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ABSTRACT 
The National Marine Fisheries Service (NMFS), Southeast Fisheries Science Center (SEFSC), 

Fisheries Assessment, Technology, and Engineering Support (FATES) Division, Gear Research 

and Gear and Vessel Support Branches conducted dependent commercial narrow bar spacing 

(2.5 in; 6.4 cm) Turtle Excluder Device (TED) evaluations off the Louisiana coast Jul 23-Aug 3 

and Sep 16-Oct 10, 2023. This testing was conducted as part of the Deepwater Horizon (DWH) 

Reducing Juvenile Sea Turtle Bycatch through Development of Reduced Bar Spacing Turtle 

Excluder Devices (TEDs) restoration project funded by the Open Ocean (OO) Trustee 

Implementation Group (TIG). The project focuses on developing reduced bar spacing TEDs for 

use in the offshore portion of the Gulf of America (GOA) shrimp trawl fishery that may reduce 

bycatch of small sea turtles (body depths < 10.2 cm or 4 in), which may pass through the 

deflector bars of standard TEDs with a maximum bar spacing of 4 in (10.2 cm). This dependent 

commercial testing phase of the project focused on shrimp catch retention and bycatch reduction 

performance of three different narrow bar spacing (2.5 in; 6.4 cm) TED designs evaluated 

through independent Proof of Concept (POC) trials and recommended for commercial 

evaluations. Due to vessel operational issues, only two of the designs were evaluated during this 

portion. A bent bar, top-opening TED installed at 55° and a bent bar, bottom-opening TED 

installed at 45° were compared to a bent bar control TED installed at 55° with 4 in (10.2 cm) bar 

spacing. Results indicate that there is minimal shrimp loss associated with the use of the narrow 

bar spacing TEDs with the bent bar, bottom-opening TED exhibiting a significant increase in 

shrimp catch of 7.9%, while the bent bar, top-opening TED had a non-significant increase in 

shrimp catch of 4.2%. Neither TED significantly reduced total catch or bycatch. However, the 

bent bar, top-opening TED approached significance reducing bycatch by 18.3% (p=0.1132). This 

reduction in bycatch for the top-opening TED was attributed to non-significant reductions in 

debris catch (41.8%) and the exclusion of large Gafftopsail catfish (Bagre marinus), which was 

reflected in a non-significant 15.6% reduction in finfish (Pisces) bycatch. The bottom-opening 

TED reduced debris catch by 48.3%, which approached significance (p=0.0823) and was 

primarily comprised of water lily (Nymphaeaceae). The “self-cleaning” nature of the lower angle 

(45°) bottom-opening TED had a positive impact on shrimp retention. The lower grid angle 

relative to water flow for the bottom-opening TED likely allowed grid blockages to passively 

exit the trawl more frequently resulting in fewer blockage-entrained shrimp to exit the TED 

compared to the higher angle (55°) control. Finally, the narrow bar spacing (2.5 in; 6.4 cm) 

TEDs did not exhibit shrimp size selectivity for either brown (Farfantepenaeus aztecus) or white 

shrimp (Litopenaeus setiferus). These results comport with industry use of narrow bar TED 

configurations with 2.5 in (6.4 cm) bar spacing at times and in areas where large amounts of 

finfish, jellyfish, or debris bycatch are encountered. Based on these results we expect the third 

TED configuration not tested to perform similarly and recommend all three TED configurations 

for any subsequent voluntary/incentivized use projects that seek to achieve sea turtle restoration 

through use of narrow bar spacing TEDs in the GOA. 
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BACKGROUND 
 This testing was conducted as part of the Deepwater Horizon (DWH) Reducing Juvenile Sea 

Turtle Bycatch through Development of Reduced Bar Spacing Turtle Excluder Devices (TEDs) 

restoration project funded by the Open Ocean (OO) Trustee Implementation Group (TIG). The 

project focuses on developing reduced bar spacing TEDs for use in the offshore portion of the 

GOA shrimp trawl fishery that may reduce bycatch of small sea turtles (body depths < 4 in; 10.2 

cm), which may pass through the deflector bars of standard TEDs with a maximum bar spacing 

of 4 in (10.2 cm). The project was comprised of three sequential studies: small sea turtle 

exclusion testing, independent Proof of Concept (POC) catch retention testing, and dependent 

commercial catch retention testing. The intent of the project is development of sea turtle 

restoration fishing gear that may inform potential future restoration project(s) that seek to 

achieve restoration through use of the gear. 

 

From 2008 through 2021, observer coverage in the GOA offshore shrimp fishery documented the 

capture of sea turtles in the codends of TED-equipped shrimp otter trawls (Figure 1). These 

turtles were small enough to pass through the grids of TEDs with allowable 4 in (10.2 cm) bar 

spacing. Once in the codend, turtles can no longer access the TED escape opening risking 

drowning due to forcible submergence. The smallest turtles observed were an 18.2 cm straight 

carapace length (SCL) Kemp’s ridley (Lepidochelys kempii) and a 19.3 cm SCL green sea turtle 

(Chelonia mydas). Review of the size distributions of turtles observed in the offshore fishery 

indicates that sea turtles encountered in this portion of the fishery have Body Depths (BDs) 

greater than 2.5 in (6.4 cm; Stokes and Gearhart 2016). 

 
Figure 1. Number of Kemp’s ridley (Lepidochelys kempii) and green (Chelonia mydas) sea turtles documented by 

fishery observers in the codends of TED-equipped shrimp otter trawls operating in the Gulf of America offshore (>3 
miles) shrimp fishery from 2008 through 2021. 
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Previous TED testing utilizing the NOAA small turtle testing protocol with similar size turtles 

indicates that exclusion of smaller turtles is not simply based on mechanical separation through 

changes in bar spacing. Smaller turtles were found to lack the physical ability to push out 

through the TED escape opening of TEDs in standard allowable configurations (Gearhart et al. 

2014). Skimmer trawl TED development and testing with captive-reared turtles with BDs of 3 

inches (7.6 cm) revealed that TED angle (55⁰ vs 45⁰), TED type (straight vs. bent bar), opening 

type (double cover vs 44 in; 111.8 cm), flap twine size (#30 vs #15), and TED orientation (top vs 

bottom opening) influenced the probability of escape of smaller turtles (Hataway et al. 2018).  

 

To begin TED development for this project, experimental TED designs were identified based on 

the results of previous small turtle testing (Hataway et al. 2018). A total of eight narrow bar 

spacing (2.5 in; 6.4 cm) experimental TEDs designed for use in the GOA offshore shrimp fishery 

were evaluated June 6-14, 2022 and June 17-25, 2023 using the NOAA small turtle testing 

protocol (Federal Register, Vol. 55, No. 195; Gearhart et al. 2023; Gearhart 2024). In addition to 

the experimental TEDs, an industry standard TED with 3.5 inch (8.9 cm) bar spacing was 

evaluated to establish a baseline small sea turtle escape rate, which was 26.1% in 2022 and 12% 

in 2023 (Table 1).  

 

All but one of the narrow bar spacing (2.5 in; 6.4 cm) experimental TEDs evaluated improved on 

the baseline exclusion rate by 200% to 300% with escape rates between 76.9% and 100% (Table 

1). Results of these evaluations were reviewed by a stakeholder workgroup comprised of 

industry representatives from each Gulf State to determine which designs would be selected to 

move on to independent POC shrimp retention evaluations. The stakeholder workgroup selected 

the oval, bent bar, top-opening TED installed at 55°; the oval, bent bar, bottom-opening TED 

installed at 45°; and the rectangular, straight bar, top-opening TED installed at 55° for POC 

testing.  

 
Table 1. TED configuration specifications, testing results, and proof of concept (POC) testing priority for 2022 and 

2023 small turtle testing in Panama City Beach, Florida.  

 
 

Installation Grid Deflector Bar Grid Turtle Turtle Testing

Year Top/Bot Shape Bars Spacing Angle Escapes Captures %Escape Priority

2022 Top Oval Bent 3.5" 55° 6 17 26.1% Ind Std

Top Oval Bent 2.5" 45° 24 1 96.0% Control

Top Oval Straight 2.5" 45° 21 4 84.0%

Top Rectangular Straight 2.5" 55° 25 0 100.0% 3

Top Oval Bent 2.5" 55° 24 0 100.0% 1

Top Oval Straight 2.5" 45° 23 0 100.0%

Bot Oval Bent 2.5" 55° 10 3 76.9%

Bot Oval Bent 2.5" 45° 21 3 87.5% 2

2023 Top Oval Bent 3.5" 55° 3 22 12.0% Ind Std

Top Oval Bent 2.5" 45° 24 1 96.0% Control

Bot Rectangular Straight 2.5" 45° 0 4 0.0%
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The TEDs evaluated during POC testing were the same TEDs used during small turtle testing 

except the control TED, which had 4.0 in (10.2 cm) bar spacing (Figure 2; Gearhart 2024). All 

installation parameters were the same for both small turtle testing and POC testing. Minimal 

shrimp loss was observed for all three TED configurations with only the bent bar, top opening 

TED exhibiting a significant shrimp loss of 3.3% (Gearhart 2024). None of the TEDs 

significantly reduced total catch or bycatch. However, the bent bar, bottom opening TED and 

straight bar, top opening TED both reduced invertebrate catch significantly, which mainly 

consisted of moon jellyfish (Aurelia aurita; Gearhart 2024). More details on the POC testing can 

be found on the project website. Based on the results of the POC testing, all three TED 

configurations were recommended for dependent commercial testing.  

 

 
Figure 2. Turtle Excluder Device (TED) grids utilized for Proof of Concept (POC) testing conducted August 6-11, 2022, 
September 8-13, 2022, and August 11-17, 2023. A = Narrow bar spacing (2.5 in; 6.4 cm) bent bar grid; B = Narrow 
bar spacing (2.5 in; 6.4 cm) straight bar rectangular grid; C = Control standard bar spacing (4.0 in; 10.2 cm)) bent 

bar grid. 

 

Objectives 
 Determine shrimp loss rates of narrow bar spacing TEDs designed to exclude small sea 

turtles in the GOA offshore (>3 nm) shrimp otter trawl fishery  

 Determine bycatch reduction rates of narrow bar spacing TEDs designed to exclude small 

sea turtles in the GOA offshore (>3 nm) shrimp otter trawl fishery  

 Recommend narrow bar spacing TED prototypes for potential future sea turtle restoration 

projects 

 

MATERIALS AND METHODS 
Commercial TED testing was conducted aboard two contracted commercial shrimp trawl vessels 

from Chauvin, LA. The first leg of testing was conducted July 23-August 3, 2023 aboard the FV 

CHAD ANTHONY, a 72 ft (22 m) quad-rigged shrimp trawler powered by 500 hp engines. The 

vessel was rigged with four 32 ft (9.8 m) Mongoose style shrimp trawls spread by 8 ft x 3 ft (2.4 

m x 0.9 m) aluminum doors with 4 ft (1.2 m) dummy doors. The second leg of testing was 

conducted September 16-October 10, 2023 aboard the FV MAYCIE BROOKE, a 64 ft (19.5 m) 

quad-rigged shrimp trawler powered by 425 hp engines. The vessel was rigged with four 31.5 ft 

(9.6 m) four-seam bib trawls spread by 7 ft x 3.5 ft (2.1 m x 1.1 m) aluminum doors with 5 ft 

(1.5 m) dummy doors. Unfortunately, only two TED configurations were tested due to 

A B C 

https://www.gulfspillrestoration.noaa.gov/project?id=219
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scheduling and vessel mechanical issues. The oval, top-opening, bent bar TED installed at 55° 

was tested during the first and second legs, while the oval, bottom-opening, bent bar TED 

installed at 45° was tested during the second leg. All testing was conducted in the northern GOA 

off the western Louisiana coast at depths averaging 14 ft (4.3 m) and ranging from 10 ft to 18 ft 

(3.0 m to 5.5 m; Figure 3).   

 

 
Figure 3. Map of dependent commercial narrow bar spacing (2.5 in; 6.4 cm) TED testing tows conducted aboard the 

FV CHAD ANTHONY Jul 23-Aug 3, 2023 and the FV MACIE BROOKE Sep 16-Oct 10, 2023 in the northern Gulf of 
America off the western LA coast. TOSS = Top Opening Super Shooter (bent bar grid); BOSS = Bottom Opening Super 

Shooter (bent bar grid). 

 

For each TED evaluation, paired testing was conducted with an experimental TED and control 

TED installed in the outermost trawls of the quad-rig net configuration to avoid trynet effect, 

which typically occurs on the starboard innermost trawl. No other bycatch reduction devices 

were installed in either trawl during testing and each TED was switched between port and 

starboard sides of the vessel every two to three days to remove any potential vessel side bias. 

Tow times were not standardized and ranged from 0.8 to 9.1 hours and averaged 4.7 hours 

during testing of the top-opening TED, while bottom-opening TED testing tows ranged from 1.1 

to 7.2 hours and averaged 4.2 hours.  
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Two different TED configurations were tested against a common control TED (Table 2). Each 

experimental TED had bar spacing of 2.5 in (6.4 cm), while the control TED had bar spacing of 

4.0 in (10.2 cm; Table 2). The control TED installation orientation, top or bottom, was changed 

to match experimental TED installation orientation. The top-opening experimental TED was 

compared to a top-opening control, while the bottom-opening experimental TED was compared 

to a bottom-opening control. All TEDs were installed in 1.75 in (4.45 cm) stretched mesh, 

webbing extensions, 60 meshes long and 160 meshes in circumference. Experimental TEDs were 

installed in extensions constructed of 8 ply Dyneema, knotless webbing, while the control TED 

was installed in an extension of Garware X1S Ruby, high-density polyethylene (HDPE), braided, 

1.8 mm twine webbing. All escape openings were double cover (DC) and all TED flaps were 

constructed of 1.625 in (4.13 cm) stretched mesh, polypropylene, heat-set, depth-stretched, 

webbing with a 2.0 mm (#30) twine diameter. The DC flaps consisted of two flaps, sewn 2:1 

along the leading edge of the opening cut plus three additional meshes on each side of the 

opening. The center overlapping section of all DC flaps measured 15 in (38.1 cm) when 

stretched and were sewn to the extension along their entire length. A length of 0.375 in (9.53 

mm) polypropylene rope was woven around the entire grid circumference to prevent chaffing. 

Finally, bottom-opening TEDs had two polyvinyl chloride (PVC) floats measuring 9 in (22.9 

cm) by 7 in (17.8 cm), which provided 11lbs (5 kg) of buoyancy each, were attached to the top 

the grid. 

 
Table 2. Turtle Excluder Devices (TEDs) grid, installation, opening, and flap parameters for TEDs utilized during 

dependent commercial testing conducted July 23-August 3, 2023 and September 16-October 10, 2023. The control 
TED installation orientation changed to match experimental TED orientation. All TEDs were installed with Double 

Cover openings with #30 twine size flaps with 15 in (38.1 cm) of overlap. BB = bent bar. 

 
Data recorded for each tow included start and end for tow times, locations, depth, tow speed, and 

tow operational code. Successful tows were defined as tows in which the gear worked properly 

and the trawl was hauled in perfect condition. Tows with TED obstructions such as debris or 

crab pots were included for analysis. For each tow, researchers recorded the total catch and total 

shrimp weight for both the port and starboard nets. In addition, sample baskets were selected 

from each trawl and were segregated into catch categories of finfish, non-shrimp crustaceans, 

other invertebrates, and debris. Each catch category was weighed to the nearest 0.02 kg with TCI 

Model LPC-4 hanging scales.   

 

To avoid potential vessel side bias in subsequent analyses, the number of tows with a TED 

installed on each side of the vessel for each TED configuration trial were balanced through a 

random selection process to remove excess tows. Following the removal of unsuccessful tows, 

the number of tows with an experimental TED installed on each side of the vessel was calculated 

for each TED configuration test. If the number of tows with an experimental TED installed on 

each side of a vessel was not equal, simple random samples of tows were selected from the side 

Bar Grid Installation Grid Grid Forward Leading Edge Flap

TEDs Spacing Type Top/Bot Angle Length Width Cut Cut Overhang

Control 4.0" BB Top/Bottom 55° 51" 43" 29" 95" 18"

Exp #1 2.5" BB Top 55° 50" 42" 23" 59" 24"

Exp #2 2.5" BB Bottom 45° 50" 42" 23" 59" 24"
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of the vessel with more experimental-TED installed tows using the Statistical Analysis Software 

(SAS) SURVEYSELECT procedure (SAS Institute Inc. 2015). After TED installed tows were 

balanced for sides of the vessel, catch per unit effort (CPUE) was calculated for each catch 

category for each net on each tow by dividing catch category weights (kg) by hours towed to 

obtain catch (kg) per hour. The response variable for analyses was then calculated as the 

difference between control and experimental CPUEs. 

 

Catch category CPUE differences were compared using paired t tests. Significant differences 

were accepted at an α of 0.05. Reduction rates were calculated as: 

 

%Catch Difference = ((1 – Experimental/Control)*100)*-1 

 

In addition to reduction rates, ratio based 95% confidence intervals were calculated for each 

catch category. All statistical analyses were performed with Microsoft Excel. 

 

RESULTS 
Two narrow bar spacing TED configurations were tested in 2023. A total of 45 comparative tows 

were conducted from July 23 through September 22, 2023 during testing of the bent bar, top-

opening TED with 2.5 in (6.4 cm) bar spacing installed at 55°. A total of 32 tows were used for 

analysis of this experimental TED with 11 tows not sampled due to operational issues and two 

successful tows randomly selected and removed from the dataset to remove side bias effect. For 

the bent bar, bottom-opening TED with 2.5 in (6.4 cm) bar spacing installed at 45°, 34 

comparative tows were conducted from September 23 through October 10, 2023. Of these 34 

tows, seven were not included for operational reasons and one tow was randomly selected and 

removed from the dataset to remove side bias effect.   

 

Total catch and bycatch were not significantly reduced for either TED configuration tested 

(Table 3). However, the top opening TED reduced bycatch by an average of 18.25%, which 

approached significance (p<0.1132; Table 3). Both top-opening and bottom-opening, narrow bar 

spacing (2.5 in; 6.4 cm) TEDs had increases in shrimp catch at 4.22% and 7.86% respectively, 

with the bottom opening TED catching significantly more shrimp (p<0.0314; Table 3).  

 

There was more fish bycatch (Pisces) encountered during testing of the top-opening TED when 

compared to testing of the bottom-opening TED with control catches averaging 20.85 kgs/hr 

compared to 6.56 kgs/hr, respectively (Table 4). According to observer notes this difference 

could partially be attributed to more large-sized Gafftopsail catfish (Bagre marinus) caught 

during testing of the top-opening TED, which notably reduced fish bycatch by 15.6% (Table 4). 

Non-shrimp crustacean, invertebrate, and debris bycatch rates were lower and more variable for 

both TED evaluations when compared to fish bycatch (Table 4). The experimental TEDs did not 

significantly reduce bycatch for any of the catch categories, but the bottom-opening TED did 

reduce debris bycatch by 48.3%, which approached significance (p=0.0823; Table 4). According 

to observer notes, the debris catch was dominated by water lily (Nymphaeaceae) during testing 

of both top and bottom-opening TEDs with the top opening TED also reducing debris bycatch by 

41.77%, which was not significant due to high variability of catches during testing (Table 4). 
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Table 3. Mean CPUE (kg/hr), percent change and corresponding 95% confidence intervals for total catch, shrimp 
catch, and bycatch by TED configuration for dependent commercial shrimp trawl narrow bar spacing (2.5 in; 6.4 

cm) TED testing conducted off western Louisiana during the 2023 fishing season. P-values represent the results of 
paired t tests. BB = Bent Bar. 

 
 
Table 4. Mean CPUE (kg/hr), percent change and corresponding 95% confidence intervals for bycatch categories by 

TED configuration for dependent commercial shrimp trawl narrow bar spacing (2.5 in; 6.4 cm) TED testing 
conducted off western Louisiana during the 2023 fishing season. P-values represent the results of paired t tests. BB 

= Bent Bar. 

 
 

Shrimp size did not appear to differ between control 4 in (10.2 cm) bar spacing TEDs and 

experimental 2.5 in (6.4 cm) bar spacing TEDs for both brown (Farfantepenaeus aztecus) and 

white shrimp (Litopenaeus setiferus; Figure 4). Notably, catches were dominated by white 

shrimp with the market category sizes ranging from 21-25/lb to 31-35/lb during top-opening 

TED testing and 21-25/lb to 26-30/lb during bottom opening testing (Figure 4). Brown shrimp 

were encountered in smaller numbers than white shrimp during testing of the top-opening TED 

with shrimp size also smaller when compared to white shrimp with market category sizes 

ranging from 50-60/lb and 80-100/lb (Figure 4).  

 

 

Testing TED TED TED Catch

Year Type Opening Angle Category n Control TED L 95%CI Mean U 95%CI p-value

2023 BB Top 55° Total Catch 32 45.36 42.08 -19.09 -7.23 4.63 0.2311

Shrimp 32 22.24 23.18 -7.62 4.22 16.06 0.4664

Bycatch 32 23.12 18.90 -41.97 -18.25 5.47 0.1132

2023 BB Bottom 45° Total Catch 26 21.12 21.78 -2.30 3.13 8.56 0.2445

Shrimp 26 11.00 11.86 -0.67 7.86 16.40 0.0314

Bycatch 26 10.13 9.93 -10.50 -2.01 6.49 0.6270

Mean (kg/hr) % Change

Testing TED TED TED Catch

Year Type Opening Angle Category n Control TED L 95%CI Mean U 95%CI p-value

2023 BB Top 55° Pisces 32 20.85 17.60 -40.03 -15.60 8.83 0.1830

Crustacean 18 0.28 0.33 -104.54 19.97 144.48 0.6841

Invertebrate 21 0.87 0.82 -31.06 -5.85 19.36 0.6455

Debris 24 0.21 0.12 -161.62 -41.77 78.08 0.4940

2023 BB Bottom 45° Pisces 26 6.56 6.25 -19.81 -4.71 10.39 0.5257

Crustacean 6 0.03 0.04 -241.33 24.33 289.98 0.8045

Invertebrate 26 3.09 3.46 -11.45 12.05 35.54 0.1642

Debris 26 0.15 0.08 -94.44 -48.30 -2.15 0.0823

Mean (kg/hr) % Change
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Figure 4. Shrimp size (number/lb) caught by species for brown (Farfantepenaeus aztecus) and white shrimp 

(Litopenaeus setiferus) by TED configuration for dependent commercial shrimp trawl narrow bar spacing (2.5 in; 6.4 
cm) TED testing conducted off western Louisiana during the 2023 fishing season. 
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DISCUSSION 
Commercial testing was successful in assessing the performance and feasibility of narrow bar 

TED configurations for use in the GOA shrimp trawl fishery. The designs tested performed well 

with regard to shrimp retention with both top and bottom-opening TEDs exhibiting increases in 

shrimp catch with the bottom-opening TED significantly increasing shrimp catch (Table 3). 

Also, there was no size selectivity associated with narrow bar TED shrimp catches, which is a 

primary concern for industry members regarding use of narrow bar spacing TEDs (S. Bosarge, 

personal communication, November 16, 2020). However, these results should be interpreted with 

caution because of the limited sizes of shrimp encountered. Testing at times and in areas where 

larger market size shrimp ranging from U10/lb to 16-20/lb would provide better selectivity data. 

This should include both brown and white shrimp due to potential species-specific behavioral 

differences when encountering trawl gear.  

 

Bycatch reduction capability of narrow bar spacing TEDs was also demonstrated during this 

study with the top-opening TED reducing fish bycatch by 15.6%, which observers indicated 

could be attributed to large numbers of undesirable Gafftopsail catfish encountered (Table 4). 

This species of fish presents fish-spine puncture hazards on deck for the crew when culling 

through the catch as well as difficulty clearing individuals throughout the trawl with spines stuck 

through webbing. Both TEDs reduced debris bycatch by over 40% with observers indicating 

water lilly as a primary component (Table 4). Bycatch of water lilly can be extreme in the 

nearshore and inshore areas of Louisiana preventing the ability to trawl in some areas and 

causing increased cull times on deck risking degraded shrimp quality. In addition, bycatch 

reduction and shrimp retention may be linked when encountering bycatch that causes temporary 

TED grid blockages like water lilly, grass, or jellyfish. Shrimp may become entrained in the grid 

blockage as it grows to a size large enough to overcome the TED flap seal and be passively 

pushed out of the TED opening by water flow inside the trawl. When this occurs, shrimp that are 

entrained on the TED blockage exit the trawl with the debris resulting in shrimp loss (Figure 5). 

The bottom-opening TED, which was installed at 45⁰, appeared to be more efficient at clearing 

these blockages evidenced by the nearly significant reduction in debris bycatch at 48.3% and 

significant increase of 7.9% shrimp catch (Tables 3 and 4). The lower grid angle relative to water 

flow likely allowed blockages to passively exit the trawl more frequently resulting in fewer 

blockage-entrained shrimp reducing shrimp loss. The “self-cleaning” nature of lower angle TEDs 

and positive impact on shrimp retention was also observed during independent skimmer trawl 

TED testing with three of four TED evaluations comparing 45⁰ and 55⁰ angle TEDs exhibiting 

increases in shrimp retention during times when catches of moon jellyfish (Aurelia aurita) were 

common (Gearhart and Price 2020). 
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Figure 5. Illustration of the effect of knot orientation on TED flap seal and the interaction of bycatch entrained on 
the TED grid and potential shrimp catch loss associated with encounters of large amounts of jellyfish and grass. 
When grid blockages grow large enough to overcome the downward force of the TED flap seal the blockage will 

passively exit the grid along with shrimp entrained on the blockage. 

 

The results of this testing are similar to those of other researchers that have examined TEDs with 

reduced bar spacing (< 4.0 in; 10.2 cm) TEDs. Mitchell (1994) examined the use of a TED with 

a 0.5 in (1.3 cm) aluminum rod insert that was installed on a standard 4.0 in (10.2 cm) bar 

spacing grid constructed of the same aluminum rod with the insert deflector bars fit between the 

existing bars, which reduced the bar spacing to 2.38 in (6.0 cm). Results of the study conducted 

in Chandeleur Sound, LA showed a 4.78% reduction in shrimp catch and no significant reduction 

in bycatch (0.9%; Mitchell 1994). Nalovic et al. (2010) tested a 2 in (5.0 cm) bar spacing TED 

constructed with flat-bar deflector bars against a standard 4.0 in (10.2 cm) bar spacing TED in 

French Guiana’s offshore shrimp fishery and reported no significant shrimp loss and a 20-30% 

reduction in bycatch. Nalovic followed with a similar study off the coasts of Georgia, 

Mississippi, and Texas with the same experimental and control TED configurations. Results of 

the study were mixed with trials in Georgia and Mississippi showing significant shrimp losses of 

4.32% and 1.58% respectively, while trials off Texas showed a 6.07% increase in shrimp catch 

with the 2 in (5.0 cm) bar spacing flat-bar TED compared to a 4.0 in (10.2 cm) control (Nalovic 

2014). The same study indicated significant reductions in bycatch of sharks (41.1-99.9%), skates 

and rays (76.5-93.4%), and horeshoe crabs (100%; Nalovich 2014). Hataway et al. (2017) tested 

two narrow bar spacing TEDs, a 2 in (5.0 cm) bar spacing flat-bar and 2 in (5.0 cm) bar spacing 
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staggered flat-bar TED against a standard 4.0 in (10.2 cm) control TED, which both showed 

significant reductions in shrimp catch of 8.8% and 4.5% respectively. Key bycatch species that 

were reduced significantly by the 2.0 in (5.0 cm) bar spacing TED were Atlantic croaker 

(Micropogonias undulates; 30.7%) and sharks (83.9%; Hataway et al. 2017). 

 

All of these previous studies used experimental TEDs installed at or near 55⁰ with bar spacing 

between 2.0-2.4 in (5-6 cm). Results varied with all but two comparisons showing a significant 

shrimp loss associated with the use of narrow bar spacing TEDs. When examined collectively 

with the results of this study, this illustrates the condition specific application of the narrow bar 

spacing TED gear modification and how sensitive shrimp catch and bycatch rates can be relative 

to small changes in bar spacing. Bycatch species composition, shrimp size, and debris 

encountered can all impact performance of the gear. Industry acceptance and use of conservation 

gear depends on ease of use, minimal impact on target catch, and benefits of bycatch reduction 

(Eayrs and Pol 2018). Through review of the literature and discussions with industry, we 

determined that acceptable reductions in bar spacing for TEDs in the U.S. southeast shrimp 

fishery were limited to 2.5 in (6.2 cm) depending on conditions and size of shrimp encountered. 

We found that grids with 2.5 in (6.2 cm) bar spacing are currently used throughout the fishery 

under certain conditions of increased bycatch of jellyfish, finfish, or grass. Fortunately, for this 

study, the small turtle data also indicated 2.5 in (6.2 cm) bar spacing as the threshold to exclude 

100% of turtles encountered in the offshore GOA shrimp fishery (Stokes and Gearhart 2016).  

 

The added effect of lowering TED angle from 55⁰ to 45⁰ in combination with reduced bar 

spacing in this study resulted in a significant increase in shrimp catch although more testing is 

recommended under various conditions to confirm these results. Despite these positive results 

industry members remain skeptical of lowering the TED angle because low TED angles have 

been associated with shrimp loss through first-hand accounts throughout the fishery. Results of 

this testing were presented at industry meetings around the GOA during 2024 and were well 

received with positive feedback and limited negative comments. Industry members were 

interested and engaged in finding out about performance of the gear and indicated that they 

would be interested in participating in a subsequent voluntary/incentivized use project(s) if 

developed and funded. Participants of the study also provided positive feedback during and after 

testing on the performance and use of the gear, indicating they would consider using the gear 

voluntarily in the future when experiencing large amounts of bycatch.  

 

Based on these results and the results of POC testing, we would expect the untested rectangular, 

straight bar, top-opening TED installed at 55° configuration to perform as well as the bent bar 

top opening 55° and bent bar bottom opening 45° TEDs tested here. All three TED 

configurations should be considered for any subsequent voluntary/incentivized use projects that 

seek to achieve sea turtle restoration through use of narrow bar spacing TEDs in the GOA. 
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