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EXECUTIVE SUMMARY

Fisheries bycatch is a major threat to the five species of endangered and threatened sea
turtles found in North Carolina’s waters. There are four main outcomes of a bycatch event:acute
death, sub-acute death, delayed mortality, or survival. Survival may be accompanied by
sub-lethal impacts affecting general fitness of the sea turtle, potentially decreasing reproductive
success, the turtle’s ability to forage, and increasing the risk to threats (e.g., boat strike). Post
Interaction Mortality (PIM) after interaction with hook and line gear is influenced by hook-type,
the ease of removing the hook from the turtle, if hooks (or line) couldn't be removed, and a
myriad of environmental factors. While the commercial fishery has measures in place to
decrease and mitigate bycatch of sea turtles, there are no such measures for the recreational
fisheries of North Carolina. Both commercial and recreational fishing contribute substantially to
North Carolina’s coastal economy, and recreational fishing continues to grow, building on a long
history of pier fishing on North Carolina’s coast. Taking lessons learned from bycatch mitigation
in the commercial longline fishery presents a good starting point for similar studies in the
recreational rod and reel fishery.

To address a research gap, and in support of a NOAA initiative to better understand and
consider how to reduce sea turtle bycatch at recreational fishing sites, I analyzed incidental sea
turtle captures in North Carolina reported in the Sea Turtle Stranding and Salvage Network
(STSSN) database over 15 years. My aim was to examine incidentally captured sea turtle
demographics and any trends between reported captures and fishing methods. To complement
my historical data analysis I conducted surveys with fishers (anglers) on three piers in Carteret
County to investigate cofactors of fishing methods and sea turtle incidental captures in order to
make recommendations to inform potential mitigation measures, such as voluntary gear
modifications.

Historical data were obtained from STSSN from 2008 to 2022. The survey was created
by NOAA for their Reducing Sea Turtle Bycatch at Recreational Fishing Sites Project. We
sought information about angler habits including fishing methods (hook type, bait type), and
frequency of sea turtle interactions. Outreach on the importance of reporting bycaught sea
turtles was done opportunistically, most often after the final question: “What would you do if you
accidentally caught a sea turtle?”. I directed anglers to the STSSN signs that were posted at the
entrance to the pier and discussed the importance of these data, even if the “turtle seems fine.” I
conducted data analysis and testing for statistical significance in R, and performed spatial
analysis and construction of a publicly available spatial GIS tool through arcGIS Pro.

From 2008 to 2022 there were 427 reported interactions with sea turtles with recreational
rod and reel fishers from piers in North Carolina. I examined relationships between species,
geographical location (county), hook location, hook type, and season. Kemp’s ridley sea turtles
represented 60% of reported interactions overall, and based on these reported interactions, are
statistically more likely to be caught than any other sea turtle species. Overall the most reported
captures occurred in May, though monthly numbers of incidental captures varied by county.
Shrimp was the most commonly used bait type in incidental sea turtle captures and j-hooks
were the most often reported hook type. Kemp’s ridleys had the highest number and proportion
of captures by the mouth. Captures by the mouth comprised the largest percentage of each
species' known hook locations; only greens and loggerheads had a nearly equivalent amount of
captures by mouth and flipper.

I conducted 77 angler surveys in the fall of 2023, capturing data for 150 anglers at three
piers in Carteret County: Bogue Inlet Fishing Pier, Oceanana Pier, and Newport River Pier. The
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first half of the survey covered general fishing habits and preferences. Most fishers interviewed
preferred fishing in the spring and fall. Shrimp were statistically more likely to be chosen as bait,
and j-hooks most likely to be chosen for hook-type. Twenty-seven percent of respondents spent
at least 16 days fishing in at least one season (3 months), while 49% of respondents were only
visiting North Carolina, spending 5 days or less at the pier per season. Angler surveys indicated
there is likely significant under-reporting due to local fishers perceiving easily dehooked and
healthy turtles as unnecessary to report.

There are several key points to consider when interpreting the results of this study. First,
relationships between co-factors and incidental captures are difficult to reliably determine
because little baseline data exist to compare to. When conducted at a state-wide scale, the
angler survey data will provide additional background data and therefore allow for better
analysis of potential cofactors with incidental captures in the future. Self-reported data always
presents challenges, as it is impossible to know whether increases in reports are due to a true
increase in incidental takes or if they are due to increased reporting. While attempting to control
for the background popularity of j-hooks and shrimp, use of these bait and hook types were not
statistically significant, suggesting that those are the most common hook and bait types
associated with incidental takes because they are also the most common hook and bait types
used at the piers. There was no relationship between where sea turtles are hooked (mouth or
flipper) based on hook type. This result is counter to what might be expected from the success
of switching to circle hooks in the commercial long-line fishery. A possible explanation is that the
circle hooks used by pier anglers weren’t large enough to prevent swallowing the hook.

At the end of any good research study, there are more questions to be answered. I will
incorporate habitat data into my sea turtle maps to obtain distances of piers to preferred sea
turtle habitat. Will this help inform which sea turtle species are most often reported as caught at
that pier or the level of incidental captures generally? After answering this question, I will publish
the analysis of the historical data including the dashboard tool. I am hoping the dashboard tool
can be used to suggest trends that can inform potential mitigation measures.

A few potential voluntary measures that could decrease bycatch at the piers in North
Carolina include temporary restrictions. One option is to implement temporary closures during
the months of highest incidental captures at each pier, for example a temporary closure in May
for Carteret and Pender Counties. The other option is to enforce bait restrictions, restrict bait
use apart from lures or gotcha plugs during months of highest incidental captures. The finding
the captures by the mouth were most common in all species indicates that this may reduce
incidental captures of loggerheads, Kemp’s ridleys, and green sea turtles that are likely attracted
to the bait as a food item.

Being the first person to conduct this survey in North Carolina I have a few suggestions
for future surveyors. Plan to conduct surveys in the spring and fall to capture the highest volume
of fishers and the highest numbers of incidental takes. It would be useful to include a question to
determine if anglers are aware of the STSSN signage at the pier. This question would also offer
an easy transition into effective and efficient outreach explaining why people should report a
captured sea turtle. Although, even if made aware some fishers will still not want to take the
time or effort to report the sea turtle or wait for someone to arrive. Training or pamphlets on what
to do if you cannot contact the stranding network should be provided (for example cutting the
line as close to the hook as possible). Lastly, fishing piers are popular and can get crowded; if
there are a lot of fishers at the pier and you have limited resources and time, consider screening
people by how often they fish at the pier - if it’s 2-3 days every few years, or this is their 3rd visit
their answers won’t be very informational.
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INTRODUCTION

Five species of sea turtles inhabit North Carolina waters: green, loggerhead, Kemp’s

ridley, leatherback, and occasionally hawksbills. Kemp’s ridley and hawksbills are listed as

critically endangered globally on the IUCN Red List and all five species are listed as

endangered or threatened by the U. S. Endangered Species Act (ESA) (“Red List

Assessments,” n.d.). Fisheries bycatch - the occurrence of a species other than the target fish

species being caught in fishing gear and either kept or discarded - is a major threat to the

survival of sea turtles globally. Wallace et al. (2010) found that sea turtles impacted by bycatch

are significantly under-reported and the true number of bycaught sea turtles is likely in the

millions from 1990-2008. There are four main outcomes of a bycatch event - acute death,

sub-acute death, delayed mortality, or survival. Acute death occurs shortly after a bycatch event

- through drowning or severe trauma and blood loss; sub-acute mortality has a slightly longer

time frame (hours to days) from severe but not acute injuries or inability to recover from hypoxic

or exertional trauma; and delayed mortality can occur weeks or even months after the event due

to secondary infections from swallowed hooks (Swimmer et al. 2014). Even if the sea turtle

survives the interaction there can be sublethal impacts, which can interfere with the sea turtle’s

ability to forage, increase the risk of boat strikes or predation, or decrease reproductive success,

and generally lower fitness (Stacy et al. 2016). Post Interaction Mortality (PIM) after interaction

with hook and line gear is influenced by hook-type, the ease of removing it from the turtle, if

hooks (or line) couldn't be removed, and a myriad of environmental factors. In one study

performed by Swimmer et al. (2014) post interaction mortality estimates ranged from 7% (for

shallow-hooked turtles) to 55% (for deep-hooked turtles) for loggerhead sea turtles incidentally

caught in the Pacific pelagic long-line fishery, yet they specified that post-interaction mortality

estimates can range from 5% to 85% depending on gear left with the sea turtle.

Most of these studies on post interaction mortality have been done in the commercial

longline fishery. These studies have led to further research to create federal regulations and

mitigation measures to protect sea turtles in commercial fisheries (such as required

hook-and-bait combinations - minimum size of circle hooks and fish bait, limited entry into

certain fishing areas, etc. in the long-line fishery (Swimmer et al. 2017). After implementing

these measures, bycatch rates for sea turtles decreased by 40% [leatherbacks] and 60%

[loggerheads] in the Atlantic (Swimmer et al. 2017). Other commercial fisheries also have

mitigation measures, such as the TEDs (Turtle Excluder Devices) required in several trawl

fisheries, including the Summer Flounder Fishery (NMFS 2023). However, there are few

regulations and little research on the impact of bycatch by recreational fisheries (Barco et al.
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2016). Research that is urgently needed, as there is a claim that recreational fishing has

overtaken the federally managed shrimp fleet as the fishery with the largest take of Kemp’s

ridley and green sea turtles in the Southeast United States (Putman et al. 2023).

Both commercial and recreational fishing contribute substantially to North Carolina’s

coastal economy. Commercial fishing provides livelihoods for 3,500 fishers and many more

people along the fish value chain. While commercial fishing is on a slight decline, the

recreational fishery has only continued to grow; in 2009 state officials estimated that more than

800,000 recreational fishers were spending over $943 million over the course of 7 million fishing

trips each year (Crosson 2010). While most of the economic impact is generated by tourists or

out-of-towners, fishing has deep roots in Carteret County and in North Carolina generally. In

fact, the rod and reel pier fishery was established in North Carolina in 1923, with the first pier

built at Kure Beach. But it wasn’t until 1950 when it really took off and was written up in

newspapers around the state for the huge tarpon and great king mackerel fishing to be had at

the pier (Baird 2011). A pier’s popularity is in direct relationship with the quality and size of the

fish that can be caught there. Jennette’s Pier was first built in 1939, the first pier north of

Wilmington. A series of hurricanes and rebuilds later, it was badly in need of funding to rebuild.

North Carolina knew the cultural and economic importance of pier fishing so had set up the

“Waterfront Access Study Committee” (WASC) and gave North Carolina Aquariums $1.5 million

to construct the pier in 2007- able to withstand hurricanes this time around (Baird 2011). On the

other end of the spectrum, many commercial fishers have been fishing nearly all their lives and

have a generational history of fishing in Carteret County that they can trace back 400 years to

early colonizers, “the sea is in their blood and fishing is how they want to spend their time,”

(Andreatta and Parlier 2010). Subsequently they value fishing as their livelihood and their

heritage, which provides a service to others, compared with recreational fishers who put

emphasis on the large amount of tourism revenue generated by fishing (Boucquey 2017). This

has led to rising tensions between the commercial and recreational fishing industries in North

Carolina over limited space and limited fish, each group assigning blame to the other for

overfishing and commercial fisheries concerned with the disparity in regulations (Boucquey

2017).

For both commercial and recreational fishers, the ESA prohibits the ‘taking’ of any

species protected, defined as "to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or

collect, or to attempt to engage in any such conduct" (NMFS 2023a). The recreational fishers

have no authorization for take under the ESA either through an incidental take permit (section

10 of the ESA) or Biological Opinion (section 7 of the ESA); each accidentally hooked turtle
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counts as a take and is illegal under federal law. The Magnuson–Stevens Fishery Conservation

and Management Act (MSFCMA), which authorizes the United States Fishing fleet, requires

“that conservation and management measures shall, to the extent practicable, minimize

bycatch, and to the extent bycatch cannot be avoided, minimize the mortality of such bycatch”

(NMFS, n.d.). This stipulation of the MSFCMA is reinforced by NOAA’s National Bycatch

Reduction Strategy.

Studies in several commercial fisheries have found effective measures to decrease

bycatch of sea turtles. For example, in the pelagic longline fishery, the commercial fishery most

similar to rod and reel, it has been observed that large circle hooks decrease the incidence of

captures of loggerhead sea turtles, and decreases PIM as the use of J hooks increases the rate

of gut-hooking in turtles compared with turtles captured on circle hooks. This is assumed to be

due to the difference in hook direction; with circle hooks the point curves inward, while j-hooks

have the point more exposed (Swimmer et al. 2017). This would be a good starting point for

similar studies to be done on effective mitigation measures in the recreational rod and reel

fishery.

Several previous studies examined sea turtle bycatch in recreational fisheries, often

focusing on Kemp’s ridley sea turtles, largely from fishing piers in states bordering the Gulf of

Mexico, including Florida (Rudloe and Rudloe 2005), Texas (Seney 2008), and Mississippi,

Louisiana, and Alabama (Coleman et al. 2016). Key results are concerned with management

challenges presented by sea turtles’ high site fidelity. Exemplified as a tendency to continue

associating with heavily used fishing piers [in Florida and the Mississippi Sound], leading to

slower growth rates compared to other populations, and requiring that these piers have plans in

place to handle hooked turtles (Rudloe and Rudloe 2005; Coleman et al. 2016). Texas also

needs to plan for the return of nesting sea turtles to the upper Texas coast, for the duration of

nesting season before they leave to forage in Louisiana (Seney and Jr 2008).

In order to develop a more cohesive regional view, NOAA developed the project,

“Reducing Sea Turtle Bycatch at Recreational Fishing Sites.” A pilot survey was developed in

2013 for Mississippi by NOAA’s National Marine Fisheries Service (NOAA Fisheries), NOAA’s

MS Laboratories (MS Labs), and the Institute for Marine Mammal Studies (IMMS) to collect data

on angler fishing practices and sea turtle interactions (Cook et al, 2020). The main purpose of

the project is to increase understanding of recreational bycatch and develop methods to reduce

that bycatch, focusing on shore-based recreational fishing locations; such as fishing piers,

bridges, and other shoreline structures (personal communication, Piniak, 2024). The Sea Turtle

Stranding and Salvage Network (STSSN) responds to and documents incidentally captured sea
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turtles all along the Atlantic Coast and the Gulf of Mexico. However, this database only

represents a fraction of the incidental captures that are occurring, as it largely relies on

self-reporting by fishers. The STSSN first started documenting strandings in North Carolina in

1980, and started more targeted outreach in 2017, putting up signs informing anglers of what to

do if they caught a sea turtle and who to call on the most popular fishing piers.

The aims of this study are to analyze STSSN data for threatened populations of

loggerhead and green, and endangered Kemp’s ridley sea turtles incidentally caught in the

North Carolina recreational hook and line pier fishery from 2008 through 2022. I focused on

determining demographics of captured sea turtles and examined those trends over time, trends

in reported captures and fishing methods used, and major characteristics of piers with large

numbers of incidental captures. To complement this historical analysis, I conducted on-site

angler surveys at three piers in Carteret County; examining frequency of sea turtle-angler

interactions at those piers, possible co-factors between target catch, fishing method, (hook type,

bait type, etc.) and sea turtle interactions, as well as awareness among fishers of STSSN

signage at the pier. This study will aid in better understanding recreational bycatch of sea turtles

in North Carolina and recommend potential mitigation measures to decrease bycatch.

METHODS

Historical Sea Turtle Incidental Capture Data

Volunteers and state officials respond to reports of incidentally captured turtles to the

STSSN hotline. Once at the scene, they assess the turtle and determine if the hook can be

removed and the turtle can be released on site, or if the sea turtle needs to be taken for

rehabilitation. Data on location, pier, sea turtle size and condition, time of day are recorded, as

well as any notes known about the interaction including bait type, hook type, species, etc. All

these data are entered into a publicly available database. I received the data for hook and line

interactions from Sarah Finn, Coastal Wildlife Diversity Biologist, from North Carolina Wildlife

Resources Commission. I verified that the entries were true incidental takes and categorized the

‘notes’ section into several data columns.

Data Analysis
Data were checked for quality and accuracy, reformatted, and analyzed using R 4.2.2 (R

Core Team 2022). Tables were reformatted and chi-squared tests were run on frequency of use

to test for statistical significance. For further analysis I converted the data into a shapefile that

could be manipulated in arcGIS Pro 3.1. This map was transformed into a publicly available
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dashboard in arcOnline that allows the data to be queried along several different selectors,

changing the map display and information tables accordingly.

Angler Surveys

Site Selection
There are twenty-two ocean-facing piers in the state of North Carolina, but only eight of

these piers have greater than ten reported incidental captures in the 15 years of our study.

Ideally, a state-wide survey study design would examine piers spaced along the coast; including

relatively geographically close piers with significantly different historically reported captures to

account for reporting bias (to some degree). A good example would be Jennette’s Pier, in Dare

County, with 27 captures and Outer Banks Fishing Pier with three captures only two miles away.

I conducted a pilot study using the angler survey, focusing in Carteret County. I chose

three piers, two of which had historically high capture rates and one for contrast with only one

capture in our 15 year period - Oceanana Pier in Atlantic Beach on the eastern end of Bogue

Banks, Bogue Inlet Pier in Emerald Isle on the western end of Bogue Banks, and Newport River

Pier between Morehead City and Beaufort, respectively (Figure 1).

Figure 1. Piers chosen for angler surveys in Carteret County, North Carolina.
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Angler Survey
Robson & Jones (1989) have shown that angler surveys obtained in the field can assess

recreational fishing effort over a large geographical area with few surveyors. The Fishing Pier

Angler Survey Cover Sheet and Angler Survey (Appendix) were designed based on similar

surveys conducted by the Chicago Zoological Society/Sarasota Dolphin Research Program by

the NOAA Fisheries Southeast Fisheries Science Center (Cook et al. 2020). The survey used in

this study incorporated both questions to assess typical angler fishing practices as well as sea

turtle interactions. The survey and associated data collection forms have undergone

independent review pursuant to the Paperwork Reduction Act (PRA) of 1995 (44 U.S.C. 3501

et. seq.), OMB Control Number 0648-0774, and are compliant with The Privacy Act of 1974 (5

U.S.C. 552a). These data are needed to determine the most effective way to reduce incidental

takes and manage these species under the ESA. All recorded data were entered into an excel

spreadsheet prior to transcription into a database.

Angler Interviews
Before beginning the survey, I identified myself as a student working with NOAA

Fisheries in collecting data on angler habits and sea turtle interactions, both for a master’s

project as well as for fisheries research. All fishers were advised that the survey would take

about 10 minutes, participation was voluntary, and could be withdrawn at any time. No

personally identifiable information was collected. As all the interviews were conducted by one

person, there was no need for concern about consistency. Interviews were conducted

one-on-one by me, Amanda Sajewski from the Duke University Marine Lab. They were done

opportunistically (dependent on schedule availability) from late September through late October

2023 on both weekends and week days, generally in the late afternoon as day fishers were

wrapping up and afternoon/evening fishers were arriving. I used the same surveying methods

presented in Cook et al. (2020). Documenting general characteristics of the fishing at the pier -

number of anglers and lines, weather conditions, and wave height. Questions asked of fishers

ranged from state residency, preferred location and time to fish, bait and hook type, and bait

disposal to specific sea turtle questions. These sea turtle questions centered around the

circumstances of any incidental takes observed by the survey participant, such as where the

sea turtle was hooked, what was the outcome, and whether or not it was reported to a state

agency or STSSN. Outreach on the importance of reporting incidentally caught sea turtles was

done opportunistically, most often after the final question: “What would you do if you accidentally

caught a sea turtle?” Attention was directed to the STSSN signs that were posted at the

entrance to the pier and importance of this data was mentioned, even if the “turtle seems fine.”
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Data Analysis
I checked data for accuracy, reformatted it, and analyzed the data using R 4.2.2 (R Core

Team 2022). A zip code database of the United States was joined to the dataframe so fishers,

based on their self-reported home zip code, could be separated into tourists and locals. I chose

fifty miles from each pier (about an hour drive by car) as the cut-off for defining local fishers.

After I reformatted the tables, I ran chi-squared tests on frequency of use to test for statistical

significance. Occasionally, I used Fisher's exact tests and Kruskal-Wallis tests to test for

significant relationships. For further spatial analysis, the data were converted into a shapefile

that could be manipulated in arcGIS Pro 3.1.

RESULTS

Historical Sea Turtle Incidental Take Data
From 2008 to 2022 there were 427 reported interactions with sea turtles from

recreational rod and reel fishers (anglers) from piers in North Carolina. I examined relationships

between geographical location (county), species, hook location, hook type, and season. There

was a sharp increase from 4 total reported interactions in 2012 to 30 reported interactions in

2013 and a subsequently sustained increase in reported interactions in 2013 until 2022, seen in

Figure 2. It is impossible to know if this increase was due to increased awareness of the

importance of reporting sea turtle interactions or if there were truly more interactions at piers in

North Carolina.

Figure 2: Sea turtle species and the numbers incidentally caught by year and over the entirety of our
time frame of interest.
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Due to this marked increase and the low number of captures from 2008 to 2012, my data

analyses focused on the years from 2013-2022, shortening the time frame to 10 years instead

of 15 so the data would more accurately represent what has recently been occurring and is

currently being reported as occurring.

While hawksbills are occasionally found in North Carolina waters they did not show up in

the stranding data from 2008 to 2022. There was one leatherback reported as incidentally

caught in 2018. Kemp’s ridley sea turtles represented 60% of reported interactions overall, and

based on these reported interactions, were statistically more likely to be caught than any other

sea turtle species (p < 0.0001) in each time frame examined [2008-2022, 2013-2022,

2018-2022].

The majority of reported incidental captures were in the late spring, early summer: 33%

(130/400) of the reports were in May, with few to no reported captures from November to March

during our time frame. Although overall there were the most reported captures in May, monthly

numbers of incidental captures vary by county (see the the map of the coastal counties of North

Carolina, with their respective shoreline distances in the Appendix). As seen in Figure 3,

Carteret and Pender counties had higher numbers of reported incidental captures in May; and

Brunswick County with the highest number of reported incidental captures, had those reported

captures relatively evenly spread out among the summer months.

Figure 3: Reported sea turtle captures by Month and County
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This outlook changes even more if broken down by species, as in Figure 4. Dare County,

overall, had the third highest number of reported interactions, however by species it had the

most interactions for both loggerhead and green sea turtles in August and October, respectively.

Carteret County had the most interactions where the sea turtle species could not be verified,

and May retains the largest share of reported interactions. Unsurprisingly, when Kemp’s ridleys

are examined, Brunswick County remains the county with the highest number of reported

interactions, followed by Pender County. Most counties were consistent with most captures

occurring in May, except New Hanover, where captures shifted to be evenly spread across

June, July and August.

Figure 4: Reported Incidental sea turtle captures broken down by country, month, and species.

Not all categories of data were complete for every incidental capture entry in the

database; such as hook-type (52/400 entries), bait-type (31/400 entries) and “where hooked”

(238/400 entries). Shrimp was the most common bait type, in the 8% of interactions that had

data on bait type 55% of them occurred when the fisher was using shrimp as bait. The second

most common bait type was fish bites (~10%). In regards to hook type, j-hooks were most often

reported as having been used when a turtle was incidentally captured (65% of interactions).

Circle hooks were a distant second at 27% of captures, and treble hooks made up just under

8% of incidental captures. I performed a chi-squared test and a fisher’s exact test; however,

hook type frequency in incidental captures was not significant (p = 0.199) compared to expected
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hook type frequency in incidental captures, taking into account the popularity of hook types

among fishers. Hook type was also not statistically significant when it came to where sea turtles

were hooked. As can be seen in Figure 5, 42% of all reported incidental captures were hooked

by the mouth, 69% of these were Kemp’s ridley sea turtles. This accounts for 44% of all the

known hook locations of incidentally caught Kemp’s ridleys. In fact, while Kemp’s ridleys had the

highest number and proportion of captures by the mouth, captures by the mouth comprised the

largest percentage of each species' known hook locations; only greens and loggerheads had a

nearly equivalent amount of captures by mouth and flipper.

Figure 5: Sea turtle species and where they were reportedly hooked when they were incidentally captured.

The last thing I wanted to examine was final disposition and if this differed by species.

Most sea turtles (64%) were released alive or broke free at the pier at which they were caught.

However, 34% of sea turtles reported as incidentally captured were taken to a rehabilitation

center, and 2.8% of these sea turtles died as a result of injuries received when they were

incidentally captured. While the numbers for Kemp’s ridley were higher because they were

statistically more likely to be reportedly captured, there was not a statistically significant

relationship between species and whether the sea turtle was taken to a rehabilitation center.

Angler Surveys
I conducted 77 surveys, capturing data for 150 anglers at three piers in Carteret County.

I visited Bogue Inlet Fishing Pier three times, Oceanana Pier three times, and Newport River

Pier twice during September and October, 2023. 63 survey respondents were from North

Carolina, 32% of fishers overall were local to the pier where they were surveyed (Oceanana:

5/30, Newport River: 7/12, Bogue Inlet: 13/36). Most people spent 1-3 hours fishing at the pier
13



per day, although some fishers spent up to 11 hours fishing per day. Most survey responses

captured data for more than one person, and more than one line in the water. Fishing effort, as

measured by the number of lines in the water at the time of the surveys can be seen in Figure 6.

Fishers ranged from having 1-2 lines up to 11 for a group of 8.

Figure 6: Fishing effort, as measured by number of lines in the water, at the time of each survey.

The first half of the survey covered general fishing habits and preferences. Most fishers

interviewed preferred fishing in the spring and fall, with only 7 respondents fishing year-round.

Shrimp was the most popular bait type by far, with 44% of lines using shrimp as bait; shrimp was

statistically more likely to be chosen than any other type of bait for fishing, (p <0.0001). As

shown in Figure 7, I simplified responses for hook type to three choices; j-hook, circle hook, and

treble hook. J-hooks were statistically more likely to be used than any other hook type (p

<0.001). Twenty-seven percent of respondents spent at least 16 days fishing during at least one

season (3 months), while 49% of respondents were only visiting the coast, spending 5 days or

less at the pier per season.

Figure 7: Bait types and hook types and their frequency of use, measured by how many lines were

using those bait types or hook types. And how many days survey respondents spent fishing per season (3

month quarters).
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The second half of the survey focused on interactions between fishers and sea turtles.

Only 43% of respondents (32 people) reported seeing a sea turtle in the vicinity of the pier in the

previous 6-9 months; 20, 2, and 10 at Bogue Inlet, Newport River, and Oceanana Piers

respectively. No turtles were seen eating discarded bait. Sixteen percent of respondents

observed a sea turtle get hooked or captured (10 at Bogue Inlet Pier, 2 at Oceanana Pier). Eight

of the sea turtles were foul-hooked (caught by the hook anywhere other than their mouth), and

at least two of them had the hook in their mouth. Five captures were definitely reported and

three were collected to go to a rehabilitation center. Of the five that were known to be

unreported, four respondents said they didn’t know who to call or that someone should be

notified. The final question of the survey asked fishers what they would do in the future if they

were to accidentally catch a turtle. Most respondents answered along the lines of remove the

hook and release it (30%) or cut the line (24%). Some respondents were unsure and would

either check the sign, call the “sea turtle people”, the Coast Guard, or 911 (25%) or ask the Pier

house or a local what they should do (12%). One local, when asked, clarified “If the turtle is

injured we would call, more signage is needed, most of the regulars know what they're doing

and can get the hook out and release the turtle with the net.” Two people stated that they didn’t

like turtles and one survey respondent would take the opportunity presented and kiss the sea

turtle.

DISCUSSION

This study aimed to fill a data gap in our understanding of sea turtle interactions with

recreational fishers on piers in North Carolina in order to make recommendations to inform

potential mitigation measures to decrease sea turtle bycatch. The study used a dual-method

approach - historical data analysis and angler surveys - to attain a well-rounded picture of

reported incidental captures at NC piers over the last 15 years and survey data on fisher

preferences and behavior at those piers.

The historical data from STSSN shares characteristics with opportunistic survey data.

For example, there is no baseline or absence data - out of 40 j-hooks using shrimp one hooked

a turtle. Since these data are lacking, relationships between cofactors (e.g., if one hook-type is

more likely to hook Kemp’s ridleys in the esophagus) cannot be reliably determined. The angler

preference survey questions are starting to collect that information - such as the statistically

significant relative popularity and use frequency of j-hooks and shrimp when fishing. So, when

this project is conducted at a state-wide scale, the surveys will provide that additional

background data and therefore allow for better analysis of potential cofactors with incidental

captures in the future.
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Another challenge in interpreting self-reported data is the uncertainty if trends can be

ascribed to true changes or if they merely represent an increase in reporting. There is an added

layer of uncertainty here because of the probable high level of underreporting, for instance while

conducting angler surveys many fishers expressed the view that there was no reason to report

the capture if the turtle seemed fine. There is evidence supporting this tendency to assume sea

turtles are fine, as their apparently tough external features and a flight response could easily

deceive a casual observer that they were not injured (Putman et al. 2023). Indeed people often

overestimate the probability of survival in sea turtles. Even non-apparent injuries can lead to

secondary infection and death or decreased fitness and eventual death (Putman et al. 2023).

This tendency to report turtles that are more difficult to dehook may partially account for the high

percentage of reported incidental captures that were hooked by the mouth (42%) and reported

‘deep hookings’ when the sea turtles swallowed the hooks. It would also explain the disparity

between historical data and survey data, survey data only had 25% (2/8) of sea turtles hooked

by the mouth and 75% were foul-hooked compared to the ~33% of foul-hooked turtles in the

historical data. It is likely that many of the unreported incidental captures are foul-hooked turtles.

An interesting point to consider is that according to Rose et al. (2022) there was a similar

increase in reports of incidentally captured sea turtles in Virginia in 2013, just as there was in

North Carolina, (from 4 reports to 30). In Virginia this was accompanied by a “targeted outreach

program” that led to increased reports of hooked sea turtles by recreational fishers (Rose et al.

2022). Many of the fishers that fish at piers in North Carolina come from Virginia, (personal obs,

2023) so it is conceivable that the outreach program had an effect at North Carolina piers as

well. Or it’s an argument that this increase represents a true increase in incidental captures of

sea turtles because presumably if there was a sea turtle event of some kind in Virginia it would

also extend to North Carolina. Something to keep in mind for any future analysis of the historical

data from South Carolina and Georgia. There is a less striking increase in reported captures in

2017; though this can likely be attributed to an increase in reports as this was the year the

STSSN signs were put out on the popular fishing piers in North Carolina.

While attempting to control for the popularity of j-hooks and shrimp, use of these bait

and hook types were not significant, suggesting that those are the most common hook type and

bait type associated with incidental takes because they’re the most common hook type and bait

type used at the piers. This sort of secondary analysis could be done with the baseline data

provided by the angler habit survey data. When looking at where sea turtles are hooked based

on hook type, there is no relationship. This is counter to what might be expected from the

success of switching to circle hooks in the commercial long-line fishery. A possible explanation

is that the circle hooks used by pier anglers weren’t large enough to prevent swallowing the

hook. There is no statistical relationship but looking at frequency of use data, it could’ve been
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expected that more sea turtles were caught by treble hooks. A potential reason they were not

could have been because I did not separate gotcha plugs from other treble hooks, and perhaps

gotcha plugs are less likely to hook sea turtles.

Most of the studies on mitigation measures and PIM have been concerned with

commercial fisheries or PIM after entanglement in gill nets. To begin to investigate PIM after a

hooking with a recreational rod and reel, I looked at the 2.8% of the turtles who died after being

taken for rehabilitation. Seven out of the ten turtles died from injuries incurred after deeply

swallowing a hook - both j-hooks and circle hooks - either from internally bleeding out or

esophageal tears that were badly infected. One of these seven turtles most likely died from the

hook penetrating its lung from where the hook was in the esophagus.These turtles had been in

generally good body condition before being hooked, hook removals are usually successful and

the turtle is expected to make a full recovery, but then the next day they are found dead and the

cause is found either by radiograph or necropsy. One of the ten turtles died from complications

of wounds incurred after deeply swallowing a large circle hook and after multiple surgeries failed

to close the large wound left. The sea turtle deaths I’ve so far described were all either acute or

subacute (Swimmer et al. 2014). One turtle died from effects of forced submergence after the

trailing line was tangled on the bottom - most likely from capture myopathy. This is a different

type of sub acute death, as opposed to death from a wound. One turtle died from long term

effects of the sub-lethal impacts of entanglement, this was evident from the turtle’s emaciated

body condition and the high presence of epibiota. From this data, one could conclude that sea

turtles with trailing line left are more likely to die as a complication of entanglement; and would

most likely otherwise recover. On the other hand, sea turtles that swallow the hook can sustain

injuries impossible to recover from. Therefore, it’s important to focus efforts on mitigation

methods that would decrease the amount of sea turtles that swallow the hooks.

At the end of any good research study, there are more questions to be answered. I will

incorporate habitat data into my sea turtle maps to obtain distances of piers to preferred sea

turtle habitat. Will this help inform which sea turtle species are most often reported as caught at

that pier or the level of incidental captures generally? After answering this question, I will publish

the analysis of the historical data including the dashboard tool. I hope the dashboard tool can be

used to suggest trends that can inform potential mitigation measures.

CONCLUSION

From this study, we now have a better understanding of recreational bycatch of sea

turtles in North Carolina. There are certain spatio-temporal trends that can inform localized

mitigation measures to decrease bycatch at piers with historically high levels of incidental
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captures. Some of these potential voluntary measures that could decrease sea turtle bycatch by

recreational fishers include temporary restrictions. One option is to implement temporary

closures during the months of highest incidental captures at each pier, for example a temporary

closure in May for Carteret and Pender counties. Another potential mitigation measure is to

restrict bait use other than lures or gotcha plugs during months of highest incidental captures.

The finding that captures by the mouth were most common in all species indicates that this

restriction of bait use may reduce incidental captures of loggerheads, Kemp’s ridleys, and green

sea turtles that are likely attracted to the bait as a food item.

Being the first person to conduct this survey in North Carolina I have a few suggestions

for future surveyors. Plan to conduct surveys in the spring and fall to capture the highest volume

of fishers and the highest numbers of incidental takes. However, fishing piers are popular and

can get crowded; if there are a lot of fishers at the pier and you have limited resources and time,

consider screening people by how often they fish at the pier - if it’s 2-3 days every few years, or

this is their 3rd visit their answers won’t be very informational. It would be useful to include a

question to determine if anglers are aware of the STSSN signage at the pier. This question

would also offer an easy transition into effective and efficient outreach explaining why people

should report a captured sea turtle. Although, even if made aware some fishers will still not want

to take the time or effort to report the sea turtle or wait for someone to arrive. Training or

pamphlets on what to do if you cannot contact the stranding network should be provided (for

example cutting the line as close to the hook as possible).
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APPENDIX

Map of North Carolina’s coastal counties with their corresponding miles of coastline.
Surveys were conducted in Carteret County

Publicly available Dashboard: Species, Hook Type, Hook Location, Beach, and County can be queried

https://www.arcgis.com/apps/dashboards/e5494a51d63b4f0fa6c5549efa94fdc7
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Recreational Angler Survey used in this study: page 1 focuses on angler preferences/habits

22



Recreational Angler Survey used in this study: Page 2 mostly focuses on sea turtles interactions

Final Disposition of sea turtles

Key: AR: alive released at scene, ATfR: Alive taken for
rehab, LFNR: Left floating, not retrieved
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Counts of incidentally captured sea turtles by Species by Year

Counts of incidentally captured sea turtles by Species by Month

Counts of incidentally captured sea turtles by County by Year

Counts of incidentally captured sea turtles by Species by Hook Type

56/427: 13% of entries had data for hook-type

Counts of incidentally captured sea turtles by Species by Bait Type

34/427: 8% of entries had data for bait type
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Counts of incidentally captured sea turtles by Species and Where they were hooked

58% of entries had data for how turtles were hooked

Key: entangled, entangled, hooked: turtle was either hooked or entangled and brought to pier and either had line or
another hook, esophagus,hooked: turtle had at least 2 hooks- one swallowed and one foul-hooked, fishing rod
entangled: turtle was still dragging a fishing rod, Foul hook: non-flipper: turtle was caught anywhere other than it’s
mouth or flipper, Hooked 2 places: at least 2 hooks - either both external or one in the mouth and one external

Counts of incidentally captured Kemp’s ridley turtles by County by Year

Counts of incidentally captured Kemp’s ridley turtles by County by Month
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Counts of incidentally captured Loggerhead turtles by County by Year

Counts of incidentally captured Loggerhead turtles by County by Month

Counts of incidentally captured Green turtles by County by Year

Counts of incidentally captured Green turtles by County by Month

26



27



15 Years, 2008-2022 of Incidental Capture Data in a Table 1
Percentages of Reported captures of Sea Turtle Species by County, Beach, Hook-Type, Hook Location,
Bait-Type, Rehab disposition, and Final Disposition
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10 Years, 2013-2022 of Incidental Capture Data in a Table 1
Percentages of Reported captures of Sea Turtle Species by County, Beach, Hook-Type, Hook Location,
Bait-Type, Rehab disposition, and Final Disposition
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5 Years, 2018-2022 of Incidental Capture Data in a Table 1
Percentages of Reported captures of Sea Turtle Species by County, Beach, Hook-Type, Hook Location,
Bait-Type, Rehab disposition, and Final Disposition
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