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ABSTRACT 

Four different devices were tested in the Paml ico Sound shrimp t rawl 
fishery during October -November 19B7 to determine their abil i ty to reduce 
finfish bycatch while re t ai ning shrimp . Testing was conducted aboard a local 
shrimp vessel using a randomized incomplete block design, i ncluding a control 
net. The four devices were (1} Scottish Separator Trawl (SST), (2) Florida 
Fish Excl uder (FF E), (3) Georgia TED, and (4} Parrish TED. The SST appeared 
t o separate flounder from non-demersal f ishes, but lost shr imp . The Parrish 
TED caught less fish and shrimp than the control net. The Georgia TED and the 
FFE both had reduced bycatches of finfish and no signifi cant difference in 
shr imp catch relative t o the control net. Both of t hese gears deserve fur ther 
testi ng in North Carolina. Because of its smal ler size and ease of 
i nstallation, the FFE i s recommended over the Georgia TED at this time as a 
device for reducing finfish bycatch in the Pamli co Sound shr imp trawl fi shery. 
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SUt'<HARY AND CONCLUSIONS 

In terrrs of overall catch reduction, three of the gears tested showed a 
significant difference when compared to the corot"ol . They were the Georg ia 
TED, Florioa Fish Excluder (bottom position) and the Parrish TED. The large 
opening in tne Parrish TED appears responsible for the overall catch loss in 
this gear. Neither the Georgi a TED nor the Florida Fish Exc 1 uder (bottom 
position) showed s ignificant differences in s hrimp weights when compared to 
the control net . The Florida Fish Excluder (bottom position) woul d be 
reco~~ended over the Georgia T~D due to its ease in installation and size. 

The Scotti sh Separator Trawl had a s i gni ficant loss of shrimp when 
compared to the contro 1 if on 1 y the bot tom ta i 1 bag were used, as would occur 
in a commercial operation. The Scottish Separator Trawl may be better suited 
for use in the winter trawl fishery off North Carolina and the Mid- Atlantic 
States to separate flounder from midwater spec ies as was evident in this 
study. 

We reco~-:-,e nd that furth er research be conducted in inshore waters with 
the Fl or ida Fi sh Exc luder, Georgia TED and other fish excluders or efficiency 
devices t o f ind the opt imurr gear fo r t he s hrimp fleet in the Sound. We 
strongly recomxend that until t hi s research can be complet ed that s hrimpers i n 
the Souno use the Florida Fish Excluder. 

vi 



I NTRODUCT! ON 

The inshore shr imp trawl fishe ry whi ch began in 1937 in Paml ico Sound 
(Lunz et al. 1951 ) , is very important t o North Carol i na. During 1985, shrimp 
1 andi ngs of Penaeus aztec us (brown) and Penaeus duorarum (pink) in Pam l i co 
Sound accounted for 66~ ( 3, 777 ,733 kg [8, 328,390 1 bs . ) heads- on ) of No r t h 
Carolina' s total shrimp l and ings and had an ex-vessel value of $13,921,809 
(N.C. Divi s ion of Marine Fisheries - unpublished data). 

Since the beginning of this fi shery, concerns have been voi ced concerning 
about t he destruction of j uvenil e fish as a result of shri mp trawling (Lunz et 
al. 1951; Wolff 1972). Juvenil e f ish are retained i n a shrimp trawl because 
t he size mesh required to retain shr imp i s small (usua l ly 1.9 em [0 .75 in] bar 
mesh). 

Watson and Taylor (1986) reported that technological improvements are 
necessary in t hi s fishery to reduce fin f i sh bycatch, in the southeastern US . 
Over t he last five years, several gear types have been developed and modified 
for the purpose of reducing finfish by-catch. These efforts include but are 
not limited to: 

Forei gn: Scott ish Separator Trawl (SST) 
Marine Laboratory, Aberdeen, Scotl and 
(Main and Sangster 1986) 

Private Industry : 
Georg ia TED 
Mr . Sinkey Boone, Darien, Georg ia 
Spin-off versi on of t he NMFS TED 

Florica Fish Excluder ( FFE) 
Marketed by Standard Hardware 
Fernadina Beach, Florida 

Parrish TED 
Developed by Steve Parrish 
~:arketed by S&S Trawl Shop 
Supply, North Carolina 
UNC-Sea Grant ass i sted in t he devel opment, 1986 

Watson and McVea (1977) in the examination of the behavior of f i sh and shrimp 
i n s hr imp trawl s found t hat f i sh are much stronger swimmers t han shrimp. Fi sh 
t end to cong regat e i n areas of l ess turbul ent water flow in the ne t while 
shrimp are overpowered by the water flow and impinged aga inst the trawl 
webbing. 



~~ve•ile •• nfish by - cater is unde s irable to the shrimping indus:r) 
because · ~ is< cost to tne incJstry in terms of tir.,e, "labor, effic;ency cf 
operatio1 ard :-e source of a h'g~ly emotional image proolem a~ong the public . 

Project O~jectives 

ln coo.oer::ion with a nd at the request of the Director of the 1\ortr 
Carolina Divis':ln o f ~iarine fisreries (NCD.'·if), this project was developed tc 
evaluate severa· trav1l aevices in the ins~ore waters of the Pamiico Sounc . 
Such devic es rave successfully reduced finfish by- catch in ocean waters. 
Although 1ra:1y similarities betwee!'l the s hrimp traHl fishery in the Pamlicc 
Sound anc ocee- areas exist, there are r.ajor distinct differences such as 
s hrimp and fis- species (composition, size), turbidity and others. Tnese 
differences prevent the direct application of ocean studies to the Pamlico 
Sound shrimp tro~l f ishery . 

The spec'•ic objectives of this project were: 

l) io determine the efficiency of the Scottish Separator Tra1·:l. 
Florida Fisn Excluder, Georgia TED and the Parrish TED in 
reducing finfish oy- catch (unmarketable finfish) in Paml ic~ 
Sound s hrimp trawls. 

2) -o determine tre efficiency of the Scottish Se:>ara:or Tra1•l. 
Florida Fish Excluder, Georgia 1~0 and Parrish TED in retainir; 
shrimp . 

l't o THO~S Al'lD ~lATER:f..LS 

At the b~~·nning of the project, an advisory group was establisheo to a'd 
in coo-ci nat',-' various agencJ participation a nd to provide guidance of tr.e 
project's effc~ts . The advisory grou,: consisted of the following individuals: 
Terry Sholar, (moderator ) NCO:·F; Dr . John 1-'terriner, Nt·ifS (Beaufort Lab} ; Or . 
Douglas Rade-. Albemarle-Pamlico Estuary Study (APES); Dr . Robert t·ionroe, 
Statist i ca ·1 Cc~su ltant to NCD1 .. F and Kenneth Pea rce, pri nc i pa l investigator. 
!n aodition, others participa':ed in meet ings as needed . These includec : 
Davia Mcye, S :!~e Strasser, Jess Hawki ns, Katy West, Gregory Judy (all NCO~~) 
and Jim Bahen (University of North Carolina Sea Grant College program). 

The e xperimental work was conducted by a 15 . 3 m ( 50ft) conventional 
shrimp tral>ler with a 250 hp . Cur.,mins diesel enGine with a 3:1 reduction gear. 
Four 15.8 m (:~ ft) two-seam shrimp nets (1.9 em [0.75 in) bar mesh} were usee 
in the projec t (only tv1o nets, one port and one starboard were used at ary 
given time : d=uble rigged} . All nets Here new at the beginning of the project 
and 1-11re cons:ructed by New River Net Shop (20 Charles Creek Road, Snead's 
Ferry, r •. C.). The trawl doers were standard 2.4 m x 1.0 m (8ft x 3.5 ft) 
with 15 . 2 em (6.0 in) door irons . The trawl br ',dles were 55 m (180 ft} in 
length . All tickler chairs Here 0.54 em (0 . 25 in) diameter links . 
Additionally, i9 pieces of cra'n (each o'ece 8 lirks long) were attached to 
tne octtom 1'-e of each ne: . Trawl doors a nd t'ckier chains were not altered 
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c ;ri n£ the s tucy; on 1 y the nets were changed. (See Figures 1, 2 and 3) A 
LO~AN C unit with a graphical course plotter was used to determine location 
of the sam~ling tows. 

Some previous work with TEDs by NCDMF hac encountered prob 1 ems r.' :h 
logging by sea grass (NCDM~ unpublished data} . Such problems did not occv· in 
this stuay. 

Sampling Period and Location 

The init'al project work began in mid July, 1987, with purchase of eauip· 
ment, vessel preparation and crew selection. The home port for the vesse l was 
Engelhard, NC. All experimental f ield work was conducted off Far Cree< or 
within one hour vessel running time from the entrance to Far Creek (Figure 4 ) . 

Data collection began in September. The targeted shrimp species was pink 
shrimp. All tows were made at night. Exper imental wor k onboard t he vessel 
concluded at the end of November. At all times, with the exception of t he net 
calibration work, there was a NMFS or NCDi·'1F staff member onboard the vessel to 
assist with the data collection . 

Gear Calibration 

Each net was calibrated prior to installation of an excl uder dev'.ce. 
Seven paired tows of one hour duration were made to determine if the nets were 
fishing similarly. The catch of each net had to be within 10% (by weight) of 
the control net for both shrimp and f i sh. A paired tow consisted of making a 
one hour tow in one direction, retrieving and emptying the nets and reoea:ing 
the initial t01-1 in the reversed direction . The LORAN C and course plotter 
were used to insure that the initial tow course was repeated. 

Block Design 

An incomnlete block design was utilized (Cochran and Cox 1957). The 
block design allowed for each net to be compared to each of the other nets, 
including a control, and to be pulled on both the port and starboard sice of 
the vessel. Paired tows of one hour each were made for each compariscr. A 
full block consisted of 12 paired tov1s. The design of Block 1 is sho;-;n in 
Table l. 

Upon the completion of the f i rst block the advisory group approved the 
following changes: Replace the Georgia TED (Figure 5) with the Parrish TED 
(Figures 6 and 7); reverse the Florida Fish Excluder (Figure 8} from the 
bottom of t he net to the top, position 2; cut the Scottish Separator Trawl 
panel back to the extension of the net, position 3 (Figures 9, 10 , 11 an~ 12). 

The design of B]ock 2 is s hown in Tabl e 2 . 

3 
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Tacle l. Port a~d starboa-o t-awl pairings for Block 1 tohs In Parn1ico Sou·;, 
NC, October, 1985. 

Tow F Date Port net Starboard net 

1 10/Co Florida Fish Excluder Contro l 
posl:'on 1 - bottom 

2 10/06 Scottish Separator Trawl F1oriCa Fish Excluder 
position positi on 1 - bottom 

3 10/07 Contl'o i Georg ia TEO 
4 10/07 Scottish Separator Trawl Georgia ED 

posi:ion 2 
::> 10/08 Control Scottish Separa-tor Trah·i 

position 2 
6 10/08 Georgia ED Florida Fish Excluder 

positi on 1 - bottom 
7 10/11 Scot:'sh Separa:or Trawl Control 

pos1t~~ on 2 
8 10/ll Georg'.a ED Control 
9 10/18 Georgia TED Scottish Separator Tra1·. ~ 

position 2 
10 10/18 Florida F'isn Excluder Scottish Separator Tra,,l 

position 1 - bot t o-:-• positi on 2 
1 i 10/ 19 Flcr',c'a F '•sh ~xcluder Georgia TEO 

posi':ion 1 - bottom 
12 10/ 19 Cor.troi Florida Fish Excluder 

position 1 - bottom 
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Table 2. Port and sta rboard trawl pa 1r1ngs for Block 2 tows in Paml ico Sound, 
NC, Oct ober- November , 1987. 

Tow # Date Port net Starboard net 

1 10/28 Scottish Separator Trawl F1 or ida Fl sh Excluder 
position 3 position 2 - top 

2 10/28 Parr i sh TED Florida Fish Excluder 
position 2 - top 

3 10/ 29 Control Parr ish TED 
4 10/ 29 Scott i s h Separator Trawl Parrish TED 

position 3 
5 11/ 01 Control Scot tish Separator Trawl 

position 3 
6 11/ 01 Florida Fish Excluder Contro l 

position 2 - top 
7 :1/03 Scottish Separator Trawl Centro 1 

pos ition 3 
8 : l / 03 Parri sh TED Control 
9 11/ 04 ?a rri sh TEO Scottish Separator Trawl 

position 3 
10 11/ 04 Florida Fish Excluder Scott i s h Separator Tr awl 

position 2 - top position 3 
11 11/ 09 Florida Fi s h Excluder Parrish ED 

positi on 2 - top 
12 11/ 09 Control Fl orida Fish Excluder 

ositi on 2 - to 
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Separator Trawl Panel Placement 

The separat ing ability of the SST was tested in the f ollowing manner . 
The separator panel was set in 2 different positions: 1) in the mouth 
directly below the head rope and 2) 12 meshes back from the head rope in the 
net (Figures 9, 10 and 11). The exper iment consisted of making 10 paired tows 
at each location with fu ll data on species composition and size composition 
recorded. 

Initial experimental work with the SST indicated that, compared to the 
control net, the spread of the SST was 1.5 m (5.0 ft) less than that of the 
control. This was noted by measuring t he spread of the trawl cables at the 
end of the outriggers . Further simul ation of the SST spread on land showed an 
accumulation of loose webbing in the center of the panel which could cause the 
panel to drop down in the center portion of the net. Further investigation 
revealed that the panel had been improperly installed. The panel had been cut 
the same size as the top, semi-round, one-half of the net. The panel had the 
same number of meshes at the mouth of the net as did the top portion of the 
net at that point . To correct this problem, the excess webbing was removed 
from the panel . Experimenta l tows were conducted with a cotter pin and washer 
test to determine the approximate fishing height of the panel . A string 
attached with t1~o small cotter pins connected the hor izontal panel to the 
bottom of the net directly below the panel. This procedure was conducted at 
three locations in the net, center and at each corner. Trial and error 
adjustments were conducted until each of the pins pul led out at 38.1 em (15 
in) . Then the panel fishing height from the bottom of the net was set at 38 . 1 
em (15 in). 

For the panel placement test, no significant difference (P>O.OS) was 
detected between the two p 1 acements . A decision was made by the advisory 
group to use position 2 (12 meshes back from the head rope in the net) in 
Block 1 (Figure 11 ) . For Block 2, the panel was moved to position three, 
which consisted of the pane l placement in the extensi on of the net just ahead 
of the tailbag (Figure 12). 

Gear Description 

Scottish Separator Trawl 

A description of the SST consists of a standard shrimp trawl with a hori
zontal panel of net webbing placed in the body , extension and tailbag of the 
net (Figure 9). This arrangement fac ilitates having two separate tailbags 
(upper and lower) on the same net . Selective mesh size in the upper and lower 
tailbags allow for retention of targeted species whil e al lowing exclusion of 
unwanted sizes of certain fish. Species entering close to the bottom of the 
trawl are retained in the lower section while species higher up in the water 
column are retained in the upper tailbag. 

In order to get an exact account for the different species captured in 
the upper and lower ta il bags, the bar mesh size was the sar.·e (1.9 em [0.75 
in)) for both tailbags. Add i tionally, the separator panel bar mesh size was 

18 



1.9 em (0.75 in). As described, positions one and two were examined prior to 
beginning the first block evaluation (Figures 10 and 11). Position three was 
selected for evaluation in the second experimental block (Figure 12). The 
horizontal panel was connected to the side seams of the net; in a two-seam net 
there is only one seam on each side of the net. 

Georgi a TED 

The Georgia TED is elliptical in shape and is constructed of steel. The 
overall dimensions are: height 114.3 em (45 in) by 81.3 em (32 in) wide. 
Steel rods are welded vertically into place and are spaced 5. 7 em (2.2 in) 
apart. This device is placed in the extension of the net at an angle of 30• 
to 45• ahead of the tailbag (Figure 5). Objects are deflected downward and 
out a hole at the bottom of the net. Currently, the Georgia TED is used by 
the majority of the Georgia shrimping fleet to eject hard jelly balls from the 
net. 

Florida Fish Excluder 

The FrE was developed in Florida originally for finfish exclusion in the 
rock shrimp fishery. The FFE consists of a 1.9 em (0 .75 in) aluminum pipe 
constructed in a conical shape ( Figure 8). The aluminum frame creates a ramp 
in the extens ion of the net . Once f i sh and shrimp hit the ramp, they are 
oriented away from a hole in the net. The hole is similar in size and shape 
to a football . The shrimp are not able to swim out of the hole because they 
are over-powered by the water pressure . However , fish have the ability to 
swim in t hi s portion of t he net and can escape through the opening. The 
opening of the device is 23 em (9 in ) in the center and 41 em (16 in) long 
with the ends pointed . Placement for position 1 in the first experimenta l 
block was in the bottom center of the extension of the net 10 meshes ahead of 
the tailbag. Position 2 was examined in the second experimental block. The 
device for position 2 was placed opposite position 1 (i.e. on the top of the 
net 10 meshes ahead of the cod end) . 

Parrish TED 

The Parrish TED was deve 1 oped by Steve Parrish of Supp 1 y, NC . The 
UNC-Sea Grant ~lari ne Advisory Service ass i sted in the deve 1 opment of the 
Parrish TED. The incorporation of the Parrish TED into this project's efforts 
resulted from a presentation by Jim Bah en, UNC-Sea Grant Marine Advisory 
agent, to the Peer Advisory Committee (Bahen and Parrish 1988) . 

The design of the Parrish TED is similar to that of the Georgi a TED in 
that objects are deflected downward and out a 1 m (3 . 28 ft) wide (by variable 
height) hole in the bottom of the extens ion of the net (Figures 6 and 7) . The 
height of the opening is adjustable by changing the tension of the net webbing 
against the frame by using a shock cord. The shock cord is attached to a 
rectangular 1 m (3.28 ft) x 10.2 em (26 .0 in) x 1.3 em (0.5 in) bar . It nas 
recommended by UNC -Sea Grant advisory personnel that the tension of the shock 
cord be set so that 2.3 kg (5.0 lb ) of pull would be needed to create an 
opening of 45.7 em (18.0 in) . The utiliza:ion of the trawl webbing prov ides 

19 



fo r the construction of a non- rigid device which has major on- board vessel 
safety advantages (i .e. the safety advantages of a non- rigid TED vs . a rig id 
TED such as the Georgia TED). The location of the Parrish TED was directly 
ahead of the tailbag. 

Data Co 11 ecti on 

The samp 1 e work- up was s imi 1 ar to the NCDMF Pamli co-A 1 bemarl e sounds 
survey (Stephan 1987). The targeted species were pink shrimp , brown shrimp, 
Penaeus setiferus (wh i te shrimp) leiostomus xanthurus (spot), Cynoscion 
regalis (weakfish), C•noscion nebulosus (spotted seatrout ) , Paralichthvs 
dentatus (su~~er flounder), Paralichthys lethostigma (southern flounder) ana 
Callinectes sapidus (blue crab} . 

Each tailbag was worked up separately. If the catch in a bag was greater 
than one basket, then a random basket subsample was taken . To assure a random 
sampl e, t he tailbag was dumped as follows: fish baskets (60 l b. size) were 
p 1 aced in a b 1 ock and the ta i 1 bag dumped into them. A random basket was 
chosen as the sample . Target s pecies were separated from incidental spec ies. 
Incidental species were weighed i n bulk and a species list was recorded. The 
target species were bagsed and preserved (10% NBF) for later examination. The 
remai ning catch was weighed and discarded. 

Within each species and cohort of the target species, a total number and 
weight was recorded as sa~ple number and sampl e weight, respectively for each 
species. Within each •arget species, 30- 60 random ind ividual s were measured 
to the nearest ml<. and a total w;;ight (0.1 kg) was taken. Random subsamples of 
30- 60 blue crabs per tailbag were also sexed and staged for molting . The 
shr imp f rom the re~~ining cater. of each tailbag were removed and weighed. 

Statistical Analysi s 

Analysis of variance (ANOVA) was used to determine signi ficant differ
ences in mean values (using weight (kg} and percent}. Means were adjusted for 
block differences. The standard t-test (Student's t) was used to test for 
s ignifi cant aifferences among t he adjusted means. 

Gear Compari s ons 

As noted, a randomized inccmpleh bloc~ oesign was set up so that all 
gears could he Sa!l'pled aga\nst ead; other and a control . Since two blocks 
were run with dHfer;;nt gean, the control was used as a common reference 
point from which com,p3r- i st~<s were ~read£ between b1ocks. 

A preliminary analyses was done to separate ''Design Error" from ''Samplin; 
Error '' (i .e. differences between repl icate tows) in order to check for 
homogen i ty of the error variances . On 1 y for the vari ab 1 e percent shrimp 
(P<0.05) was there strong evidence of heterogeneity; therefore, all subsequent 
analysis used the poolec error term. The var iabl es analyzed were: 
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Weioht in kg 

1. Catch (Total} 
2. Shrimp (Total) 
3. Bycatch (Al l except shrimp) 
4. Spot 
5. Croaker 
6 . Spotted Seatrout 
7. Weakfish 
8. Flounder 
9. Bluefish 

10 . Blue crab 

and each of t hese expressed as a percentage of the total catch: 

11. Percent Shrimp 
12 . Percent Bycatch 
13 . Percent Spot 
14. Percent Croaker 
15. Percent Spot ted Seatrout 
16. Percent Weakfish 
17- Percent Flounder 
18 . Percent Bluefi sh 
19. Percent Blue Crab 

Total numbers of spott ed seatrout were low (<0.01 CPUE - f ish per tow) 
and wi 11 not be di scussed further. Both surmr.er and sout hern flounder were 
grouped into tne flounder category . 

Results wi 11 
var i ables. Within 
show i f differences 

Gear Ca 1 i brat ion 

be broken down fo r discussion by t he aforementioned 
each variab le, the different gears will be discussed to 
are apparent. 

RESULTS AND DISCUSSION 

Analysis of the 14 replicate trawl tows ~-.i t h C!Dntrol nets on both sides 
suggests that t he two nets were fi shins s imil arly. Data on total weight and 
shrimp weight are presented in Tab 1 e 3. OrthogGna 1 mean square regress ions 
were fitted to the 14 data pairs for each ~ariable and the parameter estimates 
and their confidence limits coor,pu ted. rneoretically , t he ideal similar ity 
between the two nets would f ind the s lo~ e of "ne line equal to unity and t he 
intercept of the 1ine at t he origin (0, 0) . Table 3 shows that confidence 
limits or both slope and intercept fo r both variables contained the prescribed 
values of 1 and 0, respectively; hence, we concluded t he nets were s ir..il ar 
enough to proceed with the testing of t he trawl effi c iency devices. c~~uta
ti onal oetails fo r the calibration of t he : wo nets are contained in t he 
Appendi x to this report. 
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Table 3 . Gear calibration data with control nets on both sides. 

Total weight 
n=14 

Starboard 

~lEAN 14 3 . 82 

c.v. 27.8% 

r = 0.926 
Slope = 1.0598 (95% C.l. 0.8907 - 1.2632) 
Intercept = 9 .85 kgs (-16 .23 - +35.93 kgs) 

Shrimp weight 
n=l4 

Starboard 

MEAN 1.1164 

c.v. 49% 

r = 0.806 

(kg l 

Port 

162.26 

25.3% 

!kg) 

Port 

0 .9057 

65% 

Slope= 1.1046 (95% C. L . 0.6805- 1.8375) 
Intercept = -0.3274 kgs ( -0.6824 - +0.0276 kgs) 
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Catch 

In t he fi rst block, t he Georgi a TED (GA) and the Florida Fish Excluder -
bottom position (FFE( B)) showed s ignif icant (P<O.Ol) overall catch reduct ion 
to the control net (CON) {Table 4). In Block 2 only t he Parrish TED (PAR) 
showed s ignificant (P<O .Ol ) reduction in overall catch (Tables 4, 5, 6 and 7) . 
When looking at the Scottish Separator Trawl (SST ) (both pos iti ons) by 
individual tailbags , a marked reduction in catch would be realized i f a large 
mesh was used i n the upper ta i 1 bag (Tab 1 es 5 and 7) ( NCDMF - unpub 1 i shed 
data). 

Shrimp/Percent Shrimp 

The PAR was the only gear that showed a significant {P<O .Ol) shri mp loss 
(Tab l e 6). The data from tabl es 5 and 7 show that both ta ilbags of the SST 
(both positions) had a significant (P<O.Ol) loss of shr imp when comparee to 
the CON . 

Bycatch/Percent Bycatch 

A significant (P<O.Ol) reduction i n bycatch weight was seen in the GA, 
FF E (B) and the PAR when compared to the CON {Tab 1 es 4 and 6) . Over a 11 , the 
PAR had the greatest reduction of bycatch of al l the gears tested (Table 5) . 
As noted in the catch section, when the SST is looked at by indiv idual 
tailbags for e ither panel placement (Tables 5 and 7) t here wou ld be a 
substantial reduction of bycatch if a l arge mesh upper bag was used {Ncou< -
unpublished data ) . 

Spot/Percent Spot 

The PAR showed t he 1 argest { P<O . 01) reduction of s pot when comparee to 
the CON fol101-1ed closely by the FFE(B) (Tables 4 and 6). Panel placemen: in 
the SST had 1 i ttl e effect on spot weights but the separation s hown hculo 
si gni fi cantly (P<O .O l) reduce overall spot weights i f a large mesh were used 
in the upper tailbag for e ither placement (Tabl es 5 and 7) (NCDMF - unpub
lished data ) . 

Croaker/Percent Croaker 

Croaker ex hi bi t ed the same pattern as s pot with the PAR s howing the 
largest {P<O .Ol} reduction foll owed by the FFE(B) (Tabl es 4 and 6). When the 
panel i n the SST was moved back to position 3 it appeared that croaker were 
evenly distributed between the upper and lower tailbags (Table 7}. Thi s 
pl acement would mean a greater reduction of croaker numbers in a large mesh 
upper tailbag (NCDMF - unpublished data ) . 

Weakfi s h/Percent Weakfish 

Only the lower tailbag the SST (both panel placements) showed a si~ nifi 
cant (P<O .Ol) difference for gray trout (Ta "~les 5 and 7). The SST may be a 
good gear to separate mid-water fish from de~ersal species in t he sound. 

23 



Table 4. First block results with the upper and lower tailbags of the Scottish 
Separate· Trawl pooled (mean values in kg except percent values expressed 
as a percentage of tota l catch). 

Variable 

CATCH 

SHRII~P 

PERCENT 
SHR!t~P 

BYCATCH 

PERCENT 
BY CATCH 

SPOT 

CON 
SST 
G;. 
FFE( B) 

Unadjusted 
~1ean 

101.39 
89.75 
84 .84 
65.18 

CON > GA, FFE (8) P<0.01. 

CON 
SST 
G ~ 

FF~(B) 

5.13 
5. 32 
5.28 
4.88 

I.::J SIGNIFICANT DIFFERENCES 

CON 
SST 
G ~. 

:=£(8) 

5.40 
5.88 
6.29 
7.41 

t.J SIGNIFJCANT DIFFERENC ES 

CON 
SST 
GA 
:;E (B) 

95.25 
84.44 
79.55 
50.30 

Aajusted 
Mean 

100.86 
88 .58 
77.12 
74.55 

5.05 
5. 16 
4.97 
5.44 

5.18 
5.15 
5 .28 
7.35 

94.82 
83.42 
7 2. 15 
69.17 

c.v. 

18.9% 

27 . 1% 

23.4% 

19.3% 

CON > GA, FFE ( B) P<0.01. SST > FFE (B) P<0 .08. 

CON 
SST 
GA 
:FE(B) 

93.60 
94.12 
93.73 
92.59 

t.O SIGNIF ICANT DI FFERENCES 

CON 
s:,r 
GA 
:;;E (B) 

42.78 
28.03 
34.63 
16.49 

93.82 
93.85 
93.72 
92.65 

38.80 
32.14 
28.50 
22.48 

GA > FFE (B) P<0 .07. CON > GA, FFE(B) P<O.Ol . 
CON> SST, P<0 .05. SST> FfE(3) P<0 .01. 
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5. 48 kg 
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Table 4. (Continued) 

Gear1 Unadjusted Adjusted 
Variab le Mean Mean C.V . STDERR 

PERCENT CON 42 .33 37.17 
SPOT SST 30.41 36.05 11.3% 1.33% GA 41.83 37.75 

Fr E(B) 24.90 28 .49 

CON, GA, SST > FFE(B) P<O. 01. 

CROAKER CON 37.10 38.22 
SST 38.9:> 34.49 25 . 3% 2.91 kg GA 31.99 32.55 
FfE{8) 27.58 30 .36 

CON > FFE(B) P<0.08. 

PERCENT CON 35 .70 38 .09 
CROAKER SST 43.97 38.91 10 .1% 1.36% GA 36 .39 40 .58 

FFE (B) 42.31 40 .79 

NO SIGNIFICANT DIFFERoNCcS 

WEAKFI SH CON 0.80 1.05 
SST 0 .87 0.59 90 . 1% 0. 30 kg GA 0.90 1.02 
FFE {B) 1.40 1.32 

NO SIGNIF ICANT DIFFERENCeS 

PERCENT CON 0. 75 1.14 
~l EAK FISH SST 1. 08 0.60 99 .8% 0.43% GA 1. 09 1.38 

FFE ( B) 2.20 2.01 

FFE( B) > SST. 1'<0.03 . 

FLOUNDER CON 6. 03 6.30 
SST 6. 08 6.42 46.9% 0.89 kg GA 4. 60 4. 02 
FFE(B) 5.62 5.58 

NO SIGNIFICANT DIFFERENCES 

PERCENT CON 6.17 6.55 
=LOUNDER SST 6. 79 7.25 39.0% 0.89% GA 5.39 5.30 

FFE (B) 8.47 7.72 

FFE (B) > GA, P<0.08 . 
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Table 4. (Cont inued ) 

1 Unadjusted Adjusted 
Var iable Gear Mean Mean C.V. STOERR 

BLUEFISH CON 0 .09 0 .17 
SST 0.25 0.17 295 . 8% 0 . 10 kg GA 0.07 0 .00 
FFE (B) 0.00 0. 10 

NO SIGNI FICANT DIFFERENCES 

PERCENT CON 0.09 0.19 
BLUEFISH SST 0.26 0.15 257.49% 0. 10% GA 0 .12 0.01 

FFE(B ) 0 .00 0.12 

NO S!GNlFlCAI.T DIFFERENCES 

BLUE CRAB CO N 3.86 4 . 55 
SST 3.33 2.13 91.4% 0 . 89 kg GA 1. 56 2. 00 
FFE( B} 2. 57 2. 73 

CON > GA P<C.06 CON > SST P<0 .08. 

PERCENT CON 3.91 4.91 
BLUECRAB SST 3.85 2.41 75.8% 0. 90'c GA 2. 50 2. 78 

FFE(B) 4.27 3.97 

CON > ss- P<0.07 . 

1) 
CON - Con:rc: Net 
SST - Scott i sh Separator -:" rawl (positi on 2} 
GA - Georg ia TED 
FFE(B) - F1or )da Fish Excluder (posi tion 1 - bottom} 
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Table 5. First block results with the upper and lower tailbags of the Scottish 
Separator Trawl cons idered independently (mean values in kg except percent 
values expressed as a percentage of total catch). 

Gear1 Unadjusted Adjusted 
Variabl e Mean Mean c.v. STDERR 

CATCH CON 101.39 101.49 4.51 kg 
SSTU 39.13 37.96 4.65 kg 
SSTL 50 .62 49.44 20.14% 4.65 kg 
GA 84.84 78 .85 4.51 kg 
FFE(B) 65.18 72.24 4.51 kg 

CON > SSTU , SSTL, GA, FFE(B) P<O. 01. 

SHRH'IP CON 6.13 6.23 0 .46 kg 
SSTU 1. 33 1. 17 0 . 48 kg 
SSTL 3.99 3.83 36.7% 0. ~8 kg 
GA 5.28 5. 10 0. ~6 kg 
FFE(B) 4.88 5.12 0 .45 kg 

CON > SSTU, SSTL P<O. 01. 

PERCENT CON 6.40 6. 16 0.54\;, 
SHRIMP SSTU 3.34 3.61 0 . 56~ 

SSTL 7.91 8.18 26.4% 0 .56% 
GA 6.27 6.41 0 .5Q% 
Hit B) 1.41 7.24 0. 54% 

CON > SSTU P<0.01 CON > SSTL P<O.OS. 

BYCATCH CON 95 .26 95.26 4.30 kg 
SSTU 37.80 36.79 4. 42 kg 
SSTL 46.63 45.61 20 .4% 4.42 kg 
GA 79 .55 73 .75 4.30 kg 
FFE(B ) 60.30 67.12 4.30 kg 

CON > SSTU, SSTL, GA, FFE(B) P<O. 01. 

PERCENT CON 93.60 93.84 0. 54';. 
BY CATCH SSTU 96.66 96.39 0 . 55';. 

SSTL 92.09 91.82 1. 7% 0 .56% 
G.O. 93.73 93.59 0 .54';; 
FFE(B) 92.59 92.76 0- 54;, 

CON, GA, SSTL, FFE(B) > SSTU P<O. 01. 
CON, GA > SSTL P<0.05. 
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Table 5. (Continued) 

Vari able 

SPOT 

PERCENT 
SPOT 

CROAKER 

PERCENT 
CROAKER 

WEAKFISH 

Unadjusted Adjusted 
Gear Mean Mean C. V. STDERR 

CON 42.78 
SSTU 9.07 

39.58 
13.18 

1. 81 kg 
1. 87 kg 

SSTL 18.96 
GF-. 34.63 
Fi'E(B) 16 .49 

23.07 
29.29 
20 .91 

22.6% 1.87 kg 
1. 81 kg 
1.81 kg 

CON> SSTU, SSTL, GA, FFE(B) P<0.01 . GA > SSTL P<0.05. 
GA > FFE(B), SSTU P<0.01. FFE(B), SSTL > SSTU P<0 .01. 

CON 
SSTU 
SSTL 
Gh 
=rE(B) 

42.33 
22.35 
36.79 
41 .83 
24.90 

37.10 
27.99 
42.43 
37 .73 
28.58 

15.6% 

SSTL, GA, CON> FFE(B) , SSTU P<O .Ol. SSTL > CON P<0.05. 

CON 
SSTU 
SSTL 
Gt.. 
FFE(B) 

37 . 10 
23 . 23 
1S. 71 
31.99 
27.58 

38.40 
18.77 
11.26 
32.90 
29.83 

28 . 5% 

CON, GA, FFE ( B) SSTU, SSTL P<0.01 CON> FFE P<0.05. 
SSTU > SSTL P<0.05. 

CON 
SSTU 
SSTL 
GA 
FFE(B) 

35.70 
59.79 
31.50 
35 .39 
42 .31 

38 . 14 
54.73 
26 .45 
40.72 
40 .60 

14.2% 

SSTU >CON, FFE( B), GA, SSTL P<O.Ol. GA, FFE(B) , 
CON> SSTL P<O.Ol. 

CON 
SSTU 
SSTL 
GA 
Fi'E(B) 

0 .80 
0 .59 
0 .28 
0 .90 
1.40 

1.00 
0 .30 

<0.01 
1.02 
1. 37 

rFE(B) > SSTU, SSTL P<0.01. GA > SSTL P<0.01. 
GA > SSTU P<0.05. CON> SSTL P<0 .05. 
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95.8% 

1.72% 
1. 77% 
1. 77~. 
1. 72',. 
1. 72% 

2. 54 kg 
2 . 61 kg 
2.51 kg 
2.54 kg 
2.54 kg 

:. 92% 
l. 975. 
1. 97% 
1.92% 
1 . 92~; 

0. 25 kg 
0.26 kg 
0.25 kg 
0.2:"> kg 
0.2S kg 



Tab l e 5. {Continued) 

Unadjusted Adjusted 
Vari able Gear Mean Mean c.v. STDERR 

PERCENT CON 0 . 75 1. 16 0.42% 
WEAK FISH SSTU 1.73 1. 24 0 .43% 

SSTL 0 .62 0.13 99 .9% 0.43;;. 
GA 1.09 1.31 0 . 42% 
FFE{B) 2.20 2.04 0. 42% 

FFE{B) > SSTL P<0.01. SSTU > SSTL P<0.05 

FLOUNDER CON 6.03 6. 32 0. 75 kg 
SSTU 1. 78 2.12 0. 77 kg 
SSTL 4 .30 4.64 51. 1% 0 . 77 kg 
G.l\ 4.60 4.05 0 . 7 5 kg 
FF E{B) 5. 62 5. 53 0 . 7 5 kg 

CON , FFE{B), SSTL > SSTU P<O . 01. CON > GA P<0 .05. 

PERCENT CON 6 . 17 6.49 0. 94% 
FLOUNDER SSTU 4.46 4.92 0.95% 

SSTL 8 .60 9.06 43. 0% 0.96% 
GA 5.39 5.27 0.94% 
FFE{B) 8 .47 7.80 0 .94% 

SSTL > GA, SSTU P<O . 01. FFE{B) > SSTU P<0 .05 . 

BLUEFISH CON 0 .09 0. 15 0 . 10 kg 
SSTU 0.25 0 .17 0 . 10 kg 
SSTL 0 .00 -0.08 372.1% 0 .10 kg 
GA 0.07 0 .01 0. 10 kg 
FFE{B) 0.00 0 .07 0.10 kg 

SSTU > SSTL P<0.06. 

PERCENT CON 0 .09 0 .23 0.22% 
BLUEFISH SSTU 0. 65 0.55 0.23% 

SSTL 0 .00 -0 .11 387. 0% 0.23% 
GA 0 . 12 -0 .05 0.22% 
FFE{B) 0.00 0.14 0.22% 

SSTU > SSTL P<0 .05 . SSTU > GA P<0.08 . 

BLUE CRAB CON 3.86 4 . 57 0. 7 5 kg 
SSTU 0.42 -0.77 0 . 77 kg 
SSTL 2 . 91 1. 71 99.4% 0 . 77 kg 
GA 1. 67 1. 93 0 . 75 l<g 
FFE{B) 2. 57 2.80 0.75 kg 

CON, FFE {B), SSTU P<0.01 CON > GA, SSTL P<O .OS . 
GA, SSTL > SSTU P<0 .05 . 
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1) 

I 

I 
I 

c.v. 

75.6% 

CON, SSTL, FFE(B ) > SSTU P<0.01. CON> GA P<0.07. 
GA > SSTU P<O .OS. 

CON - Control Net 
SSTU - Scottish Separator Trawl (position 2 - upper ta ilbag) 
SSTL - Scottish Separator Trawl (position 2 - lower tailbag) 
GA - Georg ia TED 
FFE(B) - Flor ida Fish Excl uder (position 1 - bottom) 
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0.82% 



Tabie 6. Second block resul ts wi th the upper and lower tailbags of t he Scott i sh 
Separator t rawl pooled (mean val ues in kg except percent values expressed 
as a percentage of tota l catch) . 

1 Unadjus t ed Adjusted 
Var iable Gear Mean Mean c.v. STOERR 

CATCH CON 99 .47 96.92 
SST 95.30 94.75 12 .0% 3.54 kg PAR 60.50 64.58 
FF£(T) 94.29 93 .31 

CON, SST, FFE{T) > PAR P<O. 01. 

SHR iMP CON 4. 53 5.23 
SST 5.62 5.10 21.0% 0 .33 kg PAR 3.11 3.56 
FFE{T) 5.11 4.49 

CON, SST > PAR P<O.Ol. FFE{T) > PAR P<0 .05 . 

p~qCENT CON 4. 61 5.67 
SHq lt·1P SST 6 .20 5.61 25.0% 0.45~ PAR 5.03 5.21 

FFE {T) 5.54 4.88 

NO SIGNIFICANT D!FFERENC ~S 

BY CATCH CON 94 .95 91.69 
SST 89.68 89.65 12 .4% 3.48 kg PAR 57.39 61.01 
FFE(T) 89.18 88.82 

CON, SST, FFE(T) > PAR P<O .Ol . 

PERCENT CON 95 .39 94.33 
BY CATCH SST 93 .80 94.39 1.4% 0 .45% PAR 94.97 94. 79 

FFE( T) 94.46 95.12 

NO SIGNI FICANT DIFfERENCES 

SPOT CON 35.89 34.32 

• SST 33 .96 34.29 24.1% 2.40 kg PAR 19 .09 17. 17 

1 
FFE{T) 28.51 31.66 

CON, SST, FFE {T) > PAR P<O. 01. 

I 
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Table 6. (Conti nued ) 

Gear 1 Unadj usted Adjusted 
Var i able Mean Mean c.v . STOERR 

PERCENT CON 35.91 34.61 
SPOT SST 34.99 35 .61 18.2% 2.02% PAR 30 .43 26 . 57 

FFE ( T) 29 .77 34 .32 

SST > PAR P<O .Ol . CON, FFE(T) > PAR P<0.05. 

CROAKER CON 35 .70 35 .15 
SST 32 .77 33.44 15.6% 1. 74 kg PAR 25 .43 29.25 
FFE (T) 38.36 34.43 

CON > PAR P<0 .05 . FFE(T} > PAR P<0.06. 

PERCENT CON 35.96 36 .97 
CROAKER SST 34 .34 35.85 16 . 1% 2.09% PAR 43 .07 45 .49 

FFE(T) 40. 08 35.15 

PAR> CON, SST, i'FE(T) P<O. 01. 

WEAKFISH CON 5.9Q 5.30 
SST 4.85 4.21 57.2% 0.87 kg 
PAR 4 .26 4.41 
F'E(T) 2 .94 4. 08 

NO SIGNI FICANT :lii'FERENCES 

PERCENT CON 6. 02 5.84 
WEAKFISH SST 5. 78 4 .75 52.6% 0. 98:~ 

PAR 6. 79 6. 70 
FF£(T} 3 . 51 4.81 

NO SIGN! F ICA~T DIFFERENCES 

FLOUNDER CON 5.39 5.85 
SST 7.27 7. 18 45.5% 0.86 kg 
PAR 2.34 2.85 

I FFE(T) 7. 35 6 .47 

I SST, FFE(T) > PAR P<O. 01. CON > PAR P<0. 05. 

PERCENT CON 5.33 6.08 

I 
FLOUNDER SST 8.24 8 . 10 45 .0% 0 .97% 

PAR 3.86 3 .90 
FFE(T) 8.02 7.36 

SST > PAR P<O. 01. FFE ( T) > PAR P<0 .05. 
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Table 6. (Continued} 

Variable 

BLUEFISH 

PERCENT 
BL UEF ISH 

SLU~CRAB 

CON 
SST 
PAR 
FFE(T} 

Unadjusted 
Mean 

0.06 
0 .09 
0 .04 
0.13 

NO SIGNIFICANT DIFFERENCES 

CON 0 .08 
SST 0.13 
PAR 0 .05 
FFE(T) 0.16 

NO SIGNIFICANT DIFFERENCES 

CON 1. 72 
SST 1.69 
PAR 0.45 
FFE(T} 1.89 

Adjusted 
Mean 

0.06 
0.09 
0.07 
0.10 

0.08 
0.11 
0.10 
0.13 

1. 90 
1.32 
0.40 
2. 13 

c.v. 

163 .8% 

156.6% 

67.2% 

FFE(T}, CON > PAR P<O. 01. SST > PAR P<0. 07 . 

PERCENT CON 1. 76 
BLU~CRAB SST 1. 78 

1) 

PAR 0.82 
FFE(T} 1.88 

FFE(T) > PAR P<O. 01. CON > PAR 

CON - Control Net 
SST - Scotti sh Separator Trawl (position 3} 
?AR - Parrish TED 
FFE(T} - Florida Fish Excluder (position 2 - top} 
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1. 99 
1.44 67 .9% 0.63 
2.19 

P<O. 01. 

STOERR 

0. 04 kg ( 

0.06% 

0.33 kg 

0. 36% 



Tabl e 7. Second block results with the upper and lower tailbags of the Scottish 
Separator Tr awl considered independentl y (mean values i n kg except percent 
values expressed as a percentage of total catch). 

Unadjusted Adjusted 

I Variable Gear ,..J1ean Mean C.V. STOERR 

CATCH CON 99.47 98.75 4 .41 kg 
SSTU 32.79 32.24 4.54 kg 
SSTL 64.85 64.30 19.1% 4.54 kg 
PAR 60 . 50 62.03 4.41 kg 
FFE(T) 94.29 94.03 4.41 kg 

CON, FFE(T) >PAR, SSTL, SSTU P<O. 01. SSTL, PAR > SSTU P<O.Ol. 

SHR if-lP CON 4. 53 5.10 
SSTU 1.82 1.29 
SSTL 3 . 81. 3.28 26.1% 0.32 kg 
PAR 3.11 3.45 
FFE(T) 5. 11 4 . 72 

CON , FFE(T) > PAR , SSTL, SSTU P<O. 01. PAR, SSTL > SSTU P<O. 01. 

PERCENT CON 4 .61 5 .69 0.48% 
SHR! ~1P SSTU 5.56 4 .97 0.49% 

SSTL 6.63 6.04 26.5% 0 .49% 
PAR 5.03 5.36 0.48% 
FFE (T) 5. 54 4.71 o. 48;; 

SSTL > FFE(T) P<0. 07. SSTL > SSTU P<0 .08. 

8YCATCH CON 94.95 93 .65 4.28 kg 
SSTU 30.97 30.94 4. 41 kg 
SSTL 61.04 61. 02 19.5% 4.41 kg 
PAR 57.39 58 .58 4 . 28 kg 
FFE(T) 89 . 18 89.30 4.28 kg 

CON, FFE (T) > PAR , SSTL, SSTU P<O. 01. SSTL, PAR > SSTU P<O.Ol . 

PERCENT CON 95.39 94.31 0.48% 
BYCATCH SSTU 94.44 95.03 0.49% 

SSTL 93.37 93.96 1.5% 0 .49% 
PAR 94.97 94 . 64 0.48% 

l FFE(T) 94.46 95.29 0. 48% 

I 
SSTU > SSTL P<0 .08 . FFE > SSTL P<0.07. 
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Table 7. (Conti nued) 

Variabl e 

SPOT 

PERCE NT 
SPOT 

CROAKER 

PERCENT 
CROAKER 

WEAKF ISH 

Gear 

CON 
SSTU 
SSTL 
PAR 
FFE(T) 

Unadjusted 
Mean 

35.89 
7.03 

26.93 
19.09 
28.51 

Adjusted 
Mean 

34.63 
7.36 

27.27 
17 .27 
31.23 

c.v. 

37.2% 

CON, FFE(T) > PAR, SSTU P<0.01. PAR > SSTL, SSTU P<0.05. 
SSTL > SSTU P<0 .01. 

CON 
SSTU 
SSTL 
PAR 
FF E(T) 

35 .91 
20 .91 
37.99 
30.43 
29 .77 

34.53 
21.52 
38.61 
27 .04 
33.93 

24.6% 

SSTL > SSTU P<0 .01 . CON, FFE( T) > SSTU P<O.Ol . 
CON> PAR P<0.05 . FFE(T) > PAR P<0 .07. 

CON 
SSTU 
SSTL 
PAR 
FFE( T) 

35.70 
16 . 26 
16.51 
25.43 
38.36 

36.17 
16.93 
17 . 19 
27.91 
34 .74 

19 .9% 

STD~RR 

2.87 kg 
2.96 kg 
2.96 kg 
2.87 kg 
2. 87 kg 

2.5 1% 
2.58% 
2. 58% 
2.51% 
2.5!% 

1. 73 kg 
l. 78 kg 
1. 78 kg 
1. i3 kg 
1. 73 kg 

CON, FFE(T) >PAR , SSTL, SSTU P<O .O l . PAR > SSTL , SSTU P<0. 01. 

CON 
SSTU 
SSTL 
PAR 
FFE ( T) 

35 .96 
30 .06 
24.63 
43. 07 
40 .08 

36 . 10 
51.57 
26.14 
45.83 
35 .67 

13.4% 

SSTU, PAR> CON, FFE(T), SSTL P<O.Ol. SSTU >PAR P<0 . 05 . 
CON, FFE(T) > SSTL P<0 .01. 

CON 
SSTU 
SSTL 
PAR 
FFE(T) 

5.94 
2.10 
2.76 
4.26 
2. 94 

5.42 
1.45 
2.11 
4.47 
3.90 

73.4% 

CON> SSTU P<O .Ol. CON > SSTL P<0 .05. PAR> SSTL P<0 .08. 
PAR> SSTU P<0 .05. FFE (T) > SSTU P<0.07. 
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1.70% 
1. 75% 
1. 75% 
1.70% 
1. 70% 

0. 87 kg 
c .89 kg 
0.89 kg 
0. 87 kg 
0.87 kg 



Tabl e 7. (Continued ) 

Unadjusted Adjusted 
Vari able Gear Mean Mean c.v. STDERR 

PERCENT CON 5. 02 5.70 0.95% 
WEAK FISH SSTU 5.15 5.12 0.99% 

SSTL 4.53 3.51 53.8% 0.99% 
PAR 5 . 79 6 .88 0.95% 
FFE(T) 3.51 4. 77 0.96% 

PAR > SSTL P<0.05. 

FLOUNDER CON 5.39 5.55 0.73 kg 
SSTU 0 .92 0.83 0 . 75 kg 
SSTL 5.35 6.27 49.7% 0. 7 5 kg 
PAR 2.34 2.85 0. 73 kg 
FFE ( T) 7.35 5.57 0.73 kg 

FFE (T), SSTL >PAR, SSTU P<O. 01. CON > PAR P<0 .05 . 
CON > SSTU P<O . 01 . PAR < SSTU P<0.07. 

PERCENT CON 5.33 5.21 1.10% 
FLOUND ER SSTU 2.71 2. 57 1.137. 

SSTL 11.63 11.49 52.9% 1.13% 
PAR 3.86 4. 27 1.10% 
FFE(T) 8. 02 6.86 1.10% 

SSTL > FFE (T), CON, PAR, SSTU P<0.01 . 
FFE(T), CON > SSTU P<0.05. 

BLUEFISH CON 0 .06 0.05 
SSTU 0.09 0.09 
SSTL 0.00 <-0.01 200 .5% 0. 04 kg 
PAR 0.04 0.07 
FFE(T) 0.13 0.17 

FFE(T) > SSTL P<0.07. 

PERCENT CON 0.08 0.07 
BLU EFISH SSTU 0.25 0.24 

SSTL 0.00 -0.01 191.9% 0.07% 
I PAR 0.05 0.09 

FFE(i) 0.16 0.15 

I SSTU > SSTL P<O . 01. 

I 
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Table 7 . (Continued) 

Unadjusted Adjusted 
Variable Gear Mean Mean 

BLUE CRAB CON 1.72 1.93 
SSTU 0 .26 -0.11 
SSTL 1.43 1.07 
PAR 0.46 0.41 
FFE(T) 1.89 2.09 

FFE(T), CON > PAR, SSTU P<O . 01. FFE(T) > SST 
CON > SSTL P<0.07 SSTL > SSTU P<O.Ol. 

PERCENT CON 1. 76 2 .04 
BLUECRAB SSTU 0 . 74 0 .39 

SSTL 2 .31 1. 96 
PAR 0 .82 0. 75 
FFE( T) 1.88 2.01 

CON, FFE(T) I SSTL > SSTU P<O. Ol . CON, FF£!T). 

1) 
CON - Control Net 
SSTU - Scottish Separator Trawl (position 3 - upper tailbag) 
SSTL - Scottish Separator Trawl (position 3 - i ower tailbag) 
PAR - Parr ish TEO 
FFE(T) - Flor ida Fish Exc luder (position 2 - Top) 
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c.v. 

79 . 5% 

P<0 .05 . 

191 .9% 

SSTL > PAR 

STDERR 

0. 30 kg 
0.31 kg 
0 .31 kg 
0 .30 kg 
0 .30 kg 

0 .36'.; 
0. 37% 
0.37% 
0.36% 
0.37% 

P<0.05. 
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Flounder/Percent Flounder 

Table 6 showed that the PAR had a significant (P<O.Ol) reduction of 
flounder . The pane l placement in the SST had an effect on flounder distribu
tion in the tailbags. Position 3 (Table 7) showed that most of the flounder 
tended to be found in the lower tailbag . 

Bluefish/Percent Bluefish 

No significant differences were fou nd among any of the gears tested. It 
should be noted that total numbers of this species were very low so 
differences were hard to detect. 

Blue Crab/Percent Blue Crab 

The PAR showed the most significant (P<O .Ol) reduction in blue crabs 
(Table 6) with the GA next (P<0 .06) (Table 4 ) . In the SST most crabs were 
found in the lower tailbag regardless of panel placement (Tables 5 and 7) . 

ACKNOWLEDGMENTS 

Gratitude is expressed to Dr. John Merriner (NMFS), Terry Sholar (NCDr·lF), 
Dr . Doug 1 as Rader (APES) and Dr. Robert Monroe ( NCDMF) for their 1 eadersh i p 
role in the advi sory group. Katy West (NCOMF) and Jim Bahen (UNC-Sea Grant ) 
provided ass istance to the advisory group. Dr . Robert Monroe provided t he 
sampling des ign and conducted most of the statistica l ana lysi s, with 
programming assistance from John Gillikin (NCDMF) . Greg Judy (NCDMF), Mike 
Pulley (NCOMF) and Lisa Huff (NMFS) are recognized for their assistance 
onboard the project vessel and initial data processing. Special thanks go to 
Jess Hawkins (NCDMF), Lele Tison (NCDMF), Doug Mumford (NCDMF), Michael Burton 
(NMFS), Ron Clayton (N~lFS), James Guthrie (N~lFS), Lisa Hommel (NMi'S) and 
Patricia Raves (NMfS) for t heir assistance in working up samples. 

Dr. For d Cross, Dr. John Costlow, Ms . L.K. "~like" Gan':, Dr . 
Hogarth, and Dan Ash supported this project as members 
Albemarle-Pamlico Estuarine Study Policy Commit tee, along with Dr. 
Rader, APES Program Director. 

William 
of the 
Douglas 

Finally, t he authors are grateful to Juanita Tripp and Diana Willis for 
typing and re - typ ing this report and to Michael Street for ed itorial ass is
tance. 

38 



I 

I 

REFERENC ES 

8ahen, J. and S. Parri sh. ''Parr i sh Soft TEO Instal lation and Instructions," 
Mimeo UNC-Sea Grant Report, 2 p., 1988. 

Cochran, W.G., and G.M. Cox . Experimental Designs, 2nd edition, John Wiley 
and Sons, Inc. Publ . , New York, NY, 1957. 

Lunz, R.G., E.W. Roelofs, J . L. McHugh and R.E. Tiller . ''The Destruction of 
Sma ll Fish by the Shrimp Trawlers in Pamlico Sound, North Carolina," 
Mimeo report to Atlant i c States Marine Fisheries Commission, 1 p., 1951. 

Ma in , J. and G. l . Sangster. "Norway Lobster, Nephrops norveg icus (L.) During 
Trawling, " Scottish Fisheri es Bulleti n, 49. Marine Laboratory, 
Aberdeen, Scotland, 21 p., 1986. 

Stephan, C.D. "Pamli co-Albemarle Sounds Survey. March 1987 Cruise Report," 
North Carolina Department of Natura l Resources and Community Development, 
Divi s ion of Marine Fisheri es, 18 p., 1987. 

Watson, J.W. and C. McVea , Jr. "Development of a Selective Shr imp Trawl for 
the Sout heastern United States Penaeid Shri mp Fi sher ies ," Marine 
Fisheries Review 39 (10): 18- 24 , 1977 . 

Watson, J.W . and C.W. Taylor. "Research on Selective Shrimp Trawl Designs for 
Penaeid Shrimp in t he United States. A Review of Sel ect ive Shrimp Trawl 
Research i n the U.S. s ince 1973," FAO Expert Consu l ta tion on Se lective 
Shrimp Trawl Development . Mazatlan, Mexico, 24-28 November 1986, 50 p., 
1986. 

Watson , J .W. , J.F . Mi tche ll and A.K. Shah. ''Trawling Effi ciency Devi ce: A 
New Gear Devi ce fo r Selecti ve Shr imp Trawling Gear," Marine Fisheries 
Review, 48 (1) :1-9, 1986. 

Wol ff, M. "A Study of North Carolina Scrap Fishery,'' North Caroli na 
Department of Natural Resources and Community Deve lopment, of Natural and 
Economi c Resources, Di vision of Commercial and Sports Fisheries, Special 
Sc i enti f i c Report No . 20 , 21 p ., 1972 . 

39 



J 

I 
I 

I 

I 
I 

APPENDIX 

Fitting the orthogonal mean square regression (principal axis regression) 
Sokal, Robert R. and F. James Rohlf. Biometry, 2nd edition, W. H. Freeman 
1981. 

When two nets are fished simultaneously producing pairs of observat i ons on 
catch, there are two questions that arise in a comparison of t he two nets: 

(1) Are the nets fishing in si mil ar fashion? 

(2) Are there any biases present? 

The orthogonal mean square r egressi on which m1n1m1zes the sum of squares of 
the distances perpendicular to the line of prediction is appropriate because 
no assuption is necessary about which variable is independent or dependent, 
and because the sampling errors in both variables are given equal weight in 
t he fitting of the prediction line . Further, s ince there is only one line 
invo lved, the s lope ca l culated for Y as a function of X is the reciprocal of 
the slope for X as function of Y. 

The ca l cu lation of standard errors for s lopes and predictions is no t simply 
done, but a fa i rly manageabl e calcu lation is available for confidence l imi ts 
on t he slopes. If t he nets are fishing similarly, we should expect the s l ope 
to be equal to unity (1). If this is not so, then the catch i s density
dependent, i .e. , one net tends to overestimate the catch with respect to the 
other in high densities (or vice versa). 

If the intercept of the line is not zero, but the slope is 1, then a constant 
bias exists which could be corrected for by adding (or substracting) the 
constant to bring both nets into agreement. It is also possible to have a 
non-zero intercept when the slope differs s ignificant l y from unity, but with 
the dens ity- dependency it cannot be separated cleanly from the slope effect. 

Computations: v = variabl e on vertical axis 

H = variabl e on horizontal axis 

Equations are: v = v + b, (H-H) or 

H = R + 1 (V-ii } 
o, 

40 



I 

I 

' 

From the sampl e we obtain n, 2 sv, sH1 and SVH cal culated in the usual fashion 

Exampl e: Total weight of catch ( kgs) fishing standard nets on each s ide n=14 
tows 

v : 162.26 kgs H : 143.83 kgs 

5vv 
: 21,933.40 5HH 

: 19,697.51 

sv 
1 : l (V-V) 1 : 1, 687. 18 s1 

H 
: 2(H-H) 2 = 1,515.19 

n- 1 

SVH = 19,249.39 

= 2 (V- V} (H-H} = 
n-1 

1. Ca l cu l ate t he determinant M 
2 2 1 

M = : S: . S2 - S VH : 363,866.55 

2. Ca l cu l ate t he de terminant D 
2 1 2 2 2 

n- 1 

1,480. 72 

D = (sv 
1 

+ sH) - 4M = (3,202 .37) - 4~1 = 8 ,799 ,707.42 

D = D = 2,966.43 

3. Ca l cul ate the e igenuatues of the vari ance-co- vari ance matrix M. 

~l = ( sv2+ s 1) + D = 3, 084 .40 
H 

2 

= ( s 1 + s 1} 0 : 117.97 
~2 v H 

2 

Check ~ 1 + ~ 2 = ( sl2+ s/} 

4. Calcul ate the s lope b 

= 1.05976 
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5. 

6. 

7. 
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Calculate A = JM t; 
;::-D-:;-2----;(~n~--::;-2 ') --~M~t: 

Note: ta i s t he t-value at (n-2 ) d.f.for conf idence level (1 -a ) . 

A = 
- 363,866.55 (2.179 ) 2 

= ..; 0.016,633 

= 0 . 128 ,969 

95% l imi ts ar e L1 = b - A 
1 

1 + b A 
1 

= 0.81887 

L = b +A = 1.37692 
2 ~~'----

1-b A 

The prediction 1 i nes are then v = 162.26 + 

= 9.85 + 

and H = 143.82 + 

= -9.29 + 
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1. 05976 (H 

1. 05976 H 

(V -162.26 ) 

1.05976 

0. 94361 v 

- 143.82) 
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Standard Net on Both Sides 

Tota l Weight ( kos ) 

n=14 

Port (V) Starboard (H) 

ij = 162.26 R = 143.82 

~ 2 
v = 390,516.73 ~ 2 

H = 309,293.46 

5vv = 21,933.40 5HH = 19,697.51 

s 2 
v = 1,687.18 s 2 

H = 1,515. 19 

sv = 41.075 SH = 38.925 

~VH = 345,960 . 64 

SVH = 19,249 .39 

SVH = 1,480 .72 

r2 = 0.8577 

r = 0.9261 

M = 363,866.55 )q = 3, 084.40 

02 = 8 , 799,707 .42 A2 = 117 .97 

D = 2,966.43 

b = 1. 05976 a = 9.85 

A = 0.128, 969 

L1 = 0.81887 

L2 = 1. 37692 

b = tan :e = 1.05976 ¢ = 46° 40' 

cos ¢ = 0.686301 

sin ¢ = 0 .727312 
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SSE = s in 2 
¢ SHH - 2 s i n ¢ cos SVH + cos 2 ¢ Svv 

= (0. 727312) 2 ( 19,697 .51 ) - 2(0 .727312) (0 .686301) (19,249.39 ) 

+ (0 .686301) 2 (21,933.40) 

: 1,533.62 w/12 d.f. I 
I 

2 1,533.62/ 12 = 127.80 1 + (ii )2 l so : s : so a 

so : 11.305 kgs n 5HH 

= 11,97 kgs 

l 
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Port (V) 

v = 0.9057 

~v2 = 15.9716 

svv = 4.487143 

s 2 = 0. 34516 v 

sv = 0.58751 

M = 0.035,599 

02 = 0.266, 155 

D = 0. 515,902 

Standard Net on Both Sides 

Shrimp Weight (kgs ) 

n=14 

~VH = 17 .4931 

5vH = 3.336786 

sVH = 0.25668 

r2 = 0.6492 

r = 0. 8057 

b = 1.10457 

A = 0.23639 

l 1 = 0.68842 

L, = 1.81483 

Starboard (H) 

H = 1.1164 

~H 2 = 21.2721 

SHH = 3.822321 

s~ = 0 .29402 

SH = 0.54224 

)..1 = 0 . 5 77. 541 

'-2 = 0. 061,639 

a = -0.3274 

b = tan~ = 1.10457 ¢ = 47° 51' 

cos ~ = 0.67 107 

si n~= 0.74139 
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SSE = 0.80142 w/ 12 d.f. 

so
2 = 0.066785 

s = 0.25843 kgs 
0 

s = 0.1629 kgs a 
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