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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 TED testing evaluations in Panama City, 

Florida from June 6-20, 2022. Small turtle TED testing was conducted with one-year-old, 

captive-reared loggerhead (Caretta caretta) sea turtles as part of a Gulf of America (GOA) 

Deepwater Horizon (DWH) Open Ocean (OO) Trustee Implementation Group (TIG) Sea Turtle 

Restoration project entitled: Reducing Juvenile Sea Turtle Bycatch through Development of 

Reduced Bar Spacing Turtle Excluder Devices (TEDs). A total of 88 sea turtles were utilized to 

complete this testing. All evaluations followed the small turtle testing protocol (Federal Register, 

Vol. 55, No. 195). The industry standard TED with 8.9 cm (3.5 inch) bar spacing had a baseline 

small sea turtle escape rate of 26.1% for turtles that were similar in size to the smallest turtles 

encountered in the GOA (Stokes and Gearhart 2016). All narrow bar spacing, 6.4 cm (2.5 

inches), experimental TEDs evaluated improved on the baseline by 200% to 300% with escape 

rates between 76.9% and 100%. For the TED configurations tested, stakeholder workgroup 

industry representatives chose the oval, top-opening, bent bar TED installed at 53° and the oval, 

bottom-opening, bent bar TED installed at 45° as their top selections for Proof of Concept (POC) 

shrimp retention testing. 

 

Introduction 
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 gear evaluations in Panama City, Florida from 

June 17-25, 2023. Evaluations focused on small turtle testing of Turtle Excluder Devices 

(TEDs). Small turtle TED testing was conducted with one-year-old, captive-reared loggerhead 

(Caretta caretta) sea turtles as part of a Gulf of America (GOA) Deepwater Horizon (DWH) 

Open Ocean (OO) Trustee Implementation Group (TIG) Sea Turtle Restoration project entitled: 

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

Excluder Devices (TEDs). The small turtle TED testing portion of the project identified TED 

designs for subsequent testing that met specific exclusion criteria and provided a measure of sea 

turtle restoration potential for each. 

Background  
This project focuses on developing and evaluating reduced bar spacing TEDs designed to 

exclude bycatch of small sea turtles (body depths < 4 inches) in the shrimp otter trawl fishery. 

Funding for this project was provided by the Deepwater Horizon Oil Spill Open Ocean Trustee 

Implementation Group through selection of the project in the Open Ocean Trustee 

Implementation Group Restoration Plan #2 and Environmental Assessment as a Sea Turtle 

Restoration Project. The intent of this project is to develop sea turtle restoration gear that will 

inform potential future restoration project(s) that would achieve sea turtle restoration through use 

of the new TED designs in the GOA shrimp fishery. 
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From 2008 through 2021, limited observer coverage in the GOA offshore shrimp fishery 

documented the capture of 37 Kemp’s ridley (Lepidochelys kempii) and 20 green (Chelonia 

mydas) 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 inch (10.16 cm) bar 

spacing used throughout the fishery. 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 SCL Kemp’s ridley and a 19.3 cm SCL green sea turtle. Review of the size 

distribution data of all turtles observed in the offshore fishery indicates that all the sea turtles 

encountered in this portion of the fishery had Body Depths (BDs) greater than 2.5 inches (6.35 

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. 

Previous TED testing utilizing the NMFS small turtle testing protocol with similar size turtles as 

those observed in the GOA offshore shrimp fishery, indicates that exclusion of these smaller 

turtles is not simply based on mechanical separation through changes in bar spacing. Researchers 

discovered that these smaller turtles lack the physical ability to push out through the TED escape 

opening when TEDs are configured in current allowable configurations. Skimmer trawl TED 

development and testing with turtles with BDs of 3 inches (7.62 cm) revealed that TED angle 

(55⁰ vs 45⁰), TED type (straight vs. bent bar), opening type (double cover vs 44 inch), flap twine 

size (#30 vs #15), and orientation (top vs bottom opening) influenced the probability of escape of 

smaller turtles (Gearhart et al. 2016).  

Changes in TED parameters for small turtle testing for were anticipated when the skimmer trawl 

TED findings were considered along with the difference in TED size typically used between the 
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GOA offshore shrimp fishery and inshore skimmer trawl shrimp fishery. The offshore fishery 

typically uses larger 50 inch (127 cm) long TED grids and the inshore skimmer trawl fishery 

typically uses 32 inch (81.28 cm) long grids. This size difference relative to turtle size may 

further influence escape rates by increasing the relative search area for small turtles trying to 

locate the escape opening when encountering larger TEDs in the offshore GOA shrimp fishery. 

To mitigate for this anticipated effect, initial TED designs proposed for testing closely followed 

the configurations identified during skimmer trawl TED certification trials. Recommended TED 

designs were discussed with a stakeholder workgroup (SWG) that was convened to provide input 

on TED design, testing, and outreach as it relates to the narrow bar spacing TED sea turtle 

restoration project. A total of six unique TED designs were recommended for evaluation along 

with an industry standard and control TED for statistical comparison. 

 

Objectives 

 Develop reduced bar spacing TEDs designed to exclude small sea turtles in the GOA 

offshore (>3 nm) shrimp otter trawl fishery  

 Test and certify reduced bar spacing TED prototypes through the NMFS small turtle 

testing protocol 

 Recommend reduced bar spacing TED prototypes for independent proof of concept and 

dependent commercial catch retention testing 

 

Materials and Methods 
2022 testing were conducted on the NOAA/NMFS research vessel R/V Caretta, a 17.7 meter  (58 

ft) twin rigged shrimp trawler. The R/V Caretta tows a single 50 foot Western Jib style shrimp 

trawl spread by 8’x40” wooden doors. This single net is towed directly astern of the vessel by 

using a tow block attached to the mast. Evaluations were conducted off Shell Island, FL in 25 – 

30 ft (7.6 – 9.1m) of water from June 6 through June 14, 2022 (Figure 2).   

For these tests, 88 one year-old (2021 year class) loggerhead sea turtles (Caretta caretta), were 

obtained from the NMFS, SEFSC, Galveston Laboratory sea turtle facility. Acclimation and 

conditioning of the turtles was conducted in turtle pens located at the NMFS, SEFSC, Panama 

City, FL Laboratory for a 15 days period prior to testing (Figure 3). Divers attempted to 

recapture all turtles after exposure to experimental TEDs. Turtles were returned to containment 

pens at the end of each day.  
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Figure 2: Map of Panama City, Florida and the study area including locations of the trawling area off Shell Island 
and turtle conditioning pens in St. Andrews Bay. 

TED Testing 
All TED designs and modifications were tested according to the small turtle testing protocol 

Federal Register, Vol. 55, No. 195). For each test, turtles were exposed to an experimental TED 

equipped trawl under normal towing conditions. Turtles were transferred from the deck of the 

research vessel to divers on the trawl via a 3.2 mm (1/8 in) stainless steel messenger wire 

attached at the stern of the vessel and connected to the trawl headrope. Turtles were placed inside 

a 63.5 cm (25 in) x 63.5 cm (25 in) mesh bag at the surface, attached to the messenger wire with 

a snap clip, and sent underwater to divers riding on the trawl (Figure 4). Transit time for the 

turtle from the surface to the trawl was approximately one minute. All turtles were released from 

center of the trawl headrope.  
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Figure 3. (a) R/V Caretta docked next to (b) sea turtle pens and (c) one-year-old 

loggerhead sea turtle in pen in St. Andrews Bay, Panama City, NMFS Laboratory. 

Three scuba divers monitored each test. Diver #1 released the turtle into the trawl and took a 

position behind the TED to assist with turtle recapture.  Diver #2 monitored the turtle’s passage 

through the net, recaptured the turtle, and recorded escape time data. Diver #3 videotaped each 

test using an underwater video camera. Upon release at the headrope, a stopwatch was started 

and each turtle was allowed 5 minutes to escape through the TED. At the end of 5 minutes, if the 

turtle was still within the trawl, it was removed by a diver. If a turtle was determined to be overly 

stressed during the 5 minute exposure period, it was removed from the trawl, returned to the 

vessel immediately, and was not included in the dataset. Data recorded during each exposure 

included; video record, total time in the trawl, turtle activity level, and turtle disposition (escape 

or capture). An individual turtle’s activity level was subjectively scored by divers in one of the 

following categories; very active (A), moderately active (B), and no or little activity (C). 
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Figure 4. One-year-old loggerhead sea turtle in turtle bag going down 1/8 inch stainless steel wire to headrope of 
trawl to be released by diver. 

 

Turtles Used for TED Testing 
Recaptured turtles were returned to basins or pens at the end of each day and these turtles were 

used again after at least 24 hours of rest. All measurements were conducted by the NOAA 

Fisheries Galveston, TX sea turtle facility staff. All turtles are PIT tagged in the right axial 

shoulder and flipper tagged in the right front flipper. The one-year-old turtles had a mean straight 

carapace length (SCL) of 16.9 cm (6.7 in) with a range of 15.3 – 18.2 cm (6.0 – 7.2 in). The 

mean body depth (BD) was 7.8 cm (3.1 in) with a range of 7.0 – 8.6 cm (2.8 – 3.4 in). At the 

conclusion of the TED tests, all one-year-old sea turtles were released into the wild, offshore of 

Ft. Pierce, FL (Lat. - N 27°46.9167 Lon. – W 79° 94.1944) on June 16, 2022 in 350 feet of 

water. 

 

Statistical Protocol 
The relative efficiency of each experimental TED design was compared to that of a control TED 

tested under the same conditions with the same year class of turtles.  A standard mid-sized, top-

opening, bent-bar TED (Super Shooter TM) with a double cover flap configuration was used as a 

control TED.  The double cover TED opening was developed by NOAA Fisheries in 1999 as an 

alternate method of obtaining an opening large enough to exclude leatherbacks and other large 

sea turtles.  The standard mid-sized control TED was installed at an angle of 50⁰.  A 25 turtle 
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exposure test was conducted using the control TED to establish a baseline used to evaluate 

experimental TEDs.  The statistical procedures used to evaluate experimental TEDs are: 

 

1. The control TED was tested in a top-opening configuration using 25 turtles. 

 

2. Null Hypothesis (Ho) = exclusion rate of the experimental TED is greater than or equal to 

that of the control TED.  

 

3. Alternate hypothesis (Ha) = exclusion rate of the experimental TED is less than that of 

the control TED.  

 

4. The number of turtle captures required to reject an experimental TED (decision rule) 

using a set of 25 turtles is derived through assessment of the probabilities of committing 

Type I and Type II error.  These errors are defined as:  

a. Type I Error (α): Rejection of an experimental TED which is as good as or better 

than the control TED (Risk of rejecting an acceptable TED)  

b. Type II Error (ß): Acceptance of an experimental TED which is inferior to the 

control TED (Risk of accepting an unacceptable TED) 

 

Results 

Industry Standard 
A total of six TED designs, a control TED, and an industry standard TED were evaluated for sea 

turtle exclusion using the NMFS small sea turtle testing protocol. The SWG suggested a 8.9 cm 

(3.5 inch) bar spacing industry standard TED in a top opening configuration to establish a 

baseline escape/capture rate for comparison to 6.4 cm (2.5 inch) TED prototypes (Table 1). A 

total of 23 turtles that had BDs approximately 1.9 cm (0.75 inches) smaller than the bar spacing 

were exposed to the industry standard TED with 17 passing through the grid and 6 turtles 

escaping (Table 1). The escape rate was 26.1% with an average escape time for turtles that were 

able to escape of 49.5 ± 20.9 sec. Divers said turtles were contacting the upper portion of the grid 

and interacting with the double-cover, which peaked in the area of the overlap. 

 

Table 1: Industry standard TED gear characteristics, sea turtle escape rate, and average escape time. HS=Heat Set; 
DS=Depth Stretched. 

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 49.5 inches L x 40 inches W w/ 3.5 

inch bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 29 inches L x 54M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 12.5 inch overlap 

Floatation None 
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Flap overhang 20.5 inches 

Angle 53° 

Escape Rate 6/23 or 26.1%; 17 turtles through the grid 

Average Escape Time 49.5 ± 20.9 sec 

 

Control TED 
The control TED was the same configuration as the control used for skimmer trawl TED work 

with one-year-old sea turtles with the exception of grid size and bar spacing. The skimmer trawl 

control grid measured approximately 101.6 cm (40 inches) long by 86.4 cm (34 inches) wide, 

while the control for this study matched the grid size of the offshore trawl fishery measuring 127 

cm (50 inches) long by 106.7 cm (42 inches) wide (Table 2). Bar spacing for skimmer trawl 

testing was 7.6 cm (3 inches), while bar spacing for this study was 6.4 cm (2.5 inches). A total of 

25 turtles were exposed to the control TED with 24 escaping with an average escape time of 62.2 

± 30.6 sec (Table 2). Divers measured a TED angle of 40° during testing, which was 4° less than 

the angle measured on the deck of the boat with the TED was hanging vertically. Divers noted 

that most turtles escaped along the center section of the grid with a few turtles escaping through 

the split in the double-cover flap forward of the grid. For both the skimmer trawl testing and this 

study, divers noted that when the double-cover flap was sewn all the way down to the TED 

extension only the center portion of the posterior edge of the grid was available for turtles to 

escape. The flap was tight against the edge of the grid along the first two deflector bars and 

turtles were unable to escape in these areas. The larger TED provided a larger section of the grid 

in the center of the grid available for escape when compared to the smaller skimmer trawl TEDs.    

 

Table 2: Control TED gear characteristics, sea turtle escape rate, and average escape time. HS=Heat Set; DS=Depth 
Stretched. 

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 42 inches W w/ 2.5 inch 

bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 23 inches L x 36M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14.5 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 44° 

Escape Rate 24/25 or 96% 

Average Escape Time 62.2 ± 30.6 sec 
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Experimental TEDs 
The first experimental TED was an oval grid with all TED parameters closely matching the 

control except the grid, which had straight bars instead of bent bars (Table 3). This grid 

modification is typically more difficult for turtles to escape from when compared to oval bent bar 

grids with the same TED parameters. A total of 25 turtles were exposed to this experimental 

TED with 21 escaping with an average escape time of 72 ± 49.8 sec (Table 3). Divers noted a 

tight flap seal and that turtles had difficulty traversing the edge of the escape opening where the 

grid was wrapped with a 0.95 cm (0.375 inch) rope installed for chaffing. This was the same 

observation for this grid configuration during skimmer trawl TED testing with similar size 

turtles.  

Table 3: Oval straight bar TED gear characteristics, sea turtle escape rate, and average escape time. HS=Heat Set; 
DS=Depth Stretched. 

TED type Straight bar oval 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 41 inches W w/ 2.5 inch 

bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 21 inches L x 37M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 45° 

Escape Rate 21/25 or 84% 

Average Escape Time 72 ± 49.8 sec 

 

The next experimental TED was a rectangular grid with straight bars. This is a grid configuration 

commonly used throughout the GOA shrimp fishery. For these grids, there is minimal flap seal 

because the posterior edge of the grid aligns with the escape opening attachment to the frame. 

Oval grids extend above the opening, which results in the flap sealing against the posterior edge 

of the grid. Divers noted a 50° angle during testing and indicated the flap was lightly touching 

the posterior edge of the frame, which facilitated turtle escape. A total of 23 turtles were exposed 

to this TED with all escaping with an average escape time of 38.3 ± 15 sec (Table 4). Two turtles 

exposed to this grid had lower activity rates and were removed from the test. Both of these turtles 

immediately became wedged between bars under the corner of the escape opening and did not 

recover from this position. This area of the grid has posed problems for small turtles that get 

wedged between bars. A modification to this area is anticipated for 2023 small turtle testing.  
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Table 4: Rectangular straight bar TED gear characteristics, sea turtle escape rate, and average escape time. 
HS=Heat Set; DS=Depth Stretched. 

TED type Straight bar rectangular 

Grid dimensions and bar 

spacing  

0.75 inch Aluminum rod – 46 inches L x 38 inches W w/ 2.5 inch 

bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 20 inches L x 35M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 30M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 13.5 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 53° 

Escape Rate 23/23 or 100% 

Average Escape Time 38.3 ± 15 sec 

 

The next TED evaluated was the control TED modified to a higher angle of 53° with all other 

TED parameters unchanged (Table 5). This configuration was evaluated to see if a higher angle 

TED could perform as well as the lower angle control. Members of the SWG expressed concerns 

over perceived shrimp loss associated with lower angle TEDs and indicated that industry would 

be more comfortable working with a higher angle version of a reduced bar spacing TED. A total 

of 24 turtles were exposed to this TED with all escaping with an average escape time of 61.1 ± 

34.8 sec (Table 5). Divers measured an angle of 53° during testing and indicated that the flap 

was sealed tightly against the posterior edge of the grid with many of the turtles escaping through 

the split in the double-cover flap ahead of the grid. The average escape time for this TED was 

nearly identical to the 45° control at 61.1 sec versus 62.2 sec, respectively.  

 

Table 5: High angle bent bar TED gear characteristics, sea turtle escape rate, and average escape time. HS=Heat 
Set; DS=Depth Stretched. 

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 42 inches W w/ 2.5 inch 

bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 23 inches L x 36M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14.5 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 53° 

Escape Rate 24/24 or 100% 
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Average Escape Time 61.1 ± 34.8 sec 

 

The next TED evaluated was the same as the first experimental, the oval straight bar TED, with 

the addition of a lighter #15 twine flap in an attempt to improve the ability of sea turtles to 

escape (Table 6). Because the previous version of this TED caught four turtles it would not have 

passes certification when compared to the control, which only captured one turtle (Tables 2 and 

3). During skimmer trawl TED testing, lighter #15 twine flaps replaced the standard #30 twine 

flaps to facilitate turtle escapement and certification of oval or tombstone shaped straight bar 

TED designs. Divers noted a tight flap seal approximately 20.3 cm (8 inches) down the face of 

the posterior edge of the grid, which is typical for straight bar oval grids and the reason turtle 

escape is generally more difficult for these configurations. A total of 23 turtles were exposed to 

this TED configurations with all escaping with an average escaped time of 44.6 ± 33.1 sec (Table 

6). The addition of the lighter #15 twine flap dramatically improved turtle escape for this TED 

configuration with four fewer turtle captures and an average escape time 38.1% less than the 

same configuration with a #30 twine flap (Tables 3 and 6). Divers noted that turtles were able to 

easily push under the light twine flap and out of the escape opening. The chaffing rope installed 

along the posterior edge of the grid did not pose a problem for turtles as was observed for the 

same TED configuration with the #30 twine flap. 

 

Table 6: Oval straight bar TED with #15 twine flap gear characteristics, sea turtle escape rate, and average escape 
time. HS=Heat Set; DS=Depth Stretched. 

TED type Straight bar oval 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 41 inches W w/ 2.5 inch 

bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 21 inches L x 37M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 35M x 60M #15 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 45° 

Escape Rate 23/23 or 100% 

Average Escape Time 44.6 ± 33.1 sec 

 

The next TED evaluated was the same as the high angle (53°) control with exception of a 

bottom-opening installation (Table 7). Prior to this work, no bottom-opening TEDs have passed 

the small turtle test with one-year-old turtles used for testing. For bottom-opening grids, some 

smaller turtles used for testing were unable to navigate down the grid and find the escape 

opening. The SWG indicated that a bottom-opening narrow bar spacing TED design would be 

needed to operate in some areas of the GOA where debris is encountered. Considering this 

recommendation, a bottom-opening bent bar oval TED was tested. A total of 13 turtles were 
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exposed to this TED design with 10 turtles escaping with an average escape time of 118.8 ± 57.3 

sec (Table 7). Testing was terminated after the third turtle was captured because divers felt that 

there was a high likelihood of failure to pass the small turtle test if testing continued. Lowering 

the angle of the TED to 45° was the initial plan to improve the escape rate. 

 

Table 7: High angle, bent bar, bottom-opening TED gear characteristics, sea turtle escape rate, and average escape 
time. HS=Heat Set; DS=Depth Stretched. 

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 42 inches W w/ 2.5 inch 

bar spacing 

Orientation Bottom-opening 

Escape opening cut Rectangular – 23 inches L x 36M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14.5 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 53° 

Escape Rate 10/13 or 76.9% 

Average Escape Time 118.8 ± 57.3 sec 

 

The last TED evaluated was the control TED installed in a bottom-opening configuration (Table 

8). Because the high angle (53°) TED did not perform well as a bottom-opening TED, the angle 

was lowered to 45° to improve the escape rate. All other TED parameters closely matched those 

of the control TED (Tables 2 and 8). A total of 24 turtles were exposed to this TED with 21 

escaping with an average escape time of 93.1 ± 46.5 sec (Table 8). Divers reported that lowering 

the angle of the TED significantly improved the turtle’s ability to escape. Escape time was 

reduced by 21.6% when comparing average escape times between the lower angle and higher 

angle TEDs (Tables 7 and 8). The tight flap areas were still apparent up to the second deflector 

bar on each side with a large area in the center of the grid available for easy escape. Flap seals on 

top-opening TEDs tend to be tighter than bottom-opening TEDs because of the water flow 

differences between the top and bottom of the trawl. Water flow along the bottom of the trawl is 

slower because flow is obstructed by the trawl ahead of the TED, which results in less force 

applied to the TED flap. Flow along the top of the trawl ahead of the TED is unobstructed and 

results in greater force applied to the twine-area of the flap and a tighter flap seal. Two of the 

turtles that were captured were wedged in the corner of the grid under the edge of the escape 

opening. This was also observed with other TEDs evaluated and a modification to alleviate this 

issue is planned for 2023 testing. Finally, a large female loggerhead entered the trawl and 

remained inside for three minutes swimming with the trawl prior to turning and swimming 

towards the aft portion of the net and quickly escaping through the TED. 
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Table 8: Low angle (45°), bent bar, bottom-opening TED gear characteristics, sea turtle escape rate, and average 
escape time. HS=Heat Set; DS=Depth Stretched. 

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 42 inches W w/ 2.5 inch 

bar spacing 

Orientation Bottom-opening 

Escape opening cut Rectangular – 23 inches L x 36M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14.5 inch overlap 

Floatation None 

Flap overhang 24 inches 

Angle 45° 

Escape Rate 21/24 or 76.9% 

Average Escape Time 93.1 ± 46.5 sec 

 

Discussion 
The industry standard TED with 8.9 cm (3.5 inch) bar spacing had a baseline small sea turtle 

escape rate of 26.1% for turtles that were similar in size to the smallest turtles encountered in the 

GOA (Stokes and Gearhart 2016). All narrow bar spacing, 6.4 cm (2.5 inches), experimental 

TEDs evaluated improved on the baseline by 200% to 300% with escape rates between 76.9% 

and 100% (Table 9).  

All but two experimental TED configurations passed the small turtle test when compared to the 

performance of the control. The top-opening, straight bar TED installed at 45° with #30 twine 

flap captured three more turtles than the control, which was consistent with previous skimmer 

trawl testing results for this configuration. Performance for this TED configuration improved 

dramatically with no captures when the flap twine size was changed to #15 twine. The other 

TED that did not pass the small turtle test was the bottom-opening, bent bar TED installed at 53°. 

Testing was stopped for this configuration after 13 of the scheduled 25 turtles were exposed to 

the TED because it was approaching failure. However, lowering the angle of this configuration 

improved the performance well enough to pass the small turtle test capturing only 3 turtles out of 

24 when compared to the control performance capturing 1 out of 25 turtles. One rectangular, top-

opening, straight bar TED configuration was evaluated at 53° and it performed the best of all 

TEDs evaluated with a 100% escape rate and a 38.3 seconds average escape time, which was 

faster than any of the other TEDs evaluated (Table 4). This was due to the light flap seal 

associated with rectangular TEDs as compared to oval TEDs. The edge of the opening cut on 

rectangular TEDs is in the same plane with the posterior edge of the grid as opposed to oval 

TEDs that have a portion of the grid extending beyond the plane of the escape cut, which allows 

the flap to seal against the posterior portion of the grid. Small turtles have a more difficult time 

pushing through this sealed portion of the flap as opposed to the light seal associated with the 

rectangular configuration. The importance of this area of the TED and how it impacts turtle 

escape is evident when comparing the performance of the oval, top-opening, straight bar grid 
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with #30 twine flap to the same TED with #15 twine flap. The escape rates for these two TEDs 

were 84% for the #30 twine flap and 100% for the #15 twine flap with average escape rates of 72 

seconds and 44.6 seconds respectively (Tables 3 and 6). Turtles were able to push up through the 

lighter twine flap much easier than the heavier #30 twine flap. 

These results were presented to the SWG for recommendations for next step, proof of concept 

testing. Industry representatives chose the oval, top-opening, bent bar TED installed at 53° and 

the oval, bottom-opening, bent bar TED installed at 45° as their top selections for TEDs that they 

felt had the most promise with regard to potential shrimp retention (Table 9). The rectangular 

TED configuration ranked third and all members of the SWG indicated that despite the good sea 

turtle exclusion performance of the oval, top-opening, straight bar TED with #15 twine flap, they 

all were skeptical of the shrimp retention potential of this configuration. 

Table 9: TED configuration specifications, testing results, and proof of concept (POC) testing priority for 2022 small 
turtle testing in Panama City Beach, Florida. TOSS=Top Opening Super Shooter; TOSB=Top Opening Straight Bar; 
TOSBR=Top Opening Straight Bar Rectangular; BOSS=Bottom Opening Straight Bar; DC=Double Cover Flap. 
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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 Turtle Excluder Device (TED) testing in 

Panama City, Florida from June 17-25, 2023. Evaluations focused on small turtle testing of 

narrow bar spacing 6.4 cm (2.5 in) TEDs as part of a Gulf of America (GOA) Deepwater 

Horizon (DWH) Open Ocean (OO) Trustee Implementation Group (TIG) Sea Turtle Restoration 

project entitled: Reducing Juvenile Sea Turtle Bycatch through Development of Reduced Bar 

Spacing Turtle Excluder Devices (TEDs). 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 < 10.2 cm or 4 in), which may pass through the deflector bars of 

standard TEDs with a maximum bar spacing of 10.2 cm (4 in). The small turtle testing portion of 

the project identified TED designs for subsequent testing that met specific exclusion criteria and 

provided a measure of sea turtle restoration potential for each. To complete testing, 81 one-year-

old, captive-reared loggerhead (Caretta caretta) sea turtles were grown to a size comparable to 

the smallest turtles encountered in the GOA (Stokes and Gearhart 2016). All evaluations 

followed the NMFS small turtle TED testing protocol (Federal Register, Vol. 55, No. 195). To 

provide a baseline sea turtle escape rate, an industry stakeholder workgroup (SWG) identified a 

standard TED with 8.9 cm (3.5 in) bar spacing. The industry standard TED provided a baseline 

small sea turtle escape rate of 12%. A control TED with narrow bar spacing, 6.4 cm (2.5 in) 

improved on the baseline escape rate by 700% excluding 96% of small turtles encountered. Due 

to unfavorable weather conditions, only one experimental TED configuration was tested in 2023. 

The experimental TED was a rectangular, bottom-opening, straight bar TED installed at a 45° 

angle relative to water flow with testing terminated after four out of five turtles were captured.  
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INTRODUCTION 

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 gear evaluations in Panama City, Florida from 

June 17-25, 2023. Evaluations focused on small turtle testing of Turtle Excluder Devices 

(TEDs).  

 

Small turtle TED testing was conducted with one-year-old, captive-reared loggerhead (Caretta 

caretta) sea turtles as part of a Gulf of America (GOA) Deepwater Horizon (DWH) Open Ocean 

(OO) Trustee Implementation Group (TIG) Sea Turtle Restoration project entitled: Reducing 

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

Devices (TEDs). The small turtle TED testing portion of the project identified TED designs for 

subsequent testing that met specific exclusion criteria and provided a measure of sea turtle 

restoration potential for each. 

 

BACKGROUND 

This project focuses on developing and evaluating reduced bar spacing TEDs that may reduce 

bycatch of small sea turtles (body depths < 10.2 cm; 4 in) with the intent of informing potential 

future restoration projects that would achieve sea turtle restoration through use of the new TED 

designs in the GOA offshore shrimp fishery.  

 

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

documented the capture of 37 Kemp’s ridley (Lepidochelys kempii) and 20 green (Chelonia 

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

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

spacing used throughout the fishery. 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 SCL Kemp’s ridley and a 19.3 cm SCL green sea turtle. Review of the size 

distribution data of all turtles observed in the offshore shrimp fishery indicates that all sea turtles 

encountered in this portion of the fishery had Body Depths (BDs) greater than 2.5 in (6.35 cm; 

Stokes and Gearhart 2016). 

 

Previous TED testing utilizing the NMFS small turtle testing protocol with similar size turtles as 

those observed in the GOA offshore shrimp fishery, indicates that exclusion of these smaller 

turtles is not simply based on mechanical separation through changes in bar spacing. Researchers 

discovered that these smaller turtles lack the physical ability to push out through the TED escape 

opening when TEDs are configured in current allowable configurations (Hataway et al. 2018). 

Skimmer trawl TED development and testing with turtles with BDs of 3 in (7.62 cm) revealed 

that TED angle (55⁰ vs 45⁰), TED type (straight vs. bent bar), opening type (double cover vs 44 

in), flap twine size (#30 vs #15), and orientation (top vs bottom opening) influenced the 

probability of escape of smaller turtles (Hataway et al. 2018).  

 



3 

Changes in TED parameters for small turtle testing were anticipated when the skimmer trawl 

TED findings were considered along with the difference in TED size typically used between the 

GOA offshore shrimp fishery and inshore skimmer trawl shrimp fishery. The offshore fishery  

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. 

typically uses larger 50 in (127 cm) x 40 in (101.6 cm) TED grids, while the inshore skimmer 

trawl fishery typically uses 32 in (81.3 cm) x 32 in (81.3 cm) grids. This size difference relative 

to turtle size may further influence escape rates by increasing the relative search area for small 

turtles trying to locate the escape opening when encountering larger TEDs in the offshore GOA 

shrimp fishery. To mitigate for this anticipated effect, initial TED designs proposed for testing 

closely followed the configurations identified during skimmer trawl TED certification trials 

(Gearhart et al. 2016). Recommended TED designs were discussed with an industry stakeholder 

workgroup (SWG) representing all 5 Gulf states convened to provide input on TED design, 

testing, and outreach as it relates to the narrow bar spacing TED sea turtle restoration project.  

A total of six unique TED designs were recommended for evaluation along with an industry 

standard and control TED for statistical comparison. One of these six unique TED designs was 

evaluated in 2023. 

Objectives 
 Test reduced bar spacing TED prototypes not tested in 2022 through the NMFS small

turtle testing protocol
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 Recommend reduced bar spacing TED prototypes for independent proof of concept and 

dependent commercial catch retention testing 

 

MATERIALS AND METHODS 

Testing in 2023 was conducted on the NOAA/NMFS research vessel R/V Caretta, a 58 ft (17.7 

m) twin rigged shrimp trawler. The R/V Caretta tows a single 50 ft (15.2 m) Western Jib style 

shrimp trawl spread by 8 ft (2.4 m) x 40 in (1 m) wooden doors. This single net is towed directly 

astern of the vessel by using a tow block attached to the mast. Evaluations were conducted off 

Shell Island, FL in 25 – 30 ft (7.6 – 9.1m) of water from June 17 through June 25, 2023 (Figure 

2).   

 

For these tests, 81 one year-old (2022 year class) loggerhead sea turtles (Caretta caretta), were 

obtained from the NMFS, SEFSC, Galveston Laboratory sea turtle facility. Acclimation and 

conditioning of the turtles was conducted in turtle pens located at the NMFS, SEFSC, Panama 

City, FL Laboratory for a 15 day period prior to testing (Figure 3). During testing, divers 

attempted to recapture all turtles after exposure to experimental TEDs with turtles returned to 

containment pens at the end of each day.  

 

TED Testing 
All TED designs and modifications were tested according to the small turtle testing protocol 

(Federal Register, Vol. 55, No. 195). For each trial, turtles were exposed to an experimental TED 

equipped trawl under normal towing conditions. Turtles were transferred from the deck of the 

research vessel to divers on the trawl via a 1/8 in (3.2mm) stainless steel messenger wire 

attached at the stern of the vessel and connected to the trawl headrope. Turtles were placed inside 

a 25 in (63.5 cm) x 25 in (63.5 cm) mesh bag at the surface, attached to the messenger wire with 

a snap clip, and sent underwater to divers riding on the trawl (Figure 4). Transit time for the 

turtle from the surface to the trawl was approximately one minute. All turtles were released from 

center of the trawl headrope.  

 

Three scuba divers monitored each trial. Diver #1 released the turtle into the trawl and took a 

position behind the TED to assist with turtle recapture.  Diver #2 monitored the turtle’s passage 

through the net, recaptured the turtle, and recorded escape time data. Diver #3 videotaped each 

test using an underwater video camera. Upon release at the headrope, a stopwatch was started 

and each turtle was allowed 5 minutes to escape through the TED. At the end of 5 minutes, if the 

turtle was still within the trawl, it was removed by a diver. If a turtle was determined to be overly 

stressed during the 5-minute exposure period, it was removed from the trawl, returned to the 

vessel immediately, and that trial was not included in the data. Data recorded during each 

exposure included; video record, total time in the trawl, turtle activity level, and turtle disposition 

(escape or capture). An individual turtle’s activity level was subjectively scored by divers in one 

of the following categories; very active (A), moderately active (B), and no or little activity (C). 
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Figure 2. Map of Panama City, Florida and the study area including locations of the trawling 

area off Shell Island and turtle conditioning pens in St. Andrews Bay. 
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Figure 3. (a) R/V Caretta docked next to (b) sea turtle conditioning pens and (c) a one-year-old 

loggerhead sea turtle in a conditioning pen in St. Andrews Bay, Panama City, NMFS Laboratory. 

Figure 4. NOAA Diver preparing to release a one-year-old loggerhead sea turtle into the trawl 

for small turtle TED testing. Turtles were transferred in a mesh bag via 1/8 in (3.2 mm) stainless 

steel messenger wire attached to the headrope of the trawl. 
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Turtles Used for TED Testing 
Recaptured turtles were returned to basins or pens at the end of each day and these turtles were 

used again after at least 24 hours of rest. All measurements were conducted by the NOAA 

Fisheries Galveston, TX sea turtle facility staff. All turtles were PIT tagged in the right axial 

shoulder and flipper tagged in the right front flipper. The one-year-old turtles had a mean straight 

carapace length (SCL) of 18.6 cm (7.3 in) with a range of 16.8 – 20.5 cm (6.6 – 8.1 in). The 

mean body depth (BD) was 8.2 cm (3.2 in) with a range of 7.2 – 9.3 cm (2.8 – 3.7 in). At the 

conclusion of the TED testing, all one-year-old sea turtles were released into the wild, offshore 

of Ft. Pierce, FL (Lat. - N 27°46.9167 Lon. – W 79° 94.1944) on June 28, 2023. 

 

Statistical Protocol 
The relative efficiency of each experimental TED design was compared to that of a control TED 

tested under the same conditions with the same year class of turtles.  A standard mid-sized, top-

opening, bent-bar TED (Super Shooter TM) with a double cover flap configuration was used as a 

control TED.  The double cover TED opening was developed by NOAA Fisheries in 1999 as an 

alternate method of obtaining an opening large enough to exclude leatherbacks and other large 

sea turtles. The standard mid-sized control TED was installed at an angle of 45⁰. A 25 turtle 

exposure test was conducted using the control TED to establish a baseline used to evaluate 

experimental TEDs. The statistical procedure used to evaluate experimental TEDs is comprised 

of: 

 

1. The control TED tested in a top-opening configuration using a set of 25 turtles. 

 

2. Null Hypothesis (Ho) = exclusion rate of the experimental TED is greater than or equal to 

that of the control TED.  

 

3. Alternate hypothesis (Ha) = exclusion rate of the experimental TED is less than that of 

the control TED.  

 

4. The number of turtle captures required to reject an experimental TED (decision rule) 

using a set of 25 turtles is derived through assessment of the probabilities of committing 

Type I and Type II error.  These errors are defined as:  

a. Type I Error (α): Rejection of an experimental TED which is as good as or better 

than the control TED (Risk of rejecting an acceptable TED)  

b. Type II Error (ß): Acceptance of an experimental TED which is inferior to the 

control TED (Risk of accepting an unacceptable TED) 

 

RESULTS 

Industry Standard 
One experimental TED design, a control TED, and an industry standard TED were evaluated for 

sea turtle exclusion using the NMFS small sea turtle testing protocol. The SWG suggested a 8.9 

cm (3.5 in) bar spacing industry standard TED in a top opening configuration to establish a 

baseline escape/capture rate for comparison to 6.4 cm (2.5 in) TED prototypes (Table 1). A total 
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of 25 turtles that had BDs approximately 1.9 cm (0.75 in) smaller than the bar spacing were 

exposed to the industry standard TED with 21 passing through the grid and 3 turtles escaping 

(Table 1). The escape rate was 12.0% with an average escape time of 29.3 ± 24.9 sec for turtles 

escaping. 

 

Table 1. Industry standard TED gear characteristics, sea turtle escape rate, and average escape 

time. HS=Heat Set; DS=Depth Stretched.  

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 40 inches W w/ 3.5 inch 

bar spacing 

Orientation Top-opening 

Escape opening cut Rectangular – 27.5 inches L x 52M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 36M x 60M ( #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 11.0 inch overlap 

Floatation None 

Flap overhang 18.0 inches 

Angle 50° 

Escape Rate 3/25 or 12.0%; 21 turtles through the grid 

Average Escape Time 29.3 ± 24.9 sec 

 

Control TED 
The control TED was the same configuration as the control used for skimmer trawl TED work 

with one-year-old sea turtles with the exception of grid size and bar spacing. The skimmer trawl 

control grid measured approximately 101.6 cm (40 in) long by 86.4 cm (34 in) wide, while the 

control for this study matched the grid size of the offshore trawl fishery measuring 127 cm (50 

in) long by 106.7 cm (42 in) wide (Table 2). Bar spacing for skimmer trawl testing was 7.6 cm (3 

in), while bar spacing for this study was 6.4 cm (2.5 in). A total of 25 turtles were exposed to the 

control TED with 24 escaping with an average escape time of 49.5 ± 28.1 sec  (Table 2). Divers 

measured a TED angle of 41° during testing, which was 4° less than the angle measured on the 

deck of the boat with the TED was hanging vertically. Divers noted that most turtles escaped 

along the center section of the grid with a few turtles escaping through the split in the double-

cover flap forward of the grid. For both the skimmer trawl testing and this study, divers noted 

that when the double-cover flap was sewn all the way down to the TED extension only the center 

portion of the posterior edge of the grid was available for turtles to escape. The flap was tight 

against the edge of the grid up to the first two deflector bars with turtles unable to escape in these 

areas. Because of its greater width, the larger TED provided a larger section in the center of the 

grid available for escape when compared to the smaller skimmer trawl TEDs.    

 

Table 2. Control TED gear characteristics, sea turtle escape rate, and average escape time. 

HS=Heat Set; DS=Depth Stretched.  

TED type Bent bar oval (Super Shooter) 

Grid dimensions and bar 

spacing  

0.625 inch Aluminum rod – 50 inches L x 42 inches W w/ 2.5 inch 

bar spacing 
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Orientation Top-opening 

Escape opening cut Rectangular – 21 inches L x 36M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 33M x 60M ( #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 15.0 inch overlap 

Floatation None 

Flap overhang 21 inches 

Angle 45° 

Escape Rate 24/25 or 96% 

Average Escape Time 49.5 ± 28.1 sec 

 

Experimental TEDs 
The only experimental TED tested was a rectangular grid with straight bars installed in a bottom-

opening configuration. This grid configuration is commonly used throughout the GOA shrimp 

fishery. For these grids, there is minimal flap seal because the posterior edge of the grid aligns 

with the escape opening attachment to the outer frame of the grid. Oval grids extend above the 

opening, which results in the flap sealing against the posterior edge of the grid. Divers noted a 

42° angle during testing and indicated the flap was lightly touching the posterior edge of the 

frame. A total of five turtles were exposed to this TED with all but one captured. The test was 

terminated after four turtle captures because the configuration met the threshold for statistical 

failure when compared to the control TED escape rate (Table 3). Divers reported that turtles had 

trouble traversing the pipe outer TED frame that was wrapped with chaffing rope at the edge of 

escape opening. However, one turtle was captured along the middle of the grid due to the brace 

bar not being offset from the plane of the grid deflector bars.  

 

Table 3. Rectangular straight bar TED gear characteristics, sea turtle escape rate, and average 

escape time. HS=Heat Set; DS=Depth Stretched.  

TED type Straight bar rectangular 

Grid dimensions and bar 

spacing  

0.75 inch Aluminum rod – 46 inches L x 38 inches W w/ 2.5 inch 

bar spacing 

Orientation Bottom-opening 

Escape opening cut Rectangular – 21 inches L x 33M W, 1.75 inches mesh extension 

Escape opening flap   

          

Double-cover – (2) 29M x 60M ( #30 1.625 inch mesh HS & DS 

polyethylene attached along entire length with 14.0 inch overlap 

Floatation None 

Flap overhang 23 inches 

Angle 45° 

Escape Rate 4 Captures and 1 Escape; Test was terminated after 5 turtles 

Average Escape Time  
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DISCUSSION 

The industry standard TED with 8.9 cm (3.5 in) bar spacing had a baseline small sea turtle 

escape rate of 12.0% for turtles that were similar in size to the smallest turtles encountered in the 

GOA offshore shrimp fishery (Stokes and Gearhart 2016). The narrow bar spacing, 6.4 cm (2.5 

in), control TED improved on the baseline by 700% with an escape rate of 96.0% and (Table 4).  

 

Unfortunately, bad weather and poor sea conditions only allowed one experimental TED 

configuration to be evaluated during 2023 TED testing. The experimental TED, a rectangular 

TED installed at 45° in a bottom opening configuration, was exposed to five turtles before 

testing was terminated for exceeding the capture threshold for certification (Table 3). This TED 

was  expected to perform better when 2022 TED testing results were considered (Gearhart et al. 

2023). Even though the rectangular TED had a lighter flap seal than its’ oval counterpart that 

was tested in a bottom opening configuration in 2022, turtles had difficulty traversing the edge of 

the opening. The oval grid tested in 2022 was a bent bar grid, which facilitated turtles pushing 

through the edge of the opening assisted by water flow within the trawl. Bent bar grids have a 

short 6 – 8 inch (15.2 – 20.3 cm) section at the posterior edge of the grid that reduces the angle 

of attack relative to water flow by up to 15°. This reduced angle section assists turtle escape and 

facilitates the exclusion of other unwanted bycatch like jellyfish, grass, and debris. The 

rectangular grid tested had a 3/4 inch (1.9 cm) pipe outer frame that was wrapped with a 3/8 inch 

(1 cm) chaffing rope, which created an obstacle the small turtles were unable to traverse when 

the grid was installed in a bottom opening configuration. The same TED installed at 55° in a top 

opening configuration excluded 100% of turtles exposed to the TED in 2022 (Gearhart et al. 

2023). These results illustrate how installation orientation and small changes to the TED opening 

configuration can influence small turtle escape rate.  

 

These results were combined with 2022 TED testing results and presented to the SWG for 

ranking in priority order for Proof of Concept (POC) and commercial catch retention testing. The 

SWG chose the oval, top-opening, bent bar TED installed at 55° as first priority and the oval, 

bottom-opening, bent bar TED installed at 45° as their second priority for TEDs that they felt 

had the most promise with regard to potential shrimp retention (Table 4). The rectangular TED 

configuration ranked third and all members of the SWG indicated that despite the good sea turtle 

exclusion performance of the oval, top-opening, straight bar TED with #15 twine flap, they all 

were skeptical of the shrimp retention potential of this configuration. 
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Table 4. TED configuration specifications, testing results, and proof of concept (POC) testing 

priority for 2022 and 2023 small turtle testing in Panama City Beach, Florida. TOSS=Top 

Opening Super Shooter; TOSB=Top Opening Straight Bar; TOSBR=Top Opening Straight Bar 

Rectangular; BOSS=Bottom Opening Straight Bar; DC=Double Cover Flap. 
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Bent/ Bar Flap Testing

Year Top/Bot Shape Straight Spacing Angle Twine Escape Capture %Escape Priority

2022 Top Oval Bent 3.5" 55 #30 6 17 26.1% Ind Std

Top Oval Bent 2.5" 45 #30 24 1 96.0% Control

Top Oval Straight 2.5" 45 #30 21 4 84.0%

Top Rectangular Straight 2.5" 55 #30 25 0 100.0% 3

Top Oval Bent 2.5" 55 #30 24 0 100.0% 1

Top Oval Straight 2.5" 45 #15 23 0 100.0%

Bot Oval Bent 2.5" 55 #30 10 3 76.9%

Bot Oval Bent 2.5" 45 #30 21 3 87.5% 2

2023 Top Oval Bent 3.5" 55 #30 3 22 12.0% Ind Std

Top Oval Bent 2.5" 45 #30 24 1 96.0% Control

Bot Rectangular Straight 2.5" 45 #30 0 4 0.0%

Gearhart, J.L., Hataway, B.D.  2016.  Report on 2016 TED evaluations for Skimmer Trawls. 
Unpublished report. U.S. Dept. Commerce, NMFS, SEFSC, Harvesting Systems and 
Engineering Branch, Pascagoula, MS. 12 p. 
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