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I ntroduction

The Florida Gas Transmission Company is schedol@tctease the amount of natural
gas it transports throughout the U.S. Gulf Coastgion. To accomplish this task, an
already existing natural gas pipeline that spastwast across the Munson Sandhills
region south of Tallahassee will be expanded tomocodate additional natural gas
transmission. Of particular concern is the expamsif the existing route that runs
through the portion of the Munson Sandhills owngdh® Apalachicola National Forest
(ANF). A significant amount of ANF acreage will B#ered in order to accommodate
the expansion of the pipeline right-of-way.

The ANF portion of the Munson Sandhills where tigepine expansion will occur is
currently a longleaf pine sandhill ecosystem hargpabundant ephemeral wetlands that
serve as breeding sites for the rare striped ndatbphthal mus perstriatus) and many
other amphibian species (Means and Means 2008)gleaf pine sandhill with

embedded ephemeral wetlands is the preferred héduitdne striped newt. The native
longleaf pine ecosystem of much of the Munson Siélsdiutside of the ANF has
extensively been altered and reduced by developar&hincompatible land management
over the last several decades, and the stripedis@btent there (Means and Means
2005). The last remaining portion of relativehatiry longleaf pine ecosystem still
suitable for striped newts in this region occurthwi ANF lands.

Striped newts have a complex life cycle (Johnsd220 Sexually mature adults migrate
from the surrounding uplands to fishless, ephemeetinds to breed in mid-winter,
November-February. Courtship, copulation, and legaig take place from January to
April and eggs hatch beginning in April. Larva@grin the ephemeral pond
environment for several months until mid summer nvtieey typically metamorphose.
Once larvae reach metamorphosis size, larvae niagreindergo metamorphosis and
exit the pond or remain in the pond and grow, evaht maturing as a paedomorph
(Petranka 1998, Johnson 2005). If the pond goestien larvae must either
metamorphose or perish. There is evidence that fanae can metamorphose by at
least 3 months of age, at which time they loser tiiernal gills, develop lungs for air-
breathing, and become a relatively dry-skinned ahealled an eft (Johnson 2002). The
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eft stage is adapted for life in the longleaf pmeegrass forest of the adjacent hot and
dry sandhills (Means 2007). Minimum water residetime (hydroperiod) in a given
wetland suitable for breeding and larval developnm®io the eft stage is approximately
6-7 months, from December-January through June iis12807). When efts return to
the wetland to breed, they enter the wetland anigtgo another metamorphosis into the
aguatic adults. Aquatic adults have a long tajllarger body size, and slick skin.
Males develop swollen vents and robust hind limbs.

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 are 2 genetic
variants of the striped newt— “western” and “eastgroups (May et. aln review). The
western genetic group is composed of populatiom® fthe Gulf Coastal Plain of
southwest Georgia and the eastern Florida Panhaiitike eastern group is composed of
populations scattered around several public land¢gmntral and north Florida east of the
Suwannee River, and a few locations in the AtlaGoastal Plain of Georgia.

In the past 2 decades, numerous surveys have badnated to more thoroughly
document the occurrence and distribution of stripets in Florida and Georgia (Dodd
and LaClaire 1995, Franz and Smith 1999, JohnsdrOaven 2005, Means 2007, K.
Enge, FFWCC, pers. comm., L. Smith, JJEC, persntoth Jensen, GDNR, pers.
comm.).

In Georgia, the striped newt is a state-listedataeed species. It has been recorded from
approximately 30 wetlands on 15 properties statewiéls of 2007, only 2 properties in
the state are known to support viable populatialsseph W. Jones Ecological Center at
Ichauway (JJEC) and Fort Stewart Army Base (Stexeers$ al. 2007). The Fort Stewart
population lies within the range of the easternegjergroup on the Atlantic Coastal Plain
and was represented by approximately 10 known nesla Since 2002, striped newts
have been found at only 1 wetland (Stevenson @08i7). The JJEC population lies
within the range of the western genetic group @nGllf Coastal Plain and is represented
by 5 known wetlands. In an annual survey from 20020, researchers confirmed
striped newts from only 3 of these 5 known wetlagidsSmith, JJEC, pers. comm.).
Evidence suggests that both the eastern and westtgyed newt populations in Georgia
are rare and declining.

The current distribution and conservation statuthefstriped newt in Florida is best
summarized by 2 ongoing surveys. Since 2005, livédd Fish and Wildlife
Conservation Commission (FFWCC) has collaborated land managers and other
scientists in a state-wide effort to document statud distribution of the striped newt.
This campaign concentrates sampling efforts onipldrds and represents the widest
ranging effort thus far undertaken in Florida t@alment striped newt occurrence (K.
Enge, FFWCC, pers. comm.). The second ongoingegusvbeing conducted by the
Tallahassee based Coastal Plains Institute (GBI has conducted numerous
amphibian surveys in approximately 200 ephemer#bweds across the Munson
Sandhills of the ANF since 1994 (Means et al. 1984@ans et al. 1994 b, Means 1996,



Means and Printiss 1996a, Means and Printiss 1996aAns and Means 1997, Means
and Means 1998a, Means and Means 1998b, Means ¥e¢@@s 2001, Means and
Means 2005, Means 2007, Means 2008, R.C. MeanBdadMeans unpublished data).

There are approximately 124 known historic andvacivetlands for the striped newt in
Florida, on 19 public lands (K. Enge, FFWCC, pesnm.). This figure is generated
from cumulative data of all past and present stripewt surveys. Of the 19 properties
where striped newts have been documented to caclyrp are considered “stronghold”
sites, where greater than 10 wetlands used fodbrgdy striped newts have been
documented (Johnson and Owen 2005). The 5 Flettdaghold sites and their number
of known newt breeding wetlands are: Ocala Natiémaest (ONF) (39), ANF (21),
Camp Blanding Military Reservation (13), Ordway-Sheér Preserve (13), and Jennings
State Forest (12). Stronghold sites probably repasietapopulations. The remaining
14 properties have 5 or fewer known striped newtames.

The ONF contains the largest aggregation of stripegt localities in the eastern genetic
group’s distribution and also represents the largesiping of localities globally. The
ANF contains the largest aggregation of stripedtriegalities in the western genetic
group’s range and second largest globally. The ANB is the only stronghold site
within the western genetic group.

FFWCC data suggest, at this time, that the stnpsed exists as a relatively robust,
healthy population on only 1 property in Florida-et@NF. The other 18 properties
known to harbor striped newts in Florida appedrawee rare, declining, or otherwise
imperiled populations that produce newts unreliailyn low abundance (K. Enge,
FFWCC, pers. comm.).

CPI sampling data clearly show that, up until 1966ividuals of the western striped
newt in the ANF were relatively abundant. Howewance that time, the striped newt in
the ANF has undergone a mysterious decline. Alagiyj during the last 11 years, fewer
than 10 adults and O larvae have been capturedtelespeated sampling efforts by CPI.
No individuals have been observed since 2007. LHlnpling data strongly indicate a
sharp decline in the world’s second largest strofdjlthe ANF. There is mounting
evidence to suggest that the western striped new@ANF is very nearly, or possibly
already, extirpated.

CPI's sampling data from the ANF through 2007, dedpvith data from other
researchers, was the impetus for the petitionirfgderally list the striped newt as
“threatened” under guidelines of the Endangereai®péAct (Means et al. 2008). In
March 2010, the U.S. Fish and Wildlife Service eda 90-day notice of listing for the
striped newt in the Federal Register in responskdmetition (Endangered and
threatened wildlife and plants, 2010).

One possible cause of the striped newt declinearANF is drought. Drought has been
linked to some amphibian declines and extirpatmisopulations (Pounds et al. 1999,
Lips et al. 2005). Since 1998, North Florida exgered two prolonged, excessive



droughts during the 10-year period from 1998-20@8Griffin, Florida Climate Center,
pers. comm.). Severe droughts lasted from 1998-20@ 2006-2008. Hydroperiods
were much shorter in ephemeral wetlands acrossltimson Sandhills during the
droughts (R. C. Means and D.B. Means, unpublistad)d Rarely were there prime
opportunities for striped newts to breed, and witene were opportunities, CPI
biologists did not detect larval newts despite agrable sampling effort (Means 2007,
Means 2008). When populations become isolaters, the case for the ANF striped
newt and other striped newt localities, the eff@ftannual reproductive failures may
result in extirpation.

Another possible cause of decline in the ANF sttipewt is pathogen infection. This
past winter breeding season (2010) was the finstawin quite some time that heavy
rains and subsequent pond fillings ensued, creativay appeared to be a prime breeding
season for striped newts. No newts were observady of the 20 historic newt

localities nor in 21 other suitable wetlands samglR.C. Means and D. B. Means
unpublished data). Suspiciously the eastern nsatbphthal mus viridescens) was also
virtually missing from this survey. CPI biologiggtacountered many other pond-breeding
amphibian species in relative abundance duringdinee sampling period, including the
ornate chorus frogPseudacris ornata) and gopher frogL{thobates capito). CPI data
suggest that both resident newt species in theaaeeilm decline. Extensive field work by
U.S. Geological Survey biologists indicates a samdituation at the nearby St. Marks
National Wildlife Refuge (Dodd et al. 2007). Ti2atlosely related newt species are the
only species in decline in the region may sugdestpathogen infection is in play within
the ANF.

Other causes for decline could be off-road vehicdisturbances to breeding ponds,
incompatible land management techniques, developrard encroachment of woody
shrubs and pines into pond basins (Means et. &)200is unknown which single factor
or combination of factors is the culprit behind thexline. We suggest that some
combination of the above factors is the most likedyse, with emphasis on drought
and/or pathogen infection.

Combined sampling data from Florida and Georgiavstinat the striped newt is in
decline globally. This was known by 2004, whicbmpted the striped newt be listed as
NT (“near threatened”) on the IUCN Red List of @éened species (IUCN 2010). Since
then, the decline has only worsened in both theeeaand western groups, particularly
in the western. The ANF decline, coupled withapept declines in all other sites
containing the western striped newt in Florida @wsbrgia, indicate that the western
striped newt is on the brink of extirpation.

Various techniques are available to as conservatiategies that could benefit the
striped newt metapopulation in the ANF. Relocati@patriation, and translocation
(RRT) may be used to help boost populations of nitggeamphibians (Marsh and
Trenham 2001, Semlitsch 2002, Denton et al. 20@3m@no and Bishop 2008). As
defined in Dodd and Seigel (1991) and Dodd (20@cation involves the moving of
individuals from a threatened area to where theylavbe less prone to habitat loss.



Repatriation is the releasing of animals into aadormerly or currently occupied by
that species. Translocation involves the reledsmionals into areas where they
historically were not known to occur.

Many factors can affect the success of repatriatioluding: location of source
populations; whether animals are wild-caught otigapgreared; age or life-history stage
of the individuals; knowledge of the threats treiged the original decline; and the
number, frequency, and timing of the translocagwant (Semlitsch 2002, Dodd 2005,
Germano and Bishop 2008). These factors need tofsdered before a RRT project is
initiated. Additionally, long-term monitoring iseded to assure the release has been
effective at re-establishing populations (Dodd 2005

The value of RRT as a conservation tool has bebatdd widely over the past 20 years.
Primary concerns are the lack of proven successhenpotential for transmission of
disease (Dodd and Seigel 1991, Seigel and Dodd, ol 2005). However, in a
recent review of 38 amphibian RRT studies, GernarbBishop (2008) report the
success rate of RRT has doubled since the in@8l Yeview of RRT by Dodd and
Seigel (1991).

The success of a repatriation effort can depentth@iconditions at the release site.
Emerging infectious diseases can reduce the ligetiof success if an infectious agent is
present and the reintroduced species is highlyegtidde (Green et al. 2009). There are
2 major pathogens associated with catastrophic @maphdie-offs:Batrachochytrium
dendrobatidis (Bd or the chytrid fungus) and group of viruses beltmthe genus
Ranavirus (Gray et al. 2009a, Kilpatrick et al. 2009). Tdig/trid fungus is primarily
pathogenic to adult anurans, and most die-offs loagarred at high elevations in
tropical latitudes (Collins and Crump 2009). AltigthBd is known to infect eastern
newts (Rothermel et al. 2008), chytridiomycosi€hadevelops in this species (D.
Miller, University of Georgia, unpubl. data) orather salamanders (Chatfield et al.
2009, Hossack et al. 2010). Ranaviruses have danedality in captive and wild
amphibian populations on five continents and alatiiudes and elevations that
amphibians inhabit (Gray et al. 2009a). Mortaéityents from ranaviruses have been
documented in 8 frog and 3 salamander familiesudicg newts. In North America,
ranaviruses are likely a greater threat to amphgtaanBd (Gray et al. 2009b). Only
few cases exist in the western United States wBérmay be playing a role in population
declines (Collins and Crump 2009). In contrastas@ophic die-offs of wild amphibian
populations have occurred in >30 U.S. states a@dradian provinces (Green et al.
2002, Gray et al. 2009a), prompting Gray et al0@) to hypothesize that ranaviruses
may represent that greatest disease threat to brapHiodiversity in North America.

Ranaviruses are pathogenic to adult and larval @vgpts; however, mortality rates tend
to be greater for larvae in North America (Graple2009a). Hoverman et al. (2010)
reported that susceptibility to ranavirus diffensang amphibian species and viral strains.
The University of Tennessee Center for Wildlife eaecently completed experimental
challenges with 19 amphibian species, and detedrtimeg several species of Ranidae (
capito, L. sphenocephalus), the eastern spadefo&céphiopus holbrookii), and 2



ambystomatid salamandengoystoma tigrinum, A. opacum) were highly susceptible to
ranavirus infection (Gray et al., unpubl. data)od¥iconcerning, gopher frog tadpoles
experienced 80% mortality, and 100% of gopher frmjamorphs died within 6 days of
being exposed to ranavirus (Gray et al., unpulth)daGopher frogs are decreasing
throughout much of their range, and commonly cdexith striped newts in the ANF
(Means 1998). Southern leopard frogs also areyngyisceptible (experiencing 50%
mortality, Gray et al., unpubl. data) and occuth@ ANF. Highly susceptible species
can increase the likelihood of an outbreak becaigiemortality rates amplify virion
concentration and increase transmission ratese t@scies are commonly called
“superspeaders” (cf. Lloyd-Smith et al. 2005). $hamphibian communities composed
of highly susceptible species may be more prorertergence of ranaviral disease.

The presence of ranavirus in the ANF and suscdiptibf striped newts to infection are
unknown. Eastern newts have been associated avittvirus die-offs (Green et al.
2002), but it appears they have relatively low ralast (10%) when exposed to ranavirus
in a water bath (Gray et al., unpubl. data). Getdpbic die-offs of alpine newts
(Mesotriton alpestris) from ranavirus have been documented in Spairsgal et al.
2009), and several species of North American anoinyatid salamanders are highly
susceptible (Collins et al. 2004, Cotter et al.&00The relative susceptibility of striped
newts to ranaviral infection and disease neede tdebermined. If this species is
susceptible, it is important to identify repatratisites that are ranavirus-free and
composed of amphibian communities with few supeper species. Alternatively,
repatriation could involve postmetamorphic indivatgiinstead of larvae because the
former are typically less susceptible, althougk tiemains to be tested for striped newts.

If repatriation is warranted and donor individuadsne from an area outside the
distribution of the imperiled population, wild-cahtgndividuals can be tested (Gray et al.
2009a) and captive-raised individuals can be obthfrom a disease-free source (S.
Reichling, Memphis Zoo, pers. comm.). It is crutheat repatriated individuals be
disease free (Green et al. 2009).

Wetland augmentation is another technique thabeamsed to help critically imperiled
species, particularly in wetlands impacted by dhiuay withdrawal for human
consumption. In this process, water from a localistant additional source is pumped
into a wetland periodically to increase water resy time (hydroperiod) and water
depth. Long-term groundwater augmentation of damdtsuffering from desiccation
was conducted for 20 years in southwest Floridait@ate for damage caused by
groundwater withdrawal by municipalities to supplyblic drinking water (Berryman
and Hennigar 1995). However, the wetland watemisigy shifted over time to that of a
more calcareous, clear-water wetland system reg@ntsof a Florida spring. No one
studied the potential responses of amphibianseadtiymented wetland.

Altering water chemistry is a concern when consigewetlands augmentation as a
conservation strategy for amphibians (Means andZ=2805). In one study, researchers
documented the bioaccumulation’8Radium in fishes (bone), unionid mussels (shell
and mantle), plants, and lake-bottom sediments fyooundwater originating in



phosphate-rich sediments of the Floridan Aquifest&y at augmented Round Pond in
Hillsborough County (Brenner et al. 2000). Resears concluded that high levels of
radium in soft tissues could represent an imponpatitway for transfer of radio-nuclides
into higher trophic levels in both aquatic anddstrial food webs.

Clearly, some issues have been raised with respémng-term wetland augmentation
using water of different chemistry. However, reshassociated with short-term
augmentation has provided more encouraging reshitsouthern Mississippi,
researchers used groundwater to augment hydropefr@gingle ephemeral wetland so
that larvae of the endangered dusky gopher ftogefosa) would have enough water in
the pond to complete metamorphosis (Seigel etO8I6R As a result of the groundwater
augmentation, 130 metamorphic frogs were produbedirst successful reproduction
for the species since 1998.

Water chemistry effects also were investigatedaaisqf the above study. They tested for
effects of well water on tadpole survival in a sgjaite species, the southern leopard frog
(L. sphenocephalus). They reared tadpoles in well water and in o¢jpond water and
found that there was no difference in survival lewthe 2 groups (Seigel et al. 2006).
The researchers rightly were concerned that wégemcstry of the wetland may change
toward that of added groundwater. However in thiidy, adding well water to the
wetland had only mixed effects on water chemistRgsearchers investigated effects on
2 analytes, pH and dissolved oxygen. Wetland pkl veaiable both before and after
augmentation, but was typically higher after augragon. Changes in dissolved oxygen
were minor.

In an augmentation study in northeast Florida,ygadications from one study site
mirrored the results from Seigel et al. (2006).mééy, a particular augmentation event at
the experimental wetland provided a boost to wetlaydroperiod sufficient enough to
allow for the metamorphosis of hundreds of con@att anuran larvae in a dry-up pool
that otherwise would have perished in an impengiogd dry-up (Means and Meegan
2004).

The northeast Florida study also provides evidenggesting that short-term
augmentation does not significantly alter watemaiséry (CH2M Hill 2004a, Ch2M Hill
2004b). A much longer list of analytes were meaduincluding the 2 investigated in
the Siegel et al. (2006) study. In 2 wetlands aergped with groundwater at different
sites, measured water quality parameters wereagiidth before and after
augmentation. Although groundwater chemistry antase pond water chemistry were
initially different, researchers hypothesized tipatundwater pumped slowly into the
wetland along the wetland edge allowed for the ddudater to slowly seep through the
surface detritus and naturalize to ambient wataditmns. This study conducted
multiple augmentation boosts, each lasting for @drs, and spaced 6 months apart.

Although more studies are needed, we believe bieaetis enough evidence suggesting
that repatriation and short-term wetland augmeoratan be used to help critically
imperiled amphibian species avoid local extirpatoreven extinction. We also believe



that the western striped newt is imperiled enowuglvdrrant the use of repatriation and, if
necessary, augmentation (to avoid wetland dryiadpoost population size.

Other techniques may be used for striped newt ceasen, such as proper habitat
management (i.e. summer burning, reduction of exatiog shrubs and trees into
suitable breeding marshes, elimination of ATV disance of wetlands). CPI has
supported proper habitat management for stripedsnewthe ANF over the years.
However, considering the crisis with the westeripst newt, habitat management
becomes a moot point if the western striped newbines extirpated.

A repatriation study in the ANF, coupled with shtatm augmentation to avoid wetland
dry-up during repatriation, could provide not oalyoost to striped newt populations, but
also could provide more data on promising cons@wahethods for imperiled species.
Siegel et al. (2006) call for additional replicatistudies. With a sharp decline underway
of one of Florida’s rarest amphibian species igresatest western geographical
stronghold (and second greatest globally), it &asomable to assume that any additional
impacts to its local habitat, such as the gas mwipaxpansion, may have detrimental,
long-term effects on the western genetic group,@anthe entire species. If striped newts
are already extirpated from the ANF, immediate négi@gon is necessary while there are
still other western populations in existence to aseepatriation sources and before the
loss of the entire western genetic group potestidicurs.

Study Proposal

CPI proposes to conduct a multifaceted 5-year situdlye ANF as a conservation
strategy that will serve as mitigation for addisdamages incurred to the imperiled
striped newt by gas pipeline corridor expansiors. part of this study, CPI will continue
to monitor ephemeral wetlands in the ANF for thesence of striped newts. Assuming
striped newts continue to be absent from ANF weldamve propose to conduct larval
repatriation in 2 selected wetlands. As a preoauytive propose to conduct a ranavirus
surveillance assessment of select ANF wetlanddestdhe susceptibility of striped
newts to ranavirubefore repatriation. Short-term groundwater augatem of
repatriated wetlands also is proposed on an aseddgakis to prevent the wetlands from
drying during repatriated larval development pesiod

Study Objectives

1. Extensively sample the ANF for striped newts dumwigter breeding and spring
larval seasons. Based on 11 years worth of saghdhta, we hypothesize that the
ANF striped newt is extirpated, or very nearly $despite our hypothesis, we believe
it is necessary to more thoroughly assess thesstdtilne striped newt in order to
either reject or fail to reject our hypothesis,dsefrepatriation occurs. If we detect
that newts have rebounded from decline in the AINF- e reject our hypothesis),
we will not proceed with repatriations. If newtg &und to exist in low abundance
in the ANF (less than 5 wetlands), but high enoalghndance to obtain individuals to
establish an assurance colony with, then we walneate using ANF sourced



individuals. If we fail to reject our hypothesiken repatriation will proceed as
outlined in Objective #4. Approximately 200 wetlisnwill be sampled twice per
year for 2 years.

2. Collect individuals from the most closely relatezhgtic sources to use for the
establishment of a captive assurance colony. Témsee populations may come
from southwest Georgia, if no newts can be founih&ANF.

3. Conduct striped newt ranavirus susceptibility testd sample for the presence of
ranavirus in sympatric species at repatriation avets and in nearby wetlands.

4. Conduct striped newt repatriation efforts in theFANWe will conduct repatriation
efforts in 2 wetlands using captive-bred stripedin@ssurance colonies developed in
the first 2 years of the study (Objective #2). édieve it is paramount to act as soon
as possible to boost the western striped newt eeéf®remaining vestiges in
southwest Georgia potentially suffer the same datthe ANF populations. If too
few or no striped newts can be found to establiglestern striped newt assurance
colony, we will use striped newts from the exist@iF assurance colony for
repatriations (S. Reichling, Memphis Zoo, pers. sojn If newts are susceptible to
ranavirus and ranavirus is present in selectednapan wetlands, we will make a
well-informed decision how to proceed with repdtoas in such a way as to reduce
the potential for repatriation failure. We recagnthe potential for failure but
believe that repatriation is our only option foe tteestablishment of a striped newt
population in the ANF. If we do nothing, there Maé no striped newts in the ANF,
an unacceptable loss.

5. Enhance striped newt habitat and provide suitatdedng conditions at the 2
selected pond wetlands for repatriation. As pahabitat enhancement, wetland
augmentation using groundwater from solar powereltswvill be utilized at both
wetlands to ensure that ponds do not dry up aiteak are repatriated. Any
augmentations that occur in this study would besm@red short-term augmentations.
The use of short-term augmentation reduces thaenpaktéor water chemistry changes
and subsequent potential ill-effects on wetlansh&auPond water levels and
hydroperiods suitable for larval newt developmeiiitlve maintained on an as-
needed basis only, similar to Seigel (2006). Wémonitor water quality before and
after augmentations to assess whether water qehliyges to wetlands occur. |If
large changes occur with observable effects toamdtfauna, we will terminate
augmentations. Additionally, we will hand remove®aching woody shrubs and
slash pines from the basins of the augmented witlamenhance striped newt
breeding habitat. Finally, we will recommend asgrébed burn management
program favorable for striped newts for both stugitlands and for the Munson
Sandhills in general, and provide any consultirgisaance to the ANF as needed.

Methods and M aterials

Year 1 (Oct 2010-Sept 2011): Sample for stripegtae

Approximately 200 isolated wetlands across the MarS8andhills region of the ANF
will be visited and sampled twice with dipnet arrdgeine during the year. The first
sampling event will take place during the Januamgrdhh winter breeding season to



sample for striped newt aquatic adults. The sesamapling event will take place during
the April-June larval development season in amgiteo detect striped newt larvae.

As part of the larger dipnet sampling process, fi@gg in Year 1, additional baseline
community monitoring of all amphibians and seleetgbnfly larvae (Order: Odonata)
will begin at 19 historical newt ponds, a subsethefabove mentioned 200 wetlands.
These baseline community data will be used laténenstudy to compare with post-
augmentation community data (see Year 3) to moftopotential effects of
augmentation on faunal communities. Two of thénis®rical newt ponds will
eventually be selected as the experimental repiattiand augmentation sites by Year 3.
Two of the remaining 17 historical newt ponds Ww# selected as control wetlands based
on which of the 17 has the most similar communatgnpositions to the selected
experimental wetlands. Selection of the two comitywrontrol wetlands will take place
by Year 3, after which, post-augmentation commusasnpling will only take place at
the two experimental wetlands and the two selectedrol wetlands. While dipnet
sampling, biosecurity measures similar to those dait in Green et al. (2009) will be
employed.

If newts are detected in abundance in the ANFyeas, which is unlikely, we will
attempt to collect a total of 16-20 later staggdaindividuals to establish a captive
raised assurance colony to eventually become tineasdor later repatriations in this
study’s third year. The repatriation study wouldgeed as an internal ANF repatriation.
The assurance colony from the ANF would repredemtrtestern genetic group. If no
newts are detected within the ANF during the fa&tpling event for adults, CPI
biologists will attempt to collect 16-20 later stdlgrval individuals from JJEC for the
establishment of the assurance colony. JJEC iswtdst reliable southwest Georgia site
within the western genetic group. If no newtsfatend at JJEC, we will sample at Fall
Line Sandhills Natural Area and a private siterimih County. It is unlikely that we will
find all 16-20 individuals at a single Georgia gidleJensen, Georgia Department of
Natural Resources, pers. comm.); therefore, wemalst likely have to procure
individuals from multiple sites. All efforts in @egia to obtain striped newts for
repatriations will proceed with collaboration framJensen, Georgia Department of
Natural Resources, and L. Smith, JJEC.

S. Reichling, Curator, Memphis Zoo, will rear asw@since colony representing the
western genetic group to become the source colmmhater repatriations (S. Reichling,
Memphis Zoo, pers. comm.). He already has suadéssaised an assurance colony
sourced from the ONF. The existing ONF assuranteng will become the source for
repatriations if we cannot establish a colony repnéing the western genetic group.

To test the relative susceptibility of striped ngwte will collect up to 5 adult breeding
pairs in Year 1 from known sites in the ONF wheightdensities exist. Newts will be
sent overnight to the UT Center for Wildlife HealtRairs will be housed separately in
20-L containers with native aquatic plants collddi®m the field and fedubifex worms
ad libitum. Eggs will be collected daily and put in sepatates for development. At
one month post-hatch, 40 larvae will be placecepesate 1-L plastic tubs, and*10
plaque-forming units per mL of an FV3-like ranawmill be added to half of the tubs
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(Hoverman et al. 2010). The other tubs will seagecontrols and virus-free media will
be added. Larvae will be fed zooplankamhlibitum. Water changes will be performed
every 3 days, and virus not re-added. A 3-day supoto ranavirus is sufficient to
initiate infection and cause disease (Hovermamh @04.0). Survival of larvae will be
monitored daily for 21 days, which is sufficientrdtion to observe mortality and
consistent with previous studies (Hoverman et@L(}. All individuals that are alive
after 21 days will be humanely euthanized with leeame hydrochloride. We also will
raise 40 additional larval newts and at one moo#t-metamorphosis expose them to
ranavirus following the same protocol. If larvawis are highly susceptible yet
metamorphs have low susceptibility (as commonlyeoled with ranavirus), it will
provide the impetus to consider releasing metansgphepatriation sites.

Larval and metamorphosed striped newts from themx@ntal challenges will be
necropsied, and the liver and kidney extracteddarnvirus testing (Miller et al. 2007).
These organs are sites of ranavirus infection (@ta}. 2009a). Genomic DNA (gDNA)
will be extracted from a tissue homogenate usiegdNeasy Blood and Tissue Kit
(Qiagen Inc., Valencia, CA). We will use a Qulifluorometer and the Quant-f
dsDNA BR Assay Kit to quantify the concentrationg@dNA in each sample (Invitrogen
Corp., Carlsbad, CA, USA). Real-time PCR will ls&d to test for infection following
Picco et al. (2007), and gDNA concentration estewatsed to calculate viral load
(Hoverman et al. 2010). All necropsies and molactdsting will be performed by the
UT Center for Wildlife Health.

First annual report will be submitted Septemberl201

Year 2 (Oct 2011-Sept 2012): Sampling Continued

We will repeat the ANF dipnet sampling effort contid in Year 1. At the conclusion of
Year 2, the conservation status of the striped mewtis region, and implications for the
status of the species as a whole, will be report@mmunity monitoring will continue at
the 19 historical newt ponds to acquire baselimaranity data and as efforts continue
to select two community control wetlands to be nameid after augmentation begins at
experimental wetlands in Year 3.

We will repeat Georgia sampling, if necessary, ttkena second attempt to create a
western genetic group assurance colony. If waratis second effort to create an
assurance colony representing the western groap,ve will proceed with repatriation
beginning Year 3 using individuals from the exigti@NF (eastern group) assurance
colony.

By end Year 2/beginning Year 3, we will select &tbrically known striped newt
breeding wetlands near the expanded gas pipelibe tbe recipient wetlands of striped
newt repatriations and water augmentations. Thiésg are anticipated to be Study Pond
#1 and Study Pond #18 (Figure 1), 2 ephemeral ndtléormerly studied by CPI.
Feasibility studies will be undertaken to deternsnéability of the selected wetlands for
augmentation. Percolation rates of the wetlanis sall be measured and compared to
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predicted water input rates. Water input ratestrbasappreciably greater than
percolation rates to ensure that any supplemeratnwill not be rapidly lost to
percolation. If either or both anticipated studgtlands are determined to be unsuitable
for augmentation, we will select alternative wetlés) from the remaining 17 historical
striped newt wetlands.

After experimental wetlands have been selectedyidéand-thin encroaching woody
shrubs and slash pines from the wetland interfaregessary. Thinning encroaching
vegetation will restore the open marshy charaatdremhance striped newt breeding
habitat. CPI will provide consultation to the ANFneeded, for a prescribed burn
management program favorable for striped newteerMunson Sandhills of the ANF.

In Years 2 and 3, we will test up to 60 larval ambns per year at the 2 repatriation
sites for ranavirus infection. If superspreadeacsgs (e.g., gopher frogs, southern
leopard frogs) are present, these will be targbtsduse of their high likelihood of
infection when the virus is present. We will testzae because of their higher
probability of infection compared to adults (Grdyak 2009a). If individuals are infected
with ranavirus, there is a 95% chance of deteatith n = 60 samples and a pathogen
prevalence of 5% (Green et al. 2009). We alsoasillect and test 60 individuals at the
closest suitable breeding site to each repatriaita) because ranavirus can be
transmitted overland by sublethally infected dispey individuals (Brunner et al. 2004).
Thus, 480 individuals will be tested at 4 ANF sibe®r 2 years (4 sites per year x 60
individuals per site x 2 years). Individuals via# randomly collected with dip nets
between March and May, which are the months ohulee release. Collected
individuals will be put in separate containers, langly euthanized with benzocaine
hydrochloride, packaged in individual Whirl-Paksd shipped overnight on ice to the
UT Center for Wildlife Health for diagnostic tesgifiollowing the previously described
procedures.

Second annual report will be submitted in Septer@dbae.

Year 3 (Oct 2012-Sept 2013): Beqgin Repatriation

Augmentation structures will be constructed begignn October 2012 at each wetland
and will be in place by December 2012. We will ez and subcontract the installation
of a well, pumphouse, and solar powered pump dt ebthe 2 experimental wetlands.
Augmentation equipment will be in place from Yeao3rear 5 to provide short-term
boosts to water levels if wetlands threaten to iyoddiring critical breeding and larval
development periods of the repatriation phase ®ftbdy. Groundwater will be the
source water for augmentations—either from a siatfaqquifer system or from the
Floridan Aquifer System—whichever is more feasible determined by the
subcontractor.

Wetland augmentation will be conducted, only asledeat both experimental wetlands,
beginning during the winter (Dec-Mar) breeding seagoncurrent with a frontal
passage and heavy rain event. Given the drougimyittons over the past decade,
augmentation will be used only as a contingendyeiige against the possibility of
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wetland dry-up during repatriation years. We dowant to run the high risk of losing
repatriated larvae to wetland dry-up. Also, augraton will provide a relatively stable
hydroperiod in wetlands suitable for returned altdtbreed during Years 4-5.

Based on our extensive field experience in thecsstiewetlands, we will maintain water
levels to be suitable for striped newt breeding landal development. Depth gauges will
be installed in the wetland center. Water deptitatly Pond 18’s center will be
maintained at approximately 1m depth, and 1.5mhdapStudy Pond 1.

Water quality of both experimental wetlands an@l2&ed water quality control ponds
will be monitored during the augmentation peri&bntrol ponds will be the 2 selected
community control ponds. Measurements will be talieth before and after
augmentation events. Water quality parameterg tmanitored will be pH, conductivity,
dissolved oxygen, and temperature. Although nefflkcts of short-term augmentations
are expected, water quality monitoring will provicintrol data and allow us to ascertain
possible negative effects of augmentations in ewpartal wetlands over the course of
the project. We will terminate augmentations dgiime contract period in the unlikely
event there is evidence that altered water cheyristraving a detrimental effect on
wetland ecology.

We will repeat the ranavirus infection testinghag P repatriation sites and nearby
selected wetlands. Tests will be completed beafepatriation occurs.

If we determine after Year 1 and 2 of sampling #teped newt numbers remain
critically low in the ANF (<5 wetlands), we will lgen repatriation by April 2013. The
timing will coincide with the natural larval devg@iment season. Larvae from assurance
colony sources (either those developed during Yeard 2 from western populations or
those already in existence from the ONF populatwiii)be introduced into both
experimental wetlands concurrently. A minimum 60Iindividuals, and up to several
hundred, depending on availability, will be repatied into each wetland. Identical
numbers will be introduced into each wetland. ‘Afadl augmentation boosts will take
place if the wetlands threaten to go dry untilngivts have metamorphosed and exited
the wetland. When larvae exit the wetland, augatent will be terminated and the
wetlands will resume natural water fluctuation Ltite beginning of Year 4 (December).

Encircling drift fences with pitfall traps aroundth study ponds will be installed before
repatriation. Traps will be shaded, and a dampgpavill be maintained in the bucket.
Fences will be continuously operational and checlkgdlarly to measure recruitment
success of newly metamorphosed terrestrial eftstive surrounding upland ecosystem.
Fences will be disabled until the following yeateanewts have exited the wetland.

We will mark emigrating efts using a combinatiorvifual implant elastomer and
minimal toe clips (Hoffman et.al 2008). Markinglvallow us to distinguish between the
Year 3 and Year 4 repatriation cohorts, as wefi@ential wild individuals that may
appear.
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CP1 will monitor background newt activity at the ather historical striped newt
breeding ponds, including the 2 water quality/fdwznmunity control ponds.
Sampling will occur in these 17 ponds twice durifear 3. Even though we do not
anticipate that the ANF striped newt will reboundits own, continuing a sampling
presence throughout the study in all historical tngends will allow us to monitor for
possible background striped newt activity and ptevfurther evidence of striped newt
status in the ANF.

If at any time during the repatriation phase thersufficient evidence to suggest that the
ANF striped newt emerges out of decline (i.e. vl flarvae in >5 wetlands), we will
terminate repatriations from outside sourcest becomes possible to find enough larval
newts from within ANF source wetlands, then we wihsider moving some into
experimental wetlands so that a stable wetlandrenwient can be provided to increase
the chance for larval development and recruitm@&nift fence monitoring would
continue under this scenario to measure repatnatiecess. Augmentation also would
still continue as needed.

Third annual report will be submitted in Septemd@t 3.

Year 4 (Oct 2013-Sept-2014): Second Repatriation.

A second and final repatriation effort will be caeted in Year 4 using information we
learn in Year 3’s efforts. Depending on what levesuccess we had in Year 3, we will
repeat the repatriation as conducted in Year 3veltletermine that using more
individuals in Year 4 may increase success, weinglease numbers of individuals
released per site. Repatriation will begin by Ap@i14. The encircling drift fences will
be re-activated at the beginning of winter raingsss and operated until newts have left
the wetland. Drift fencing in Year 4 will measuhe return of the Year 3 cohort to
experimental wetlands and measure the emigratitimeoYear 4 cohort into surrounding
uplands.

Wetland augmentation boosts will be used as nekdguhning in December 2013 and
lasting through June 2014. Water quality and faoaenmunity monitoring will
continue as per Year 3.

The 17 other historical striped newt breeding poniliscontinue being sampled to
measure any possible background striped newt ac{as in Year 3).

Fourth annual report will be submitted in SeptenitE4.

Year 5 (Oct 2014-Sept 2015): Study Conclusion.

Wetland augmentation will be conducted, as neealed experimental and reference
wetlands will be monitored for newt activity andteaquality as in prior years.
Encircling drift fences will be operated during theeeding season (Dec-Mar 2015), and
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will be removed at the end of March 2015. Driftdéang in Year 5 will measure the
breeding immigration of either or both repatriatamhorts into study wetlands.

We will evaluate the success of repatriation argheantation over the course of the
study. If augmentation has proven to be usefud,there is continued need to provide
hydroperiod boosts in a drought-stricken landscafewill make recommendations to
the ANF and discuss options for continued augmeemtatt study wetlands after the study
is completed. If there is no continued need fgnaentations on the ANF, we will
terminate augmentations upon conclusion of theystud

We will resample for possible background stripedin&ctivity in the 17 other historical
newt ponds as in Years 3 and 4.

CPI will continue to monitor the striped newt iretMunson Sandhills after the
conclusion of this study, as we have been doingéarly 2 decades (Means et al. 2008).
These data also will help determine the successpaitriation in the current proposed
study.

The project final report will be completed and sufited in September 2015. Appropriate
statistical analyses of data will be conductedripteted, and reported.

Expected Benefits

The proposed study is expected to: 1) provide it evidence on the conservation
status of the ANF striped newt, with implicationrstbe status of the species globally; 2)
acquire knowledge on the susceptibility of thepstd newt to ranavirus and on ranavirus
ecology; 3) help replenish striped newt populationa region that formerly harbored a
robust assemblage of populations; 4) enhance dtripait breeding habitat; 5) and gain
more needed data on the feasibility of 2 promisiogservation techniques for critically
imperiled species. To our knowledge, this study lvé the first to utilize repatriation in
concert with wetland augmentation to help a crilycianperiled species or population.

Estimated Project Budget: $275,412
Amount requested from USFS: $215,187
CPI Match: $60,225

Percent Match: 21.9%
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Figure 1. Map of the ANF showing the location phemeral wetlands, striped newt breeding wetlaadd,proposed experimental
wetlands.
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