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5-YEAR REVIEW
Kemp’s Ridley Sea Turtle/Lepidochelys kempii

1.0 GENERAL INFORMATION
1.1 Reviewers
National Marine Fisheries Service:

Therese Conant — 301-427-8456
Allison Kepple, Intern, June — August, 2013

1.2 Methodology and background

A 5-year review is a periodic analysis of a species’ status conducted to ensure that the listing
classification of a species as threatened or endangered on the List of Endangered and Threatened
Wildlife and Plants (List) (50 CFR 17.11 — 17.12) is accurate. The 5-year review is required by
section 4(c)(2) of the Endangered Species Act of 1973, as amended (ESA). To achieve this, the
National Marine Fisheries Service (NMFS) Office of Protected Resources led the 5-year review
with input from the U.S. Fish and Wildlife Service (FWS). The draft document was distributed
to NMFS regional offices and science centers and FWS regional and field offices for their review
and edits, which were incorporated where appropriate. Concurrently, the 5-year review was
reviewed by six peer reviewers (Charles Caillouet, Jr., Ph.D., Laura Sarti, Ph.D.; Jeffrey Schmid,
Ph.D.; Donna Shaver, Ph.D.; Kimberly Reich, Ph.D.; Thane Wibbels, Ph.D.). Information
sources include the final rule listing this species under the Endangered Species Act (ESA); the
Bi-National recovery plan; peer reviewed publications; unpublished field observations by the
Services, States, and other experienced biologists; unpublished survey reports; and notes and
communications from other qualified biologists. The public notice for this review was published
on October 10, 2012, with a 60-day comment period (77 FR 61573). Comments received were
incorporated as appropriate into the 5-year review. The information on the Kemp’s ridley
biology and habitat, threats, and conservation efforts were summarized and analyzed in light of
the recovery criteria and the ESA section 4(a)(1) factors (see Section 2.3.2.1) to determine
whether a reclassification or delisting is warranted (see Section 3.0).

1.2.1 FR notice citation announcing initiation of this review
October 10, 2012 (77 FR 61573)

1.2.2 Listing history

Original Listing

FR notice: 35 FR 18320

Date listed: December 2, 1970

Entity listed: Species
Classification: Endangered




1.2.3 Associated rulemakings
There are no associated rulemakings with the original listing.
1.2.4 Review history

Mager, A.M., Jr. 1985. Five-year status reviews of sea turtles listed under the Endangered
Species Act of 1973. U.S. Department of Commerce, NOAA, National Marine Fisheries
Service, St. Petersburg, Florida. 90 pages.

Conclusion: Retain the listing as an endangered species.

FWS conducted 5-year reviews for the Kemp’s ridley in 1985 (50 FR 29901) and in 1991 (56 FR
56882).
Conclusion: Retain the listing as an endangered species.

Plotkin, P.T. (Editor). 1995. National Marine Fisheries Service and U.S. Fish and Wildlife
Service Status Reviews for Sea Turtles Listed under the Endangered Species Act of 1973.
National Marine Fisheries Service, Silver Spring, Maryland. 139 pages.

Conclusion: Retain the listing as an endangered species.

NMFES and FWS. 2007. Kemp’s Ridley Sea Turtle (Lepidochelys kempii) 5-Year Review:
Summary and Evaluation. 50 pages.
Conclusion: Retain the listing as an endangered species.

1.2.5 Species’ recovery priority number at start of review

National Marine Fisheries Service = 5 (this represents a moderate magnitude of threat, a high
recovery potential, and the presence of conflict with economic activities).

U.S. Fish and Wildlife Service (48 FR 43098) = 2C (this represents a species with a high degree
of threat, a high recovery potential, and the potential for conflict with construction or other
development projects or other forms of economic activity).

1.2.6 Recovery plan

Name of plan: Bi-National Recovery Plan for the Kemp’s Ridley Sea Turtle (Lepidochelys
kempii)

Date issued: September 22, 2011

Dates of previous plans:

Original Plan- September 19, 1984

Recovery Plan for the Kemp's Ridley Sea Turtle - August 21, 1992

20 REVIEW ANALYSIS

2.1  Application of the 1996 Distinct Population Segment (DPS) policy



2.1.1 Isthe species under review a vertebrate?
Yes.

2.1.2 Isthe species under review listed as a DPS?
No.

2.1.3 s there relevant new information for this species regarding the application of the
DPS policy?

No.
2.2  Recovery Criteria

2.2.1 Does the species have a final, approved recovery plan containing objective,
measurable criteria?

Yes. The “Bi-National Recovery Plan for the Kemp’s Ridley Sea Turtle (Lepidochelys kempii)”
was signed in 2011 (NMFS et al. 2011) as a revision to the 1992 "Recovery Plan for the Kemp's
Ridley Sea Turtle (Lepidochelys kempii)". The 2011 “Bi-National Recovery Plan for the Kemp’s
Ridley Sea Turtle” adheres to all elements of the NMFS Interim Recovery Planning Guidance
(NMFS 2010).

The recovery objectives from the 2011 Bi-National Recovery Plan for the Kemp’s Ridley Sea
Turtle are identified below:

Recovery Objectives as written in the Bi-National Recovery Plan for the Kemp’s Ridley
Sea Turtle

Downlisting Criteria
The Kemp’s ridley sea turtle can be considered for downlisting from Endangered to Threatened
if the following conditions are met:

Demographic Criteria

1. A population of at least 10,000 nesting females in a season (as measured by clutch frequency
per female per season) distributed at the primary nesting beaches (Rancho Nuevo,
Tepehuajes, and Playa Dos) in Mexico is attained. Methodology and capacity to implement
and ensure accurate nesting female counts have been developed.

Status: This criterion has not been met. In 2014, there were 7,272 nests in Rancho
Nuevo, 1,381 in Tepehuajes, and 2,333 in Playa Dos, Mexico, for a total of 10,986 nests.
This number represents approximately 4,395 nesting females for the season based on 2.5
clutches/female/season. The number of nests reported annually from 2010 to 2014 overall
declined. Although there has been a substantial increase in the Kemp’s ridley population
within the last few decades, the number of nesting females is still below the number of



nesting females per season required for downlisting. See Section 2.3.1 Abundance and
Population Trends for more detail.

2. Recruitment of at least 300,000 hatchlings to the marine environment per season at the three
primary nesting beaches (Rancho Nuevo, Tepehuajes, and Playa Dos) in Mexico is attained
to ensure a minimum level of known production through in situ incubation, incubation in
corrals, or a combination of both.

Status: This criterion has been met. Since 2000, more than 300,000 hatchlings have
been released each year. In 2014, 519,345 hatchlings were released from Rancho Nuevo,
Tepehuajes, and Playo Dos.

Listing Factor Criteria

1. Long-term habitat protection of two of the primary nesting beaches is maintained in Mexico
(Rancho Nuevo, Tepehuajes) as federal, state, municipal, or private natural protected areas
under a similar legally protective designation or mechanism. Long-term habitat protection of
the nesting beach at Playa Dos, through establishment as a natural protected area or similar
legally protective designation or mechanism is initiated.

Status: This effort is ongoing. Rancho Nuevo was declared a Natural Reservation in
1977 and was declared a Sanctuary in 2002. In 2004, it was included in the listing of
Wetlands of International Importance under the Convention on Wetlands (RAMSAR),
signed in Ramsar, Iran, in 1971. In 2013, Mexico implemented regulations to protect all
sea turtle nesting beaches, including Ranch Nuevo, Tepehujues, and Playa Dos (NOM-
162-SEMARNAT-2012).

2. Social and/or economic initiatives that are compatible with the Kemp’s ridley conservation
programs have been initiated and/or developed in conjunction with the Kemp’s ridley
conservation program at Rancho Nuevo and at least two other communities adjacent to
Kemp’s ridley sea turtle camps. The National Commission of Protected Natural Areas
(CONANP) will determine whether these initiatives are sufficient based on community need
and potential benefits to conservation.

Status: This effort is ongoing. Projects are currently in progress in four communities
adjacent to the main nesting beaches (Rancho Nuevo, Barra del Tordo, La Pesca,
Tepehuajes); local community members are hired to work with the Kemp’s ridley
conservation program. The Ministry of Urban Development and Environment is
requesting assistance from CONANP to continue the PROCODES Community Support
Program at La Pesca and Tepehuajes in 2015 as well as assistance to implement a more
permanent environmental education program in these communities.

3. Predation of nests is reduced through protective measures implemented to achieve 300,000
hatchlings per season at Rancho Nuevo, Tepehuajes and Playa Dos in Mexico through in situ
incubation, incubation in corrals or a combination of both.



Status: This criterion has been met as evidenced by the number of hatchlings released
each year (see criterion no. 2). The predation rate on nests left in situ at Rancho Nuevo is
about 5-10% each nesting season (L. Sarti, National Commission of Natural Protected
Areas (CONANP), personal communication 2015).

4. Turtle excluder device (TED) regulations, or other equally protective measures are
maintained and enforced in all U.S. and Mexican trawl fisheries (e.g., shrimp, summer
flounder, whelk) that are known to have an adverse impact on Kemp’s ridleys in the Gulf of
Mexico and Northwest Atlantic.

Status: This criterion has not been met and effort is ongoing. Skimmer trawls are known
to adversely impact Kemp’s ridleys; however, TEDs are not required in this fishery
pending further development and testing of effective TEDs. In the U.S., compliance with
the TED regulations dropped substantially in the last several years. For example, in 2011
in the Gulf of Mexico, observed compliance ranged from a low of 53% in May and high
of 85% in August. TED compliance in the South Atlantic shrimp fishery in 2011 was
estimated to be 67% (see NMFS 2012 for further details). NMFS increased TED
monitoring and, based on law enforcement and gear monitoring data, changed the 97%
TED exclusion rate (which assumed 100% compliance with TEDs) to 88% turtle
exclusion rate for TEDs. This new compliance standard is a target for law enforcement
and monitoring purposes to ensure the TED regulations are effectively excluding sea
turtles. By 2015, TED compliance had exceeded the 88% turtle exclusion rate (NMFS
unpublished data 2015). In early 2010, Mexico was decertified under U.S. Public Law
101-162 to export wild harvested shrimp to the U.S. because their TED program was not
comparable to the U.S. program (75 FR 16225 March 31, 2010). However in 2011,
Mexico was recertified based on improvements in the TED program (76 FR 32010, June
2,2011).

5. A sub-group of the Team and other technical experts has been convened and made progress
in identifying and reviewing the most current data on major foraging areas (especially for
juveniles), inter-nesting habitats, mating areas, and adult migration routes in Mexico and
U.S. waters to provide information to ensure recovery.

Status: This effort is ongoing. The Services will organize, in coordination with Mexico,
a workshop of experts to determine the best approach (including what data should be
collected) to in-water population monitoring and to identify, if appropriate, index
monitoring sites for implementation by appropriate federal and state agencies and/or
academia. Existing surveys in the Gulf of Mexico (e.g., SEAMAP, Sabine Pass,
Calcasieu Pass ) and Atlantic (e.g., SEAMAP, SCDNR turtle trawl survey) should be
examined to determine whether those surveys, as currently conducted, are providing site-
specific robust population trend and/or vital rate data. A non-governmental organization,
TOMAME (Tortugas Marinas de Mexico), has also proposed to locate and monitor sea
turtle foraging areas within and in coordination with the State of Tamaulipas. Available
data indicate pelagic juveniles inhabit the oceanic waters of the Gulf of Mexico and
northwest Atlantic Ocean, while neritic juveniles inhabit coastal waters of the northern
Gulf and U.S. Atlantic coast north to New England. Coastal areas in the northwestern



and western Gulf of Mexico including tidal passes, bays, and coastal lakes, represent
optimal developmental habitats due to favorable water temperature and abundant prey.
Along the U.S. Atlantic coast, juveniles make seasonal north and south migrations.
However, it is not well understood the degree to which migrants along the Atlantic coast
contribute to the breeding population. Published records indicate fewer than 20 Kemp’s
ridleys tagged in the Atlantic Ocean have been documented to nests on Gulf of Mexico
beaches. Studies have identified the nearshore areas in the U.S. Gulf of Mexico,
especially off Louisiana as important foraging habitat for post-nesting females from
PAIS, upper Texas coast, and Rancho Nuevo, Tamaulipas, Mexico. Nearshore areas off
the Yucatan Peninsula have been identified as important foraging habitat for post-nesting
females from Rancho Nuevo, Tamaulipas, Mexico. See Section 2.3.1 for more detail.

Delisting

An analysis of the delisting criteria is not required because the Kemp’s ridley sea turtle has not
met the downlisting criteria. The criteria required for the delisting of the Kemp’s ridley are listed
under the 2011 Bi-National Recovery Plan for the Kemp’s Ridley Sea Turtle, which is available
at: http://www.nmfs.noaa.gov/pr/pdfs/recovery/turtle_kempsridley draft2.pdf

2.3  Updated Information and Current Species Status

This review is based on the best available information through February 2015. The review
provides an overview of the information on Kemp’s ridley biology, population distribution and
trends, habitat, and threats that have emerged or have been mitigated since the last 5-year review
(NMFS and FWS 2007) to assess whether a status review of the current listing classification for
the Kemp’s ridley sea turtle is appropriate. The age structured model used for population
projection completed for the last recovery plan (NMFS et al. 2011) was updated for this 5-year
review (Heppell. S., Oregon State University (OSU), unpublished data 2015; NMFS award
NA110AR4320091) to determine whether we have met downlisting criterion number 1 given the
recent downturn in annual nests numbers.

Since the last 5-year review (NMFS and FWS 2007), we continue to make strides in our
knowledge of the biology of Kemp’s ridleys, especially away from the nesting beach.
Improvements in models to assess population status and trends have provided new insights into
the species’ response to threats and conservation efforts. Advances in tagging techniques, such
as satellite, radio, and sonic telemetry have vastly improved our knowledge of the biology and
ecology of Kemp’s ridley sea turtles. We have a better understanding of foraging site selection
and fidelity and migratory patterns for adults and oceanic and neritic juveniles in the Gulf of
Mexico. Important contributions have been made toward hypothesizing the impact of climate
and oceanographic processes on population viability. Increased evaluation of fisheries bycatch
has provided important insights into the management needs for this species.

2.3.1 Biology and Habitat

Distribution

The Kemp’s ridley sea turtle has a restricted distribution (Morreale et al. 2007). Kemp’s ridleys
inhabit the Gulf of Mexico and northwest Atlantic Ocean, as far north as the Grand Banks
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(Mérquez 2001; Watson et al. 2004) and Nova Scotia (Bleakney 1955). They sporadically occur
near the Azores and northeast Atlantic Ocean (Bolten and Martins 1990; Brongersma 1972;
Deraniyagala 1938; Fontaine et al. 1989; Witt et al. 2007) and Mediterranean Sea (Brongersma
1982; Brongersma and Carr 1983; Insacco and Spadola 2010; Pritchard and Marquez 1973;
Tomaés and Raga 2007, 2008). Sightings in the Mediterranean Sea have increased, which may be
due to misidentified loggerhead sea turtles, increased hatchling production at the nesting
beaches, or a migration expansion by the Kemp’s ridley to exploit valuable foraging grounds in
the region (Tomas and Raga 2008).

Kemp's ridley nesting is essentially limited to the beaches of the western Gulf of Mexico,
primarily in Tamaulipas, Mexico. Nesting also occurs in Veracruz and a few historical records
exist for Campeche, Mexico. In the United States, nesting occurs primarily in Texas (especially
PAIS), and occasionally in Florida, Alabama, Georgia, South Carolina, and North Carolina
(below Figure 1.).
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Figure 1. Class intervals of annual numbers of nesting events documented for each beach in Mexico in 2014
(Source: L. Sarti, CONANP, personal communication 2015), and in U.S. in 2009 (Source: NMFS et al. 2011: Padre
Island National Seashore, FWS, Florida Marine Research Institute, Georgia Department of Natural Resources, South
Carolina Department of Natural Resources, and North Carolina Wildlife Resources Commission).
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Migration

Females

During the nesting season, adult females from Texas beaches establish residency in nearshore
waters in Texas and Louisiana (Hughes and Landry 2013; Seney and Landry 2008, 2011; Shaver
and Rubio 2008). Marquez (1994) reviewed recaptures of females tagged while nesting on
Mexico beaches, but recent published data are lacking on the internesting movement of females
from Mexico beaches.

Post-nesting migration of females from Rancho Nuevo and Texas beaches indicate that turtles
move along coastal migratory corridors either to the north or south from the nesting beach (Byles
1989; Byles and Plotkin 1994; Hughes and Landry 2013; Renaud 1995; Renaud et al. 1996;
Seney and Landry 2011; Shaver 1999, 2002; Shaver and Rubio 2008; Shaver et al. 2013). These
migratory corridors appear to extend throughout the coastal areas of the Gulf of Mexico, and
most adult females appear to travel in waters less than 50 meters in depth. Turtles that headed
north and east traveled as far as the waters off southwest Florida; however waters off the upper
Texas coast through Mississippi, especially off Louisiana, appear to be a “hotspot’ as turtles
returned to the area to forage over multiple years (Shaver et al. 2013). Females from Rancho
Nuevo, Mexico, also headed south and east and traveled as far as the Yucatan Peninsula
(Guzmén-Hernandez et al. 2007; Morreale et al. 2007; Shaver et al. 2013). Those females
represented the extreme migrations, and some were tracked to nearby locations. In general, the
data suggest that the turtles head north or south from the nesting beach and then settle into
resident feeding areas for several months or more offshore various coastal locations in the Gulf
of Mexico (Byles and Plotkin 1994; Morreale et al. 2007; Shaver et al. 2013).

The general migratory pattern that emerges is that females may begin migrating along relatively
shallow migratory corridors toward the nesting beach in the late winter in order to arrive at the
nesting beach by early spring. Based on captive animals, mating is believed to occur about 3 to 4
weeks prior to the first nesting of the season (Rostal 2007), which means it occurs during late
March through early to mid-April. It is presumed that most mating takes place near the nesting
beach (Morreale et al. 2007; Rostal 2007). The female is capable of storing the sperm in the
upper oviduct after mating and will then use that sperm to fertilize eggs after each ovulation
during the nesting season (Rostal 2007). The female will initially ovulate within a few days after
successful mating and lay her first clutch approximately 2 to 4 weeks later; if a turtle nests more
than once a season, subsequent ovulations occur within approximately 48 hours after each
nesting. The ovary of a reproductively active female will have follicles that begin to enlarge
approximately 4 to 6 months prior to mating. A variety of steroid hormones and pituitary
hormones are believed to coordinate ovulation and egg production (Rostal 2007).

Males

Males tracked in waters off Tamaulipas, Mexico, during different seasons either remained in
foraging areas near the nesting beach (n = 10) or migrated to distant foraging grounds (n = 1,
Shaver et al. 2005). This study focused on capturing males in the waters near Rancho Nuevo
and may represent a bias since resident males may have been more available for capture than
transient males. Shaver (2007) also followed the movements of one adult male Kemp’s ridley
that stranded alive on North Padre Island in April 2006. This turtle soon traveled to waters off
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the upper Texas coast and western coast of Louisiana and remained there through the remainder
of the 13-month tracking period.

Males and immature turtles had smaller core foraging areas (Shaver et al. 2005) compared to
females (Seney and Landry 2011), which may indicate that adult females require larger foraging
areas to meet their nutritional needs. However, further studies on male and immature Kemp’s
ridley foraging strategies are needed in order to compare movement patterns between life stages
(Seney and Landry 2011).

Hatchlings and Juveniles

Hatchling dispersal is not well known, but is likely influenced by the oceanic currents in the
western Gulf of Mexico (NMFS et al. 2011; Putman et al. 2013). Kemp’s ridley hatchlings enter
the Gulf of Mexico from beaches near Rancho Nuevo, Mexico, and are presumably carried by
major oceanic currents (e.g., anticyclonic Mexican Current) into various areas of the Gulf of
Mexico and North Atlantic. The narrow shelf off Rancho Nuevo may enhance the probability of
hatchlings reaching a western boundary current in a short period of time, possibly less than 24
hours (Collard and Ogren 1990; Witherington et al. 2012a). This period is within four days of
hatching, which is thought to be the extent of the hatchling’s reserve energy stores from the
nutrient rich yolk sac (Kraemer and Bennett 1981). Ocean circulation conditions offshore of
Tamaulipas and Veracruz nesting beaches may also facilitate hatchling transport to the pelagic
environment within 4 days and subsequent migration to foraging grounds within 2 years (Putman
et al. 2010).

Pelagic juveniles spend approximately 2 years in the ocean prior to recruiting to nearshore waters
(Epperly et al. 2013; Ogren 1989; Snover et al. 2007; Zug et al. 1997). During this oceanic stage,
juveniles either remain in the current system of the northern and western Gulf of Mexico or are
transported to the Gulf Stream of the northwest Atlantic Ocean (Collard and Ogren 1990;
Putman et al. 2010, 2013). Some individuals are transported to the eastern Atlantic Ocean,
including the Mediterranean Sea (Brongersma 1982). Between 1992 and 2011, Witherington et
al. (2012a) conducted searches within and between patches of Sargassum to determine the
importance of this macroalgae community to young sea turtles. The authors estimated the
Kemp’s ridleys associated with Sargassum were either 1 or 2 yr olds. In the northern and eastern
Gulf of Mexico, many of the Kemp’s ridleys were 25 cm straight carapace length (SCL), which
represents the lower size observed within nearby coastal-neritic habitats. It was hypothesized
that these turtles were on the verge of recruiting to coastal habitats, and the open waters of the
northern and eastern Gulf of Mexico support unigue transitional habitat (Witherington et al.
2012a). Kemp’s ridley pelagic juveniles (n = 20; 14.1-29.9 cm SCL) captured offshore in the
northern and eastern Gulf of Mexico were tracked by satellite telemetry, and their movement was
analyzed in comparison to passive surface drifters and modelled virtual particles (Putman and
Mansfield 2015). The Kemp’s ridleys actively oriented and swam from their release sites and
were transported in ocean currents in the Gulf of Mexico, which may promote their retention
within the area.

Neritic juveniles have been found in coastal habitats of the northern Gulf of Mexico and the U.S.

Atlantic coast (Lyn et al. 2012; Morreale et al. 2007; Seney and Landry 2011; Turtle Expert
Working Group (TEWG) 2000). In the Gulf of Mexico, juveniles make seasonal east, west, and
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south migrations and move further offshore during the winter as water temperatures drop (Lyn et
al. 2012; Renaud and Williams 2005; Schmid and Witzell 2006). Coastal areas in the northern
Gulf of Mexico including tidal passes, bays, and coastal lakes, represent optimal developmental
habitats due to favorable water temperature and abundant prey (Lyn et al. 2012; Seney and
Landry 2011). Neritic juveniles exhibit site fidelity to shallow coastal foraging areas (Lyn et al.
2012; Schmid 1998; Schmid et al. 2003; Seney and Landry 2011). However, 2 of 3 immature
turtles tracked off Texas in 2006 also ventured into deeper water where they remained for
extended periods of time suggesting habitat preference may differ among years (Seney and
Landry 2011). Along the U.S. Atlantic coast, neritic juveniles make seasonal north and south
migrations (NMFS et al. 2011). The offshore waters south of Cape Canaveral have been
identified as an important overwintering area for seasonal migrants along the U.S. Atlantic coast
(Henwood and Ogren 1987; Schmid 1995). However, it is not well understood the degree to
which migrants along the Atlantic coast contribute to the breeding population. Published records
indicate fewer than 20 Kemp’s ridleys tagged in the Atlantic Ocean have been documented to
nests on Gulf of Mexico beaches (reviewed by Caillouet et al. in press).

Demography

Age and Growth

Growth rates vary by geography and ontogeny (Marquez 2001). Generally, growth rates in the
Gulf of Mexico are greater (~7.0 cm/yr; Fontaine et al. 1989; Landry et al. 2005; Schmid and
Woodhead 2000) than in the Atlantic Ocean (< ~ 6.0 cm/yr; Morreale and Standora 1998;
Schmid and Woodhead 2000). However, specific sites in the Gulf of Mexico (e.g., Waccassasa
Bay/Cedar Keys - 5.4 + 3.3 cm/yr) and Atlantic Ocean (e.g., Cape Canaveral - 7.6 = 9.2 cm/yr)
do not fit this generality (Schmid and Barichivich 2006). Growth rates change over life stages
(Chaloupka and Zug 1997). Post-hatchlings undergo rapid growth for the first year, but most
experience a decline in growth around ages 2-3 (Snover et al. 2007). Growth rates seem to be
stable and somewhat linear by ages 3-5. Growth was 16.9 cm in the first year, reaching an
average carapace size of 21 cm/yr by age 1 (Snover et al. 2007). Growth rates for Kemp’s
ridleys in New York waters increase from 2.2 + 1.6 cm/yr for turtles in the 20-30 cm size class
to 4.5 £ 4.2 cm/yr for the 30-40 cm size class (Morreale and Standora 1998). Similarly, slower
growth has been observed for the 20-30 cm size class of turtles inhabiting west Florida (Schmid
and Barichivich 2006). A second growth spurt occurs at 46 cm SCL, possibly due to a shift in
developmental habitat prior to sexual maturation (Chaloupka and Zug 1997). In addition to an
ontogenetic habitat shift, it was suggested that the peak of the second growth phase may coincide
with the onset of puberty in the 40 — 50 cm size class, and these maturing turtles were referred to
as “subadults” (Coyne and Landry 2000; Gregory and Schmid 2001; Owens 1997). Based on
known size-at-age head-started Kemp’s ridleys, Snover et al. (2008) estimated that neritic
juveniles transition to a pubertal subadult stage at about 4.3 years of age and at 52.2 cm SCL.
Several studies, including those of captive turtles, recaptured turtles of known age, mark-
recapture data, and skeletochronology, have estimated the average age to maturity in Kemp’s
ridleys ranges between 5 to 7 years (Marquez 1972), 10 years (headstarted, Caillouet et al.
1995), 5 to 12 years (captive only, Bjorndal et al. 2014), 10 to 16 years (Chaloupka and Zug
1997; Schmid and Witzell 1997; Zug et al.1997; Schmid and Woodhead, 2000), 9.9 to 16.7 years
(Snover et al. 2007), and 10 and 18 years (Shaver and Wibbels 2007). While most of these
studies estimated age to sexual maturity, estimates of age at first nesting may be used in age-
based and life stage-based demographic modeling (see review by Caillouet et al. 2011).
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Reproductive Capacity

It has been estimated that females lay an average of 2.5 clutches (estimates range 1.8 — 3.075
clutches/yr) within a season (TEWG 1998, 2000), which is the value used in the Bi-National
Kemp’s Ridley Recovery Plan (NMFS et al. 2011). However, using this average to extrapolate
the number of females per nesting season may be resulting in underestimates of this vital
criterion. Frey et al. (2014) used genotyping to assign nesting females to nests in Texas for
nesting seasons 2003-2006. The average number of nests laid per female per nesting season
ranged from 1.27 (2003) to 1.78 (2006) well below the previous estimated average and range for
Rancho Nuevo, Mexico. The difference in values may reflect different nesting patterns or
monitoring efforts between the two nesting beaches or known females may have nested outside
of the monitored area. In addition, Frey et al. (2014) were unable to assign 19 of 141 nests,
which suggest the existence of undetected nesting females. Further studies are needed to sample
nesters and nests across years to improve the genotyping methodology and enable quantification
of population parameters such as number of nests per female and inter-nesting interval.

The average number of eggs per clutch range from 95 t0112 with 42-62 days of incubation prior
to hatching (Burchfield 2009; Guzman-Hernandez et al. 2007). The average number of
hatchlings per clutch peaked in 1989, reflecting an increase in the average number of eggs per
clutch, and has declined roughly linearly ever since (Caillouet 2014). This may reflect a trend of
overall decline in fecundity of nesters, the consequence of increasing proportions of neophyte
nesters being added each year through 2009, which is a result of exponentially increasing annual
hatchling releases in Tamaulipas through the same period (Caillouet 2014). Other factors such
as insufficient energy reserves to meet the demands for egg production could reduce average
number of eggs per nest, and therefore number of hatchlings per nest (e.g., Witzell et al. 2005).

Approximately 20% of females will nest every year, 60% every 2 years, 15% every 3 years, and
5% every 4 years (Marquez et al. 1989; TEWG 2000). These data suggest an interannual
remigration rate for female Kemp's ridleys of approximately 1.8 (Rostal 2007) to 2.0 years
(Mérquez et al. 1989; TEWG 2000).

Kemp's ridleys tend to nest in large aggregations or arribadas (Bernardo and Plotkin 2007).
Nesting in large aggregations may be advantageous for a variety of reasons, including mate
finding, maintaining genetic diversity through multiple paternity, and enhancing the survival of
eggs and hatchlings due to predator swamping (Bernardo and Plotkin 2007). The period between
arribadas averages approximately 25 days (Rostal 2007; Rostal et al. 1997), but the precise
timing of the arribada is highly variable and unpredictable (Bernardo and Plotkin 2007). The
biological or physical factors that initiate an arribada are not known, but a variety of potential
cues have been suggested, including strong onshore wind, lunar and tidal cycles, social
facilitation, and olfactory signals (Bernardo and Plotkin 2007; Shaver and Rubio 2008). Some
Kemp's ridleys will nest between arribadas as solitary nesters and thus exhibit a shorter
internesting interval (e.g., 14 days) than the arribada nesters (Rostal et al. 1997; Rostal 2007).

Sex Ratios

Sex determination in marine turtles is temperature dependent and occurs during approximately
the middle third of incubation, which is known as the thermosensitive period (reviewed by
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Wibbels 2003, 2007). During this thermosensitive period, the pivotal temperature at which an
equal number of females and males are produced occurs at 30.0°C (LeBlanc et al. 2012) to
30.2°C (Shaver et al. 1988; reviewed by Wibbels 2007). This pivotal temperature generally is
higher in Kemp’s ridleys compared to other sea turtles (reviewed by Wibbels 2007).
Temperatures of 32.5°C or higher produced 100% female hatchlings, and although a minimum
temperature could not be determined, temperatures less than 29° C produced predominately male
hatchlings (LeBlanc et al. 2012).

At Rancho Nuevo, Mexico, sand temperatures gradually increase during the start of the Kemp’s
ridley nesting season (late March and April) and are at or above pivotal temperature by mid-to-
late May, and remain above pivotal temperature through June and July (Bevan et al. 2013;
reviewed by Wibbels 2007). Considering that the heaviest nesting occurs in May, the majority
of eggs experience female-producing temperatures by the time they enter their thermosensitive
period of sex determination. During June and July, sand temperatures remain relatively high
(normally above pivotal temperature) for the remainder of the nesting season, but can decrease
episodically due to rain, which can lower incubation temperatures to near or below the pivotal
temperature. Although females are primarily produced at Rancho Nuevo, nests laid early in the
season and those exposed to heavy rains during their thermosensitive period may produce more
males (Bevan et al. 2013; reviewed by Wibbels 2007).

Sex ratios in adult and neritic juvenile Kemp's ridleys have been reported ranging from slightly
male-biased to strongly female-biased. The reasons for the variation are unknown, but could
relate to many factors including biased sampling (e.g., sampled in a migration corridor used
more frequently by one sex or sampled from stranded turtles, which may represent differential
mortality) (reviewed by Wibbels 2007).

The production of biased hatchling sex ratios at Rancho Nuevo could significantly affect the
recovery of the Kemp's ridley (Bevan et al. 2013; reviewed by Wibbels 2003). The production
of a female bias will potentially increase egg production as those turtles reach sexual maturity
(Coyne and Landry 2007). In particular, the female-biased sex ratio has the potential of
increasing the rate of recovery assuming that the number of males does not become a limiting
factor. Empirical data are lacking to support this hypothesis, and the opposite may be true. For
example, although one male may be able to inseminate multiple females (Frankel 2011; Frankel
and Williams 2012; Kichler Holder and Holder 2007; Kichler et al. 1999), it is unknown at what
point the percentage of males may become insufficient to facilitate maximum fertilization rates
in a population. If males become a limiting factor in the reproductive ecology of the Kemp's
ridley, then reproductive output in the population could decrease (Coyne 2000). Low fertility,
however, has not been reported in the population. Low numbers of males could also result in the
loss of genetic diversity within a population, but there is no evidence that this is a problem for
the Kemp's ridley (Kichler Holder and Holder 2007; Kichler et al. 1999).
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Taxonomy, Phylogeny and Genetics

The Kemp’s ridley taxonomic classification (below) is unchanged since the last 5-year review
(NMFS and FWS 2007).

Kingdom: Animalia

Phylum: Chordata

Class: Reptilia

Order: Testudines

Family: Cheloniidae

Genus: Lepidochelys

Species: kempii

Common name: Kemp's ridley sea turtle

The Kemp's ridley was originally described by Samuel Garman in 1880 (Carr 1952), based on
specimens submitted by Richard Kemp of Key West, Florida. The Kemp's ridley is closely
related to the olive ridley (Lepidochelys olivacea) (Kichler Holder and Holder 2007), but it is a
genetically distinct species (Bowen et al. 1991, 1998). Based on analysis of mitochondrial
deoxyribonucleic acid, the genetic divergence between the Kemp's ridley and the olive ridley is
more than twice as large as the divergence within the olive ridley (Bowen et al. 1998). The
ancestral split between the Kemp's ridley and olive ridley has been estimated to occur
approximately 2.5 to 3.5 million (Bowen et al. 1998) or 4.5 to 5 million (Duchene et al. 2012)
years ago.

Genetic data suggest a high level of multiple paternities in Kemp's ridleys, and the formation of
nesting aggregations may facilitate multiple paternity (Bowen and Karl 2007; Frankel 2011;
Frankel and Williams 2012; Kichler Holder and Holder 2007; Kichler et al. 1999; Rostal 2007).
Multiple paternities are thought to increase the likelihood of fertilization, genetic variation,
chance of receiving good genes, and overall fitness due to sperm competition (reviewed by
Bowen and Karl 2007). The decline of this species to critically low numbers potentially caused a
bottleneck resulting in a measurable loss of genetic variation (Stephens 2003). However, Kichler
(1996) showed that the genetic variability as measured by heterozygosis at microsatellite loci is
high (H = 0.60), which indicates that the demographic bottleneck occurred too fast to be detected
even with highly variable markers. If this conclusion holds, the rapid population increase in the
Kemp’s ridley over several decades will likely prevent any negative consequence in the genetic
variability of the species.

Habitat Use or Ecosystem Conditions

Marine

Coastal developmental habitats for neritic juveniles occur throughout the entire northern Gulf of
Mexico and U.S. Atlantic coast northward to New England (reviewed by Meylan et al. 2011;
Morreale et al. 2007; Schmid 1998; Wibbels et al. 2005). The main characteristics that define
developmental habitats are coastal areas sheltered from high winds and waves such as
embayments, estuaries, and nearshore temperate waters. Suitability of these habitats depends on
resource availability (TEWG 2000), and optimal environments appear to provide rich food
sources of crabs and other invertebrates (Metz 2004; Ogren 1989; Schmid 1998). Ogren (1989)
suggested that areas inhabited by neritic juveniles overlapped with the distribution of portunid
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crabs, as this has been identified as an important component of their diet, yet the studies since
that time indicate a much broader and more diverse dietary preference. Studies have shown that
their diets include various items such as mollusks, natural and synthetic debris, sea horses,
cownose rays, jellyfish, and tunicates (Burke et al. 1993a, 1993b, 1994; Frick et al. 1999; Shaver
1991; Werner 1994; Witzell and Schmid 2005). Based on necropsies of Kemp’s ridleys in the
northern Gulf of Mexico, fish appear to be a primary diet of juveniles (NMFS unpublished data).

A variety of substrates have been proffered as good foraging habitats, including seagrass beds
(Byles 1988; Carr and Caldwell 1956), oyster reefs (Schmid 1998), sandy bottoms (Morreale and
Standora 1992), mud bottoms (Ogren 1989; Schmid 1998), or a combination of communities and
substrates (Ogren 1989; Rudloe et al. 1991). However, none of these studies have described the
amount of time turtles spend using these habitats or characterized all the habitats available to
turtles within the respective study areas. Estimates of resource use and availability are necessary
to test for habitat preferences (Schmid 2000, Schmid et al. 2003) and to subsequently identify
coastal foraging habitats that are essential to the recovery of the species (NMFS et al. 2011).
Accordingly, live bottom (sessile invertebrates attached to hard substrate) has been documented
as a preferred habitat of neritic juveniles in the coastal waters of western Florida and this benthic
community has not been identified in any previous descriptive accounts of habitat use (Schmid
2000, Schmid et al. 2003, Schmid and Braichivich 2006). Furthermore, the preference for
nearshore live bottom habitat has important implications for offshore winter habitat use by
neritic juveniles and adults (Schmid and Witzell 2006).

Key foraging areas studied in the Gulf of Mexico include Sabine Pass, Texas; Caillou Bay and
Calcasieu Pass, Louisiana; Big Gulley, Alabama (Metz 2004; Ogren 1989; Seney and Landry
2011); Cedar Keys, Florida (Carr and Caldwell 1956; Ogren 1989; Schmid 1998; Schmid et al.
2002); St Joseph Bay, Florida (Stephens et al. 2013), Pine Island Sound, Florida (Schmid and
Tucker 2012; Schmid et al. 2013), and Ten Thousand Islands, Florida (Witzell and Schmid 2004,
2005). Foraging areas studied along the Atlantic coast include Pamlico Sound, Chesapeake Bay,
Long Island Sound, Charleston Harbor, and Delaware Bay (Burke et al. 1994; Epperly et al.
1995; Keinath et al. 1987, 1994; Lutcavage and Musick 1985; Morreale and Burke 1997;
Morreale and Standora 1998; Musick et al. 1994; Seney and Musick 2005; Seney et al. 2014;
Shoop and Kenney 1992).

Waters of the northern Gulf of Mexico, particularly off Louisiana, were found to be important
foraging habitat (< 68 meters deep; mean 33.2 km +25.3 km from shore) for post-nesting females
from PAIS, United States, and Rancho Nuevo, Mexico (Shaver et al. 2013). Females from
Rancho Nuevo also use shelf waters off the Yucatan Peninsula. Distance to the nesting beach,
distance to mainland coast, annual mean sea surface temperature, bathymetry and net primary
production were significant predictors for where a post-nesting female chose to forage (Shaver et
al. 2013). Post-nesting females from beaches along the upper Texas coast foraged primarily in
nearshore waters between Louisiana and southwest Florida, with the heaviest concentration of
females using the Mississippi River Delta (Hughes and Landry 2013). Knowledge of habitat-use
by adult males is more limited, but satellite telemetry used to monitor movements of adult males
captured near Rancho Nuevo, Tamaulipas, Mexico (Shaver 2006), indicate that males inhabit
nearshore waters similar in depth and bottom composition to females.
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Terrestrial

The beach at Rancho Nuevo, Mexico, is formed by low dunes, isolated on the land side by
shallow coastal lagoons with several narrow cuts that open during the rainy season forming
estuaries or temporary sand bars (Marquez 1994). The beach is typically formed by two berms,
which vary in width from 15 m to 45 m. The sand contains a high portion of fine grains. The
dunes vary in height and are stabilized by coastal plants such as sea oats and cord grass. Rancho
Nuevo is considered a high energy beach with sand flats running parallel and adjacent to the
beach, forming reef-like barriers (Marquez 1994).

The beach on the Texas coast varies geographically, with some areas generally similar to Rancho
Nuevo and other areas differing. However, the beach is not homogeneous at PAIS. In some
areas of PAIS, where nearshore currents converge, the beach consists of more shell fragments
and often forms steeper berms. There are some areas at PAIS where the dunes are very tall, but
on the upper Texas coast there is virtually no dune line and the beach is highly erosional and
maintained through beach renourishment activities.

Abundance and Population Trends

Information suggests the Kemp’s ridley was historically abundant (see discussion below).

Recent population abundance, based on nests and hatchling recruitment, was estimated by
Gallaway et al. (2013, in press). They estimated the female population size for age 2 and older
in 2012 to be 188,713 (SD = +32,529). Assuming females comprise 76% (sex ratio = 0.76;
TEWG 1998, 2000) of the population, they estimated the total population of age 2 years and over
at 248,307. Based on the number of hatchlings released in 2011 and 2012 (1+ million) and
recognizing mortality over the first two years is high, Gallaway et al. (2013, in press) thought the
total population, including hatchlings younger than 2 years, may exceed 1 million turtles. Itis
important to note that 2012 was the highest year for recorded nests since monitoring began, and
in 2014, the number of nests (all beaches) was almost half of the 2012 number; thus, the
population estimate would be much lower.

During the mid-20™ century, the Kemp's ridley was abundant in the Gulf of Mexico. Historic
information indicates that tens of thousands of ridleys nested near Rancho Nuevo, Mexico,
during the late 1940s (Hildebrand 1963). The famous "Herrera" film from 1947 was estimated to
include as many as 40,000 turtles in a single arribada (Carr 1963; Hildebrand 1963). See
Wibbels and Bevan (2015) for more information on the history of the film and the ‘discovery’ of
the Kemp’s ridley. The Kemp's ridley population experienced a rapid and significant decline
between the late 1940s and the mid-1980s. The largest arribadas recorded from 1966 to 1968
ranged from approximately 1,500 to 5,000 turtles (Chavez et al. 1969, Pritchard 1969). The total
number of nests at Rancho Nuevo was at a record low of 702 in 1985, estimated to be fewer than
250 nesting females. This dramatic decline resulted from intensive egg collection, killing of
nesting females, and bycatch and drowning in the shrimp fleets of the U.S. and Mexico (NMFS
et al. 2011). Due to intensive conservation actions, the Kemp's ridley began to slowly rebound
during the 1990s. The number of nests at Rancho Nuevo increased to 1,430 in 1995, 6,947 in
2005, and 15,459 in 2009 (CONANP 2009a.,b.; J. Pena, Gladys Porter Zoo (GPZ), personal
communication 2012). However, in 2010 the number of nests dropped to 9,840, a 36% reduction
from 2009 (CONANP 2010a.,b.). In 2011 and 2012, the number of nests at Rancho Nuevo
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exceeded 16,000 nests each year (CONANP 2011a.,b., 2012a.,b.; J. Pena, GPZ, personal
communication 2013). Preliminary data through May 30, 2015, show at total of 11,955 for the
Rancho Nuevo, Tepehuajes, and Playa Dos (J. Pena, GPZ, personal communication 2015). The
number of hatchlings released from Rancho Nuevo, Tepehuajes, and Playa Dos, Mexico, beaches
has exceeded 300,000 each year since 2002, and was over 1 million in 2009, but dropped to
about 520,000 in 2014 (CONANP 2009a.,b., 2010a.,b., 2011a.,b., 2012a.,b., 2013a.,b., 2014a.,b.)
due to fewer nests. Total nests and hatchlings released from Rancho Nuevo, Tepehuajes, and
Playa Dos, Mexico, from 1966-2014 are provided below (Table 1).

Table 1. Total number of recorded nests (includes corral and in situ) and hatchlings released from the three primary
nesting beaches: Rancho Nuevo, Tepehuajes, and Playa Dos, Mexico (source: L. Sarti, CONANP, preliminary data,
2014).

TOTAL | HATCHLINGS Bg=A{a TOTAL | HATCHLINGS
NESTS RELEASED NESTS RELEASED
5,991 30,555 1,178 79,749
5,519 25,305 1,275 92,116
5,117 15,750 1,241 84,605
4,018 29,820 1,562 107,687
3,017 32,970 1,930 120,038
2,012 13,755 1,981 114,842
1,824 15,330 2,221 141,770
1,643 24,675 3,482 167,168
1,466 24,675 3,369 211,355
1,266 11,100 5,834 365,479
1,110 36,100 4,927 291,268
1,036 30,100 5,525 357,313
924 48,009 7,604 433,719
954 63,996 6,309 421,684
868 37,378 9,236 569,963
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TOTAL | HATCHLINGS Ig=ra\a TOTAL | HATCHLINGS
NESTS RELEASED NESTS RELEASED
897 53,282 11,322 715,002
750 48,007 13,849 902,290
746 32,921 17,131 806,079
798 58,124 19,163 1,025,027
702 51,033 12,377 663,614
744 48,818 18,215 630,182
737 44,634 18,184 927,002
842 62,218 13,035 688,792
828 66,802 10,987 519,273

992 74,339
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Total number of nests for all Mexico was 20,913 in 2009, 13,832 in 2010, 21,126 in 2011,
22,458 in 2012, 16,944 in 2013, and 12,060 in 2014 (Figure 2). Based on an average of 2.5
nests per female per nesting season (NMFS et al. 2011), the total number of nests on Mexico
beaches represents about 8,984 nesting females in 2012, 6,778 in 2013, and 4,824 in 2014
(CONANP 2009a.,b., 2010a.,b., 2011a.,b., 2012a.,b., 2013a.,b., 2014a.,b.).
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Figure 2. The total number of nests recorded at Tamaulipas (Rancho Nuevo and adjacent beaches) and Veracruz ,
Mexico, from 1947-2014 (Source: CONANP 2009a.,b., 2010a.,b., 2011a.,b., 2012a.,b., 2013a.,b., 2014a.,b.). Prior
to 1988 only Rancho Nuevo was surveyed. Playa Dos was added in 1988 and Tepehuajes in 1996.

Similar to Mexico, Texas also experienced an increase in the number of nests through 2009, but
saw a noticeable drop in 2010 (D. Shaver, PAIS, personal communication 2013). In Texas, the
number of observed nests was 1 in 1985, 4 in 1995, 50 in 2005, and 197 in 2009. However, in
2010 only 141 nests were recorded followed by 199 in 2011, 209 in 2012, 153 in 2013, and 119
in 2014 (Figure 3; D. Shaver, PAIS, personal communication 2015).
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Figure 3. The total number of nests recorded at PAIS, Texas, from 1948-2014 (D. Shaver, PAIS, personal
communication 2015).

The Bi-National Recovery Plan for the Kemp’s Ridley (NMFS et al. 2011) contained an updated
deterministic (i.e., no annual variability in vital rates) age-based model from Heppell et al.
(2005) to better understand population growth and recovery. Assuming current survival rates
within each life stage remained constant, the population was predicted to grow 19% per year
from 2010-2020, and at least 10,000 nesting females (one criterion for downlisting) in a season
was predicted to occur by 2011 and 40,000 nesting females per season over a 6-year period (one
criterion for delisting) was predicted to occur by 2024. Given the recent decline in nest numbers,
the population is not projected to grow at former rates (e.g., 15% per year from 1988-2003;
Heppell et al. 2005). Dr. Heppell (OSU, unpublished data 2015) updated the population model
used in the Kemp’s ridley recovery plan with the nest numbers from the three index areas
(Rancho Nuevo, Tepehuajes, and Playa Dos). Observed nests and hatchling production at these
three beaches, which comprise over 85% of nesting activity by the species, were updated with
data provided by Laura Sarti, CONANP, in December 2014. The updated model included a
variable age at first nesting to represent a more gradual maturation rate rather than the 12-year
fixed age used in the recovery plan. The updated model also separated neophyte from remigrant
female nesters rather than grouping all adult females together in their first year of maturity.
Finally, the updated model included a separate mortality multiplier for adult turtles to account for
life stage-specific changes in mortality rates at different intervals. Reproductive rates remained
the same as those used in NMFS et al. (2011), due to a lack of new information on nests per
female or remigration interval. Baseline (pre 1990s) survival rates and multipliers for survival
rates were fit based on a negative log-likelihood estimation with an additional fitted coefficient
of variation parameter based on observed nests each year and predicted nests for each year,
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starting in 1978 when nest counts were standardized. Bounds were placed on most of the fitted
parameters (Table 2). Although the updated model is also deterministic, it uses the number of
female hatchlings produced each year from the three core nesting beaches. Female hatchling
numbers are based on estimates of sex ratios of 0.76 in the corrals and 0.64 for in situ nests

(NMFS et al. 2011).

Table 2. Bounds placed on parameters fit by Excel Solver or manual entry to minimize negative log-likelihood. Not
all of the parameters listed were used in every model. Mortality rates are total instantaneous mortality (Z), where e*
= annual survival (proportion surviving each year). Age classes of the Large Immature and Adult stages overlap

according to the maturation (source: Heppel, OSU, unpublished data 2015).

Parameter Solver fit? Constant all years? Bounds
(low, high)
Age at 50% mature No Yes 9,14
Pelagic immature mortality Yes Yes 05,2
(hatchlings and age 1)
Small immature mortality (age 2-5) | Yes No (changed by mortality 0.2,0.7
multiplier)
Large immature mortality (age 6+) | Yes, equal to Adult No (changed by mortality 0.05,0.4
multiplier)
Adult (mature) mortality Yes No (changed by mortality 0.05,0.4
multiplier)
Mortality multipliers Yes, small and large No (1, 2 or 3 shifts) 0,
immatures equal unbounded
Year of mortality shift(s) No -- 1986,1992
1994,2000
2008,2011
Proportion of remigrant adults Sometimes -- 0,05
nesting in 2010
CV for likelihood Yes Yes unbounded

The updated model could only attain a best fit to the observed nests since 2009 by applying a
substantial decrease in annual survival rates of immature and adult turtles, resulting in a decline
in nests of over 40% per year (Table 3; Figure 4). Also, short-term removals of immature or
mature turtles from the model gave poor model fits, suggesting that there is a persistent reduction
in survival and/or recruitment to the nesting population. The results indicate the population is not
recovering and cannot meet recovery goals unless survival rates improve (Heppell, S., OSU,
unpublished data 2015). However, caution is warranted on interpreting the results, given the
model is fitted to nest counts only and does not account for impacts to the youngest age classes
and variability or changes in demographic parameters, such as proportion of adults nesting
(Heppell, S., OSU, unpublished data 2015).
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Table 3. Best fit parameter values used in the model updated from NMFS et al. 2011 Bi-National Recovery Plan for

the Kemp’s Ridley Sea Turtle (source: Heppell, OSU, unpublished data 2015).

Initial Instantaneous mortality

(2) survival (S) Reproduction
hatchling and age 1 0.827 0.437 nests/female 2.5
probability of breeding if
age 2-5 0.700 0.497 mature 0.5
age 6-9 0.173 0.841 sex ratio corral 0.76
age 10+ and adults 0.173 0.841 sex ratio in situ 0.64
Z multipliers 1989 1998 2009 Maturation
age 2-5 0.620 0.429 2.885 g (age at 50% mature) 12
age 6-9 0.620 0.429 2.885 alpha (slope) 1.25
age 10+ and adults 0.618 1.000 4.631
Annual survival 1989 1998 2009
age 2-5 0.648 0.741 0.133 Likelihood 5.864169898
age 6-9 0.898 0.929 0.608 cv 0.05878646
age 10+ and adults 0.899 0.841 0.449 NLL 207.6917421
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Figure 4. Best fit model predicted to observed nests (source: Heppell, OSU, unpublished data 2015).
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Caillouet (2014) suggested that it was unprecedented mortality in subadult and adult females
post-2009 nesting season. A fundamental, detrimental alteration of the 2009 age structure and
momentum of the population likely occurred sometime between the ends of the 2009 and 2010
nesting seasons, which had a carryover impact on annual nest numbers in 2011-2014 (Caillouet
2014).

To better understand the recent downturn in nest numbers, additional data are needed on
reproductive rates such as clutch frequency and remigration intervals, as these demographic
factors have a large impact on the relationship between the number of nests and the number of
adults in the population. Likewise, changes in somatic growth rates and age at maturation could
affect expected recruitment to the adult nesting population. Nest counts and hatchling production
are key indicators of population status for this species but are insufficient to diagnose the cause
of changes in nest numbers and the apparent population trajectory. See Section 2.3.2 for further
discussion on possible causes of the overall decline in observed nests since 20009.

2.3.2 Five-Factor Analysis (threats, conservation measures, and regulatory mechanisms)

The determination to list a species under the ESA is based on the best scientific and commercial
data available regarding the five listing factors (see below). Five-year reviews must also make
determinations about the listing status based, in part, on these same factors.

2.3.2.1 Present or threatened destruction, modification or curtailment of its habitat or
range:

The Kemp’s ridley’s primary nesting area near Rancho Nuevo, Mexico, is relatively
undeveloped and consequently human impact is limited. However, an increasing number of
turtles are nesting in areas north and south of Rancho Nuevo (Burchfield 2009). Nesting areas in
Mexico that are close to larger cities, such as Altamira and Ciudad Madero (near Tampico) and
La Pesca (north of Rancho Nuevo), are more commercialized and there is a greater potential for
human impact from coastal development on the nesting habitat. In the United States, most
nesting occurs on protected public lands in south Texas with occasional nesting occurring in
developed areas of the upper Texas coast. Currently, Texas A&M University-Galveston and
Turtle Island Restoration Network monitor nesting and protect nests at Bolivar Peninsula
Galveston Island, and Surfside; Brazoria National Wildlife Refuge from Quintana Beach to
Matagorda Peninsula; Aransas National Wildlife Refuge on Matagorda Island; University of
Texas Science Institute on San Jose and Mustang Islands; PAIS along North Padre Island; and
Sea Turtle, Inc. along South Padre Island and Boca Chica Beach.

Because the Kemp’s ridley has one primary nesting beach, this species is particularly susceptible
to habitat destruction by natural (e.g., hurricanes) and human caused events. Human caused
threats include the potential for oil spills, especially in the Gulf of Mexico since it is an area of
high-density offshore oil exploration and extraction. British Petroleum’s Deepwater Horizon
(DWH) oil spill occurred in 2010, and the short and long-term impacts to sea turtles as a result of
habitat impacts, prey loss, and subsurface oil components broken down through physical,
chemical, and biological processes are unknown (Crowder and Heppell 2011; NMFS 2012).
However, observations of oil and other pollutants have been found within major foraging
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grounds for Kemp’s ridleys (Witherington et al. 2012a). From May through September 2010,
searches were conducted in offshore foraging habitat to rescue sea turtles affected by the oil spill
(Witherington et al. 2012b). During this rescue effort, approximately 1,000 sea turtles were
observed of which half were captured. Of the captured turtles, 76% showed visible signs of
external oil. Pelagic/oceanic juvenile Kemp’s ridleys were the most common species captured
(Witherington et al. 2012b). During the entire response phase to the DWH oil spill (April 26 —
October 20, 2010), a total of approximately 1,200 sea turtles were recovered, either as strandings
(dead or debilitated, generally onshore or nearshore) or were captured offshore during sea turtle
search and rescue operations (NMFS 2014). Kemp’s ridley sea turtles accounted for
approximately 70% of all recovered turtles (alive and dead), and and approximately 80% of all
turtles recovered dead (NMFS 2014). Declines in the number of nests reported in 2010 at
Tamaulipas, Mexico, have been attributed to the DWH oil spill, however this is still under
evaluation. The timing of the spill does not support this claim. Female Kemp’s ridleys migrate
to nesting beaches in late winter with mating occurring in late-March through mid-April. The
DWH event began on April 20, 2010, in the northeastern Gulf of Mexico, so for the oil spill to
have reduced nesting in 2010, it would have had to kill large numbers of nesters directly or
indirectly, provide barriers or interfere with navigation to the nesting beaches in Mexico
(Caillouet 2011). More plausible explanations for the decline in 2010 nesting include
environmental variants, or alternate-year nesting oscillation (Caillouet 2011), increases in
mortality of all life stages and both sexes, but particularly subadult and adult females affecting
age structure and population momentum (Caillouet 2014), or density-dependent factors (e.g.,
habitat carrying capacity) limiting population growth (Gallaway et al. 2013). Nonetheless, the
oil spill may have lasting effects depending on different life-stage exposure to the distribution of
the oil and dispersants used in responding to the oil spill (Caillouet 2011). Further analysis of
juvenile growth rates, remigration intervals, and nests per female are needed to detect changes in
vital rates that could be linked to density-dependence or changes in foraging resources (Heppell,
S. OSU, unpublished data 2015). Monitoring the number of nesting females and recorded nests
during each nesting year will be vital in determining potential effects on the population trajectory
(Bjorndal et al. 2011).

Habitat destruction is also occurring as a result of activities that directly impact bottom habitats,
primarily bottom trawling, dredge fishing, dredging of channels, and dredging associated with
beach nourishment activities. Bottom trawling and dredging entail the dragging of heavy fishing
gear along the bottom of shallow waters, essentially destroying or disturbing everything in the
way. The ecological effects of trawling and dredging on the marine environment have been
likened to the terrestrial ecological effects of clearcutting forests (Watling and Norse 1998).
Shoreline development can result in benthic habitat degradation from direct impacts from
construction activities to indirect effects such as runoff.

Periodic dredging of sediments from navigational channels is conducted to allow the passage of
large commercial and military vessels. The negative impacts of dredging include destruction or
degradation of habitat. Channelization of inshore and nearshore habitat and the subsequent
disposal of dredged material in the marine environment can degrade foraging habitats through
spoil dumping, degraded water quality/clarity, and altered current flow (NMFS et al. 2011).
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Global warming is, in part, an anthropogenic factor that will affect Kemp’s ridley habitat and
biology. Impacts from climate change, especially due to global warming, are likely to become
more apparent in future years (Intergovernmental Panel on Climate Change (IPCC) 2007, 2013).
The global average for combined land and ocean surface temperatures show a warming of 0.85
°C (0.65 to 1.06 °C) over the period 1880 to 2012 (IPCC 2013). Levels of atmospheric carbon
dioxide have almost reached 400 parts per million (see Earth System Research Laboratory), a
level not recorded since the Pliocene Epoch. Based on substantial new evidence, observed
changes in marine systems are associated with rising water temperatures, as well as related
changes in ice cover, salinity, oxygen levels, and circulation. These changes include shifts in
ranges and changes in algal, plankton, and fish abundance (IPCC 2007), which could affect
Kemp’s ridley prey distribution and abundance. Turtles may also alter their migratory behaviors
in response to increasing water temperatures. Global warming is expected to increase the
frequency and intensity of tropical storms and hurricanes, which can result in degradation of
nesting habitat (e.g., Pike 2013). See Section 2.3.2.5 for further discussion on impacts due to
climate change.

Given their limited nesting distribution and coastal foraging habitat, the threats from
anthropogenic activities including oil spills, fishing, and climate change are expected to
adversely impact the Kemp’s ridley habitat. For these reasons, the Services conclude the
Kemp’s ridley sea turtle remains in danger of extinction because of ongoing and threatened
destruction, modification, and curtailment of their habitat.

2.3.2.2 Overutilization for commercial, recreational, scientific, or educational purposes:

Overutilization of eggs in Mexico was a historical factor in the decline of the Kemp’s ridley sea
turtle nesting population. Extensive protection measures along all of the main nesting beaches
in Mexico have eliminated this threat, although if these protection measures were removed it is
likely that exploitation of eggs would resume without development of a more extensive
community based conservation program. See Caillouet et al. (in press) for review of Mexico
and U.S. conservation efforts and the head-start and reintroduction program at PAIS.

Some conservation and research activities conducted in U.S. and Mexico waters could
potentially harm or kill Kemp’s ridley turtles. In-water studies may use entanglement nets or
trawl gear to collect Kemp’s ridleys. Although these collection methods are closely monitored,
the possibility of a lethal take exists. Experiments designed to test fishing gear modifications to
reduce sea turtle bycatch require turtles to be caught during testing. Sometimes these takes are
lethal, but the vast majority of Kemp’s ridleys authorized to be taken in research are released
alive and unharmed (NMFS et al. 2011).

For the reasons described above, the Services conclude that currently the Kemp’s ridley is not in

danger of extinction due to overutilization for commercial, recreational, scientific, or educational
purposes.
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2.3.2.3 Disease or predation:

Depredation of eggs and hatchlings on the beach is limited because the majority of nests are
transferred to protected hatcheries (Wibbels 2007). Low predation also occurs for nests that are
not transferred to protected hatcheries. Bevan et al. (2014) found low predation (less than 15%)
and high hatchling survival (approximately 71%) of nests left in situ that had not been lost due to
inundation during the 2009-2012 nesting seasons at Rancho Nuevo, Mexico. Almost 90% of the
emergent hatchlings from in situ nests made it successfully to the sea. Although predators have
been historically prevalent at Rancho Nuevo, these results indicate predator abundance may be
low (Bevan et al. 2014). If the number of nests begins to increase again, a greater number of
nests will be left in their natural locations on the beach. Predator abundance may increase to take
advantage of this available food source, but the arribada phenomenon helps to enhance hatchling
survival through predator swamping. Additionally, bacterial and fungal pathogens in nests may
also increase with increased nest density, and appropriate monitoring of emergence success will
be necessary to determine if there are any density dependent effects (NMFS et al. 2011).

Once in the water, it is presumed that Kemp’s ridleys experience predation similar to other sea
turtles, with hatchlings being preyed upon by a variety of predatory fish. There is no published
information on the specific predators of pelagic or neritic juveniles and adults, although sharks
have been implicated as the primary predator (Marquez 1994). The tiger shark (Galeocerdo
cuvier) preys extensively on large cheloniid turtles (Stancyk 1982; Witzell 1987) and its foraging
habitat overlaps that of Kemp’s ridley, but there are no records of predator-prey interactions
between these two species. A great hammerhead (Sphyrna mokarran) was observed attacking a
post-pelagic juvenile in the shallow waters of west Florida (Schmid and Barichivich 2006). The
turtle was recovered after being released by the shark, and it had sustained abrasions to the
carapace and plastron as a result of the attack. Adult turtles have been observed with wounds
similar to that of a shark attack, but it is often difficult to distinguish shark bite trauma from that
of boat collisions and propeller damage (Witzell 2007).

Fibropapillomatosis-like growths have been reported in a few Kemp’s ridleys (Barragan and
Sarti 1994; Guillen and Pefia-Villalobos 2000). Fibropapillomatosis is a disease characterized by
the presence of internal and/or external tumors (fibropapillomas) that may grow large enough to
hamper swimming, vision, and feeding (Herbst 1994). Fibropapillomas have been reported in all
sea turtle species. The frequency of fibropapillomatosis in Kemp’s ridleys is low and is not a
source of concern for this species.

Blooms of the harmful algae Karenia brevis referred to as ‘red tide,” impact numerous marine
species, including sea turtles (Fauquier et al. 2013; Perrault et al. 2014). Brevetoxins, a potent
neurotoxin, are produced with the mass accumulation of Karenia brevis and can lead to major
neurological damage and mortality. Immature Kemp’s ridleys were collected after red tide
blooms in western Florida and tested positive for brevetoxin (Fauquier et al. 2013). Brevetoxin
concentrations were significantl