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Executive Summary

The Coastal Plains Institute (CPI) and US ForestiSeentered a 5-year cost-share
agreement in October 2010 to address the seveliealetthe striped newt
(Notophthalmus perstriatus) population on the Apalachicola National ForesifA. CPI
has initiated a multifaceted study to: 1) investégthe cause of striped newt decline in
the ANF; 2) conduct larval repatriations in selélgeime wetlands; 3) investigate and
implement precautionary measures to ensure suotespatriations. This report
summarizes work conducted in Year 2 (October 204dteSnber 2012) of the current 5-
year study.

In Year 2, CPI continued exhaustive efforts to fiethnant striped newts within the
ANF. Identical to last year's efforts, CPI biolsigi visited and, if hydrated, sampled 158
ephemeral wetlands scattered across the MunsorhBarad the northeastern ANF once
in winter and once in spring. These wetlands Hmaen sampled many times in past
years by CPI as part of prior efforts to monitar $triped newts in the region. Hydrated
wetlands were standardly dipnet sampled for thegree of breeding adult (winter) or
larval (spring) striped newts. Both sampling pdsievere characterized by ongoing
drought. Out of the 158 wetlands visited in Wir28d.2, only 9 were hydrated and
dipnetted. During Spring 2012, 14 out of the 1&8ted wetlands had water and were
sampled. Identical to last year, zero striped semdre observed during both efforts.
These findings provide further evidence that thipad newt likely is extirpated within
the ANF--its former western geographic stronghold.

The cause(s) for extirpation of the western stripedt on the ANF is unknown. Before
proceeding with a repatriation effort, it is impem that cause(s) for extirpation be
ascertained. Likely causes include pathogen imiedtom ranavirus and/or long-term
drought. We are investigating both.

The presence of ranavirus in the Apalachicola Matié-orest (ANF) and the
susceptibility of striped newtptophthalmus perstriatus) to ranavirus infection are
unknown. Thus, the first part of this study (ladtory portion) was to determine the
relative susceptibility of striped newt larvae andtamorphs to ranaviral infection and
disease using controlled experimental challengesg;iwwas performed in Year 1 and
Year 2. Our results indicate that post-metamorptriped newts (<1 year in age) are
highly susceptible to ranaviral disease, experm@né0 — 100% mortality when exposed
to ranavirus (three unique isolates) in water.vabstriped newts experienced 5 — 10%
mortality among isolates, which is similar to easteewt larvae. Interestingly, 10 — 40%
of larval striped newts that survived were infectgth ranavirus, suggesting that this age
class may serve as a reservoir. Our results itedtbat ranaviruses could significantly
impact adult recruitment of striped newts by affegtsurvival during the juvenile stage,
and if ranavirus is present in an aquatic systenmesl newt larvae could contribute to
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the disease's persistence. Our next step, eavlgan 3, will be to test for the presence of
ranavirus in our study area to ascertain whetheaviaus could have been the culprit for
decline.

Twenty -one western clade striped newt larvae geadt similar to ANF striped newts
were collected in Year 1 from Big Pond in the Ratle Sandhills Natural Area, Georgia.
These animals would become the parental genertiadriwould start a captive assurance
colony. Larvae were sent overnight to study caltabors at the Memphis Zoo. These
larvae were successfully raised into yearling julesnand housed at the Memphis Zoo
during all of study Year 1. In June, late in stixBar 2, the parentals became
paedopmorphic adults and began to reproduce rapiciyee months later, by the
beginning of September 2012, 545 F1 larvae weexistence. However, the population
suffered an enigmatic crash just before preparatfahis report, and the number of F1's
shrunk to approximately 45 individuals. The reafwrthe crash was unknown. The
parentals all remained healthy. This captive wass&iped newt colony serves two
important roles. It is the first assurance colergr created for the highly imperiled
western genetic variant of the striped newt andeseobvious conservation needs.
Second, larvae produced from this colony will b&agtd for this study's repatriation
efforts later in Years 3-4.

Habitat enhancement techniques to ensure recipiettdnds do not go dry during the
critical larval repatriation periods are being istrgated. In Year 1, we determined that
wetlands augmentation using local groundwater waooldbe a feasible tool to avoid
pond-drying for a variety of reasons. This yeaQther promising technique was
investigated and implemented. In May 2012, whdaqs were dry, 40" X 40' synthetic
rubber pond liners were installed underneath tinérak deepest portions of three pre-
selected future repatriation wetlands. Liners wsfeothesized to extend wetland
hydroperiods by catching rainwater more effectivaatyl providing an impermeable
confining layer underneath wetlands that were fataniole lacking natural geological
confining layers.

In late June, one month after liner installatiosawy rain from Tropical Storm Debbie
formed pools within only the lined central portiosfsall three wetlands, as was
hypothesized. Open water remained within the lipedion of wetlands for nearly 2
months, perched atop the underlying water tablgl, esrly August. Without liners,
ponds would have been dry those two months. Thatsepreliminarily suggest that
liners were effective at extending pond hydropesiodll liner-enhanced wetlands
currently appear to be ecologically healthy, caritag rapidly regenerated natural
vegetation and up to four species of larval ampimibi Liner wetlands will be observed
closely for another six months until repatriatidregyin in April 2013 (study Year 3).
This study's liner technique potentially could &®e a useful tool for land managers
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that wish to enhance natural wetlands to become mh@ught-resistant, particularly in
regions that have been impacted by increased dtdeegjuency and longevity.
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INTRODUCTION

The Florida Gas Transmission Company has increthgedmount of natural gas it
transports throughout the U.S. Gulf Coastal regidba.accomplish this task, an already
existing natural gas pipeline that spanned east/agEess the Munson Sandhills region
south of Tallahassee recently was expanded to ancoiate additional natural gas
transmission. Of particular concern is the expamsif the existing route that ran through
the portion of the Munson Sandhills owned by thal&phicola National Forest (ANF).

A significant amount of ANF acreage was alteredmter to accommodate the expansion
of the pipeline right-of-way.

The ANF portion of the Munson Sandhills where tigefine expansion occurred is a
longleaf pine sandhill ecosystem harboring abundphemeral wetlands that serve as
breeding sites for the globally rare striped neéMdt@phthal mus perstriatus) and many
other amphibian species (Means and Means 2005)gleaf pine sandhill with

embedded ephemeral wetlands is the preferred h&titdne striped newt. The native
longleaf pine ecosystem of almost all of the MunSamdhills outside of the ANF has
extensively been altered by development and inctibipdand management over the last
several decades, and the striped newt is absemst (Kieans and Means 2005). The last
remaining portion of relatively healthy longleahpiecosystem still suitable for striped
newts in this region occurs within ANF lands.

The natural global distribution of the striped nésvsmall and restricted to parts of South
Georgia and the northern half of the Florida pemisand into the eastern Florida
Panhandle (Conant and Collins 1998). New evidenggests there may be 2 genetic
variants of the striped newt— “western” and “eastgroups or clades (May et. al

2011). The western genetic group is composed pifilations from the Gulf Coastal

Plain of southwest Georgia and the eastern Flétatzhandle, including the ANF. The
eastern group is composed of populations scattemad several public lands in central
and north Florida east of the Suwannee River, dewvdocations in the Atlantic Coastal
Plain of Georgia.

In the past 2 decades, humerous surveys have badnated to more thoroughly
document the occurrence and distribution of thpestknewt in Florida and Georgia
(Dodd and LaClaire 1995, Franz and Smith 1999, Soh@and Owen 2005, Means 2007,
K. Enge, FFWCC, pers. comm., L. Smith, JJEC, pemnaim., J. Jensen, GDNR, pers.
comm.). These surveys indicated that the strigd s rare globally and reliably found
only in a few wetlands, primarily within the eastgroup. Striped newts were once
common in its greatest western stronghold--the AiNFwever, it has sharply declined
there since the late 1990's for unknown reasons§let. al 2008).
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In 2004, the striped newt was listed as NT (“nbaedtened”) on the IUCN Red List of
threatened species (IUCN 2010). CPI petitionedi8d-ish and Wildlife Service to
federally list the striped newt as “threatened” emguidelines of the Endangered Species
Act (Means et al. 2008). In March 2010, the U.Shfand Wildlife Service issued a 90-
day notice of listing for the striped newt in thedéral Register in response to the petition
(Endangered and threatened wildlife and plantsDR0That is where it remains.

As of 2010, long-term CPI sampling data suggestatthe striped newt had likely
become extirpated within the ANF. The ANF decliceypled with apparent declines in
all other sites containing the western striped navilorida and Georgia, indicated that
the western striped newt was on the brink of eatigm--or even extinction--depending
on the level of genetic uniquenness of westerpesrnewts.

One possible cause of the striped newt declinearANF is drought. Another possible
cause of decline in the ANF striped newt is patimagéection. Other causes for decline
could be off-road vehicular disturbances to breggionds, incompatible land
management techniques, development, and encroatbim&oody shrubs and pines into
pond basins (Means et. al 2008). It is unknowntigrea single factor or combination of
factors is the culprit behind the decline. We sgjghat some combination of the above
factors is the most likely cause, with emphasislia@ught and/or pathogen infection. The
gas pipeline expansion and subsequent upland haligeation is the latest in a lengthy
list of probable impacts to the ANF striped newpplation.

The Coastal Plains Institute and the US Foresti&zentered a 5-year cost-share
agreement to create a study that addresses thee siaaine or extirpation of the striped
newt population on the Apalachicola National Foretriped newt repatriation coupled
with precautionary measures to ensure repatrigtimeess and enhance breeding habitat
will be conducted as part of the study. Repatmatat four prime ephemeral wetland
habitats is expected to boost the ANF striped mepulation and possibly provide new
management strategies for similarly imperiled arbg@im species. This is the second
annual report that summarizes work conducted irr 2@®ct 2011-Sept 2012) of the
current 5-year study.

Overall Study Objectives

1. Collect individuals from the most closely relatezhgtic source(s) to use for the
establishment of a captive assurance colony (Yeardlor 2). House, maintain,
and grow the assurance colony within collaboratioglogical institutions (Years
1-5 and beyond). Larvae from the assurance caloihpe the source for larval
repatriations in the ANF.
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2. Continue sampling the ANF for local striped newtsdrs 1-5). Even though we
hypothesized that the ANF striped newt was likedijrpated before this study, it
is still necessary to continue surveillance sangplive ANF for newts before and
after repatriations to be as certain as possilatethie local metapopulation is gone
before bringing individuals in from other populatg If at anytime newts
rebound in the ANF, we will modify the study desigihnewts are found to exist
in low abundance in the ANF (less than 5 wetlanilg) high enough abundance
to obtain individuals for establishment of an aasge colony, then we will
establish the colony and repatriate using ANF ssdiradividuals. If we cannot
find any more ANF newts, then repatriation will peed as outlined in Objective
#4. Up to 200 wetlands will be sampled twice pegiryduring the first 2 study
years, then the 19 historical newt ponds will beplad yearly in study Years 3-
5.

3. Conduct striped newt ranavirus susceptibility testd conduct surveillance
testing for ranavirus in sympatric species at mneg@dn wetlands and in nearby
wetlands (Years 1-3). This will be done as a precauo ensure we do not
introduce striped newts into a potentially hazasdenvironment. If newts are
determined to be susceptible to ranavirus, andviarsais present in selected
repatriation wetlands, we will make a well-informaecision how to proceed with
repatriations in such a way as to reduce the patdot repatriation failure.

4. Conduct striped newt repatriation efforts in theFA{Years 3-4). We will
conduct repatriation efforts in four wetlands ustagtive-bred larvae from
striped newt assurance colonies developed in teeZXiyears of the study
(Objective #1). We believe it is paramount toa@oon as possible to boost the
western striped newt before its remaining vestigeouthwest Georgia
potentially suffer the same fate as the ANF metataijon.

5. Investigate and implement techniques to ensure ter suitable hydrological
conditions at selected repatriation wetlands bwtrégtion time (Years 1-3).
Wetlands augmentation originally was consideredesg our primary method to
ensure stable wetland environments for larval reggains, but the method was
tested and rejected as an option last year. Tlag yee implemented another
method to ensure repatriation wetlands do not galdring the critical
repatriation periods later on. CPl installed setithliners under small interior
portions of selected repatriation wetlands thaaieréonger pooling of rain water
and provide a boost to wetland hydroperiods intAeraise drought-stricken
landscape. Later in this study, these pools gpoed®rd to act as hydrated refugia
as a contingency if wetlands threaten to go dryndurepatriations.
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6. Enhance striped newt breeding habitat, includingdh@moval of encroaching
woody shrubs and trees from the basins of repatniatetlands (Year 3,4 or 5).
CPI1 will be available throughout the study as needeprovide the USFS with
any management recommendations favorable for tigetlerm ecological
management of the striped newt.

7. Measure repatriation success with the use of dm@rdrift fences and continued
dipnet sampling (Years 3-5).
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STUDY AREA

The study area is a west-to-east trending belandy hills in the southern portion of
Leon County, Florida, and just south of the capil of Tallahassee (Fig. 1). The hills
form a small physiographic region called the MunSamd Hills (MS), a subdivision of
the larger Gulf Coastal Lowlands. They represemipdsands (up to 30 ft) capping
Pliocene Jackson Bluff Formation limestones tha&rie late Miocene limestones of the
St. Marks Formation.

The MS run through the northeastern portion ofApalachicola National Forest (ANF)
immediately south of Tallahassee. The uplandsiwitie ANF -owned MS are a native
longleaf pine-wiregrass ecosystem on rolling samtly. The area contains
approximately 200 ephemeral wetlands depicted bakyellow dots (Fig. 1). CPI has
extensively studied and regularly sampled moshe$¢ wetlands for ephemeral pond-
breeding amphibians over the past 20 years. Thiawds provide breeding habitat for
over 20 amphibian species, historically includihg striped newt--our current study
focus. The prominent, light-colored, L-shaped fegin the upper (northern) center of the
study area is the Tallahassee Regional Airport.

® Historic Striped Newt Breeding Wetlands
©  Ephemeral Wetlands
Apalachicola National Forest
Iy

g 1 2z %
o ——] Kilometers

e ~ LR

Figurel. Map of the Munson Sandhills study area. Yellatsdrepresent the 158 ephemeral
wetlands that have been periodically sampled dwetast 20 years. Red dots represent the 19
historic striped newt breeding wetlands.
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METHODS

Striped Newt Sampling in the Apalachicola National Forest

During Year 2, we twice visited and sampled 15&isal wetlands across the MS region
of the ANF with dipnet and/or seine. The first gdimg effort took place during the
January-March 2012 winter breeding season to sdargresence of striped newt
aguatic adults. The second sampling effort to@k@Ilduring the April-June 2012 spring
larval development season to detect striped newada

Sampling was conducted using a heavy duty dipnetfphis Net and Twine Co. HDD-2
model) with 3/16” mesh. The number of dipnet sweagrspond varied depending on
pond size. For small ponds, the entire pond penpaed the center thoroughly was
swept. Large ponds were given 50 dipnet sweepsdrthe perimeter. Sweep efforts
were concentrated in submerged or emergent herbacegetation where newt larvae
tend to concentrate.

Ranavirus Susceptibility Testing

Between January and June 2012, we received 6@dtngwt larvae from the
Jacksonville Zoo. Similar to 2011, most larvaévaa in good condition and survived
(Table 1). Thirty five larvae obtained from theoawere combined with 20 larvae
remaining from the 2011 experiments, and raiseoujin metamorphosis. The ranavirus
challenge experiment was conducted between 4 4I2%2012. All metamorphs were <1
year in age and hence belonged to the juvenilekags.

Tablel. Number of striped newt larvae received from thekdonville Zoo for the metamorph
experiment and their survival.

Date Institution Number Received Alive Dead
1/30/12 | Jacksonville Zoo 28 28 0
4/27/12 | Jacksonville Zoo| 25 25 0
6/20/12 | Jacksonville Zoo| 16 9 7
Total 69 62 7
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Experimental challenges in 2011 and 2012 followedgame procedures. Larval and
metamorphosed (juvenile) newts were exposed tambtigee ranavirus isolates known
to cause disease in North American amphibians {frag 3 [FV3], Smoky Mountains
isolate [SM], Ranaculture Isolate [RI1]). Frog \8r@ is the type species fBanavirus

and was isolated in 1963 from clinically normal lchorthern leopard frogd.{thobates
pipiens, Granoff et al. 1965) collected from Wisconsin, #Mds isolated in 2009 from
dead larval marbled salamandefsbystoma opacum, Todd-Thompson 2010) during a
die-off in the Great Smoky Mountains National Parknnessee, and RI was isolated
from morbid American bullfrogl(. catesbeianus) juveniles at a ranaculture facility in
Georgia (Miller et al. 2007). A fourth treatmemnir(ils growth media) served as the
control. Based on our previous experiments wittN8sth American amphibian species
(Hoverman et al. 2011a; R. Brenes, unpubl. dad}, M, and RI can be classified
generally as having low, moderate, and high pathicgg. The experiment conducted in
2011 consisted of the four treatments with 20 ogpé larvae per treatment, totaling 80
experimental units. The experiment in 2012 congisfehe four treatments, but with 10
replicate metamorphs per virus treatment and forgrols, totaling 35 experimental
units.

For all experiments, larvae and metamorphs wergoraty selected and placed
individually in 2-L plastic tubs containing 1 L a®d25-L of aged water, respectively
(Figure 2). We used a lower volume of water inrtietamorph tubs so individuals could
stand with their nares above the surface. Aften@4rs acclimation, we added>10
PFU/mL of each virus isolate to the tubs correspuntb its treatment. Controls were
exposed to the same quantity of virus-free me#tgoosure duration was 3 days, which
is sufficient duration to cause infection (Hovernsral. 2011a), then individuals were
placed in new containers with water containing masvor media. We added a plastic
floating platform to the metamorph tubs to allowliinduals to crawl from the water.
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Figure2. Amphibian Disease Laboratory at the Universityefinessee Center for Wildlife
Health where experimental challenges occurredstield-L tubs containing 1-L of aged water
were randomly arranged (left) and one larva or metah was placed in each tub (upper right).
Each individual was exposed to one of three isslafganavirus (frog virus 3, Smoky Mountains
isolate, ranaculture Isolate) by adding a quamtitshe respective virus to the water (lower right)
that resulted in a final concentration of FFU/mL.

Individuals were monitored 2X daily for morbiditpé mortality. Water was changed
(100% of volume) every three days to maintain watelity (Hoverman et al. 2010).
Larvae were fed 3 mL of concentrated zooplankteadpminatelyDaphnia spp. and
Artemia sp.) and juveniles were fed 3 black worrsnbriculus variegatus) every 3

days. The duration for all trials was three weékisdays), which is sufficient duration
for morbidity to be observed from ranavirus infeat{Brunner et al. 2004, Hoverman et
al. 2010). Larvae or metamorphs that exhibitedidly consistent with terminal
ranaviral disease (i.e., petechial hemorrhagesnadand loss of equilibrium) before the
end of the trial were humanely euthanized and mested. At the end of the experiment,
surviving individuals were humanely euthanized ioynersion in benzocaine
hydrochloride and necropsied. At necropsy, grossighs were noted. Liver and kidney
were collected for PCR analysis and remaining postiof the specimen placed in 10%
formalin for possible future histopathological evation. To test for ranavirus infection,
genomic DNA was extracted from a homogenate of el kidney tissue and real-time
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guantitative PCR was performed following Hovermaale(2011a) to estimate
prevalence.

Western Striped Newt Assurance/Repatriation Colony

Twenty-one western striped newt larvae geneticaityilar to ANF striped newts were
collected in Year 1 from Big Pond in the Fall LiBandhills Natural Area, Georgia.
These individuals would become the original pardeggaeration of the planned
assurance colony. The larvae were successfublgdahrough metamorphosis and
housed at the Memphis Zoo during all of study Year

In Year 2, the 21 parentals continued to be houmed bred for a repatriation colony, by
study collaborators at the Memphis Zoo.

Repatriation Site Selection

In the Fall of 2011, CPI identified several natephemeral wetlands in the Munson
Sand Hills that would be suitable for repatriatiamsl liner installation. By May 2012,
four of these 10 wetlands were selected to becbiestudy's repatriation (recipient)
wetlands based on their suitability as prime sttipewt breeding habitat and siutability
for synthetic liner installation. The wetlands @given numerical designations as: Pond
16, Pond 18, Pond 75, and Pond 182 (Fig. 3). Nualetesignations were taken from
past surveys conducted by CPI on the MS ephemeral assemblage over the past 20
years. All wetlands were nearby to the expandedogzeline corridor within prime
upland longleaf pine habitat. Three were histdistiaped newt breeding wetlands (16,
18, and 75), while the fourth (182) was adjacerwm historical newt ponds, including
one of the other selected wetlands (75).
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Figure 3. Map depicting location of the 4 striped newt pgent wetlands.

Synthetic Pond Liner Installation

By May 2012, four pond liners were purchased fiaww.pondliner.com. Liners were
delivered to the ANF's Wakulla Work Center. Thegravidentically shaped 40" X 40
squares, constructed of 45 mil EPDM material. kyN012, we installed liners within
three selected repatriation wetlands (18, 75, &&J.1The fourth pre-selected wetland
(16) had become too moist in its central portiomggall a liner without potentially
incurring soil damage. We decided to wait fooittry out more before attempting to
install a liner, and we continued to wait througl temainder of Year 2. We will
attempt to install the fourth liner in Pond 16 asrsas conditions permit.

We developed a procedure for installing a syntHeter to make an ephemeral wetland
from Biebighouser (2002) and with intellectual atmnce from the following:
hydrogeologist Dr. Steve Kish from Florida Statevuensity, wetland scientist Dr.
Katherine Milla of Florida A&M University, and MiShaun Dorethy of Coastal Plain
Land and Lakes, LLC (CPLL). Our liner installatiprocedure differs from
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Biebighouser (2002) in that we are utilizing linersalready existing wetlands to extend
their hydroperiods, unstead of creating new wesamatright.

CPLL was contracted to assist with liner instatlati. CPLL utilized a tractor with front
end bucket to perform the majority of soil remoaatl soil replacement on top of
deployed liners. Liner installation procedure wientical for all wetlands. We created
shallow, liner-underlain depressions in dried wadlaenters that were slightly more than
a foot deeper than the original wetland bottomrmetiinstallation was conducted when
recipient wetlands were extremely dry to avoid angecessary rutting or soil damage.

Liner installation procedure is described belovieaBe see Appendix A. for

chronological photographs depicting the processa s$elected wetland, a 40' x 40" square
in the center, deepest portion was staked out atidmarked so that the tractor operator
could easily determine the area of ground to baeated. A 4'long reference stake was
marked in foot increments, then driven into theceéxanter of the square such that the
tractor operator could use it as a guide for thecegepth of soil to be removed.

All native herbaceous vegetation, including fousitoinches of underlying soll
containing intact root systems, was carefully seabput of the staked area by the
operator using the tractor bucket and placed deligaearby. Sod patches were stored
in shade if possible.

Dirt was removed throughout the entire staked wig@athe tractor, creating a 2' deep in
center, shallowly-sloped depression. Excavatedagis temporarily stored in mounds
along the wetland-upland ecotone. After dirt wamoved, the operator then sculpted the
depression into a perfect shallow bowl, 2' deegeinter, gently sloping up to the edges.

A rolled pond liner was placed on the depressiageadsing a fork lift extension off the
tractor. The liner then was unrolled and spre#al timle new depression to precisely fill
the excavated area. Although a single liner widds@0 Ibs., two men easily
accomplished deployment of the liner once the mas placed on the depression edge
by tractor. Liner edges were folded over and staiah 6" zinc-coated nails fitted into
large washers. EPDM material for liners was chdsesed on its superior quality,
durability and its capacity to stretch--precisetiirig into all the contours of the
excavated depression bottom. EPDM is among theekigquality materials available for
pond liners, and we recommend its use in similaseovation applications.

After deployment of the liner, the tractor/operatovered the liner with approximately
8"of the previously removed soil, preserving thallsw bowl shape of the new
depression. The operator was very careful notit@ dhe tractor on top of bare liner.
Dirt bridges into the center were created, gap®\ited in, then dirt was raked smooth
and even across the depression.
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The operator/tractor placed the sod patches cayrdfatk on top of the soil covering the
liners. After sod replacement, there were a fesasiof bare soil for two reasons. The
first is due to unavoidable disintegration of sosnd during removal and replacement.
Second, the ground surface area in the depressiogaised after making it a foot deeper.
The operator utilized a 4-pronged fork lift to tsort the original sod patches back into
the depression. We were able to salvage approxiyr@@e’o of the original native
herbaceous groundcover and get it transportedysadek into all wetlands.

An operator used an ORV work vehicle with an atacBO0 pound roller to smooth out
the contours of the newly created depression. apipeoximately 1200 cubic feet of
leftover dirt per wetland was then spread evenly taimly over patches of adjacent
uplands. The center of a newly created and linegtior depression was 12-16"deeper
than the original pond bottom.
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Results and Discussion

Striped Newt Sampling on the ANF

Out of the 158 wetlands visited in winter 2012 yobb were hydrated substantially enough to
dipnet. Zero striped newts were observed in wiB@2.

In comparison to Year 1, Year 2 wintertime was mdagar overall. In Year 1 winter, 50
wetlands were hydrated compared to just 15 in 2edn the calendar year of 2011, the nearby
Tallahassee Regional Airport received just 36"ofual rainfall, which is only 60 % of the
annual average of 60 inches. Weather conditionsglwinter 2012 were not prime for striped
newt breeding, nor for amphibian breeding in gelnera

However, in February, at least three frontal passagoduced substantial enough rains to
increase the number of hydrated wetlands in outystmea from 9 to 14. Even though there was
a small spike in water levels for the deepest weldavhose bottoms are closest to the local
water table, conditions in the wintertime still wdyest characterized as extremely dry relative to
"normal” conditions.

The ornate chorus frodPgeudacris ornata), southern chorus frodPgéeudacris nigrita), and
southern leopard frod.(thobates sphenocephalus) were observed calling frequently at a double
pond system (Ponds 178 and 12) within our studyretiproughout February. Ponds 178 and
12 are among the most drought resistant wetlantteistudy area, and they continue to support
all the local rare and common pond breeding amph#iexcept the striped newt.

From winter to spring 2012, the number of hydratedlands in the region remained the same at
14. However, as spring progressed up until threl tiveek of June (beginning of summer), there
was an overall seasonal drying trend, and the nuofideydrated wetlands in the region
decreased back to 10.

During the spring 2012 larval sampling effort inrAand May, zero striped newt larvae were
observed. However, we encountered larvae of atbkgate ephemeral pond-breeding
amphibian species in relative abundance in sulo$eébe 15 hydrated wetlands. Species
encountered were: gopher frdgthobates capito) in six wetlands, ornate chorus frog in seven
wetlands, mole salamander in six wetlanisifystoma tal poideum), barking treefrogHyla
gratiosa) in six wetlands. The non-ephemeral pond-breedbigates southern cricket frog
(Acrisgryllus) (14 wetlands) and southern leopard frog (six avetk) continue to be extremely
common in the study area as well. Other speci@e emcountered either as adults or larvae in
the springtime. Bullfrog larvae were abunddrith{obates catesbeianus) in two wetlands. One
dwarf salamandeE(rycea quadridigitata) larva was found in one wetland. One eastern newt
(Notophthalmus viridescens) larva was encountered in one wetland. Soutlead Bufo
terrestris) larvae were common in three wetlands.
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Over the past 13 years, local annual rainfall sokelve, on the average, reduced. February's
substantial rains still were not enough to revénseoverall trend of dryness, and there was not
enough winter or spring rain to induce widespreaglsbian breeding across the MS. But
ponds that did develop shallow pools as a resufetruary's rains did support breeding
amphibians, including other rare amphibians suabraate chorus frog and gopher frog.

On June 24, 2012, well after striped newt breedimdj sampling season had concluded, Tropical
Storm Debbie produced extremely heavy rainfall s€m@ur study area. The Tallahassee
Regional Airport, located within the study areaareled 8.94"of rainfall from Debbie.

Following this tropical storm event, our normal suertime rainy season was active and
produced at least 10 more inches of rainfall ferdahea through September. This may set up
much needed wetter conditions for next year's @drstriped newt larval repatriations--provided
that the upcomming Fall 2012-Winter 2013 seasoasat dry enough to erase the current
rainfall surplus.

Western Striped Newt Statusin the ANF

Since 1998, despite repeated regionwide samplilogtef exactly zero striped newt larvae and
less than 10 adults have been observed in the MuBand Hills region of the northeastern ANF
region (Means and Means 1998a, 1998b, 2005, Md2M5, Xeans et al. 2008, 2011). The last
adults were observed in 2007 from two of the 19amels. All too often, since 1998, winter
breeding conditions have not been prime for stripewts because of frequent drought.
However, during one seemingly prime 2009-2010 HEad\winter that featured abundant rain and
widespread pond fillings in the MS, no striped rewere detected even though the other pond-
breeding obligate species, such as the mole satiéenagopher frog, and ornate chorus frog,
were observed in relative abundance (R. Means, pbss).

Intensive sampling in the first two years of ourreat study also has failed to turn up any striped
newts in the Munson Sandhills. Although we recagrhat the absence of proof does not
necessarily signify a proof of absence, we belieigereasonable to conclude, based on 20 years
worth of CPI sampling data, that the western stripewt now is extirpated within its former

ANF stronghold. Such extirpation of the world'sgylest known western striped newt
metapopulation also signifies a crisis globally tlee western genetic variant of the striped newt
as well as crisis for the entire species (bothezasind western groups).

Our study was designed to provide even more evalendhe decline of the ANF western
striped newt before proceeding ahead with repairiat Determining the conservation status of
the western striped newt in the ANF was key in ofdethe current repatriation study to
proceed ahead into the repatriation phase. Baseadl available data, we believe that
repatriation in the ANF is now a necessary and avded approach in the effort to conserve the
western striped newt from global extirpation/extioc.
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Ranaviral Susceptibility Testing

Survival curves of striped newt larvae for eachatoare presented below (Figure 4). No
mortality occurred in the control group or the graxposed to the ranaculture isolate. Final
mortality was 5% and 15% for larvae exposed to BW8 the Smoky Mountains isolates,
respectively. Although mortality was low, 10% a#@Pb6 of the larvae exposed to the Smoky
Mountains and ranaculture isolates, respectivabt, survived were infected (Figure 5a).
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Figure4. Percent survival of striped newt larvae (n =r&@tment) exposed to one of three isolates of
ranavirus (FV3 = frog virus 3, SM = Smoky Mountaisslate, Rl = Ranaculture Isolate). Survival
curves (100%) for controls and RI overlap.

Survival curves of striped newt metamorphs for daolate are provided in Figure 6. No
mortality occurred in the control group. Final tadity was 60%, 80% and 100% for
metamorphs exposed to FV3, Smoky Mountains ancctdinge isolates, respectively. For
metamorphs, only 10% of the survivors exposed t8 ®ére infected with ranavirus (Figure
5b); thus, the majority of individuals that becaimiected experienced mortality unlike larvae.
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Figure5. Percent survival and infection of striped newvda (A) and metamorphs (B) exposed to one
of three isolates of ranavirus (FV3 = frog virusSB/ = Smoky Mountains isolate, Rl = Ranaculture
Isolate).
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Figure6. Percent survival of metamorphs (n = 10/virusttresant, n=5 controls) exposed to one
of three isolates of ranavirus (FV3 = frog virusSB/] = Smoky Mountains isolate, Rl =
Ranaculture Isolate).

Our results suggest that recruitment of adult sttipewts into a population could be limited by
high susceptibility to ranavirus during the juverstage if they are exposed to the pathogen.
High susceptibility of juvenile and adult alpinewts (Mesotriton alpestris) has been reported in
Spain (Balseiro et al. 2010). The susceptibilitadult eastern newts is unknown; however,
there are field cases of ranavirus-associated iigr{&reen et al. 2002) as well as reports of
apparent sublethal infection (Uyehara et al. 201d}erman et al. 2011b). Eastern newt larvae
appear to have low susceptibility (Hoverman e@lL1a). Although patterns of susceptibility to
ranavirus can follow phylogenetic lineages, spewiitls limited distributions can be highly
susceptible to ranaviral disease, perhaps dudéossadf genetic diversity (Pearman and Garner
2005, Hoverman et al. 2011a). Striped newts hapergenced significant population declines
and possibly a genetic bottleneck. Moreover, titkviduals used in our study were from

captive populations, which are commonly used irategtion studies, but often have lower
genetic diversity than wild populations (Frankhamale2002). Thus, the success of striped newt
repatriation at ANF may depend on the existencamdvirus-free sites. Considering that striped
newt larvae had low susceptibility and could belsthially infected with ranavirus, this age class
could serve as a reservoir for the pathogen sirtoléihe amphibian chytrid fungus
(Batrachochytrium dendrobatidis; Rachowicz and Vredenburg 20@mith et al. 2007).

Based on these findings, our recommendation islexcsstriped newt repatriation sites that are
ranavirus free. We also recommend that sites yithroperiods <9 months are selected. The
likelihood of ranavirus presence may be lowesitas svith seasonal hydroperiods, because
virions in the environment likely become inactivihdter 30 days of dry conditions (Langdon
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1989, Nazir et al. 2012). Permanent water bodss@ovide habitat for various species of
ectothermic vertebrates (e.g., chelonians, squamasteichthyan fish) that can be suitable hosts
for ranavirus (Miller et al. 2011), and contribadevirion shedding in the environment. Efforts

in 2013 will focus on estimating ranavirus prevakem amphibian communities at ANF
repatriation sites.

Western Striped Newt Assurance/Repatriation Colony Status

In June 2012, nearly 14 months after their capdsrgoung larvae from the wild, the parentals
began to breed as paedomorphic adults. Their pyogere the F1 generation. Breeding fared
very well throughout the summer of 2012. The nundféarval F1's increased rapidly to 545
individuals by the beginning of September. Thenerigmatic setback occurred. There was a
rapid die-off of the larval F1's back down to abdhtindividuals. Cause for the die-off was
unknown. The parental generation remained in gaodlition.

By the end of Year 2, Dino Ferri and colleague3aaksonville Zoo and Gardens were working
with the Memphis Zoo to acquire part of the assceazolony in an effort to help expand the
colony. Also at this time, W. James Barichivichtlod USGS in Gainesville, FL was
collaborating to donate 5 captive striped newt &dal the Jacksonville Zoo to add to the genetic
robustness of the assurance colony. These indilachad been in captivity for several years,
were healthy, and breeding ready. They also wera the same locality as the parentals--Big
Pond in Georgia.

Our captive western striped newt colony servesitmmortant roles. It is the first assurance
colony ever created for the highly imperiled westgenetic variant of the striped newt and
serves obvious conservation needs. Second, lareaeiced from this colony will be utilized for
this study's repatriation efforts later in Yeard.3-

Synthetic Pond Liner Installation

After liner installation, each ephemeral wetlandtamned shallow, bowl-shaped, 40' diameter
depressions in their interiors that were 12 to &&fgkr than the original pond bottoms (Fig. 7).
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Pond 182 before liner installation Pond 182 immediately after liner installation

Figure7. Images depicting before and immediately aftegrlinstallation at the three recipient wetlands.

Liners were hypothesized to extend wetland hydiodsrby providing an impermeable
confining layer underneath wetlands that, in st¥egr 1, were found to be lacking natural
geological confining layers (Means et. al 2011)etlhd soils in our study area are primarily
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sand and extremely porous. Liners were expectedtth and pool rain water that normally
would be lost to infiltration in the porous, saridgal soils.

Liner wetlands remained dry for nearly a monthrafistallation, because low rainfall and
dryness persisted into early summer. Howeveat®June, one month after liner installation,
Tropical Storm Debbie produced extremely heavy maiour study area. This single rainfall
event created pools, 14-18' deep, only within thed portion of recipient wetlands, perched
atop the local water table. These pools remaiaedearly 2 months until early August (Fig. 8).
Most other nearby and similar wetland depressiengined dry because the local water table
had not risen high enough to expose water at tifacgs Pond 16, the fourth recipient wetland,
is one exception because of its relatively longure hydroperiod. These data preliminarily
suggest that liners already are effective at extgnpond hydroperiods.

Figure 8. Photos of recipient wetlands one month aftepita Storm Debbie. Most nearby and
similar wetland depressions remained dry becawesttal water table had not risen high enough to
expose water at the surface. These data preliityisalggest that liners already are effective at
extending pond hydroperiods.
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MS ephemeral wetlands are primarily water-tableadri When the local water table (i.e.
surficial aquifer system) rises, wetlands begifilto If the water table recedes, wetlands go dry.
MS wetlands normally respond moreso to longer-telimatic trends than to single rainfall
events. However, evidence shows our recipient lvetlands now may respond to single rain
events.

Summer (May-September in north Florida) is thedsitportion of the year, and also has the
highest evapotranspiration rates. It had beemaera, before installing liners, that
evapotranspiration may be so high during April-Jplaned repatriation periods that our new
shallow, lined pools may still dry up rapidly ifalrght continued. Year 2 liner results are
promising and indicate that open water can peosighe liners during a hot summer period.

From mid August until mid September, increased semifunderstorm activity increased
wetland water levels to beyond the liners in pob8ignd 75, which indicated a rise in the local
water table. The highest (perched) wetland (182}inued to hold water only on the liner, still
perched above the underlying water table.

By the end of Year 2 (September 2012), all thregrent wetlands contained rapidly
regenerated natural and original vegetation (Fig.By this time, it was impossible to tell
visually that any mechanical disturbance of thelanet occurred. The wetlands also contained
up to four species of larval amphibians--barkiregtrog, southern toad, southern cricket frog,
and southern leopard frog. Young juveniles ofth tamphibian species, the eastern spadefoot
toad Scaphiopus holbrookii), were observed abundantly around the edges oé@pient
wetlands. They apparently were produced as atrestifopical Storm Debbie. A sixth
amphibian species also was recorded only at PondAl8ngle adult male mole salamander was
observed crawling in live oak leaf litter on theioside, approximately 40' from the liner pool
in July. All three liner-enhanced wetlands apgedre healthy functioning ephemeral wetlands.
Liner wetlands will be observed closely for anothigrmonths until repatriations begin in April
2013.
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Pond 18
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Figure9. Photos of the recipent wetlands, just three natfter liner installation, depicting the rapid
regrowth of native vegetation.
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As far as we know, our study is the first amphildemval repatriation study to utilize synthetic
liners within natural recipient wetlands to aciraurance against pond-drying during
repatriations. Preliminary data from this yeaeafty show that liners can extend hydroperiods
within natural wetlands. This study's liner teciue could become a useful land management
tool to create more drought-resistant wetlandsiwitlhought-stricken landscapes as a response
to ongoing global climate change.
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YEAR 3EXPECTATIONS

We will begin ranavirus surveillance testing in gtady area in the Fall of 2012 (beginning of
Year 3). Thanks to Tropical Storm Debbie and heawymer thunderstorm activity, currently
there is sufficient water in wetlands and amphibl&amae present to conduct our surveillance
monitoring.

If ranavirus is found to be prevalent in selectepiatriation wetlands, we will make a well-
informed decision how to proceed with repatriationsuch a way as to reduce the potential for
repatriation failure.

We will continue to produce as many western stripegts as possible in the assurance colony
such that there will be abundant larvae availalgladxt April's (Year 3) planned repatriations.

Repatriation of striped newt larval in the ANF vbiégin in April of 2013. Drift fences,
encircling all 4 recepient wetlands, will be ingtdl We will conduct repatriation efforts in four
wetlands using captive-bred larvae from stripedtreesgurance colonies developed in the first
two years of the study. Wetlands will be continsigunonitored through metamorphosis to
measure recruitment of striped newts into the ujdan

The 19 historical striped newt wetlands in the ANHF be resampled in winter and in spring
2013. Continuing a sampling presence throughaustady in all historical newt ponds will
allow us to monitor for possible background stripeavt activity and provide further evidence of
striped newt status in the ANF.

CPI1 will enhance striped newt breeding habitatiuding hand-removal of encroaching woody
shrubs and trees from the basins of repatriaticiawes.
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APPENDIX A. Photographs, in chronological order, depictingitistallation of a pond liner.
Order is depicted left to right, top to bottom.
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