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EXECUTI VE SUMVARY

Trai ned National Mrine Fisheries Service observers
collected information from March 1988-July 1989 on catch rates of
shrinp and finfish from comercial shrinp vessels voluntarily
participating in this study. Data were conpared between TED
equi pped nets (CGeorgia TED with and w thout an accel erator
funnel) and standard shrinp nets. This represents partial
fulfillment of OVB and House Appropriations Committee
requi rements with respect to TEDs and their econom c inpact on
the shrinp fishery.

This report sumarizes prelimnary results through July
1989, including 4159 hours of fishing tinme. Wwen the study is
conpleted in Septenber 1990, a conprehensive econom ¢ anal ysis
WIIl be conpleted with these data by Texas A&M University.
Fishing areas, times and length of tows were controlled by the
vessel captain. The catch rates of the vessels participating in
the program were not significantly different than the catch rates
of commercial shrinmp fleets fishing in the same area during the
same time frame. W feel that the results of this observer
program are representative and neaningful in terns of the
eval uation of TEDs under commercial conditions.

St andard and TED- equi pped nets appeared to operate simlarly
with respect to types and frequency of problemtows. When
problems with the fishing gear occurred, the TED equi pped nets
| ost nore shrinp and finfish than standard nets.

Differences in the CPUEs between standard and TED- equi pped
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nets were conpared using nultivariate paired t-tests. Overall, a
10% | oss of shrinp was experienced for quad-rigged vessels,
whereas, the overall loss for twin-rigged vessels was about 2%
In general, for quad-rigged vessels, there were significant nean
differences in the paired catch rates between the standard and
TED nets for both shrinp and finfish. In all cases, the overal
mean differences between CPUEs of standard and TED nets were
positive, indicating the standard nets caught nore shrinp and
finfish than TED equi pped nets. The nmean differences in the
seasonal shrinp catch rates were less than 0.9 [bs/hr, without
including trynet data and 1.4 | bs/hr with trynet catch added to
the trailing net. Shrinp CPUEs ranged seasonally froma gain of
0.1 Ibs/hr to a loss of 1.4 Ibs/hr. CPUEs vary seasonally and
only during the winter nonths were there no significant
differences in the overall shrinp catch rates between standard
and TED-equi pped nets; during all other seasons, differences were
significant. The overall finfish CPUEs were 74.0 and 64.5 | bs/hr
for standard and TED nets, respectively, or a nean difference of
9.4 |bs/hr.

Significant differences were noted between the shrinp catch
rates of the two TED types. \Wen the Georgia TED without a
funnel was conpared with a standard net, the catch rate for the
standard net was 7.2 Ibs/hr and 5.9 |Ibs/hr for the TED equi pped
net, or a difference of 1.3 Ibs/hr. The Georgia TED with the
funnel caught 5.9 | bs/hr conpared to 6.7 | bs/hr for the standard

net, or a difference of 0.7 |bs/hr.
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For twin-rigged vessels, the overall shrinp CPUE with TED
equi pped nets ranged from 2% better than the standard net to 18%
worse than the standard nets with a trynet adjustment. No
significant difference was observed in the overall catch rates
between TED and standard nets for tw n-rigged vessels.

Yield was nodel ed to determ ne what inmpact various |evels
of shrinmp loss would have on the overall population. Overal
decrease of 10% in fishing nortality rate resulted in no
detectabl e change in the overall yield of both brown and white
shrinp fisheries and a 2% decrease in the yield for the pink
shrinp fishery.

A total of 40 turtles were caught in the observer program
of which 27 were caught along the Atlantic coast and 13 were
caught in the Gulf of Mexico. N ne of the 40 turtles cane aboard
unconscious and 36 were released alive. The estimated tota
capture of turtles using 1988 fishing effort is 14,112 for the
Qul f of Mexico and 14,986 turtles for the Atlantic Ocean. The
capture rate of sea turtles in the Gulf of Mexico was simlar to

earlier studies, but apparently declined in the Atlantic.
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| NTRODUCTI ON

The National Marine Fisheries Service (NVS) pronul gated
regul ati ons which required the use of Turtle Excluder Devices
(TEDs) on offshore shrinp vessels beginning in June 1987 (Federal
Regi ster, 1987), depending upon vessel size, geographic |ocation,
and fishing area. Due to a series of judicial, Congressional and
adm ni strative actions, TED regul ations were not fully
i npl emented region-wide until My 1, 1990.

Both the Ofice of Managenment and Budget (OVB) and the House
Appropriations Conmittee in 1988 required certain studies and
reports relating to TED use and testing and eval uating the
i npacts of TED use on fishernen and sea turtles. The OVB
required a study on whether or not TEDs are effectively excluding
turtles and the House Appropriations Conmttee required a study
on the full econom c inpact of TEDS. This report is in partial
fulfillment of both those requirements. NWS, in cooperation
with the shrinp industry, initiated a TED Eval uati on Program on

March 5, 1988. The overall goal of this programwas to determ ne



the inpacts of the utilization of certified TEDs on conmerci al
shrinp trawl ers operating on the South Atlantic and Qulf of
Mexi co coasts. Funding was provided by NVFS, the Marine
Fisheries Initiative program (MARFIN), and the Gulf and South
Atl antic Fisheries Devel opment Foundati on.

This program initiated in March 1988, w |l continue through
Septenber 1990. W are reporting on observations from March 1988
through July 1989. The programis aimed at conparing shrinp catch
rates of TED-equipped trawls with those of standard traw s
wi thout TEDs in selected shrinp fishing areas of the southeast
region. For this purpose, trained observers were placed on
shrinp vessels operating off the coasts of Texas, Louisiana,

M ssi ssi ppi, Alabama, Florida (Qulf and Atlantic), Georgia and
South Carolina. Results will be used in a conprehensive econonic
analysis of the inpact of TEDs on the shrinp industry which is
currently being conducted by Texas A&M University. The analysis
shoul d be avail able by the end of this year.

Specific objectives of the TED evaluation program are to:

1) Conpare catch rates of shrinp for TED equi pped traw s
and standard trawls without TEDs in representative
shrinp fishing areas of the GQulf and Atlantic coasts of
the U S. by season,

2) Provide data, results and a biological sinulation node
to the Econom cs Analysis Branch of the NMFS for an

econom ¢ evaluation of inmpacts of TEDs.



MATERI ALS AND METHODS

Recrui t mrent of Vessels

Vessels were recruited through the assistance of NMFS port
agents, NOAA Sea Grant Marine Advisory Agents, regional shrinp
associations and industry contacts. Participation in the study
by shrinmpers was strictly voluntary. Vessels and crews were not
government |eased or chartered. A payrment of $I 00 day was
sonetines provided by the Gulf and South Atlantic Fisheries
Devel opnent Foundation, generally when TEDs were not required by
law. This was an incentive for vessel owners to allow NVFS
personnel to collect data while on board their vessels. Al
participating vessels had appropriate federal authorization to
use TEDs in one-half the trawls when a NMFS observer was on
board. Eighteen shrinp vessels used in the study were quad-
rigged (two trawl s towed on each side), and one was twi n-rigged
(one trawl towed on each side). Analyses of data from quad-
rigged and twin-rigged vessels will be discussed separately.

Positioning of Net Types

Trips were designed initially to have a TED equi pped net
paired with a standard net on each side of the vessel. The
assignnents of TEDs to inboard or outboard positions were made
with the assunption that these positions would be reversed on
subsequent trips. Several vessels refused to participate unless

we placed the TEDs in certain configurations. Consequently, we



have recorded al nost every possible TED and standard net position
configurati on.

| dentification of Study Sites

Initially, observers were placed on shrinp vessels in each
of the four major Gulf of Mexico offshore fishing areas:
Loui si ana, Texas, south Florida, and Al abama-M ssissippi. O 600
pl anned observer days, 240 were scheduled for Louisiana, 200 for
Texas, 100 for Florida and 60 for M ssissippi-A abanma. The
respective percentages of conbined five year (1981-1986) shrinp
| andings from these fishing areas were 49% 33% 10% and 8% W
i ntended that areas with higher production be allotted greater
amounts of observer effort, although not necessarily in direct
proportion to production. Planned observer effort was increased
sonewhat in Al abama-M ssissippi and in the primarily hard bottom
south Florida area to provide sufficient data for statistica
anal ysis of TED performance under the special conditions
encountered in these areas. (One hundred observer days were also
scheduled for the South Atlantic. CObserver days were targeted
for the peak regional shrinping seasons in each area.

The study depended on shrinpers volunteering to | et NVS
personnel collect data on board their vessels. Due to linited
response by shrinpers, we collected data fromvirtually any
vessel whose owner or captain would allow us aboard. Since one
of the principal objectives of this study was to evaluate the
effect of the use of TEDs on commercial shrinping, the shrinpers
deci ded where and when to fish and which certified TED to use.



Qur only NWFS stipulations were that the shrinper had to use
federally approved TEDs and to keep catches from each net
separated from each ot her

Qbserver Training

Al'l observers were required to have at |east a bachelors
degree in science and sonme col |l ege course work in biology. The
observers received general training in the form of:

1) presentation of background infornmation on TED research, 2)
review of TED Regul ations, 3) review of diagrans of trawls and
TED s, 4) discussions on how changes in trawing gear affect the
fishing configuration and shrinp catchability of traws
(published material also provided for reference), 5) discussions
of general procedures for the TED study, 6) review of diagnostic
keys for identification of sea turtles, shrinp and fish 7) review
of detailed instructions for filling out all data sheets, 8)

di scussions of the nost conmon errors made on data sheets and how
to avoid them and 9) presentations of the guidelines for
summarizing data into trip reports and trip sunmmaries for outside
circulation. Approxinmately 12 hours of video tapes were utilized
to famliarize observers with sea turtle biology, shrinp trawing
activities, termnology of trawling gear, effects of gear
alterations on shrinp catchability of trawms, a variety of TEDs,
installation procedures for TEDs, the performance of TEDs
underwat er and a special video showing all of the required

procedures for data collection.



Observers also received two to three days of intensive
training aboard shrinp vessels. This included all procedures
necessary to collect data and fill out data sheets properly. A
review of the identification of shrinp and fish species was al so
made at this time. After their training was conpl eted, observers
wer e di spatched fromthe NWS Gal veston Laboratory to commercia
shrinping vessels working off the coasts of South Carolina,
CGeorgia, Florida, Al abama, M ssissippi, Louisiana, and Texas.

CGear _Tuni ng and Control Tows

The fishing efficiency of all nets used in this study was
standardi zed by NWFS or Texas A&M Sea G ant gear specialists
during a participating vessel's initial trip. Control tows were
made using standard nets which were adjusted to catch
approxi mat el y-equal anounts of shrinp. Vessel captains were
briefed by gear specialists about the proper installation of
TEDs. Once TEDs were installed, the gear specialist made
necessary nodifications to the rigging for the proper operation
of the TED, based upon his experience and observation of simlar
catch rates between standard and TED equi pped nets. This
procedure was usually acconplished in 2-3 days. The captain was
responsible for gear tuning after the departure of the gear
tuner. Variation in the tuning ability of captains can
contribute to variation seen in the TED dat a.

Data Collection

Every phase of the operation was explained to captains to

insure that they understood exactly what data NMFS needed to



collect. Oherw se every effort was made to mninize the
observers influence on nornmal fishing activities. The primary
requi rement was that catches fromeach net be kept separated from
all others so the total weight of shrinp fromeach traw could be
recorded. Captains of the vessels were requested to exam ne the
data coll ected by the NVFS observer and to sign the data sheets
to verify their accuracy. Copies of the conpleted data sheets
were mailed to the vessel captain and owner for their record.

Shri np. | f necessary, the back deck of the vessels was
partitioned into sections wth wooden beans to prevent the
catches of the trawls from mxing. A sanple of approximtely 50
pounds was shovelled fromthe contents of each trawl into
standard sized plastic shrinp baskets (70 Ib capacity). Thus a
quad-ri gged vessel produced four sanples per tow and a tw n-
rigged two sanples per tow  Shrinp and fish were separated from
each sanple. The total weight (to the nearest |b) of brown,
pink, and white shrinp (Penaeus sp.) conbined was recorded for
each net for each tow Another weight was recorded for each
additional commercial shrinp species. In order for total weights
to be standardi zed, the observer noted catch as heads on or heads
of f.

For each net the nunmber of shrinp (heads on) in
approximately 5 | b of the basket sanple was recorded. (Cbservers
were instructed in selecting a representative group of shrinp
that was not biased according to shrinp size. In those cases in

whi ch the shrinper discarded snall shrinp, procedures were



nodified to include only the size range of shrinp retained by the
shrimpers.

For one tow each day, total length (length fromtip of
rostrumto tip of telson) in nmwas neasured for a representative
sanpl e of 200 shrinp. Fifty shrinp cane fromeach net if the
vessel was quad-rigged or 100 shrinp fromeach net if the vessel
was twin-rigged. Shrinp with broken tel sons, broken tails,
broken rostrums, and crushed shrinp were not neasured. These
sanpl es included all sizes of shrinp captured by the traw
including the size ranges not kept by the shrinper.

Commercial Shrinp Catch. Catch per unit effort (CPUE) in

| bs/day, heads off, from NVFS port agent interviews of the shrinp
fishery were conpared with CPUE data from our observer trips.
These conparisons were used to determne the simlarity between
this study's CPUEs and those reported by the comrercial fleet
fromthe sane areas and times.

Fish. The nost abundant finfish species was inferred for
each trawl by casual observation. A group weight was recorded
for the fish sorted fromthe basket sanple taken from each
trawl. For each trawl, a conbined weight was recorded of all
fish too large to fit into the basket. Since the total weight of
shrinp was al so recorded for each trawl, the total weight of fish
per tram could be estimted assum ng direct proportion:

F,= ( (Fg/ Sg) xS} + F
where, |

F;, = estimated total fish weight, Fg = sample fish



wei ght, S; = sanple shrinp weight, S = total shrinp
wei ght, and F_ = conbined weight of fish too large to
fit in basket.

Once each day (usually the last tow), finfish in basket
sanpl es taken from one TED- equi pped and one standard traw were
sorted by sel ected species, counted, and wei ghed by species. The
sel ected species included Atlantic croaker, spot, seatrout (al
speci es), longspine porgy, flounder (all species), snapper (al
speci es), mackerel (all species), redfish and grouper (al
species). Al other fish species were wei ghed together as a
m scel | aneous category. Beginning in mid-1989, additional MARFIN
funding allowed for increased fish sanpling aboard sone @ulf of
Mexico vessels. Once each day, every fish in the basket sanple
taken fromeach trawm of a given tow was nmeasured and identified
to species.

Sea Turtles. For each turtle caught, the date, |ocation,
depth of capture, type of net (TED-equipped, standard or try
net), species, length (straight and curved), width (straight and
curved), weight (if possible), and condition (conscious,
unconsci ous, fresh dead, dead but not fresh) were recorded. Al
turtle sightings were also noted. Dead turtles were 1) narked
with spray paint, flipper-tagged and returned to the sea for
possi bl e return through the sea turtle stranding and sal vage
network (STSSN) or 2) returned to the [ aboratory for autopsy.

Living turtles were flipper-tagged and rel eased.



QO her Catch. For each trawl a group weight was recorded for
each species (other than commercial shrinp) which was retained
aboard for consunption or sale. This included catch such as
| obster, stone crab, blue crab, red snapper, flounder, etc. Wen
a species was arbitrarily removed fromone traw but also
appeared in other trawls, or if it was not possible to determ ne
which trawl the catch came from then the group wei ght was
recorded for all traw s conbined.

Tow Duration. Tow duration was defined as the tinme the

brake was set on the winch at the beginning of the towto the
time when the winch was engaged and the brake released to
retrieve the trawl from the bottom

Bottom Type. Bottom type was characterized as rough or
smooth and hard or soft. If nets were snagged or torn, then the
bottom was considered rough. A smooth bottom such as nud or
shell hash, had little or no topographic relief and woul d not
snag or tear nets. \Wen in doubt, the vessel captain was
consulted. Hard bottom was defined as any bottom other than nud,
and mud was considered soft bottom

TEDs and Trawl i ng Equi pnent. TEDs were characterized as to

type, panel bar spacing, presence or absence of an accel erator
funnel (Appendix Ill, Figure I), size of opening to exclude
turtles, etc. In some areas, when TEDs were repeatedly bent.
during fishing activities new TEDs constructed from | arger gauge
pi pe were purchased to nmininmize the problem Prior to making

experimental tows, a variety of neasurements such as length of
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headrope and footrope, lazy lines, leglines, size of traw nesh
and ot her data were recorded to characterize each trawm. This
al l owed for the standardization of shrinp and fish catch between
vessels using different sizes of gear. If a trawl was |ater

nodi fied by captain or crew, the nodifications were also

recor ded.

CGear Perf ormance. Each net was characterized by an
operation code based on its performance in the water (Appendix
1, Table 1). A net towed without incident was coded 'Z'. Oher
codes were used to describe any problens encountered, such as
tangling of trawl doors, the cod end bag comng untied, etc. Two
codes were occasionally required to describe traw performance.

| nformation on debris clogging the TEDs was recorded.

Debris was defined as itens that were caught in the trawl which
required special effort to renove and/or discard. Some of these
included |arge |oggerhead sponges, tree trunks or branches,
tangl ed cable, |obster pots, and TV sets.

Not all data were used in the analyses of shrinmp and fish
catch. Data fromnets with operation codes A, B, C, E, F, L, M
O, S and Z and conbinations were used for analyses. Codes D, G
H I, J, K N P, Q R Tand Ureflect uncollected data or non-
TED rel ated problenms affecting catch so these data were not used
i n anal yses.

Seasons. For anal ytical purposes seasons were defined as
wi nter (DEC FEB), spring (MAR-MAY), sumrer (JUN-AUG and fall

( SEP- NOV) .
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Statistical Analyses

Mul tivariate Analyses. Miltivariate paired t-tests were

performed on paired data to test the null hypothesis of equal
catch per unit effort (CPUE, IDbs/hr) for shrinp and finfish

si mul taneously for both the standard and TED-equi pped traw s.
Data were paired either by tow or by trip for quad-rigged and
twin-rigged vessels for these analyses. This test is discussed

in detail by Mrrison (1976). The null hypothesis was:

kaiff shrimp 0

Yaiff fish (0]

Uni variate adjusted paired t-tests were. perfornmed whenever the
above null hypothesis was rejected. Al so, the confidence
intervals on each of the paraneters (stated in the above nul

hypot hesi s) were construct ed.

CGeneral Linear Mdel Analyses. Ceneral linear nodel (G.M
anal yses were performed on four data sets, including quad-rigged
and twi n-rigged vessels, each with TED equi pped and standard
trawmls paired by tow and by trip using SAS™ (Statistica
Anal ysis System SAS Institute, Inc., Cary, N.C.). The GLM was
used to conpare standard and TED equi pped nets. The dependent
variables used in the GLM anal yses included differences between
standard and TED- equi pped nets for catch, |In(catch), CPUE and
In(CPUE), ratios of catches and CPUEs in TED equi pped and

standard nets and the logarithmc transformations of these ratios

12



and shrinp loss (gain) rates in TED equi pped nets as conpared to
standard nets.

MI1liken and Johnson (1984) discussed GLM net hods,
under | yi ng assunptions, problens and interpretations for
unbal anced experinents in nultiway treatnment structures with
m ssing data such as the paired data fromthe TED eval uation
study. A discussion of the GLM nmethods, assunptions and anal yses
used in this study is included in Appendix I.

Additional Analyses. Oher statistical analyses of the data

i ncl uded frequency distributions, correlations, |inear
regressions, t-tests and paired t-tests, nean, standard

devi ation, confidence intervals and other descriptive statistics
(Sokal and Rohlf, 1981).

Bi ol ogical Mdels. Determnistic population nmodels were

produced for all three shrinp species by linking a R cker-type
yield per recruit nodel to recruitnent estimates that were

I ndependent of parent stock (Ricker, 1975; N chols, 1984; Nance
and Nichols, 1988). Recruitnment |evel was set at the geonetric
mean for the 1960-1988 period. Averages of estimates for 1985-
1988 fishing nmortality (F) derived fromvirtual population

anal ysis were used as the baseline for current conditions. Yield
estimates were nade for all three species for a range of "F"

mul tiplier, values ranging fromO0-2 by 0.002 increments. Tables

of these yield estinmates were used to determ ne effects of TED

equi pped nets on the overall shrinp yield in the Gulf of Mexico.
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This was possible because yield estimates (Y, are a direct result

of fishing nortality rates (Royce, 1972). The yield nodel was:
Y. = Fk N W dt

wher e
N is the nunber of animals (R) in a cohort
subject to fishing (F) and natural (M
mortality at a given time (t),
the fornula is:
N. = Re (F *M(t-tg

t
F. is the fishing nortality at a given tine

W is the average weight of an individual at time
t, estimated from growth equations.

Fishing nortality rate (F) is the product of two separate
variables; i.e., a catchability coefficient (q) and directed
nom nal fishing effort (f).

F=qf
TED- equi pped nets influence fishing nortality by affecting shrinp
catchability and not fishing effort (f). Any percentage change
in shrinp catchability caused by TED equi pped nets is assuned to
be directly reflected by an equal percentage change in fishing
mortality. This is based on an assunption of direct
proportionality between change in CPUE and change in g. Thus,
any change in CPUE as a result of TED use is translated into a

proportional change in q.
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RESULTS

Descriptive Data Sunmmary

Trips. For each geographic area, the frequency of trips is
shown by season (Figs. 1 and 2). O 32 trips in the Gulf of
Mexi co, 27 trips enployed Georgia TEDs equi pped with accel erator
funnels and 5 trips enployed Georgia TEDs without funnels. This
contrasts with the Atlantic coast where funnels were used on only
1 trip of 16. Most trips occurred during the summer which, along
with the fall, is generally considered part of the peak shrinping

season in all areas except southwest Florida where highest shrinp

production occurs during winter and early spring. In the @lf of
Mexico, 11 trips were nade during sumer, 8 in fall, 7 in wnter
and 6 in spring. In the Atlantic, 12 trips were in the sunmer

and 4 in winter. The Mrrison "Soft" TED, a NMFS-type TED, and a
honmenmade TED were used on a limted nunber of trips: however
sanpl e sizes were not |arge enough for analysis.

A twin-rigged vessel was only used in Texas. Three twn-
rigged trips were made during the fall and winter using the
Georgia TED without a funnel. Four trips were nmade in the fal
using a CGeorgia TED with a funnel

Paired Data. \Wen at |east one TED equi pped net and one

standard net were towed sinultaneously froma given vessel, the
resulting data were considered to be a valid pair. 1In cases
where two or nore of either net type were towed, the data from

the |ike nets were averaged to create a single standard-TED pair.
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During one trip, Ceorgia TEDs with and w thout funnels were
towed sinultaneously. For this trip and for each tow, one of the
two TED- equi pped nets was randomy selected along with a randonly

selected standard net to neke a pair. Two artificial "sub-
trips" were created fromthe original trip - one contained the
Ceorgia TEDs with funnels and the other included Georgia TEDs
wi thout funnels. Figures 3 and 4 show the frequencies of TED-
standard data pairs with usable operational codes by geographic
area and season.

In the Gulf of Mexico, information from 488 data pairs
(quad-rigged and twin-rigged conbined) was collected fromtows
using Georgia TEDs equi pped with accel erator funnels, and 61
pairs wthout funnels. There were 22 data pairs in the Atlantic
for CGeorgia TEDs with accelerator funnels and 231 w thout
funnels. In the Atlantic, approxinmately 67% of the sanpling was
during summer and the remainder during w nter.

About 8% of the data pairs by tow were collected froma
tw n-rigged vessel operating off the Texas coast. Thirty-six
data pairs by tow were collected in the fall for Ceorgia TEDs
equi pped with funnels. Twenty-three data pairs were collected
during fall and 5 during winter for tows using Georgia TEDs
wi t hout funnels.

Performance of TED equipped and Standard Nets. The total

nunber of nets towed was 3, 808; 3640 tows on quad-rigged vessels
and 168 tows on tw n-rigged vessels. Standard nets and nets

equi pped with CGeorgia TEDs, with and w thout funnels, conposed
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3,641 of the 3,808 tows. The frequency of net tows (quad- and
tw n-rigged vessel s conbined) with each operation code was
tabul ated by TED type (Appendix Il, Tables 2 and 3). Percentage
of successful tows, those with no gear-related problens
attributable to TEDs (Table 1) was sim|lar between standard and
TED equi pped nets. About 93.7%of all standard net tows, 91.1%
of all net tows of Georgia TED equi pped nets w thout funnels, and
89.8%of all net tows of Ceorgia TED equi pped nets with
accel erator funnels were successful (Table 1). Thus the
differences in success between standard nets and TED- equi pped
nets with and without funnels are 3.9% and 2. 6% respectively.
Operation codes not included as successful represent tows with
problens that may or may not be associated with the presence of
TEDs. This represented only 6.3% 8.9% and 10.2% of the net
tows for standard nets, Georgia TED equi pped nets w thout funnel,
and Georgia TED equi pped nets with funnel, respectively.
Operation code frequencies of net tows for TED equi pped and
standard nets were simlar in all cases except for net tows with
codes F and O One percent of standard net tows were coded F
(gear fouled, typically entangled in itself) conpared with 5.1%
of net tows using Ceorgia TED equi pped nets wi thout funnels and
1.3% of net tows using Georgia TED equi pped nets with funnels.
Code O (gear fouled on object or object caught in net) occurred
in 0.7% of standard net tows, 0.02%of net tows of Georgia TED
equi pped nets w thout funnels, and 2.7%net tows of Georgia TED

equi pped nets with funnels. Based on operation codes, it appears
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that the percentages of successful tows were very simlar between
standard nets and nets equipped with Georgia TEDs with or wthout
funnel s.

CPUE Conparisons with the Commercial Fleet. Average CPUE of
shrinp calculated on a trip by trip basis for standard nets
nmoni tored on commercial vessels participating in the TED observer
program was conpared to CPUE for standard nets on ot her
comerci al vessels fishing in the same areas and tine.
| nformation on non-participating comercial vessels was obtained
t hrough interviews by NWS port agents. Values were sunmmarized
by season and statistical subarea (Table 2, Appendix IIl, Figure
2). Standard net CPUEs of commercial vessels with observers were
not significantly different (P = 0.65) from CPUEs on ot her
comerci al vessels. In four of seven cases, overall shrinp catch
from standard nets on TED observer vessels had a hi gher CPUE than.
standard nets on other conmercial vessels. Four of the
conmparisons ranged between -4.0 and +8.2 |b per hr and three
conmparisons were within 1.5 | b per hour (Table 2). It is felt
that TED observer vessels were representative of other conmmercia
vessels in the fleet fishing in simlar places at the sane tine.
Correlations. There were significant correlations between
standard and TED-equi pped nets paired by tow (all areas, seasons,
and vessels; Appendix Il, Tables 4 and 5) with respect to shrinp
catch, shrinp catch adjusted for try net catch, shrinp CPUE and
shrinp CPUE adjusted for try net catch (Figs. 5-8). Correlation

coefficients ranged fromO0.91 to 0.95. No apparent differences
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were observed anong areas, seasons and vessels (quad-rigged or
tw n-rigged).

Wthin standard and TED- equi pped nets, significant
correlations were present between shrinp catch rates and fish
catch rates (pounds/tow and CPUEs) both for data adjusted with
try net catch and data not adjusted with try net catch (Figs. 9
and 10; Appendix IIl, Figs. 2-8). The adjustnent for try net
catch was nmade by adding the shrinmp weight (heads off) fromthe
try net to the shrinp weight (heads off) of the inboard net towed
on the sane side as the try net. A though significance was
probably due to the large sanple sizes, the small r values ranged
from0.10 to 0.17.

Lt : ired T.

Lt : red t- : ri I s |

A nmultivariate paired t-test discussed by Watson et al. (1986)
was used on data paired by tow to conpare TED-equi pped and
standard nets with regard to shrinp and finfish CPUE. The data
col l ected for TED equi pped and standard nets during different
seasons, areas and TED types provide strong evidence to refute
the null hypothesis of no difference between the CPUE for shrinp
and finfish in standard versus TED equi pped nets. The
differences tested sinultaneously for finfish and shrinp (Tables
3 and 4) were significant at P values usually nuch [ess than
0.01. The P value is the probability of obtaining differences at
| east as | arge as the observed difference between CPUEs of TED

equi pped and standard nets when the null hypothesis is true. P
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values less than 0.05 are judged to be indicative of significant
difference. Significant nean differences were observed not only
when view ng the sinultaneous conparisons of catch rates of TED
equi pped and standard nets overall, but also for different

months, areas and tinmes (day/night conbinations). The only
exception was found during the winter period. However, rejection
of the null hypothesis does not indicate which of the two nean
differences, that for shrinp or for fish, have caused rejection
of the null hypothesis. The sane nethodol ogy used by Watson et
al. (1986) and discussed by Mrrison (1976) to control
experinmental error rate was used here to test for shrinp and
finfish nean differences between the standard and TED- equi pped
traw sseparately. \Wen viewing only the mean difference in CPUE
for shrimp, there were significant nmean differences between TED
and standard nets for nobst conparisons. The only exceptions were
for the winter period, areas 9-12, statistical area 28 and
combined day and night trawls. This indicates that there was
usually a significant nean difference in shrinp CPUE between
standard and TED-equi pped nets during nost fishing operations
regardl ess of the TED type.

For the Gulf and South Atlantic conbined, nean differences
of shrinp catch rate between standard and TED- equi pped nets
appear to be slight; 10% overall for quad-rigged vessels and.2%
for twin-rigged vessels. The nmean differences range from0.5 to
0.9 I'b per hour of fishing without including trynet catch. Mean

differences ranged from0.7 to 1.3 I b per hour of fishing when
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trynet catch was included. \When adjustnents for try net catch
were not included in the analysis, Georgia TEDs with funnels | ost
an average 0.5 | b of shrinp per hour as conpared to standard nets
and Ceorgia TEDs wi thout funnels |lost an average 0.9 |b of shrinp
per hour as conpared to standard nets. Likew se, the nean
difference in the catch rates of finfish was significant between
the standard and TED-equi pped nets, primarily due to a | ower
catch rate for TED equi pped nets as conpared to standard nets.
The finfish CPUE nean differences between TED equi pped and
standard nets ranged from8.3 to 11.5 | b per hour. Al though this
is a small nmean loss, it clearly shows a significant reduction in
the finfish by-catch with the Georgia TED either with or w thout
a funnel.

Al'l shrinp vessels normally fish with a try net in front of
one of their nets. In this volunteer study the positioning of
the nets was not directed by NVFS; therefore, the nunber of tines
the try net would be positioned in front of a standard or a TED
equi pped net was not randomly determined. In reviewing all of
the data, of a total of 877 paired tows in which a try net was
i nvol ved, 664 (76% of these had the try net positioned in front
of the standard net, while only 213 (24% were positioned in
front of the TED equipped net (Table 5).

Try net catch was added to the net directly behind it.
Therefore, in 76% of the cases the catch was added to the
standard net and in only 24% of the cases was it added to the

TED-equi pped net. Since these are quad-rigged vessels, it is
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probably inaccurate to assune that all of the catch caught by the
try net would go into the net imediately behind it. Most

likely, were the try net not present, sonme of the shrinp would
have been captured by the outboard net. Therefore, we also
conpared the nmean CPUEsS without try net catch added in for
standard and TED-equi pped nets. Table 6 describes this
relationship. \Wen the try net was in front of the standard net,
the nmean catch rate of shrinp was 6.9 | bs per hour. However, the
catch rate for TEDs with and w thout funnels was the same, 5.9

[ b/hr with or without try net in front of the TED equi pped net.
This shows that the try net had an effect of at l|east 6% (on the
average) on the catch rates of shrinp in the standard net,
therefore, corrections based on try net data increased the

di fference between the standard and TED in all cases.

The nean difference in shrinp CPUE between TED equi pped and
standard nets (Table 7) was greater when there were problens with
the nets during a tow, than when there were none (1.4 Ib vs 0.4
Ib). This was also true for fish CPUEsS (16.7 Ib vs 7.3 |b).
Simlar results were found when try net catches were added to the
i nboard nets directly behind them

Multivariate Paired t-tests for Quad-rigged Vessels by

Trips. Miltivariate paired t-tests for quad-rigged vessels were
al so conducted by trip. Results are listed in Tables 8 and 9.
In contrast to the analysis by tows, significant differences were
the exception rather than the rule. Wen try net adjustnents

were not included, the overall CPUE nean difference between
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standard and TED- equi pped net was significant for both shrinp and
fish. However, one TED type (Georgia TED without a funnel)

showed a significant difference overall for shrinp alone as well
as fish alone, whereas the CGeorgia TED with a funnel had no
significantly different CPUE values. Thus, the null hypothesis
of no difference was not rejected for this TED type. There were
virtually no significant differences for shrinp CPUE by season
(except for sunmer) nor area except for statistical areas 30-

32. There were slightly different results when the try nets were
included in the analysis. Significant nmean differences were
noted overall and by all TED types used.

Cenerally, the shrinp catch rate nmean differences between
standard and TED- equi pped nets were slight; without try nets the
nmean differences ranged fromO0.4 Ib to 1.0 I b per hour and when
try net adjustments were included the mean differences ranged
fromO0.7 Ibto 1.2 Ib per hour. Mean differences in the catch
rates of shrinp between the standard nets and TED- equi pped nets
wi t hout funnels were the highest whether or not the try net
adj ustment was included. Conversely, nean differences in catch
rates between standard and TED-equi pped nets for the Georgia TED
with a funnel were 0.4 Ib per hr without try net adjustnent and
0.7 Ib per hr with try net.

The nean differences in the catch rates of finfish were also
apparent when each TED type was conpared to standard nets (a
difference of 3.9 I b per hour for Georgia TEDs with a funnel
conpared to 12.0 | b per hour for Georgia TEDs without a funnel).
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The TED-equi pped net with funnel did not significantly reduce the
mean CPUE as conpared to the standard net. However, TED
equi pped nets without funnels did reduce CPUE significantly.

Multivariate Paired t-tests for Twin-rigged Vessels by Tow.
In contrast to the analysis perforned for quad-rigged vessel
tows, significant mean differences were the exception rather than
the rule on the twin-rigged vessel (Table 10). One TED type
(Georgia TED without a funnel) showed a significant nean
difference overall, for shrinp alone, but not for fish alone.

The other TED type (Georgia TED with a funnel) had no significant
nmean di fference between CPUE val ues. There were no significant
mean differences overall, or for areas, nonth or day/night
combi nat i ons.

Shrinp catch rate nean differences between standard and TED
equi pped nets ranged from negative 0.2 | bs per hour to 1.4 |bs
per hour. The Georgia TED without a funnel had the greatest nean
difference in catch rates.

Fish catch rate nean differences between standard and TED-
equi pped nets were all less than 1.0 Ib per hour. No
significant mean difference in fish catch between net types

occurred in this analysis.

Ceneral Linear Mbdel Anal yses

Paired Data. Ceneral |inear nodel (G.M analyses were

performed on paired data for standard vs TED equipped trawl s

(Appendi x |, Tables 1-4). The four data sets analyzed were the
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sanme as those in the nultivariate paired t-test and were
represented by conbinations of quad-rigged and twin rigged
tramers, with TED standard net pairings by tow and by trip. In
sone cases, the great inbalance of the data sets (Appendix I,
Table 1) prevented evaluation of the effects of Region (R) or
Season (Q, but the effect of TED type (T) could be evaluated in
all four data sets (Appendix |, Tables 3 and 4). A conplete
description of the variables, analyses, assunptions and results
is found in Appendix I.

Two sets of GLM anal yses, one with and one w t hout
adjustment for try net catches of shrinmp (Table 11), used as
dependent variable the difference between natural |ogarithms of
shrinp catches in standard and TED equi pped traws. In these
anal yses, the independent variables and interactions in the G.M
accounted for greater proportions of variation in the dependent
variable than in the other nodels we tested (see Appendix I,

Table 3).

For all nodels tested, the residuals had a nean of zero,
thus fulfilling one assunption of the analysis (Appendix |, Table
3). However, those in which the difference between |ogarithnms of
catches was used as the dependent variable (i. e. those with high
coefficients of determ nation) produced | ow coefficients of
skewness and kurtosis for the residuals, thus closely
approxi mating the additional assunption of normality of residuals
required for GLM analysis (Table 11). Anmong these nodels, those

in which region was the classification variable produced the
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hi ghest coefficients of determnation, followed by those in which
season was the classification variable, and finally by those in
which TED type was the classification variable (Table 11). This
indicated that nmore variation in these dependent variables was
accounted for by region than season, and nore by season than TED
t ype.

Quad-rigged Traw Data Paired by Tow.  Wen the Least

Squares Means (LSMs) of these best dependent variables for quad-
rigged trawmers with data paired by tow were tested to determ ne
whet her they differed from zero, the LSMs for the difference
between | ogarithms of shrinp catches were not significantly
different fromzero for Georgia TEDs without funnels, for regions
18-21; 1-8, and >21, and season (Table 12). Still fewer LSMs
were not significantly different from zero when the try net
adj ustment was applied, including those for regions 9-12, |-8 and
>21, and seasons spring and fall. Thus, the adjustment for try
net catch affected the results of the conparison between the
| ogarithms of shrinp catch in standard and TED equi pped traw s by
reduci ng the nunber of cases in which LSMs were significantly
different from zero.

Quad-rigged Traw Data Paired by Trip. For quad-rigged
vessel data paired by trip, LSMs of the difference between
| ogarithns of shrinp catches were not significantly different
from zero for regions 9-12, |-8 and >21 and seasons w nter and
spring (Table 12). The LSMfor fall was not estinable due to

dat a i nbal ance.

26



Twin-rigged Traw Data Paired by Tow. For twi n-rigged

vessel data paired by tow, the effects of region and season coul d
not be tested by GLM due to data inmbal ance, so only TED type was
used as a classification variable (Table 11). For data paired by
tow, the LSMs of the difference between |ogarithnms of shrinp
catches were not significantly different fromzero for both TED
types when there was no adjustnent for try net catch of shrinp,
and the LSM for Georgia TEDs with funnels did not differ
significantly fromzero when the try net adjustnment was nade
(Table 12).

Twin-rigged Trawl Data Paired by Trip. For twin-rigged

vessel data paired by trip, none of the LSMs for differences

bet ween |l ogarithns of shrinp catches differed significantly from
zero for the two TED types, both with and without the try net
correction (Table 12).

Quad-rigged vs Twi n-ri gged Vessels. General results for

twn-rigged trawls paired by tow and for both quad-rigged and
twn-rigged trawls paired by trip undoubtedly were affected by
the smaller sanple sizes (Appendix |, Table 1). Al so the
sanpling unit in the study was the tow Therefore, GM anal yses
of data paired by tow should be considered superior to those for
data paired by trip

Overall. In no cases were the negative LSMs (i.e. those
suggesting a gain in natural logarithmof shrinp catch by TED
equi pped trawls) significantly different fromzero (Table 12).
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Turtl e Captures

Forty sea turtles (alive or fresh dead) were captured on

vessel s participating in this study. They consisted of 32

| oggerheads (Caretta caretta), 6 Kenp's ridleys (Lepidochelys

kenmpi ), and 2 hawksbills (Eretnochelys inbricata). Thirty-five

were caught in standard shrinp trawms, 4 in try nets and 1 in a
TED- equi pped traw (Table 13, Fig. 11). Refer to Appendix |II
(Figs. 9-12) for the seasonal breakdown of turtle captures. The
| ogger head caught in the TED equi pped trawl was entangled in the
accelerator funnel. It was subsequently tagged and rel eased
alive. Four of the turtles (2 loggerheads, 1 Kemp's ridley and 1
hawksbi |l ) captured in standard shrinp trawls could not be
revived after several hours of resuscitation and were presuned
dead. Three of these were painted and thrown overboard. One
| ogger head was autopsied within 2 days of capture, but the
internal organs were too deconposed for analysis. No painted
carcasses were reported by the Sea Turtle Stranding and Sal vage
Network. The remaining 36 turtles were tagged and rel eased
al i ve. Three turtles were captured off Louisiana, 10 off the
west coast of Florida, 23 off the east coast of Florida, 3 off
Ceorgia and 1 off South Carolina. No turtles were captured off
Texas.

Catch rates of turtles in standard shrinp nets varied by
region and season (Table 14). Four turtles captured in try nets
were not used in the calculations for this Table. Fishing effort

was standardized to 100 ft headrope per tow using the fornula,
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E' = E x 100/H

where E = tow time in minutes
H = sum of the headrope length in feet for a
tow
E' = standardized effort

Turtle mean CPUE (R) and its 95% confidence interval (C1.) were

cal cul ated according to Snedecor and Cochran (1967) for ratio

estimates using the fornula,

R = IT/SE'
where T = turtle captures
E' = standardized effort
estimated standard ;V E(T—RE')2
error of R = X n(n-1)
where n = sample size
X = mean of the standardized effort

The total annual capture of turtles by the commercial shrinp
fleet was projected using the 5 mllion hours of fishing effort
inthe Gulf of Mexico and 0.5 mllion hours of fishing effort in
the Atlantic for calendar year 1988 (Table 14). Effort values
from 1988 were used for our projection since fishing effort in
the Gulf of Mexico has been increasing at a rate of approxinately
7.5% per year since 1980; Atlantic effort, although fluctuating
as conpared to the Gulf of Mexico, was also high in 1988. Based
on 5 mllion hours of fishing effort, we estimated 14,112 turtle
captures by the comercial fleet in the offshore Gulf of Mexico

during 1988, and 14,986 turtle captures in 0.5 mllion hours of
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fishing effort in the Atlantic. Mrtality rates for turtles
captured in trawls cannot be accurately estimted because
survival of released turtles us unknown.

Biological Yield Mdels

Ricker-type (Ricker, 1975) yield nodels for each of the
three major shrinp species show the sane basic curve shape (Nance
et al. 1989). The curves shown in Fig. 12 are very flat around
the region where yield estinmates are plotted for current fishing
mortality rates (F-nultiples = 1.0). Thus, with current fishing
patterns and current fishing nortality rates, little increase or
decrease in yield is predicted with the mnor reductions in F
t hat woul d be expected due to small |osses of shrinp by TEDs.

A decrease of 10%in F (loss of 10% of shrinp catch with a
TED-net conpared to a standard net) would result in an estinmated
0% change in overall-yield in both the brown and white shrinp
fisheries and a 2% decrease in the yield for the pink shrinp
fishery. A decrease of 20%in F would result in an estimted
decrease in overall yield of 1%in the white shrinmp fishery, 2%
in the brown shrinp fishery and 5% in the pink shrinp fishery.
These estinmated decreases in overall yield for each fishery are
so small that year to year variability in recruitment and growth

rates would tend to overshadow any | osses from TED usage
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DI SCUSSI ON

This report is based on data collected by NVFS observers
during cooperative cruises with the shrinp industry participants.
Since this was a voluntary program area and tine of sanpling
could not be controlled, resulting in great imbalances in the
data set by region, season and TED type. During the first year
of the study we focused our efforts on primarily one design and
obtained relatively good coverage for CGeorgia TEDs with and
Wi t hout funnels.

Along the Atlantic coast we had adequate sanples from
Georgia TEDs without funnels, but virtually no sanples from
CGeorgia TEDs with funnels. There was high sanpling effort during
the summer and winter nonths, but alnost no sanpling during
spring and fall. Conversely, in the @lf of Mexico nost sanpling
was with Georgia TEDs with funnels and very little sanpling with
Ceorgia TEDs without funnels. W collected sufficient data off
t he Texas coast during the peak shrinping seasons of sumer and
fall, and off the southwest Florida coast during peak shrinmping
seasons of winter and spring. However, off the Louisiana coast,
we obtained mnimal information during summer and fall, the tine
of peak shrinp abundance in that area.

In general, the results are functions of the type of TED
predom nating in an area and the specific tinmes and pl aces

fished. Catch rates for TEDs along the Atlantic coast are
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characteristic of the Georgia TED without funnel, the prinmary
gear tested in that area, and catch rates in the GQulf of Mexico
reflect Georgia TEDs with funnels. Thus, there is confounding

anong area (Atlantic, @ulf of Mexico), TED-type and season.

Cear Performance

Overall, there was a high degree of simlarity in shrinp
catchability between TED-equi pped and standard nets. When there
were problems with both the TED equi pped and standard nets, TED
equi pped nets |lost proportionally nmore shrinp and finfish than
standard nets. Standard nets, even with problens, retained nore
of the shrinp and finfish catch than the TED equi pped nets. Any
debris that clogged or choked the net would undoubtedly affect
the performance of an operating TED, either keeping the door open
continually or janm ng the door so that both shrinp and finfish
could easily escape. Standard nets did not have an escape door
t hrough which shrinp and fish could exit. \Wen problenms were
encountered, catch rates were reduced by approximately 1.4 |bs/hr
for shrinp, and by around 16.7 Ibs/hr for finfish. However, the
overal | percentage of problens was |ow both with and w thout
TEDs, with good gear performance about 90% for all nets.

Al though there are areas within the GQulf and Atlantic where
tow problens are nore frequent, for exanple, the rough bottom
areas of Florida's Tortugas fishing grounds, our sanpling was not
adequate to docunent all these areas. Problens were nore random

than systematic and occurred in both standard and TED- equi pped
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nets. Overall, there was a high degree of simlarity in gear
performance between these types of nets. Further, we found that
the average catch per unit effort (CPUE) of observer boats was
simlar to the CPUE of the commercial fleet for that given area
and tine. Thus, our sanpling efforts did represent conmerci al
shrinping at that tinme and for that given area. Therefore, the
results of this programare nmeaningful in terns of evaluation of
TEDs under conmercial conditions.

Rel ati onshi ps Between Standard and TED- Equi pped Nets

There was a very strong correlation (r ranged fromO0.87 to
0.95) between the Ibs of shrinp/hr caught in a standard net and
the | bs of shrinp/hr caught in a TED equi pped net for all areas,
seasons and vessels. This indicates a strong linear relationship
between catch rates of shrinp of both net types.

W al so exam ned the relationship between the catch of
shrinp and fish. Although the r? values were |ow, the
correl ations between the fish and shrinp catch rates were highly
significant. Because of the inpact of fish on the shrinp catch
we used the nultivariate paired t-tests analysis as the "best"
statistical means for sinultaneously conparing catch rates
between TED and standard nets.

General Linear Mdel (G.M analyses for unbal anced data were
al so perforned. The "best" npdels were those in which the
dependent variable was represented by the difference between the
natural logarithm of shrinp catch in standard vs TED equi pped

nets, or the natural logarithmof the ratio of shrinp catches in
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TED- equi pped vs standard nets. Because of inherent difficulties
with interpretation of GLMs and the greatly inbal anced data sets,
we felt that these statistical tests were inferior to those of

the nultivariate paired t-tests, but they provided another way of
describing differences between standard and TED equi pped nets.
Neverthel ess, the results of the GLMindicated that nore
variation in the dependent variables was accounted for by region
than season, and nore by season than by TED type. They also show
that when nmean differences were significant there was a shrinp

| oss by TEDs, but gains in shrinp catch by TED equi pped nets were

not significant.

Conparison Between Standard and TED- equi pped Nets

Seasons.  The differences in the CPUEs using nmultivariate t-
tests for sinultaneous evaluation of overall catch rates clearly
show significant nmean differences between standard and TED
equi pped nets. Further, there are significant mean differences
in the overall catch rates between the two TED types for both the
shrinmp and finfish. W have plotted these differences to show
the relationship between standard and TED CPUEs by season, for
shrinp and finfish (Figs. 13 and 14). In all cases the shrinp
and finfish CPUEs for the TED were significantly |ess than CPUEs
for the standard net. However, the fact that the shrinp CPUE
nmean differences were not very large is of practical inportance.
CPUEs varied between seasons just as abundance of shrinp on the

fishery grounds al so varies between seasons. The differences in
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shrinp CPUE between net type varied seasonally and ranged from a
low of 0.1 Ibs/hr in winter to a high 1.4 Ibs/hr during sumrer.

The standard net caught, on the average, |arger amounts of
finfish than the TED equi pped net for the sanme season (Fig. 14).
As an exanple, during the spring nonths the standard net caught
89.3 Ibs/hr fish, whereas the TED equi pped net caught only 85.6
| bs/hr for a difference of approximately 3.7 Ibs/hr; during the
sunmer nonths the standard net caught 69.3 | bs/hr and the TED
equi pped net 53.9 Ibs/hr or a difference of approximately 15.4
| bs/hr of fishing. This reduction in the finfish catch was
statistically significant during the sumrer nonths but not
significant during any other season.

Areas. W also examined the difference in catch rates
bet ween standard and TED- equi pped nets by geographi cal area.
Again, shrimp and finfish catch rates for TEDs were | ower than
catch rates for the standard net. Differences in shrinp CPUE
bet ween net types were significant in all areas except Cape
Canaveral. In the Cape Canaveral area (Fig. 15) the shrinp catch
rates for the standard net were 4.7 |bs/hr, whereas for the TED
equi pped net it was 4.4 Ibs/hr or a difference of only 0.3
Ibs/hr. In other Atlantic coast areas the shrinp catch rates
averaged 8.8 I bs/hr in the standard net, but only 7.2 Ibs/hr in
the TED-equi pped net, a difference of 1.6 Ibs/hr. Shrinp CPUE
differences by net type in the GQulf of Mexico were nuch |ess,

ranging fromO0.5 Ibs/hr to 0.8 | bs/hr.
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Area differences may be confounded with those from net
type. Georgia TEDs without funnels predom nated on vessels on
the Atlantic coast whereas those with funnels domi nated in the
Qul f of Mexico. The effectiveness of the TED-type may influence
the catch rates of shrinp. By-in-large, gear specialists have
reported that the Georgia TED with funnel is nore effective in
retaining shrinp than the same TED without a funnel (personal
communi cation, John Watson, NMS, Pascagoula, MS).

Overall finfish catch rates differed significantly between
TED- equi pped and standard nets. Conparisons by geographical area
showed significant differences for only a few areas (Fig. 16).
The catch rate of finfish by area was also different for TED
equi pped or standard nets. The Louisiana coast of the Gulf of
Mexi co had the highest finfish catch rates: 114 |bs/hr with the
standard net as conpared to 110.9 |bs/hr for the TED equi pped
net, a difference of about 3.1 Ibs/hr. Finfish catch rate
differed significantly between TED equi pped and standard nets
only in southwest Florida and the Atlantic coasts. The reason
for this difference is unclear. The Atlantic coast catch rates
were 82.6 |bs/hr for the standard net and 62.2 |bs/hr for the
TED- equi pped net (a difference of 20.4 |bs/hr). | n sout hwestern
Florida, rates were 46.9 Ibs/hr and 40.3 Ibs/hr for the standard
and TED-equi pped net, respectively.

Net Type. Shrinp catch rates were reviewed for the two TED
types. Catch rate for the standard net was 7.2 |bs/hr versus 5.9

| bs/hr for the net equipped with a Georgia Junper wthout a
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funnel, a difference of 1.3 Ibs/hr (Fig. 17). For quad-rigged.
vessel s, the standard net caught 6.7 |bs/hr and the Georgia TED
with funnel caught 5.9 Ibs/hr for a difference of 0.7 |bs/hr.
Overall, there appeared to be sone dissimlarity in the shrinp
catch rate differences when the two TED types were conpared (see
above).

For tw n-rigged vessels, the catch rate for the standard net
was 9.9 | bs/hr versus 10.2 I bs/hr for the Georgia Junper with a
funnel, however, w thout the funnel the Georgia Junper's catch
rate was 5.2 I bs/hr versus 6.0 I bs/hr for the standard net (Fig.
18). A mmjor difference was observed in the loss rate of shrinp
depending on the type of TED. The Georgia Junper with the funnel
was clearly superior and showed no significant difference in
shrinp loss when conpared to the standard net.

Li kewi se, the overall difference of finfish catch rates
bet ween standard and TED- equi pped nets were conpared for each of
the two TED types (Fig. 19). These data showed a significant
reduction in fish catch for both TED types. The Georgia TED with
and wi thout a funnel reduced the finfish catch rate by 11.5
| bs/hr and 8.3 I|bs/hr, respectively.

Bi ol ogi cal Mbdel.

Shrinp catch rates by TED equi pped nets were usually | ower
than those in standard nets and nmean rates varied from 2% better
to 15% worse for quad-rigged vessels. Wien the catch of shrinp
inthe try nets was added to the catch in the inboard net

i medi ately behind the try net, the results indicated that the
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mean | oss rate ranged from 3% | oss to approximately 18% | oss for
the CGeorgia TED without a funnel. As previously stated, we feel
that the try net adjustnent is biased in favor of standard nets
because 76% of all the tows with the try net were in front of the
standard net and only 24% were in front of the TED equi pped net.
Wien we conpared shrinp CPUEs between standard and TED- equi pped
nets there was a 6% nmean difference in catch rates with the try
net adjustment. Although there appears to be an inherent bias
within the try net adjustnents, we have provided anal yses both
with and without try net adjustnents. \Wether the range in the
CPUE data is +2% to -15% (e.g., without try net adjustnents) or a
loss of 3-18% there is, in every case except one, a |loss in
shrinp catch rate. However, for twin-rigged vessels the overal
mean catch in shrinp CPUE was not significantly different between
TEDs and standard nets (Table 10). As discussed previously, the
nmultivariate paired t-test analysis shows that these differences
were significant overall. W have denonstrated that the shrinp
loss rate is relatively small practically, ranging fromO0. 2

| bs/hr to 1.6 Ibs/hr, depending upon the area, season, and TED
type. Therefore, we have taken the opportunity to determ ne what
this loss rate would nmean to total production in the shrinp
fishery. Yield curves have been generated for each of the shrinp
fisheries by using nodels to determne total yield with a variety
of different fishing pressures (Fig. 12). At present |evels of
fishing effort (F-nmultiplier = 1.0) each curve is very flat to

ei ther side (Nance et al., 1989). Thus, because of the flat-
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t opped nature of the curve at the present |evel of fishing, any
increases in fishing nortality rates would not increase the yield
of shrinmp. Likewise, a decrease in fishing nortality rates of
10 or 20% woul d not significantly decrease the overall production
of shrinp.

We have assunmed 1) that a shrinp escaping through either a
TED- equi pped net or a standard net will not die because of that
epi sode (no increase in natural nortality rates), and 2) that
such escaping shrinp will join the renaining population, wll
grow and experience the same natural nortality as the rest of the
stock. Phares (1978), describing the selectivity of shrinp nets,
showed a loss rate of shrinp varying by area and season, with an
extensive size range of lost shrinp. Therefore, we have assuned
that nmortality incurred by shrinp escaping from TED equi pped nets
woul d be no greater than that experienced from standard nets. In
fact, the survival rate of shrinp escaping from TED equi pped nets
m ght be increased because the opening in the TED equi pped net is
| arger than the mesh openings in the cod end of a standard net.
|f there were a decrease of 20%in the catch rate and this
translated to a fishing nortality decrease of 20% we woul d
estimate a resultant decrease in overall yield of only 1%in the
white shrinp fishery, 2% in the brow shrinp fishery, and
approximately 5% in the pink shrinp fishery. By this we nean
that there is anple fishing effort on the grounds to capture the
animals for that given year-class, and that a reduction in the

fishing nortality rate due to |l oss of shrinp by TEDs will not

39



greatly affect the overall yield. Al though this decrease may, in
fact, inpact a given individual fisherman on any particular tow,
what he loses in that towwll still be available to himfor
capture by succeeding tows that day or the next and m ght even be
accessible to himwthin the next couple of nonths.

The fishery yield could benefit overall if effort is
concentrated on young snall emgrating shrinp that have growth
potential exceeding the reduction due to natural nortality. Thus
the overall yield could be enhanced through reduction in growth
overfishing (Klima et al., 1982; Nance et al., 1989; N chols,
1982). The lowering of shrinp catch rates due to TEDs nay not be
viewed as all unfortunate depending on the tine of year when this
occurs.

Turtle Capture.

During the study, turtles were captured in all regions
except the western Qulf (statistical areas 18-21), an area where
we had considerabl e observer effort. This is not to inply that
turtles are not caught by shrinp trawmers off the state of Texas.
In May 1989, a commercial shrinper fishing off Freeport caught a
| oggerhead turtle in approximtely 10 fathonms of water. Further,
Henwood and Stuntz (1987) identified 16 |oggerheads and 4 Kenp's
ridley turtles taken by shrinpers in the western Gulf for a catch
rate of 0.002+0.001 (turtles/net hour) for |oggerhead turtles.
Whet her the capture rate is at the same |level today is unknown.

The data for strandings in 1986-1987 show a |arge nunber of

turtles along the Texas coast (Fig. 20). The proportion of those
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strandi ngs due to shrinping is unknown at present. However, the
turtle stranding rate decreased during June when the of fshore
waters were closed to all shrinping except to daytime shrinping
in 0-4 fathoms. Mst strandings occurred in March, April, My
and again in July and August and the remaining fall nmonths. Up
to 51 of these strandings in 1986 were possibly related to
removal of oil platforns using explosives, as docunented by Klinma
et al. (1988). Since 1987, the renopval of oil platforns has been
controlled by the Mnerals Managenent Service and NMFS through a
Section 7 Consultation under the Endangered Species Act and an

i ntensive observer program There have been no docunented turtle
nortalities resulting fromplatformrenovals since that date.

At-sea capture of turtles was highest along the Atlantic
coast and especially high off Cape Canaveral and Mayport, FL
Al'so, a high capture rate was found off southwest Florida on the
Sani bel fishing grounds. Three sea turtles were caught off the
panhandl e of Florida during the spring of 1989.

I n spring, |oggerheads concentrate along the east coast of
Florida from Brevard to Pal m Beach counties (Thonmpson, 1988). In
the fall, they mgrate to southeast U S. waters and the @ulf of
Mexi co. In the Gulf of Mexico, |oggerheads appear to concentrate
along the central -west coast of Florida. Aerial surveys during
the early to md 1980s showed the ratio of |oggerhead turtle
sightings for the northwestern Gulf to northeastern Gulf to be

about 1 to 25. Loggerheads al so nest along the Florida west
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coast, but only sporadically el sewhere along the Gulf of Mexico
coast .

Fishing effort in the Gulf of Mexico has been increasing at
a rate of approximately 7.5% per year since 1980 (Fig. 21); in
the Atlantic, fishing fluctuates greatly fromyear to year
dependi ng upon the abundance of shrinp with no apparent trend
since 1982 (Fig. 22). Nevertheless, the fishing power in the
Atlantic and the Qulf of Mexico is at extremely high |levels and
turtles that are found on shrinping grounds are certainly
vul nerable to capture by shrinp traw ers as cal cul ated by Henwood
and Stuntz (1987). Those authors estimted 12,947 turtle
captures based on 4.3 million hours of fishing effort in the Gulf
of Mexico, and 33,871 turtle captures in 0.7 mllion hours of
fishing effort in the conbined inshore and offshore of the
Atlantic. Qur estimate of 14,112 turtles captured in the @l f of
Mexico in 5 mllion hours acconpanies a 16% increase in fishing
effort but only a 8% increase in captures. W estimted 14, 986
turtle captures in the Atlantic based on 0.5 mllion hours of
offshore effort. Henwood attributes 67% of the Atlantic effort
to offshore fishing. Adjustnent of their earlier results to
reflect only offshore effort reduces the capture estimate to
22,694 turtles in approximately 0.47 million hours. Qur estimte
of 14,986 turtle captures represents a decrease of 34% despite a

6% i ncrease in shrinping effort in the offshore Atlantic.

'Per sonal Communi cation (1990), Dr. Terry Henwood, NOAA, SEFC
NMFS, 9450 Koger Blvd., St. Petersburg, FL 33702
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Qur data docunent turtle capture rates by season and area.
The data also clearly indicate that TEDs do significantly reduce
the capture of turtles by shrinp trawmers in comerci al

operations.
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SUMVARY

This report represents partial fulfillment of OVB and House
Appropriations Conmittee requirements with respect to TEDs and
their economic inpact on the shrinp fishery. Information on the
performance of standard and TED-equi pped nets was collected by
Nat i onal Marine Fisheries Service (NWS) observers placed on
commercial shrinp vessels in the Atlantic and Gulf of Mexico.
Vessel captains permtted NVMFS observers to collect catch rate
and net performance information from sinultaneously towed
standard and TED-equi pped nets. Sanpling areas, times and |length
of tows were controlled by the captain. From March 1988 through
July 1989, a total of 48 trips enconpassing 4,159 fishing hours
were conducted resulting in a total of 776 paired tows. Al of
the data collected were used in the analyses with the exception
of cases when the cod end became untied, nets were badly torn or
non-TED rel ated problens affected the catch

Due to the voluntary nature of the program we were unable
to control areas and tines of sanpling, so there were great
I mbal ances in the data set. Along the Atlantic coast, we
obt ai ned adequate sanmples with CGeorgia TEDs wi thout funnels but
virtually no sanples with Georgia TEDs with funnels. There was a
dearth of sanmpling with Georgia TEDs without funnels along the
Qul f of Mexico;, there was satisfactory sanpling with Georgia TEDs

with funnels in nost areas but only during peak fishing seasons.
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Standard and TED- equi pped nets appeared to operate simlarly
with respect to types and frequency of problemtows. Wen
problems with the fishing gear occurred, the TED equi pped nets
| ost nmore shrinmp and finfish than standard nets.

The catch rates of the observer vessels participating in
this programwere not significantly different fromthe catch
rates for the comrercial fleets fishing in the sane area during
the same time frame. Therefore, we feel that the results of this
observer program are representative and neaningful in ternms of
the evaluation of two types of Ceorgia TEDs under conmerci al
condi tions.

This voluntary program precluded choosing the |ocation of
the try net. The captain made that decision and in 76% of the
tows, the captain |ocated the try net in front of the standard
net. To conpensate for the location of the try net we either
omtted its catch or added its catch to the trailing net. This
adj ustment increased the catch in standard nets by 6% while
havi ng no apparent effect in the catch of the TED equi pped net.

Multivariate paired t-tests were judged the nobst appropriate
nmeans for conparing differences in the CPUEs between standard and
TED-equi pped nets. In general, for quad-rigged vessels, there
were significant nean differences in the paired catch rates
bet ween the standard and TED- equi pped nets for both shrinp and
finfish. 1In all cases, the overall nean difference between CPUEs
of standard and TED- equi pped nets were positive, indicating that

standard nets caught nmore shrinp and finfish than TED equi pped
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nets.. The mean differences in the seasonal shrinp catch rates
were less than 0.9 Ibs/hr without including try net data and 1.4

| bs/hr with try net catch added to the trailing net. Shrinp CPUE
ranged seasonally froma gain of 0.1 |bs/hr to a loss of 1.4

| bs/hr. CPUE varied seasonally and only during the winter nonths
were there no significant differences in the overall shrinp catch
rates between standard and TED-equi pped nets. During all other
seasons differences were significant.

The overall finfish CPUEs were 74.0 and 64.5 | bs per hour
for standard and TED nets respectively or a nean difference of
9.4 I bs per hour.

Differences in shrinp and finfish catch rates between
standard and TED-equi pped nets varied by geographic area, and in
all cases catch rates were less in TED equi pped than in standard
nets. Differences in the shrinp CPUE were significant in all
geogr aphical areas with the exception of Cape Canaveral.

Significant differences were noted between the shrinp catch
rates of the two TeD types. \Wen the Georgia TED without a
funnel was conpared with the standard net, the catch rate for the
standard net was 7.2 Ibs/hr and 5.9 |bs/hr for the TED equi pped
net, or a difference of 1.3 Ibs/hr. The CGeorgia TED with the
funnel caught 5.9 Ibs/hr conpared to of 6.7 Ibs/hr for the
standard net, or a difference of 0.7 Ibs/hr. Differences between
TED-types may be confounded with areal and seasonal factors.

The overall finfish catch rates were also significantly

reduced by both the Georgia TED with and wi thout a funnel as
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conpared to a standard net. The nean differences were 8.3 and
11.5 pounds per hour respectively for the Georgia TED with and
wi thout a funnel.

For twin rigged-vessels, the overall shrinp CPUE with TED
equi pped nets ranged from 2% better than the standard net to 18%
worse than the standard nets with a try net adjustnent. No
significant difference was observed in the overall catch rates
between TED and standard nets for tw n-rigged vessels. However,
there was a significant difference in the catch rates between the
Ceorgia TED without a funnel and the standard net, but no
difference with the Georgia TED with a funnel and the standard
net.

Yield was nodeled to determ ne what inpact various |evels
of shrinp I oss would have on overall shrinp production. Qverall,
a decrease of 10%in fishing nortality rate resulted in no
det ect abl e change in the overall yield for both brown and white
shrinp fisheries and a 2% decrease in the yield for the pink
shrimp fishery. A decrease of 20%in F decreased the overall
yield 1%in the white shrinp fishery, 2% in the brown shrinp
fishery, and approxinmately 5% in the pink shrinp fishery.

A total of 40 turtles were caught in the observer program
of which 27 were caught along the Atlantic coast and 13 were
caught in the Qulf of Mexico. N ne of the 40 cane aboard
unconscious, and 36 were released alive. The estimted total
capture of turtles using 1988 fishing effort is 14,112 for the
Qul f of Mexico and 14,986 turtles for the Atlantic Ccean.
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Table 1. Frequency of operation codes for standard net,
Ceorgia TED without funnel, and Georgia TED with
a Funnel .
A By Goup
Standard Georgia TED Georgia TED
Operation _Net ,, w/0 funnel w/funnel
Code Fredq. % Fredq. % Fred. %
Group 1° 128 6.3 54 8.9 102 10.2
Group 2° 1904 93.7 553 91.1 900 89.8

d Goup 1 = operation codes A, B, C, E, F, N O S,
mul tipl e codes conta|n|n%I

reflect gear-related pro
attributed to TEDs.

b G oup

0 2 = operation codes G |, J,
multiple codes containing only these letters.

one of these letters.
ens which may or may not be

These

These co

T plus

codes

K. L, M P Q U Z plus

des

reflect tows with no gear-related problens attributable to TEDs.

B. For Codes F and O.

Standard Georgia TED Georgia TED
Operation Net - w/0 funnel w/funnel
Code Freq. $  Freq. % Freq. %
F 21 1.0 31 5.1 13 1.3
o 14 0.7 1 0.2 27 2.7
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Table 2. CPUE (I bs/hr/4 nets) conparisons of observed catch rates of standard nets wth
comercial catch rates; by season and statistical area. Data are from 39 trips on
twin and quad-rigged observer vessels in the Qulf of Mexico and interviews of the
commercial shrinp fleet.

Number CPUE
of + Standard Error
Season Statistical Area Data Type trips (1bs/hr)
Summer-Fall - 9-12 Standard 3 22.8 + 0.42
Summer-Fall 9-12 Commercial 283 14.6 + 0.03
Summer-Fall 13-17 Standard 6 14.7 + 0.20
Summer-Fall 13-17 Commercial 1538 18.6 + 0.02
Summer-Fall 18-21 Standard 14 23.4 + 0.15
Summer-Fall 18-21 Commercial 3804 18.8 + 0.01
Winter-Spring 1-8 Standard 6 16.7 + 0.27
Winter-Spring 1-8 . Commercial 1221 15.3 + 0.02
Winter-Spring 9-12 Standard 3 8.9 + 0.14
Winter-Spring 9-12 Commercial 162 8.4 + 0.05
Winter-Spring 13-17 Standard 4 10.7 + 0.15
Winter-Spring 13-17 Commercial 739 12.1 + 0.03
Winter-Spring 18-21 Standard 3 6.5 + 0.65
Winter-Spring 18-21 Commercial 1601 10.4 + 0.02
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Table 3. Results of nultivariate paired t-test for 8gad-rigged vessel s: al
data without try nets. Conparisons between CPUE (Ibs/hr) of standard
and TED- equi pped nets: by tow.

P Values Mean CPUEs (lbs/hr)
CPUE CPUE
N (1bs/hr) (lbs/hr) shrimp fish
TOWS Simultaneous shrimp _ fish shrimp % fish 3
overall 706 <0.01 <0.01 <0.01 .6  (+10) 9.4 (+13)
TED type® -
4 256 <0.01 <0.01 <0.01 .9 (+14) 11.4 (+16)
9 450 <0.01 <0.01 .02 .5 (+8) 8.3  (+11)
Months
Dec-Feb 142 .30 .57 .87 -.1 (-2) 1.3 (+2)
Mar-May 148 <0.01 <0.01 .70 .7 (+15) 3.7 (+4)
Jun-Aug 340 <0.01 <0.01 <0.01 .9 (+11) 15.4 (+22)
Sep-Nov 76 <0.01 <0.01 .28 .7 (+11) 9.2 (+10)
Areas
1-8 106 <0.01 <0.01 .01 .7 (+13) 6.7  (+14)
9-12 88 .20 .22 .44 .4 (+5) 4.0 (+6)
13-17 154 <0.01 <0.01 ' .84 .4 (+8) 3.1 (+3)
18-21 112 .04 .05 .31 .4 (+5) 5.1 (+15)
28 60 .05 .64 .06 .2 (+4) 12.2  (+16)
30-32 186 <0.01 <0.01 <0.01 1.3 (+15) 20.4 (+25)
Day/Night
Day 290 <0.01 <0.01 <0.01 .8  (+12) 10.5 (+12)
Night 338 <0.01 <0.01 .02 .6 (+9) 8.9 (+15)
Both 78 .06 .10 .41 .5 (+8) 7.8 (+8)

4 TED type 4 has no funnel; TED type 9 has a funnel.
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Tabl e 4. Results of nultivariate paired t-test for quad-rigge d ve I al |
data with try nets included. Conparisons between E (Ib r) of
standard net and TED equi pped nets: by tow.

"Difference (std-TED) between

P_Values Mean CPUEs (lbs/hr)
CPUE CPUE

N (lbs/hr) (lbs/hr) shrimp fish

TOWS Simultaneous shrimp fish shrimp % fish %
Ooverall 706 <0.01 <0.01 <0.01 0.9  (+13) 9.4  (+13)
TED type® T
4 256 <0.01 <0.01 <0.01 1.3 (+18) 11.5  (+16)
5 450 ~<0.01 <0.01 .02 0.7  (+11) 8.3  (+11)

Months i -
Dec-Feb 142 .33 .34 .87 0.1 (+3) 1.4 (+2)

Mar-May 148 <0.01 <0.01 .70 0.7 (+14) 3.7  (+4)

Jun-Aug 340 <0.01 <0.01 <0.01 1.4 (+16) 15.4  (+22)
Sep-Nov 76 <0.01 <0.01 .28 0.7  (+10) 9.2  (+10)

Areas - S
1-8 106 <0.01 <0.01 .01 0.8  (+14) 6.7  (+14)
9-12 88 <0.01 <0.01 .45 0.6 (+8) 4.0 (+6)
13-17 154 <0.01 <0.01 .84 0.5 (+11) 3.1 (+3)
18-21 112 <0.01 <0.01 .31 1.0 (+13) 5.2  (+15)
28 60 .05 .28 .06 0.3 (+6) 12.3  (+16)
30-32 186 <0.01 <0.01 <0.01 1.6  (+18) 20.4  (+25)
Day/Night -
Day 290 <0.01 <0.01 <0.01 1.0 ‘(+14) 10.5  (+12)
Night 338 <0.01 <0.01 .02 0.9 (+13) 8.9  (+15)
Both 78 .01 .01 .41 0.6 (+11) 7.8  (+8)

TED type 4 has no funnel; TED type 9 has a funnel
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Tabl e 5.

Tabl e 6.

Number of tows in which try net was in front of standard
or TED-equi pped nets; Georgia TED types conbi ned.

Number 2
Standard 664 76
TED 213 24
Total 877

Conparison of mean CPUE (lbs/hr) with and without try net
for standard and TED-equi pped nets; Georgia TED types
conbi ned.
Mean CPUE (lbs/hr)
Without With %
trynet trynet diff
Standard
net 6.5 6.9 6
TED net 5.9 5.9 0
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Table 7. Conparison of mean CPUE (Ibs/hr) and their differences for
standard and TED-equi pped nets (Georgia TED types conbined) wth
and wi thout traw ing problens.

Mean CPUE (1lbs/hr)

Shrimp Fish
Standard Standard
net TED diff net TED diff
Without
try
net
No problem1
tows 6.2 5.8 0.4+.19 70.3 63.1 7.315.5
Problem? 7.6 6.2 1.4+.54 86.1 69.4 16.7+10.5
tows I
With try
net
No problem
tows 6.5 5.8 0.7+.2
Problem '
tows 8.1 6.3 1.8+.5

' No problem tows: operational codes A, E, F, O S, B, C, Z, L (refer to

Appendi x )

2 Problemtows: all other operational codes (refer to Appendix )
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Tabl e 8. Results of multivariate paired t-test for quad-rigged vessels: al
data without try nets. Conparisons between 8PUE (I'bs/hr) of standard
and TED-equi ppéd nets; by trip.

Difference (std-TED) between
P Values Mean CPUEs (lbs/hr)
" CPUE CPUE
N (1lbs/hr) (lbs/hr) shrimp fish
TRIPS Simultaneous shrimp fish shrimp % fish %
Overall 41 <0.01 <0.01 <0.01 .6 (+9) 7.3 (+13)
TED type®
4 17 <0.01 .02 <0.01 1.0 (+16) 12.0 (+20)
9 24 .13 .14 .33 .4 (+5) 3.9 (+8)
Months
Dec-Feb 10 .28 .93 .32 .0 (+1) 7.9 (+16)
Mar-May 6 .30 .31 .90 .9 (+14) 0.7 (+2)
Jun-Aug 23 <0.01 .01 .01 .8 (+10) 8.6 (+16)
Sep-Nov 2
Areas
1-8 6 .01 .30 .18 .9 (+14) 3.9 (+11)
9-12 5 .99 .99 .99 .0 (+1) 0.5 (+1)
13-17 4 .21 .75 .99 .5 (+10) 0.1 (0)
18-21 10 .73 .74 .78 .2 (+3) 1.8 (+7)
28 4 .22 .66 .29 .2 (+6) 18.6 (+31)
30-32 12 <0.01 .03 .01 1.3 (+16) 15.0 (+21)
Day/Night
Day 2
Night 10 .32 .33 .60 .6 (+7) 2.7 (+10)
Both 29 <0.01 .01 .01 .6 (+10) 7.6 (+12)
® TED type 4 has no funnel; TED type 9 has a funnel.
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Table 9. Results of nmultivariate paired t-test forcgbad-rig ed vessels: al

data with try nets. Conparisons between E (I bs/hr) of standard
net and TED- equi pped nets: by trip.
Difference (std-TED) between

P Values Mean CPUEs (lbs/hr)
CPUE CPUE
N (LBS/HR) (LBS/HR) shrimp fish
TOWS Simultaneous shrimp fish shrimp % fish %
overall 41 <0.01 <0.01 <0.01 .9  (+13) 7.3  (+13)
TED type®
4 17 <0.01 .01 <0.01 1.2 (+19) 12.0 (+20)
9 24 <0.01 <0.01 .33 0.7 (+10) 3.9 (+8)
Months
Dec-Feb 10 .19 .33 .32 0.2 (+6) 7.9  (+16)
Mar-May 6 .12 .21 .90 1.0 (+14) 0.7 (+2)
Jun-Aug 23 <0.01 <0.01 .01 1.3 (+15) 8.6  (+16)
Sep-Nov 2 T
Areas
1-8 6 .02 .30 .18 0.8 (+12) 3.9  (+11)
9-12 5 .73 .76 .99 0.3 (+5) 0.5 (+1)
13-17 4 .06 .37 .99 0.7 (+14) -0.1 (0)
18-21 10 .05 .05 .78 0.9 (+12) 1.8 (+7)
28 4 .19 .62 .29 0.3 (+8) 18.6  (+31)
30-32 12 <0.01 .01 .01 1.5 (+19) 15.0 (+21)
Day/Night T
Day 2 ““7¥
Night 10 .03 .03 .60 1.4  (+14) 2.7 (+9)
Both 29 <0.01 <0.01 .01 0.8 (+13) 7.6  (+12)

® TED type 4 has

no funnel; TED type 9 has a funnel



Table 10. Results of nultivariate paired t-test for tmﬁn-rigged vessel s; al
data with try nets. Conparisons between CPUE (I bs/hr) of standard
and TED type nets by tow

Difference (std-TED) between

P Values Mean CPUEs (1lbs/hr)
CPUE CPUE
N (LBS/HR) (LBS/HR) shrimp fish
TOWS Simultaneous shrimp fish shrimp % fish %
overall 70 .92 .94 .99 0.2 (+2) 0.2 (+1)
TED type® ' ‘ ) o
4 28  <.01 <.01 .80 0.8 (+13) -0.8 (=7)
9 42 .91 .96 .93 -0.2 (-2) 0.9 (+5)
Months o
Dec-Feb & .18 - .24 .97 1.4 (+18) -0.3 (-3)
Sep-Nov 65 .97 .99 .99 0.1 (+1) 0.3 (+2)
Areas T
18-21 70 .92 .94 .99 0.2 (+2) 0.2 (+1)
Bay/Night -
" Day 60 .95 .96 .99 0.2 (+2) 0.2 (+1)
~ Night 6 .35 .37 .99 0.3 (+8) 0.3 (+1)
Both 4 .97 .98 .99 0.2 (+2) 0.2 (+1)

® TED type 4 has no funnel; TED type 9 has a funnel
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Table 11.

(T),

A. Data paired by tow (706 observations, quad-rigged trawlers)

Results of General Linear Mdel (GLM analyses of paired observations from TEDequipped and standard traws with TED
Region (R and Season (Q as classification variables and with selected continuous variables as covariates
(see Appendix Il text for description of symbols used for dependent and continuous variables).

Coeff. of  ______ Residuals®
Dependent Classification Continuous variance®, determ., Skewness Kurtosis
ari ariables Interactions s rt coefficjent coefficient
In(Sg) -1n(S;) T In(Fg) -1n(F;) all 2~factor 0.044 0.331 0.44 2.07
In(H), In(D), V and 3-factor .
1n(Sgyq;) =10 (S,y;) T 1n(Fg)-1n(F;), i 0.043 0.295 0.50 2.84
In(H), 1n(D), V
1n(S,) -1n(S;) R 1n(F,)-1n(F,), " 0.041 0.407 0.18 1.94
in(H), 1n(D), V
1n(Sgy;) =¥n(Sp,y) R in(Fg)-1n(F,), “ 0.040 0.376 0.22 2.57
iIn(H), ln(D), V
In(5¢) -1n(s;) Q In(Fg)-1n(F,), " 0.043 0.372 0.29 1.88
in(H), 1n(D), V
1n(Sgyy;) =1n(S;,y;) . Q 1n(Fg) -1n(F,), " 0.041 0.345 0.36 2.49

In(H), In(D), V
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Table 11. (cont).

B. Data paired by trip (41 observations, quad-rigged trawlers)
Coeff. of ___ Residuals®

Dependent Classification Continuous variance', detern., Skewness Kurtosis
vari Interactjions st r’ coefficient coefficient
1n(S,)-1n(S,) [y 1n(F)-1n(F;), all 2-factor 0.018 0.555 0.82 0.52
1n(H) and 3-factor
1n(Sg,y;) =10 (Sp,y)) T 1n(Fg) -1n(F;), " 0.017 0.471 0.18 -0.45
1n(H) ‘
1n(S,)-1n(S;) R 1n(Fg)-1n(F,), n 0.015 0.757 0.94 1.06
i in(H)
1n(Sgpq;) ~1n(Sp,q;) R 1n(F;)-In(F,), " 0.014 0.717 0.35 0.97
- 1n(H) :
¢
1n(S) ~1n(S;) Q 1n(Fg)-1n(F;), " 0.015 0.696 6.72 1.53
1n(H)
1n(Sgq;) 1N (Spyy)) Q 1n(Fg)~1n(F,), Som 0.011 0.717 0.11 -0.07
In(H)
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Table 11 (cont).

C. Data paired by tow (64 observations, twin-rigged trawlers)

Coeff. of Residuals®
Dependent Classification Continuous Vari?nce', determ., Skewness ~ Kurtosis
v vari variables Interactions s r coefficient coefficient
1n(Sg) -1n(S;) T in(Fg) -1n(F;) w 0.042 0.599 -2.36 8.46
in(H), 1n(D), V
1n(Sgp;) ~1n(Sy,y;) T 1n(Fy)-1n(F;), " 0.027 0.650 -2.15 7.77
in(H), 1n(D), V
D. Data paired by trip (7 observations, twin-rigged trawlers)
Coeff. of ___ Residuals®
Dependent Classification Continuous variance®, deternm., Skewness Kurtosis
i : variable variables Interactions  sf I coefficient  coefficient
1n(S,) ~1n(S,) T 1n(F) -1n(F;), " 0.046 0.345 -0.35 -0.19
1n(H)
1n(Sgpy;) =10 (Spyy;) T ln{Fs) -1n(F;), " 0.042 0.162 -0.85 0.39
n(H)

* Mean square residual

® The mean of the residuals was zero in all GLM nodel's shown in this table



Table 12. Least squares neans (LSMs) of dependent variables for various TED types, Regions and Seasons ((?) in CGeneral Linear Mbdel
anal yses of paired observations for TED equipped and standard traw s (see Appendix Il text tor description of symbols
used for dependent variables).

A. Data paired by tow (706 observations, quad-rigged trawlers)

TED type (T) Region (R) Season (9Q)
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec- Mar- June- Sept-
Variables jumper with funnel 18-21 13-17 9-12 1-8 >21 Feb May Aug Nov
1n(ss)-ln(S,) 0.09ns’ 0.16 0.18ns 0.24 0.16 0.02ns 0.01ns 0.03ns 0.18ns 0.11 0.1l1lns
1n (ssm’) -
ln(ST.dj) 0.14 0.18 0.32 0.22 0.12ns -0.03ns 0.08ns 0.11 0.09ns 0.16 0.13ns

¢
B. Data paired by trip (41 observations, quad-rigged trawlers)

TED tvpe (T) Region_ (R) Season (0)
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec- Mar- June- Sept-
Varjables jumper with funnel 18-21 13-17 9-12 1-8 >21 Feb May Aug Nov
1n(S¢) =1n(s;) 0.09 0.11 0.11 0.57 -0.07ns -0.07ns 0.03ns 0.03ns 0.08ns 0.14 NE®
In(Sg,4) -
ln(SMI) 0.14 0.15 0.13 0.44 -0.34ns -0.12ns 0.06ns 0.03ns -0.05ns 0.19 NE
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Table 12 (cont).

C. Data paired by tow (64 observations, twin-rigged trawlers)

—TED type (T) Region (R) Season (0)
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec- Mar- June- Sept-
iable jumpe th fun =21 13-17 _9-12 _1-8 >21 Feb May Aug Nov
1n(Sg) -1n(s,) 0.11lns 0.21ns
ln(Ss‘dj)-
ln(sndi) 0.24 0.22ns
D. Data paired by trip (7 cbservations, twin-rigged trawlers)
TED type (T) __Region (R) Season (Q)
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec- Mar- June- Sept-
Variables jumper  with funnel 18-21 13-17 9-12 _1-8 >21 Feb May Aug Nov
1n(S¢) ~1n(Ss,) 0.1llns 0.04ns
1"(55-41)'
1n(S;,y) 0.15ns ' -0.06ns

® ns indicates that the LSMwas not significantly different fromzero at P<=0.05; otherwise the LSM was significantly different from

Z€ro.

" NE indicates that the LSM was not estimable because of data inbal ance (insufficient sanple size).
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Tabl e 13. Turtle

Net Type
Standard Net

TED-equipped net

Try net

Totals

Species
“Loggerhead
Kemp's ridley

Hawksbill

Totals

captures by area,

net type and species.

71

Area
X 1A W. FI, E. FL GA SC
0 3 8 21 2 1
0 0 1 0 0 0
0 0 1 2 1 0
0 3 10 23 3 1
Area
X 1A W. FI, E. FL GA SC
0 2 6 20 3 1
0 1 3 2 0 0
0 0 1 1 0 0
0 3 10 23 3 i §



Table 14. Standard net data: observer effort, turtle captures, CPUE (turtles/hr), comercial shrinmping effort, estimated captures of
sea turtles in the Gulf of Mexico and the southern North Atlantic by season for 1988.

Estimated Annual
Standardized CPUE + 95% Shrimping ‘
Nunm Head rope Captured confidence bound Effort (net Estimated Turtle Catch

Area Season Tows Effort (hrs) Turtles (turtles/net hour) hours) + 95% confidence bound
Atlantic Winter 108 226 15

Spring 0

Summer 227 568 9

Fall 4 8 0
Atlantic combined 339 803 24 0.029940.0112 501,192 14,986+5613
Gulf of Mexico:
Stats 1-7 (eastern) Winter 18 76 3

Spring 113 571 3

Summer 0

Fall 0

Combined 131 647 6 0.0093+0.0086 507,031 4,715+4,360
Stats 8-17 (centrali Winter 77 677 0

Spring 73 349 3

Summer 93 421 1

Fall 65 463 1

Combined 308 1911 5 0.0026+0.0023 2,910,788 7,568+6,694
Stats 18-21 (western) Winter 10 92 0

Spring 2 12 0

. Summer 103 574 0

Fall 100 648 (V]

Combined 215 1326 0 ' 1,622,034
Gulf Combined 654 3886 11 0.0028+0.0018 5,039,854 14,11249,072

12



Table 15. TED net data: observer effort, turtle pu es, CPUE (turtles/hr), comercial shrinping effort, estimated captures of sea
turtles in the Gulf of Mexico and the southern North Atlantic by season for 1988.
Estimated Annual
Standardized CPUE + 95% Shrimping
Num Head rope Captured confidence bound Effort (net Estimated Turtle Catch

Area Season Tows Effort(hrs) Turtles (turtles/net hour) hours) + 95% confidence bound
Atlantic Winter 108 215 0

Spring 0

Summer 227 561 0

Fall 4 8 0
Atlantic combined 339 784 0 501,192
Gulf of Mexico:
Stats 1-7 (eastern) Winter 18 73 1 -

Spring 113 555 0 P

Summer 0

Fall 0

Combined 131 628 1 0.0016+0.0032 507,031 811+1,622
Stats 8-17 (central) ‘Winter 77 650 0

Spring 73 349 0

Summer 93 526 0

Fall : 65 458 0

Combined 308 1984 1] 2,910,788
Stats 18-21 (western) Winter 10 82 0

Spring 2 12 0

Summer 103 640 0

Fall 100 642 0

Combined 215 1378 0 ! 1,622,034
Gulf Combined 654 3991 1 0.0003+0.0005 5,039,854 1,51242,520
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FIGURE 5. TED SHRIMP CATCH VS STANDARD SHRIMP CATCH,
NOT ADJUSTED FOR TRY NET CATCH,
ALL AREA/VESSELS COMBINED
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FIGURE 6. TED SHRIMP CATCH VS STANDARD SHRIMP CATCH,
ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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POUNDS/HR IN TED—-EQUIPPED NET
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FIGURE 7. TED SHRIMP CPUE (LBS/HR) VS STANDARD SHRIMP CPUE (LBS/HR),
NOT ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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SHRIMP POUNDS IN TED—-EQUIPPED NET

FIGURE 10. TED SHRIMP CATCH VS TED FISH CATCH
ADJUSTED FOR TRY NET CATCH
ALL AREAS/VESSELS COMBINED
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Figure 11. Locations of all

turtle captures.
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Figure 13.  Differences in CPUE (Ibs/hr) of shrimp between standard and TED-
equipped nets, by season. Solid topped bars represent significant
differences between standard and TED nets. Data paired by tows
(N = 706). Quad-rigged vessels only.
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Figure 14.
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Differences in CPUE (lbs/hr) of finfish between standard and TED-
equipped nets, by season. Solid topped bars represent significant
differences between standard and TED nets. Data paired by tows
(N =706). Quad-rigged vessels only.
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Figure 15.  Differences in CPUE (lbs/hr) of shrimp between standard and TED-

equipped nets, by area. Solid topped bars represent significant differences

between standard and TED nets. Data paired by tows (N = 706). Quad-
rigged vessels only.
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Figure 16. Differences in CPUE (lbs/hr) of finfish between standard and TED-
equipped nets, by area. Solid topped bars represent significant
differences between standard and TED nets. Data paired by tows
(N = 706). Quad-rigged vessels only.
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Figure 17.

STANDARD
B TED

GEORGIA TED GEORGIA TED
WITHOUT FUNNEL WITH FUNNEL

CPUE (Ibs/hr) of shrimp in standard and TED-equipped nets for
guad-rigged vessels. All areas and seasons combined. Solid topped
bars represent significant differences between standard and TED nets.
Data paired by tows (N = 706).
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Figure 18. CPUE (Ibs/hr) of shrimp in standard and TED-equipped nets for
twin-rigged vessels. All areas and seasons combined. Solid topped
bars represent significant differencesbetween standard and TED nets.
Data paired by tows (N = 70).
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Figure 19.

GEORGIA TED GEORGIA TED
WITHOUT FUNNEL WITH FUNNEL

CPUE (Ibs/hr) of finfish standard and TED-equipped nets for
guad-rigged vessels. All areas and seasonscombined. Solid topped
bars represent significant differences between standard and TED nets.
Data paired by tows (N = 706).
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Figure 20.  Turtle stranding frequency by year in statistical areas 17 - 21.
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VETHCDS

General linear nodel (GM analyses were performed on four
data sets of paired TED equi pped and standard traw's, using SAS™
(Statistical Analysis System SAS Institute, Inc., Cary, NC).
The four data sets were represented by conbinations of quad-
rigged and twin-rigged trawers with pairings by tow and by trinp.
The data paired by tow included TED equi pped and standard traw s
towed sinultaneously, one pair per tow. Pairing by trip produced
one pair per trip. For quad-rigged trawlers, the pairs were
standardi zed to one TED- equi pped and one standard net by
averagi ng the TED equi pped trawl s together and the standard
traws together by tow. Pairing by trip involved sunmm ng over
tows in a trip.

GM anal yses were used because all four data sets were
unbal anced (Appendix |, Table 1); i.e., the nunber of
observations was not the sane for all |evels of any given
classification variable, and sone conbinations of classification
vari abl es contained no observations at all (they had enpty
cells). These anal yses were used to "screen" the data sets to
determ ne which GLM nodel s were better suited to describe the
data and underlying assunptions. They also can be conpared with
results of the multivariate, paired t-test described el sewhere in
this report, since they were applied to the sanme four data sets.
|f either shrinp or fish data in a given pair were mssing, then
the record for that pair was rejected fromthe G.M anal yses of

paired data. For quad-rigged traw ers, there were 706
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observations (pairs) by tow and 41 observations by trip. For
twin-rigged trawlers, there were 64 observations by tow and 7
observations by trip.

Symbol s used for dependent, classification and continuous

variables in the G.M anal yses of paired data are given bel ow

Synbol Description
T Two TED types including Georgia TED and

Georgia TED with funnel;

R Five regions represented by groupings of
shrinp statistical subareas including Texas
(18-21), Louisiana (13-17), M ssissippi-
Al abanma (9-12), West Florida (1-8) and
Atlantic coast (> 21).

Q Four seasons represented by groupings of
nmonths into winter (Dec-Feb), Spring (Mar-
May), Summer (Jun-Aug) and Autumm (Sep- Nov);

v Towi ng velocity (knots);
H Tow duration (hours);
1n(H) Nat ural |ogarithm of H,
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In(D)

Tadj

Sadj

Wat er depth (fathons);

Nat ural |ogarithm of D

Shrimp catch (pounds) per net tow or catch

per trip in TED equi pped traw s:

Shrinmp catch (pounds) per net tow or catch

per trip in standard traws;

Shrimp catch (pounds) per net tow or catch
per trip in TED equipped traws, adjusted by
the addition of shrinp caught in the try net

to the net imediately behind it;

Shrimp catch (pounds) per net tow or catch
per trip in standard trawl s, adjusted by the
addition of shrinp caught in the try net to

the net inmediately behind it;

Projected fish catch (pounds) per net tow or
catch per trip in TED equipped traw s
(projected fromthe sanple proportion of

shrinp to fish and the shrinp catch):
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In(S;)

1n(Sq)

1n(S;q;)

ln(SSij)

In(F,)
1n(Fy)

SCPUE,

SCPUE,

SCPUE,,y;

Projected fish catch (pounds) per net tow or
catch per trip in TED equi pped traws
(projected fromthe sanple proportion of

shrimp to fish and the shrinp catch);

Nat ural |ogarithm of Sy

Nat ural |ogarithm of Sg;

Natural |ogarithm of Sp;

Natural |ogarithm of Sgyq;

Nat ural |ogarithm of Fy;
Nat ural |ogarithm of Fg;

Shrinp catch (pounds) per unit effort (hours)
in TED equi pped traw s, S;/H

Shrinmp catch (pounds) per unit effort (hours)
in standard trawms, S¢ H;

Shrinp catch (pounds) per unit effort (hours)
in TED equi pped trawl s, adjusted by the
addition of shrinp caught in the try net to
the net inmmediately behind it, Spg/H
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SCPUEg,,;

FCPUE;

FCPUE,

1n (SCPUE,)

1n (SCPUE)

1n(SCPUE,,;)

1n(SCPUE,,;)

1n (FCPUE,)

1n (FCPUE)

Shrinp catch (pounds) per unit effort

in standard traw s,

adj usted by the addition

of shrinp caught in the try net to the net

imediately behind it, Sgq/H

Fish catch (pounds) per unit effort

i n TED- equi pped traw s,

F H;

Fish catch (pounds) per unit effort

in the standard traw s,

Nat ur al

Nat ur al

Nat ur al

Nat ur al

Nat ur al

Nat ur al

| ogarithm of

| ogarithm of

| ogarithm of

| ogarithm of

| ogarithm of

| ogarithm of
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SCPUE-;

SCPUEg;

SCPUErq; ;

FCPUET;

FCPUEg;
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RS Proportion that shrinmp catch in TED equi pped
traws represented as conpared to that in
standard traw's, S;/Sg;

RS,q; Proportion that shrinp catch in TED equi pped
traws represented as conpared to that in
standard traws, adjusted by the addition of
the shrinp caught in the try net to the net
imediately behind it, Srag/ Ssagj;

RF Proportion that fish catch in TED equi pped
traws represented as conpared to that in
standard traws, Fq/Fg

) Percentage shrinp loss (note that a negative
loss is a gain) by TED equipped trams, 100(1

RS) ;

LS,; Percentage shrinp loss by TED equi pped
traw s, adjusted by the addition of shrinp
caught in the try net to the net inmediately
behind it, 100(1 - RS,;); and

LF Percentage fish |oss by TED equi pped traw s,

100(1 - RF).
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The subscript T was used to designate TED equi pped traw s
and the subscript S was used to designate standard trawls. The
subscript adj was used to indicate data adjusted by the addition
of catch fromthe try net to the net immediately behind it,
whet her the net was standard or TED equi pped. Thus, the
adj ustment applied only to one net in each quad-rigged tow or
each tw n-rigged tow.

M Iliken and Johnson (1984) discussed the GLM net hods,
underlying assunptions, problens and interpretations for
unbal anced experinments in nultiway treatment structures with
mssing data. In the TED eval uation study, classification
vari ables (main effects) such as TED type (T), Region (R) and
Season (Q represented the treatments. The anal yses al so
consi dered continuous variables (covariates) such as duration of
tow (H, tow ng speed (V) and water depth (D) or logarithmc
transformations of Hand D. The classification variables were
the main effects and the continuous variables were covariates in
the GLM nodels tested. Interactions were also included in sone
of the G.M nodel s.

Such multiway treatment structure conbined with all possible
i nteractions produced | arge nunbers of missing cells, so the suns
of squares for some of the high order interactions were not
estimable. Therefore, we included only three main effects and
all a-factor interactions in the nodel, when TED type, Region and
Season were used together in a GLM analysis, and only one nain

effect and either all 2-factor or both a-factor and 3-factor
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interactions when TED type, Region or Season were treated one at
a tine in separate analyses. However, all analyses in which TED
type, Region and Season were included together in a G.M nodel
were |ater discarded because the Least Squares Means (LSMs) for
these classification variables were not estimble because of data
| nbal ance.

GLM was used to determ ne which the nodels tested accounted
for the greatest proportion of the total sum of squares as shown
by the coefficient of variation (r%, as well as to deternine
whi ch nodels net the assunptions of nean zero and nornality of
the residuals. Wen they were estimble, LSMs also were
estimated for each classification variable and were tested to
determne if they were significantly different from zero. Wen
the test involved a nmean difference, whether constructed from
untransforned or transforned data, this was equivalent to testing
whet her or not there was a significant difference between
standard and TED equi pped trawls. \Wen the test involved a
proportion (ratio), this was equivalent to testing whether or not
it differed significantly from zero.

The major problem inpacting the GLM anal yses of the paired
data was the considerable inbalance of the data set. Sone
‘conbinations of main effects were never observed; i.e., they had
empty cells. Also, for those cells containing data, the nunber
of observations was not equal fromcell to cell. One sinple
example wi Il suffice for explanation. Georgia TEDs without

funnels and Georgia TEDs with funnels were the dom nant TED
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types, so observations for other TEDs were excluded fromthe G.M
anal yses of paired data. Five Regions were defined as groupi ngs
of shrinp statistical subareas. For the experinmental structure
to have been balanced in regard to these two main effects of TED
type and Region, both TED types should have been tested the same
nunber of times in each Region. |If one or the other TED type was
not tested in a given Region, that conbination of TED type and
Regi on was not observed, thus causing an enpty cell in the
experimental structure. |f given conbinations of TED type and
regi on contained data, but the number of observations varied from
cell to cell, then the experinment was unbal anced with regard to
sanpl e size or the nunber of tinmes a particular TED type by
Regi on conbination was tested. NWS had little if any control
over either type of inbalance (mssing cells and unequal sanple
size), because the study involved voluntary participation by
shrinpers who deci ded when and where to fish, so it was not a
control | ed experi nment.

Many statistical packages can calculate test statistics for
experiments with mssing treatnent conbi nations and unequal
sanpl e sizes, and SAS'™ is anong them However, MIliken and
Johnson (1984) renarked that they knew of no package [ of
statistical procedures] that handles the analysis of such data
adequately or conpletely. Wenever there are mssing treatnment
combi nations, certain hypotheses involving the paranmeters

corresponding to the mssing cells generally cannot be tested
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w t hout making sone assunptions about these paranmeters (MIIliken
and Johnson, 1984).

For exanple, in the two-factor case involving mssing cells
in the conbination of TED type and Region, the required
assunption would be that there is no interaction between TED type
and Region. Wthout experinental evidence to support this
assunption, such an assunption should not be made. Thus, in the
absence of evidence justifying an assunption of no interaction
between nain effects, we cannot validly nake such an assunption
Because we were not able to build full nodels with all
interactions (because of the tremendous inbalance in the data),
it was not possible to obtain an experimental error termwth
which to test the higher order interactions for significance,.

Any main effects and interactions incorporated into our GLM
anal yses were tested against the residual nmean square which could
have included higher order interactions.

This residual nean square was an extrenely crude "error”
vari ance. I n addition, because the F tests were not based on
expected mean squares in some cases they may not have been exact
or appropriate.

We used the "effects nodel" approach (MIIliken and Johnson
1984, Chapter 14) to GLM analysis. The Type |V analysis was
chosen, since none of the main effects hypotheses tested by Types
I-111 analyses are entirely satisfactory when there are m ssing
treatment conbi nations, because they rarely have reasonabl e

i nterpretations. Type IV hypotheses are interpretable. However,
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the results obtained by Type IV analysis depend on what the
treatnents are called and how they are numbered. SAS™ QM
indicates this situation by placing an asterisk on the printed
degrees of freedom and noting that "OTHER TYPE |V TESTABLE
HYPOTHESES EXI ST WH CH MAY YI ELD DI FFERENT SS. "

Anot her probl em caused by the inbal anced data was that some
LSMs were still not estimable, even when TED type, Region and
Season were used one at a tinme in a nodel along with 2-factor and
3-factor interactions.

In a multivariate G M with interactions, the termresidua
Is used to denote variability remaining after the variation
attributable to the main effects, covariates and interactions has
been accounted for. In our nodels with one main effect, up to
four continuous variables, and either all a-factor or all 3-
factor interactions, or both, the residual nean square could have
contai ned variance conponents represented by higher order
interactions as well as containing the so-called experinental
error. |f the assunption of zero interactions were incorrect for
these higher order interactions, then the residual nean square
woul d have been too large and the resulting F values for
significance test would have been correspondingly too snal
(MI1liken and Johnson, 1984). Consequently, if there were
significant higher order interactions, they would not have been
di scovered by our analyses, and the significance of sone main
effects, covariates and |lower order interactions included in our

nmodel s m ght have been masked (ibid.). The consequence of this
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Situation is that the significance tests of the LSMs were highly
conservative. Thus, if a LSM was shown to be Significantly
different from zero, its significance occurred despite a
potentially inflated residual nmean square.

Assumptions of the GLM analysis are that (1) sanpling within
treatnments (groups representing main effects) nust be random (2)
the error termor residual nust be an independent nornmally
distributed, randomvariable with nean zero, (3) the variances of
treatnents nust be honobgeneous, and (4) the main effects nust be

addi tive.

RESULTS

Appendix |, Table 1 gives the nunber of observations for
each level of each classification variable used in the G.M
analyses. Part Ais for data paired by tow and Part B for data
paired by trip for quad-rigged trawlers. Part Cis for data
paired by tow and Part D for data paired by trip for twn-rigged
trawers. The inbalance is obvious in these data.

Appendi x |, Table 2 gives the descriptive statistics for all
dependent and continuous variables used in our GM anal yses, for
data paired by tow (A and by trip (B) for quad-rigged traw ers,
and by tow (C) and by trip (D) for twin-rigged traw ers.

Appendix |, Table 3 shows the particular dependent and
i ndependent variables used in each GLM analysis on data paired by

tow and by trip for quad-rigged and twin-rigged trawers, and the
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variance of residuals (s, coefficient of determnation (r?,
and anal ysis of the residuals (coefficients of skewness and
kurtosis) for each. Analysis of the residuals indicated the
degree to which a chosen nodel fulfilled the requirenments of a
nmean of zero and normality of the residuals required by G.M
anal ysis. The coefficient of determ nation indicated the
proportion of variation in the dependent variable that was
accounted for by the independent variables and interactions in
each nmodel tested. Note that for data paired by trip, tow
vel ocity and water depth could not be included as continuous
vari abl es because they varied fromtow to towin a trinp.
Appendix |, Table 4 gives the LSMs for each dependent
vari abl e by TED type, Region and Season, for data paired by tow

and by trip for quad-rigged and twin-rigged trawers. An "ns
next to a LSMindicates that it was not significantly different
fromzero at P<=0.05. Non-significance was the exception rather
than the rule, since nbst LSMs were significantly different from
zero. An "NE", in the table indicated that the LSM was not
estimabl e because of data inbal ance. Cccasionally, these
significance tests produced what m ght appear to be anbi guous
results: e.g., one LSM m ght have been significantly different
fromzero, while another of the same magnitude or |arger m ght
not have been significantly different fromzero. This was

another result of the inbalance in the data since significance

depends in part on degrees of freedom associated with the test
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statistic, and the sanple size was not the same for all levels of
a given classification variable (See Appendix |, Table 1).

I n nost cases the GLM nodels that produced the highest
coefficients of determ nation (rz) and the | owest skewness and
kurtosis coefficients for the residuals were those involving the
difference between the natural |ogarithms of shrinp catches in
standard vs TED-equi pped trawls, both with and wi thout the try
net correction (Appendix |, Table 3). Appendix |, Table 4 shows
which LSMs were significantly different from zero and which were
not for various levels of TED type, Region and Season.

The LSMs of the ratios of shrinp catches were all
significantly different from zero, for both TED types, al
Regions and all Seasons, both with and wi thout the try net
correction (Appendix I, Table 4). Wen the dependent variable
i nvol ved a difference between standard and TED-equi pped nets,
whet her or not l|ogarithnms had been used, the LSM was an estinate
of the nean difference. If this LSMwas significantly from zero
it indicated that there was a significant difference between
standard and TED-equi pped nets. The sign of this difference
i ndi cated whether TEDs lost (+) or gained (-) shrinp as conpared
to standard nets.

The GLM anal yses as well as other analyses applied to data
pai red by tow should be considered superior to those applied to
data paired by trip. First of all, the sanpling unit in the TED
evaluation study was the individual tow, not the trip (Appendix

|, Table 3). Secondly, pairing by trip collapsed the data from
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individual tows in a trip into one pair per trip, thus reducing
sanpl e size and masking tow to tow variation. Finally, pairing
by trip produced inconsistent results, increasing the
coefficients of determ nation for some GLM anal yses but
decreasing themfor others as conpared to results for GU

anal yses of data paired by tow.
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Appendi x |. Table 1. Frequency of levels within _
classification variables used in GM
anal yses of paired observations from
TED- equi pped and standard traw s.

A Data paired by tow (706 observations, quad-rigged traw ers)

1. TED type Frequency
Georgia TED 256
Georgia TED
with funnel 450
Total 706

2. Region requenc
18-21 112
13-17 154
9-12 88
1-8 106
> 21 246
Total 706

3. Season . Frequency
Dec.~Feb. 142
Mar.-May ' 148
June-Aug. 340
Sept.-Nov. 76
Total 706
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Appendix |. Table 1. (cont.)
4. Combined
Georgia TED

Region/Season _Dec-Feb Mar-May  Jun-Aug Sep-Nov

18-21 0 0 0 .0
13-17 0 0 21 0
9-12 0 0 0 0
1-8 0 10 0 0
221 60 9 165 0
Total 60 10 186 0

Georgia TED with funnel

Region/Season Dec-Feb Mar-May Jun-Aug Sep-Nov

18-21 3 1 88 20
13-17 34 55 25 19
9-12 28 3 20 37
1-8 17 79 0 0
221 9 -0 21 -0
Total 82 138 154 76
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Appendix I. Table 1. (cont.)
B. Data paired by trip (41 observations, quad-rigged traw ers)

1. TED_type Frequency
Georgia TED 17
Georgia TED
with funnel 24
Total 41

2. Region Frequency
18-21 10
13-17 4
9-12 5
1-8 6
221 -16
Total 41

3. Season requenc
Dec.-Feb. 10
Mar.-May 6
June-Aug. 23
Sept.-Nov. 4 _2
Total 41

4. Combined
Georgia TED

Req ionz Season Dec-Feb Mar-May Jun-Auq Sep-Nov

18-21 0 o o 0
13-17 0 o 1 o
9-12 0 0 o ]
1-8 0 1 0 o
221 4 Q 11 o
Total 1 12 0
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Appendi x 1.

Table 1. (cont.)
Ceorgia TED with funnel

Region/Season Dec-Feb Mar-May Jun-Aug Sep-Nov
18-21 1 1 8 0
13-17 1 1 1 0
9-12 2 0 1 2
1-8 2 3 0 0
221 0] 1] 1 0]
Total 6 5 11 2
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Appendix |. Table 1. (cont.)

C. Dat a Baired by tow (64 observations, twin-rigged traw ers).
Si x observations were excluded from the anal yses because
fish data were not collected on 6 tows.

1. TED type Frequency
Georgia TED 28
Georgia TED
with funnel _36
Total 64

2. Region Frequenc
18-21 64
13-17 o)
9-12 0
1-8 0]
>21 —0
Total 64

3. Season Frequency
Dec.-Feb. 5
Mar.-May 0
June-Aug. o
Sept.-Nov. 59
Total 64
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Appendix |. Table 1. (cont.)
4. Combined

Georgia TED

Region[Seasoh Dec-Feb Mar-May Jun-aAug Sep-Nov

18-21 5 0 0 23

13-17 . 0 0 0 0
9-12 0 0 0 0
1-8 : -0 0 0 0
221 (1] o (1] o
Total 5 0 0 23

Georgia TED with funnel

Region/Season Dec-Feb Mar-May Jun-Aug Sep-Nov

18-21 0 0 0 36
13-17 0] 0 o o
9-12 0 0 0 o
1-8 0 0 o o
221 0] o] ] o
Total 0 0 0 36
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Appendi x 1.

D.

Table 1.

(cont.)

Data paired by trip (7 observations, twin-rigged traw ers)

1.

TED type
Georgia TED

Georgia TED
with funnel

Total
Region
18-21
13-17
9-12

1-8
221
Total
Season
Dec.-Feb.
Mar.-May
June-Aug.
Sept.-Nov.
Total

enc

3

requenc

~ IO © © O N

requenc

\lIOQOI-‘



Appendix |. Table 1. (cont.)
4. Conbi ned
Georgia TED

Region/Season Dec-Feb Mar-Mav Jun-Auq Sep-Nov

18-21 1 0 0 2
13-17 o 0 0 0
9-12 0 0 0 0
1-8 0 0 0 0
221 o 0] o o]
Total 1 0 0 2

Georgia TED with funnel

Region/Season Dec-Feb Mar-May Jun-Aug Sep-Nov

18-21 0 0 0 4
13-17 0 0 0 0
9-12 0 0 0 0
1-8 0 0 0 0
221 (] (] 0 0

Total 0 0 o 4
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Appendi x |.

Tabl e 2.

Descriptive statistics for

conti nuous vari abl es used

pai red observations,

_ standard traw s.
A. Data paired by tow (706 observations,

dependent and
in GM anal
from TED- equi pped and

quad-rigged traw ers)

yses O

Skewness Kurtosils
Variable Mean Variance Min. Max. coefficent coefficent
S, 24.0 477.8 0.6 203 2.22 8.41
S tadj 24.3 499.6 0.6 223 2.42 10.85
Sq 26.0 577.3 0.3 232 2.48 10.81
S sadj 27.4 631.0 0.3 232 2.31 8.96
F, 276 120,878 3.8 5,086 5.29 54.89
F, 299 103,580 4.2 3,575 3.26 19.04
SCPUE, 5.88 26.6 0.1 32.0 1.84 3.94
SCPUE,; 5.94 27.1 0.1 32.0 1.84 3.95
SCPUE; 6.53 37.1 0.2 58.5 2.41 9.85
SCPUE,; 6.86 41.0 0.2 63.1 2.46 10.63
FCPUE, 64.5 5,033 2.0 1,060 5.28 57.42
FCPUE, 74.0 6,408 2.2 1,005 4.28 34.46
S¢-S; 2.01 53.2 -27.5 77.6 2.96 22.78
Ssadj~Stad] 3.13 53.2 -22.8 72.6 3.41 22.97
F~F, 22.9 33,658 -1,511 1,255 -0.45 16.67
SCPUE,-SCPUE, 0.65 4.41  -4.7 26.5 4.45 38.96
SCPUEg,;~SCPUE,y; 0.92 5.07 -3.8 31.2 5.32 52.50
FCPUE~FCPPUE, 9.44 2776 -314.8 826.0 5.57 86.68
1n(s,) 2.80 0.87 -0.5 5.3 -0.49 0.53
1n(S;,q;) 2.81 0.87 =0.5 5.4 -0.48 0.55
1n(Sg) 2.89 0.84 ~-1.2 5.4 -0.50 0.85
1n(Sg,q;) 2.94 0.85 -1.2 5.4 -0.50 0.86
1n(F,) 5.11 1.10 1.3 8.5 -0.34 0.59
1n(F) 5.24 1.05 1.4 8.2 -0.55 0.93
1n(S) -1n(S,) 0.09 0.06 -0.7 1.2 0.82 1.98
1n(Sg,;) ~1n(Sp,q;) 0.13 0.06 -0.8 1.3 0.90 2.71
1in(F,) -1n(F;) 0.13 0.20 =-1.1 2.1 _0.76 1.68




Appendix |. Table 2 (cont).

Skewness Kurtosis

Variable __Mean__ Variance Min., Max. coefficent
coefficent
1n(SCPUE) -

1n(SCPUE;) 0.09 0.06 =-0.7 1.2 0.82 1.98
1n(SCPUE,,,;) -

1n(SCPUE ;) 0.13 0.06 =-0.8 1.3 0.90 2.71
1n (FCPUE) -

1n(FCPUE,) 0.13 0.20 -1.1 2.1 0.76 1.68
RS 0.94 0.05 0.3 2.0 0.48 2.59
RS,q; 0.90 0.04 0.3 2.2 0.67 4.75
RF 0.96 0.16 0.1 3.1 1.01 2.45
RSCPUE 0.94 0.05 0.3 2.0 0.48 2.59
RSCPUE,; 0.90 0.04 0.3 2.2 0.67 4.75
RFCPUE 0.96 0.16 0.1 3.1 1.01 2.45
LS 5.66 500 -100.0 70.0 -0.48 2.59
LS,q; 9.65 429 -119.2 73.5 -0.67 4.75
LF 4.17 1,572 ~-210.9 88.3 -1.01 2.45
H 4.46 4.87 0.7 14.1 1.06 1.76
D 11.2 78.5 1.0 50.0 1.60 2.69
v 2.48 0.38 1.5 4.7 -0.41 -0.69
1n(H) 1.37 0.27 -0.4 2.6 -0.40 0.08
1n(D) 2.14 0.55 0.0 3.9 0.12 -0.70

123



Appendi x |.

B. Data paired by trip (41 observations, quad-rigged trawlers)

Table 2 (cont).

Skewness Kurtosis

Variable Mean Variance Min. Max. coefficent coefficent
S, 422 160,978 1.6 1,765 1.29 1.57
Stadj 428 167,721 1.7 1,869 1.42 2.28
Se 458 195,495 1.6 2,108 1.61 3.37
Ssadj 482 211,113 1.6 2,108 1.46 2.48
F, 4,753 60,189,985 56.1 45,702 4.01 19.67
Fg 5,148 63,543,573 51.6 46,645 3.90 18.62
SCPUE, 5.82 19.3 0.2 16.4  1.17 0.47
SCPUE, ; 5.88 19.4 0.2 16.4 1.17 0.47
SCPUE, 6.43 21.8 0.4 19.2 1.09 0.47
SCPUE,; 6.80 24.1 0.4 20.1 1.06 0.32
FCPUE, 47.2 1,082 4.0 152.9 1.32 2.59
FCPUE; 54.4 1,309 8.8 156.1 0.95 0.58
Sg=S; 35.2 6,662 -125.0 343.0 1.68 4.40
Ssadi~S1ad; 54.3 5,630 -82.0 274.4 1.22 1.37
F-F, 394 1,141,324 -2,796 4,251 0.49 5.29
SCPUE(-SCPUE; 0.60 1.05 -0.6 3.3 1.27 0.96
SCPUE,;~SCPUE,,,, 0.92 1.08 -0.4 3.7 1.22 1.02
FCPUE,-FCPPUE, 7.26 143.0 -15.8 45.2 1.04 2.11
1n(s,) 5.38 2.29 0.4 7.5 -1.41 2.30
1n(Sy,q;) 5.40 2.26 0.5 7.5 -1.41 2.26
1n(s,) 5.49 2.15 0.5 7.7 -1.51 2.96
1n(Sg,q;) 5.55 2.10 0.5 7.7 -1.49 3.06
1n(F,) 7.51 2.60 4.0 10.7 -0.57 -0.11
1n(F) 7.68 2.27 3.9 10.8 -0.53 -0.09
1n(S) -1n(S,) 0.11 0.03 =0.2 0.6 0.97 0.57
ln(S“ﬂ)-

1n(Sp,y;) 0.16 0.03 -0.1 0.6 0.86 0.57
1n(Fg) -1n(F,) 0.17 0.11 =-0.3 1.3 1.64 3.97



Appendix |. Table 2 (cont).
Skewness Kurtosis

Variable Mean Variance Min. Max. coefficent coefficent
1n (SCPUE,) - .

1n(SCPUE,) 0.11 0.03 -0.2 0.6 0.97 0.57
1n(SCPUE, ) -

ln(SCPUELﬁ) 0.16 0.03 -0.1 0.6 0.86 0.57
1n(FCPUE;) -

1n(FCPUE,) 0.17 0.11 -0.3 1.3 1.64 3.97
RS 0.91 0.02 0.5 1.2 -0.55 -0.06
RS,y; 0.87 0.02 0.5 1.1 -0.45 -0.14
RF 0.88 0.06 0.3 1.4 -0.26 0.82
RSCPUE 0.91 0.02 0.5 1.2 -0.55 -0.06
RSCPUE,; 0.87 0.02 0.5 1.1 -0.45 -0.14
RFCPUE 0.88 0.06 0.3 1.4 -0.26 0.82
LS 9.32 230 -16.6 45,2 0.55 -0.06
LS,q 13.4 177 -10.3 45.2 0.45 -0.14
LF 11.8 588 -40.2 72.3 0.26 0.82
H ~ 79.48 5,203 3.8 298.9 1.39 1.37
1n(H) - 3.93 1.14 1.3 5.7 -0.67 0.42
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Appendi x |. Table 2 (cont). _ _ _
C. Data paired by tow (64 observations, twin-rigged traw ers)

Skewness Kurtosis

Variable Mean Variance Min. Max. coefficent coefficent
S, 23.8 503 0.6 151.9 3.33 16.33
S1adi 24.2 501 0.6 151.9 3.32 16.29
Sq 23.9 282 0.6 77.2 1.29 1.68
Sadj 25.2 323 0.6 86.1 1.39 2.03
F, 51.3 3,563 4.4 396.7 3.65 17.92
F 51.0 2,117 6.6 276.7 2.63 9.53
SCPUE, 8.22 95.3 0.8 76.0 5.48 37.46
SCPUE, 8.30 94.7 0.8 76.0 5.51 37.76
SCPUE; 7.87 31.7 0.8 35.4 2.11 7.87
SCPUE,,; 8.37 41.5 0.8 43.0 2.68 12.17
FCPUE, 16.7 279 1.2 92.3 2.63 8.46
FCPUE 17.0 173 2.2 64.3 1.56 2.25
S¢S, 0.08 129  -81.0 15.2 -5.85 42.25
Ssadj=Stadj 0.99 93.7 -65.8 16.8 -5.25 36.76
F-F, -0.37 1,720  -176.4 147.1 -1.08 7.22
1n(s,) 2.84 0.75 -0.5 5.0 -0.77 2.76
1n(Spy;) 2.86 0.75 -0.5 5.0 -0.83 2.90
1n(s,) 2.89 0.74 =-0.5 4.3 -1.28 3.26
1n(Sg,;) 2.94 0.73 -0.5 4.5 -1.26 3.46
in(F,) 3.52 0.82 1.5 6.0 0.16 -0.02
1n(F,) 3.62 0.63 1.9 5.6 0.04 -0.30
1n(Ss)-1n(S,) 0.05  0.06 =-0.8 0.7 -0.56 2.30
In( Sgaqj) =

In(S,q;) 0.08 0.05 -0.6 0.7 -0.49 1.43
1n(Fg)-1n(F;) 0.10 0.43 -1.6 1.7 0.10 0.15
SCPUE,- |

SCPUE, -0.35 27.9  -40.5 4.4 -7.15 55.00
SCPUE,,,:~

SCPUE,q; 0.07 19.5 =-32.9 5.9 -6.78 51.33
FCPUE-

FCPUE, 0.30 170 -63.0 35.0 -1.70 8.70
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Appendi x |. Table 2 (cont).

Skewness Kurtosis

Variable Mean vVariance Min. Max. coefficent coefficent
1n(SCPUE;) -

1n(SCPUE;) 0.05 0.06 -0.8 0.7 -0.56 2.30
1n (SCPUE,,

1n(SCPUE'Tadj 0.08 0.05 -0.6 0.7 -0.49 1.43
1n(FCPUE) -

1n (FCPUE,) 0.10 0.43 -1.6 1.7 0.10 0.15
RS 0.98 0.08 0.5 2.1 2.02 6.67
RS, ; 0.94 0.05 0.5 1.8 1.46 3.34
RF 1.11 0.62 0.2 4.8 2.16 7.17
RSCPUE 0.98 0.08 0.5 2.1 2.02 6.67
RSCPUE,; 0.94 0.05 0.5 1.8 1.46 3.34
RFCPUE 1.11 0.62 0.2 4.8 2.16 7.17
LS 2.05 756 -114.2 48.8 -2.02 6.67
LS,q; 5.76 487 -76.4 48.6 -1.46 3.34
LF -11.2 6167 -384.3 81.7 -2.16 7.17
H 3.20 1.94 0.8 6.9 " 0.58 -0.08
D 4.56 5.30 1.0 13.0 0.82 1.80
v 2.42 0.02 2.0 2.5 -1.34 0.83
1n(H) 1.06 0.22 -0.2 1.9 -0.47 -0.02
1n(D) 1.37 0.36 0.0 2.6 -0.89 0.49

127



Appendi x | .
D. Data paired by trip (7 observations,

Table 2 (cont).

twin-rigged traw ers)

Skewness Kurtosis

Variable Mean Variance Min. Max. coefficent coefficent
s, 228 12,190 136.7 419.8 1.22 -0.12
Sradj 232 11,665 136.7 419.8 1.23 -0.05
Sq 233 4,995 155.0 349.2 0.82 -0.55
Ssaqj 244 5,533 171.9 359.5 0.87 -1.02
F, 471 67,015 151.4 904.6 0.44 -0.19
F, 466 34,534 157.6 685.7 -0.59 -0.42
SCPUE, 7.74 22.7 3.9  17.0 1.59 1.77
SCPUE,, ; 7.83 22.0 4.3 17.0 1.63 1.88
SCPUE 7.70 8.82 4.7 12.3 1.01 -0.80
SCPUE,,; 8.13 10.68 4.7 13.5 1.02 -0.43
FCPUE, 14.7 59.0 6.3 29.9 1.37 2.65
FCPUE; 14.7 28.3 6.5 20.0 -0.50 -1.41
S¢-S; 4.26 3,010 -116.0  45.9 -2.29 5.59
Ssadj~S1ad] 12.7 1,998 -85.6 40.3 -2.33 5.67
Fs-F; -5.49 32,870 -339.5 178.4 -1.25 0.82
SCPUE- |

SCPUE, 0.04 4.38 -4.7 1.4 -2.44 6.18
SCPUE,, .~

SCPUE,q; 0.31 2.93 =3.5 1.4 -2.34 5.75
FCPUE,- FCPUE, 0.08 36.4 -11.2 7.2 -1.15 1.42
1n(s,) 5.34 0.19 4.9 6.0 0.95 -0.80
1n(Sy,q;) 5.36 0.18 4.9 6.0 0.94 -0.67
1n(sq) 5.41 0.09 5.0 5.9 0.46 -0.98
1n(Sg,q;) 5.46 0.08 5.1 5.9 0.65 -1.29
1n(F;) 6.00 0.39 5.0 6.8 -0.50 -0.81
1n(Fy) 6.05 0.26 5.1 6.5 -1.40 1.92
1n(Sg) -1n(S,) 0.07 0.04 -0.3 0.2 -1.83 3.79
1n(Sg,y;) =1n(Sq,y;) 0.10 0.03 -0.2 0.2 -1.76 3.23
1n(Fg) -1n(F,) 0.05 0.11 -0.5 0.4 -0.59 -0.86



Appendix |I. Table 2 (cont).
Skewness Kurtosis

Variable Mean Variance Min. Max. coefficent coefficent
1n(SCPUE,) -

1n(SCPUE,) 0.07 0.04 -0.3 0.2 -1.83 3.79
1n(SCPUE,,;) -

1n(SCPUE;ﬁ) 0.10 0.03 -0.2 0.2 -1.76 3.23
1n(FCPUE) -

1n(FCPUE,) 0.05 0.11 -0.5 0.4 -0.59 -0.86
RS 0.95 0.04 0.8 1.4 2.08 4.71
RS,q; 0.92 0.03 0.8 1.3 1.96 4.07
RF 1.00 0.13 0.6 1.6 0.96 -0.43
RSCPUE 0.95 0.04 0.8 1.4 2.08 4.71
RSCPUE,; 0.92 0.03 0.8 1.3 1.96 4.07
RFCPUE 1.00 0.13 0.6 1.6 0.96 -0.43
LS 5.03 407 -38.2 21.3 -2.08 4.71
LS,q; 8.22 258 -25.6 20.5 -1.96 4.07
LF -0.40 1,289 -60.1 36.0 -0.96 -0.43
S 31.5  49.8 24.2 42.6 0.71 -0.89

3.43 0.05 3.2 3.8 0.48 -1.17
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Appendix |. Table 3. Results of General Linear Mdel (GM analyses of paired observations from TED equi pped and standard
trams with TED type (T), Region (R and Season (ij as classification variables and with selected
continuous variabl'es as covariates (see Appendix | text for description of synmbols used for dependent

] and continuous variabl es).
A Data paired by tow (706 observations, quad-rigged traw ers)

Coeff. of Res_i_dualsb

Dependent Classification Continuous variance®, determ., Skewness Kurtosis

varjable variables variables Interactions s? r’ coefficient coefficient

S¢ - S; T Fe-F;, H, D, V all 2-factor  48.12 0.128 2.87 25.52

and 3~-factor

Ssadj=Stad] T Fe-F;, H, D, V " 47.67 0.135 3.15 22.47

Sg - & R F~-F;, H, D, V " 44.72 0.229 2.32 16.82

ss-dj'shdj : R F-F,, H, D, V " 46.87 0.191 2,72 17.16

5 - S . Q Fg-F;, H, D, V " 45.80 0.197 2.21 18.25

Ssad~Stadj Q Fe-F;, H, D, V .. 46.43 0.185 2.67 18.14

SCPUE;~SCPUE, T FCPUE~FCPUE,, " 3.44 0.237 2.40 12.80
D, V

SCPUE,,~SCPUE, ., T FCPUE,~FCPUE,, o 3.86 0.253 2.75 15.18
D, V

SCPUE,~SCPUE, R FCPUE;-FCPUE,, " 3.73 0.198 3.97 37.07
D, V

SCPUE,,;~SCPUE, ;; R FCPUE,-FCPUE,, " 4.35 0.184 4.68 49.02
D, V

SCPUE,~SCPUE, Q FCPUE,-FCPUE,, " 3.83 0.167 3.80 36.47
D, V .

SCPUES“‘-SCPUET“j Q FCPUE;-FCPUE,, " 4,33 0.179 4.64 49.87
D, V
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Appendix I.  Table 3 (cont).

Coeff. of Residuals”
Dependent Class;.flcatmn Continuous Variance®, determ., Skewness Kurtosis
varjable ;;ables varjables Interactions s r’ coefficient coefficient
1n(S,) -1n(S;) 1n(Fg) ~1n(F;) all 2-factor 0.044 0.331 0.44 1 2.07
ln(H), ln(D), v and 3-factor
1n(Sgyq;) ~1n(Spyy) 1n(Fg) -1n(F;), " 0.043 0.295 0.50 2.84
In(H), ln(D), V
1n(S,) -1n(S;) 1n(F,) -1n(F,), " 0.041 0.407 0.18 1.94
1n(H), 1In(D), V
1n(Sgpq) =10 (Sy0g)) 1n(F)-1n(F,), " 0.040 0.376 0.22 2.57
1In(H), 1n(D), V
1n(Sg)-1n(s,) 1n(F) -1n(F;), " 0.043 0.372 0.29 1.88
¢ in(H), 1n(D), V
1n(Sgpy;) 1N (Sy,y;) 1n(F¢)-1n(F;), " 0.041 0.345 0.36 2.49
ln(ﬂ), ln(D), v
ln(SCPUEs)- ln(FCPUE )= " 0.045 0.305 0.35 2.33
1n(SCPUE,) 1n(FCPUE ). In(D),
In(SCPUE, ;) - 1n(FCPUE,) - " 0.044 0.269 0.43 3.13
ln(SCPUE‘ml 1n(FCPUE;), 1n(D),
1n(SCPUE() - 1n(FCPUE) - " 0.043 0.358 0.17 1.79
1n(SCPUE,) 1n(FCPUE;), 1ln(D),
1n(SCPUE,, ;) 1n(FCPUEg) - " 0.042 0.325 0.25 2.47
1n(SCPU r.d,) 1n(FCPUE;), 1n(D),
1n(SCPUE,) - 1n(FCPUE;) ~ " 0.044 0.329 0.28 2.18
1n(SCPUE;) 1n(FCPUE;}, 1n(D), R
1n(SCPUE,,, 1n(FCPUE,) - " 0.043 0.307 0.40 2.77
ln(SCPUE],.d]) 1n(FCPUE;}, 1n(D),
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Appendi x 1.

Table 3 (cont).

Coeff. Residuals®
Dependent Classification Continuous Variance®, determ., Skewness Kurtosis
varjable varjables varijables Interactions s r’ coefficient coefficient
RS T RF, H, D, Vv all 2-factor 0.037 0.279 0.63 2.74
all 3-factor
RS, T RF, H, D, V " 0.034 0.243 0.93 5.56
RS R RF, H, D, V " 0.036 0.341 0.84 3.30
RS‘d] R RF, H, D, V " 0.032 0.313 1.02 5.19
RS Q RF, H, D, V " 0.037 0.310 0.68 2.59
RS.dj Q RF, H, D, V " 0.033 0.285 0.81 4.24
RSCPUE T RFCPUE, D, V " 0.038 0.253 0.69 2.70
RSCPUE“] T RFCPUE, D, V " 0.034 0.222 0.96 5.50
RSCPUE R RFCPUE, D, V " 0.038 0.280 0.80 2.81
RSCPUE.dj R RFCPUE, D, V " 0.033 0.262 0.96 4.84
RSCPUE Q RFCPUE, D, V " 0.038 0.273 0.67 2.57
RSCPUE“_J Q RFCPUE, D, V " 0.033 0.259 0.78 3.99
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Appendix |. Table 3 (cont).

Coeff. of Resjduals®

Dependent Classification Continuous Variance®, determ., Skewness Kurtosis

ja v Interactions s’ r coefficient coeffjcient
LS T LF, H, b, V all 2-factor 373.62 0.279 -0.63 2.74

all 3-factor

LS.dj T LF, H, D, V " 336.63 0.243 -0.93 5.56
LS R LF, H, D, V " 358.58 0.341 -0.84 3.30
LS.dJ R LF, H, D, V " 321.17 0.313 -1.02 5.19
LS Q LF, H, D, V " 369.45 0.310 -0.68 2.59
LS.” Q LF, H, D, V " 328.62 0.285 =-0.81 4.24
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Appendix |. Table 3 (cont).

B. Data paired by trip (41 observations, quad-rigged trawlers)
Coeff. of Resjduals®

Dependent Classification Continuous Varignce', detern., Skewness Kurtosis

vari i s Interactions s rl coefficient coefficient
8 - S; T Fe-F;y H all 2-factor 3,358 0.584 1.28 2.73

and 3-factor

Ssedj~Stedj T Fg-F;, H " 3,777 0.447 1.37 1.70
Ss - ST R Fs'FT' H " 2,058 0.838 1.60 5.09
Seadj~Stadj R Fg-F;, H . 3,150 0.706 1.00 2.73
Sg - S Q Fg~F;, H " 1,528 0.845 1.13 4.43
Seadi=Sted) ¢ Q Fg-F;, H " 2,956 0.646 1.31 3.02
SCPUES-SCPUE‘ T FCPUES-FCPUEr all 2-factor 0.88 0.230 1.30 1.21
SCPUEMI-SCPUE“‘; T FCPUES-FCPUE‘. " 1.04 0.108 1.09 0.51
SCPUES-SCPUET R FCPUE;-FCPUE; " 0.77 0.431 1.48 3.09
SCPUE,,,~SCPUE, ; R FCPUE~FCPUE, . 1.15 0.175 1.06 0.94
SCPUE,~SCPUE, Q ” FCPUE,~FCPUE, g 0.78 0.386 1.16 1.60
SCPUE,,,~SCPUE,4; Q FCPUE,-FCPUE, " 0.87 0.341 1.04 0.71
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Appendi x |.

Table 3 (cont).

Coeff. of  _____ Residuals®
Dependent Classification Continuous Variance®, determ., Skewness Kurtosis
v varijables varjables Interactions s? r coefficient coefficient
In(S¢) ~1n(s;) T i1n(Fg)-1n(F,), all 2-factor 0.018 0.555 0.82 0.52
(H) and 3-factor
1n(Sgyy;) -1n(Sy,;) T In(Fg)-1n(F;), " 0.017 0.471 0.18 -0.45
In(H)
1n(Sg) -1n(S,) R 1n(F)-1n(F,), " 0.015 0.757 0.94 1.06
1n(H)
1n(Sgyy;) ~1n(Sp,y;) R 1n(Fg)~1n(F,), " 0.014 0.717 0.35 0.97
1n(H)
1n(S,) ~1n(S,) Q 1n(F)-1n(F,), u 0.015 0.696 0.72 1.53
in(H
1n(Sgyy;) =3n(Syy)) Q 1n(F)-1n(F;), " 0.011 0.717 0.11 -0.07
1n(H)
1n(SCPUE;) - T 1n(FCPUE) ~ all 2-factor 0.022 0.372 1.05 1.07
1n(SCPUE,) 1n(FCPUE,;)
1n(SCPUE,,; )~ T ln(FCPUEs)- " 0.024 0.177 0.73 0.74
1n(SCPUE ;) 1n(FCPUE,)
1
ln(SCPUEs)— R ln(FCPUEs)- " 0.017 0.608 0.93 2.75
In( SCPUE,;) 1n (FCPUET)
in(SCPUE,;) - R ln(FCPUEs)- " 0.022 0.363 0.68 1.67
1n(SCPUE,;) 1n(FCPUE,)
1n(SCPUEs)- Q ln(FCPUEs)- " 0.019 0.532 0.44 0.91
1n(SCPUE;) 1n(FCPUE,)
1n(SCPUE, ) - Q 1n(FCPUE) - " 0.017 0.466 -0.03 0.60
ln(SCPUEij) 1n(FCPUE,)
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Appendix |. Table 3 (cont).

- AR A

Coeff. of Residuals®

Dependent Classification Continuous Variance®, detern., Skewness Kurtosis

varia varia Interactjons ) r’ coefficient coefficient
RS T RF, H all 2-factor 0.014 0.491 -0.35 -0.07

and 3-factor

RS.,] T RF, H " 0.016 0.230 -0.07 -0.26
RS R RF, H : 0.012 0.724 ~0.55 1.47
RS.‘“ R RF, H " 0.016 0.528 -0.37 1.20
RS Q RF, H " 0.013 0.618 -0.33 0.62
RS“, Q RF, H " 0.013 0.505 -0.01 0.09
RSCPUE ¢ T RFCPUE all 2-factor 0.014 0.428 -0.67 0.32
RSCPUE“’- T RFCPUE " 0.017 0.123 -0.35 0.04
RSCPUE R RFCPUE — " 0.010 0.646 -0.23 0.74
RSCPUE.dj . R RFCPUE " 0.015 0.333 -0.13 0.48
RSCPUE Q RFCPUE " 0.012 0.562 -0.36 0.34
RSCFUEm Q ’ RFCPUE " 0.012 0.441 0.06 0.26
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Appendix |I. Table 3 (cont).
Coeff. of Resjduals’

Dependent Classification Continuous Variance®, detern., Skewness Kurtosis
i varia e Interactions s rt coefficient  coefficjent
LS T LF, H all 2-factor 141.8 0.491 0.35 -0.07
and 3-factor
I..S.d, T LF, H " 164.7 0.230 0.07 -0.26
s R LF, H " 120.8 0.724 0.55 1.47
LS“,j R LF, H " 158.7 0.528 0.37 1.20
LS Q LF, H * 130.1 0.618 0.33 0.62
I.S.dj Q LF, H " 129.4 0.505 0.01 0.09
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Appendix |. Table 3 (cont).

C. Data paired by tow (64 observations, twin-rigged trawlers)
Coeff. of Residuals®

Dependent Classification Continuous variance®, determ., Skewness Kurtosis
varjable variables variables Interactions s r’ coefficient coefficient
S¢ - Sy T Fg~F;, H, D, V all 2-factor 124.3 0.420 -3.65 23.35
and 3-factor
Ssadj~Stad) T Fg~F;, H, D, V " 89.6 0.423 -3.32 21.00
SCPUES-SCPUET T l""CPUEs--).“CI»"UET , D,V " 28.39 0.209 -5.07 36.23
SCPUE,,;~SCPUE,; T FCPUE~FCPUE,, D, V " 19.87 0.207 -4.65 33.69
1n(Sg) =1n(S;) T 1n(Fg) -1n(F;) " 0.042 0.599 -2.36 8.46

in(H), 1n(D), V

1n(Sgp;) =10 (Sypgy) T In(F,)~1n(F,), " 0.027 0.650 -2.15 7.77
¢ In(H), In(D), V

In(SCPUE,) - T 1n(FCPUE,) - " 0.048 0.410 -1.12 3.14
1n(SCPUE,) 1n(FCPUE;), 1n(D), V

1n(SCPUE,,,;) - T 1n(FCPUE,) - " 0.033 0.457 -0.44 2.74
1n(SCPUE,,;) ‘ 1n(FCPUE,), 1n(D), V

RS T RF, H, D, V " 0.067 0.464 2.79 12.31

RS, T " RF, H, D, V " 0.035 0.571 2.44 10.94

RSCPUE T RFCPUE, D, V " 0.062 0.360 2.08 7.95

RSCPUE, T RFCPUE, D, V " 0.034 0.457 1.04 5.21

s T LF, H, D, V 0 672.1 0.464 =2.79 12.31

LS, T LF, H, D, V " 346.3 0.571 -2.44 10.94
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Appendix I.  Table 3 (cont).

D. Data paired by trip (7 observations, twin-rigged trawlers)

Coeff. of  _____ Residuals®
Dependent Classification Continuous Vvariance®, detern., Skewness Kurtosis
ari e variables ariab Interactions s? r’ coefficient coefficient
S - S T Fg-F;, H None 4,016 0.333 -0.72 0.67
Ssadj~S1ed) T Fg-F;, H " 3,133 0.216 -0.99 0.69
SCPUES-SCPUET T FCF’UES-FCPUET " 4.82 0.267 -0.63 1.03
SCPUE,,,;~SCPUE, T FCPUE;-FCPUE, " 3.46 0.213 -0.80 0.53
1n(8s) ~1n(5,) T 1n(Fg)~1n(F,), n 0.046 0.345 -0.35 -0.19
in(H)
1n(Sgy;) =10 (Spyy)) T 1n(F,) ~1n(F,;), " 0.042 0.162 -0.85 0.39
v in(H)
ln(SCPUEs)- T ln(FCPUEs)- " 0.040 0.252 -0.32 0.88
1n(SCPUE,) 1n(FCPUE,) :
ln(SCPUEs.d ) - T ln(FCPUEs)- " 0.032 0.153 -0.92 0.84
ln(SCPUEJT.dj) . ln(FCPUE,)

RS T ¢ RF, H " 0.056 0.308 0.70 0.66
Rsad] T RF, H " 0.043 0.164 1.07 1.16
RSCPUE T RFCPUE " 0.047 0.233 0.69 l1.61
RSCPUE.dj T RFCPUE " 0.033 0.153 1.15 1.68
LS T LF, H " 563.8 0.308 -0.70 0.66

T LF, H " 431.8. 0.164 =1.96 4.07

}&.ﬁean square residual.

The mean of the residuals was zero in all GILM models shown in this table.



Appendi x |. Table 4.

Least squares means (LSMs

of selected dependent variables for various TED types, Regions and Seasons in

General Linear Mdel (GM analyses of paired observations for TEDequipped and standard trawls.  (see
Appendix | text for description” of symbols used for dependent and continuous variables).
A Data paired by tow (706 observations, quad-rigged traw ers)
TED~type Region Season
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec~ Mar- June- Sept-
Variables jumper _ with funnel 18-21 13-17 9-12 1-8 >21 Feb May Aug Nov
84-5, 3.92 2.59 4.35ns"  4.36 2.83ns -1.37ns 1.07ns -1.02ns  -2.57ns 2.05 2.20ns
Sgadj~Stadj 7.48 3.48 8.16 4.44 4.56 -1.02ns  4.01ns 0.28ns  -2.54ns 4.71 3.16ns
SCPUE~SCPUE, 1.56 0.70 0.92ns 0.52ns 0.47ns l.16ns 0.89ns 0.03ns 1.14 0.88 0.76
SCPUE,,,.—
scpurz’hdj 2.04 0.92 2.27 0.60 0.78 1.00ns 1.56ns 0.26ns 1.00ns 1.51 0.73ns
¢
1n(S;)-1n(s,) 0.09ns 0.16 0.18ns 0.24 0.16 0.02ns 0.01ns 0.03ns 0.18ns 0.11 0.11lns
In(S¢..)—
lns(.gjmj) 0.14 0.18 0.32 0.22 0.12ns -0.03ns 0.08ns 0.11 0.09ns 0.16 0.13ns
1n (SCPUE,) -
1n(ScCPUE,) 0.15 0.13 0.24 0.14 0.08ns 0.10ns -0.01lns 0.05ns 0.18 0.11 0.12
1n(SCPUE,,;) - .
ln(SCPUEJMj) 0.18 0.16 0.41 0.15 0.10ns 0.08ns  0.01lns 0.11lns 0.16 0.16 0.11
RS 0.94 0.88 0.82 0.81 0.89 0.98 1.12 1.01 0.91 0.93 0.93
RS,y 0.87 0.86 0.71 0.81 0.90 0.98 1.08 0.96 0.96 0.88 0.93
RSCPUE 0.89 0.92 0.82 0.90 0.97 0.93 1.12 1.01 0.92 0.93 0.93
RSCPUE,; 0.85 0.88 0.69 0.87 0.94 0.95 1.09 0.95 0.95 0.87 0.93
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Appendix |. Table 4 (cont).

- Region Season
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec- Mar- June~ Sept-~
ju wi u 1 18-21 13-17 9-12 1-8 >21 Feb May Aug Nov
LS 6.38ns 11.83 18.22 19.07 10.55 1.58ns -11.72ns -1.30ns 9.34ns 6.93 6.81ns
LS.” 13.05 14.20 29.19 19.39 10.28 2.12ns -7.86ns 4.38ns 4.25ns 12,20 7.49ns
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Appendix |. Table 4 (cont).

B. Data paired by trip (41 observations, quad-rigged trawlers)

— TED-tvpe Region Season
(_;eorgla Statistical subarea groupings Month groupings

Dependent Georgia jumper, Dec- Mar- June~- Sept-

umpe t u =21 13-17 9-12 1-8 >21 Feb May Augq Nov
S¢-5; 38.9ns 31.9 29.7ns 32.3ns 22.8ns 58.6ns  48.1lns 9.2ns  -46.3ns 30.8 NE®
Sqadj~Stadj 59.0ns 52.2 68.4 97.8ns  -32.1ns 43.8ns  66.6ns 27.8ns  =60.3ns 71.0 NE
SCPUES-SCPUE, 0.91 0.49 0.50ns 0.96ns 0.57ns 0.06ns 0.86 0.03ns 1.20ns 0.71 0.43ns
SCPUE ;-

SCPU. Tadj 1.20 0.79 1.02 1.01ns 0.53ns 0.24ns 1.11 0.17ns 0.08ns 1.22 0.34ns
In(5¢)~-1n(s;) 0.09 0.11 0.11 0.57 -0.07ns -0.07ns 0.03ns 0.03ns 0.08ns 0.14 NE
In(Sg,) -

ln(Sm”) 0.14 0.15 0.13 0.44 -0.34ns -0.12ns 0.06ns 0.03ns -0.05ns 0.19 NE
1n(SCPUE,) - ‘

1n(SCPUE;) 0.15 0.11 0.10 0.36 0.1ins ~0.01ns 0.12 0.02ns 0.24 0.14 0.10ns
1n(SCPUE,.)~ )

1n(SCPUE!,.dj) 0.19 ! 0.15 0.20 0.30 0.05ns 0.02ns 0.17 0.07ns 0.06ns 0.19 0.07ns
RS 0.95 0.90 0.89 0.71 1.01 0.95 1.10 0.96 0.82 0.89 NE
RSy - 0.90 0.87 0.86 0.74 1.11 0.99 1.11 0.93 0.91 0.84 NE
RSCPUE 0.88 0.91 0.91 0.75 0.93 0.92 0.91 0.98 0.81 0.89 0.94
RSCPUE“I 0.84 0.87 0.82 0.77 0.96 0.91 0.87 0.94 0.90 0.84 0.96
LS 4.62ns 9.60 10.81 28.64 -0.65ns 4.86ns -9.56ns 3.90ns 18.09 11.13 NE
Is-dj 9.99ns 13.12 13.60 26.18 -11.09ns 1.06ns -10.93ns 6.66ns 8.65ns 15.88 NE
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Appendi x 1.

Table 4 (cont).

C. Data paired by tow (64 observations, twin-rigged trawlers)

TED-type Regjon Season
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec~ Mar- June- Sept-
jum it 1 i8-21 13-17 9-12 1-8 >21 Feb May Augq Nov

S¢-S; 1.42ns 11.32ns
Sgadj~Stagj 3.01ns 12.35ns
SCPUE-SCPUE, 0.55ns -0.1l1lns
SCPUE, -

SCPU Tad] 0.92ns 0.42ns
In(S¢)-1n(s,;) 0.1ins 0.21ns
1n(Sgy) - "

ln(Sj"d]) 0.24 0.22ns
1n(SCPUE,) -

1n(SCPUE;) 0.17 0.00ns
1n(SCPUE) -

1n (SCPUEJM,) 0.20 0.05ns
RS 0.92 0.69
Rsm 0.85 0.65
RSCPUE 0.87 1.01
RSCPUE,, 0.86 0.94
LS 7.94ns 31.30ns .
LS.‘,l 15.43 34.59
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Appendi x 1.

Table 4 (cont).

D. Data paired by trip (7 observations, twin-rigged trawlers)

TED-type Region Season
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec- Mar- June- Sept-
es jum; t unnel 18-21 13-17 9-12 1-8 >21 Feb May Aug Nov

S-S, 14.88ns -3.71ns
Ssadj~Stedj 23.11ns 4.84ns
SCPUE,~SCPUE, 0.69ns -0.59ns
SCPUE,, .~

SCPUE 0.87ns -0.11ns
In(s)=1n(S;) 0.11lns 0.04ns
In(Sgpy) - "

ln(s,m) 0.15ns -O.(_!Gns
1n(SCPUE) -

1n(SCPUE,) 0.14ns 0.02ns
1n(SCPUE,,,;) - :

1n(SCPUE,;) 0.16ns 0.05ns
RS 0.90 0.99
RS,y 0.86 0.96
RSCPUE 0.87 1.01
RSCPUE,y; 0.85 0.97
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Appendix |. Table 4 (cont).

TED~type Reqion Season
Georgia Statistical subarea groupings Month groupings
Dependent Georgia jumper, Dec~- Mar- June- Sept-
i umpe it 1 18-21 13~-17 9-12 1-8 >21 Feb May Aug Nov
Ls 9.88ns 1.40ns
LS“J 13.71ns 4.11ns

* ns indicates that the LSM is not significantly different from the zero at P<0.05; otherwise the LSM is significantly different
from zero.

> NE indicates that the ILSM was not estimable because of data imbalance (insufficient sample size).
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Appendix Il. Table 1. Summary of operation codes for traw

Iom

A

oz ~—

NCHW0nWXIOT

per f or mance.

Nets not spread; typically doors are flipped or doors hung

t oget her so net could not spread.

Cear bogged: the net has picked up a quantity of sand or nud
such that the net can not be easily towed.

Bag choked; the catch in the net is prevented fromgetting
into the bag by sonething (grass, sticks, turtle, etc.)
clogging net or by the twisting of the |azy-Iine.

Gear not digging; the net is fishing off the bottom due to

i nsufficient weight.

Twi sted warp or line; the cables conposing the bridle get
twisted (from passing over bl ocks which occasionally nust be
renmoved before continuing to fish). Use this code if catch
was affected.

Cear fouled; the gear has becone entangled in itself.
Typically this involves the webbing and sone object like a
float or chains.

Bag untied; bag of net not tied when draggi ng net.

Rough weather; if the weather is so bad fishing is stopped,
then the previous tow should receive this code if the rough
conditions affected the catch.

Torn webbing or lost net; wusually results from hanging the
net and tearing it |oose. The net cones back with | arge
tears if at all. Do not use this code if there are only a
few broken neshes. Continue using this code until net is
repai red or repl aced.

Dumped catch; tow was nmade but catch was di scarded, perhaps
because of too nuch trash, fish, sponge. Gve reason in
Comment s.

No pick up: tow nade but net not dunped on deck because nets
are brought up, boat changes |ocation and nets are towed nore
bef ore decki ng.

Hung up; untinely termnation of a tow by a hang. Speci fy
trawl (s) which were hung and caused lost tinme in Comments.
Bags dunped together and catches not separated.

Net did not fish; no apparent cause.

Gear fouled on object; typically a Io? caught in bag or TED.
Net nmay be towed but performance is affected. G ve specifics

in Comments. _
No measurenent taken of shrinp or total catch.
Cabl e breaks and net |ost. Descri be in Conments.

Net caught in wheel.

Ti ckl er chain foul ed or tangl ed.
O her Probl ens

TED s tied shut.

Successful tow
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Georgia TED
w/funnel
%

Freq.

Ceorgia TED w t hout
%

and Georgia TED with a Funnel .

Frequency of Operation Codes For
St andard Net,
funnel ,

Georgia TED

w/o funnel

Freqg.

%

Standard

Net

Freq.

Tabl e 2.

Operation

Appendi x |1.
Code

02025150101310030017404121109002437103121604011
e @ 8 8 & e @ o e 8 &8 & o e s + & 5 o & O o o 8 e o 8 8 6 8 8 0 & 0 & o o & o s 0 o
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- W0 * * X HO=*
AABBBBCCCEEFFFGIIIIJJJKKLLMLMMMMMNOOOPPPQSTUUUZ
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and

Saunder's TED,

Morri son TED,

Frequency of QOperation Codes For Standard
Gol den TED.

Net ,

Tabl e 3.

Appendi x 11.

Morrison

Golden
TED
Freq.

TED

Saunder's
Fredq.

TED
Freq.

Standard
Net

Operation

%

%

%

%

Freq.

Code

[=loReoRojojoRoleNoNolofoNoNoloNoNeoNeNeoNoNoNoloNeloeNoNoloNoNoNoNeoNoNoNeoNoNoNoNoNoNoNoNoNoNoN o]

00000000000000000O0000000000%000000000000000000
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001001000001._00010000000000001000009000000201121

001001000O0100010000000000001000009000000201128
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OCO0OAO0O0OrMO0O000O0HO0O0HOOOOOOOO0OOO0OOHOOODOOAAODODOOOONOHHMNM
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© — — < )|
— n
—

b EEM kE M OEKKMREFEAAEAZOXROQM,  HOK S o
* * HO*%
AnnB“nnyBnucnum_E_rw‘FnuITLT*ITuJ,uwnK.urum,uM“MHMM“M“NnVOAUD‘P“rnxSanUUnuz

rel ated probl ens
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Appendix I1. Table 4. Summary of Regression Analyses on Twin-Rigged Vessels: TED-equipped vs Standard Shrimp

Nets. By area and season; data paired by tow.

Variance

Dependent Independ. Sample From Regression
Class Variable Variable Size _ Slope  Intercept  Regression R2 Equation
GT/NF TEDCPUSH  STDCPUSH 28 0.976%  -0.526 0.904 0.896 Y = -0.526 + 0.976X
GT/NF TEDSH STDSH 28 0.844 6.317 14.108 0.871 Y = 0.317 + 0.844X
GT/NF TEDCPUTR  STDCPUTR 28 0.870 0.022 0.888 0.892 Y = 0.022 + 0.870X
GT/NF TEDSHTR STDSHTR 28 0.785 1.441 12.470 0.886 Y = 1.441 + 0.785X
GT/NF TEDF1 STDFI 28 0.715 14.908 489.299 0.583 Y = 14.908 + 0.715X
GT/WF TEDCPUSH  STDCPUSH 36 1.658 -5.106 29.794 0.803 Y =-5.106 + 1.658X
GT/WF TEDSH STDSH 36 1.221 -3.713 194.656 0.747 Y = -3.713 + 1.221X
GT/WF TEDCPUTR  STDCPUTR 36 1.486 -4.461 20.052 0.867 Y = -4.461 + 1.4B6X
GT/WF TEDSHTR STDSHTR 36 1.205 -5.000 132.120 0.828 Y = -5.000 + 1.205X
GT/WF TEDFI STDFI 36 1.027 -2.486 2714.196 0.505 Y = -2.486 + 1.027X
TEXAS TEDCPUSH  STDCPUSH 64 1.563 -4.074 18.195 0.809 Y = -4.074 + 1.563X
TEXAS TEDSH STDSH 64 1.163 -3.969 123.674 0.754 Y = -3.969 + 1.163X
TEXAS TEDCPUTR  STDCPUTR 64 1.406 -3.474 12.841 0.864 Y = -3.474 + 1.406X
TEXAS TEDSHTR STDSHTR 64 1.130 -4.258 89.669 0.821 Y =-4.258 + 1.130X
TEXAS TEDFI STDFI 64 0.936% 3.719 1737.034 0513 Y = 3.719 + 0.936X
WINTER TEDCPUSH  STDCPUSH 5 1.017 -0.633 2.160 0.876 Y = -0.633 + 1.017X
WINTER TEDSH STDSH 5 0.886%  -0.138 34.871 0.877 ¥ = -1.380 + 0.886X
WINTER TEDCPUTR  STDCPUTR 5 0.881%7  -0.476 1.729 0.901 Y = -0.476 + 0.881X
WINTER TEDSHTR STDSHTR 5 0.811%  -0.546 39.014 0.863 Y = -0.546 + 0.811X
WINTER TEDFI STDFI 5 1.252°  -8.912 78.441 0.605 Y =-8.912 + 1.252x
FALL TEDCPUSH  STDCPUSH 59 1.579 ~4.168 19.331 0.811 Y = -4.168 + 1.579X
FALL TEDSH STDSH 59 1.197 -4.353 128.470 0.756 Y = -4.353 + 1.197X
FALL TEDCPUTR  STDCPUTR 59 1.422 -3.510 13.329 0.869 Y = -3.510 + 1.422X
FALL TEDSHTR STDSHTR 59 1.176 -4.782 87.021 0.83 Y = -4.782 + 1.176X
FALL TEDFI STDFI 59 0.933° 4.109 1883.932 0.507 Y= 4.109 + 0.933X
GT/NF = GEORGIA TED WITHOUT A FUNNEL
GT/WF = GEORGIA TED WITH A FUNNEL
TEDCPUSH = CPUE OF SHRIMP IN TED NET NOT ADJUSTED FOR TRY NET
STDCPUSH = CPUE OF SHRIMP IN STANDARD NET NOT ADJUSTED FOR TRY NET
TEDSH = CATCH OF SHRIMP IN TED NET NOT ADJUSTED FOR TRY NET
STDSH = CATCH OF SHRIMP IN STANDARD NET NOT ADJUSTED FOR TRY NET
TEDCPUTR = CPUE OF SHRIMP IN TED NET ADJUSTED FOR TRY NET
STDCPUTR = CPUE OF SHRIMP IN STANDARD NET ADJUSTED FOR TRY NET
TEDSHTR = CATCH OF SHRIMP IN TED NET ADJUSTED FOR TRY NET
STDSHTR = CATCH OF SHRIMP IN STANDARD NET ADJUSTED FOR TRY NET
TEDFI = CATCH OF FISH IN TED NET NOT ADJUSTED FOR TRY NET
STDFI = CATCH OF FISH IN STANDARD NET NOT ADJUSTED FOR TRY NET

% These slopes are not significantly different from 1.
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Appendix 11. Table 5.

Summary of Regression Analyses on Quad-Rigged Vessels: TED-equipped vs Standard Shrimp

Nets. By area and season; data paired by tow.
Variance
Dependent Independ. Sample From 2 Regression

Class Variable Variable Size Slope Intercept Regression R Equation

GT/NF TEDCPUSH STDCPUSH 256 0.704 1.086 3.768 0.846 Y= 1.086 + 0.704X
GT/NF TEDSH STDSH 256 0.837 0.933 30.420 0.891 Y= 0.933 + 0.837X
GT/NF TEDCPUTR STDCPUTR 256 0.666 1.136 3.748 0.847 Y= 1.136 + 0.666X
GT/NF TEDSHTR STDSHTR 256 0.781 1.207 28.378 0.899 Y= 1.207 + 0.781X
GT/NF TEDFI STDFI 256 0.711 28.233 7346.102 0.525 Y= 28.233 + 0.711X
GT/WF TEDCPUSH STDCPUSH 450 0.867 0.366 2.032 0.927 Y = 0.366 + 0.867X
GT/WF TEDSH STDSH 450 0.868 2.082 49.279 0.911 Y= 2.062 + 0.868X
GT/WF TEDCPUTR STDCPUTR 450 0.843 0.322 1.836 0.936 Y= 0.322 + 0.843X
GT/WF TEDSHTR STDSHTR 450 0.868 1.127 43.716 0.925 Y= 1.127 + 0.868X
GT/WF TEDFI STDF! 450 0.926 6.271 47218.721 0.722 Y= 6.271 + 0.926X
TEXAS TEDCPUSH STDCPUSH 112 0.908 0.281 2.204 0.935 Y= 0.281 + 0.908X
TEXAS TEDSH STDSH 112 0.919 1.120 48.473 0.902 Y= 1.120 + 0.919X
TEXAS TEDCPUTR STDCPUTR 112 0.825 0.351 2.334 0.931 Y= 0.351 + 0.825X
TEXAS TEDSHTR STDSHTR 112 0.847 1.180 51.487 0.895 Y= 1.180 + 0.847X
TEXAS TEDFI STDFI 112 0.531 57.065 20153.211 0.390 Y= 57.065 + 0.531X
LA TEDCPUSH STDCPUSH 154 0.944 -0.114 1.291 0.917 Y= -0.114 + 0.944X
LA TEDSH STDSH 154 1.0062 -1.450 30.821 0.931 Y = -1.450 + 1.006X
LA TEDCPUTR STDCPUTR 154 0.906 -0.059 1.010 0.936 Y= -0.059 + 0.906X
LA TEDSHTR STDSHTR 154 0.955 -1.066 25.273 0.944 Y= -1.066 + 0.955X
LA TEDF! STDF1 154 1.0477  -14.200 90296.187 0.701 Y = 14.200 + 1.047X
MS/AL/PN TEDCPUSH STDCPUSH 88 0.834 0.872 2.470 0.921 Y = 0.872 + 0.834X
MS/AL/PN TEDSH STDSH 88 0.842 5.174 62.986 0.936 Y = 5.174 + 0.842X
MS/AL/PN TEDCPUTR STDCPUTR 88 0.840 0.622 1.826 0.945 Y= 0.622 + 0.840X
MS/AL/PN TEDSHTR STDSHTR 88 0.877 2.614 51.816 0.953 Y= 2.614 + 0.877X
MS/AL/PN TEDF! STDFI 88 0.770 70.496 21916.602 0.774 Y = 70.496 + 0.770X
WFL TEDCPUSH STDCPUSH 106 0.722 0.792 2.105 0.846 Y= 0.792 + 0.722X
WFL TEDSH STDSH 106 0.653 4.524 30.547 0.854 Y= 4.524 + 0.653X
WFL TEDCPUTR STDCPUTR 106 0.761 0.545 2.040 0.862 Y= 0.545 + 0.761X
WFL TEDSHTR STDSHTR 106 0.6%4 3.581 30.266 0.868 Y= 3.581 + 0.694X
WFL TEDFI STDF! 106 0.747 23.913 8807.325 0.805 Y= 23.913 + 0.747X
ATL TEDCPUSH STDCPUSH 246 0.733 0.995 3.930 0.875 Y= 0.995 + 0.733X
ATL TEDSH STDSH 246 0.783 1.767 25.502 0.890 Y= 1.767 + 0.783X
ATL TEDCPUTR STDCPUTR 246 0.697 1.078 4.303 0.863 Y= 1.078 + 0.697X
ATL TEDSHTR STDSHTR 246 0.749 1.891 28.042 0.879 Y= 1.891 + 0.749X
ATL TEDFI STDFI 246 0.497 59.377 5329.824 0.469 Y = 59.377 + 0.497X
WINTER TEDCPUSH STDCPUSH 142 0.914 0.421 1.013 0.828 Y= 0.421 + 0.914X
WINTER TEDSH STDSH 142 1.086 -0.543 12.337 0.906 Y = -0.543 + 1.086X
WINTER TEDCPUTR STDCPUTR 142 0.874 0.385 0.915 0.844 Y= 0.385 + 0.874X
WINTER TEDSHTR STDSHTR 142 1.027° -0.608 11.57 0.912 Y= -0.608 + 1.027X
WINTER TEDF1 STDFI 142 1.141 -19.631 17406.958 0.693 Y= -19.631 + 1.141X
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Appendix Il. Table 5 (continued). Summary of Regression Analyses on Quad-Rigged Vessels: TED vs Standard Shrimp
Nets. By area and season; data paired by tow.

Variance

Dependent Independ. Sample From Regression
Class Variable Variable Size __ Slope Intercept Regression RS Equation
SPRING TEDCPUSH STDCPUSH 148 0.730 0.574 1.411 0.879 Y= 0.574 + 0.730X
SPRING TEDSH STDSH 148 0.673 3.597 23.154 0.868 Y = 3.597 + 0.673X
SPRING TEDCPUTR  STDCPUTR 148 0.766 0.433 1.511 0.880 Y= 0.433 + 0.766X
SPRING TEDSHTR STDSHTR 148 0.71 2.873 23.766 0.876 Y= 2.873 + 0.711X
SPRING TEDFI STDFI 148 0.959%  11.623 47726.106 0.751 Y= 11.623 + 0.959X
SUMMER TEDCPUSH  STDCPUSH 340 0.795 0.795 4.473 0.874 Y= 0.795 + 0.795X
SUMMER TEDSH STDSH 340 0.907 0.172 51.411 0.896 Y= 0.172 + 0.907X
SUMMER TEDCPUTR  STDCPUTR 340 0.747 0.833 4.375 0.876 Y= 0.833 + 0.747X
SUMMER TEDSHTR STDSHTR 340 0.836 0.651 47.920 0.903 Y= 0.651 + 0.836X
SUMMER TEDFI STDFI 340 0.549 59.020 15195.295 0.515 Y = 59.020 + 0.549X
FALL TEDCPUSH  STDCPUSH 76 0.822 0.505 1.865 0.939 Y= 0.505 + 0.822X
FALL TEDSH STDSH 76 0.866 1.624 58.951 0.951 Y= 1.624 + 0.866X
FALL TEDCPUTR  STDCPUTR 76 0.864 0.285 1.723 0.948 Y= 0.285 + 0.864X
FALL TEDSHTR STDSHTR 76 0.925 -0.481 49.733 0.964 Y= 0.481 + 0.925X
FALL JEDFI STDFI 76 1.149 _ -129.522 61072.201 0.845 Y = -129.522 + 1.149X
GT/NF = GEORGIA TED WITHOUT A FUNNEL
GT/WF = GEORGIA TED WITH A FUNNEL
TEDCPUSH = CPUE OF SHRIMP IN TED NET NOT ADJUSTED FOR TRY NET
STDCPUSH = CPUE OF SHRIMP 1IN STANDARD NET NOT ADJUSTED FOR TRY NET
TEDSH = CATCH OF SHRIMP IN TED NET NOT ADJUSTED FOR TRY NET
STDSH = CATCH OF SHRIMP IN STANDARD NET NOT ADJUSTED FOR TRY NET
TEDCPUTR = CPUE OF SHRIMP IN TED NET ADJUSTED FOR TRY NET
STDCPUTR = CPUE OF SHRIMP IN STANDARD NET ADJUSTED FOR TRY NET
TEDSHTR = CATCH OF SHRIMP IN TED NET ADJUSTED FOR TRY NET
STDSHTR = CATCH OF SHRIMP IN STANDARD NET ADJUSTED FOR TRY NET
TEDFI = CATCH OF FISH IN TED NET NOT ADJUSTED FOR TRY NET
STDFI = CATCH OF FISH IN STANDARD NET NOT ADJUSTED FOR TRY NET

? These slopes are hot significantly different from 1.
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TED GRID ACCELERATOR FUNNEL

Figure 1. Schematic diagram of the end of a shrimp trawl
containing a Georgia TED and an accelerator
funnel.
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SOUTH
ATLANTIC

GULF OF MEXICO

oy

Figure 2. NMFS statistical areas in the Gulf of Mexico and south Atlantic.
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FIGURE 3. STANDARD SHRIMP CATCH VS STANDARD FISH CATCH,
NOT ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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POUNDS IN TED—-EQUIPPED NET
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FIGURE 4. STANDARD SHRIMP CATCH VS STANDARD FISH CATCH,
ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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POUNDS/HR IN TED—EQUIPPED NET
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FIGURE 5. TED SHRIMP CATCH VS TED ASH CATCH,
NOT ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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POUNDS/HR IN TED—-EQUIPPED NET
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FIGURE 6. TED SHRIMP CATCH VS FISH CATCH
ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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FIGURE 7. TED SHRIMP CPUE (LBS/HR) VS TED FISH CPUE (LBS/HR)
NOT ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
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FIGURE 8. TED SHRIMP CPUE (LBS/HR) VS TED FISH CPUE (LBS/HR)
ADJUSTED FOR TRY NET CATCH,
ALL AREAS/VESSELS COMBINED
N =770

Y =5.7 + 0.007X

* 2
o r’ =0.01

| T T
3Jaoao 600 900

FISH POUNDS/HR IN TED-EQUIPPED NET
161

1200



Figure 9. Locations of turtles
captured during the winter.
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Figure 10. Locations of turtles
captured during the spring.
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Figure 11. Locations of turtles
captured during the summer.
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Figure 12. Locations of turtles
captured during the fall.
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