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ENDANGERED SEA TURTLE NESTING ACTIVITY ON 
UPPER TEXAS COAST BEACHES 

ABSTRACT 

Destruction wrought by HurriCWle Ike to Galveston lslond beaches 115 well as 
adjacent counterparts on Bolivar Peninsula und Fallen's Island/Surfside severely altered 
the physicil terrain on which sea turtle nesting has occurred on the upper Texas COlIS!. 

Physical changes to the beach habitat likely destroyed those stretches that. under pre-Ike 
conditions, exhibited high sea turtle nesting potential. The~e changes als.) rendered most 
remaining beach terrain a candidate for much needed improvement as it related to 
increased nesting potential. The only component that the mWlagement guide required by 
the CMP Cycle #13 grant awarded to "lexas A&M Univer.;ity at Galveston ClJuld identifY 
were beach stretches lost \0 nesting because of natural phenomena, in this case. a 
hurricane named Ike. Nesting data for the afoll'TTlcnlionoo beaches during 2009, when 
compared to those recorded in 2008, indicate that most constituents wen: lost as 
candidates with nesting potential becaU'lC of physical destruction resulting from 
Hwricane Ike. As such, the guide mandated by Task 5 oflhe aforementioned CMP Cycle 
#13 grunt is essentiall} a requirement thai, under c~nt UTe beach conditions, is 
impossible to meet and of little value to the reooer at this time. 

A more time!} reporting need ""im which to guide resWTlItion and mllJUlgement of 
beach habitat along the UTe is the characterization of the post-Ike recovery of this 
habitat, especially as it relates to enabling sea turtle nesting activity to return to pre-Ike 
conditions. As such, T AMUG has chosen to meet final report requirements to j[5 eMP 
Cycle #13 grant by summarizing beach habiwt recovery initiatives and the current Slatus 
of conditions resulting from these initiatives thai: nesting turtles might find when 
attempting to neSI on the UTe in 2010 and beyond. 
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INTRODUCTION 

Assessing the fute of ongoing and future recovery efforts within Texas' coBBUI 
ecosystems ravaged by Hurricane Ike in 2008 is viLaI to growing the Slate's economy, 
mliinLaining the integrity of constituent habitats, protecting coasraJ communities, and 
ensuring public ElCcess to and their wise use of these ecosyslems_ One high priority 
IISsessment is that related to recovery of upper TexllS coast (UTC; defined lIS Sabine Pass 
to MaLllgorda Peninsula) beach ecosystems, given their economic and ecological 
importance and the massive destruction delivered by Hurricane Ike. This assessment is 
especially applicable to the Tel(8S General Land Office's (OLO) CoasLal Management 
Program research priorities dealing with Hurricane Ike's aftcrmam and overn.ll coastal 
resiliency, with particular focus on CC09}'91em recovery rates and effectiveness ofvanolL'i 
beach restoration methods. These reseilICh priorities are especially pertinent to beaches 
from Surfside to Sabine Pass that experienced a 40-90 m landward retrelll of their 
shorelines, a 1+ m loss in vertical sand depth, and virtual disappearance of constituent 
dune habitat so viLal to the protection of UTe businesses and homes behind them as well 
lIS enriching coasLaI tourism optio~. Beaches such as these are viLal componenl.5 of 
coastal ecosystems thaI function as nesting grounds for sea turtles and a myriad of 
shorebirds and for which the Texas Coastal Management Program (eMP) has assigned 
priority issues in itS eftons to ensure the long-term environmental and economic health of 
the Texas coastlhrough management of the state's CO!l5LaI natural resource areas. This is 
particularly true for the critically endangered Kemp's ridley sea tunle (Lepidothelys 
amp;i), the species found nesting on Texas beaches in record nwnber8 and whose 
ongoing population recovery is tied to maintaining the integrity of nesting beach habitat. 

Recovery criteria in the Draft Bi-l'.:utional Recovery Plan for the Kemp's Ridley 
Sea Turtle: Second Revision (NMFS and L'SFWS, out for public review and comment) 
and reinforced as recommendations by the currcnt recovery pIEIII (USFWS I!IId NMFS, 
1992) 8J\d Tunle E>:pen: Working Group (TEWO, 2000) mandate long-term habiLllt 
protection and monitoring ornesting beaches in Mexico and Texas. The Draft Recovery 
Plan's highest priority need for Kemp's ridley re.::overy is to maintllin and reinforce 
habiLat protection effoIt.'i on nesting beaches, protect ne8ting females and mainLain 
hatchling production levels. This recovery strategy aims to protect a species whose 
nesting population by 1985 had declined to 1 % of il.> 1947 abundance (estimated at 
40,000 nesting females in a single day!) as a result of poaching at its onl} nesting beacb, 
Rancho Nuevo, Tarnaulipas, Mexico, and incidenLal capture and dro""lling in the Gulf 
shrimp fishel)' (Magnuson et aI., 1990; TEWO, 2000). Protection of the Rancho Nuevo 
nesting beach and implemenLation of turtle excluder devices (TEDs) into the shrimp 
fishery have facilitated, since me mid-1980's, a 14-16% increase in ridley nests laid at 
Rancho Nuevo (Heppell et aI., 2005; NMFS and USfWS, unpubl.). The 20,290 ridley 
nesl.5laid at Rancho Nuevo in 2009 represent an estimated 8,116 females (Jaime Pena, 
Oladys Poner Zoo, BrowTlsville, TX, per, comm.). Although the Rancho Nuevo nesting 
beach receives the majority ofElttention in the Draft Recovery Plan for implementing 
recovery suategies, a primary criterion for downlisting ridleys from endangered to 
threatened status is to ensure long-term protection of nesting beaches in Texas (NMFS 
and tiSWfS. unpubl.). Prolection of Texas beaches is critical in attaining the plan's goal 
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oflong-term, bi-national effort to reestablish nesting to form a secondW')' nesting colony 
that supplement!; nest production at Rancho Nuevo iI5 well EI!5 provides surrogate nesting 
potential in the case that nesting habimt is impaired by tropical events or anthropogenic 
call.'ies. 

The April 1, 2009 start of the sea turtle nesting seil50n in Te1UIS IDllIldated that 
recovery ofUTC beach ecosystem<; also received elevated priority due to fear of what 
upper coast beaches ravaged by Hurricane Ike offered egg-illden Kemp's ridley females 
looking for suilable dune habi13t in which to dig their nests. This rnandat:e WB..'i heightened 
by the increasing importance of beaches Iiom Bolivar Peninsula to South Padre Island 8.!1 

critical Kemp·s ridley nesting habitat throllgh 2008. State-wide nesting totals seemed to 
lessen concern for hurricane-related impact to nesting activity, especially given the fact 
that Kemp's ridley nesting activity in Texi15 continued to increase annually since 2002, 
with 197 nests laid in 2009 surpassing the 2008 record of 195. 

Although most nesting activity in Texas occun; on Padre Island National Sea.<ihore 
(PINS) and South Padre Island (65% in 2008; &4% in 2009), upper coast beaches were 
increasingly imponant cnntrihutol1l to the StsLe's nest totals prior to Hurricane Ike. Like 
th!II fur all State beaches, the UTC, with 17 documented nest!;, exhibited record nesting 
activity in 2008 (Table 1). Sixteen Kemp's ridleys and one loggerhead nested from 
Boliv!\!" Peninsula to Quinmna Beach in Surfilide. Yearly increases in ridley nesting on 
the UTC have coincided ",ith popolation recovery trends at Rancho Nuevo and suggest a 
northern extension of this species' nesting range onto the UTe or a reestablishment of 
historical nesting grounds there (Seney and Landry, 2008). Just as important is the 
gro",ing TIlle UTe beaches playas a saLelliLe nesting ground that provides a population 
recover;. optIOn in the event Rancho Nuevo beaches are destroyed by a hurricane or insult 
such 3., an oil ,pill. 

Until 2008, beaches Iiom High Island to Surfside Jed the opper Te1UIS coast in sea 
tunle nesting activity, especially that contributed by the Kemp's ridley (Table 1). PssSllge 
of Hurricane Ike in September 2008 and the destruction it ....-rought on the aforementioned 
beaches appeared to change this trend. Of the 16 ridley nests documented EICTOSS!he 
entire upper Texa<i co~t during 2009 (Table 1),9 were laid on heaches south of Surfside 
and included the following totals: Quintalla Beach - 2; Br)an Beach - 2: Brazoria COWlty 
(north of Sargent) - I; Sargent Beach - I; and Matagorda Peninsula - 3. Bolivw: 
Peninsula beaches. the co-leader (with Galveston Island) in sea tunle nests with 6 during 
2008, produced only I nest in 2009. Galveston Island, the other 2008 co-leader, produced 
only 3 nests in 2009. In addition, four aboned nesting cTllwls docwnented on UTC 
beaches in 2009 were likely due to nesters failing to find suitable nesting conditions. 
These temporal and spatial differences in nesting activity along the upper Texas coast 
could be attributed to two possible causes. ~ tim and most likely of these causes is the 
destruction to beaches from Swiside to High Island, most of which were in the direct 
path of Hurricane Ike or east of the line of its passage and on the '·dirty" or most 
destructive side. The second possible cause is the initiation and/or increase in the conduct 
of formal sea turtle nesting patrols on beaches south of Surfs ide during 2009. 

Excitement over the aforementioned Texas nesting trends and their contribution to 
ricUey population growth has been tempered by Ike's passage and the prospect that the 
UTe has lost COOJiidl:nl.ble momentum in helping to achieve the Recovery Plan's goal 
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mat constituent beaches suppor1 a iIeCOndary nesting colony. The prospect for such a loss 
is strengmened by this author's comparison of flre- and post-Ike conditions on UTC 
beaches. Post-Ike, on-site inspections of the aforementioned 17 nesting locations on 
Bolivar, Galveston and Surfside bea<:hes in 2008, cnabled by GPS coordinate dam. of 
these locations recorded during thc anthor's dail} nesting patrols and random response to 
nesting events, indicatc Ike leveled dWles where sea turtles laid their eggs and flanened 
the vertical landscape that enables II female Lo locate suitable nest sites (Figs. 1-6). 
Natural beach slope, typically between 3 and 5%, ha.<i been flattened to 1 % [Robert 
Webster, c03-~tal geologist in TAMUG's Laboratory for Oceanographic and 
Environmental Research (LOER), per. comm.], leaving Bolivar Peninsula beaches with 
standing water ovcr historical nesting sites aftcr high tide and rain events (Fig. 7). 1hese 
area5, if left in their present slope, willlikel} deter females from nesting and, if nesting 
did occur, their eggs ",uuld drown. W3-~hed from beaches are acres of sand whose 
chemical and physical qualities are e~~ential to a female digging a ne~\' incubating her 
egg~, possibly locating the samc be""h ",hen returning to nest in 2 to 3 years, and 
imprinting hatchlings with similar natal beach location informalion. 

Case studies of impact from hurricane events and various beach renourishmern 
efforts on sea turtle nesting dynamics mandate that! !urricane Ike's aftermath and 
efficacy of subsequent recovery initiatives in restoring nesting habitat are factors that 
must be evaluated if the UTe is to continue to develop as a secondary ridley nesting 
colony supporting that at Rancho Nuevo. Ofpanicu\ar concern are findings by Hillis et 

al. (1990) and Hillis and Phillips (\995) that passage of Hurricanes Hugo and Marilyn 
across nesting beaches at Buck IsIMd Reef, SI. Croix, US Vil"l!in Islands caused nesting 
activity to ,hin to a[)'flical nesting habitats while false crawl ratio incre"-,,,d from 3\ to 
59% post-storm e~enl. Crain eI al. (1995) and Rwnbold et al. (2001) found increased 
~ compaction by beach nourishment activities caused nesting success to decrease the 
first season followins nourishment. The latter study also reported increased false crawls 
by loggerheads the first post-nourishment !IeII!5On. Green (2002) summarized other studies 
evaluating impact of beach nouri,hment and repor1ed that constituent habitat remained 
lIllsuitable for nesting for 2 to 3 years wul, in some c~~, 7 years post-nourishmern. 

RESEARCH OBJECTIVES 

Final report requirements 11.'1 outlined in T8.'ik 5 of the CMP Cycle #13 grant to 
TAMUG entitled "Endangered Sea Turtle Nesting Activity on Upper Texas Coast 
Beaches" call for the development ofa "Guide to Managing Sea Turtle Nesting Habitat 
on the Upper Texas Coast." Specificall}, T AMUG WIIS to develop a working guide to sea 
turtle nesting on West Galveston Island beaches and their inter- and postnesting 
movements during 2009. This guide was to identify those beach stretches: I} with highest 
sea turtle nesting potential: 2) whose nestins potential should be improved: and 3) lost to 
nesting because natural phenomena (i.e., erosion) or man-made alterations (i.e., Geo_ 
tubes) have rendered them UJ\!Itlr1Ictive to nesting or pose II Ihreol 10 survival of me nest 
and its contents. 

Destnlction wrought by Hurricane Ike to Galveston Island beaches as well as 
adjacent COWlterparts on Bolivar Peninsula and Follett's Island/Surfilide severely 
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Bltered the physicBlterrain for which the aforementioned guide WIIS to be developed. 
Physical changes to the beach habitat described earlier in this reponlikely destroyed 
those strelches that, under pre-Ike conditions. exhibil.e<.l high nesting potential. These 
changes also rendered most relllllining beach terrain a candidate for much needed 
improvement <IS it related to increased nesting potential. The only component that the 
mandated guide could identify were beach srretches lost to nesting because ofnaturul 
phenomena in this case, a hurricane named Ike. Nesting data for the aforementioned 
beach~s during 2009 (Table I), when compared to those recorded in 2008, indicate that 
most constituents were lost as candidates ",.ith nesting potential ~ause of physical 
llestru~tion resulting from Hurricane Ike. As such, the guide mE!lldated by Task 5 is 
essentially a requirement that. under current UTe beach conditions., is impossible to meet 
and oflittle vBlue to the reader at this time. 

A more timely reponing need v.ith which to guide restoration and management of 
beach habitat along the UTe is the chamcteri.zaJ.ion of the post-Ike recovery of this 
habitat. e~p"'~ially as it relates to enabling sea turtle nesting activity to return to pre-Ike 
conditions. As such, T AMUG ha\ chosen to meet final repon requirements to its ('MP 
Cycle #13 grant by swnmarizing beach habitat recovery initiatives and the current status 
of conditions resulting from these initiatives that nesting turtles might find when 
attempting to nest on the UTe. Results summarized herein concentrate primarily on 
describing the physical stale of UTe beache, prior to the 2010 sea turtle nesting season, a 
3.5 month long period in which nesting females should provide "biological" insight into 
the integrity of con>tituent habitats. While coverage of all relevant environmental facton; 
and human activities influencing the integrity of beach ecosystems and sea tunle nesting 
habitat on upper Texa~ coa~! beaches is beyond the scope of this paper, those identified 8..'i 

critically important (beach nourishment, beach slope and width. vegetation eovemge, 
among others) are slllllIll!ll"iz.ed below. 

RESULTS AND DISCUSSION 

Post-Ike Recoyery of UTe Beaches, A Broad View: Highly dynamic nesting beach 
environment.'l such lIS those along the upper Texas coast continually erode and accrete in 
response to wind., waves, currents, storms, and Blterations in sea level (LebufT and 
Haverlidd. 1992; Peterson and Bishop, 2005). Although sea turtles often exhibit mung 
nest site fidcliry to!l.llllll. beoches (Meylan eI Bl., 1990; 8jomdal, 1995; Shaver, 2005). a 
multitllde of environmental factors may significantly impact the attractiveness of a 
specific beach to nestel"!i (Santos et al., 2006) and the "seafinding" ability of hatchlings 
emerging from nests (Salmon et aI., 1995; Benolotti and Salmon, 2005). As such. 
physical conditions of UTC beaches as it relates to their attraction to sea turtles will be 
the priIlllll1' thrust of this recovery assessment. 

Ongoing restoration of UTe beaches from High Island to the Surfside Jetty to 
pre-Ike conditions is slow and varies across coastal communitie~ and constituent beaches, 
largely due \0 the Texas Generul Land Office's (GLO) prohibiting return of sand w!!Shed 
onto interior ponions of the coa~tallone to nearby beaches. Post-Ike conditions on these 
beaches exhibit various levels of physical and chemical impairment, ranging from the 
severely impacted Bolivar Peninsula ravaged by Ike's "dirty side" and a 6+ m high storm 
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surge to those of Brazoria County beaches north of and including Surfside where the 
hurricane's "clean side" delivered somewhat less impact and habilat recuvery may ocx:ur 
quicker. Bolivar beaches represent the worst case scenario in regard to Ike's impact and 
recovery potential, given their receiving the brunt of storm surge, as well as the loss of 
3600 homes ilIld busines'ies on the peninsula greatl} decreases the number of entities 
actively attempting to restore beach habilat that protected their structures before Ike's 
passage. Galveston Island affords presence of accreting beaches on East Beach and near 
San Luis Pass, armored counterpans along its Seawall that have recently been 
renourished, as well as wcst end constituents where Ike's impact, although seemingly less 
!han that at Bolivar, is the subject of variOIL'i beach restoIlltion eIforu adjacent to a 
multirude of beach homes, whose owner.; far exceed their Bolivar Peninsula countcrplll1s, 
in tenns of both number and beach restoTEl1ion potential. Beaches from San Lliis Pass to 
Surfside are, for the most pan. undeveloped until one reaches corpor-Ilion limits oj" the 
Village of Surfside. Although pre-Ikc conditions on these beaches exhibited considerable 
erosion, their dunes were generally as good as those of counterparts on Bolivar Peninsula 
IIIld Galveston !slillld. Visual surveys of\hese beaches by the author during the 2009 
nesting patrols indicate that Ike's physica1 imptct to them was less than that at Bolivar 
Peninsula. 
Beach Width & Slope: Two very visible beach-related results from the impact of 
Hurricane Ike are: I) wide beaches in 8reIlII where erosion WII5 not a problem before the 
stonn's passage: and 2) narrow beaches where erosion and/or erosion control devices 
were the pre-storm nonn (Figs. 8 and 9). Alterations in beach width and slope can arise 
from multiple anthropogenic activities, including shoreline df,velopment. beach 
nourishment. vehiculac traffic (Santos et al., 2006; Fish et aI., 2008), and installation of 
erosion control ,tructures (Lebuff and Haverfield, 1992; Feagin et aL 2005). Female ne,t 
site selection amI subsequent reproductive success are panially detennined by the inverse 
currclation between beach width and slope that, in conjunction with tidal amplitude, 
regulate the potential for inundation-related embryonic morwlity and hatchling survi~al 
on land (Whitmore and Dutton. 1985; Marque2:-M., 1994; Garmestani et al., 2000). Nesu 
laid below the high tide line typically experience lower hatching and emergence TlItes or 
complete embr~iOnic mortality, as increased salinity associated with seav.1lter wash over 
of nests can disrupt egg melabolic processes and/or asphyxiate developing cmbr)'os 
(Whitmore and Dutton, 1985). Inadequately sloped beaches increase the crawl distance 
necessary for females to access elevated sites less vulnerable 10 tidal inundation 
(Horrocks ilIld Scott, 1991; Santos ct al., 2006) and the susceptibility of incubating nests 
to f100ding (Marquez-M., 1994). Hatchlings emerging from nests located high on overly 
wide beaches of reduced slope expend more energy to reach the sea thus increasing 
exposure time to land-M.o;ed predators (Horrocks and Scott, 1991; Marquez-M., 1994; 
Mrosovsky, 2006). Narrow eroded or steeply sloped beaches may visually deter nesteTII 
and decrease overall nesting li"equency (Gannestani et al., 2000; Montague, 2008); such 
is the case for females required to expend increased energy to reach preferred nestins 
sites on beaches with significant inclines (Santos et al., 2006). Nests deposited on narrow 
bellChes whose width is constrained by development are expesed to negative impacts 
associated with infrastnlcture as well as increased risk of seawater satUT1ltion (Fish et aI., 
2008). 
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Although beach profile preference varies among sea turtle species (Mrosovsky, 
20(6) and remains undetennined for Kemp's ridleys, the moderate profile characteristics 
of Rancho Nuevo', beach may be considered ideal for ridley females, nestS, and nest 
products, Nests incubating: on beaches of moderate slope may benefit from improved 
substrnte drainage and proper humidity levels (Marquez-M., 1994), Moderately sloped 
beaches that provide a multitude of nest placement options at varying distances above the 
high tide line are advantageous to nesting succesS!1'5 spatially-distributed nero tend to 
mitigate negative impacls associated with dynamic beach envirornnents affected by 
stocbastic evenls (Mrosovsky, 2006), In certain yean;, substantial land-based predator 
pressure may select for nests laid dose to the surf, wbile nests located high on the beach 
may produce morc hatchlings during season<; ",ith unusUlllly strong stonn<;, Robust 
estimates of preferred nest locations along the horizonLaI beach grndient from forebeach 
to second roredune do not ex!>t for Kemp'., ridleys nesting on the upper Texas coast. 
Althougb ridle} nest,; in Texa8 have been laid at all positions along the horiIomal beach 
slope, all but one nest documented at hatching through 2009 have been located high on 
the beach protected from tides (Shaver, 2008; Landry and Hugbes, unpublished data), 
indicating that sufficiently-wide beaches free of tidal inundation are crucial for ridley 
nesting succe!l.'i in Texa.<i 
Belch Nourishment: Crain et al_ (1995) reponed that renourishmemlrestoration 
produces a beach tlwl is often different in several wa}s from that of its natural 
counterpart, induding I) being harder; 2) retaining more water; and 3) 50rting of 
constituent sand in ditTerenl ways because they are not conslTUcted (i.e .. reconsttucted) in 
the same way as are natural beache~. These dilTerences represent an acute concern in 
evaluating poiit-Ike reco'-ery and integrity of beach eCos}stems as well as how they 
function to filcilitllte sea tul1\e nesting activity, with this laller parameter a biological 
indicator of pre-Ike integrity. Loss of sand and dunes, change in beacb slope and width 
because of this loss, when combined with the aforementioned and disparate ways in 
whicb beaches are being renourished across Bolivar Peninsula, Galveston Isllllld Wid 
Surfside, are a current concern. funhcnnore, efforts to restore the IIIItUnIl elevation 
gradient of these beacbes Wid original integrity of dune habitats are in various stages. 
Galveston beaches along the Seawalllwve been renourished ",.ith sand tnu:ked from East 
and Stewart Beaches (one offew accreting UTC beaches) as "ell as dredge material from 
the Gulf floor_ F..'>Carprrumts thaI can block rurtles from reaching nesting area.<i (Davis et 
al., 1993. am<.lng others) and result 10 increased non-nesting emergences (Ehrhart et aI., 
1994, among <.lthers) have remained for months after Seawall beaches were nourished. 
Renourishment eITol15 on Bolivar Peninsula and west Galveston Island primarily involve 
redistributing sand remaining on beaches by county and municipal entities. One of the 
first and very visible renourishment initiatives associated with redistribution of sand 
washed on to Highway 87 on Bolivar Peninsula and Highway 3007 on West Galveston 
Island was the tnu:king of this sand to adjacent beaches where it was placed in large 
mounds for eventual screening ofhurriclllle-strewn debris (Fig. 10). Screened sand was 
then ttucked by heavy equipment to other areas of the beach (Figs. II). These 
renourishment efforts involved heavy equipment that compacted sand on constituent 
beaches (Fig. 12), thus increasing the risk tlwt they may be llIl5uitabie for a nester to dig a 
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nest and lack adequate gas exchange and humidity levels needed for egg incubation 
(several citations summari7ed in Crain et al., 1995 and Green, 2002). The redistribution 
of screened sand appeared random in many beach areas and did not ~m to include 
protocols to reestablish the beach 10 its original slope and width. This laner concern was 
oddressed in the Beach Width and Slope section in this report. 

Other effon~ include individual homOO"'lleTIi and subdivision associations 
ignoring GLO's prohibition by paying prhate contracton; to recapture sand from their 
lav.m and adjacent streets (Fig. 13) W5 well as truck in other non-sandy soils for 
placement on beoches, where it is typically put upland of its pre-11c:e dune location. Loss 
of sand and GLO restrictions on its recovery have caused UTe home- and subdivision 
O"'llers to use non-sandy sources (Fig. 14) that may increase the risk this replacement 
substrate does not ellhibit the same physical and chemical characteristics of that ww;hed 
away, thus rendering nest building and egg incubation problematic (Yanno and Slutzman, 
1992). In addition, various "sand-catching" initiatives, including recycled Christmas trees 
tethered together in rows parallel to the beach as well as large, hay bales stacked against 
one another in similar rows (Figs. 15 and 16), designed to ellpedite the development of 
dunes are heing deployed by homeowners on both Bolivar Peninsula and West Galveston 
Island. Man} of these sand-catching initiatives have been in place on the aforementioned 
beaches ",ith little evidence that measurable quantities of sand, much less actual dunes, 
have materialized. 

Addition of fill material to elevate and extend beaches seaward in developed 
coa:stallOnes prone to erosion EIIld flooding is a common non-pennanent engineering 
solution (Lebuff and Haverfield, 1992; Crain er al., 1995) employed to stabilize 
!lhorelines (Peterson and Bishop, 2005), protect property, and increase available 
recreational area (Rumbold et aI., 2(01). Vrbile beach nourishment significantly reduces 
altered sediment transport and dO"'lldrift erosion associated with hardened structures like 
gellwalls ilDd groins (IxbufT and Haverfield. 1992; Feagin et aI .. 2005), it i3 not 
ecologically benign (petel'!ion and Bishop. 2005; Montague. 2008). Ecological impacrs of 
beach nourishment remain uncertain despite four decades of agency-mandated 
monitoring (Peterson and Bishop, 2005: Montague. 2(08). Monitoring studies typically 
lock standardi.mtion and sciClltific rigor. while re~earch conclu~ion~ are Ilawed by 
inadequate evidence, data analysis or rnisinterpretatlOn (Peterson and Bishop, 2005). 
Nonetheless, available data indicate sediments obtained from offsite sources, including 
ship channels and oIT~hore borrow pits, may adversel} allect s~a turtle nesting success. 
Such sediments may alter a beoch's slope; sand density, color. mineral content, and grain 
size; shear resistance; and moisture content (Nelson and Dicker.;on, 1988; Benedet et aI., 
2004: Chen et al., 2(07) due to compositional difTerence~ in the propoJtion of carbonate 
sand, quartz sand, shell, coral. clay, EIIld silt (Crain et al.. 1995). 

Benefits inherent in augmenting available ncsting habitat through renourishment 
efforts (Lebuff and Havcrfield. 1992; Crain et aI., 1995; Montague, 2(08) may be offxt 
by degrudation and disturbance of beach and nearshore environments (Peterson EIIld 
Bishop, 2(05), alteration of beach profiles (Brock et aI., 2008) and constituent substrates' 
naturnl physicallllld chemical properties, EIIld fonnation of beoches \lII.Suitable for nesting 
females and/or clutch incubation (Crain et al., 1995). Effects of physical and chemical 
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substrate permutations on a nester's short- and long-term nest site fidelity are poorly 
understood (Crain et al., 1995). Related research hilS documen!ed substantial increilSes in 
frequency of non-nesting emergences correlated with sil?"ificant reductions in 
reproductive output from both loggerhead (Rumbold et aI., 2001) and green sea tuttles 
(Brock et aI., 2008), particularly during the first season post-nourishml:Ilt. Nourishment­
induced changes in feIll!lle nest site selection and digging behavior may deleteriously 
affect offspring survival and furure reproductive contribution iIS nest success is, to a 
certain eX!ent, dependent upon nest caviry configuration and the hydric and thermal 
erJvironml:Ilt of the substrate (Crain et a!., 1995). Inappropriate incubation temperatures 
caused by alterations in sand color can negatively affect embryo development, and 
variations in substrate water potential can limit dilfusion of water, nutrienls or oxygen 
IICross the semi-permeable eggshell (Crain et al .. 1995). In addition, sand compaction 
resulting from nourishment activities or alterations in substrate shear resistance can 
physically impede or prevent female nest excavation or hatchling emergence (Marquez­
M .. 1994; Crain et aI., 1995; Chen et aI., 2007), thus diminishing reproductive success, 
Scoured Beach Habitat: Scouring of beaches by Hurricane Ike along.",.jth the likelihood 
that beach renourishmentlrestoration efforts typically leave constituent substrates much 
harder (as reported by Crain et al. 1995) than those of pre-storm counte!parts is a 
common sight on Bolivar Peninsula and West GaiveSlOIllsland beaches (Figs. \7 and 
\8). Evidence of scouring action still remains on Boliwr Peninsula in the form of 
exposed Beaumont clay w3jhed clean of several centimeters and/or meters of sand that 
covered it prior to Hurricane Ike, Heavy equipment used in transporting recovered sand 
to debris sieving locations on the beach and sub~uenl relocation of this !larld to other 
beach sites also compounded the problem by compllCting sand that was on the beach. 
These hard suhstrates render nest excavation by a nesting female literally impossible, 
False cTlI'"ls noted during the 2009 nesting season were o~n the case on beach sections 
where Beaumont clay or hard, packed sand was found (Fig. \9). 
Inundated Beach Habitat: Standing water was a common sight on UTC beaches after 
Hurricane Ike and a condition that remains from High Island to Follen's Island (Fig. 7). 
This condition typically exists in "",,;u ",here dunes were located pre-Ike and hilS been 
compounded by beach compaction due to heavy equipment used in moving sand back on 
the beach and later redistributing it. Tracks of nesters attempting to nest on beaches 
where standing ..... ater existed were often very circuitous and longer than those left by 
counterpans \I'ho nested on these beaches during pre-Ike seasons (Fig. 20). This pattern 
suggest, nester>. lIpon encountering standing water on the beach, undertook exlril effort 
to avoid it and continued to search for a suitable nest site nearby or simply turned 
guifward in an aborted nesting attempt. 
Status of Salld Dunes: Presence and absence of sand dune development along the UTC 
varies from total lack of embryonic dunes on eroding beaches (and lack of effort on the 
part of a hOmeovo1lcr or subdivision; Fig. 2\) to fairly well developed dunes on accreting 
beaches such as those near San Luis Pass (Fig. 22). Dunes that do exi!il on the UTC 
exhibit varying degrees of vegetative cover ranging from no emergent plant5 (Fig. 23) 10 
complete coverage by erru:rgent planls (Fig. 24). Vegetative cover on omer dunes is often 
comprised of salt-sensitive species such iIS St. Augustine grass (Fig, 25) that .",.jll 
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eventually die, d!usleaving the dune wid! little supporting integrity. There are several 
well designed dune complexes on West Galveston Island that are covered by a variety of 
.wt tolerant vegetation (fig. 26). 

The Tcxas Open Beaches Act § 61.011, by utilizing the existing vegetation line to 
differentiate between public beach and private property bordering the Texas Gulfcoast, 
underscores the critical importance of dune plant communities in policy making and 
beach habitat management. Upper Texas coast specie~ including sea oats (Unia/a 
panicu/ala), biDer panicum (Panicum ama/1/m). seashore ciroI:s:: d (Spomholu~ 
virginicu,·), and marsh-hay cordgrass (Spartina patens). are essential components of 
healthy dunes that function as plant successional communities to build dunes. bind 
sediments, and reduce erosion (Marquel-M .• 1994; feagin et al., 2005). 1l0","Cver, 
engineering solutions to coaslill erosion (including seawalls and geotextile tubes), 
beachfront development, and non-native la'WTI vegetlllion havc created landward barriers 
to inland dune migration, thereby confining dune plant communities to !ihrinking zones 
where characLeristic successional patterns are disrupted (Feagin et al., 2005). Failure of 
embryonic dunes to fonn gulfward ofhurnan-erccted barriers disrupts natural seed 
dispersal mechanisms and isolates plant communities, with both impacl.'i resulting in loss 
of critical late-successional vegetation. It is lhis loss in vegetative cover that escalates 
beilCh erosion rates (Feagin et al .. 2005). 

Vegetative cover also is a critical component in sea turtle nest siLe selection and 
nesting success. HawltsbiU turtle (Eretmo,·hely.~ imhricaJa) nesting behavior is influenced 
by vegewive cover, with females displaying a significant preference for vegetated over 
non-vegetated sites (Horrocks and Scon. 1991) and predisposed to nesting along the 
beach perimeter adjacent to the vegetation line (Santos eI aI., 2006). Lower sediment 
compaction raLes Il!Ssociated "ith vegetative cover and the ability of constituent roodelli to 
loosen substrate positively influence hawksbill nesting success, given the fact that 
hatchling emergence success is inversely correlaLed ",i!h compaction rate (Honucks and 
Searl. 1991). This correlation may be a function of increased probability of hatchling 
suffocation and exhaustion associated with emergence attempts from nests deposited in 
more compacted substrates (Honucks and Scott, 1991). The vegeUllion line is also a 
crucial component in green turtle (Chelonia myd(1~) nest ~ite selection and subsequent 
reproductive success (Chen et al., 2007). Dune plant communities may function 8.'1 nest 

placement indicators to females, as vegetated beaches minimize the risk of nest 
inundation and provide substrates with compaction values conducive to digging while 
maintaining ne~t cavit} integrity without collapse (Chen et aL, 2007). Although data 
relating nest site selection by Kemp's ridleys to vegetative cover are lacking. vegewted 
dunes are likely a critical visual detenninant in this selection, as females preferentially 
nest adjacent to or on the foredune (Marquez-M., 1994). 

Conversely, reproductive success may be lower for nests deposited in heavily 
vegetElted areas. Chen et al. (2007) noted that females were deterred from excavating 
nests in locations where vegetation coverage exceeded 40%, as dense root systems 
reduced ease of digging. Embryonic morrality can be increased by root mats 
encompassing or perforating incubating eggs deposited in profusely vegetated areas 
(Whitmore and Dutton, 1985). Hatchlings emerging m dense vegetation are denied visual 
orientation cues for seafmding, resulting in disoricmation or misorienll!.tion, particularly 
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on moonless nights (Godfrey and Barreto, 1995). Thick dune plant communities can 
function to slow torward momentum and may entangle or entrap hatchlings, thus 
increasing predation and desiccation risks (Godfrey and Barreto, \995). Despite these 
findings, maintenance and enhancement of dune plant communities are essential to 
maximize overall sea turtle reproductive success. Females require vislllli cues from, but 
typically avoid nesting in. heavily vegetated areas while dune plant communities provide 
hatchlings emerging from nests deposited lower on the beach ,,~th critical visual 
seafinding cues (Bourgcois ct aI .. 2009). 
Dun~ Building/Renourishment: Like those for vegetative cover, dune 
buildinglrenourishment activities on the UTe exhibit a ",ide array ofsand accreting 
protocols. One of these is the sand fence protocol of catching sand and protecting 
developing dunes. Although numerous sand fences have been erected on West Galveston 
IsIWld, veT) few exhibit the angled orientation (Fig. 27) compatible with accreting sand 
as well as enabling nesters and hatchlings to move freely from beach to dune or dune to 
beach. Variations oITthis de,ign are opcn fences oriented perpendicular to the dune line 
(Fig. 28), some of which are bordered by planted vegetation between the fence and 
in!ended dune line (Fig. 29). These variations in sand fence design and placement are 
novel and must be evaluated in their ability to build dunes in a sea turtle compatible 
mllIlIler. The majority of sand fencing seen on West Galveston Island is the "turtle 
unfriendly" design running in a continuous, parallel fashion without brew that would 
allow free passage of nesters and hatchlings (Fig. 30)_ 
Dune Crossover D"igns: The majority of dune habitat in development on the UTe, 
especially that on West Galveston Island where this development exceeds that on Bolivar 
Peninsula and Follett's Island/Surfside beaches, is devoid of dune crossovers that 
safeguard the dune', intcgrit) from foot and/or vehicular (golf carts) traffic (Fig. 23). 
Most dlllle crossover~ present on these beaches are well designed and turtle friendly (Fig. 
31). More of these crossovers must be erected to ensure the integrity of dlllle habitat. 

CONCLUSIONS 

Alterations in nest temperature, hydric environment Will gas exchange. that may 
result from beach renourislunent initiatives could affect hatching rates Wid possibly vigor 
Wid survivorship of hatchlings (Ackerman, 1980), mandate a thomugh assessment of 
constituent beach characteristics from a pre- and post-Ike perspective for subsequent 
comparison with sea turtle nesting activity before Wid after Ih's passage. -Ihis 
comparison is particularly crucial given the fact that a nesting female's ability to select 
and excavate a suimble nest chamber ali well as ensure a microclimate suitable for egg 
incubation is generated by interaction among the physical characteristics of the materials 
composing a beach, the physical structure of the beach, local climate and the eggs in the 
nest (Ackerman 1996). However. because hydric, thermal and respiratory properties of 
:;oil as well as the nester's ability to dig a nest are a function of $Oil wetness and 
compaction, it is anticipated that microclimate, topography Wid sediment characteristics 
of reno uris he dire stored beaches may be difTerent from those of natural counterpart,. 

Any recovery initiative occurring on UTe beaches must be evaluated over the 
long term as they relate to repairing environmental dwnage from Hurricane Ike and 
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strengthening the resiliency required for heal!hy COlIStal ecosystems 10 function. To Ihis 
end, 8.'lsessing recovery rates of UTC beach ecosystems must involve ph)'5ical and 
biological indiClitors to be meaningfuL Furthennore, the Tate at which Ihis restoration 
occurs must be detennined on the basis of Ihe time required for a habitat to return to !It 

lea,t its pre-Ike integrilY (= physical, chemical and biological) and regain its rulers) in 
contributing to ecosystem functiollS that include sea tunle nesting. Although habitat 
rc~toration is only as good as the habitat's ability to resume Elndlor improve its pre-storm 
lunction( s), current condition<; will primaeil} allow only physical indiClitions of bell.Ch 
habitat rc.::ovcr), to take place. Biological indications of beach recovery. particularly the 
degree to which dune habitats become attractive to and are used by sea tunles. will be 
difficult to assess until sufficient time has passed for these agents to return to pre-Ike 
status. Data presented in this report indicate that UTC beaches have not had sufficient 
time or attention to recover to pre-Ike conditions. While coverage of all relevant 
emironmemru factors and human activities influencing the integrit} of beach ecosystems 
and sea runle nesting habimt on upper Texll..'i ooo.st beaches is beyond the scope oflhis 
report. those identified a~ critically important (beach nourishment, beach slope and width, 
vegetation coverage) must be considered in the post-Ike reco~eT) ofeTe beache:!i. 
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Table I. Kemp's ridley sea turtle nesting trends orllhe upper Texas coast during 2002 
through 2009. 
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Figure 4. Post-Hurricane I~e satellitc photograph of a Kemp·, ridley sea turtle nest site laid on 
West Pcninsula 30 May 2008. Turtle icon marks original nest site. 
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