwo-way interaction  P&.001! of the configuration
type and ihe location. In the selectivity conftgtiiations there is
a significant  Pc0.05! increase in velocity ratio from the net
mouth  A'! to the body of the net  B'!, and no significant
difference  P%.05! between thc net body  B'! and the cad end
 C'!. In the survival configurations there is no significant
difference ~.05! in velocity ratio between the net mouth
 A! and the net body  B!. However, there was a significant
dccts~  P<0.05! in the flow ratio from the net body  B! ta
the cod end  C!. Between the two conftgurauons there is
significantly less  P<0.01! flow �8 percent! in the cad end of
the survival configuration.

Field experiments have been conducted on two species of
fish to date. Results have been obtained from experiments
with scup  S. chrysops! and winter flounder  P, americanus!.
Two seasom of data have been collected on scup and ane
season on flounder. It is planned to conduct a third season of
experiments on scup and a second season on winter flounder.
Therefore the results reported herein are preliminary.

The analysis of the selectivity data was performed on
each species to establish selection ogives. The L 's for
square-mesh and diamond-mesh cod ends on scup  S,
cIvyss7ps! were similar at 21.5 cm and 21.1 cm respectively.
The L 's for square-mesh and diamond-inesh cad ends on
winter flounder  P. ameri carats! were 20,8 cm and 23.6 cm
respectively. The lengths of the fish used in the survival
experiments were all substantially less than the L determined
in the selectivity experiments.

Statistical analyses were conducted to determine the
effect of mesh shape on survival probability. In 1988 there
was no significant difference  ~.05! between scup treated
with square mesh and the control fish after four trials  Table
4!. However, there was a significant difference  ~.05!
between scup treated with diamond mesh and the contr�1 fish
after six trials  Table 4!, A one-way analysis of muiance
determined that there was also a significant difference
 a=0.05! between the survival means of square-mesh tzeated
scup, diamond-mesh treated scup, and pooled controls. When
diamond mesh survival was compared to square mesh survival
in 1988 there was also a significant difference  a&.05!.

To determine if bottom water temperature wa. associated
with mortality observed for the diamond mesh es~ces, a
simple linear reglession was performed. Significant correla-
tion was found between decreasing water temperature and
increasing survival  r=0.86!.

In 1989 there was no significant difference  ac@.05!
between the survival of scup treated with square mesh and the
control fish after seven trials  Table 4!. 'I%ere was also no
significant difference  a&.05! between scup treated with
diamond mesh and the control fish after seven uials  Table 4!.
When diamond mesh survival was compared to square mesh
survival in 1989 there was no significant difference  c =0.05!.

S tatistical aitalyses were conducted to determine the
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effect of mesh shape on survival probability for winter
flounder in 1989. There was no significant difference
 et=0.05! between fish treated with square mesh and the
control fish after seven trials  Table 5!. There was no signifi-
cant difference  ~.05! between fish treated with diamond
mesh and the control fish after seven trials  Table 5!. There
was also no significant difference  ~.05! in the survival
between square-mesh and diamond-mesh treated fish.

Total swimming time and total time to escape fir
individual fish were easily measured by the observer in close
proximity to the fish. Swimrnmg and escapement normally
occurred in the rear of the cod end section, although the design
of the apparatus made it easy to track and observe fish in aU
areas of the TCESA. Although many fish remained in the cod
end far the maximum time period. all lish easily swam
through the slack meshes of the cod end when the trial was
terminated.

Information from scup trials was more general because
measurement of total length was impossible until after the
monitoring period. For each treatment group only mean total
length, mean swimming time, and mean escapnnent time
could be recorded. Flounder cauld easily be measured prior to
treatment and provided a comparison between length and
escapement time for eis:h fish, Flounder exhibited no swim-
ming ability within the TCESA.

In 1988, the time to escape 6'om the cod end for scup was
significantly longer  u=O.Ol! in diamond mesh than square
mesh. Total swimming time inside the cod end for scup was
significantly longer  cd.05! in diamond mesh than square
mesh. In 1989 time to escape from thc cod end fir scup was
sigmficantly longer  ~.05! in diamond mesh than square
mesh. There was no significant difference  ~.05! in total
swimming time inside the cod end for scup in 1989 between
squaie and diamond mesh.

In 1989, time to escape from the cod end for winter
flounder was not significantly different  a=0.05! between
diamond mesh and square mesh. Winter flounder exhibited no
swimming behaviar, therefore no swimming time was
recorded.

DISCUSSION

The experimental methodology provided a unique view
of fish behavior within a simulated cod end gCESA!. The
observer had the ability to initiate the capture process, follow
activity, and monitor subsequent trauma to individuah. The
TCESA proved to be a reasonable simulation of a trawl cod
end under actual fishing conditions. 'Ihe sled was a suitable
working phtform with adequate strength and rigidity,
although a lighter colhpsible welded aluminium sled has
replaced the plastic sled. 'Ihe surface planing devices provided
rotational stability and IMevented the sled fmn diving below
the surface during tow. 'The swimining chamber provided
tzeated fish an opportunity lo orient to water flow before

cntermg the cod end and fear active swimining behavior prior
to fsrqpe.

The covered cod end allowed for fish escape, and
subsequent ietention of escapees. Thc ~mesh cover
strewned with maximum cross-sectional area  Stewart and
Robertson 1985!. The cover was not di~ by water
pressure, sa meshes were fully opened and the netting ~
a cylindric' shape while in tow. An additional advantage of a
square mesh cover was a greaar degree of visibility fm
observation af fish during trials. For the sciccuvity and
survival net configurations, the total mesh opening af the
cover was de.igiicd to be at hast two times that of the cod end
so as not to inhibit water flow through the cod end. Compari-
Me of the velocity ratios within the net caiifiguiations
indicates that the covers were not responsible far any signifi-
cant diffemxes in flow regimes among nct configurations.
%Ms has important implications with regard to the vahdity of
covered cod end selectivity experiments.

The effect of setting angle of the webbing on flow is
insignificant in these results and in disagreement with Ferro
�988!. Square-mesh and diamond-mesh webbing in cylindri-
cal Ns:tions of similar genera dimensions have only shght
differences in porosity. At the experimental towing speed of
103 cm/s, with double 4 mm polyethylene webbing of 6 cm
bar length, no significant difference can be detected in flow
between square and di;unond mesh webbing. Significant
difference in flow within a cod end between selectivity and
survival configurations may be explained by thc effect of
webbing that covers thc mouth af the swimming chamber in
the TCESA, and thc lack of a funnel effect in the TCES A as

compared to the four-seam trawl. The TCESA is ~ly of
cylindri& shape whereas the selectivity configuration is a
funnel section that tapers to a cylinder. %lie vekicity measure
ments indicate that flow tends to decelerate into the cod end of

the TCESA In the selectivity configuration, evidence suggests
that acceleration of water does occur in the funnel of the net.
The fact that no deceleration occurs in the cod end suggests
that thc funnelling effec may still be preset but is AM by
a deceleration factor as represented in the survival cod end. To

simulate conditions of specific towing speeds and counteract
the diminished flow in the cad cnd. calibration trials are
iecauunended far the TCESA.

Obscnetion of swimming and escapement were useful to
make generalizations about ~ fish behavior in the two
types of cod ends, This controlled situatiau allowed for an

excellent oppartunity to document behavitr with video

equipment. Relative swimming speed could be determined by
measurmg tail beats per unit time and used to compare fish
swiinming in different cod ends.

Total time to escape of individual fish was easily
m~ by the observer in close proximity to the fish.
Swimming and escapement normally occurred in the rear of
the cod end section, although the design of the apparatus made
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it easy to track and observe fish in ail areas of the system.
Total swimming time of individual fish was easily calculated
by the summation of all time periods spent swimming prior to
escapement or termination of the trial.

Slight modifications to the general procedure have been
incailxxated for the various species testtxL JuvenBe scup were
an easy fish to capture because of their aggregating behavior
and varaciaus appetite. This species' normaUy active swim-
ming behavior required that circuhir tanks 1 m in diameter be
used ta prevent overcrowding and ~. Tanks of this size
required the use af two vesseh for successful trials. Juvenile
winter Hounder could be succm4My captunxl in feasible
numbers only by use of a small sampling trawl. Short tows of
5 miniites allowed far low impact and high survival. 11ie
sessile behavior of this benthic fish penniued the use of small
50 hier containers for holding tanks All three holding tanks
were easily secuaA in one vessel, thus simplifying logistics.

Survival probability as a function af mesh shape was
determined by observing mortality over time. Comparison of
diamond-mesh and squarc-mesh survival was conducted with

analysis of variance statistics to determine if significant
differences existed. The ~ cage system proved to be an
excellent technique, allowing for a high survival tate of
control fish. Water temperature was recorded every two days
to determine if trends in water temperature had an impact on
survivaL Water visibility was m~ an trial days to
determine if turbidity impacted escheat time.

The nature of tlus experimental design eliminates the
impact of other animals and rubbish an eacapriment and an the
probability of survival. This allows far the unique investiga-
tion of escapement and hyperactivity and how these factors
relate to survival. Use of individual experimeintal fish allowed
easy tracking and successful recording of behavior over time.
Relating survival with specific behavior was difficult because
individuals were nat distinctively marked.

I1iis procedure cauld be improved significantly if
marking techniques could be implemented without impacting
survival. In some cases gross observations about size-related

escape could be recarded but not accurately used for analysis.
The inaie sessile nature of winter flounder allowed for fairly
accurate measurement of total length by coaxing the indi-
vidual over a grid marked an the bottom of the tank. The grid
technique was moderately successful for distinguishing fish
through the monitoring phase. I1ie experimental procedure
disregards the importance of schooling relations in fish
behavior during stiessful situations. I1iis, however, cauld be
overcome by group introduction.

ACKNOWI.EDGEMEMS

The muham wish to adcnowtedge John Main and Jack

Robertson at the Marine Laboratory, Aberdeen, Scatlaiitl; and
Arnold Carr af the Massachusetts Division of Marine Fisher-

ies for valuable assistsme provided at the inception of this
project. Kathlcen Castro and Scott Lainont proinihd assis-
tance in the canduct of the field wark Chris Christensen, Scott

Lamont, Cliff Gaudey, and Al Blott provided assistance at the
circulating water channel in Betliesda, Md. Ihis project was
supported by the National Marine Fisherim Service, ccaitract
number NA-89-EA-D4NSI, and Rhode Mand Sea Grant,
contract number NA-89-AA-DSG482.

REFERENCES

Alexander, A. B., H.F. Moore, and W.C. KendaIL 1915. Ot-
ter-trawl fishery. Rep. U.S. Comm. Fish. 1914, App. VI,
97 p.

Dando, P. R. 1969. Lactate metabolism in fish.J. Mar. Biol.
Ass. UK. 49:209-223.

Dowdy, S. and S. Wearden. 1983. Statistics for research. New
Yack: Wiley.

Feno, R. S.T. 1988. Some measurements of flow inside cod
ends and a pelagic net. Scottish Fisheries Warking Pa-
per No. 10/88.

Haxingtan, W. C. 1932. Gmervatian of immature fish in
otter trawling. Trans. Am. Fish. Soc. 62:5743.

Herrington, W. C. 1935. Modifications in gear to cw tail the
destrttctmn of ttndersisedfishin otter trawling.U.S.
Bureau of Fisheries Investigational Report No. 24, 48 p.

High, W. L. 1967. Scuba diving, a valuable tool far investigat-
ing the behaviour of fish within the influence of fishing
gear. In Proceedings of the FAO Conference on Fish
Behavior in Relation to Fishing Techniqites and Tactics.
FAO Fish Rept. 62, Vol, 3.

Higo, N. 1964, Studies on the drag net-l, an increLe of the
current velocity inside the net. Mem, Fac. Fish.
Kagoshima Univ, 13:78-92.

Higo, N., T. Yashiio, and K. Tanaka, 1973. Studies on the
drag net-il, the effects of changing web net. Mem. Fac.
Fish. Kagoshima Univ. 22:145-155.

Higo, N., Y. Takunage, K. Fun@ 1974. Studies an the drag
net-III, current velocity reduction inside the net. Mem.
Fac Fish. Kagoshima Univ. 23:29-34.

Higo, N. and K, Mouri, 1975, Studies on the ding net-IV, on
the towing experiments of the big sized drag net. Mem,
Fac. Fish. Kagoshima Univ. 24:5743.

Lackwood, S. J., M. G. Pawsan, and D. R. ~ 1983. The
effects of crowding on mackerel  Scornber scrombrar
L!. Resottrces 2:129-147.



Main, J. and G. I. Sangstcr, 197&, The value of direct obscne-
tion technique by divers in fishing gear meath. Aber-
deen: Department af Agriculture and Fisherim for Scot-
land, Marine Laboratory. Scottish Fisheries Research
Report No. 12, 15 p.

Main, J. and Sangster, G. I. 1981. A study of the fish capture
process in a bottom trawl by direct observation from a
towed underwater vehicle. Scottish Fisheries Research
Report �3!, 24 pp.

Main, J. and G. I. Sangster. 1988. Scale damage and survival
of young gadoid fish escaping from the cad end of a
demersal trawl. In Proceedings of Stock Conservation
Engineering Workshop, 17-34. Narrag~ R.I.

Miles, J, M., S. M. Lohner, D. T. Hichaud, and S. L Sahvar.
1974. Physiological responses of hatchery reared
~muskeUunge  Esox masquinongy! to handling. Trans.
Am. Fish. Soc. 103:336-342.

Misyurkin, M. A. and V. M. Kostynkov. 1983. On trawl hy-
drodynamics. Translated by L. Pukshansky, ed.C.
Goudey. MITSG 83-32.

Parrish, B. B�and J. A. Pope, 1963. Results on the effects of
using small mesh covers: effects on the catches of the
escape sizes of fish, In The selectivity of fishing gear.
ICNAF Special Publication No. 5,

Pope, J. A., A. P. Margetts, J. Hamely, and E. F. Akyiiz. 1975.
Manual of Methods for Fish Stock Assessment, Part lI1.
Selectivity of Fishing Gear. FAO Fisheries Technical
Paper No. 41, Revision 1:46, 65 p.

Robertson, J. H. B. 1982, Square and Hexagonal mesh cod
end desi gn tests on FRV Goldseeker and commercial
traiLs with square mesh cod ends on GEM, Janeen 11
and Harvest Reaper. Scottish Fisheries Working Paper
No. 3/82, 11 p.

Robertson, J. H. B. and P. A. M. Stewart. 1986. An analysis of
length selection data from comparative fishing experi-
ments on haddock and whiting with square and dia-
mond mesh cod ends. Scouish Fisheries Working Paper
No. 9/86, 30 p.

S AS Institute Inc. 1987. SASISTAT Guide for Personal Com-
puters, Version 6 Edition. Cary, N. Car.: SAS Institute
Inc., 1028 p.

Saila, B. S. 1964. An elementary approach to studying interac-
tions. In Proceedings of Symposium on Experimental
Marine Ecology. Occasional Pub. ¹2, G.S.O. Umversity
of Rhode IsiantL Kmgston, R.L

Stewart, P. A. M. and J. H. B. Robertson. 1985. Small mesh
cod end covers. Aberdeen: Liepartment of Agricultule
and Fisheries for Scotland, Marine Laboratory, Scouish
Fisheries Research Rcport No. 32, 11 p.

Tinnier, D.J. and P. E. Smith. 1968. FUtration performance In
Zooplankton Sampling, 27-56, Paris: UNESCO Publ.

Ziembo, Z. 1974. Distribution of speed of water flowing
through a trawl. Prace Morskieqo lnstytutu Rybackiego,
Tom 17, Saia B:7-17.

Ziembo, Z. 1987. Correlations among velocities of water flow
through the trawl. Bulletin of the Sea Fisheries institute,
NR 54�03-104!: 14-19.

Ziembo, Z. 198&. Mean velocify of bound vortex fiowing
around mesh bars of trawl nets. Bulletin of the Sea Fish-
eries institute, NR 1-2�05-106!:62-70.

33

0



Trawl Width Variation d1nmg Bottom-Trawl
Surveys: Causes and Consequences
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ABSTRACT

Crab/graundfish surveys of the eastern Bering Sea were
conducted fiom 1982 to 1989 by scientists of the ~
Fisheries Science Center  AFSC!. Operating widths of otter
tmwls used have varied between stations and cruises. These

difference in gear performance can cause biases and in-
creased variability in survey results. Regression analysis was
used to explore factars that might be used to predict these
width differences. Much af the variatian between trawl taws

was rehted to changes in the length of towing cable  scope!
required ta fish at different depths. The effects af this variation
on survey results were assessed by recalculating results from a
set of stations having measured widths, using three methods
for estimating width. Population abundance estimates were
compared, using calculations from m~ widths as a
standard, A method accounfing for effects due to vessel and
scope produced results closely matching those generated using
measured trawl widths. Customary methods, which did not
consider the scope effect, produced biased results.

INTRODUCTION

A primary function of the Resource Assessment and
Canservatian Engineering  RACE! Division of the AFSC is ta
provide fishery-independent estimates of abundance and
bialagical condition of fish stocks ta the Pacific and North
Pacific Fishery Management Cauiiciis. These estimates are
derived Gem bottom-trawl and hydroacoustic surveys.
Bauom-trawl survey estimates are calcuhted by dividing the
catch of each sampling taw by the area of bottom that it swept.
The mean of these catch rates is then multiplied by the ratio of
the total survey area ta the area swept during a trawl tow. To
estimate the area swept, it is critical to know the fishing width
of the trawl as it sainples the bottom. Histarically, area swept
abundance estimates have nat used information on trawl width

variability. InitiaHy, it was not possible ta collect enough trawl
width measurements to estimate anything mare than a mean
width value for each trawl type. Therefore, a single width

estimate was used for all smiore in a survey, often fram width

data collected in previaus years.
Obsemhans with prototype gear mertsunttian systems

~ that trawl widths did vary and were affected by a
number af ~ including depth, rigging, and citiients
 West 1981!. These observations motivated the effart to
measure trawl dimensions during all survey tows. Prototype
mensuration systems, developed under contract far the RACE
Division, were used to monitor trawl behavitM'between 1975
and 19&3. The last of these systems was smemfully used
during survey wark in 1981-83, though it required a specialist
to aperate it When components of that system wee destroyed
in 1983, a newly available commercial system was selected to
tephtce it This new system was first used in 1985. Experience
with its use, acquisition of maae units, and improved training
af survey persiarinel in its tie have tesuhed in paogiessively
better coverage of survey taws. The 1988 Bering Sea survey
was the first whee apeaiting widths were nieasured at inost of
the static for both of the participating vessels, WhUe a
substantial amount of data was coUected in previous years,
there ate nttmeirous gapa in the coverage of survey vessels.
Only recently have sufficient dani been available to analyze
gear perfamance on a taw-by-tow basis,

Bottom-trawl survey have been conducted annually aa
the eastern Bering Sea continental shelf since 1971. The
surveys have varied in range, with large-scale survey
occurring in 1975 and annuaHy since 1979. They manitar the
abundance, distributions, and population structiles af eastern
Bering Sea dernenal fish and crab stocks including the major
gadid stocks of walleye poHock  Theragra chalcogramma!
and Pacific cad  Gadus macrocephalus!. In additian ta the
information provided ta the North Pacific Fishey Manage-
ment Council and the Internatianal North Pacific Fisheries

Commission, the surveys also provide abundance and
distribution information to the fishing industry. This paper will
examine some of the factors affecting gear perfrln usa



Bik = Ateai x CPUEik

during the Bering Sea surveys and haw different methods for
estimating trawl width can affect survey results. Calcuhtians
using m~ widths for each Iow will be used as a staitdard
to evaluate effects of previous and other alternative methods.

MATERIALS AND METHODS

Sampling Methodology and Gear
The sampling regime for the Bering Sea coveys consists

of a 20 nm square grid with ane 30 minute tow at 3 knots
pctformed in the middle of eiL.h square  Fig, 1!, In areas
around the Pribilof islands and St. Mstthear Isbn taws are
also performed at the corners of the grid to increase precision
of estimates for blue king crab  I'aralithodes plarypus!. Two
vessels are used, operating on alternate columns of slauans.
and working from inner Bristol Bay to the oi~nental shelf
edge. The sampling area has been stratified based on depth
and latitude into six major areas. The standard survey trawl for
these surveys is the 83/112 Eastern trawl, a low apening two-
seam trawl, wilh a 26.5 m  83 ft! headrope and a 34.1 m �12
ft! hose-wrapped cable faotrope with no roller gear. This trawl
is tawed behind 2 m-by-3 m steel VAmrs with twa 55 m
bridles on each side with 0.6 m extensions on the lower bridles

to improve bottom contact. Total catch weight and numbers
are determined far each species in each haul, and iength-
frequency samples are taken far selected species, 'Ihe distance
fished is calculated fleam Laran readings taken at the start and
finish of eiLh haul. Net width information has been gathaed
whenever possible using mensuration equipment.

Fig. 1. 1988 8enng Sea sampling stations  + = Alaska, x =
Ocean Hope 3!.

Area Swept Biomass Analysis
The methods far biomass analysis are given in detail by

WakabayaShi et al �985!. Briefly, biOmaSS estittuues ate
made far each species using the "area swept" methods of
Alversan and Pereyra �969!. The formula far catch per unit
area swept by the trawl far eLh species k in haul j within
stratum i  CPUE !is

CPUEijk= D;j x T;j! x Cj1t

where W+ is the weight of each species in haul j, D� is
the distasice trawled during haul j, T< is the Inwl width and C>
is the aech&ility af species k While catchabihty yrohNy
varies considerably between species and statians, there is no
practical method for measuring this ptulmeter. Lacking this
infcxtnation. catchability is arbitrarily set at 1.0. 1le area
swept by the uawl is the product of the distance fished and
trawl width. 1be mean CPUE for a stmta with n station is

then:

Iti

Z CPUT
CtllR = kl

tti
A

and the biomass estimate, Bik is:

where Area is the total area of stratum i.

Population size compasitians are estimated by combuwg
the length-frequency samples weighted by the CPUE in the
haul and stratum they were taken &om,

Description of Mensuration Equipment
Trawl dimensions ate monitored with acoustic measure-

ment systems. The spread of Ihe net is measured by twa
ixm4C units that ate attaChed tO the upper ~ An
ekchmic Iranspander~icessor on one wing sends an
acoustic pulse that is received and echoed by a transpoixler on
the other wing. The time difference between the initial pulse
and seceilx of the echo is converted to a distance measulement
by Ihe processtr, which ~iustically sends this data Io
receiving ingxummts on Ihe towing vessel. Net height is
measured by a similar unit an the headrape af the trawl by
echoing acoustic pulses off the ma floor. Measurentents of the
width and height of the trawl opening txe automatically
tecarded at 10-second inlervals ttuaughout each tow, giving a
maximum of 180 readings far a stmxhud 30-minute tow.
~ samples are usuaUy smaller due to the loss of signals
fram aeuatiC inlerfeience. 1' mean af the valid measure-

ments represented the path widlh for each tow.



F'actors Affecting Trawl Width
Measunments from Bering Sea surveys were used to

determine the best predictors of trawl width. Trawl width was
regressed against depth, length of towing cable  scape!, speed,
and trawl height, both by cruise and far all cruises combineL
Stepwise regressians were used to select the best cambinatian

of predictors for eikh data set. Predictors entered the model
when the F statistic for adding them to the regression was the
largest available and exceeded 4.0. A predictor was removed
&om the equation when the associated F tatistic dropped
below 3.9.

Previous studies had indicated that width cauld be

ahtcd by the scape. To explore the farm of that relationship,
two transfarmalions of scope were also used in the regres-
sians. One factor that could affect the scape-width iehtionship
is the inward lateral force exerted on the doors by the towing
warps. This component of the total towing farce  F,! is
determined by the equation:

Fl = FT X  LD - LB! / S,

where F, is ihe Fame of the towing cables pulling the
doors, L is the distance between the doors, L is the distance
between the towing blocks on the vessel. and S is the scope.
As scope inc~ this inward component would be expected
to decrease, allowing the doors and the trawl itself to ~
wider. Although this relationship between scape and travel
width would also be influenced by drag of the trawl and the
change in door spread itself, the inverse of the scope was
chosen to represent this effect in the rel essicnis. This inverse
transformation fit the data to a family of scape-width curves
that increase to an asymptote, a characteristic seen in data
&om earlier studies.

Another possible factor is that the upward pull of the
towing warps decreases the farce with which the doors press
into the sea flax, Mis would reduce the shearing action of the
doars and thus their spreading fame. To nqxesent this effect,
the amount of scope needed to just contact the bottom at 3
knots was determined by experiment and the amount of scope
in excess of that value was used in the regressions.

Effects of Mdth Estimation
During the 1988 Bering Sea survey, trawl width m~

ments were made for 211 of the 354 trawl hauls. These

messuiements were distributed throughout the survey area and
were taken from both participating vessels. This set of known

widths provided data that cauld be used to madel different
methods of estimating trawl width.

The biomass estimation procedure was conducted four
times, using only taws with valid width measurements. Each
time, a different method was used to eaunate the trawl widths

for area swept calculations. These methods reprmmt alterna-

tive uses af trawl widths, requiring progressively more data.
The different degrees of emx between these sets of survey
results reflect the costs of nat collecting additional uawl
perfrxmatzx infcxuuttion. Comparisons were made on
estimates af biomass, distribution. size composition, and the
caefTicient of variation of the biomass estitruttt

In the first method, a single estimate �6,41 m!, the mean
of measurements from the 1983 ~ cruise. was used far
ail tows. Tlus number was used Gom 1983 to 1988 because oF

the lack of additional meLsurements horn that veaseL Having
no relationship to measuiements from the current survey, this
method includes errtx due to trawl width differences beaem

vessels and fram year to year.
In the second method, a mean width was calculated far

each vessel and applied to all of that vessel's iowa. While all
of the measurements were used to genem these means, this
method cauM be accomplished with relauveiy few data Iram
each vessel. While this method adjusts for beoveen-vessel
differences, it does not axxiunt far any of the haul-to-haul
vliation, particularly that associated with depth and scope
changes.

The third method, which required mtxe mettstlments
Iram the full range of depths surveyed, fits a tegrcesian
functln to the ielaticsiship between inverse scape and trawl
widtli TIie scape selected for use at any station is a nonlinear,
increttsing functian of the deptli T7ie scope-~lepth ratio is as
high as 5 in shallow water and decreases to bebw 2 in deeper
wiser. Therefore, the scapnt width mlatianship implies a deptltl
width reiaticxiship. This method adjusts for both depth and
vessel diffcemces.

On the fourth run, the calculations were done with the

actual trawl width measurement far each hauL Brause aU

trawl width variation was taAAxmted far, this was used as a

standard set of survey results against which those frtxn the
estimation methods caukl be comparetL

Tlie three estimlttion methods were chosen to represent
three possible stxategies for coHecting and using net width
information. The first repre:~ts using the same width value
for every trawl iow in all years aixl cruises, requiring no new
meiuxuements. The second represents using a single value for
all tows within each cruise. This could be accomplished by

a few test tows at a standard site befae ar after each
cruise year. %he thiid represents estimating a scape-width
function for each cruise. Ttus cauld be accomphshed by
taking messuremmts durnig tows at a variety of depths. The
fourth method, used as the standard, represents maiming
widths during every trawl tow.

Becisiuie the fuH data set was used in estimating the
means and functions far the second and third methods, they
depict the best possible case. Actual estiniates from such
experiments wauM also be vulnerable to sampling variability
and nanrepreseiuative conditions.



RESULT%

Table 1. Results of regressions on trawl width for the S3/I 12 Eastern trawl usedin groundlish
surveys of the eastern Benng Sea, 198249, by avise and combined  All regressions significant
p�.00 I, F-test!.

All factors stepwlse inverse scope only
It' Intercept Slope R'N FactorsCruise

Pat San Marie 1982 41
Alaska 1983 20
Chapman '1983 . 37
Argosy 1985 16
Morning Star 1985: 23
Pat San Marie 1987 ' 99
Alaska.1988 102
Ocean Hope 1988 109
Mgler freeman 1988 77
Alaska 1989 141
Ocean Hope 1989 'I 07
ALL. Crulses- 772
AI.I� except 670
Alaska 1988

-511 0.44
-71 5 0.69
-537 0.73

-92 0.02
-320 0.60
-474 0.23
-517 0.49
-519 0,57
-446 0,48
-341 0,31
-594 0.34
-406 0.23
478 0.43

0.76 18.3
0.78 19.4
0.91 18.4
0.31 17.9
0.69 17.8
0.62 18.9
0.54 15.8
0.57 17.8
0.63 18.1
0.47 18,1
0.49 18.9
0.42 17,7
0.50 18.4

IS,SP,HT
SC,SP
5C,HT
HT
IS,HT
SC,HT
IS,HT
IS
SC
HT,IS, DP
HT,IS, SC
HT, IS,SP,EX
IS,HT,SP

%actor abtxeviaeocea 5-Imesse Scope, HT-He19ht, SC-Scope, SP-Speed, EX-Excess Scope, Dp-Depth.

37

0

Factors Agectlrtg Trawl Mdth
Trawl width measurements were avaihble from 11

Bering Sea survey cruises  Table 1!. Width metLsurement
coverage of both survey vessels occurred in 1983, 1988, and

1989, while the other years received lighter coverage. The
1985 Argosy measurements were limited to waters deeper than
90 m and Ihe 1988 Miller Freeman observations were taken

from a northern extension of the survey into an area with
mostly shallower depths  �0 m!.

A stepwise regression of the combined width data found
trawl height, inverse of the scope, excess scope, and towing
speed to be significantly related to trawl width in that order
 Table 1!. Height was the best predictor, explaining 24 percent
of the variation alone. Inverse scope accounted fsa' 23 percent
of the variation alone and added 15 percent after the height
effect, The other two factors contributed 2 percent each.

Examining the data by cruise showed considerable
variation from this pattern  Table I!. Height and inverse scope
were again the dominaitt factors, though in four cruises the
scape-width relationship was linear enough that scope itself
replaced inverse scope in lhe equation. Because the 1985
Argosy measurements included only deepwater tows, where
the scopejwidth relationship approaches an asymptote, none of
the scope functions were significant.

ln comparing the scope/width functions, the 1988 Alaska
cruise had substantially lower widths than all other cruises
 Fig. 2!. A short study done in February 1989 verified this
difference and indicated that the doots used on that cruise
were the most likely cause of the narrow widths. These doors,
while nominally the corsect size, were actually 10 percent
lighter and had 10 percent less surface area than the doors
used on the other cruises.

Repealing the combined regression after semoving this
cruiae plEX3uCed different seSults. The fit waS greatly im-
proved, exphining 50 percent of the variation, Also, in verse
scope replaced height as the best predictor, explaining 43
pescent of the variation by itself. Height explained only 14
pescent by itself and explained only an additional 5 peart
when added to the inverse scope regression. Speed conlrib-
uted an additional 3 percent and excess scope was not
selected by the slepwise procedure.

Fiuing seixs13te stepwise regsessions for ea:h cruise,
which required the estimation of 40 parameters �1 intercept
and 29 slopes for the selected predictors!, exphined 75
pescent of the total variation. The regressions fimng only
invcsM. scope Io each cruise sequired only 22 parluneters �1
intetcepts and 11 slopes! and axounted for 65 percent of the
trawl width variatioiL Forcing those regressions Io have a
common intercept �7.9 m! decreased the R' to 60 percent.
While the itltetcepts were significantly different between
cituscs  F test, p<0.001!, this small fcductisxl ill Rs 568f
eliminating 10 of 22 parameters indicates a great deal of
similarity betssmn the intercepts.

sects of Wkfth Ssttmation
Results of the 1988 Bering Sca survey were calculated

four times, each using a different means of determining trawl
width. Results based on three estimation methods were

campared with those using aCtual width matsurements to
cakulate errors resulting &om width estimation. The

nctions for estimating width and the raw measurements are
represented in Figure 3.

A measure of abundance, usllalIy bi~ is the
principal estinlate derived from AFSC bottom-trawl surveys.
Calculations based on the prior width estimate undetesli-
mated biomass for all species because the widths were
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Fig. 2. Compreison of scape/trawl width llrnction fmm the 1988
bottom trawl survey of the eastern Bering Sea aboard the Alaska
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Fig, 3. Scope/beef width data from both vessels usedin the
1988 bottom trawl survey of the eastern 8ering Sea with a
compceison of three methods used to estifnate trawl width.
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Fig. 4. &ma in biomass estimates from the 1988 bottom trawl
survey of the eastern Benng Sea using three methods for
estimating trawl width.

Species

Yellowfln Sole

Rock Scle
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Flathead Sole
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Source of Width Estimates
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coffsistently estimated to be wider than they actually werc
 Fig. 4!. If the prifx estimate bad been nartowcr than the
average far these cruises, biamas~!cs would go!ferally have
been overestimated.

The effect af the vessel means method varied by spccieL
Yellowfin sole  Lf'frsanda aspera!, rOCk Sale  Lepidoffscfra
bi7ifftmla!, and the crab specie Paralillfodes caffsfsehafica and
Chiarfaeceles spp. were undesestuested. wtuie Paciflc cad,
flatiaml sale  Hippogktrzoukr ekmnhrt!, ~ polk!ck,
and afrowtztath fkalfdfx  Atlferesfhes starriaff! wereovtme-
mated. The differences between these twa groups fallot!fred
their depth distributions  Fig. 5!. 1%e first youp was found
primarily in sbaila fver waters where the vessel means method

h
scaand graup bad mac bicanass in the deeper waters where
the width oemates wefe tao k! w, causing a rerestimatcs of
biofnass.

The biamass estinuttcs generated using the scape
regressions matched those from actual meastufonents within l

ar 2 potcent for aU species with a very sfnall negative bias.
This ck!te agreontmt is expected, since bath vessel- and
depth~ varisbiTity afc accounted for.

'Ihc effect axn in the biomass cstin!ates � overall

negative bias when thc prio estimate was used. bias varying
with depth for bath thc priar csftiu!atc and means metl!ot}s, and
low bias results with the scape regressions � carried aver ta
the distribution and size compasitian results. Far individual
species that acctmcd over a range of depths, such as walleye
pollack  Fig. 6!, thc means method underestimated thc
prapszticei fxcurm!g in shallower strata and ovf!rcstiniaied it
in deeper waters. Biases in the population size camposilan of
a specie were abafsved where fish size varied with depth.
This occurred most strongly with yeHowfin sole  Fig. 7!,
whee smally ufdividuah were found in shailfmer wfuer.

Part af the rationale far making trawl width nlasure-
ments was the bapC Of inCreaaing the passion of tmwl Survey
results. A camparison of the coefficient af i uiation  CV! of
the biamal!S eStimateS gefierally ShOwed lawer variability aS
mac of ihe trawl width variation was accounted for  Fig. 8!.
The prior estimate method, which used none of the width

variability, had higher CVs than the vms means method,
which accctunted fa the considerable differenc between
vessch. Tbc means metltod, in turn, had higher CVs than the
fegfcffsions methyl, which also adjusted for thc depth
variability. Unfortunately, the CV reductions were relatively
miter, all at ar below 5 percent. Two ancInaious results
accursed, with ycllowfin sole and arrowtooth floundtz, where
the varishility ~ a trend apposite to that expectotL
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Flg. 6. frercent error in tNalleye po5xk biomass by strata from the
1 988 bottom tratNI survey of the eastern Bering Sea using three
methods for estimating tratNI width.
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SIg. 7. Percent error in proportr'ons of length groups of yellowfin
sole from the 1988 bottom trawisurvey of theeastern Benng Sea
using three methods for estimating traytri width. No bar indfcates
negligible error.

DISCUSSION

The apetntg widths of otter Isawls can vary during
abasement surveys of gtotuidfish stoclts. Failure to account
for this variation can cause biased results with lower

precisian.Tlie inverse of the scope was the best predictor of
trawl width. Tle next best hctta', uawl height, was acueHy
another indicator of the shape of the trawl that necessarily
covaica with width due to the trawl's structure. In the inverse

scape tehitianship, width will change rapidly with increasing
scope  deeper water depth! at first, then level off to an
asymptote in deep walr. The intercept of the seiliessicrn
detenu' Ihat asymptaa'�and should repnaient the average
spsead of the trawl when the towing caMea are so Iong that
they do sit pull the doers toward each other.

Since these sesuha were derived from survey tows insled
af a desigiied experiment. there ate some hmits to their
Nones@i applicability. The iesults were influenced by dte range
and distribution af the iactcatt consideiecL For exiunpk, while
scape varied over a wide range, the excess scope and speed
paianiettnts were limited by survey stanclatdizaticst. Abo, tbe
depth distribution of valid width measutentents varied
beNyeen the cruiseL Tltis variation between cruises influenced
which pert of the scoperrwidth curve was weighted mast
heavily, and could have created artificial differetices betttretni
the resulting it~a pananeters.

W Raaraaalana Stayaaaal Manna W prier Eanmara

FIg. L Pement change in the coellcient of vari'abon  Orl of
biomass estimates lyom the 1988 bottom trortif survey of the
eastern Bering See using three methods for estimating trawf
wickh. ltlo bar indiorstes negligible error.



There was a considerable amount of width variability that
was not explained by the factors considered here. Two fa;tars
that could have caused some of that additianal variation are

currents on the bottom and bottom type. Practical methods for
measurmg these factors need to be developed ia determine
their effects on trawl shape, These effects cauld be particuhirly
important in deep water where the influence of changes in
scope is small.

Two causes of survey result bias due to irawl width
estimation have been demonstrated. First, if the width

estimates are biased, the resulting abiindance estim'ttes also
will be biased. 'J1e best example of this was the prior estim;ite
method, which did not reflect current survey data. Tlie secand
cause results when fish density is correlated to sanething that
also affects trawl width, and that factor is nat adjusted Far in
the width estimate, The vessel means width estimates were not

biased over the whole survey, but they did not axount far the
effects of depth on width caused by the nommary changes in
scope. Since fish density is also a function of depth, biased
abundance estimates resulted.

IIiis last kind of bias could easily occur in other situa-
tions. Bath current speed and bottom type cauld be coriebted
with fish density. If they also strongly affected trawl width
during a survey, biases would result.

The magnitudes of the biases and variatian increases
demonstrated here are important io consider. Far the 1988
Bering Sea survey, many of these were quite small relative ta
the total variability and biases in survey tesults. A 2 percent
decrease in variability may not be worth pursuing if the
confidence intervals of the estimates are plus or minus 50
percent. Likewise, a relatively small bias may be quite
acceptable, especially if the results are used primarily as
indices instead of absolute values.

Same of these problems can be dealt with by means other
than measurement. One result of the RACE iiawl inensuration

program has been an increared emphasis on standardIizatian.
Depth/scape relationships and trawl rigging have both
received additional attention. Analher approach ls to modify
the trawl ar change to a different gear ta achieve constant
operation at all sites. Unfortunately, beam trawis, which
maintain a constant width, do nat fish well far some species
an some grounds; and gear changes can destroy the compara-
bility of Iong-term time series.

Although practical methods have not been developed ta
measure the catchability of an otter trawl, ways in which
catchability could be affected by width variabihty should be
considered. Observations of interactions between fish and

trawls indicate several ways in which catchahility could be
affected by trawl operating width  Main and Sangster 1981,
Foster et al 1981!. When fish are being herded by the trawl
bridles, the angle af the bridles to the direction of motion

determine how fast the fish must swim to stay in front oF the

bridles. High bridle angles should iesult in mare fish, particu-
hiriy slower swimmers, being overtaken by the bridles and not
being herded into the path of the net. Far a given tmwl system,
wider net spreads are caused by higher bridle angles and could
thus be amciated with lower catchabilities. Very wide
spreads can aho intra the tense in the foattape ta the
point that pa6aas of the Foatrape are pulled off of the bouam
during the taw. This wauld provide another potential escape
path. Finally, wider net spreads are associated with lower
headrope heights. Fish that are swinuniiig aff of the balam
would mle easily escape over the net when it is fishing in this
wide, law canfiguralian. All three of these hypcshetical effects
would reduce catchability when the trawl is spread wider,

smaller catches than those expected fram the in-
creased area swept.

V~ty in trawl width and its resulting bitues present
stxne dif5cult questions regarding standardization of the time
series of Bering Sea trawl surveys, A variety of methods have
been used for estimating trawl width, including the three
described here and one combinations  di~idiiig on the best
infaniatian available!. TIte variable biases fiom these
inetlttxh cauld easily have clouded interpreettian af the series.
It may be passible ta ctxrect some of the past biases in the
series. Even though there was significant variatitw between
cruises, the scope/width relationships are certainly similar,
Use of the combined scope,twidth equation for those cruises
where data are nat a~ would at least adjust for the
depthmlated biases, Unfartunately, there is no way to know if
the widths fram any of those cruises diverged from the normal
pattern, as occurred on the 1988 Alaska cruise.

This study hiffhiights the usefulness af trawl mensiiiatian
for bottom trawl surveys. The assuinption of consttet widths
does not hold For otter trawls as they are now used. In addition
ta allowing adjustment for varying widths, trawl monitors also
make it passible ta detect any number of gear malfunctions
that prevent a iow from adequately measuring fish density.
Same of these include crossed doors, separation of the
footrape fram the ~ hang-ups, tangling of various parts
of the trawl, and incorrect estimation of bottom tow starting
and ending locations. Without tmwl monitors, many such
malfunctions wauhl remain unaxzunted for in the data base,
adding to the tdready cansiderable variatian associated with
trawl survey data.
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REACI1ONS OF HSH TO VISUAL STIMULI
The silicon-intensified video camera tube  Sf7! is used in

underwater cameras by a number of cotnpanies. At present we
aie using Osprey cameras made in Wick, Stxxhnd. The RCA
tube is about as sensitive as human vision but gives a vety
much brighter, contrast-enhanced view. A diver sees a view
with much lower contrast than we see on the video scteen. No

anificial hght is used. Video cameras are either deployed by
scuba divers using a piloted vehicle or operated remotely from
the Magnus rotor vehicle. Both vehicle systems were devel-
oped in 1975 to 1980, Watdle �987! provides a complete
description af the development of these observation tech-
niques.

Water visiMity is the most important variable in the
underwater environment with respect ta video observations.
Figure 1 relates the scale plan of the gear to disttuxm seen by a
fish. 1be fish can be considered ta be in the center of a sphere,
with the sphere's surface representing maximum visibility
range. The visibility range determines the visual reaction
distance. Visibility range determines the distance at which the
fish can react to the visual stimulus of the gear.

The trawl otter board as a visual stimulus has poperties
of high contrast, but is nat easily seen. It first becomes visible
to the fish's visibility sphere when coming out of the darkness.
Before it is seen, it has probably been heartL Its sound varies
according to the substrate but will attract attention to its
appxmh. The fish's directional hearing will have indicated
the approach direction af the sound. Like other vertebrates, the
fish has its auentian drawn to the approach of a threat that is
identified as soon as passible by vision. Fish have the ability
ta hear in a frequency range similar to humans, with low
frequency sounds mare important. Some pelagic fish may be
sensitive ta higher frequencies. Note when the otter board is

Grst noticed it is least visible, but the fish's attereon is
attracted by the sound and it may be looking aut far it. Sound
provides a warning function.

Swimming perfonnance needed to avoid the gear is
drained by the cambined ~h speed of the gear and
the visibility t3nge, and is stnnniarized in Figures 2 and 3.

Fish eyes have a slightly better ability to detect low-
contrast images than human eyes. Once the atter board has
passed, a spseading mud cloud is thrown up in the vortex
wake. The fish's raeiitai to the ouer board wake is the

observed zigzag movenient of the fish  ' fountain effect"j
ahead af a single folhwing stimulus. This teaction as a
petftlinattce limit is relevant here. 'Ihe fish avoids a GNt

escape reN;tion by maintaining a safe distance while watching
and avoiding the moving stimulus, A fast escape ration
wouM involve a burst of swimming, using the antaeabic white
musde at full power, and would lead to rapid exhaustion as
well as lass of visual contact with the theat. Reacting slowly
by mainuuning a "safe" distance fiom the aypreehing threat
consetves the escape reaction potential and maintains visual
contact with the threat. 'He fountain effect appnm to be a
result of the blind zone, an area behind the Gsh in which
objects cannot be seen by the two eyes of the fish  Figs, 4, 5,
and 6!. If the fish is to keep its eye on the threat while
swimming away, it carmX swim directly ahead but must swim
with the stimulus at an angle that will maintain the threat as an
itnage in the iearmost zone of the visual field of ane of its
eyes.

'11ie diagram of the eye visual fields and the results af the
black ball approach experiment illustrate these points. The ball
was dragged on an invisible line through a group of small
whiting. Although all the fish are visible through the surface



Figure '1: A scde plan power part of figure! and elevation  nappe'
part of figure! of a trawl that can be tawed dy a 600 HP vessel.
The dotted lines indicate the various ranges ol' visibNty discussed
in the textin relation to the reaction behavior of fish.  Rum
Warble 1986!.
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Figure Z Time to aNfslon with an object first seen at visible
range, apiproaching at the speeds incfcated on the Nrm lines. One
knotis approrirnately 0.$2 meters per second.  hum Wardie
1986!.
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Figure 3: Swimming speed required to clear the headI'ne of a
trawl appraacfilng at 2ms' � knob!. The headline heighb
drawn can S m power Nne! and 10 m  upper line!. The Sh starb
ta swim upwards from the sea bed at the different visible ranges
indicated.  &om Warcfe 1986!,

of thc tank, the fish can see no more than 1 meter through the
waker. Only the fish within this range of the baR react directly
ta the balL It is not certain that each fish reacts individually to
the baU axcrding to the limit of the angle of the rear edge of
the GeM of vision. However, the detailed mcasiuemcnts of

mnge of reaction and angle of fish body as the baU passes
suggest that they do rciL.t as individuals  Hall, Wardlc et al
1986!.

With sespcct to a moving bottom trawl, a summary plan
of the rciusians and svvnmming dirI~Ns is shown in Figure
7. Once cncamliassed by the trawl dows, the fish swim ~
the net mouth and then turn and swim fraid in the trawl

mouth at the same spccd as thc towed gear. This illustrate the
aptomoax respone that csn be mimiCked in lab10ratary
caidikions  e.g., stripes in flume walls, moving light pattern in
the gantry tank. the Bainbridge wheel! and occurs in station-
keeping in streikms, etc. Nate that there are strong visual clues
in the netting patterns when scen in natural light. Original
papers on opiamotor response by Lyon �904! and reviews by
AmoM �974! and Harden Jones �963! are discuL5ed in
WNNe �983!.

Humans expcriear, thc optomotor tespatise when in a
stationttry train ahngside snot' train. When cle of the trains
starts to move, thc movement is perceived immediately but it
may nat be evident which train is moving. A contextual view
of the rest of the worM is needed ta be certain.

'Ihe effect of the optomotor-induccd behavior in the trawl
is ko maintain the fish in a stable position rdative to the
surrounchng bits of fishing gear. The trawl nutiittaitis a very
stable deployment for ksig period@ This may be interrupted
by snag jr' an hard ground or by strong tidal effects,
distorting the ideal gear shape and displacing the sand ckxttL
The aptamOtar keapCSiSe dI~ndS On viSual ~ bet5Ireen
the swimming fish and same part af the gear. 'Ihc effec
disiippesrs at extremely hw light levels and in paar water
visibility. If we consiIhr the visibility range and the visual
GeMs of the two eyes, it can be concluded that the fish wN
only sce those parts of the gear that intrude visually within
these limits  Fg. 8!.

The parts of the gear must have properties of high or low
contrast in arder ta be definitely visible or least visible within
these limits. Gear charactaistim are determined by the gear
designs. Thc type of gear makes little difference. Hemmings
noted in l973 that even without a back part to the net the fish
will still swim for hng yeriuh in the inouth kuea. Warcle
�986! dcmonstnited this with his rope experiments, Sand eels
wctu fatced to swim near their maximum speeds in thc
presence of ropes spaced 1 m apart instead of the net. When
made to swim ak this high speed, the small sand eels eventu-
ally sucCumb kO exhkustian. Their shyneSS ta the rapeS iS
shown by the way they appear to flow through the spaces,
avoiding the zones near the tope,
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flic behavioral intcrpcecQiao of maintaining station with
the gear is to xee extent a canunan-sense reaction. If the
anirrud can maintain a constant position relative to the threat
ar the predator it is safe from mtcraclion with the the% In a

similar way, a msn running stca«My ahead of a bull is safe as
lang as his endurance matches the bull' s, lf his enduiance is
exhaustc«L the danger inaeascs when dodging in an attempt ta
pass the bull. The running and the dodging are two distinct
reactions or behavioral resfranscs to the scum: stimulus, caused
by physio'~ change related to paf«Mtnance Ihtesholds,
Can we predict these speeds, their IhieshoMs, and the ex-
pected cndu«3nce?

Ftgccre 4: Plan view of the predicted reaction of fish due to visual
stimulus from  a! an isolated moving object like an otter board or
human swimmer, and {b! an otter board with its tniling waN of
sancf cloud and sweep wire. The dotted cfrde Indicates a
mardmum vis/Me nmgc' af 8 m.  iram Wardie 1 986!.

Flcture 5: Plan slrovcrngthe twe hemistrherical fiekfs of vision of a
roundfish like a cod. The line forming a tangent to each eye
dhli mits the outer edge of the Neld of view of each eye as the fish
passes through the center of the cirde. The sector immecfrately
behind the fish is the Mnd zone and the sector ahead of the fish is
a zone of binocular vision. The dotted cfrcfe represents a gmit to
range of visibility.  Aorrr Wardle 1986!.

~IPK BEHAVIOR
A diver swimming alongside a ret has little effec an the

observed fish behavil; But if he reaches out to grab are af Ihc
larger saithe or haddock swimming in tbe gear, the fish wiU
swim mpidly away and is easily able to cjcar the gear using its
escape-burst swimming spec«L Mackerel have been observed
swimming g~uaily ahead and out of the vicinity of tbe gear
mouth. Disect obcenetians show that mackael have a

superior sustained swimming speed ca«itlimed with the
simihsr-sized saitbe, but it is nat clear what makes them move
f~ released fiom Ihe aptunotar respwuic. At higher
towing speeds, mackerel are trapped by Ihe apioniator
iespane. 'IIiae may be a pcrf«xticancc range far ideal
apt«msatcN n~onse.

%be period fa which fish «re prepared to swim appem ta
relate chsely to their swimming endurance. It is dear that the
whole swimming phy~ of fish must bc understood Io
intapset the behaviaes seen in tcawls. A single saitbe was axe
swimming at cxacdy tbc same speed as the gear. At that speed
it cauld probably swim for sevaal hours, 'Ihe saitbc were then
seen a a higher towing speed, unable ta quite keep up, and
they show acccisional cstcb-up kicks f~ Individual fish
give up and turn into the net funnel. At this speed, these fish
ate swimming at a limited endurance leveL

'1' gantry tank drives fish ~ a cbcular track in still
water to determine swimmhg as%ance  Fig. 9!. Graphs
c«Nnparing endurance of diffcrent sizes af thc same species
and those comparing different specie of the scene size
illustrate species and cite specific difference in swimming
peef«wniancc. For example, He and Wtgdle �988! ganuy tank
acdurcince curves for mctcJrcrel, saithc, and haring  Figs. 10,
1 1, and 12!. Note the paaitions and significctnce af the steep
slapc of Ihc endurance curves in relation Io towing speeds of
fishing gears. The change in behave of fish duc Io ~
tian is caused by the white muscles' caovcrsian of the
cuiaaobic muscLo fuel glycogen to lactic aci«L

Reemcs of size, with fish lapis varying hxn 3 cm to
30 cm to 300 cm, may affect limits to spccds. For nuckcrel
 Length about 30 cm! aII the interesting speed limits have now
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Figure 6; The preckted trucks of a rneidfish reacting to an
approaching abject such as an otter board. The horizontal line ls
the track of the otter board where the numbers indicate time in
seconds. The curve of the Hsh track is set by keeping the otter
board at each potion j ust ot the edge of ihe visual fl eld  dashed
lines shown in figure a!. a! shows how the track is determined;
 b! shows the swimming speed of the fish set at half the
approach speed of the otter board  the fish tracks shown start
fram poinls 3 to 8 m ahead of the otter board!;  c! shows a
similar set of tracks when swimming speed is equal to the otter
board approach speed. The numbers marked on the cwves
identily coinddent pasitions of fish and otter board.  From hardie
1986!.
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F tgure 7: Plan showing the reaction of fish predicted by visual
reaction with a visual range of 16 m  dotted lines!.  From Wardie
1986!.

been defined  see Fig. 13!. Measurements kom bluefin tuna
 length 300 cm! provide an indication of the effect of large
size  Rgs. 14 and 15!. The studies of swimming performance
of tiny fish entering power station water intakes provide speed
measurements of 3 cm fish.

Tle change in behavicx ftom running to dodging and its

physiohgical explanation were first recognized in the various
hauling stages of the Danish mine net while observing flat fish
 see the film, Divers observe seine nets fishing, Wardle 1977!.
ln the trawl fiims, the change in behavior is first seen in
haddodc, then cod and saithe. Tbe distinct behavicx' change
&om the optomotor response to taking the risk of position-
changing  and possibly encountering the unknoivn theat!, is
forced on the fish by prcigiessive exhaustion, leading to the
inability to continue swimming forward. %le net assumes a
rew function when the fish changes its behavior, The fish
seeks out a clear path through the thsteterung assay of ropes
and net surrounding it. Visual clues are important in guiding
the fish. Visual range, for example, makes it apped as if the
sides of the net lead into a route through or along the center of
the trawl funnel. In most common visibility ranges, the cod
end is too fai away for the fish to see it from the net mouth.
Colored panels used in rear parts of nets can ~ the
appearance or perception of this passage through the gear. The
size of a trawl net in ielation to visibility range of the water
can alter the balance between fish and visual stimulus,

Different sized nets may suit different waker visibility coudi-

Due to ihe a~or response, all sizes and species of
fish swim at the same speed as the towing speed of the gear.
%he distance inoved f~ for each complete tail beat
during steady vehcity swimming will vary with fish length,
resulting in an individual fish stride length. Two fish swim-
ming side-by-side at 3 kts~me 10 cm and one 100 cm in
length � will sequire different numbers of tail beats to move
1.5 m in one ~ Tail beat rates vary fiom 3 tail beats per
second for the larger fish to 30 for the smaller fish  Figs. 16
and 17!. Frames from a fihn were analyzed, showing the fast
tail beat of a sand eel completing a left right sweep in one
frame �0 ms! or nearly 25 tail beats per sec. Tla tail of the
larger sea trout hardly moves between the frame

At trawl gear towing speeds of 1.5 ms', huge numbers of
small fish swim only briefly in the mouth and then dsup back
and break out through the net !n contrast, a youp of larger
fish can swim easily at the same speed as the gear for kxig
periods. Swimming in the mouth, they fill the space between
the wings, showing little or no turnover and effectively
blocking further accumulation of fish. Tliis can lead to other
fish passing over the net headline. Larger fish in this situation
may be preset swimming between the wings for the duration
of a tow but then escapmg.

Hatfish can be herded by sweeps or seine net ropes. This
may consist of either one- or two-point herding using the eye
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Figure 8: Ran suggesting the mntents of the visual Selds of th»
left and righ eyes of a roundish swimming Avwwd at the same
speed as the net inside the mouth of a trawl. Note the chain in
the blind zone  shown dotted! is not seen by the fish. The net
panels on the apposite sides of the gear disappear outside the
visible range indicated by the dotted circle.  From Wardle 1 986!.
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Figure 9: A plan diagram of the experfmentaf set upin the 10 m
diameter gantry tank  not to scale!. The mean diameter of the
swimming channel is 9 m and a'rcumference $8 m.
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Figure 10: Swimming speed and endurance  note log scale! of
Atlantic mackerel, 29-33 an F L, at 11.7'C. The line and the
formula are from the least square r»gression, Symbols for each
specimen are: 5, 33 an; C3, 29 an; X, 30 cm; 0, 32 an.

field diagram  Fig. 8!. One-point herding is morc strongly
linked to the optornotor respanse, and seems to occur if visible
patterns show details of the actual forward motion of the rope.
In two-point herding, the rape is seen by both eyes, but
because it is angled and moving along, its length is not
perceived. In this case, the fish moves away at right angles and
the rape "appears" to follow. Due io the angled motian, it
catches up with the fish at a point much nearee the mouth of
the net. Figurc 18 helps to exphiin these two ieictians.
Raundfish like saithe and haddock have been seen by divers
herded in this way, but so far no film of this proces has been
made.

The effect af simple harding devices an smaH and large
fish, and the respanses at different angles of thc rape, are
important cansideratians in the size selectivity af Danish seine
ropes and pair trawl sweeps and warps, Forward-moving
sectile allow escape of all the small fish herded too quickly,
as described in the previous example of sand eds in paraHel
rapes. In contrast, at very sma11 angles to the farward motion
at the same towing speed, the tapes creep slowly inwards and
herd even uny fish into the regs of the wings. If used
effectively these devices could be used far successfiii size
selection and probably are used this way in some rigs. There
are many observations of round and liat fish herded in by
sweeps across the seabed toward the uack of thc mouth of the
trawl. Two aut of every three skate captured are haded by the
actim of the sweeps; the otter boards are 30 m apart whereas
the mouth area is only 10 m wide.

VISION AND SOUND

The tale of vision ml sound has been described, but nat

their use and control. ~ variable nature of all thc physical
hctars determines the intensities of the vane stimuli

presented by a towed gear to a fish. In a film made at 300 It
�0 hthams! depth with natural light, the netting is not visible
unless quite close to the camera. But the ribs, thc patches, and
the seaweed caught in the meshes of the net fmm the main
visual clue of the nct's morc distant presence and of its
inatian. The light, coming mainly fram above, glints in the
steel bobbin and forms marked shadows under the fish. The

headline and net ribs are silhouetted clearly against the light
Iram above. A mackerel school was visible in quite low light
levels and the gloomy' pictures are interrupted by flashes of the
remote 35mm camera. These pictures aic much claucr than
the video images and canfirm the mackerels' identity.

Thc very clear conditions were exceptional and it ~
that the hackkx Jc seen in the fiim swim ahead of the wings
near' the seabed and then shwly rise &om a point same 10 ta
15 m ahead of the net mouth and pass over the licatlline 6 to 8
m above the sea bcd. No haddoji were caught in the net.
Fishermen do not catch haddock in thc daytiine, they capture
them only at nignt.
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Figure 1 1: Swimming speed and endurance  note log scale! of
Atlantic herring. ZS.3 cm metai F.L, at 13.$'C. The line and the
forrnuia are from the least squcre regreuion.

Figure 'l2: SIrvimming speed and endurance  note log scale! of
saithe, 2$.S to $0 an F,L, at 14,4'C. The lines, from the least
square regression Jor each group of Bsh, are: Croup $ $0 an,
n= 1; Gnup B, 41 to 44 an, n=4; Group C; 33.S to 36 an, n=4;
Gmup D, 2S.S cm, range 23 to 29 arI, S,E. 1.S cm, n=31.

In clear-warn fisheries a number of devices have been

foimd succesrtul for haddock and herring. Halite high kite
rigs, as shown in the United Nations Food «nd Agriculture
Oqpuuzation's catalog of gears, are one device used to drive
these fish back into the net mouth  Fig. 19!. The fiontal view
of ihe approaching net might be made less viible to be more
useful in dear water conditions.

The other occasxms when fish have been seen to pass out
of gars in large numbers ate when the sand cloud is displaced
through the mouth. The tow may be displaml by cross
currems or a turn or when the net mouth is filled with larger
fish with Iow turnover bhdcing all sv!amming space in the net
mouth. In the hist ctue, fish rise up over the fish aheady thee
and swiin away when they find themselves above the wings.
The latter was also seen when the wings of the Danish seine
net dose up just befue the fast hauL

BEHAVIOR IN THE COD END

A final conSiderati!m ia the behavior Of fiah in the cod end
of a tiawL Most of the fish escqmment fram a trawl occurs in
the cod end. The concept of escape is a human ctalxpt, and is
probably not appreciated by the fish in the cod entL

Tbe COd end ShauM be inteipretI5!I aS a flume Or water
flow channel in which the Qsh are swimming with the main
aim of keeping clear of the walls. The fish must be able to
cope with the flow, or if unable to continue, they are swept
down against the webbing.

We need tO COnSiI%r what Stimuli are preSent in the COd
end to cause the passage of fish from inside to outside the cod
end, The obvious stimulus is being squeezed or trapped, for
example, against a mesh by the flow or by other fish. Crowd-
ing fit!m too many fish trying to swim within the restricted
space suggeSts space might be important. Other hCtOra might
be the amval of pn5datory spedes, etc. Do some cod ends
have a built-in stimulus and can we identify it? Loose netting.
color changes, flapping dev!ices, etc�have been consideretL
Gm we design and inccsporate into cod ends a reliable device
that would stimulate smail fish to attempt to leave?
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Figure 16: Tracks of the tafi Q of a 2 00 an and a 2 0 an fish.
These tracksiNustrate why a ENferent frequency af ta1 beat is
required of a I 0 an and a 2 00 an fish swimming at 2 mrt �
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F Igure 17: Tre1 beat frequenq af fish of dffferent sizes swimming
at 0.$ and 2 I-'  l knot and 4 knots, fern Ines!. Dotted Nnes
show the maicimum tafibeat frequenaeS Of fiSh at the indiCated
temperatures. Dashed fine shows the tail beat frequencfes at
maximum aerabiC Cnisingspeed.  AE!m Warrffe 2986!.
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figure 18: ln this plan view, theherding rope firm line! on the
seabed is moving vertically up the page. Three positions ore
shown. The black fish swims in the towing direaion ahead of the
rope and is eventuafiy lost The white fish swims ot 90' to the
rope and progresses toward the net mouth off to the left. Based
on a video reconfing from 1 976.

Figure 19: A ng diagram of kites usedin a Dutch hemng trawl
 from Figure 117B FAO Fishing Gear Catalogue, 1965!,

REFERENCES

Hall, S. J., C. S. Wardle, and D. N. Maclennan. 1986. Predator
evasion in a fish school: Test of a model for ihe fountain

effect. Marine Biology 91: 143-148.

He, P.k. C.S. Wardle. 1988. Endurance at iniermediaie
swimming speeds of Atlantic madcexei, Scomber
scombrus L., hemng, Clgrea harengus L., and saithe,
Pollachitts virens L.J. Fish Biol. 32:255-266.

Waxdle, C. S. 1977. Divers observe seine nets jishing. Cine
Fihn 16mm DAFS Mama Laboratory, PO Box 101,
Aberdeen, Scrubland.

Waxdle, C. S. 1983. Fish rea:tions to towed fishing gears. In
&pcrirnental biology at sea, eds. A. G. Macdonald and
I. G. Pxiede, 167-195. Academic Pxess.

Wardle, C. S. 1986. Pish behaviour and fishing gears. In The
behaviour of teleost fishes, ed. T.3. Pitcher, 463495.
London and Sydney: Croom Helm.

Wardle, C. S. 1987. Investigating the behaviour of fish during
capture. In Devc'lopments in fisheries research in Scot-
land, eds.R. S, Bailey and B.B. Parxish, 139-155. Fish-
ing News Books,



lO III

I I I I I IResearch on Selective Shrimp Travel Designs
for Penaeid Shrimp in the United States
A Review of Selective Shrimp Trawl Research in the United States since 1973

John W. Watson and Charles W. Taylor

Dcputnicnt of Comnierce
National Marine Fisheries Service

Mississippi taborasaries
PascagouLi Facility
P.O. Drawer 1207

Pascagaula, MS 39568-1207

0

ABSTRACT

The incidental catch of finfish by shrimp trawling gear is
a sigliificant source of mortality affecting the conservauan,
utiliZatian, and management Of finfiSh StOCkS in the SOuthaat-
crn United States. The National Marital F~ Service

 NMFS! Southeast Fisheries Center has investigated tech-
niques la reduce finfish bycatch in shrimp trawl gear. In the
carly 1970s separator designs using webbing separator panels
developed in Europe and the northwestern United States were
tested in the Gulf of Mexico, but were not effective due ta
giiling and clogging of the separator panels by small fish and
debris common in the fishery.

In 1977 a new panel design was developed by NMFS ta
optimize separation of finfish from shrimp by taking advan-
tage of the difference in behavior of these animals observed in
the catching process of shrimp trawl gears. Six different mesh
size panels werc evaluated, with resulting finfish separation
rates of 60 to 80 percent compared to standard trawl gear.
Shrimp production loss varied between 10 percent far short
tows in light fish concentrations ta 50 to 60 pcrctat in heavy
fish conditians ar when smail fish gilled the panels.

In 1978, NMFS members proposed an el~
separator trawl design based on research on the reactions of
shrimp and fish to electrical fields. Pulsed DC curicnt causes

an involuntary jumping response in shrimp while causing a
Iright reaction in fish. Electricity is a positive stimulus that can
be used effectively to separate fish and shrimp, and a proto-
type Irawl design was proposed using this technology.
Evaluation of the prototype design demonstrated that the
technique was technically feasible, but the system was never
tested in commercial operations.

In 1980 a unique separator tzawi design was introduced
by NMFS. The system, called the turtle excluder device
 TED!, was developed by NMFS to reduce the incidental
capture of endangered sea turtles by shrimp trawls as a
technical option ta mitigate Endangtucd Species Act viola-
tians by the shrimp industry. R~ during the development
of the TED led ta new finfish separator designs based on
modification of water-flow characteristics in the trawl, The

design uses webbing funnels ta accelerate wats in the cod end
of the trawl, and leading panels and openings ta exclude
finfish. The sepanuan technique utilizes the differed in
swimming ability and bchavitx' between shrimp and finfish to
reduce the finfish catch. S~tion rates of as much as 78
percent during daytime fishing and 50 percent during night-
time fishing, with no significant difference in shrimp catch
rates, were achieved during evaluation of the technique.

INTRODUCTION

The major shrimp fisheries in the United States are the
penaeid shrimp fishery in the southeastern United States and
the pandahd fisheries in the northwestern and northern
United States. The incidental catch of finfish in these fisheries

h a source of finfish martahty affecting conservation,
tilization, and management of fishery resources. In the

northwestern and northeastern United States pandahd fisher-
ies, interest in shrimp separator ltawls was geamttcd by the
dlfficuity ul Sarfliig fish fiom thc Iclafivcly lafgC ~ of
shrimp. When the bycatch component of these catches was too
hirge, the fishing vessels coukl not operate. Mote recently, the
in~ised fishing prem' on finfish stocks in the Northeast



Figure 1, A V" design separator panel installedin a foar-seam semiboNoon shnrnp trawl.
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has caused concern for the finfish caught and discarded by the
shrimp fishing fleet, particularly the juvenile stocks of
commercially important species, In the southeastern United
States increased competition between recreational and
commercial fishermen for fisheries remurue, and potential
markets far groundfish stocks in the Gulf of Mexico, have
focused attention on the incidental catch and mortality af
finfish by the penacid shrimp fishery. This problem has
beconie mote critical because the high value of shrimp has
provided economic incentive for shrimping in areas with high
finfish density.

The need for selective shrimp trawling gear in the Gulf of
Mexico was first discussed by Seidel �975!. Investigators
have reported Gnfish catch rates between 2.8 and 18.0 kg for
each kilogram of stuimp cauglu  Bkwno and Nichols 1974,
Chiticnden and McEachran 1976, Bryan 1980, and Juhl et al
1976!. The most recent study by Pellegrin et al �985!
estimated fish bycatcb for the northern Gulf of Mexico
pcnaeid shrimp fleet at more than 510,000 mt annually.

The development and use of improved tr3wling technol-
ogy io reduce finfish bycaich mortality by shrimp trawling
gear is a possible technical rmuiagement optian. Shrimp trawls
designed to separate shrhnp from fish were first developed in
Europe in the early 1960s, Selective trawls were used in
France, the Netherlands, Belgium, Narway, and kdank The
development of shrimp separator trawls in thc United States
was initiated in 1968 at the National Marine Fisheries Service
 NMFS! Northwest Fisheries Center in Seattle, Wash. A
summary of this work was presented at a conference spon-
saml by the Food and Agriculture Organization of the United
Nations in 1973, Since 1973, research on separatar trawls has
been conducted in the southeastern United States by thc
NMFS Southeast Fisheries Center, the North Carolina
Department of Natural Resources, and in the ncirtheastcrn
United States by the Maine Department of Marire Resources.

Separator trawl designs developed in Europe and in the
Northwest Fisheries Center were evaluated in the Gulf of
Mexim pcnacid shrimp fishery in the late 1960s and carly
1970s. Thee «icparator designs all used panels af webbing
placed in the mouth, throat, or slang the wings of the trawl to
lead Gsh ~ escape openings, aHowing shrimp to pass
through relatively large panel meshes into the cod erNh. Other
desi' divided the trawl into upper and lower halves with
separate cod ends, or used a trawl-within-a-trawl design
concept. Mc«Juaiical seliarstion of fish and shrimp with
webbing panels has been successful in fisheries where the
difference between sizes of shrimp and fish is sigiiificant,
Panel-type separatar trawls tested in the Gulf of Mexico,
however, werc not very succcssfuL The Europeiui horizontal
panel trawl separated finfish adequately but produced poor
shrimp caschta The Northwest Fisheries Center's vertical
panel trawl produced similar results and the verticrd separator
panel phiced across the trawl mouth clogged easily, decreasing
scpantting efficiency.

The problems enc«~tered with the introduction of these
trawl designs to the southeastern United S tales penacid shrimp
grciunds stem Gum the similar size of fish and shrimp ~-
teristic to this rcgian, and are intensified by thc abundance of
fish in the catchy. In the crangonid and pandahd fisherics,
shrimp total lengths range between 30 mm and 70 mm and
may compose up to 90 percent of the total catch. The penaeid
shrimp are larger �00-230 mm total hnglh! and may com-
pose only 10 percent af the total catch. Fish species diversity
and size range associated with the penaeid shrimp fishery
make septa3tion extmneiy difficult. Xhc panel meshes
become clogged and giUed with fish, thus reducing separation
efficiency to an unacceptable level.

Additionally, some panel designs were found to be too
complex in design or tao &agile for produczion Gshing.
Another 1ek4em was the carnplexity of fitting panels to the



many diverse trawl types in use by the penal shrimp fishery,
and the restriction of trawl configuration flexibility iin posed
by the sepanuor panels.

TIie NMFS Southeast Fisheries Center Mississippi
Laboratories began a separiutm trawl develapment project in
1974  Seidel 1975!. This work tesul ted in the development af
the "V" design vertical separator panel  Watson and McVea
1977!. In 1978 Seidel and Watson introduced a selective tiawl
design concept employing electricity to sepsuate shrimp &om
fish. In 19&0, a new separator design was introduced by the
NMFS. The separator, initially called the Turtle Excluder
Device gKD!, was develapetl in tespon!e io a critical
consemation problem involving the incidental capture and
mariality of ~ered sea turtles. The TED wss designed to
allow turtles to escape kom shrimp trawling gear though a
trap door positioned in the throat of the trawl  Watson and
Seidel 1980!. During development af the TED, ~ba obsene-
tion of fish and shrimp in the experimental devices indicated a
marhd behavioral difference in fish and shrimp responses that
could allow effective separation. Design modifications proved
to be effective at eliminating finfish, jellyfish, sharks, rays,
aud other bycatch  Watson 1983a!. 1%e ~ employed in
the TED haS been incarpixsted in other prototype sepaimtar
designs that are curieutiy being tested in the Northwest,
Northeast, and Southeast shrimp fisheries.

"VPA DESIGN VERTICAL SEPARATOR PANEL
'Ibe "V" veitical separatcr panel was designed io

optimize separation of fmfish fiom shrimp by uking advan-
tage of the difference in behavior of these animals observed in
the catching process of shrimp trawl gears. Scuba aeons
by NMFS Harvesting Systems Branch peisonnel  Watson
1976! indicated that penaeid shrimp exhibited specific escape
reactions when encountering shrimp trawl gear. The escaIC
reactions observed were similar io the behavior described by
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Figure 2. Skylights installed in a shnmp trawl.

Lockhead �961!. Upon the ieatytian of a strong external
stimulus, the aMomen is strongly flexed ventrally and the
shrimp is piapelled rapidly backwartL 'IIie tespanse is
catm dinated through the giant fibers in the central nervom
system. Impulses in the giant fibers lead only ta symmetrical
movements and thus to stmight backward motion. Penaeid
shrimp exhibit this reaction when being struck by the ' tickler"
chain an4br footiape of the shrimp trawL Mis escape reaction
is oAen repeated thwe to five times and can prapel the shrimp
several ineters in rNidam diiectians, but generally in a verticid
direction.

Falkiwing the initial escape xeaction, the shrimp tearient
theinselves to the bottom snd begin svknming using their
swinunetets. It was observed that penseid shrimp species are
genaally weak swimmeis and are unable to maneuver against
the water flow generated by operational gear. As the trawl is
fished, shrimp ate impinged against the trawl webbing and
tumble down the webbing into the cad entL Shmiip entering
the center of the trawl are caned diiectly into the cad end.
BCCiulSe maSt flSh SpeCieS aie Stiangef SEIvilnmCES they SWllll
ahead of ar lead akmg the approts:hing trawl webbing and
eventually maneuver to an Nea of less tutbiilent water in the
cad end,

Utilizing ObaimatianS and meaSurementS af Water flOw

pattens and fish/shrimp behavita; a panel was designed to
seyarate the shrimp fmm the fish. 11ie "V" design panel was a
modificwion af the Northwest Fisheries Center vertical panel
 Fig. 1!, The panel was designed for and instiiiled in a 12 m
 headn~ length! Gulf of Mexico four-seam semibalhan
shrimp trawl. Ctmect placement and adjtusment of the "V"
panel requited numerous madiTicatians imxtxnplished by gear
techno~divers using trawl evaluatian techtuttues
described by Wickham and Watson �976!. %he ltawl design
specifications were presented by Watson and McVea �977!.
The 'V" panel was Iaced into the trawl in two sections



beginning at the trawl wings and following the top seam oF
each wing 36 meshes. Panels were then laced to a stiaight line
of meshes which intersected at the top center of Ihe trawl, 166
meshes back firm the center of the headrope. Panel sections
were then joined to an escape chute that leads to an opening in
the top of the trawL The sepuattx panel length, width, and
placement were critical to the proper opening af meshes
neemary far shrimp separation.

Six diferent mesh size panels were designed and used far
field evaluations. Three panels weie constructed of square-
mesh webbing with 32 cm, 3.8 cm, and 4.4 cm bar lengths,
the other three panels were constructed of square meshes with
alternate bars ieinoved, farming rectangular meshy. The
rectangular mesh panels were 2.9-by-5.7 cm. 32-by44 cm,
and 2.5-by-7.6 cm. All separator panels were ccestruc ted fiom
¹18 nylon webbing. Two secondary fish separator techniques
were also evaluated: 1! fish ~ device, a small wire frame
39 cm long and 19 cm in diameter, sewn into the cod end
creating a hole through which small fish can escape  Fig. 2!;
2! "skylight," an 11.4 cm stretch mesh webbing panel placed
in the top of the trawl to allow fish escape through the large
meshes  Fig. 2!,

The "V" panel designs and secondary fish ~
techniques were tested in the Gulf of Mexico fiom the fishery
reseaich vessels Oregori II and George M. Bowers in 1975
and 1976. Each 12-meter experimental trawl was lowed
simultaneously against a control faur-seain semiballoan
shrimp trawl of the same size. Tows were of one-hour
duration with the catches in both nets sampled fo determine
total bycatch weight, touil shrimp weight, species composi-
tion, average weight, and shrimp length fiequency. Differ-
ences in teal bycatch weight and total shrimp weight between
trawls were calculated to evaluate effectiveness of the panel
designs and secondary esagR techniques. The results of these
experiments were presented by Watson and McVea �977!.
Detailed analysis of the catch weights and bycatch ~an
rates by species, as well as the shrimp loss rates, were
presented far the experimental selnrator and control trawls.

Comparisons of the three square-mesh separator panels
indicated the best bycatch separation was obtained with the
3.2 cm mesh size. This mesh size also had the highest shrimp
production loss �2 percent! ~ the mesh was tao small
for adequate shrimp separation. 4gge shrimp were nat being
retained as indices by the mean shrimp length of 138 mm
for the 3.2 cm mesh panel and 151 mm for the control trawl.
These data indicated that the 3,2 cm mesh panel was too small
for effective separation. Shrimp loss far the 3.8 and 4.4 cm
mesh panels were 6 peicent and 12 percent respectively, and
mean shrimp lengths were nearly equivalent for both panels.
The predominant finfish species caught in the control nets
were Atlantic croaker  Micropogon utrtdulatus! and longspine
porgy  Stertotomus capri@us!, composing 40 to 45 percent of

the total catch. The 3.8 cm panel separated an average of 69
percent of the croaker and 82 percent of the porgy campatcd
Io 57 percent and 49 percent for the 4.4 cm mesh. Total
bycalch separation was 45 percent for the 3.8 cm panel and 38
percent far the 4,4 cm pand. Shrimp loss rates with the
ioctangular mesh panels were 10 percent fa the 2.5-by-75
cm panel, 14 percent for the 3.2-by-6.4 crn panel and 18
percent for the 2.9-by-5.7 cin panel. Shrimp mean length was
ctxtsistent baleen the experimental trawls and the control
Irawls indiciiting no selecdvity in the size of shrimp lasL
Finfish separation rates were 48 percent far die 2.9.by-5.7 cm
panel, 63 percent far the 3.2-by%.4 cm panel and 39 percent
for the 2.5-by-7.6 cm paneL The best overall separation rates
cexnbined with shrimp hss rates were obtained with the 3.2-
by%.4 cm iectanguhtr mesh paneL

The fish escape device improved the finfish separation
rates by as much as 20 percent; however, the shrimp loss rate
with this device in combination with the 38 cm square panel
was 30 percent. The large-mesh skylights did nat significantly
improve finfish sepaian'an. The results indicated that opti-
mum "V" pand mesh size and shape for the penaeid shrunp
fishery appeared tobe between the 3.8 cm sqtule mesh and
the 3,2-by-6.4 cm rectangular mesh. The rectangular mesh
webbing was produced by cutting alternate bars from a
square-mesh paneL This technique was adequate for test
purposes but is not ealistic for production fishing. Based an
this work, the NMFS Harvesting Systems Branch de~ a
prototype shrimp separator Irawl to be tested in production
fishing tests. The pratat1Tie trawl was an 18 m  headrope!
four-seam semibalkon ttawL The 3.8 cm' sepamtor panel and
a rectangular mesh 3.2-by-7.6 cm panel constructed horn ¹24
twine knotleitt webbing were tested.

The psalotype uawls were tested using ceanmetcial
production fishing techniques in 1978. These tests indicated
that Ihe "V" panel separator bawl was effective on offshore
graunds where the fish size and shrimp size difference was
the gietitest. ln these conditions finfish separation rates of
behieen 60 to 80 percent were achieved. A major problem
was hss in shrimp production, which varied greatly depend-
ing on the conditions encountered. On the offshore fishing
greiunds shrimp loss was as little as 10 percent during short
tows in relatively light concentrations of fish. When heavy
concentrations of fish were encountered �50 to 500 kg/h!, ar
when fish were small in size, the shrimp loss reached 50 to 60
petcenL Smaller fish giUed in the separator panel, blocking
the panel and reducing the quantity of shrimp which could
pass thorough the pand info the cod end. Large concentra-
tians af fish passing our of the escape chute carried shrimp
out of the exit without contacting Ihe separator panel. 'Here
was a ctmelatian bet wan shrimp loss rates and towing tune
which applied to be a function of the increasing gilling of
fish in the panel with time. Clogging of the trash chute
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occurred an a frequent basis bmus of the trash eaountered
on the shrimp grounds in the Gulf of Mexico. Trash such as
logs, titus, crab traps, etc., clogged the trash chute and
significantly rechiced the finfish sepiratiau rates.

The limitations of the panel-type separator trawls in the
tropical and subtropical penaeid shrimp fisheries is a fuiiction
of the finfish species diversity and size diversity associated
with the shrimp fishing. Because of the inhoent problems
with this tecbn4ye and the limited application ixid accepttxsm
by the commetcial shrimp feet in the soutlieastern United
States, research an separtitcx panels was discontinued in 1978,
An alternative technique employmg electricity to selectively
capture shrimp was proposed by Seidel and Watson �978!.

ELECI1UC SKPARA1QR TRAWL
'Ihe NMFS Haveeiting Systems Division in PLicagoula,

Miss., began investigating electrical fishing techniques for
applications in the teutheasiim United States penal shrimp
fishery in the 1960L This reset resulted in the development
of the electric shrimp trawl system  Seidel 1969!. Although
never widely used as a camniercial technique due to the
relatively high cast of the system and the recurrent problem of
electrical canductar cable failure, the electric shrimp trawl
system is an effective harvesting device that can increase
shrimp productiorL Improvements to the electrical pulsar
system and redesign of the cjectmde array design in the late
1970s significantly improved the perfamutnce of the system.
Behaviar studies of shrimp reactions to electrical stimulus «nd
field experiments established the first accurately defined catch
efficiency far a shrimp trawl system  Watson 1976!. Studies
of fish behavia' to electrical fields made by Klima �972! and
Seidel and Klima �974! resulted in technology to control fish
behavicx using electiataxis. Based on this wark, an electrical

Figure 3. Herc separator shriny tratNI.

seliaratcx trawl design canc' was IxopcxxxL
A dislpammatic view af the electric seixualor shrimp

trawl is shown in Figure 3. The prominent feature of the
concept is that the mouth af the trawl is completely dosed
with a smaU~ webtmg panel, and 6 to 8 feet of set-back
was designed into the trawl lo give the mouth panel a
petsiounced slope. 'Ihe fish barrier closing the mouth af the
trawl afiows water to flow into the trawl, ptevents fish irom
entering, axl provides lift to allow it to fish 30 to 60 cm
above the substnite. A large-niesh �0 to 45 cm! bclom panel
is institlled in the fcxward section af the trawL An elective
array is athtched to the footrope of the trawl and uails back
under the net to provide an electrical fielcL A capacixx
discliarge electrical pulstx, iimihr to that deiiczibed by Seidel
�969!, is used to create the electrica field that controls the
behave af the shrimp. Shrimp are forced to jump up through
the large-mesh bottom panel, while fish stimulated by the
field are herded ahead and off to the side af the atxxxning
trawL

This concept is unique and differ kcxjn other separlor
trawl designs in that the fish never enter the tmwL The

applicadon of electricity to sort shrimp Qom fish is possible
because of the different behavioral rc"actions of fish and
shrimp to electrical fields. The slower pulse rates � to S
pulses per second! tequired to control shrimp response do not
induce eiectrotaxis in fish, but do produce a fright resp'.
The rea:tion direction of shrimp to «n elouical field is
vertical while the fight reaction of fish is horizontaL 'Ihese
behavioral differences can be used to effectively select shrimp
for ciqiture at a rale appicxiching ! 00 percent. Field lesting of
the electrode array and shrimp behaviaral studies conducted
in 1978 and 1979, and evaluation of a piotot1~ trawl design
showed that the cia~ was technically feasibk. The system
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adjusted to exclude different components of the bycatch.
Finfish separation is ~mplished by employing a smaller
finfish deflecto grid and openings with leading panels to
guide fish out of the trawl  Fig. 5!, The TED is instafled
between the trawl body and the beginning of the cod end in
the extension of the trawl.

The original 1KD design was constructed with a rigid
Rune and was large, bulky, and hard to handle, The refined
designs «re smaller, lighter, and are collapsible for easier
handling and staNge  Fig. 6!. TEDs were extensively tested
by NMFS and commercial shrimp fishermen between 1980
and 1984. Comparative tows were conducted fiom double-
rigged commercial shrimp vessels. A trawl with a TED
instafled was towed simultaneously with an identically rigged
trawl without a TED. Catches from each trawl were weighed
and byc«tch samples taken. Data were coHected on shrimp
catch rates, finfish catch rates, «nd total catch mtes. The test

results were presented by Watson �983! and Watson et al,
�986!. The TED was shown to be effective in reducing
finfish catches by as much as 85 percent during daytime
fishing and 54 pertzmt during nighttime fishing with no
significant difference in shrimp catch rates.

The ttawhng efficiency device represents a new concept
in selective fishing gear that einploys a different mechanisin to
separate finfish and other bycatch from the shrimp catch.
Historically, separator trawl designs have rehed on webbing
panels to sort bycatch by species or size from the test of the
catch. The TED uses a rigid frame phced in the zone of the
trawl where the wings and body taper into the cod end. Finfish
giiling is common in this section of a standard shrimp trawl,
indicating that finfish escape reactions occur in this zone. The
TED utilizes differences in the behavioral reaction of finfish

and shrimp and the better swimming ability of the fish to
seIziiate «nd exclude fish from the catch. A funnel of webbing
 or panels of webbing angled ~ the center of the trawl!
accelerates water flow entering the cod end of the trawL The
accelerated water carries the shrimp, which «ie weak swim-
mers, into the cad end. Finfish actively swimming in the trawl
also pass through the funnel or panels but are stimulated by
the crowding of the webbing to escape the trawls. As the fish
pass through the funnel, they either strike a finfish deflector or
enter an area of reduced water flow to the side of the main

water flow  Fig. 5!. There, fash are guided by webbing panels
and can exit the trawl through side exits. Shriinp do not have
the swimming ability or behavior necessary to reach the exit
openings and are carried into the cod end. Large objects ar
organisms that cannot pass through the openings of the main
deflector grid are ejected through the hinged door at the top of
the TFD.

The potential of the TED as a finfish separator w«s
discovered by scuba divers observing turtles passing through
the TED during tests of the device. They noticed that fish had
a tendency to turn and swim oui of the accelerated flow and

then swim f~ to an area inside the TED where the water

flow was iehtiveiy slack. 0th fish ~ further into the
cod end tended to swim f~ along the bottom and side of
the cod end until they reiM:hed the wall of webbing at the front
frame of the TKD. The finfish escape openings were designed
to rake advantage of the reaction of the fish within the trawl ta
aflow them to escape without loss in shrimp production.

When the TKD was introtluced in 1980 it was used by
shrimp fishernmn because it was effective in mincing the
incidental catch of cauianb«II jellyfish  Stentaiqphas sp.!,
spartges, and hotzeshoe crabs  TimulLr sp.!, which at times
prevented shrimpers from shrimping in certain tueas. In 1982,
the finfish separator modifications were first introhaxd with
limited succem. Finfish separtmtzi rates up to 53 percent were
achieved during the day compared to standard trawling gear,
but only a 10 percent reduction was achieved during nighttime
trawling  Watson 1983a!.

Fish apparently have different nocturnal and diurnal
behavitz and several design modification were tested to
improve rzxturaal finfish sepanitian, These modifications

included light, luminesmu materials, and various types of
deflectars. The mast succeisful of the meMicatiaas was a

small deflectar grid placed behind the main deflector frame.
The finfish deflecto grid was introduced in 1983 and resulted

ATOA rVNNEL

Figure S. Diagrammatic representation of the traiNling emaency
devia hnllsh separation technique.
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in impmved finfish septu3tion rates averaging 78 percent
during the day  Watson 1983a! and 50 percent at night with no
significant diffcsence in shrimp catch tates  Watson et al
1986!.

1he finfish defiectar grid acts as a mechanics' stimulus
and ge seratm sound vilxations that induce escape respanses in
finfish. The effectiveness of the TED design in sel.nrating
finfish varies with individual species and appam to be related
io the swimming ability of the individual species and their
behavior patterns. Total sepiiratian rates thus vary with the
species composition of the catch and may also be related to
the size of the individual as it relates to swimming ability.

'Ihe %AD, although fairly simple in concept, has experi-
enced setbacks m intioductian into the industry. lie size,
weight, and cast of the device and the negative ieix:tian af the
industry to mandatary use have impeded the introduction of
this technology into the industry.'Hie VKD must be adjusted
to optimize its perfonnance under different comniercia
fishing conditions and must be iegularly checked snd adjusted
ta prevent stuimp prOduction loss. Critical adjustments bx:inde
trap der ~ finfish deAecux tixisians, snd proper
functioning of the accelerator funnel «nd leading panels. In
some fishing conditians the tsxeierator funnel used in the
large 'IKD can become clogged and it may be ixmssaiy ta
iemove it. Recent testing has indicated that the side panels
provide adequate water acceleration and the accelerator funnel
may be removed without affecting finfish separation a shrimp

Ftgure 6. TEDsinstalledin Cull of Arierrico shrimp tratrrris.

praductian. It has also been detimnined that the installation of
a 'KD and its webbing extension into shrimp tiawts af
diffenmt designs can alter the performance of the trawl,
ieqitiring tuning adjustments to the trawl gear to maximize
productitai. In some trawl designs installation of the TED
cams the izawl to tend bottom lightly, repining additional
faotinpe weight to maximize shrimp pioductiaiL With other
designs the 1KD may cause the trawl to fish heavier on the
bottom, requiring the opposite adjustment. Bach trawl shauM
be tuned to maximize perfamance afier the 'I'D is itLselleL

The NMFS TED tepreiients the most sixxetaful septtrattr
~ue developed far the penaeid fisheries in the United
States to date. The concept of using water fiow patterns,
behavioral differences betwee shrimp aud fish, and the
difference in the swimming abilities between shrimp and fish
to selectively captue penaeid shrimp is a feasible technique.
Sevend new TED designs have been devekped shee the
NMFS TKD was introduced in 1980. The new designs are less
expensive aixl requite less tuning and maintenance than the
miginal TED design, but are not as effective in reducing
finfish bycatch  Holland 1989; Pearce et al 1989!.

HNFISH SEPARATOR DEVICE

'nie 'IKD was designed primarily to seduce the incidental
capture of sea turdes in shrimp trawls. The finfish ~on
techniqiuxi weie devekiped as secondary objectives to make
the device mare acceptable to the industry. The ~
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employed to separate finfish was incorpotatcd into an
cxperinxmtal finfish sepatalxx device  FSD! in 1982  Fig. 7!.
AIe FSD catuists Of three fiberglass ringS  91 Cm in diamI~!
that are sewn into the cod end. lie webbing is removed from
between thc forward and centa ring and thc cod end is held
together with reinforced tongues of wI~ng and metal rings.
This section can also be iephtced with htrge-mesh webbing. A
webbing funnel extends Bom the faward sectkn of the cod
end to halfway between the middle and last ring. 'Ibc funnel is
held in place by nylon-covered rubber shock cords attadicd to
the last ring. A finfish deflector coiistructed of a smaflce
fiberglass ring and strung v ith stainless wire at 25 mm
intervals is suspended in the last ring and is weighted at the
bottom. The accelerator funnel ciuries the shrimp past the
open aes of the device into the cod end. The deflecta

simulates the fish exiting the funnel and they escape ~
the open area of the device.

The FSD operates on the same principle as the TED. The
disadvtmtage of the design is that hrge objects can become
hxlged in the FSD and dog up the funnel, causing kss of

sepamting efficienCy. Clogging Of the aceelemtIx can alsO be a
problem with the TED since the funnel is positioned ahead of

the deflcctar grid. FmfiSh/shimp seisiiiuar deSignS emplaying
accelerator funnels and large-mesh webbing escape panels are

being evaluated in Norway  West et al 1984! and in the
northwestern United States panda1id fishery. Similar cxperi-

4 MESHES 14 MESHES 2 M 15 INCHES

Figure 7. Rniish separator device.

ments have been conduced in the northeastern United States

by the Maine Department of Marine Rcumces.
An ablative apprixeh that may have sxne merit far the

penaeid shimp fishery is to combine the 'IED deflecto grid

with a funnel-type device similar to the FSD or the Nixway
deaign. A Simpk defbCtn grid and exit OpIuiing watdd eject
larger abjects, Thc FSD wouM be placed behind thc deflectar
grid n Ihst thc acceicratar funnel is behind Ihc deflo~ grid
and would be protected. The combination af the TlsD grid and
FSD may bc mere effective in finfish scyaration than either of
the techniques akne.

Tbe NMFS Mississippi Labtxataries is currently devclop-
iug ncw gsou~ finfish separate< designs. The designs
utihac funnels and/ar smaU-mesh panels to aco9erate water
past opetiuigs designed to alkw finflsh to escape. lhc designs
are based an the use of a deflectar grid to eliminate htrge
objects that can ckg aeekrttor funnels. A proposed tcscatch
project will test the eHkiency of the proti+pc designs in
cambuuaion with changes in operational tactics to enhatice
trawl-produced stimuli. New video camera and ROV technol-
ogy will be used to investigate fish behavior in tmwis and
cffix:tivencss of sepamtian icchniques.
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Using standard statistical methods these warhng
hypotheses can be tested, and decisions made about the results

of the comparisons. The bvo potential hypothec are:

l. Null Hypatltesis  HO! - indicates no difference in two ar
mtae groups of samples.

2. Alternative Hypothesis  Hl! - rejectian of the null
hypothtmis implies a real and replicable difference exists
bebveen two or more groups of samples.

1. mean numbers ar weights of tatal catch per tow,
2. mean numbers or weights of target species per taw,
3. mean numbers or weights of bycatch  nonmarketable

species and sizes! per tow,
4. length-hequency distributions of target species captund

per tow.

1. The metat X af set Xl K2,..../n is the sum of the val-
ues divided by the number of items, i.e.:

x =Zxi/n

0

INFRODUCrION

The fundamental question in the comparative evaluation
of bottom trawl perfarmance is: How does an experimental
trawl "catch" compare to a standard trawl "catch" ? 'Be
primary variable is the design features of the various trawls.
The tecondaty variables are towing vessel tatd captam, time of
day, season, rigging, and operation. The measured respmtc is
the catch retained in the cad end of each trawL

Some charac~ of the measured response for each
trawl that can be determined are:

The standard trawl can be compared to one ar mixe
experunental trawls using paired. alternate, ar random tows.
The secondary variables should be hekl constant, or at least
any variability in the catches due ta the secondary variables
should be minimized and evenly distributed between all
trawls. Another issue that must be considered initially is the
number of replicate samples that will be requuad ta demon-
strate a signiTicant difference in the uawl catches, if it exists.

Potential v,eeking hypalheses for the uawl comparison are

1. mean total catch numbers and weights for all trawls are
similar,

2. mean catch numbers and weights for a target species for
all trawls are similar,

3. effects of other factors such as towing speed, rigging,
etc., on the catch far all trawls are similar,

4. kngth4equencies of target species are similar far all
uawls.

'Ile two hypothec can be evaluated at specified levels
of significance or degrees of confidence, a = 0.10, 0.05, 0.01.

Depending on the complexity of the experimental design,
question, or hypothesis being tested, and the assumptions
about the data being made, various statistical methods are
available to analyze the data. 'Ihese are summarized in Table
1. Fa' the sake of brevity, nat all the analysis methods listed in
Table 1 will be presented in these notes. Only two sample
camparisrxts will be described: Ihe comparison of a standard
lzawl to an experimental trawl, The reader is referred to a
standard statistical text book  Sakal and Rohlf 1981! for a
mate complete description af all the methods quoted herein.

DESCRIFIIVE STATKITCS
Before describing scsne statistical methods currently used

in trawl performance evaluation, it is necessary to define some
basic descriptive statistical terminologies and the notatians
that will be employed later.



CI = X g  t df, 1 - a!  S!

where tdf, 1 - a is the t-value for a given df and a given
a gable 12, Rohlf and Sakal 1981!. The df is one less
than the sample size  df = N - 1! and is called the de-
grees of fhsedom for the t value. The confidence level
for the ~ is I - a, that is, far a 95 percent confi-
dence level, a= 0.05. Far large N and a = 0.05, t
1.96.

S2 = Z  xi - x
/n - I

APPLICATIONS OF BASIC DESCRIPTIVE
STATISTICS IN ASSESSING FISHIN GEAR
PERFORKKVJCE

Consider a series of ten tows of a stnsdard trawl net, if the
catch numbers of cod are as follows:

S=WS2

CV =~MB!

6. Standard error is expressed as: ZXn = 871

SE~ S~n

X = XXn/N = 871/10 = 87.1.

'Ibe deviation, vsriem, and standard deviations are all
calculated simultaneously.

7. Level of significance  a level! is a chance or probability
factor. For example, if the conclusion drawn is that the X
difference in catch between two trawl gears is signifi-
cant at the 5 percent level, that implies that if the experi- 76
ment is repeated, 95 out of 100 times the result af the
experiinent will be the same. In pris~, the proper
level of significance is decided m~rding to the situa-
tion. As an alternative, sttuistical software packages pro-
vide an exiLt prabatslity  p! value that is equivalent to
the a level, but exl:scares the probability that a decisian

78

is correct.
96

98

 X-X!  X - X! 2
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2. Deviation is referred to as the difference between an
individual value and the mean of a set of values, notated

 xi - x!

3. Variance is the sum of the squared deviations divided
by the number of abserva&ms, expressed as S'.

4. Standml deviation is an impartatu concept in statistics.
As with the variimxe, it describes the dispersion of a set
of observations from the mean. The greiunr the disper-
sion of the obsensitions around their mean, the larger
the standard deviatian. If there is no dispersicsi, ix., if
all values are equal, the standard deviation is equal to
zero. The standard deviation is the sqtuNe root of the
variance.

5, Coefficient of vsriatian is the standard deviation

expressed as s percentage of the mean.

and nantsures the dispnsion of sample mean from an
expected value. The standard errrr is used in calcuhtting
the critical value for the t-test, f-test, or other tests.

8. Confidence Interval about the mean provides an interval
estimate for the mean based on a specified level of
significance or probability.
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N=l0

C = 76.1A=95.5

for. tx = 0.05

a= 0.01

N= 10, t=2262

N=10, t~3250 Quests 1:

CI  A! = X 2  t df, 1 - a!  S!fR

87 i g~~~= 87 * 6.1
M10

= 95.5 k �.26!�0.0~10 = 95.5 k 7.4

= 102.9 m 88.1

Cl  C! = X a  t df,1- a!  S!HN

= 76.1 4 �2k!  9,4!~10 = 76.1 4 6.8

= 84.9 m 69.3

kerwer I: Catches of trawl A are significantly different
from trawl C at a = 0.05 because there is no overlap in the
txx4dence intervah, therefore; reject null hypothesis.

Question 2:

62

Variance =S2=XQQ~ = ~ = ~ = 73.4
n-I 10-1 9

Suiiidard Devianan = S = WS2 = 8.6

Coefficient of Variatian = Q~ = 9.8%
87.1

S~ Error = SE = 84hl10 = 2.7

Confidence Interval for the estimate af the mean:

so for 95% level of confidence, the mean is:

for 99% level of confidence the mean is:

87 4 ~~~= 87 4 9,0
~10

Note: If ane deshes a greiuer degree af confuse@ that
the estimate of the mean is the true population mean  number
of cod per tow!, then the confidence interval increases.

HYPOTHESIS TESTING

Hypotheses regssding catch data can be simply evaluated
by comparing the conf a3ence intervals about the means of the
data in simple cases, or can be tested using specific analysis
methods presented in the following actions.

As a simple example cansider the following catch data
Irom two trawls, A and C, after 10 replicate taws of each neL
Quesrb» 1: Are the catches of trawl A significtaitly different
from trawl C? Q»cstfo» 2: Are the catches of trawl C l0 per-
cent less than trawl A? Bath tests tae conducted at tx = 0. 05.
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96

107

115

97

93

79

85

76

81

63

90

87

67

96

2?

CI  A-10%! =  955-9.5! + 7.4

863 2 7.4

93.4 m 78.6

CI  C! ~ 84.9 -+ 69.3



Tahdated Values  frottt Table 12 Rahlf and Sokal
1981!

Answer 2: Catches of trawl A less 10 percent are not sig-
nificantly diFerent &om u3wl C at ct = 0.05 becalm of the
overlap in the cruifldence intervah, therefae; accept null hy-
pothesis. degrees of freedom = df = N-1= 10-1 = 9

a 0.05, t 226 i significant

a = 0.02, t = 228 ' significant

a = 0.01, t = 325

Teal ! t table, ct = 0.02

COMPARISON OF PAIRED SAMPLES OF
CATCH NUMBERS AND WEIGHTS

Parametric Pa1ted Compatfson Assurnptlons

L random sampling of individuals
2. paired samples
3. homogeneity of variance or hom~ticity evaluated

using a F-test for a two-sample analysis or comparison
between two means

4. error terms distributed normaHy

fherefore. Difference between STD and EXP Trawls will
be real ar significant 98 times out of 100.

Non-Parametrfc Patred Crnnparlsons
Student T-test for Paired Comparfsons

Advantages of non-parametric tests are that there are very
limited assumptions, in particular homogeneity of variance
and normality are excluderL

Experiment: numbers of cad captured in STD and EXP
trawls in 10 painxl tows:

.4ssurnptfons
QZ ~KKiK

2. random mnpling
3, pened saniples

Mlcox Signed Ranks Test
Far Paired Samples of Cod Gich Numbers
from Trawls A and B

Taz&L Earls

D=Q2 = ~= -9,6
N 10

Standard deviation of the paired differencm

= 9.8

Test Statistic = Dip SPIN! = - 94 94010! = � 3.098

Test smistk is the smaller of the value sums.

5 or 50, Ts= 5
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B = 105.1
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3
-22
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9

484

4

9
4

36
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HP = 1392
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95

97

99
106
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3

-22

-2

-3 2

-18

-24

-11

-7

3.5

-9

-15

-33

1.5
-5

-8

-10

Sum+Ranks = 5

Sum - Ranks = 50



As before, if the calculated mthqxndent t value is larger
than the corresponding t value from the table, it indicates that
the difference between the two groups is significant.

To test the difference in dab catch weights of two tnwls,
the gears are towed in the same fishing ground, keeping the
lowing speed, durathn, and other conditions constant. The
catch weight  kg! data per tow is as follows.

N= 10, et=0.05
Ts = 8forp = 0.048

9forp = 0.064

�!   8-9!

6.813.79

355.52 1436.00

SSt = 35532 - 53.02~/14 = 154.73

SSg ~ 1436 - 9629/14~77428

!H  !/

to Os,26 = 2.060  Irom Table 12, Rohlf and Sokal
1981! is hrger than 134.

where, SSl = Xx12-  Xxt! /nt

SSz = Xxz �  KXp 
/n2

Tabulated values  ~ Table 30, Rohlf and Sokal
2982!

Because Ts   T table, a = 0.05, two-tailed test.

Reject null hypothesis, acct alternative hypothesis that
the difference between cod catch numbers of trawls A and B is
signiricant or real at kast 95 times out of 100,

Procedure for Mlcox Signed Ranks Test

1. Compute the differenc between the N pairs of
observations, referred to as D.

2, Rank thae differerem from smallest to largest without
regard to sign,

3. Assign to the ranks the rxiginal signs of the differences.
4. Sum the positive tld negative ranks sepluately. The test

statistic Ts is the smaller absolute value.
5, If Ts c T labulabed, than reject null hypothesis.

COMPARISON OF INDEPENDENI', NON-
PAIRED SAMPLES OF CATCH NVMBERS AND
WEIGHTS

Parametric Comparlkons

Independent T-Test for Two Groups of
Independent Samples

The prociAhrre in cakulatmg the mdependent t value is
the same as for the dependent t-test. It is given by:

t = [  xt x2 ! -  ut - u2 ! ! � 8

where xt - x2 is the difference in mean between two
groups and ut-u2 is the difference in popuhttion mean, as-
sumed to be equal to zero.

Sxh2 is standard error, given by:

1

2 3

4 5 6 7 8 9
10

11

12
13
14

4.39

0.4

6.08
1033

10.13

1.92
4.23

3.61

5.66
4.74

0.61

0.32
0.43

3.18
3.19

1635

1999

8.45
24,42

3,70
2.73
2.56

2,77
2.42

2.64
1.11



A non-significant difference is found between the two
gears smxding to the t-test. Despite the apparent difference in
the means, the large variabihty masks the difference in the

Ni=10. Ng=10

two-tailed test Up,ps = 77

Uptrt = 81

Non-Paranretrlc Comparisons

Mann-TVMfney Test for Two Groups of
Independent Samples

Given cod catch numbers for ten rows of two trawls,
when the gears have been tjowed in the same fishing grounds,
keeping the tow speeds, durstnon, and other conditions
constant. The data can be evaluated as to the difference in cod
catch numbers for ihe two trawls.

Procedure:

1. Rank the two columns of data.
2. For each observrttlon in one column  it is convenient to

use the smaller sample! count the numbers of observa-
tions in the other sample that are lower in value.

3. Sum of Counts = C

4. Mann-Whitney Statistic is the greater of C or  N,N, - C!

Trawl Data

C = 22.5

C = �0! �0! - 22,5 = 77.5

Data: 91

97

96

107

115

97

93

79

85

95

85

91

93

95

96

97

97

107

115

1 106 94

2 94 95
3 118 97

4 109 99
6.5 118 106

8 95 106
10 99 109
10 97 109

15 109»8
106 118

773

5 0

6.5 0

10 0
12 0

133 1.5

13.5 2
16.5 2.5

16.5 2.5
193 6

K
132.5 22.5

From Table 29  Roblf and Sokttl, 1981!;

Significant difference at a = 0.05 but rior at a =0.02

REQUIRED SAMPLE SIZE TO TEST
HYPOTHESES

Number of replications  N! required to detect a specified
"true" difference between means, if it exists at all, with a
specified level of probability.

N ! 2 trj5!  t<a! u!+ t2 t-P! o! j

N = Number of replications

a ~ true strurdard deviation

& the smttllest true difference that is desired to detect
 Note: it is noce<uary only to know the ratio of cr to ts,
not the actual values!

u = degrees of fieedom of the sample standard deviation
within a groups and N replications per youp, ti = a N-1!

P = desired probability that a difference will be found to
be significant

tet u! and t 2�-P!  u! = values from a two-tailed t-table
with > degrees of freedom and carespondjng to prob-
abilities a and 2 l-P!, respectively.



For example, consider the following data for ~ of lf gg gg ff
trawls A and B:

2 ,25! �0.02!

NC5

A &55 B a 105.1

Standard dentition of the paired difference 9.8 .

Problem Z.

I:tetensiine N required to show a difference of 20 percent
greater catch efficiency with Trawl B than Trawl A, at the 5
percent level of signifimee, with an $0 percent pnkebility of
detecting the diffenme.

5=�0%!  9M! = 19.1

 a/5! = 9.8/19.1 = 0. 51

similarly, ts is about 10% of A and B, and 8 is 20% of A,
therefaea/5 = IQ/20~0.5.

Initial estimate of N used to determine u for N = 20 and 2
groups:

ti = �! �0-I! = 38

t �.05! �8! = 2,43

t 2�-P!  u! = t �! �.0 - 0.8! �8! = t  .4! �8! =
0.851

N > 2 �.5P �.43+ 0.85/

2  .25! �0.76!

N>5.4-6

5=5%of A orB

a = 10% of A

91

97

96
107

115

97

93

79

85

106

94

118

109

118

95
99

97

109

195

for N = 6, Li = 2 � - 1! = 10

t �.05! �0! = 2,228

t = �! �40! =.879

N > 2�59 �288+ 0819/

Nosrrs: 1. as this detectable difference fi increases, N de-
creasea for crude estimates, small value of N; for fine esti-
~ large value of N;

2. if a is large, a large N is required to detect
any differences.

frtterpnetaNort of jtcssrlts of Pe&em 2r

Given the level of variability in the data  a = 9.8!, if one
is seeking to show a 20 percent di5etence hetman tiawls A
and B with a 5 percent level of signiTicance and an 80 percent
probability of detecting it, 5 replicates will detect the differ-
ence if it exists.

Problem 2:

Given the same set of data, determiiie N requited to show
5 percent greater catch efficiency with trawl B than trawl A. at
the 1.0 percent level of significance, with a 90 percent
ptobibility of detecting the difnnnisw if it exists,

crrb= 165=2.0

Initial estimate of N = 20

ti~�!�0- I!~38

t�.01! �8! =2.710



Iterative SolutlorL

N= 128

D = 3a/Na - Xfb/Nb

Nt Ng

= 0.098

Da t = 0.118

67

0

t �! �-P! �! = t �! �-0.9! �8! = t  .2! �8! = 1.305

N = �! �
�.710+ 1.305


N=�! �! �6!

N = 128 sample pairs ar replicates

o = �! �28 - 1! = 264

t �.01! �64! ~ 2,60

t �.2! �64! =128

N = �! �
 �.60+ 1.28!

N = �! �! �5! = 124

Irtterpretrrtlorr of Results of Problem 2:

Given the level of variability in the data  a ~ 9,8!, if one
is ~ to show a 5 percent difference between trawls A
and B at a 1 percent level of significance with a 90 percent
probability of detecting the difference if it exists, then 124 rep-
licates will detect the difference if it exists.

COMPARISON OF I.ENGTH-FREQUENCY
DISTRIBUTIONS

Non-ptiianietric tests can be utilized to examine differ-
ences betwixt two relative distributions, for example, length-
f'requeru:y distributions af the much' of a single fish species
for twa different Irawls.

HO -  null hypothesis! - No difference in the distributians
for two samples, thus the test is sensitive to differences in lo-
cation, dispersion, skewness, etc.

Hl -  alternative hypothesis! � A differenc exists between
the twa samples,

Kolmotgorov-Smbnov TtNe 'irsmple Test
for Laqv Samples

Given length-1'iequency data for two sample catch+, can-
vert the individual iitxtuencies  f! of each length graup to indi-
vidual percents of tatal  Xf/N!, cumulative frequencies  F!,
and cumulative percents  XF/N!.

As an example. cansider the foHowing length-frequency
distribution data for the catches of trawls A and B as illus-

tinted in Figure 1, These distributions will be analyzed using
the Kahnattprov-Smirnav Two-Sample Test. This statistical
method compares the relative proportions of two percent-fre-
quency distributions. The test statistic compares the maximum
diffierence between the bvo cumulative percent distributions
and a calcuhited value based an the sample sizes and the
specified level of significance for the test.

I. Given the initial frequency data  fa and fb! far Trawls A
and B at the central point in the length classes of the
fishes, farm cumulative frequetry distributians  Xfa and
Xfb! and relative cumulative lrequency distributions
 Xfa/Na and Xfb/Nb!  Table 2!,

2. Compute the absolute difference between the rehtive

cumulative frequency distributions.

3. Locate the largest unsigned difference D, in this case
0.94

4. Cakuhite the critical value of Dtz lrom the expressians:

Thus for a = 0.05 K.os = 1.35810

and far a = 0.01 K,pt = 1.62762

Fa' this example where Nt = 421 and N2 = 349

%1M'
Dpp = 1.33810 ~421 � p 9!

lherefare, because D observed �.94! is greater than D as
and Da.i, the diffaence in ihe length-Qequency distributions
of trawl catches is highly significant.
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Hgure 1. Catch comparisons of trowls A and B, A, length-frequency,
B. length-percent, C lengthmmutotNe parent.



Table 1: Simple eIrpenmental designs ond data anodes strategies

Single variable - only 2 groups of samples
Paired samples
T-test.

Wilcox Signed Ranks Test .NP

Independent samples
T-Test .....P
Mann-Whitney Test ....................................... NP
Single variable - 2 or more groups of samples
One way analysis of variance  ANOVA! ............... P
Kruskal-Wallis...................................... NP

Two or more variables-
2 or more groups of samples
Two or three way ANOVA.
Friedman's Method .

Length-frequency distribution
Contingency table and chi-square analysis ....... NP
Kolmogorov-Srnirnov Test. .NP

..�..�,P

..NP

P = Parametric

NP = kon-parametric

Table 2: Length-frequency Distnbutions for Cod Catches from Trowels A and iL

Fish  L!
Length fa

Trawl A Trawl B Difference
Fb fb/Nb Zfb Xfb/Nb Xfa/Na-Xfb/Nbfa/Na Zfa Zfa/ka

N 421

69

0

62.5 1

67,5 4

72.5 33

77.5 94

82.5 125

87.5 98

92.5 44
975 18

102.5 3

107.5 1

112.5 0

117.5 0

112.5 0

1275 0

132.5 0

137.5 0

142.5 0

147.5 0

1525 0

157.5 0

162.5 0

1675 0

0.002

0.009

0.078
0.223

0.296
0.232

0.104

0.048

0.007

0.0020 0 0 0 0 0 0 0 0 0 0 0
1 0.002
5 0.012

38 0.090
132 0.314

257 0.610

355 0.843
399 0.948

417 0,990
420 0.998
421 1.00

421 1.00

421 1.00

421 1.00

421 1.00
421 1.00

421 1.00

421 1.00

421 1.00

421 1.00

421 1.00

421 1.00

421 1.00

0 0 0 0 1
5 6 5

16

25

45

57
87

6520 5 5 5 1
1

0 0

0 0
0 0

0 0

0.002 1

0.014 6

0 017 12

0.014 17

0.046 33

0.071 58
0.129 103

0.163 160

0.249 247

0.186 312

0.057 332
0.014 337

0.014 342
0.014 347

0.002 348

0 348
0.002 349

0 349

0 0 0 0
0.003

0.01 7

0.034

0.049
0.095

0.166

0.295
0.458

0.708

0.894

0.951

0.966

0.980

0.997
0.997

0.997
1.000

1.000

0.002

0.012

0.090

0.314

0.607
0.826

0.914
i0 941

0.903

0.834
0.705
0.542

0.292

0.106
0.049

0.034

0.020

0.003

0.003

0.003

0 0
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