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ABSTRACT

Nesting by the critically endangered Kemp’s ridley sea turtle (Lepidochelys
kempii) on the upper Texas coast has increased significantly since nesting was first
documented on constituent beaches in 2002; this increase coincides with exponential
increases in this species’ nesting activity on its primary nesting beach at Rancho Nuevo,
Mexico. As such, a need exists for the implementation of upper Texas coast beach
management policies designed to meet the needs of a rapidly developing public sector
and this proliferating assemblage of nesting sea turtles, particularly on the highly utilized
beaches of Galveston Island where the majority of nests have been documented. A
multitude of environmental (vegetation coverage, sand compaction, beach slope and
width) and anthropogenic (beach nourishment, artificial lighting) variables were
identified as affecting the attractiveness of dynamic beach habitats to nesters on
Galveston Island. The Island’s beaches were divided into three main zones (West End,
Seawall, and East End), and further segregated into multiple sections, based on the
consistent occurrence of habitat characteristics identified during foot and ATV surveys
conducted on these beaches in February and March 2008. Data generated during these
surveys were analyzed to categorize constituent beaches as good, fair, or poor nesting
habitat. Following the categorization of beach segments, historical Galveston Island nest
locations were plotted and examined to assess possible relationships between habitat
quality and habitats in which nesting occurred. Historically, 78.6% of nesting has
occurred along the West End zone, which is characterized by a shrinking corridor of dune
habitat situated between a seaward barrier of coastal erosion and a landward barrier of
extensive residential development. A total of 23 sections was identified within this 28.29
km zone, which is comprised of 15.98% poor habitat (6 sections), 15.55% fair habitat (5
sections), and 68.47% good habitat (11 sections). Of 22 nests documented within the
West End zone, an average of 0.78 nests per kilometer of available habitat, 17 were
located in good habitat, 1 in fair habitat, and 4 in poor habitat. The remaining 21.4% of
historical nesting has occurred along the 5.97 km Seawall zone, which is characterized by
the presence of a protective seawall barrier that prevents formation of natural vegetated
dune habitat. This factor prevented Seawall sections from being classified as good;
consequently, this zone consists of 49.58% poor habitat (13 sections) and 50.42% fair
habitat (7 sections). Historically, a total of 6 nests has been documented along the
Seawall, an average of 1.01 nests per kilometer of available habitat. Four of these nests
were located in fair habitat while two were laid in habitat currently classified as poor. No
nesting activity has been documented along the 6.14 km East End zone, which is
characterized primarily by its lack of recent nourishment activity and beach armor. The
East End contains 41.86% poor habitat (5 sections), 1.79% fair nesting habitat (1
section), and 56.37% good habitat (2 sections). Increasing sea turtle nesting activity on
the upper Texas coast, particularly that by Kemp’s ridleys, accentuates the need for
expeditious implementation of beach habitat management strategies to aid recovery of
this critically endangered species and ensure availability of quality nesting habitat.
Multiple natural and anthropogenic challenges are identified that managers of these
dynamic beach environments must face, particularly in habitats heavily utilized by the
public or impacted by coastal development. Various options are offered as steps in
developing effective strategies for managing sea turtle nesting products.



INTRODUCTION

Recent exponential increases in the reproductively-viable segment of the critically
endangered Kemp’s ridley sea turtle (Lepidochelys kempii) population (Marquez et al.,
2005; Shaver, 2005; Seney and Landry, 2008) have coincided with annual increases in
the number of conspecific nests laid on the upper Texas coast (herein defined as beaches
from Sabine Pass to Matagorda Peninsula) since nesting was first documented on
constituent beaches. All 43 sea turtles nests documented on the upper Texas coast since
2002 have been laid by Kemp’s ridleys, this planet’s most critically endangered sea turtle
species (Schmid, 2003; Marquez et al., 2005); 28 of these nests have been laid on
Galveston Island.

Continued recovery of the Kemp’s ridley population will likely lead to increased
nesting on the upper Texas coast, particularly Galveston Island. Increased likelihood for
interaction between this growing assemblage of nesters and rapid development of the
upper Texas coast mandates implementation of management strategies meeting the needs
of these user groups while reducing impact to Kemp’s ridleys. This final report, with its
emphasis on Galveston Island, is intended as a guide for state and federal agencies
responsible for managing sea turtle nesting habitat on the upper Texas coast, where
increased levels of human use and beachfront development may mandate a management
strategy that differs from that in other areas of Texas currently protected as Kemp’s ridley
nesting habitat.

Nesting beaches are highly dynamic environments that constantly accrete and
erode in response to wind, waves, currents, storms, and alterations in sea level (Peterson
and Bishop, 2005). While sea turtles often exhibit strong nest site fidelity to natal beaches
(Bjorndal, 1995; Shaver, 2005), a multitude of environmental variables may significantly
impact the attractiveness of a specific site to nesters (Santos et al., 2006) and the
“seafinding” ability of hatchlings emerging from nests (Salmon et al., 1995; Bertolotti
and Salmon, 2005). The recent occurrence of Kemp’s ridley females nesting at locations
other than this species’ primary nesting beach, Rancho Nuevo, Mexico, has precipitated
concerns over natal beach fidelity, particularly in light of recent nesting activity along
the upper Texas coast . These concerns along with ongoing recovery trends and one of
the shortest estimates of age at sexual maturity [11-16 years (Zug et al., 1997)] among
sea turtle species mandate that information critical to managing Kemp’s ridley’s nesting
beaches be developed. This need is particularly acute in the case of those environmental
variables and human activities that may significantly impact the quality and sustainability
of beach habitat on the upper Texas coast. A brief summary of the influence of various
environmental factors (vegetation coverage, sand compaction, beach slope and width)
and human activities (beach nourishment, artificial lighting) on sea turtle nesting habitat
is presented below.

Vegetation Coverage. Vegetation, particularly late successional species like sea oats
(Uniola paniculata), is critical in reducing beach erosion, binding sediments, and
building dunes (Feagin et al., 2005) and, as such, influences a beach’s attractiveness and
suitability as nesting habitat. In addition, vegetated sites are significantly less compacted
than non-vegetated sites (Horrocks and Scott, 1991) as roots may loosen substrate and aid
in the natural emergence of hatchlings from nests (Santos et al., 2006). Many late



successional species native to Galveston Island have been confined to isolated beach
sections or even lost due to coastal erosion and/or landward barriers associated with
housing development. This loss or constriction of natural beach vegetation prevents
characteristic successional patterns from occurring (Feagin et al., 2005), which may
detrimentally impact the quality of available nesting habitat. Although hawksbill
(Eretmochelys imbricata) sea turtles have been shown to prefer vegetated nesting sites
and hatchling emergence rates are significantly higher on vegetation-covered dunes
(Horrocks and Scott, 1991), vegetation can pose a hazard to eggs and hatchlings. Roots
can invade nests (Mrosovsky, 2006) and pierce eggs (Whitmore and Dutton, 1985).
Additionally, hatchlings emerging where visual “seafinding” cues are lacking or
obscured, such as on barren open sandflats devoid of vegetation or in thick undergrowth,
may become disoriented and fail to progress seaward (Mrosovsky, 2006).

Sand Compaction. Substrate compaction is nearly twice as influential as all other tested
variables influencing nesting habitat suitability for green (Chelonia mydas) and hawksbill
turtles (Santos et al., 2006). Sand compaction resulting from recreational beach use
(Horrocks and Scott, 1991), vehicular traffic, construction, and beach nourishment
activities (Santos et al., 2006) negatively impacts nesting habitat. For nesters, it increases
the amount of energy required to excavate a nest, and high compaction levels may
prevent nest excavation and cause the turtle to return to the sea without depositing eggs
(Santos et al., 2006). For hatchlings, hatching and emergence success are negatively
correlated with compaction, this due to increasing probability of suffocation and/or
exhaustion associated with emergence from compacted substrates (Horrocks and Scott,
1991).

Beach Width and Slope. Beach width and slope, in conjunction with tidal amplitude,
influence the suitability of nest sites and the potential for inundation-related embryonic
mortality (Whitmore and Dutton, 1985). While nests below the high tide line are not
necessarily fully destroyed, they often exhibit lower hatching and emergence rates
(Mrosovsky, 2006) as seawater suffocates embryos and elevated salinity disrupts egg
metabolism (Whitmore and Dutton, 1985). In Texas, nests documented at laying are
located at various positions on the beach; however, all fourteen nests documented at
hatching have been located high on the beach in areas protected from tides and beach
traffic (Shaver, 2008).

Beach slope may be altered by nourishment activities and vehicular traffic (Santos
et al., 2006). Steep slopes may impede nesters and increase the energy required to reach a
suitable nesting site, while overly low counterparts increase the distance a nester must
crawl to lay her nest safely above the high tide line (Santos et al., 2006). Moderately
sloped beaches are advantageous as they provide multiple nest location options at varying
distances from the water. As such, they increase the overall probability of hatchlings
entering the sea, particularly in a fluctuating beach environment where stochastic events
frequently alter the viability of specific nest locations. Years with strong storm events,
which may favor nests far from the water, are thus mitigated by years in which nests laid
close to the water fare better, especially when terrestrial predator pressures are
particularly high (Mrosovsky, 2006).



Beach nourishment. Beach nourishment is a common but temporary remedy for coastal
erosion (Peterson and Bishop, 2005) that is accelerated by human-induced disturbance
and sea level rise (Feagin et al., 2005). Nourishment is used to combat erosion on
Galveston Island, where subsidence and reductions in long-shore sediment transport
resulting from the presence of a seawall and associated groins contribute to average
shoreline loss rates exceeding several meters per year (Feagin et al., 2005). Uncertainty
persists regarding the ecological consequences of beach nourishment despite nearly four
decades of national agency-mandated monitoring, this primarily due to widespread flaws
in study design and data analysis and interpretation (Peterson and Bishop, 2005).
However, it is known that nourishment substantially disturbs and can potentially degrade
beach and nearshore habitats (Peterson and Bishop, 2005). While nourishment may create
suitable nesting habitat in areas otherwise unavailable (Crain et al., 1995), it may alter a
beach’s sand density, shear resistance, moisture content, slope, sand color, grain size,
sand shape, and sand mineral content, all of which can deleteriously affect sea turtle
nesting success (Horrocks and Scott, 1991; Crain et al., 1995; Peterson and Bishop,
2005). Rumbold et al. (2001) reported a significant decrease in loggerhead (Caretta
caretta) nesting and a significant increase in the incidence of false crawls in the year
immediately following beach nourishment. Although reduced, these effects were still
apparent during the second nesting season following nourishment.

Artificial Lighting. Two distinct problems arise when artificial lights associated with
beachfront development illuminate nesting beaches. First, artificial lighting may repel
(Witherington, 1992) or disorient nesting females, disrupt nest site selection, and increase
the frequency of nest abandonment (Santos et al., 2006). Second, artificial lights increase
hatchling mortality by interfering with sensory and perceptual cues to successful
nocturnal seafinding, resulting in either misorientation (hatchlings crawling toward the
light source) or disorientation (hatchlings crawling in circuitous paths) (Horrocks and
Scott, 1991; Bertolotti and Salmon, 2005; Tuxbury and Salmon, 2005). While seafinding
is accurate on dark beaches, allowing hatchlings to enter the sea within minutes,
misoriented and disoriented counterparts usually fail to locate the water (Bertolotti and
Salmon, 2005) and perish from exhaustion, dehydration or predation (Tuxbury and
Salmon, 2005).

Artificial lighting is the least likely factor influencing nesting habitat quality on
the upper Texas coast. With the exception of a single loggerhead nest laid in 1996
(NMFS Sea Turtle Stranding and Salvage Network, unpublished data), the diurnally
nesting Kemp's ridley (Witzell et al., 2005) is the only species documented nesting on the
upper Texas coast. Although a paucity of information exists regarding typical emergence
times for Kemp’s ridley hatchlings, previous studies suggest that the majority of nest
emergences occur between 0200 and 0400 (Jaime Pena, Gladys Porter Zoo, Brownsville,
Texas, personal communication). The possibility of nocturnal hatchling emergences, in
addition to the potential for nocturnal nesting activity by either Kemp’s ridleys or green
and loggerhead turtles known to nest on other parts of the Texas coast, mandate
consideration of this variable in the determination of nesting habitat quality.



RESEARCH OBJECTIVES

Proper management of upper Texas coast beaches exhibiting increasing signs of
use by nesting sea turtles requires up to date information regarding potential impacts of
the aforementioned environmental variables and human activities on constituent habitats.
Galveston Island, the site of sea turtle nesting patrols funded by a CMP Cycle #11 grant
to TAMUG, is the subject of research objectives designed to assess these impacts. These
objectives include:

1. To identify beach stretches with the highest sea turtle nesting potential.
2 To identify beach segments whose nesting potential should be improved.
3. To identify beach sections lost to nesting because natural phenomena or man-

made alterations have rendered them unattractive to nesting or pose a threat to the
survival of a nest and its contents.

METHODS

Galveston Island Beach Surveys. Data detailing specific attributes of all Galveston
Island beaches patrolled by TAMUG in 2007 were collected during three separate
surveys in February and March 2008. Beaches from San Luis Pass to 8 Mile Road were
surveyed via ATV on 13 February from 0745 to 1155, beaches from 61% Street to 12"
Street were surveyed on foot on 17 February from 1445 to 1645, and beaches from 128
Street to the South Jetty on East Beach were surveyed on foot on 9 March from 0915 to
1120. Visual observations were made regarding beach width; dune height, width, and
vegetation coverage; nourishment activity; obstacles to nesting, nest success, and/or
hatchling emergence; pedestrian and vehicular traffic; and commercial and residential
development. Pertinent locations were marked with a Garmin GPS 72, converted to
decimal degrees (WGS84) format, and mapped with Google Earth.

Data Compilation and Mapping. Galveston Island’s beaches were categorized within
three main zones consistently demonstrating general characteristics revealed in data
generated during the aforementioned nesting habitat surveys. These beach zones include
the:

West End (28.29 km): San Luis Pass to 8 Mile Road;

Seawall (5.97 km): 61 Street to just east of 12" Street; and

East End (6.14 km): just east of 12" Street to the South Jetty on East Beach.
Each zone was further partitioned into sections of varying length characterized as good,
fair or poor nesting habitat based upon the consistent occurrence of specific positive and
negative attributes recorded during surveys. Sections were characterized as:

good, if there were no strong deterrents to nesting;

fair, if a balance of negative and positive habitat characteristics were identified; and

poor, if negative aspects of the habitat were thought to exert an overriding

influence on sea turtle nesting habitat quality.

To avoid bias in habitat quality determinations, all 28 historical nesting locations on
Galveston Island, obtained from GPS data recorded on the “Texas Data Sheet For Sea



Turtle Tracks and Nests™ developed by Dr. Donna Shaver (Chief, Division of Sea Turtle
Science and Recovery, Padre Island National Seashore, Corpus Christi, Texas), were
converted and plotted only after all beach sections had been formally characterized as
either good, fair or poor. Additionally, data regarding documented false crawls (two
occurred in 2007) were obtained from the same source and plotted on maps of habitat
quality for comparison purposes.

RESULTS
Quality of Sea Turtle Nesting Habitat.

West End Zone: The West End of Galveston Island, where 78.6% of historical nesting
has occurred, is characterized by relatively natural beach habitat situated within a
shrinking corridor between the seaward barrier of coastal erosion and landward barrier of
extensive residential development. While the location of the majority of these residential
structures behind natural dune habitat presents no current impediment to nesters, artificial
lighting sourced from these homes poses a threat to nocturnally emerging hatchlings.
Although numerous vehicle parking areas exist, as these beaches are heavily utilized by
the public, vehicular traffic is not allowed on the majority of this segment. Nourishment
is a commonly utilized remedy to erosion in this area, although no nourishment projects
were apparent or in progress when this zone was surveyed. Twenty-three distinct sections
ranging in quality from poor to good were identified along this zone (Table 1, Figure 1).

While moderately wide beaches with well-vegetated, low to moderately high
dunes are typical of the West End, six relatively short sections (W5, W7, W9, W11, W13,
W19) comprising 15.98% of this zone (Table 2) were rated as poor habitat due to the
presence of houses on the beach near the waterline. These sections suffer from reduced or
an absence of nesting habitat, particularly in front of residential structures where lack of
dunes and vegetation may lead to visual disorientation of nesters and increased risk of
nest flooding. Additionally, section W17, which utilizes a geo-tube to protect homes
located immediately behind it from beach erosion, is rated as one of the poorest sections
in terms of nesting habitat on Galveston Island. Multiple locations within this section are
subject to erosive wave action that has exposed bare surfaces of the geo-tube and
rendered it submerged during high tide, thus eliminating beach nesting habitat.

Five sections (W1, W4, W16, W21, W22) representing 15.55% of the West End
were rated as fair nesting habitat. Dunes within section W1 are located several hundred
meters from the waterline and, as such, may lead to visual disorientation among nesters.
In addition, high vehicular traffic at this popular fishing destination compacts substrate
and may be a visual deterrent to nesting, as well as a potential source of mortality to
nesters and hatchlings. Obstacles to nesting or constituting a danger to sea turtles caused
three short sections of otherwise good habitat (W4, W21, W22) to be classified as fair.
Section W4 contains three dune crossovers with excessively wide bases constructed in a
way that presents an entrapment hazard to nesters and emerging hatchlings; W21 contains
two dune crossovers whose expansive bases block nester movement toward dune habitat;
and W22 contains sand fences with minimal to no sand accretion placed at an angle to the
waterline, which may entrap or disorient hatchlings and nesting females. Finally, section



W16’s narrow beach increases the potential for tidal inundation of nests and, thus, is
considered fair habitat.

Eleven sections constituting 68.47% of the West End are rated as good nesting
habitat, including the two longest sections (W2 and W10). Characteristics of sections
classified as good typically included moderately wide beaches with low, well-vegetated
dunes with structures, if present, located well behind the dunes. However, three of these
sections (W3, W6, W8) contain sand fences parallel to the water’s edge that effectively
prevent females from accessing nesting habitat behind the base of the foredunes. In
addition, section W15 (Galveston Island State Park) contains sand fences placed
diagonally at the base of the foredunes that not only limit nester access to dune habitat
but also may disorient or entrap nesters and hatchlings. However, these factors alone did
not reduce quality ratings, as certain sections exhibit mitigating factors and historical data
for the upper Texas coast indicate the majority of nesters (80%) do not nest behind the
base of the foredunes.

Seawall Zone: Historically, 21.4% of nesting on Galveston Island has occurred along
beaches armored by a seawall that effectively eliminates nesting habitat at or behind the
base of the foredunes. This factor, combined with a lack of natural dunes and associated
vegetation plus presence of heavy beach raking, recent nourishment activity (sections S1,
S3, S10, S17), and artificial lighting from commercial development eliminated any
section within this zone from being classified as good nesting habitat (Table 3, Figure 2).
While dunes are absent, occasional mounds of raked Sargassum pushed to the foot of the
Seawall have formed minimally vegetated surrogates for natural dunes; all references to
dunes along the Seawall imply the presence of these raked Sargassum piles. The Seawall
zone is a popular tourist destination characterized by high pedestrian traffic and operation
of multiple beach furniture rental companies; however, vehicular traffic, other than that
associated with early morning delivery of beach furniture, is prohibited.

No beach nourishment activity was apparent on any of the 13 Seawall sections
classified as poor, which comprise 49.58% of this zone (Table 4). Nesting habitat has
been completely eliminated on four fully armored sections (S2, S4, S6, S19), and is
negatively impacted on four partially armored sections (S7, 89, S13, S20). Partially
armored sections consisted of narrow (S7, §9) or moderately wide (S13, S20) beaches
heavily interspersed with large granite boulders serving as riprap originally deployed to
prevent erosion at the Seawall base. This riprap may visually deter nesters and/or present
an obstacle to nester and hatchling movement. Four of the five remaining sections
classified as poor (S5, S8, S11, S16) consist of narrow beaches with increased risk of
tidal inundation of nests; three of these (S5, S8, S16) are also extremely short in length.
Dune-like mounds of scraped Sargassum with prohibitively steep slopes are present near
the base of the Seawall on S11; the irregularity of these mounds represents an entrapment
hazard to hatchlings emerging from any nest laid in the vicinity. Finally, the five
commercial piers constructed over portions of two sections (S14, S16) likely present a
visual deterrent to nesters, while artificial lights located on these piers may increase
visual deterrence and pose a hazard to nocturnally emerging hatchlings.

The remaining seven sections, which constitute 50.42% of the Seawall zone,
contain fair nesting habitat. Four moderately wide sections (S1, S3, S10, S17) that were
recently nourished exhibit an ensuing berm whose steep slope may prevent females from



accessing most of the beach above the high tide line. The three sections lacking
nourishment (S12, S15, S18) possess moderately well vegetated dunes, although the
slope of these dunes is prohibitive to nesters on S12, and beaches of S15 and S18 are
moderately narrow.

East End Zone: No historical nesting activity has been documented on beaches of the
East End that collectively range in habitat quality from poor to good (Table 5, Figure 3).
This highly variable zone is characterized only by its lack of recent nourishment activity
and beach armor. (Note: Section E1, although bordered by the Seawall, is included in this
zone as the Seawall has little to no effect on nesting habitat east of 12" Street due to its
sharp angle away from the beach.)

All five sections (E2, E3, E4, E6, E8) characterized as poor habitat, collectively
comprising 41.86% of this zone (Table 6), have been artificially widened for public use
and recreation and contain various configurations of wooden pilings that may hinder
turtle movement. While well-vegetated dunes are present on all sections, these dunes are
located behind vehicle parking areas and up to several hundred meters from the tideline.
Nesters crawling onto these sections would likely become visually disoriented and fail to
see and/or utilize dune nesting habitat. In addition, all sections contain rows of wooden
pilings placed parallel to the waterline to delineate vehicle access areas. Vehicular traffic
is a significant hazard to nesters, nests, and hatchlings, particularly on East Beach (E8)
where parking space exists for approximately 7000 vehicles. The two longest sections,
Stewart Beach (E6) and East Beach (ES8), are popular tourist destinations where
significant pedestrian traffic may deter nesting.

One section (ES) representing 1.79% of the East End zone qualified as fair nesting
habitat. While this section contains moderately high, well-vegetated dunes, it is a short,
excessively wide stretch located between relatively long sections of poor habitat. The
majority (56.37%) of the East End zone is comprised of two sections (E1, E7) of good
habitat containing moderately wide beaches with well-vegetated dunes. Section E7 spans
3.23 km and, with the exception of two dune crossover bases that may present an obstacle
and/or entrapment hazard to nesters and hatchlings, contains no obvious impediments to
nesting sea turtles. However, artificial lights from the limited residential development on
this section, particularly those associated with three large condominiums, may pose a
threat to nocturnally emerging hatchlings.

Historical Nesting Patterns

West End Zone: Since 2002, 22 nests and 2 false crawls have been documented within
the West End zone (Table 7; Figures 4, 5), an average of 0.78 nests per kilometer of
available habitat (Table 2). Although most of this activity has occurred along beaches
currently classified as good nesting habitat, four nests have been documented on beaches
of poor quality; both habitat types exhibit an average of 0.88 nests per kilometer. Two
nests were laid in poor habitat within section W17, a narrow beach lacking dunes and
vegetation that is armored by a geo-tube exposed by wave action at multiple locations.
On 23 May 2006, a ridley nested at the base of this geo-tube. On 16 May 2003, a nest
was deposited 0.16 km east of the previous nest site, although the state of this beach at
that time is unclear as data indicate only that the turtle nested at the top of a dune, which
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may or may not refer to an unexposed geo-tube. Section W19 contained the two
remaining nests located in poor habitat; this narrow beach lacks dunes and vegetation and
exhibits multiple residential structures situated directly on the beach. On 6 May 2006, a
nester crawled past one of these homes and on to a nearby street; beachgoers relocated
her to the beach, where she ultimately completed nesting. On 14 June 2006, one female
deposited her nest directly in front of a house on the western edge of this section.

One nest and one false crawl were located in fair habitat (0.23 nests’km) within
section W1 near San Luis Pass, where dunes are located several hundred meters from the
waterline. On 20 June 2005, a turtle nested approximately 45 meters from the waterline
on the backbeach; this turtle was previously seen nesting 16 May 2005 on the downslope
of the first foredune on section W10. On 17 May 2007, a different female was observed
nesting on the backbeach approximately 5 meters from the waterline, an area that is
inundated during high tide. Although beachgoers observed the nesting process, this event
was classified as a false crawl as responders were unable to locate the nest. The
remaining 17 nests and 1 false crawl in the West End zone were located in good habitat.

Seawall Zone: Six nests have been located within the Seawall zone, an average of 1.01
nests per kilometer of available habitat (Table 4), since nesting was first documented on
constituent beaches in 2004 (Table 8; Figure 6). Of the two nests in poor habitat (0.68
nests/km), one was located in embryonic dunes on section S11, a narrow beach where
moderately vegetated dunes exist at the base of the Seawall. The nest laid 28 April 2006
was deposited among large granite boulders near the base of the Seawall on the armored
beach of section S19; no nesting habitat was visible when this beach was surveyed in
2008. The remaining four nests were located in fair habitat (1.33 nests/km) and, with the
exception of one laid on the backbeach of section S3 on 28 May 2006, were at or near the
base of the Seawall.

East End Zone: No nests have been documented in this zone.
DISCUSSION
Management of Threats to Sea Turtle Nesting Habitat

Beach Erosion and Nourishment: Galveston Island’s beaches are vulnerable to negative
physical impacts of projected anthropogenic increases in sea level, as extensive coastal
development, particularly along the West End and Seawall zones, creates a physical
barrier preventing the inland retreat of beach and dune habitat. Historically, Galveston
Island has attained relative projected rates of sea level rise; a continuation of this trend
will accelerate erosion rates, which already exceed several meters per year (Feagin et al.,
2005).

The extent of ecological ramifications from loss of beach habitat to nesting sea
turtles is difficult to assess. Accelerated shoreline loss rates will increase the need for
remedies, such as beach nourishment, to maintain habitats suitable for both public
recreation and sea turtle nesting. Negative effects of nourishment on sea turtle nest site
selection and nest hatching and emergence success (Crain et al., 1995; Horrocks and
Scott, 1991; Peterson and Bishop, 2005), including sand compaction and alterations in

11



moisture content and beach slope (Rumbold et al., 2001), are offset by the provision of
nesting habitat in areas otherwise rendered unavailable.

Nourishment also may prevent tidal inundation of incubating nests along beaches
of adequate width; this, a concern that currently exists at multiple locations along the
West End zone (sections W5, W7, W13, W16, W17, W19) and on several unarmored
sections of the Seawall zone (S35, S8, S11, S16). The importance of beach width to nest
success is highlighted by the fact that, of the fourteen nests successfully incubated in siru
and detected at hatching in Texas, all have been located high on the beach protected from
tidal inundation (Shaver, 2008), including the nest documented in Seawall section S3 on
6 August 2007. The need for remediation of erosion to provide appropriate nesting
habitat is further accentuated within the Seawall zone, where four (S1, S3, S10, S17) of
seven beaches containing suitable nest incubation habitat show signs of recent
nourishment.

Potential negative impacts of nourishment must be given careful consideration
before related projects are initiated on upper Texas coast beaches, as previous research
suggests nourished beaches provide inferior nesting habitat when compared to that on
natural counterparts (Rumbold et al., 2001). Although nourishment has been shown to
reduce overall nest numbers and increase the incidence of false crawls for loggerheads
nesting in Florida (Rumbold et al., 2001), these impacts have not been documented for
Kemp’s ridleys nesting on the upper Texas coast. However, at least one of two
documented false crawls on Galveston Island during 2007 occurred on a beach showing
no signs of nourishment (San Luis Pass).

The timing of nourishment activities also is critical to maintaining suitable nesting
beaches along the upper Texas coast. The survey of the Seawall zone documented steeply
sloped berms created by recent nourishment projects on four sections (S1, S3, S10, S17)
that would prevent females from accessing habitat above the high tide line, thus
temporarily eliminating benefits from expanding beach width. Ideally, beach nourishment
activities should be completed in time to allow natural processes to eventually transform
steeply sloped beaches to a grade that will not constitute a barrier to nester movement. To
minimize direct effects on nesters and nests, nourishment activities should be prohibited
during nesting season and for subsequent incubation of undetected nests left in situ, a
period lasting from approximately 1 April to 15 August.

Dune Habitat and Vegetation Coverage: Compounding effects of anthropogenic sea
level rise accelerating erosion of beach habitats along with increasing development of
landward barriers have spatially constricted native sand dune plant communities and
disrupted natural successional processes on the upper Texas coast. This impact is so
severe that many areas of Galveston Island contain only remnant dune populations or are
completely devoid of vegetation (Feagin et al., 2005). As late-successional sand dune
plant communities are critical to reducing erosion and providing habitat for dependent
species like nesting sea turtles, restoration of these communities should be prioritized
(Feagin et al. 2005).

Robust estimates of preferred nest locations along the horizontal beach gradient
between the forebeach and second foredune do not exist for Kemp’s ridleys nesting on
the upper Texas coast. While 80% of historically documented nests have been laid no
farther landward than the base of the foredunes, the site preferred by 42.5% of upper
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Texas coast nesters, it is likely that many of these females were prevented from accessing
dune habitat by man-made barriers including the Seawall (Table 8), sand fences, and
residential structures. Nests located at the base of these barriers are likely categorized as
laid at the base of foredunes, regardless of their relative location on the beach, due to
constraints with current nest location options on Texas nesting forms used in reporting
these data to the Sea Turtle Stranding and Salvage Network.

The regeneration of dunes and associated plant communities as well as removal of
structures limiting nester access to quality nesting habitat is critical to providing females
with minimally compacted nest sites protected from tidal inundation. Dunes are also
critical in absorbing light and providing a higher, darker landward silhouette that
contrasts with the lower, brighter seaward horizon, cues that are critical to seafinding for
hatchlings emerging from in-situ nests (Bertolotti and Salmon, 2005). Horizontal
elevation cues provided by dunes are even more important than light cues in this regard
(Salmon et al., 1995). While dune restoration is not a viable option along the Seawall
zone, as this protective barrier prevents adequate dune formation, it is recommended for
multiple sections along the West End zone. Here, preferred nesting sites at the base of or
in natural dunes and vegetation have been partially or wholly eliminated (W5, W7, W9,
W13, W17, W19, W21) and/or rendered inaccessible by sand fences (W3, W6, W7, W8,
Wi1l).

Various sections along the East End and West End zones (E2, E3, E4, E6, ES,
W1) provide inferior nesting habitat due to the relocation of vegetated dunes to behind
beaches artificially widened for public use (i.e., up to several hundred meters from the
tideline). Females able to visualize preferred dune nesting habitat would expend
considerable energy to reach them; furthermore, hatchlings emerging from nests located
in the proximity of these dunes may be exposed to increased risk of mortality from
exhaustion, predation, and vehicular traffic. More likely, excessively wide beaches would
visually disorient females unable to locate dune habitat, thus deterring them from nesting
and elevating their risk to increased levels of pedestrian and vehicular traffic, particularly
on sections W1, E6, and E8. Evidence of this visual disorientation existed in an atypical
backbeach location subject to regular tidal inundation on section W1 with the
documentation of one nest and observed nesting activity by a turtle whose emergence
was officially reported as a false crawl. Historically, 90% of upper Texas coast nests have
been laid in habitats behind this location. Additionally, the female associated with the
aforementioned nest was previously observed nesting on the downslope of the first dune,
a drastically different location in terms of protection from tidal inundation. While
information is scarce regarding consistency of nest site selection by Kemp’s ridleys, one
may suspect that individual ridley nest location patterns would more closely resemble
those of other sea turtles utilizing relatively stable beaches like hawksbills, whose nest
sites correlate strongly with each other (Mrosovsky 2006).

Management of artificially widened beaches could incorporate the needs of both
public users and nesting sea turtles by reintroducing dunes into a more natural location
near the water. Expansive spaces for recreation and vehicle parking mimicking those
currently in existence could be located behind a strip of regenerated dunes that would
improve nesting habitat, enhance beach aesthetics, and reduce erosion. Public access to
these popular beaches could be maintained through the deployment of multiple pedestrian
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and vehicular dune crossovers, while relocated dunes could potentially serve to delineate
vehicular traffic corridors.

Residential and Commercial Development: Many upper Texas coast beaches are
becoming increasing urbanized through rapid residential and commercial development
which, if poorly located, constitutes a barrier to landward movement of dunes and
vegetation. However, multi-use beaches do not preclude nesting by sea turtles, as
evidenced by the majority (65.1%) of upper Texas coast nests being located on heavily
developed Galveston Island. The economy of coastal locations, like Galveston Island,
depends largely on tourism and, thus, the realization that use and development of
constituent beaches is an increasing reality. An in-depth examination of the complexity of
this issue and its impact on sea turtles is beyond the scope of this report. Nonetheless, one
seemingly compatible first step in addressing this issue is through public education and
the strategic development of effective ecotourism initiatives designed to ensure a
conservation-oriented approach to coastal development. Sea turtle nesting activity is a
tremendous source of ecotourism dollars generated on Florida beaches and a major
component of predictive models used in managing habitat, artificial lighting, commercial
and residential development, and recreational beach use issues. Duplicating this success
along the upper Texas coast will depend on continued recovery of the Kemp’s ridley and
developing a working partnership between state and federal agencies and the beach-going
public to ensure the integrity of nesting habitat available to an increasing population of
reproductively-active ridley females.

Other Stressors on Quality Nesting Habitat: Rising gas prices, economic woes and
Galveston Island’s effort to enhance its “vacation hot spot” image will result in an ever
increasing number of tourists that visit the Island’s beaches. The Island’s proximity to
Houston guarantees a steady influx of its neighbors to constituent beaches from late
spring through early fall. Galveston also draws additional visitors departing aboard cruise
lines operating from the Island’s port. Beach-oriented recreation is one venue the Island
must grow in order to maximize tourist generated income. To do this, City officials invest
considerable time and effort in keeping constituent beaches attractive and safe for its
visitors. A large percent of this effort is expended during late spring and summer when
mats of Sargassum are blown shoreward by southerly winds to strand in massive
quantities on Galveston beaches. If left near the water’s edge, these aggregations become
a smelly nuisance to beach goers who must traverse constituent mounds to reach the
Gulf, beach comb or simply view the adjacent surf. The City resolves this user conflict
with an intensive beach cleaning program whereby Sargassum, entrained debris and the
sand covered by this material are raked or scraped by heavy machinery and deposited in
large mounds near or on dunes. Researchers at Texas A&M University are currently
studying the impact of this beach cleaning protocol on Galveston Island as well as
investigating ways in which to beneficially use Sargassum in restoring beach habitat
integrity. The current protocol removes or displaces sand on the beach, alters the natural
beach slope, facilitates the erosion process, and results in Sargassum being placed on
nesting habitat where it may kill natural dune vegetation, increase sand temperature,
prevent hatchling emergence from in situ nests and become an obstruction to nesters and
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hatchlings. This source of stress will continue until suitable alternatives to current beach
cleaning practices are found.

Management of Sea Turtle Nest Products

Multiple options exist for the management of eggs laid by sea turtles on upper
Texas coast beaches, all of which exert a heavy influence on subsequent habitat
management decisions. Currently, all sea turtle eggs in Texas, with the exception of those
laid on South Padre Island and Boca Chica Beach, are excavated and transported to Padre
Island National Seashore (PINS) for subsequent incubation and hatchling release. For
eggs laid on Galveston Island, this involves the transfer of eggs from the nest to
Styrofoam incubation containers and a subsequent 5 hour vehicle transport to an
incubation facility operated by the National Park Service. Hatching success rates for
Galveston Island nests transported by this means have been comparable to nests not
subjected to the stress of highway driving, a result similar to that presented by Mrosovsky
(2006) for sea turtle eggs promptly relocated to higher beach zones and incubated in situ.
However, previous research on green and loggerhead turtle eggs found that movement of
eggs, even a few hours after laying, reduced hatching success (Whitmore and Dutton,
1985), confirming that this method is not without risk. Additionally, consideration must
be given to future long-term effects of this transfer of nest products. While the imprinting
process is not fully understood, a strong possibility exists that hatchlings sourced from
upper Texas coast nests incubated and released at PINS will return to PINS, and not their
natal beach, to nest as adults. Continued translocation of eggs laid on upper Texas coast
beaches may significantly reduce or eliminate Kemp’s ridley nesting in this area, thus
undermining the potential for development of an important natal beach and generation of
ecotourism dollars. Additionally, this method is physically taxing, especially when turtle
tracks are the only means of locating the general area where a nest may have been laid.
Careful searching for the nest in this case may require considerable digging in the hot
sand with bare hands during very warm and humid conditions. Once the nest is found,
there is the financial and time expenses associated with round-trip travel to PINS.

The second option for managing nesting products involves relocation of eggs laid
on the upper Texas coast to a protected corral in this area, an option successfully utilized
in south Texas (South Padre Island and Boca Chica Beach) as well as on the ridley’s
primary nesting beach at Rancho Nuevo. This option becomes more viable with a
sizeable increase in nesting along the upper Texas coast and at PINS, with the latter site
possibly becoming so overwhelmed by nests that incubation of the former site’s nests is
not practical. Another prerequisite to this option is to ensure temperatures within the egg
chamber of nests laid along the upper Texas coast are conducive to high hatching success
and hatchling emergence potential and are within the proper range to produce appropriate
sex ratios. Temperature information of this kind is not currently available for upper coast
beaches. Nonetheless, potential benefits of using protected corrals could include reduced
logistic time and travel expenses, less handling of clutches and more time to respond to
and excavate nests, expand ecotourism, and involve the public in hatchling releases. This
will not lessen the need for 24-hour surveillance and management of nests during the
week prior to expected hatching.
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A third but unlikely option in managing nesting products along the upper Texas
coast is to leave them in situ. While this option is successful in Florida where thousands
of sea turtle nests, especially those laid by loggerheads, render use of translocation or
protected corrals protocols impractical, it will not be a viable candidate for consideration
on the upper Texas coast until nesting levels mirror those on beaches within the Mexican
State of Tamaulipas (i.e., the location of Rancho Nuevo and adjacent nesting beaches).
Even then, measures must be in place for maintaining healthy beaches suitable for
nesting, limiting vehicular traffic to avoid crushing nests, minimizing debris as well as
other obstacles to turtle movement, and educating the public as to the importance of in
situ nests. Currently, the only nests left in situ along the upper Texas coast are those that
go undetected.

CONCLUSIONS

Care must be taken in the interpretation and specific application of data presented
in this study, as the information presented herein represents only a snapshot in time of
dynamic beach habitats on the upper Texas coast. Further examination of the specific
attributes affecting the suitability of these beaches as sea turtle nesting habitat,
particularly in light of the environmental and anthropogenic variables discussed, is
required in generating information adequate to the long-term management of sea turtle
nesting habitat on the upper Texas coast. Consideration must be given to the life history
strategy of sea turtles, whose long lives and late maturation mean it may take decades for
results of management decisions to be apparent.

Certain questions, adapted from those originally posed by Santos et al. (2006),
merit continued research in the management of sea turtle nesting habitat on the upper
Texas coast. First, what additional steps can be taken to improve nesting habitat for
turtles, particularly in areas with extensive coastal development? Second, if current nest
product management procedures are altered to allow eggs laid on the upper Texas coast
to remain for subsequent incubation and release, how will surrogate incubation habitat be
identified? Finally, how much and what kinds of disturbances can turtles tolerate?

Population recovery of the Kemp’s ridley, Texas’ dominant nester, is well
underway but far removed from achieving historical abundances known for conspecifics
using Gulf waters as recent as the 1940s. This ongoing recovery and the fact that nesting
in Texas, especially along the upper Texas coast, is a recent phenomena that necessitates
generation of long-term data sets describing the level of sea turtle nesting activity, the
role of Texas beaches in this activity, conflicts between nesters and other beach user-
groups, and the Kemp’s ridley’s role in promoting ecotourism as well as serving as an
essential component in the conservation and management plans for beach habitat.
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Table 2. Analysis of West End Zone Habitat Quality Composition and Number of Nests per Kilometer.

SECTION PERCENTAGE TOTAL NUMBER NUMBER OF
._QUALITY OF ZONE LENGTH (km) OF NESTS NESTS/KM
Good 68.47 19.37 17 0.88
Fair 15.55 4.40 1 0.23
Poor 15.98 4.52 -+ 0.88

| Zone Total 100.00 28.29 22 0.78
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Table 4. Analysis of Seawall Zone Habitat Quality Composition and Number of Nests per Kilometer.

SECTION PERCENTAGE TOTAL NUMBER NUMBER OF
QUALITY OF ZONE LENGTH (km) OF NESTS NESTS/KM
Good 0.00 0.00 0 0.00
Fair 50.42 3.01 4 1.33
Poor 49.58 2.96 2 0.68

| Zone Total 100.00 5.97 6 1.01
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Table 6. Analysis of East End Zone Habitat Quality Composition and Number of Nests per Kilometer.

SECTION PERCENTAGE TOTAL NUMBER NUMBER OF
QUALITY OF ZONE LENGTH (km) OF NESTS NESTS/KM
Good 56.35 3.46 0 0.00
Fair 1.79 0.11 0 0.00
Poor 41.86 257 0 0.00

] Zone Total 100.00 6.14 0 0.00
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Page 1 of 2

PROGRESS REPORT

Project Name: Characterization of Sea Turtle Nesting Activity along the Upper Texas Coast
GLO Contract No.: Contract #07-005-002
Reporting Period: January - March 2008

Task 1: Historical Review of Sea Turtle Nesting Activity on the Upper Texas Coast

. Description of the status of the task: Task Finished (Completed). A copy of the historical
review was formally submitted in the January-March 2007 Progress Report. There are no
more deliverables associated with this task.

Task 2: Monitoring of Sea Turtle Nesting Activity on Galveston Island in 2007

. Description of the status of the task: Task Finished (Completed). Data detailing the
monitoring of sea turtle nesting activity on Galveston Island in 2007 were formally submitted
in the July-September 2007 Progress Report. There are no more deliverables associated
with this task.

Task 3: Implementation of a Volunteer Nesting Survey Force

. Description of the status of the task: Task Finished (Completed). Information detailing the
efforts of the volunteer nesting survey force was formally submitted in the July-September
2007 Progress Report. There are no more deliverables associated with this task.

Task 4. Satellite Tracking of Selected Nesters

. Description of the status of the task: Task Finished (Completed). Four satellite transmitters
purchased by TAMUG were applied to Kemp’s ridley females discovered nesting on
Galveston Island during the April through mid-July 2007 nesting season. These satellite
transmifters were integral to tracking post-nesting movements of nesters, assessing the
potential for their renesting on the upper Texas coast, specifically Galveston Island, and
identifying general beach locations where subsequent nesting takes place.

. List of the major accomplishments for the reporting period: The four satellite transmitters
attached to Kemp’s ridley females continued to yield information regarding post-nesting
movement and habitat fidelity during the last milestone reporting period (October-December
2007). Maps detailing each turtle’s migration route since satellite tracking was initiated were
provided in Figure 1 of the progress report for the aforementioned reporting period. Tracking
data were uploaded daily to the Seaturtle.org website, allowing the public continuous access to
real-time tracks of these satellite tagged nesters. Analysis of satellite tracking data continued
throughout the October-December 2007 reporting period to facilitate further characterization of
nesting turtles’ use of the upper Texas coast, as well as their behavior and post-nesting
movement while doing so.
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Identification of any problems or obstacles encountered: No problems were encountered.

Description of the plans for the next reporting period. including deliverables due and their
delivery dates: All four transmitters attached to Kemp’s ridley sea turtles have continued to
provide tracking information through the end of this the last required reporting period.
Although all funds awarded for this task have been exhausted, tracking data continue to be
uploaded to Seaturtle.org until these transmitters are no longer operational. Excurricular funds
are being used to support the continuation of this public reporting. There are no more
deliverables associated with this task.

Task 5. Guide to Managing Sea Turtle Nesting Habitat on the Upper Texas Coast

Description of the status of the task: Task Finished (Completed). TAMUG personnel have
developed a working guide to sea turtle nesting on Galveston Island during 2007. This guide
identifies beach stretches: 1) with highest sea turtle nesting potential; 2) those whose nesting
potential should be improved; and 3) those lost to nesting because natural phenomena or man-
made alterations have rendered them unattractive to nesting or pose a threat to survival of the
nest and its contents.

List of the major accomplishments for the reporting period: The aforementioned working guide
to sea turtle nesting on Galveston Island is attached as a final report in meeting the last
contractual requirement of a CMP Cycle #11 grant to TAMUG. This final report is included as
an attachment to this progress report.

Description of the plans for the next reporting period. including deliverables due and their
delivery dates: All contractual requirements of this grant have been met; there are no
additional deliverables due.




