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Abstract

National Seashores provide important nesting and foraging habitats for

endangered and threatened sea turtles inhabiting the Atlantic and Gulf coast waters of the

United States. Successful recovery of these species depends on effective monitoring and

protection. We examined protocols and elforts of sea turtle nest monitoring programs at

six National Seashores and eight states in the southeastern U. S . National Seashores

included Cape Hatteras, Cape Lookou! Cumberland Island, Canaveral, Gulf Islands, and

Padre Island. States included North Carolin4 South Carolina, Georgi.a" Florida,

Alabama, Mississippi, Louisianq and Texas. We compared annual fluctuations in sea

turtle nesting levels among National Seashores and between seashores and surrounding

states for years 1989 through 1997 or 1998. We invtistigated influences on sea turtle

nesting activities. Data and information presented were provided by researchers and

officials at National Seashores, various state agencies, regional fishery councils, and the

U.S. Fish and Wildlife Service.

In most cases, annual fluctuations in documented sea turtle nesting at National

Seashores generally reflected annual fluctuations in nesting in tle surrounding state. In

most areas and for most species, the numbers of documented nests remained stable or

increased slightly during the study period. Primary influences on nesting activity

documented at National Seashores were similar to influences noted in surrounding states,

and included tidal inundation, erosion, commercial fishing vehicle use, human

disturbance, predation, and artifi cial lighting

Maximizing consistency in monitoring protocols between organizations involved

in sea turtle recovery enables researchers to more accurately determine the impact of
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conservation efforts and to devise more effective strategies for achieving recovery goals.

Consistency in monitoring programs at most seashores and states and coordination of

monitoring activities between the seashores and states had improved by 1989. Index

Nesting Beach Survey (INBS) programs, utilizing standardized monitoring iechniques to

assess nesting trEnds, have been in place at most nesting beaches in Florid4 Georgia and

North Carolina for the last 10 years. With the exception ofthe Mississippi District of

Gulf Islands National Seashorg patrols for sea turtle nests are now conducted daily

throughout tle monitoring season at the six National Seashores in the southeastern U.S.

However, tlere are minor differences in monitoring met}ods outside of INBS areas and

differences in methods for measuring reproductive success both among National

Seashores and between seashores and surrounding states. We recommend standardized

measures and calculations of reproductive success, centralized documentation of survey

effort and long-term consistency in monitoring across looations and years. We also

recommend that the National Seashores continue to conduct nest protection measures

authorized by state and federal permits that take into consideration National Park Service

mandates and policies, meet local needs, and have been deemed effective through

research or monitoring results. However, these recommendations are conlingent on

adequate and consistent funding of sea turtle nest monitoring and protection programs.
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Problem Statement and Introduction

National Seashores, under the adminishation of the National Park Servicg play a

crucial role in sea turtle conservation efforts. Five species of marine turtles found in U.S.

Atlantic and Gulf coast waters utilize these areas. National Seashores allow for

perpeanl, comprehensive protection ofnesting beaches and provide an opportmity for

long-term reseorch. The National Park Service can develop and implement conservalion

strategies on multiple levels, with objectives tailored for one populatioq one species, on€

region, or all seashores.

Six National Seashores located along the Atlantrc and Gulf coast waters ofthe

southeastem U.S. serve as the focus of this study (Appendix A). The six National

Seashores include Cape flatteras, Cape Lookoul Cumberland Island, Canaveral, Gulf

Islands, and Padre Island. Considering these six areas collectively, loggerhead sea turtles

(Cffetta caretta) nest more frequently than any other sea brtle species. These National

Seashores encompass nesting grounds for at least three demographically independent

cohorts of loggerhead sea turtles. The Northem Nesting Subpopulation ranges from

North Carolina sourh 1o northeastern Florid4 the South Florida Nesting Subpopulation is

located in southem Florida, and the Florida Panhandle Nesting Subpopulation is found in

northwestern Florida (Encalada et al., 1998; Turtle Expert lVorking Group, 1998).

Cape Hatteras, Cape Lookou! and Cumberland Islaad National Seashores provide

protection for the Northern Nesting Subpopulation of loggerhead sea turtles @ncalada et

al., 1998; Turtle Expert Working Group, 1998). This smaller nesting group is extremely

important as a source of male hatchlings since, due to temperatre{ependent sex

determinatio4 the warmer temperatures of Florida result in a majority of female

hatchlings (Aokerman, 7997). Canaveral National Seashore is located within the second

largest nesting assemblage of loggerhead sea trtles in ttre world and provides important

nesting habitat for memben of the South Florida Nesting Subpopulation flurde Expert

Working Group, 1998). Both the Florida and Mississippi districts of Gulf Islands

Netional Soashore provide nesting habitat for loggerhead tr.rtles. Although fewer nests

are found at Gulf Islands than at some of the other Nalional Seashores, the Florirla district

(and perhaps Mississippi district) sewes as a nesting refuge for loggerheads from the

t
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I
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Florida Panhandle Nesting Subpopulation. Although loggerhead turtles nest at Padre

Islarrd National Seashore, very few nests are found eaoh year and the Nesting

Subpopulation for these turtles is currently unknown.

Considering the six National Seashores mllectively, green sea turtles (Chelonia

rnylas) nes,t in second greatest abundance. Canaveral Nalional Seashore provides

important nesting habitaf for green turtles. Green turtle nests have also been recorded at

Cape tlafteras, Cape Lookou! Gulf Islands Florida District, and Padre Island National

Seashore.

Of the six National Seashores, Kemp's ridley saturtle (LepidacheQs kenpi)

nests hav€ only been documented at Padre Island. Also, Padre Island National Seashore

is the only site in rhe United States where Kernp's ridleys nest on a regular basis. A few

leatlerback sea turtle (Dermochelys coriacea) nests are found at Canaveral National

Seashore each year. Leafhe6ack nesting was also recorded at Cape llatteras National

Seashore in 1998 and at Padre Island National Seashore in the 1930's and 1940's. The

first hawksbilf sea wtle (Ftetmrchelys imbricata) nest documented in the state of Texas

was found at Padre Island National Seashore in 1998. During the 1998 monitoring

season, four sea hrtle species-Kemp's ridley, greeq loggerhead, and hawksbill-were

documerfied nesting at Padre Island National Seashore. Diversity of nesting sea trrtle

species is greater at Padre Island National Seashore than at the five other National

Seashores.

Together, these six National Seashores provide valuable nesting and foraging

habitat for all sea turtle species found in the Atlantic and Gulf coast waters of the U.S.

Monitoring and proteotion of sea turtl€s, t}reir nests, and their habitats have long been

priorities for these areas. All National Seashores operate under the policies and mandates

of the National Park Service, but individual seashores may implement different protocols

and develop specific objectives. Howwer, monitoring and protection progr ns

undertaken by rhe National Seashores must be conducted in accordance with appropriate

state and U.S. Fish and Wildlife Service permits.

Currently, changes in the number of sea turtle nests found each year provide the

most reliable and widely-used index ofpopulation size and status for most sea turfle

species (National Research Council, 1990; Turtle Expert Working Group, 1998).
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Comparisons of nesting, hatching, and other monitoring information are critical for

measuring the impact of conservation efforts on species recovery. Additionally, analysis

of monitoring information on regional, population, and species levels can help identify

any changing or emerging factors that may threaten marine turde populations already at

risk. However, the accuracy and value oflhese analyses are greatly influenced by the

quality of information gathered from different areas by different organizations on a long-

term basis.

Survey methods (including survey frequency and the dates that surveys begin and

end each season) greatly influence the numbers ofnests t}tat are enumerated for various

sea turtle species. Monitoring and protection efforts within the National Seashores and

states have been conducted by various private and public organizations. The intensity

and smpe of these efforts have varied between areas and years, largely due to budget and

time constraints, but the efforts have become increasingly effective and coordinated at the

state and federal levels. Index Nesting Beach Survey (INBS) programs, rdilizing

standardized monitoring techniques to assess nmting trends, have been in place in

Florida, Georgia" and North Carolina since 1989. Implementation of INBS programs has

greatly increased the oompatibility of monitoring programs among the participating

seashores and surrounding states. However, there continues to be differelces in

monitoring protocols for areas not participating in INBS programs, spatial and temporal

differences in the amounts of monitoring effort, and differences in measure of

reproductive sucoess. Continued efforts to maximize the compaulbility of information

gathered in different areas and by different organizations over multiple years will further

improve the effectiveness of recovery efforts and provide tle best chance for monitoring

and protecting sea turtle populations.

A variety of nest protection measures are conducted at the six National Seashores

and in the eight states. Nest protection activities undertaken at the National Seashores

depend largely on activities authorized by state and federal permits, National Park

Service mandates and policies, locaVregional needs, and funding availability.

We examined general monitoring procedures used at six Nafional Seashores along

the U.S. Atlantic and Gulfcoasts, comparing procedures among seashores and between

seashores and states involved in sea firrtle recovery efforts. We assessed annual
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fluctuations in nesting lwels, comparing each seashore to the state in which it is located.

Trends in nesting levels were examined. We investigated influences on sea turtle nesting

and hatching sucoess. Finally, we used the results ofrhese analyses to prepare a series of

recommendations. Information gained thorough this study will be provided to the

National Park Service to help enhance their monitoring and prolection strategies so that

the limited funds and resources allotted to each program can be targeted toward activities

that offer the bst chance to aid with recoverv efforts.

1 .

) -

Objectives

Assess annual fluctuations in sea turtle nest counts and hatchling emergence at the six

National Seashores.

Compare annual trends in sea turtle nest counts atthe six National Seashores with

overall trends from the states in which they are located.

Identify and evaluate factors affecting trends in nest counts, distributions, and

hatchling emergence in the six National Seashores. Among the factors thal will be

investigated are beach lighting changes in nesting habitag vehicular tralfic, nighttime

beach usage, commercial fishing, and predation.

Methods

We exarnined general procedures used and results of monitoring efforts at six

National Seashores and in the states surounding those seashores. National Seashores

included were Cape Hatteras (CAI{A), Cape Lookout (CALO), Cumberland Island

(CUIS), Canaveral (CANA), Gulf Islands (fin$, and Padre Island (PAIS). States

included were North Carolinq South Carolin4 Georgi4 Florida, Alabama" Mississippi,

Louisiana, and Texas.

Researchen and oflicials at each of six seashores and four states were contacted

by phone, fa4 or e-mail and asked to complete a Southeast Nesting Project questionnaire

(Appendix B). These biologists provided information on number of nests found,
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reproductive success, nest monitoring procedures, and influences on sea furtle nesting

activities. The U.S. Fish and Wildlife Service's National Sea Turtle Coordinator also

provided information for these states, as well as dooumentation on nesting recorded in

Alabama, Mississippi, and t ouisiana. Personnel at Bon Secour National Wildlife

Refugg Alabama provided additional information on sea turtle nesting at their refirge.

Officials at marine fishery management agencies in eight states were contacted

regarding shrimp fishery regulations. Information was provided on the duration of

shrimp fishery seasons and on specific area closures witlin state waters. Offrcials at the

South Atlantic and G.rlf of Mexico Fishery Management Councils were also contacted,

and provided information on shrimp fishing seasons in federal waters.

Prior to 1989, monitoring of sea turtle nesting in the southeastern U. S. was

generally fragnented and inconsistent. However, by 1989, monitoring eforts and

methods improved substantially in most areas involved in this study. Accordingly,

docamentation of sea turtle nesting prior to 1989 was not included in comparisons among

seashores and between seashores and states.

Nesting information for years 1989-1998 was compild and analyzed. Turtle

nests found at National Seashores were separated and rernoved from state records to

allow comparisons between the seashores and the remainders of each state (Appendiccs C

and D). Annual changes in the number of nests found at each seashore were compared to

changes in the remainder ofthe state, excluding National Seashores. Any emerging

trends in annual fluctuations of nest counts wef,e fiamined-

Researchers at each National Seashore and within each state provided anecdotal

information on factors in{luencing nesting and hatching success. Some quantitative

information ol nests atfected by these factors was also provided. This information was

compiled and compared within seashores and between seashores and states.

All qualitafive and quantitative results pres€nted in tiis report are derived directly

from information provided by researchers and officials completing the Southeast Nesting

Project questionnaire, unless otherwise indicated. Information presented on sea turtle

nesting at Bon Secour National Wikllife Refuge was provided by the U. S. Fish and

Wildlife Service's National Sea Turtle Coordinator and Bon Semur National Wildlife

Refuge personnel. Information presented regarding shrimp fishery regulations was
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provided by the South Atlantic Fishery Management Council, Gulf of Mexico Fishery

Management Council, North Carolina Division of Fisheries, South Carolina Deparbnent

of Natural Resources, Georgia Departnent of Natural Resources, Florida Marine

Fisheries Commission, Alabama Department of Conservation and Natural Resources,

Mississippi Deparfinent of Marine Resources, Louisiana Departrnent of Wildlife and

Fisheries, and Texas Parks and Wildlife Department.

Project Perconnel/Cooperatons and Partners

This project was complaed by Jody L. Mays, Biological Technician, National

Park Service, and Donna J. Shaver, Research Biologist, U.S. Gmlogical Srnvey. Data

were provided by Sandra L. MacPherson, National Sea Turtle Coordinator, U.S. Fish and

Wildlife Service; Ruth Boettcher, North Carolina Sea Turtle Coordinatoq North Carolina

Wildlife Resources Commission; Marcia Lyons, Natural Rsource Specialist Cape

Ilatteras National Seashore" National Park Service; Jeff Cordes, Rsource lvlanagement

Specialist, Cape Lookout National Seashorg National Park Service; Sally Murphy, South

Carolina Sea Turtle Coordinator, South Carolina Deparhnent ofNatural Resources;

Adam MacKinnon, State Sea Turtle Technician, Georgia Deparhaent of Natural

Resources; Jennifer Bjort Resource Management Specialist, Cumberland Island

National Seashore, National Park Service; Dr. Robbin Trindell, Florida Sea Turtle

Coordinator, Florida Deparfrnent of Environmental Protection; John Stiner, Resource

Managemenl Specialist, Canaveral National Seashore, National Park Service; Mark

Nicholas, Resource Management Specialist Gulf Islands National Seashore, Florida

Distnct, National Park Service; Gary Hopkins, Resowce Management Specialis! Gulf

Islands National Seashore, Mississippi District, National Park Servioe; Bon Secour

National Wildlife Refuge; South Atlantic Fishery Managernent Council; Gulf of Me>rico

Fishery Management Council; Norfh Carolina Division ef Fisheries; South Carolina

Deparhnent of Natural Resources; Georgia Department of Natural Resource; Florida

Marine Fisheries Commission; Alabama Deparfinent of Conservation and Natural

Resources; Mssissippi Department of Marine Resowces; I-ouisiana Department of

Wildlife and Fisheries; an4 Texas Pa*s and Wildlife Departm€nl.
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Project Facilities/Equipment and Study Areas

No field sampling was undertaken for this project by rhe autlrors. Data provided

by others were analyzed at Padre Island National Seashore. Areas for which nesting and

reproductive suocess data were compared include six National Seashores (Cape Hatteras,

Cape Lookout, Cumberland Island, Canaveral, Gulf Islands, and Padre Island) and eight

states (North Carolin4 South Carolina, Georgia, Florids" Alabam4 Mississippi,

Louisian4 and Texas).

Results and Discussion

Monitoring Efforts and Protocol

The need to regularly monitor sea turtle nesting in the southeastern U.S. was

realized by 1964, when Jim Richardson began monitoring Little Cumberland Island in

Georgia. However, widespread monitoring on a regular basis did not begin until the late

1970's. By 1989, most nesting beaches in the southeastem U.S. were included in

monitoring efforts (Turtle Expert Working Group, 1998). Due in large part to budget

constraints, amounts of monitoring effort and monitoring protocols have varied spatially

and temporally at many nesting beaches. [Iowever, the intensity and consistency of

methods for monitoring sea turtle nesting in the U.S. have improved substantially in

reoent years, particularly since the Index Nesting Beaoh Survey (INBS) program was

instituted for major aesting beaches in Florid4 Georgle and North Carolina in 1989.

Cape Hatteras {CAHA), Cape Lookout (CALO}, and North Carolina

In 1986, North Carolina began monitoring sea arfile nests on a statewide basis

under the direction of the Nongame and Endangered Wildlife Program of the Nordr

Carolina Wildlife Resources Commission. Al CAHA, nest monitoring began in 1978.

CALO initiated a nest monitoring program in 1976.



t
I
t
I
t
I
I
t
I
I
I
T
I
I

North Carolin4 CAHd and CALO currently participate in, and follow, INBS

protocols. In Nordr Carolina, daily patrols are oonducted generally from May tkough

August. All-terrain vehicles (ATVs) are used for surveys on most beaches, although

patrols are also conducted on foot or by truck in some areas. Protocol has changed little

since monitoring began, although the amount of effort has increased. The number of

hours spent monitoriry sea turtle nesting activities is recorded by individual volunteer

projects, but no centralized documenlation of survey effort is mainlained. At CAHA,

patols are now conducted each moming from June through August using an ATV or a

lruck. Effort measured as the number of hours spent and the distance traveled during

nesting patrols, has increased ever], year. Horffeve,r, annual lwels of patrol effort have

not been oalculated. A variety of methods were used for sea turtle nest monitoring at

CALO between 1976 and 1989. Since 1990, CALO has conducted daily patrols from

June through mid-August using an ATV. No documentation of the amount of effort has

been maintained.

At CAHA CAIO, and in the rest of North Carolina, most nests arel&in situ

(untouched where deposited on the beach), with no environmental mnditions monitored.

However, at tims, a large percentage of the nests located in Nor*r Carolina are moved to

increase protection for them. Nests found at CAIIA may be moved if deposited in areas

below lhe debris line marking the typical high tide or in areas with heavy artificial

lighting erosion, or vehicle traffrc. At CAIO, nests in danger of repeated inundation are

relocated to higher ground. In the remainder of North Carolin4 nests may be relocated if

deposited in areas where high levels of inundation, erosio4 or vehicle and foot tralfic

ocours (North Carolina Wildlife Resources Commission, unpubl. guide).

Flat wire screens are placed over some nest sites found both at CALO and in

North Carolina. Wire cages may also be placed over some nest sites in North Carolina

(North Carolina Wildlife Resources Commission, unpubl. guide). Both of these devices,

which are desigrred to protect nsts from predation, are self-releasing, with openings large

enough to allow turtle hatchlings to emerge and escape. Nests found at CAIIA may be

cordoned offto divert vehicle taffig but no enclosures are used to protect nests from

predation. No trapping or hunting to contol nest predators is conducted at CAHAr at

CALO, or on a statewide basis in North Carolina.

t
t
I
I
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South Carolina

No National Seashores are located in South Carolina" Sea hrtle nesting has been

monitored in South Carolina since the mid-1970's. South Carolina's Departnent of

Natural Resources has monitored sea turtle nesting using aerial surveys, beginning in

1980. These aerial surveys are done on a 5-year schedule. Twelve surveys are mnducted

each year for 3 consecutive years, then four surveys are conducted each year for 2

consecutive years (Hopkins-Murphy et a1., in press). Approximately half of the state's

coastline is also surveyed on the ground by numerous volunteer projects. These ground

surveys are performed daily by foo! ATV, or truck. No doqrmert4tion of the arnount of

survey effort has been maintained for ground surveys. Howwer, aerial survey dfort has

been consisten! following a S-year schedule, since 1980.

Surveyed areas encompass about 70olo of sea turtle nests laid in the state. Most of

ihese nests are left iz sitz. Howwer, many of these nests are relocated if found in areas

of heavy development or tidal inundation. In 1997, approximately 41Yo of all nesb found

were relocated. Others may be protected from predation using a fla! self-releasing

screen or a self-releasing hatchery fence. In most areas, no trapping or hunting for nest

predaton is conducted.

Cumberland lsland (CUIS) and Georgia

Efforts to monitor and protect sea turtle nesting in Georgia are coordinated by the

Georgia Departnent of Natural Resources, Nongarney'Endangered Wildlife Program.

Surveys for nests have been conducted by a variety of agencies, beginning in 1964.

Since l98t when Georgia (including CUIS) began participation in the Index Nesting

Beach Survey (INBS) program, surveys have covercd Uyo of the Georgia coast. Ten of

the fifteen reas monilored are patrolled wery day (swen daily, three nightly); four areas

are patrolled bi-weekly; and one is patrolled on an irregular basis. Patrols are conducted

by truc( airplanq Honda Mule, AT% bicyclq or on foot. The amount of time spent

conducting nesting surveys has been recorded, but annual levels of survey effort have not

been determined. At CUIS, complete surveys of the entire island began in 1994. Patrols

are conducted daily during the monitoring season, primarily using an ATV. Annual
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levels of survey effort are not calculated, although survey effort has been consistent since

1994.

Most nests found at CIIS arcleft in situ. Specific nests at risk of tidal inundation

and nests that have been partially depredated may be relocated. Self-releasing wire

screens are placed over some nests in areas with a high frequency of raccoon predation.

Predators are also controlled by trapping or hunting as needed. Nest protection measures

vary in the remainder of Georgia. On some Georgia beaches, self-releasing protective

screens are secured over the nest site. Some nests are relocated if deposited in areas

prone to heavy tidal inundation, erosiorq or predation. In other areas, no plotection

measures are implemented. Raccoons and feral hogs are bapped and shot year-round in

Georgia with varying intensity, while ghost crabs are sometimes trapped if they become a

problem during the sea turtle nesting season.

Ganaveral (CANAI, Gulf lslands - Florida District (GUIS-FL), and Florida

In 1979, the Florida Marine Research Institute (FMRI), within rhe Florida

Department of Environmental Protection, implemented a statewide monitoring program

for sea turtles. CANA began surveying for sea turtle nests in 1984. GTIIS-FL

implernented a monitoritrg prograrn in 1989.

When sea lurtle monitoring began in Florid4 methodologies and survey effiorts

varied considerably both between areas surveyed and between years. Due to tlese

variations, information collected prior 1o 1989 may not be viable for examining changes

in sea turtle populations (Meylan et al., 1995). Beginning in 1989, when the Index

Nesting Beach Survey (INBS) progftrm was initiated, monitoring efforts increased and

became more cnnsistent. The program is designed to mllect information viable for

analyzing population trends, and focuses on coflsistent, long-term monitoring efforts

(Meylan et al., 1995). The INBS program in Florida now involves 32 nesting beaches

(total shoreline length 392 km), representing over 80o% of sea hrtle nesting in the state.

Statewide monitoring seasons run from mid-May through August for Index Beaches, but

can begin anywhere from January to August and end anywhere from May to December

on other beaches. Although surveys are conducted daily on lndex Beaches, survey effort

on ofrer beaches rangs from 7 days per week to 1 day per year (Meylan et al. 1995,

l0
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Florida Marine Research Institutg unpubl data)- Surveys on most Florida beaohes are

conduc'ted each moming on foot or using an ATV, although some are:ts may conduct

patrols by truck. Survey effort is measured as the amount of beach monitored each year.

At CANA9 the same general protocol has been followed since nest monitoring

began. This seashore follows the INBS survey protocol from mid-May ihrough Augus!

conducting ATV patrols on a daily basis. But CANA also monitors bdore and after this

period, resulting in ATV patrols on most days between 8 May and 30 September in most

years. Annual totals of survey effor! measured in terms ofthe number ofhours spent

suweying for nests, have not been calculated. However, survey effort has been consistent

each year since 1990.

At GLIIS-FL, only aerial surveys were conducted in 1989. From 1990-1993,

surveys were conducted every 2-3 days using an ATV. Since 199{ ATV surveys have

been conducted daily- Patrols were conducted from May tlrough August between 1989

and 1993. Beginning in 7994, patrols have been conducted from May until October or

November. Effort has been relatively consistent since 1994.

Most of the nests found at CANA' GUIS-FL, and in the rest of Florida are left in

srlz, with no environmental mnditions monitored. At both seashores, a flat, self-

releasing mesh screen is secured over tlre nest site as soon as it is identified. In the

remainder of Florid4 nests at high risk for tidal inundation may be relocated, while nests

at high risk for predation are Fotected with wire screens or cages (Florida Department of

Environmental Protection, unpubl. guide). At CANd limited trapping is also conduc{ed

in problem areas for predators that learn to dig underneath the protective nest screen;

predators are live trapped and released elsewhere at CANA. At GUIS-FL, trapping and

hunting of canine predators is done intensively but on a seasonal basis. Limited use of

chemical controls for fire ants neax nest sites is practiced in the remainder ofFlorida

(Florida Departnent ofEnviro nental Protection, unpubl guide)

u
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Gulf lslands - Mississippi District (GUIS-MS), Alabama, Mississippi, and

Louisiana

Sea turtle nesting at GUIS-MS has been monitored on a systematic basis since

1990. It is apparently the only sea turtle nest monitoring project currently conducted in

Mississippi. At GIIIS-MS, aerial surveys are conducted once per week from May

rhrough September each year. If tacks are observed" then nesting is verified on the

ground. No documentation of the amount of survey effort is maintained although effort

has remained relatively consistent.

All nests found at GUIS-MS are left ir situ, witi no environmental conditions

monitored. Nests are not relocated and no protective measures are implemented. No

trapping for predators is c,onducted. Nests are oheoked 10 days and 75 days after being

identified. If eggshells are seen at the surface of a nest sitg then the nest is excavated and

predation or hatching is verified. However, many nests are inaccessible after hatching

due to tropical storms and hurricanes.

No National Seashores are located in Alabama or Louisiana. Little information is

available on sea hrtle nesting in these states. In 1989 and 1990, biologists conducted

limited sea turtle nesting surveys of Louisiana's Breton and Delta National Wildlife

Refuges by air and on foot. Eight loggerhead nests were found in 1989 and one

loggerhead nest was found in 1990 at Breton and Delta National Wildlife Refuge

(Fuller, unpubl. report; Fuller and Lohoefener, 1990).

In Alabama, two to three loggerhead nests were found at Dauphin Island each

year between 1995 and 1997. Sea turtle nesting has been monitored at Bon Secour

National Wildlife Refuge since 1994. Surveys are conducted 3 days per week from early

June through mid- to late August. Most nests are left in situ, with no environmenlal

conditions monitored. Nests deposited in areas at high risk for inundation or human

disarbance are relocated. Some nests axe protected from predation using fla! self-

releasing screens. Nests found at Bon Secour National Wildlife Refuge in Alabama are

checked for hatching 75 days after the lay date.
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Padre lsland (PAIS) and Texas

PAIS began patrols for sea turtle nests in 1986. Currently, PAIS conducts the

only monitoring project specifically for sea turtle nesting in Texas. Howevet, biologists

conducting patrols (once or twice a week) for stranded turtles elsewhere in Texas remain

observant for nesting. Additionally, beach visitors report a large percentage of the sea

turtle nestings documented on the Texas coast, within and outside of PAIS.

Patrol effort has increased significantly since monitoring began in 1986. Both the

number of houn spent patrolling and the number of kilometers traveled during patrols

have been documented each year since 1986 and have increased since that time. In 1990,

the area patrolled by PAIS staff and volunteers expanded from the 104 km length of

PAIS to include the remaining 24 km of Gulf beach shoreline on North Padre Island,

north of PAIS. Since that timg PAIS patrols have covered the entire 128 km length of

North Padre Island. From 1986 through 1990, patrols at PAIS were conducted 2-3 days

per week using a variety of methods, including trucks, military HUM-Vq and airplane.

Beginning in 1991, patrols were done daily, using ATVs, military surplus Mules, and

trucks (Shaver, unpubl. report). Since 1993, ATVs have been either the primary or only

vehicle type used for patrols.

PAIS patrols are conducted primarily to detect nesting by Kemp's ridley sea

turtles, the sea turtle species found nesting most frequently on the Texas coast. The PAIS

patrol strategy and data parameters collected are pattemed after monitoring efforts on-

going for Kemp's ridley turtles at their primary nesting beach in Rancho Nuevo, Mexico.

Because one of fie primary objectives of the PAIS monitoring program is to actually

examine nesting Kemp's ridley turtles for tags (in an attempt to determine if they are part

of the experimental project to establish a semndary nesting colony) and because Kemp's

ridley tracks disappear much more quickly than do tracks of other sea turtle species that

nest in the U.S., PAIS and Rancho Nuevo patrols rep€atedty traver$e tle taxget area on

patrol days.

A comparison of the number of kilometers traveled during nesting patrols to the

number ofnests found at PAIS each year indicates tha! in gureral, documented nesting

has increased with inoreasing patrol effort (Figure l). Nests found per hour patrolled

I
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have increased from 0.0006 in 1990 to 0.0018 in 1998. In 1996, success per unit effort

peaked at 0.0029 nests found per hour patolled.

Due to the critically endangered status of Kemp's ridley, a variety of tlreats to

nests (beach driving, predators, tidal inundation, etc.), and the large geographic

dispersion of the limited number of nests found, virhrally all sea turtle nests found in

south Texas (including at PAIS) are retrieved, placed in styrofoam containers, and

incubated in a controlled environment at PAIS. Temperahres are monitored and

controlled for each clutch of eggs throughout the incubation period. Predators, including

insects" are excluded from the incubation facility. No fapping or hunting for predators is

conducted at the seashore. Most nests found by visitors in south Texas" outside Nordr

Padre Island, are reported to the Uaiversity of Texas at Pan American Coastal Studies

Laboratory or to t}te University of Texas at Austin Marine Sciences Institute and the eggs

are retrieved and incubated in styrofoam containers at PAIS. Hatohlings born at the

inorbation facility are weighed, measured, and released at PAIS. Potential predaiors,

including ghost crabs and birds, are excluded from release sites during hatchling releases.
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Measures of Reproductive Success

Annual changes in sea hrrtle reproductive success can provide valuable

information on the status of sea turtle populations. Without a standardized means of

measuring sea turtle reproductive succesq the impact of conservation measures on sea

hrtle nesting activities cannot be accurately determined.

Measures of reproductive sucoess differed considerably among National

Seashores, and between seashores and surrounding states . The definition of terms used

for describing reproductive success was flot consistent. Methods for determining

reproductive success also varied. However, recent rdrnement of methods used in

measuring reproductive success has improved the accuracy of these measures in several

areas incorporated in this study.

At CAIIA! CALQ and in the remainder of North Carolin4 hatching success is

defined as the proportion of trtle hatchlings that emerged from ttre nest. ffutohlings that

emerged from the egg btrt died in the nest are not considered successfully hatched.

Hatching success is calculated by subtracting the number of dead hatchlings from the

number of hatched eggs, then dividing that number by the number of eggs deposited

(North Carolina Wildlife Resources Commissiorq unpubl. guide).

In South Carolin4 hatohing success is defined as the proportion of hatcblings that

make it out to sea out of the total number of eggs laid. However, hatchlings are not

wifiessed as they emerge and reach the water. Rather, the number of hatched eggs are

counled, and all hatchlings that emerged from the nest are assumed to have made it out to

sea. Hatchlings that emerged from the egg but died in the nest are not considered

successfully hatched. Hatching success is estimated from information provided by

various voluntesr projects. In 1997, hatching success for nests that hatched ranged from

46Yo tn 87Yo for various sites in South Carolina. Nesting success, defined as the

proportion of nests that produce hatchlings, is also estimated from information provided

by various volunteer projects. Currently, overall nesting success for South Carolina is

estimated d.Etr/t Hovtwer, t}re accuracy of these measures is diffrcult to determine due

to differences betwe€n volunteer monitoring projects.

Hatching success in Georgia is defined as the proportion of eggs that hatched

from each nest. Hatchlings that emerged from the egg but died in the nest are considered

l5
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successfully hatched in this calculation. CUIS and other areas in Georgia calculate

hatching success by dividing the number of hatched eggs by the total number of eggs in

the nest. Hatching success is not determined separately for predated nests at CUIS but is

determined sepatately for undisturbed nests and for predated nests for other areas in

Georgia. Emergence success, defined as the proportion of eggs yielding harchlings that

made it out ofthe nes! is also calculated. llatchlings that emerged from the egg but died

in the nest are not considered successfully emerged in the calculation of emergence

success. Emergence success at CUIS is calculated as tle number ofhatchlings that

emerged from eggs minus the number of dead hatchlings in the nes! divided by the total

number of eggs. This measurement ofemergence success is equivalent to the number of

hatched eggs minus the number of dead hatchlings, divided by the number of eggs, which

is the calculation used for hatching success at CAHAe CALO, and North Carolina.

Hatching and emergence succ€ss are not determined for many areas monitored in

Florida. However, some axeas voluntarily collect data on hatching and emergence

success. Nesting suocess, defined as the proportion of adult emergences from the water

that result in a nest, is estimated by comparing the total nrunber of sea turtle tacks found

to the total number of nests deposited each year. During a typical year on a Florida

nesting beach, a deposited nest was found for approximately half of all sea trtle tracks

located. The rest were false crawls. Prior to 1996, two mefhods for measuring hatching

success were used at CANA. All nests found were investigated, and a nest was defin€d

as successful if any hatchlings emerged. In addition, a portion of nests found each season

were excavated after hatching to calculaG an average h ilshingrute, defined as the

peroentage of eggs that hatched in each nest. These methods did not accurately account

for the effects of predation, since predated nests were gone before excavation took place.

Beginning in 1996, CANA began marking 10% of all nests found as index nests. These

index nests are excavated lo count the number of harched eggs and to determine predation

levels. At GUIS-FL, a detaining enclosure may be temporarily placed over some nests to

prevent disorientation of hatchlings. Witnessed hatching success, defined as the number

oftrrtle hafchlings actually seen entering the water, is determined for each flest.

Ilatching success, defined as the proportion offirtles that hatch from tle egg, is also

I
I
I
T
T
I

16



I
t
t
I
t
T
T
t
T
t
I
I
I
I
I
I
I
I
t

calculated. Hatchlings that emerged from the egg but died in the nest are included as

successfully hatched in this calculation.

Hatching success at GUIS-MS is investigated only for those nests where eggshells

are visible at the nest site. If predation is not verified for a nest found at GIIIS-MS, then

it is considered successfully hatched. However, many nests are inaccessible for

verification at hatching due to tropical storms or hurricanes-

Hatching success at PAIS, defined as all turde hatchlings that emerge from the

egg, is calculated by dividing the number of hatchlings by the number of eggs incubated.

I:Iatchlings that emerge from the egg but die before release are considered successfully

hatched in this calcula,tion. The numbers of hatchlings that die prior to release, number

of hatchlings released, and number of hatchlings lhat are too weak for release

(transported to rehabilitation facilities) are also enumerated at PAIS.

Armual rales ofreproductive success up to 1997 were available for CAIIA,

CALO, the remainder of North Carolina, CU$, CANA, and PAIS/Texas (Table f).

Reproductive success was not determined for every nest found, nor for a consistent

proportion of nests found, at all locations in all years, due to tropical storms, hurricanes,

and otler fartors. Consequenfly, measured reproductive success may not reflect true

reproductive success on an annual basis at a given location. A single success rate was

calculated for all nests incubated at PAIS. which include all nests found in Texas.

Although the method for calculating reproductive sucress is not the same at all locations,

the definilion and calculation of reproductive success at each locality has remained

consisGnt for tlose years and locations listed in Table 1.

In general, measwed reproductive success at these six locations has remained

above 50olo for most years included. Reproductive success mtes in these areas have

ranged from alow of 37.78To in North Carolina (excluding National Seashores) in 1996

to a high of 10flo at PAIS in 1990.

Hatohing success at CALO and at CAHA followed the same general pattem for

most years between 1989 and 1997 (Figure 2). However, CALO documented a low in

hatohing success in 1995 not observe.d at CAHA. Neither National Seashore reflects the

precise patterns in harching success documented in the remainder ofNorth Carolina. In

addition, a low in sea turtle hatching success recorded in North Carolina (excluding

t7
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Tabte l. Annual rates ofrqrroductive success, measured as halching success'34 or emergence success', at
Cape llafieras Nalional Seashore (CAHA), Cape Lookout National SeaSore (CALO), Nonh Carolina
(excluding National Seashor€6), Ombedand Island National SeaSpre (CUIS), Cfrraveral Nationd

' Measured as emergence success = (# hatshed eggs - # dead hatchlings in nest) / (lotrl# eggs) x 100.
' Msflred as hatching success = (# batched eggs) / (# eggs deposited) x 100
o Measured as hatching 5usce55: (f lntchlings) / (# eggs incubated) x 100

T
T
I

Seaslror€ (CANA), and Padre Island National Seaslnre (PAIS) combined wilh Tocas.

CAHC CALOI North

Carolinar

CUI52 CANt' PAIS/Texas"

Year

1989 68_56 Not

determined

63.4E Not

deteflnined

Not

deiennined

No ne$s

found

1990 63.94 ? 1.00 75.78 Not

det€rmined

Not

determined

100.00

l99 l 51.50 62.O0 6 1 . 1 2 Not

d€t€flrfn€d

Not

determined

94.00

1992 5E.03 73.00 6'1.53 45.10 Not

determircd

69.00

1993 50.33 74.QO 82.53 52.20 Not

detennined

No nests

found

1994 56.18 85.00 63.30 Not

determin€d

90.00

1995 63.87 51.00 67.35 56.10 Not

determined

EE.EO

1996 51.90 75.50 31.78 67.50 50.  t1 63.36

1997 &.51 73.00 75.15 64.70 43.O7 82.46

as na:clrmg success : (# Irarcnec eggs - eggs oeposrted) x rw.
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National Seashores) in 1996, when a hurricane struck the North Carolina coast, wils not

documented at CAHA or CALO.

Hatching success at CAIIA and CALO and emergence succ€ss at CIJIS are

defined and calculated in comparable manners. CUIS and CAHA recorded similar levels

of success during the 1992-1997 period (Figure 3), ranging from 45.7E/ota 68.560A.

However, annual ernergence success at CUIS increased slightly during this perio4 while

annual hatching success remaining relatively stable at CAIIA. With the exception of

1995, hatching success at CALO was consistently higher in mmparison to hatching

success at CAHA and ernergence success at CUIS during the 1989-1997 period.

Hatching success is monitored at CANA and at PAIS. However, due to changes

in protocol, accurate hatching success rates at CANA were only available since 1996.

Ilatching success at PAIS, which reflec8 hatching levels for nearly all nests found in

Texas, was generally higher in comparison to other locations during the 1990-1997

period, However, hatching levels at PAIS are measures of the success of incubation in a

controlled environmen! a situation unique to PAIS.

Annual Fluctuations and Trends in Loggerhead Nesting

Genetic evidence shows that adult female loggerheads return to nest in the same

general area where tley first €ntered the water as hatchlings, and are highly unlikely to

nest outside this natal area @owen and Karl, 1997; Lohmann et al., 7997; Enoalada et al.,

1998; Turtle Expert Working Group, 1998). As a resulg distinct nesting assemblages, or

subpopulations, have developed. Due to exfemely low maternal gene flow between such

colonies, the extirpation ofa nesting subpopulation represents a significant loss of genetic

variability for the species. Documented losses of loggerhead nesting oolonies

demonstrate that regional dispersal will not replace that lost colony in the foreseeable

future. Based on this informatio4 the Turtle Expert Working Group (1998)

reoommended that each nesting subpopulation be considered independently in terms of

conservation and status.

Six major extant nesting assemblages of loggerhead sea trrtles in the Atlantic and

Mediterranean have been identified using mitochondrial DNd which is inherited from

the mother. Three of these nestins colonies ooour in the southeastern U.S. The Northern

l9
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Figure 2. Annual fluctntions in hatchhg success doornented at Cape Hatteras Nalional Seashore
(CAHA), at Cape Lookod National Seashore (CALO), and in the rernainder of North Carolina l9E9-
t99't .

Figue 3 , Amual fluctuatioru in hatching success docrument€d at Cee Hatteras National Seashore
(CAHA) ard Cape Lookout National Seashore (CALO) and emag€nce success documented d
Cumberland Island National Seashore (CUIS), 1989-1997.
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Nesting Subpopulation occurs from North Carolina south to northeast Florid4 the South

Florida Nesting Subpopulation occurs in southern Florida (from 29 degrees N latitude on

the east coast to Sarasota on tlre west coast), and the Florida Panhandle Nesting

Subpopulation occurs solely in northwestem Florida (Encalada et a1., 1998; Turtle Expert

Working Group, 1998). Loggerhead nesting at five ofsix National Seashores included in

this study occurs as part ofthese three nesting subpopulations. Loggerhead nesting at

PAIS is currently being investigated to determine which nesting subpopulation they are

associated with.

Cape Hatteras (CAHAL Cape Lookout (GALO), and North Carolina

At CAHAs an average of 55 loggerhead nests was found each year during the

1 989- 1 998 period. The number of loggerhead nests found ranged from 26 in 1 989 to 1 0 I

in 1998. Documented loggerhead nesting at CALO since 1989 varied from 80 in 1989 to

193 in 1998, wilh an average of I l0 nests found each year during the 1989-1998 period.

Between 1989 and 199E, the number of loggerhead nests found in the remainder of North

Carolina ranged from 340 in 1993 to 772 in 1994. On averagq 557 loggerhead nests

were found each year.

Amual fluctuations in documented loggerhead nesting at CAHA and in North

Carolina (excluding National Seashores) were examined for patterns and oonsistency

(Figure 4). Due to differences in the magnitude of nests found, tire two areas were

plotted on sepaxaie axes. CAHA, charted as a line on the right axis, generally follows the

same pattem of changes as the remainder of North Carolin4 charted as an area on the left

axis. Both show a peak in loggerhead nesting in 1991 and again in 1994. Howeveq a

third peak in nesting evident in 1996 in North Carolina was not documented at CAHA.

In addition, the semnd nesting peak is proportionally higher than the first peak at CAHd

but not in the remainder of the state. Both areas record lows in loggerhead nesting in

1989, 1992-1993, and 1997.

Annual fluctuations in documented loggerhead nesting at CALO and in the

remainder of North Carolina were also compared (Figure 5). Again, due to differences in

magnitude, the two areas are plotted on se,parate scales. CALO, charted as a line on the

2 l
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right axis, follows less closely the same general pattern as tlre state. CALO shows a peak

in nesting in 1990 and 1994, and a low in nesting in 1989, t991-1992, and 1996. Like

CAHA, CALO shows a relatively higher second peak in nesting. Howeveq CALO also

records an increase in nesting in 1997 not documented by CAIIA or North Carolina. This

increase continues in 1998 at CALO, at CAIIA, and in ihe rest ofNordr Carolina.

The Northem Nesting Subpopulation includes loggerheads that nest in North

Carolin4 South Carolin4 Georgia, and northeast Florida; current trends indicate this

subpopulation has declined since the 1980's (Encalada et al., 1998; Turtle Expert

Working Group, 1998). From 1989-1998, loggerhead nest numbers documented at

CALO appear to have remained stable or increased slightly, at CALO appear to hav€

increased slightly, and in the remainder of North Carolina appear to have remained stable

or decreased slightly. However, trends in all these areas may be influenced by changes in

survey efforts between years.
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Figure 5. Annual fluctualions in loggerhead nests found al Cape Lookout National Seashore (CALO) and
in Nortb Camlina (excluding National Seashore$), 1989-1998.
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South Garolina

Altltough no National Seashores are located in South Carolina" annual

fluctuations in loggerhead nesting in the state are presented here (Figure 6) for general

comparison to loggerhead nesting elsewhere in the study area.

Between 1989 and 1997, the number of loggerhead nests found in South Carolina

rangd from 2,444 in 1989 to 4,491 in 1990. On averagg aboul3,470 loggerhead nests

were found each year during this period (Hopkins-Murphy et al., in press). Loggerhead

nesting in the state seems to fluctuate on a biannual basis, with peaks in nesting occurring

in 1990, 1992,1994, and 1996. North Carolina also recorded peaks in loggerhead nesting

in 1994 and 1996. The Northern Nesting Subpopulafion includes loggerheads that nest in

North Carolina, South Carolina" GeorgC and northeast Florida; cunent trends indicate

this subpopulation has declined since the 1980's (Turtle Expert Working Group, 1998).

Documented loggertread nesting in South Carolina appears to have rernained stable or

declined slightly from 1989-1998.

<D
<D

t )
tD
<D

Figure 6. Annual fluctuations in loggeftead nests found in South Carolina, l9E9-1997.
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Cumberland lsland (CUlSl and Georgia

Although monitoring of loggerhead sea turtle nesting in Georgia began in 1964,

consistent, annual surveys were not coordinated on a statewide basis until 1989. Between

1989 and 1998, the number of loggerhead nests found in Georgia, excluding CUIS,

ranged from 383 nests in 1993 to 1,120 nests in 1994. An average of789 loggerhead

nests were found each year during the 1989-1998 period.

CUIS has been monitored in its entirety since 1992. Since that time, the number

of loggerhead nests found at CUIS has ranged from 92 nests in 1993 Io 248 nesls i 1994.

On average, about 189 loggerhead nests were found at CUIS each year between 1992 and

1998. When compared to the remainder of tlre state, CUIS follows a similar pattem

(Figure 7) Lows in loggerhead nesting are recorded in both areas in 1 993 . Peaks in

nesting activity are noted in the state in 1.991 and 1994; the peak for 1994 is also recorded

for CUIS. The Northem Nesting Subpopulation includes loggerheads that nest in North

Carolin4 South Carolina, Georgia, and northeast Florida; ourrent fends indicate this

subpopulation has declined since the ie80's @ncalada et a1,, 1998; Turtle Expert

Working Group, 1998). Since 1989, loggerhead nesting at CUIS and in Gmrgia (outside

CUIS) appears to have rernained relatively stable or increased slightly.

25
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Figure 7. Annual fluctuations in loggedl€ad nests found at Cunberland Island National Seashore (CUIS)
and ir the remainder of Gmrgia" 1989-1998.

Canaveral (CANAI, Gutf lslands - Florida District (GUIS-FLI, and Florida

Since 1989, the number of loggerhead nests found on CANA has ranged from

2,7O2 in 1997 tD 4,121 in 1995. On average, 3,545 nests were found on CANA each year

between 1989 and 1998. At GLIS-FL, the number of loggerhead nests found since 1989

has ranged from l0 in l99l la 42in 1996. On averagg about 28 nests are found at

GIIIS-FL each year. For the remainder ofFlorid4 the number of loggerhead nests found

between 1989 and 1997 varied from 46,376 in 1989 tD77,161in 1995. On average,

about 63,963 nests are found in Florida (excluding National Seashores) each year

(Meylan et a1., 1995; Florida Marine Research Institutq unpubl. data)

Figure 8 shows annual fluctuations in loggerhead nests found at CANA and in the

remainder of Florida. The pattern of changes in the number of nests found at CANA'

charted on the right axis, closely reflects the pattem of changes in the number of nests

found in the remainder ofFlorida (excluding National Seashores), charted on the left

axis. Both the state and CANA record two 4-5 year cyclic patterns in loggerhead nesting
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between 1989 and 7997. Both ueas documented two broad nesting peaks culminating in

1991 and 1995, although the second peak documented in the state is proportionally higher

than ihe fnst. Both show low nesting periods occurring in 1989, 1993, and 1997.

Although CANA documented an increase in nesting during the 1998 season, the number

of loggerhead nests recorded in the remainder of Florida for 1998 is not yet available.

Nesting by the South Florida Nesting Subpopulation accounts for abort 95Yo of

loggerhead nesting in Florida each year (Meylan et al., 1995; Florida Marine Research

Institutg unpubl. data). As a result, tlre overall pattern of loggerhead nesting in Florida is

largely reflective of annual fluctuations in nesting in this single subpopulation.

Loggerheads nesting at CANA are part ofthe South Florida Nesting Subpopulatiorl

which is stable and may be increasing (Turtle Expert Working Group, 1998). From

1989-1997 ,loggerhead nesting at CANA appears to have remained relatively stable,

while nesting in the remainder ofthe state appears to have increased. Loggaheads

nesting at GUIS-FL are part ofthe Florida Panhandle Nesting Subpopulation; the stahrs

of this subpopulation is unknown (Turtle Expert Working Group, 1998). Figure 9 shows

annual fluctuations in 1le number of loggerhead nests found at GIIIS-FL and in the

remainder of Florida. Loggerhead nesting at GUIS-FL appears to be erralic and annual

fluchrations do not follow the pattern of the state. However, it appears that the overall

numbers of loggerhead nests documented at both GUIS-FL and in the remainder of

Florida increased from 1989-1997 .

When compared to annual flucllations in nesting only in the South Florida

Nesting Subpopulation, nesting at CANA still follows the same pattern of changes during

the 1989-1997 period (Figure 10). Overall from 1989-1997, loggerhead nesting ai

CANA appears to have remained relatively stable, while nesting by the South Florida

Nesting Subpopulation appears to have inc,reased. When compared lo annual fluctuations

in nesting only in the Florida Panhandle Nesting Subpopulatiorl nesting at GUIS-FL still

does not follow the same pattern of changes during the 19891997 period iFigure 1 l).

Although nesting documented at GUIS-FL appears to be erratic, overall nesting both at

flnS-FL and by the Florida Panhandle Nesting Subpopulation appea$ to have increased

from 1989-1997. However, the trend detected for the Florida Panhandle Nesting

Subpopulation is likely due to an increase in suwey effort in the Florida Panhandle.
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Figure 8. Annual fluctrations in loggahead nests fomd at Cflaveral National Seashore (CANA) and in
Florida (exclnding National Seashores), 1989-1997.
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Gulf lslands - Mississippi District (GUIS-MS), Alabama, Mississippi, and

Louisiana

Se€ turtle nests were found 7 of 9 years at GIJIS-MS during the 1990-1998

period. All nests found were loggerheads. The number of nests found during a single

monitoring season ranged from zero to nine, with an average oftlree nests found each

year. In 1998, all documented nests at the seashore were lost to Hurricane Georges.

Apparently, GUIS-MS conducts the only regular sea turtle nest monitoring program in

Mississippi. Sea turtle nesting is not monitored on a statewide basis in Louisiana or

Alabama. However, nine loggerhead nests w€re reported for Louisiana from 1989-1998,

including eight in 1989 and one in 1990.

Documented loggerhead nesting at GUIS-MS was erratic during the 1989-1998

period, with no discemible pattem. Although GLJIS-FL also recorded erratic annual

fluctuations in loggerhead nesting, the two districts of this National Seashore did not

document lle same annual changes in nesting levels (Figure 12).

Figure 12. Annual fluctuations in loggerhead nests found at Gulflslands National Seashore, Mississippi

District (GUIS-MS) and at Gulf Islands National S€ashorc, Florida Diseict (GUIS-FL), 1989-1998.
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Padre lsland (PAIS) and Texas

Loggerhead nests were found at PAIS in 6 of l0 years during the 1989-1998

period. The number of nests found during a single monitoring season ranged from zero

to four, with an average of one nest found each year. PAIS conducts the only regular sea

trrtle nest monitoring program in Texas. Two loggerhead nests were found on other

Texas beaches (outside PAIS) in 1996.

Comparisons among National Seashores

Loggerhead nesting activity varies considerably among National Seashores

included in tlis study. For the four National Seashores located along the Atlantic coast

(Appendix A), loggerhead nesting reported generally decreased the further north the

National Seashore was located. CANA" part of the South Florida Nesting Subpopulation

of loggerheads, documents substantially higher levels of loggerhead nesting activity than

any other seashore in the southeastem U.S., with an average of3,545 loggerhead nests

found each year during the 1989-1998 period. CLIS, located in the Northem Nesting

Subpopulation range, recorded an average of 189 loggerhead nests each year between

1989 and 1998. At CALO, which is also part of the Northem Nesting Subpopulation, an

average of about I l0 nests per year were documenled between 1989 and 1998. At

CAHAr the National Seashore located the furthest north an average of 55 loggerhead

nests were found each year between 1989 and 1997.

About 28 loggerhead nests were found each year between 1989 and 1997 af

GUIS-FL, which is part of the Florida Panhandle Nesting Subpopulation. Between 1989

and 1998, about tlree loggerhead nests were found each year at GIIIS-MS and about one

loggerhead nest was found each year at PAIS.

The three distinct loggerhead nesfing subpopulations in the U.S. may not follow

the same trends in nesting activity. Consequently, mmparisons of annual fluctrations in

loggerhead nesting among seashores are confined to National Seashores located in the

same nesting region. CANA is lhe only National Seashore located in the South Florida

Nesting Subpopulation region. GTIIS-FL is the only National Seashore located in the

Florida Panhandle Nesting Subpopulation region. Therefore, no comparisons are made
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of loggerhead nesting involving these two seashores. In addition, documented

loggerhead nesting at PAIS is too sporadic for comparisons to other seashores.

Loggerhead nesting activity at CAIIA, CALO, and CUIS occurs as part of the

Northern Nesting Subpopulation of loggerheads. Nesting levels at tlese seashores are

compared in Figwe 13. All three seashores document a peak in loggerhead nesting in

1994. Trends in nesting numbers for CAHA and CALO correspond well, showing two

cycles of peaks in nesting between 1989 and 1997. CAIIA" CALO, and CUIS also show

a rise in nesting levels in 1998. CUIS seems to follow a different pattem in 1992 and

1993 when compared to CAIIA and CALO. However, CUIS is located muoh frrther

south in comparison to CALO and CAHA. Additionally, all three seashores generally

follow the same nesting pattem as the state in which they are located. Differences

between CIJIS and the other two seashores may result at least in paxt from regional

variations in nesting among the Northern Nesting Subpopulation of loggerheads.

Figure 13. Araual fluchrations in loggohead nests fourd at Cqe Hatteras Nadonal Seashore (CAHA),
Cape Lookout National Seashore (CALO), ard Cumberland Island Natiorul Seashore (CUIS), 1989-
1998.
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Annual Fluctuations and Trends in Green Nesting

Genetic evidence suggests tha! like loggerheads, green sea turtles ref,rm to nest

on their natal beach (Bowen and Karl, t 997). To datq no genetically distinct nesting

assemblages of green sea turtles have been recognized in the United States. In

comparison to loggerheads, green sea turtles deposit far fewer nests in the southeastem

U.S. However, most monitoring programs do not conduct surveys for sea furtle nests for

Xhe entire green sea turtle nesting season (Meylan et al., 1995; Florida Marine Research

Institute, unpubl. data). Accordingly, the number of green turtle n€sts reported is likely

underrepresented.

Regular nesting of this species does occur in the southeastern U.S., primarily in

Florida Regular nesting activity of green sea turtles also occurs in North Carolin4 but at

much lower numbers than in Florida. During the study period (1989-1998), five green

sea hrtle nesls were documented in Soulh Carolina. No green sea turtle nests were

documented in Georgia from 1989-1998, although a few were recorded there prior to

1989 and a false crawl was reported in 1998. In Alabam4 green turtle nests were

reported in 1994 and 1995, btrt were not confirmed. No green sea t.rtle nesting was

documented in Mississippi or Louisiana- In Texas, one green nest was found in 198? and

five nests were found in 1998, all at PAIS Because regular nesting has been dooumented

only in North Carolina and Florid4 green sea turtle nesting patterns were examined only

in North Carolina Florida, and the National Seashores located in those states.

Gape Hatteras (CAHA), Gape Lookout (CALO), and North Carolina

Green sea turtle nests have been found at CAHA duing five monitoing seasons

between 1989 and 1998, with a maximum of five nests found in one season. At CAIO,

gre€n sea turtle nests were found during three monitoring seiuons between 1989 and

1998, with a maximum of six nests found in one season. In the remainder of North

Carolina, green sea turtle nests were found 8 of l0 years between 1989 and 7998, with a

ma:<imum of nine nests found in a single monitoring season.

Altftough very few green sea turtle nests were found, a distinct nesling pattem

emerges (Figure 14). Green sea turtle nesting activity appears to altemate each year

between no nesting or nesting in very low numbers and peak nesting. Both National
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Seashores follow the pattem documented in the remainder of the state very closely, albeit

in lower numbers. This alternating pattem continued at CAHA, at CALO, and in the rest

of North Carolina in 1998.
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Figure 14. Annual fluctuations in geen turtle nests fourd at Cape llatteras National Seashor€ (CAHA), at
Cape Lookout National Seashore (CALO) and in the rest North Carclin4 1989-1998.
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Ganaveral (CANA), Gulf lslands - Florida Distdct (GUIS-FL), and Florida

Most documented green sea turtle nesting in tire southeastern U.S. occurs in

Florida, the only state where green turtle nests are found every year. The number of

gre€n sea turtle flests found (1989-1997) onFlorida beaches, excluding National

Seashores, varied from 407 in 1993 to 3,305 in 1994 (Meylan et al., 1995; Florida Marine

Research Institutg unpubl. data). Exoluding National Seashores, an average of 7,457

green sea turtle nests were found statewide each year between 1989 and 1997. The vast

majority of these nests were found in the southeast region of the state, where most

loggerhead nests were also found In fact gre€n furtle nesb found in this region

accounted for 94-l0E/o of all nests found for this species in Florida each year.

Between 1989 and 1998, the number ofgreen sea turtle nests found at CANA

during a season varied from 2l in 1997 tn 426 in 1998. On average, 166 nests were

found each year- When compared annual nesting levels at CANA and in the remainder

of Florida closely follow the same altemating pattem (Figure 15). In both areas, green

sea turtle nesting fluctuated between relatively high lumbers and relatively low numbers.

Both areas show an increase in peak nesting levels every other year up to 1994, followed

by a decline in peak nesting lwels in 1996. Overall, from 1989-1997, green sea turtle

nesting appears to have increased slightly both at CANA and in the remainder of Florida.

CANA is located within the region where most green sea turtle nesting occurs.

GUIS-FL, however, is located in the northwest region of the state, where much lower

numbers of green turtle nests are found. Bet$ieen 1989 and 1997, GUIS-FL documented

gxeen sea turtle nesting only in 1994,1995, and 1996. A maximum of lhree green sea

turtle nests was found in one season. Despite the substantial difference in the magnitude

of green trtle nests found" GUIS-FL still follows the same altemating pattem

documented in the remainder of Florida (Figure 16).
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Figure f5. Armual fluctuations in green turde nes$ fomd at Canaveral National Seastnre (CANA) and in
Florida (excluding National Seashores), 1989-i997.
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Figure 16. Amual flucluations in green tude nests fomd at Gulf Islanft National Seashorg Florida
Dishict (GUIS-FL) and in Florida (excluding National Seashores), 1989-1997.
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Comparisons arpng National Seashores

The distinct alternating pattern of green sea firrtle nesting is apparent at all

seashores where green turtle nests are found, in both North Carolina and Florida. Even

when the numbers of nests found differ substantially in magnitudg the pattern is

consistent (Figure 17). All four seashores documented peaks in green turtle nesting in

7994 and,1996. At all seashores, peaks in nesting were followed by markedly lower

nesting levels the next year. At CAIIA, nesting levels remained stable in 7993-1994.

Howwer, this may be a result of the small number of nests found at this seashore. In

1998, the alternating pattem continued at CANA, at CALO, and at CAHA. Nesting

information for 1998 for GUIS-FL is not yet available.
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Figure 17. Annual fluctuations in green h[tle nests found at Canaveral National Seashore (CANA), Gulf
Islands National Seasbore, Florida Dishict (GUIS-FL), Cape Hatteras National Seashore (CAHA), and
C@e Lookout National Seashore (CALO). l9E9-1998.
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Annual Fluctuations and Trends in Other Sea Turtle Nesting

Other sea turtle species are known to retum to the same beaches each year to nest

(National Research Council, 1990; Miller, 1997). Like loggerheads and greens,

hawksbill sea turtles apparently return to their natal beach as adult nesters @owen and

Karl, 1997). The numbers of hawksbill, leatherback, and Kemp's ridley nests found in

the southeastem U.S. each year is muoh lower than tlre numbers of loggerhead and green

sea turtle nests found. However, it is important to note that the nesting seasons for these

other species do not coincide precisely with the nesting seasons for loggerhead and green

turtles. Most monitoring efforts are designed to detect nesting by loggerheads and are

conducted during the loggerhead nesting season, although a few programs extend their

monitoring season in an attempt to also detect green turtle nesting. Nests laid by

hawksbill, leatherbac\ and Kemp's ridley turtles, eitler before or after the loggerhead

nesting season, may never be found or documented. Additionally, beach workers are less

experienced at enmuntering nesting by the other species and hence crawls and hatchlings

of these other species could be misidentified. Hence, numbers of hawksbill, leathutac(

and Kemp's ridley nests r€ported here should be considered minimum estimates of

nesting by them.

Considering the eighl states and six National Seashores collectively, the

descending order of abundance for tlre other nests found is leatherbacks, Kemp's ridleys,

and hawksbills. Howwer, considering just the six National Seashores collectively,

Kemp's ridley nests were documented more frequently than were leatherback or

hawksbill nests (Appendix C).

Between one and three hawksbill sea turtle nests were found in Florida during 6

of 9 years between 1989 and 1997 (Meylan et al., 1995; Florida Marine Research

Institutg unpubl. data). However, no hawksbill nests were found at CANA or GUIS-FL

during this period. One hawksbill nest was found in Texas, at PAIS, in 1998. No other

National Seashores in the region have documented nesting by hawksbills.

Florida is the only state where leatherback sea turtles nest on a regular basis. The

number of leatherback nests found each year between 1989 and 1997 varied from 98 in

1989 to 397 in 1997 . An average of 201 leatherback nests were found each monitoring

3E
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season (Meylan et al., 1995; Florida Marine Research Institute, unpubl. data). At CANA"

zero to five lealhef,back nests were found each year between 1989 and 1998. To date, no

leatherback nests have been documented at GUIS-FL. Leatherback nestins elsewhere in

the southeastern U.S. is irregular. One leatherback nest was documented rl tnn, u,

CAIIA in North Carolina. Three leatherback nests were reported for Gmrgia for 1996.

Leatherback nests were documented at PAIS in the 1930's and 1940's. but none have

been found since that time.

Leatherback nesting at CANA generally follows the same pattern as leatherback

nesting in the remainder ofthe state (Figure l8) Both areas document a drop in nesting

levels during 1992-1993, followed by an increase in nesting levels in 1994. Both areas

show peaks in leatherback nesting in 1991, 1994 and 1997. Overall, both CANA and the

remainder ofFlorida show an apparent increase in nesting levels of leatherback sea

turtles during the 1989-1997 period.

Figure lE. Amual fluctuations in leatherback turtle nests found at Canav€rat National Seashore (CANA)
and in the remainder of Florifu 1989-f997.
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Kemp's ridley sea turtle nesting in the southeastern U.S. is limited almost entirely

to south Texas. From 1989-1998, and during the previous 40 years, more confirmed

Kemp's ridley nests were located at PAIS than at any other location in the U.S. (Shaver

and Caillouet, 1998). One Kemp's ridley nest was reported in North Carolina in 1991,

one in South Carolina in 7992, and five in Florida from 1989to 1998. No other Kemp's

ridley nests have been documented in the U.S. outside of Texas.

During the period of this study (1989-1998) the number of Kemp's ridley nests

detected at both PAIS and elsewhere in Texas increased, beginning in about 1994-1995

(Figure 19) (Shaver and Caillouet, 1998). The annual maximum number of Kemp's

ridley nests found at PAIS was nine, recorded in 1998. The annual maximum number of

Kemp's ridley nests found in tle remainder of Texas was four, recorded in 1998.

However, additional Kemp's ridley nests probably went undetected at PAIS and

elsewhere in Texas- PAIS monitoring coverage has increased in very recent years but is

still insufficient to ensure detection of all nesting. Additionally, no stale-coordinated

monitoring program for nesting is conducted in Texas. Virhrally all nests found outside

of PAIS were initially reported by and then investigated and confirmed by biologists.

Figure f9. Annual fluctudions in Kemp's ridley turu€ ness formd at Padre Istand National Seashore
(PAIS) and in the remainder of Texas, 1989-1998.

( D 0 F ( \ . t t
€ @ o a F o
o r D o o a F

40



t
I
I
t
T
I
I
t
I
I
T
I
T
I
I
T
T
T
t

From 1978-1988, a joint Mexico-U, S. endeavor transported 22,507 Kemp's ridley

eggs from Rancho Nuevo, Mexim, to PAIS, Texas. These eggs were incubated and the

hatchlings were released at PAIS in the hope of establishing a secondary nesting colony

of Kemp's ridley sea turtles at PAIS, as a safeguard against extinction. Through 1998,

five turtles released at PAIS through this experimental project have been documented as

adults retuming to southem Texas to nest.

Kemp's ridley turtles currently found nesting in south Texas are likely a mixture

ofturtles from the project to establish a secondary nesting colony and turtles from the

wild stock. The recent increase in the number of Kemp's ridley nests detected on the

Texas coast could be a result of increased nesting, increased detection efforts by PAIS

staff, increased awar€ness and reporting by the publig or a combinalion of ihese factors.

lnfluences on Sea Turtle Nesting

Sea turtles faoe a wide array of challenges to their survival and reproduction.

Hurnan activities impact every stage oftheir life cycle, inoluding nesting (National

Research Council, 1990; National Marine Fisheries Service and U.S. Fish and Wildlife

Service, 1991a; National Marine Fisheries Service and U.S. Fish and Wildlife Service,

1991b; U.S. Fish and Wildlife Service and National Marine Fisheries Service, 1992;

Lutcavage et al., 1997; Turtle Expert Working Group, 1998). A thorough treatment of

factors impacting sea turtle populations is beyond the scope ofthis project. Influences

examined in this report are limited to those factors impacting reproductive success.

Thse factors include impaots on adult females, impacts on incubating eggs, and impac*

on emerging hatchlings. Information on the relative impact and importance of these

factors was provided directly by the biologiss working on sea turde monitoring projects

incorporated in this strdy.

lmpacts on adult females

Changes in nesting habitat can hinder or prevent adult female nesting attempts.

Nesting habitat can disappear or become inaccessible as erosion occurs. Dredging can

kill adult females. Armoring can disrupt natural flows of sand between nesting beachs,

4 l
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resulting in depletion ofor distrbance to nesting habitat (National Research Council,

1990; National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1991a;

National Marine Fisheries Service and U.S. Fish and Wildlife Service, I99lb; Lutcavage

et aL,1997; Turtle Expert Working Group, 1998).

bosion of nesting beaches - Erosion of nesting beach habitat is a serious threat at

many locations in the southeastern United States and may be an important factor in the

decline of nesting at some locales. At CAHA, erosion is an increasing problem. An

artificial dune line created in the 1930's has formed a barrier that is no longer moving

wilh tlte island, The result is an inoreasingly narrow beach and disappearing nesting

habitat. Beach renourishment occurs on nesting beaches in North Carolinq South

Carolina" Georgi4 Florid4 and Alabama. In these areas, beach bulldozing, sand baggirlg,

and sand fenoing have an influence on sea turtle nesting activities. Sand fences in some

areas ofNorth Carolina are constructrd in front of the primary dune ling preventing

access by nesting females. Sand fences construcrtd using long sections with few

openings can result in a higher incidence of false crawls, and can trap adult nesting

females. In South Carolina, some nesting beaches are erosional, resulting in inadequate

dune lines. At CUIS, eroding dunes have formed esoarpm€nts that have reduced nesting

in some areas. Erosion is a special concern tkoughout Georgi4 where nesting habitat is

highly variable. Armoring is also a problem on some beaches. Beach erosion also occurs

at CANA, and can be a problem in some years. Sea walls are a significant problem in

Florida.

Human development and recleation on nesting beaches - Human development

and recreation on nesting beaches can have an adverse effect on adults coming in to nest.

Shoreline development can deter adults coming in to nest Artificial lighting disrupts

nesting behavior and can reduce nesting activity. Vehicle use on the beach can disturb

nesting females. Night use of the beach can result in aborted nesting atternpts.

Additionally, adult turdes can be caught on recreational fishing lines or hit by boats

(National Marine Fisheries Service and U.S. Fish and Wildlife Servicq 1991a; National

Marine Fisheries Service and U.S. Fish and Wildlife Service, 1991b; Lutcavage et al.,

199D.
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A1 CAHA, artificial lighting has become a major problem as increasing

development in nearby areas has caused indirect lighting of nesting beaches. In South

Carolin4 some beaches have been developed, although many of tlese areas still have

adequate nesting habitat. Lights are also a problem in some areas in South Carolina. At

CUIS, indirect lighting from adjacent islands may affect nesting activities, particulady on

the south end of tle island. In Georgi4 many false crawls oan be directly attributed to

hotel lighting. Adult nesters have become disoriented by artifrcial lighting on some

Gmrgia beaches. Night use of the beach can be heavy in some areas, and has been

shown to be detrimental to sea turtle nesting activities in Georgia. At CANd neafty

lighting from Cape Canaveral's space program can be intense, altlough no impacts on

nesting adults have been documented. GIIIS-FL has a developed shoreling with a road

constructed very close to some nesting beaches. This road prevents natural dwelopment

of a primary dune line in some areas at GUIS-FL. Lighting from rhe park and rie

mainland has a noticeable influence on nesting actvities at GUIS-FL. Adult injury and

mortality from boat hits is also a concem at GUIS-FL. ln 7997, eight adult female

loggerheads were found dead at GUIS-FL with boat injuries, from the propeller or the

hull. Stranded adults have also been found at GUIS-FL with fishing line. Artificial

lighting is a major problem in Florida as well, where shoreline development is extensive.

Indirect lighting from nearby development and night use of nesting beaches also occurs at

GUIS-MS, but the impact of these activities on nesting has not been documented.

Vehicles on the beach are aa increasing problem where allowed at CAIIA and, to

a lesser e,)<tent at CALO. Vehicles are allowed at CIIS throughout rhe seashore and can

intenupt nesting activities. However, driving on the beach after dark has been eliminated

at CUIS beginning in 1998. Vehioles on the beach are a problem where allowed in

Florida although potential negative impacts have been minimized and/or mitigated in

Volusia and Gulf counties through implementation of protective measures required or

recommended by the U.S. Fish and Wildlife Service, respectively. In addition, an

increasing number ofvisitors drive Florida's beaches at nigh! specifically looking for

and intentionally shining lights on nesting sea firtles. Vehicles are permitted access to

nearly lhe entire Gulf shoreline of PAIS at all times. Although PAIS staff documented

one loggerhead sea turtle that emerged at night and was deterred from nesting due to the



T
I
T
t
I
I
t
t
I
T
I
t
I
I
I
I
I
t
I

presence of a nearby vehicle, vehicle impacts to daytime-nesting Kemp's ridley sea

turtles have not been documented at PAIS. However, if Kemp's ridley nesting continues

to increasg then the signifrcance ofthis tlreat could also increase.

Dredging -Dredging is a concern along the entire Georgia coas! although sea

turtle monitors have been placed on every dredge. A recent proposal to deepen the

Savannah River has prompted concem for the impacts of channelization, as we1l.

Commercial fishing - Commercial fishing can have a major impact on adult sea

turtles, including females. Shrimp lrawling accounts for more sea turtle mortality than all

other human sources combined (National Research Council, 1990; National Marine

Fisheries Service and U.S. Fish and Wildlife Service, 1991a; National Marine Fisheries

Service and U.S. Fish and Wildlife Servicq 1991b; U.S. Fish and Wildlife Service and

National Marine Fisheries Servicg 1992; Lutcava!ts et al., 1997; Turtle Expert Working

Group, 1998) Shrimp trawling can have a significant impact on adult females as they

move toward shore during the nesting season.

The implernentation of mandatory turtle excluder devices (TEDs), begun in 1987

and fully enacted in 1994, has apparently reduced loggerhead mortality in South Carolina

(Lutcavage ef al, 1997). However, despite mandatory use of TEDs in Texas, there

continues to be an association between shrimping effort in Gulf waters and standings of

f,rtles on Gulf beaches. The mortality of adult Kemp's ridleys in waters off southem

Texas nesting beaches, likely due primarily to incidental capture in shrimp trawlg is a

significaat threat to the success of eforts to increase Kemp's ridley nesting at PAIS

(Shaver urd Ceilloue! 1998). Repeated captures of see turtles during periods of intense

shrimping effort can result in mortality even when TEDs are used (Lutcavage et al.,

1997). Recent proposals to mandate use of bycatch reduction devices @RDs) to reduce

incidental capture of other marine species may also reduce sea turtle mortality by

reducing bycatch, which is cornumed by sea turtles.

Currently, shrimp trawling is allowed year-round in federal waters along U.S.

Atlantic and Gulf coast waters. Commercial food shrimp fawling in state waters is

regulated on a state-by-state basis (Appendix E). With the exception of Mississippi and

Texas, shrimp trawling in inshore stat€ waters, which include bays, sounds, channels, and

estuaries, is not allowed or is very restricted. Shrimp trawling in offshore or nearshore
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Texas and on the westem coast of Florida and ftom 0-3 miles in other south€astem states,

is regulated generally on a seasonal basis.

Commercial food shrimp trawling is generally prohibited during a 2-3 month

period in the summer in portions of or all of nearshore state waters in most stat€s

included in &is study. Exceptions include North Carolina and Louisiana, which axe open

to shrimp trawling year-round, and South Carolin4 which is closed to shrimp tawling

approximately from January tlrough June of each year.

The short summer closure of shrimp trawling in most southe€stem states is

designed to benefit the shrimp fishery itself, allowing small shrimp to mature and grow.

Because this closure generally occurs during part ofthe sea turtle nesting season, adult

females retuming to mate and nest during this period are afforded protection from

incidental caphlre. However, this summer closure encomparlses only a small portion of

the sea turtle nesting season.

lmpacts on incubating eggs

Inundation of sea turtle nests is a consistent source of loss in the southeastem U.S.

Hurricaaes and tropical storms cause tidal surges that flood incubating eggs and drown

dweloping embryos. At CAIId many nests from 1998 were washed out by Hurricane

Bonnie. At CALO, flooding is currently the great€st threat to sea turtle nesting success.

In North Carolina, at least 315 loggerhead nests documented during the 1996 monitoring

season were lost to hurricane tidal surges and flooding. Tidal inundation affected at least

478 nests documented in North Carolina during the 1989-1997 period. In South

Carolin4 inundation is a problem in many areas. At CANAr high tides from stofin surges

have caused problerns in some years. At GUIS-FL, sea turtle nests have been lost to

tropical storms and hurricanes nearly every year, at least since 1994. More than half of

all nests found at GUIS-FL in 1998 were lost to Hurricanes Earl and Georges. In

Alabamg Bon Secour National Wildlife Refuge documented approximately eleven nests

lost to inundation between I 994 and 1 996 and, in 1997 , all but two nests were lost to

hurricanes (U.S. Fish and Wildlife Servicg unpubl. data). At GUIS-MS, all sea rurde
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nests documented during the 1998 season have apparently been lost to Hurricane

Georges-

Sea hrrtle nest predators include mammaliarq orustacean, and insect species. At

CALO, raccoon predation is quite variable but can be a problem in some areas. Between

1989 and 1997 in North Carolin4 at least 126 nests were predated by ghost crabs, at least

115 nests were predated by raccoons, and at least 137 nests were predated by other

animals. Feral hogs, raccoons, and glrost crabs predate nests in some areas at CUIS.

These animals are also the primary nest predators of concern in the remainder of Georgia.

Red fox and coyote are predators of major concem at GIIIS-FL. Numerous predators,

including raccoons, fire ants, feral dogs, and others, are a significant problem in the

remainder ofFlorida, as well. Fox, coyote, crabs, and fire ants have predated nests at

Bon Secour National Wildlife Refuge in Alabama (U.S. Fish and Wildlife Service,

unpubl. dara) Coyotes, crabs, and fne ants have predated nests in Texas, as well.

Poaching by humans has become a concern on Jekyll Island in Georgia and remains a

problem at a few locations in Florida. In addition, isolated cases of vandalism that may

subsequently increase the likelihood of predation has been documented both in Georgia

and at Bon Secour National Wildlife Refuge in Alabama.

Measures designed to protect incubating sea nrrtle n€sts from predation and other

impacG have been effective where implemented in areas included in this study. A variety

of protective measures, including wire screens, cages, and fencing, have reduced nest

predation by foxes on several North Carolina beaches, particularly since 1993. In the late

1970's in South Carolin4 sea turtle n€sting success, measured as the proportion of

deposited nests that produce any hatchlings, was estimated at below l0% due to a

combination of predation, poaching, inundation, and other factors. Since nest monitoring

and protection measures have been implemented, nesting success in South Carolina has

increased to over 80%. In 1992, on one nesting beach in G"orgq nearly 100o/o of sea

turtle nests found were predated by feral hogs . Subsequent to the implanentation of nest

protection measures, feral hog predation levels in that area have dropped to about I@/o.

At CANA, over 907o of sea turtle nests were predated during the early 1980's. However,

protective measures and predator controls have reduced anrrent predation levels to less

than 2V/o.
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Erosion can also expose deposited eggs and cause nest failure. Tidal erosion was

noted as an impact on at least 192 loggerhead nests found in North Carolina between

1989 and 1997. Sand accumulation affected at least 4l loggerhead nests in North

Carolina during the same period, while at least 67 nests were invaded by plant roots. Bon

Secour National Wildlife Refuge in Alabama has also documented nests lost to root

invasion and entanglement (U.S. Fish and Wildlife Service, unpubl. data). Notable levels

of erosion that may influence nest success are also occurring in some areas of CUIS and

throughout Georgia

lmpacts on emerging hatchlings

Eroding sand dunes oan bury incubating nests to a depth from which hatchlings

are unable to escape. Exotic vegetation can invade nest cavities, forming root mats tbat

entangle hatchlings as they try to emerge from the nest.

Sea trntle hatchlings can become disoriented by a*ificial lighting as they ernerge

from the nest. As a resul! hatchlings experience increased exposure to predatioq

exhaustion, and desiccation and may become entangled in vegetation. Artificial lighting

can result in higtr hatchling mortality (National Research Council, 1990; Lutcavage et al.,

1997). Impacts from artificial lighting have been documented in North Carolin4 where

hatohlings have been seen crossing roads and gathering around artificial light sources.

Hatchling disorientation in areas with artificial lighting has been documented on nesting

beaches in South Carolina, Georgia, and Florida. Artificial lighting has been noted as a

potential problem at CAHAr CUIS, GUIS-FL, and GUIS-MS, although its impact on

hatchlings has not been dooumented. The documented impact of artificial liglrting on

emerging hatchlings at CANA has been minimal.

Vehicles on the beach can cause problems for emerging hatchlings. Ruts left by

vehicles can interfere wilh a hatchling's ability to reach the water, and may increase the

risk of predation, exhaustion" and desiccation. Hatchlings can also be crushed by

vehicles after they emerge. Vehicles have driven over nests and crushed hatchlings at

CUIS. In Florida, vehicles are a problem for hatchlings where beach driving is not

regulaGd to protect sea turtles. Vehicle use can also compact the sand covering nest

sites, making it difficult for hatchlings to emerge.
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Gonclusion and Recommendations

In recenl decades, efforts to monitor and protect endangered and tlreatened sea

turtles have increased dramatically. Researchers have improved knowledge of marine

turtle biology. Influences on population size, structure, and distribution have been

identified with inoeasing precision. Stategies to aid with lhe recovery of each species

have been devised and implemented.

The National Seashores of the U.S. National Park Service provide important

nesting habitat for all five sea turtle species found in the Atlantic and Gulf coast waters of

the United States. These National Seashores encompins several important loggerhead sea

tr.rtle nesting beaches and include the most important nesting area in the United States for

Kemp's ridley sea turtles.

Reproductive success is crucial to tie recovery ofthese species. Conservation

stategies targeted towaxd the protection of sea turtle nests and nesting adults have been

implemented in the last few decades. Monitoring annual fluctuations in ihe number of

nests deposited and the ultimate fate of those nests provide an important means of

determining the success of recovery efforts and the current status ofsea turtle

populations.

Maximizing consistency in monitoring protocols between organizations involved

in sea turtle recovery enables researchers to more accurately determine tlte impact of

conservation €fforts and to devise more effeotive strategies for achieving recovery goals.

Consistency in monitoring programs at most seashores and states and coordination of

monitoring aciivities between the seashores and states had improved by 1989 and

techniques for monitoring and protecting sea turtles and their nests continue to be refined.

Index Nesting Beach Survey (INBS) programs, utilizing standardized monitoring

techniques to assess nesting trends, have been in place at most nesting beaches in Florid4

Georgia" and North Carolina for the last 10 years. With the exception of the Mississippi

District of Gulf Islands National Seashorg patrols for sea nrrtl€ nests are now oonducted

daily througtrout the monitoring season at l}re six National Seashores in the southeastern

U.S. Survey effort has increased at Cape Hatteras and Padre Island National Seashores,

in North Carolina" and in Florida since the INBS prcgram was instituted. Survey effort
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has remained relatively consistent at Cumberland Island National Seashore since

complete surveys ofthe island began in 1994. Survey effort has remained relatively

consistent at Canaveral and Gulf Islands National Seashores and in South Carolina since

the implementatiofl of current protocols. Measures ofreproductive success differed both

among seashores and between seashores and states. Definitions and calculations ofthese

measures varied. Howwer, reproductive measures were compatible between Cape

Hatteras, Cape Lookout and North Carolina.

In most cases, annual fluctuations in sea turtle nesting documented at National

Seashores generally reflected annual fluctuations in nesting in the surrounding state.

Overall, nesting appeared to remain stable or increase at most a.reas and nesting appeared

to increase by most species, from 1989 through 1997 or 1998. However, there were some

excepions and effort to detect nesting increased in some areas.

With the exception of Gulf Islands National Seashore, annual fluctuations in

loggerhead nesting documented at National Seashores generally reflected annual

fluctuations in loggerhead nesting dooumented in the surrounding state (excluding

National Seashores). Loggerhead nesting levels followed a 4-5 year cyclic pattem at

Cape Hatteras, Cape Lookou! and Canaveral National Seashores, as well as in Florida.

This cyclic pattem was less evident at Cumberland Island, in North Carolin4 and in

Georgia. Loggerhead nesting in South Carolina generally fluctuated on a bi-annual basis.

Documented loggerhead nesting in both the Florida and the Mississippi Districts of Gulf

Islands National Seashore was erratic.

During the 1989-1998 period, loggerhead nesting appears to have remained stable

or increased slightly at Cape Hatteras" inoreased at Cape Lookou! and remained stable or

decreased slightly in the remainder of North Carolina. The number of loggerhead nests

documented in South Carolina appears to have remained stable or decreased sligltly.

Loggerhead nests recorded at Cumberland Island and in the remainder of Georgia

remained stable or inoreased slightly. Loggerhead nesting at Canaveral appears to have

remained stable, while nesting in Gulf Islands Florida District and in the remainder of

Florida (excluding National Seashores) remained stable or increased slightly.

Green sea turtle nesting followed a distincq alternating pattern at all National

Seashores and in all states where documented nestins was documented on a rezular basis
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between 1989 and 1998- Overall, from 1989-1997" green sea turtle nesting appears to

have increased slightly both at CANA and in tle remainder of Florida. Leatherback

nesting followed similar annual pattems and increased at both Canaveral National

Seashore and in the rest ofFlorida during the 1989-1997 period. Documented Kemp's

ridley nesting increased during the 1 989- I 998 period both at Padre Island National

Seashore and in the rest of Texas, the only area where regular nesting occurs for this

species in the United Stat€s.

A myriad of factors, including erosion, tidal inundatioq development, artificial

liglting shrimp trawling predation, and human disa.rrbance" have influenced sea turtle

nesting at one or more locations included in this study. Factors influencing nesting at

National Seashores generally corresponded to faotors influencing nesting in tle

surrounding state. Nest inundation, artificial lighting and shrimp trawling are currently

the primary influences on sea turtle nesting activities at one or more of the six National

Seashores, although impacts from these factors were not documented at all seashores.

Nest protection measures, authorized by state and federal permits, have varied at

all locations as needed to address specific protection concerirs and management policies

at each nesting beach. Protective measures desigred to reduce the impaot of nest

predation have been effective in many areas included in this study.

Recnmmendations are described in this section for maximizing the value of

information gathered through sea turtle nest monitoring programs. These

recommendations focus on long-term consistency, documentation, and the establishment

of minimum standards. However, all recommendations are contingent on adequate,

consistent funding,

r Minimum standards need to be established for nesting data collection and

monitoring orotocols. Many aspects of sea turtle nest monitoring programs can remain

flexible, addressing specific needs and circumstances at different locations. However,

minimum standards for nesting data collection and monitoring protocols should be

followed across locations to allow meaningful analysis ofthe information gathered. The

Index Nesting Beach Survey (INBS) program provides the most comprehensive protocol

for monitoring sea turtle nesting activities using compatible techniques with consistent
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effort ovo multiple years. CAHA, CALO, CUIS, North Carolina, G*rgtq and Florida

crurently follow this protocol. CANA also follows tlis protocol, but expands monitoring

efforts beyond INBS requirements. We recommend the nesting data collection and

monitoring protocols used in this INBS program as a minimum standard for sea firrtle

nest monitoring programs. This would maximize the compatibility and allow for more

accurate and thorough analysis of information gathered on nesting activity. Individual

programs could implement me:$ures and efforts beyond this minimum as appropriate for

their situation iffunding alncrds the opportunity.

. Terms. definitions- and caloulations used to describe reoroductive success should

be standardized. De{initions of reproductive success differ among National Seashores

and between seashores and surrounding states. Such differences largely result from

variations in the intensity of monitoring efforts and in the level of nesting activity in the

area. Howwer" success must be defined and calculated consistently in order to measure

the impact of nest protection effor{s on regional or population lwels. Nesting success,

hatching success, and emergence success are not interchangeable terms and mmparisons

between these types of measures may not be appropriate. Measures of reproductive

success need to be defined and calculated in a manner compatible across locations.

CANA may provide an effective method for monitoring reproductive success for most

nesting beaches, regardless of variations in neting activity. In each are4 a portion of

nests could be marked as index nests each year, ranging from all nests found in areas with

low nesting activity to 10olo ofnests found in areas with higlr nesting activity. The

proportion of nests marked in an area could be decreased in subsequent years if nesting

levels increase. Complete dooumentation of hatching and emergence success for tlese

nests could then provide a consistent and analytically viable reflection ofsea turtle

reproductive success across locations and across years. In addition, influences on

incubating eggs and onerging hatchlings could be quantified and evaluated much more

accurately through documentation ofthese index nests.

o Documentation of survey effort should be maintained. Without maintaining a

record of survey effort, apparent changes in nesting activity caflnot be verified. At PAIS,

the number of sea turtle nests found during a monitoring season has increased for the past

four consecutive years. However, careful documentation of the annual number of
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kilometers traveled during nesting patrols shows that survey effort has also increased for

the last four consecutive years. As a resull tle increase in documented sea turtle nesting

at this National Seashore may be at least in part a reflection of an increase in the effort to

find sea turtle nests. Annual levels of survey effort should be considered during analysis

of trends in sea turtle nesting. However, some locations do not mainlain thorough

documentation of nest survey effort, We recommend that each location maintain a

centralized record of survey effo4 measured as the total number of survey days each

year. For surveys that repeatedly traverse a specific af,ea to detect nesting (such as at

PAIS), a measure ofthe total number of kilometers traveled during nesting patrols and

total number of hours spernt conducting pafols, should also be recorded. Information

should also be maintained on dates efforts started and ended each year, specific areas

where monitoring occurred, and other pertinent factors.

o Monitoring programs must be maintained at comoatible levels of efort using

consistent methods for multiple vears. Due to variability in age at sexual maturity among

females, sea turtle nesting activities must be monitored consistently for up to 30-50 years

to effectively determine the impact of conservation efforts. Positive and negative impacts

on sea turtle populations may not become evident in sea turtle nesting activities for

decades. Sea turtle nest monitoring programs should be developed and maintained from

a long-term perspective.

r Documented impacts to nesting. hatchine and emergence success should be

minimized. Managernent actions should be conducted to alleviate documented problems

(beach driving lighting predation, etc.) In areas where deemed necessary, impacts to

sea turtles from beach driving should be minimized by prohibiting nighttime driving

during the sea hrtle nesting season, marking nests for avoidance, and/or removing

vehicle ruts from in front ofnests due to emerge to prevent hatchlings from becoming

trapped in them. Nest protection measures should also be undertaken when threats have

been documented. Nest protection actions at the six National Seashores must be

authorized by state and federal permits, take into consideration National Park Service

mandates and policies, meet local needs, and be deemed effective through research or

monitoring results. Predator control, including rernoval of problem animals, may be

needed under certain circumstances.

52



I
I
T
I
t
I
t
t
I
I

Again, we would like to stres3 that all the recommendations described above

depend on adequatg consistent funding for these labor-internsive projeots. Without such

funding accurate monitoring of sea turtle nesting activities and protection of sea turtle

nests may not be possible, and efforts to restore sea turtle populations will be hindered.

By maximizing the compatibility of data on sea turtle nesting levels, influences,

and reproductive success among National Seashores and between National Seashores and

the surrounding states, the National Park Service can determine what conservation efforb

benefit sea turtle populations most. Within each rnonitoring program, scarce resources

can be targeted toward those activities that most benefit sea turde recovery. Specific

strategies could be developed for genetically distinct loggerhead nesting subpopulations,

or for daytime-nesting Kemp's ridley turtles. h additio4 ihe National Park Service will

be able to devise more effective corservation strategies that address problems at the local,

regional, national, or intemational levels.

Budget Requirements

This final report completes work by the authors for this project No additional

funding is required to complete this study.

Proiect Schedule

Data analyzed for this study were collected by various entities between 1989 and

1998. Data were provided to and analyzed by the authors during 1998. This final report

was completed during December 1998.

Expected Products

Expected products from this study include this f,rnal report. No other products are

expected to result from this strdy.
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Appendix B. Southeast Nesting NRPP Proiect questionnaire.

l) What species have been found nesting?

2) How long have you been monitoring sea turtle nests?

3) How many nests of each species have been found each year?

4) How do you assess nesting? (daily patrols, weekly patmls, on ATV's, in fuck,.......)

5) Do you tag nesting adults or only look for nests? What type(s) oftags do you use (PIT tags, metal
tags, transmitters)?

6) What is the overall hatching success rate for each year?

7) How do you assess hatching success? (count leftover eggs, count €mergent hatchlings.. . ?)
a) How do you protect and monitor nests (incubation, enclosures, nests on beach: in situ)?
b) Do you monitor temperatures, environmental factors, anything else?
c) Please specify your definition of successfully hatched. Do you count everything that comes out of

the egg (including dead hatchlings down in the nest) orjust what emerges from the nest, or what?

8) Do you conduct any predator controls? Ifso, then g!41 is done, g!4g is it done, and how oflen is it
done? (consistent effort?)

9) What are your reporting procedures on monitoring and control efforts? (annual reports, ongoing
database,....)

l0) Who maintains your records?

I l) Can you elaborate on any faclors that might influence nesting in your atea?
a) Night lighting (directly on the beach or indirectly from nearby sources)
b) Habitat changes (erosion, armoring, dredging, channelization)
c) Vehicle use on the beach
d) Night use of the beach (night tours, camping, . . . .)
e) Predators
fl Other factors

| 2) Can you elaborate on any trends related to nesting in your mea, in the conesponding state, in a
particular population ofturtles, or in the U.S. (overall)?

13) Could you please provide any information you may have on state and/or university contacts relaied to
turtle nesting (both past and present)?
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Appendix C. Sea turtle nesting at National Seashores in the southeastern U.S., 1989-1998, as
reported by the National Park Service and the U.S. Fish and Wildlife Service.

1989 |  1990 |  l99 l 1992 | t993 | 1994 | 1995 | 1996 | 1997 | 1998

sea turale nests

aDala 
not yet available.
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Appendix D. Sea turtle nesting outside of National Seashores in the southeastern U.S., 1989-
1998, as reported by state and federal sources".

(unpubl, data), Hopkins-Murphy et al. (in press), Georgia Dep&tment ofNatural Resources (ulDubl. data), Florida Departnent of
Environm€ntal Protection (unpubl- data), Meylan et al. (1995), U.S. Fish and Wildlife Service (unpubl. data), Fuuef (unpubl. report),
Fuller and lohoefcner (1990), National Park Service (unpubl. dat ), and Shaver and Caillouet (1998).

- Indicates year when sea turtle n€st moniioring as not conduct€d.

bData 
not yet available.
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