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Dissertation abstract
Habitat fragmentation is a worldwide conservationaern that results in habitat loss
and subdivision. Species survival depends uporavhdability of suitable habitat, in
terms of both quantity and quality. Anthropogeracges to the landscape not only
subdivide habitat, but can also impact the res@uticat are available to a species.
Ultimately these landscape changes can directlyente a species spatial ecology
and gene flow. In an effort to gain a better un@erding of the impact that human-
modified landscapes are having on snake populatasto develop conservation
management strategies to mitigate these changtsjied the spatial ecology, gene
diversity and population structure of the Armenidper, Montivipera raddein two
different landscapes in Armenia. We first examitteglspatial ecology and habitat
use of Armenian Vipers in a human-modified landscafih a combination of
agricultural fields and overgrazed native stepdath We hypothesized that
Armenian Vipers would move more rapidly throughptamds compared to steppe
and that their respective home ranges would betafghey included a larger
percentage of cropland. We also expected the vipgyeefer steppe habitat to
cropland. While there were no differences in movetmates for either sex through
croplands compared to steppe, we did find that sniadel larger home ranges during
the spring if it included cropland. While the masaf steppe and croplands does not
appear to impede seasonal movements in this hunoaified landscape, vipers
overwhelmingly prefer steppe to cropland. We waterested in how the spatial use
of vipers in this heavily altered habitat compat@a population inhabiting a

recovered-natural habitat. How resource availabflie. — prey) impacts home range



size was of particular interest. Our hypothese®wat prey abundance would be
higher in a recovered-natural landscape comparactoman-modified landscape
with overgrazing pressure, and that snakes wittebbbdy condition would have
smaller home ranges. The home range size and meaenments were significantly
smaller and the abundance of small mammals wasisautly higher in the
recovered-natural landscape. However, we foundon@lation between body
condition and home range size. In fact, snakesitihg the two landscapes had
equivalent body condition. These data suggeststiates in the human-modified
landscape have larger home ranges in order tcefiodigh prey over the course of an
active season. While the radiotelemetry data pexvidsight into the spatial ecology
of Armenian Vipers in these two landscapes, we \aé3e interested in examining
their genetic diversity and population structuree ¥déllected genetic samples from
two locations within each of the two landscapesdsieon our radiotelemetry data we
hypothesized that there would not be any strudtete/een the two sampling
locations within either landscape. We further pecegtl that two landscapes, which
were geographically separated, would show stromgtyedifferentiation. At the

local scale there was no significant differentiatietween sampling locations, but on
the regional scale we found the two geographica|yarated populations to be
significantly differentiated from one another. Tieeus of conservation efforts for the
Armenian Viper in altered habitat should be on rreamng corridors with high

quality habitat that allow for seasonal movemesttglter, foraging and gene flow.
Due to the strong genetic differentiation betwdenttvo populations we also

recommend that regional populations be manageddapéndent conservation units.
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Chapter 1: Spatial Ecology of Armenian VipersMontivipera raddei, in a

Human-Modified Landscape

Published as: Ettling, J. E., L. A. Aghasyan, AAghasyan and P. G. Parker. 2013.
Spatial Ecology of Armenian Viper§ontivipera raddeiin a Human-Modified
Landscape. Copeia 2013: 64-71.

ABSTRACT: Armenian Vipersontivipera raddei have a restricted and
fragmented distribution throughout portions of Amige eastern Turkey and
northwestern Iran. Over the past 40 years theiufaion numbers have dropped by
nearly 88% due to a combination of over-collecfionthe pet trade, conversion of
habitat to agriculture and overgrazing by livesto¥khile a few studies have
examined aspects of their reproductive biologykwew very little about the spatial
ecology of this species. We used radiotelemetstudy the spatial ecology and
habitat use of Armenian Vipers inhabiting a lang&caodified by human use in
Kotayk Province, Armenia during the spring 200002 (17 males, 11 females) and
for complete active seasons 2008 - 2009 (8 malé=néles). We found no

significant difference between sexes for home raige average movements or
movement rates through areas involving croplandusestrictly steppe. Home ranges
were significantly larger for males whose springecarea included some cropland.
Both sexes showed significant preference for moarsizzppe over cropland. Despite
these differences, the interspersing of croplandraysteppe habitat does not appear
to impede the snakes’ movements and seasonal tise afailable habitat. While

conservation of intact mountain steppe habitatésuitimate goal, providing



corridors of habitat in areas of agricultural deyehent should be considered a high
priority for managing this viper population intcetfuture.

INTRODUCTION

How individual animals use space has a strongenite on the growth, spatial extent
and persistence of their populations. Access tguate food sources, avoidance of
predators and survival during environmental extreoepends upon individuals
making appropriate selections of foraging sitefijges and movement pathways,
respectively. Our understanding of these essemiiplirements for survival has
resulted from studying the habitat selection ofreais (Manly et al., 2002).
Understanding habitat selection is critical to iifging the factors that affect
abundance or occurrence at a given site as wétlose that contribute to changes in
population size (Blouin-Demers and Weatherheadl2B€ingle et al., 2003;
Waldron et al., 2006).

Habitat selection by snakes can be influencedebgral factors. The seasonal
movements and habitat usage of some snake speaesigsis fuscushave been
directly linked to prey abundance (Madsen and SHif86); however, other species
(e.g.,Pantherophis obsoletyshow no such relationship (Blouin-Demers and
Weatherhead, 2001). The selection or avoidancauicplar habitats by ectothermic
animals, such as snakes, can be due to the preseabsence of thermoregulation
sites (Huey et al., 1989; Blouin-Demers and Wedidad, 2001; Row and Blouin-
Demers, 2006a). Lastly, structural components,dikeopy cover and retreats, can

determine whether one habitat is selected ovehandPringle et al., 2003).
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The home range size of snakes, like habitatsefe is also influenced by a
number of factors. For snakes we know that sexpdejetive status, age, size, habitat
structure and resource availability all have andotn spatial ecology (Gregory et
al., 1987; Weatherhead and Prior, 1992; Johnsdi)2M addition, spatial ecology
may also vary among populations of the same spéSlaae, 1987; Macartney et al.,
1988). Wildfires (Santos and Poquet, 2010) anditames (Wunderle et al., 2004)
can affect spatial ecology and habitat use in shyaked such natural disturbances are
part of the evolutionary history of a species. Landversion for livestock grazing
and agricultural crops, however, are human distabs that typically result in
permanent land transformations. Studies of the anpiagricultural development on
vertebrate populations have primarily focused oplabians (Babbit et al., 2009),
birds (Dallimer et al., 2010) and mammals (Fisadteal., 2011), whereas snakes have
largely been ignored (Durner and Gates, 1993; ShrikeFitzgerald, 1996; Reading
and Jofré, 2009; Corey and Doody, 2010). With ong@xpansion of human
populations into natural areas and the subseqadmitialh conversion that follows,
understanding how snakes use these modified lapesas critical to the
development of effective conservation managememntsp{Corey and Doody, 2010).

Many species of vipers (Family Viperidae) in theu€Casus and Transcaucasus
regions are considered highly vulnerable to exiomctiue to restricted distributions,
habitat alteration, over-collection, and unnatyraigh mortality resulting from
human persecution (Nilson and Andrén, 1999). Theg®ns include portions of
northern Iran, eastern Turkey, southwestern RuBgpublic of Georgia, and

Republic of Armenia. There are approximately 1%takvipers inhabiting these
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regions, including members of the mountain vipéolitiviperg complex (Nilson

and Andrén, 1986; Nilson et al., 1999a, 1999b)."&kee limited knowledge of their
biology in nature, which is due in part to thewleged, restricted distributions (Nilson
and Andrén, 1986).

The Armenian ViperNlontivipera radde) is a medium-sized snake with a
known range that includes easternmost Turkey, Armp@md extreme northwestern
Iran (Nilson and Andrén, 1986). In Armenia it oczat elevations between 1100 and
2400 meters in rocky habitat covered by thin oakd$ts and bushes (Darevsky, 1966).
In eastern Turkey it most often occurs on ridgesmased of volcanic lava blocks
with little or no vegetation (Flardh, 1983; Sochyr#984). It is listed as Vulnerable
by the Republic of ArmenigAghasyan and Kalashyan, 2010) and Near Threatened
by the IUCN (Nilson et al., 2008). Throughout Armeethe habitat of the Armenian
Viper has been subjected to considerable modiGodbr agricultural activities
(Nilson et al., 2008). Due to its communal shahgibernation sites it is
particularly vulnerable to overexploitation for tpet trade. This has been the case for
Turkish populations along the Aras River whereai$ bheen heavily impacted by
over-collection (Nilson et al., 2008). Armenian ¥rgpopulations have shown a
steady decline with 20 — 50 specimens/ha in theX8@Ds (Darevsky, 1966), 10 — 25
specimens/ha in the 1980s, and current estimadésabe densities of 4 — 10
specimens/ha (Mallow et al., 2003; Nilson et 2008).

Darevsky (1966) and Bozhanskii and Kudryavcev @ 38udied the ecology
of the Armenian Viper, in the mountains of Armeraad briefly described

reproductive behavior and timing of mating; howevkere are no published data on
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the home range size, movement patterns or halsiéatan the Armenian Viper or any
other snakes in the genMntivipera The primary objective of this study was to
gain a better understanding of the spatial ecology/habitat selection of Armenian
Vipers inhabiting a landscape with agriculturalgiemds and overgrazing.
Specifically, we describe the home ranges and mewenfor both spring activity
and complete activity seasons, evaluate whethee tkea correlation between home
range size and proportion of cropland within sna&esvity ranges, examine
whether there are differences in movements thratgipe-only landscapes and those
that involve croplands, and determine habitat pesfees (whether use differs from
availability). We expected that Armenian Vipers Wbprefer steppe habitat over
cropland and that movements involving croplandsld/itwe more rapid than those
through steppe. We also expected that snakes vinawiel larger home ranges if they
had a larger percentage of cropland within themaeange. We made no specific
hypotheses regarding the effect of sex on homeeraizg or movements due to the
amount of spatial use variation that has been deatsd to exist between sexes in
snakes (Pearson et al., 2005; Marshall et al., ;2R0th and Greene, 2006). We also
address sample size in snake radiotelemetry stadisssues of sufficient statistical
power.

MATERIALS AND METHODS

Study site

The study site was located 23 km northeast of Yarearmenia in Kotayk Province.
The boundaries of the study site (Fig. 1) werem@tegedpost hody using

Geographical Information Systems (GIS; ArcMap €3RI, Redlands, CA) and

13



Hawth’s Tools Extension (Version 3.26, H.L. Bey2006) to generate a minimum
convex polygon (MCP) home range for the pooledtioos of all radio tracked
Armenian Vipers and overlaying it on a high resolut(2 m) satellite image of the
region. Only locations of snakes tracked for arnrerstctive season were used to
calculate the study site MCP, which had an aret86f2 ha.

The habitat within the study site consisted of samof mountain steppe and
agriculture. Mountain steppe occurs at elevathmtsveen 1,200 — 2,200 m with
rocky outcrops interspersed with grasses and st{AdmEmian and Klem 1997).
Predominant steppe vegetation consisted of comramow (Achillea millefoliun),
yellow starthistle Centaurea solstitialls common immortelleeranthemum
squarrosuny, Siberian spurgesuphorbia seguierianabarrel medicNledicago
coeruleg, long plantain Rlantago lanceolatg wheatgrassXgropyron sp.)and
narrow-leaved buckthorfRhamnus pallasji The steppe areas are heavily overgrazed
by the livestock of local farmers (Nilson et alD08; Ettling pers. obs.). The cropland
areas are former steppe habitat cultivated predamiyfor common wheail¢iticum
aestivun), red clover Trifolium pratensgand alfalfa Kledicago sativa The study
site consisted of 310.4 ha of steppe and 169.8 beoplands.

Capture techniques and data collection

Adult Armenian Vipers were captured in early Maydgarching the known den sites
and the adjacent lower rocky slopes, which incluthedremnants of an abandoned
concrete irrigation canal. Snakes were collectetidnd with snake hooks and tongs.
All captured snakes were marked for future idecatfion with subcutaneous

implanted passive integrated transponders (PIE) tAgid Identification Systems,

14



Inc., Norco, CA). Snakes were measured to the se@r& cm and both snout-vent
length (SVL) and tail length (TL) were recorded. Jiovide safety to the handler as
well as reduce stress on the snake, clear acujdiestwere used during restraint
procedures. Body weight was recorded to the ne@rggl. Sex was determined by
visual examination of tail length as well as bypping’ which involves gently
exerting pressure near the tip of the tail andrrglthe thumb towards the cloaca. If
the snake is a male, the pressure causes the heamifeevert. Manual palpation was
used to check females for the presence of enldagkedes (Fitch, 1987).
Radiotelemetry
Snakes to be implanted with transmitters were letdoth sacks and kept at warm
temperatures prior to and following surgery. Thid@gerent transmitters were used
during the course of the study: Advanced Telem8yrstems (ATS), Inc. (Isanti, MN)
model R1680 (4.1 g and 15.6 month average baifej)ywere used in 2007 and
Holohil Systems, Ltd. (Ontario, Canada) models SB20 g and 12 month average
battery life) and SI-2T (9.0 g and 18 month averaajtery life) were used in 2008
and 2009. None of the transmitters exceeded mare5bo of the snake’s body mass.
The transmitters were surgically implanted by atd veterinarian and followed the
procedure outlined by Reinert and Cundall (1982)ldwing surgery the snakes were
held for 24 — 48 hours before being released at thiginal capture sites.

Over the three years that transmitters were inipthonly one of 38 snakes
(2.6%) died from what we believe were surgical cboaions. The number of snakes
tracked varied by year (2007 = 13 males: 7 fem&668 = 8 males: 7 females; 2009

=2 males: 1 female). In 2007 all of the ATS traitars failed prematurely at five
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weeks post implantation and these data were om®lg fs spring spatial and habitat
analyses. As a result of mortality only a subseéhef2008 — 2009 snakes were used
for statistical analysis (2008 = 6 males: 5 femak€@99 = 2 males: 1 female). Over
the three years of the study 14 snakes (8 maliesnéles; Table 1) were tracked for
one year. Collectively, Armenian Vipers with radiansmitters were located 195
times in 2008, and 41 times in 2009. Individualkasawere located an average of
16.9 (£0.8 SE) times over the course of an actassn (May — October).

Following release we attempted to locate eachesatileast one time weekly
using a TRX-1000S radio receiver (Wildlife Matesialnc., Murphysboro, IL) and a
three-element, handheld Yagi antenna. More fregloeations were recorded during
the first four weeks following release in an effmrtobserve reproductive behavior.
Once a snake was located the geographic locatisrreearded with a hand-held
global positioning system (GPS) (Meridian GPS, Miage Santa Clara, CA) and the
type of macrohabitat (steppe or cropland) was nagadell. In order to not disturb or
alter the behavior of the snakes we refrained fiiimg rocks if we could not make
visual contact following triangulation. Followingd findings of Kapfer et al. (2008)
we only included snakes in the spatial and habkiatyses if they had ten or more
recorded locations within the year. To determingoifne range sizes were affected by
the number of locations recorded, a linear regoesanalysis was conducted to
compare the home range estimates to the numbecatidns that were recorded for
each snake (Seaman et al., 1999). When a snakeiscasered dead we carefully
examined the carcass in an effort to determine#luse of death. For analyses of

spring spatial activity and habitat use we used &fatm 28 snakes (2007 = 9 males: 5
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females; 2008 = 6 males: 5 females; 2009 = 2 malé=smale). Complete active
season spatial and habitat analyses used datal#t@nakes (2008 = 6 males: 5
females; 2009 = 2 males: 1 female).

Spatial and habitat analyses

We analyzed the spatial ecology and habitat ugeroknian Vipers by displaying

the recorded geographic coordinates of each snakehigh resolution satellite image
of the study site in Geographical Information SysgGIS; ArcView 3.2 and

ArcMap 9.2, ESRI, Redlands, CA). As suggested by Rod Blouin-Demers (2006b)
we used a minimum convex polygon (MCP) to estinla¢gemaximum home range

for each snake and a combination of 95% fixed Kdrame range and MCP to
analyze habitat use. The latter was accomplisheatlhysting the smoothing factor of
the 95% fixed kernel until the area equaled thagawh snake’s MCP home range.
This method emphasizes the core areas of habitag bélized within the MCP.
Hawth’s Tools Extension (Version 3.26, H.L. Bey&006) was used to calculate
MCP home ranges and the Animal Movement Extendfeng( 1.1, P.N. Hooge and B.
Eichenlaub, Alaska Biological Science Center, GG8ological Survey, Anchorage,
AK, 1997) was used to calculate 95% fixed kernehbaoanges.

The straight line distance (m) between succesameements was calculated
using Hawth’s Tools Extension (Version 3.26, H.leyBr, 2006). The total distance
moved was calculated as the sum of all movemen@fandividual snake over the
course of an entire active season. Mean distaneednger day and mean distance

per move were calculated as in Roth and Greenesj2W0e compared the mean
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movement rates through steppe versus areas ingotvaplands to see if there were
differences between sexes in movement rate thrthegtwo habitats.

To assess whether there was a correlation betiv@®e range size and the
proportion of cropland within a given snake’s horaege we determined the relative
proportions of steppe and cropland within each sisalCP. These were calculated
using ArcMap 9.2 (ESRI, Redlands, CA) and the Spamnalyst Tools extraction
option to ‘extract by mask’ the cells that corresged to steppe and cropland within
each snake’s MCP home range.

To determine habitat preference of Armenian Vipeescompared observed
habitat use to expected values based on the propef habitat types available
[310.4 ha (64.6%) steppe and 169.8 ha (35.4%) anoipl We evaluated the
difference in habitat preference betweens sexeyaaus.

Since our data were often non-normally distributedemployed
nonparametric tests to evaluate sexual differeimcepatial patterns and habitat use.
Mann-Whitney tests were used to assess differandesme range size and mean
distance movement patterns and a Wilcoxon Pair@dp&atest was used to evaluate
differences in movements through steppe versus ments through cropland.
Spearman Rank Correlation was used to assesdatienship between the
proportion of cropland within an individual snakéeme range and MCP size.
Linear regression analysis was used to compare hange size to number of
recorded locations. Chi-squared analyses were abeditio determine if habitat use
differed from habitat availability. Statistical tesvere conducted using StatistiXL 1.8

(StatistiXL, Nedlands, Western Australia) software.
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To reduce the risk of committing a Type | err@sulting from the multiple
comparisons that were made, we controlled the ipedilse discovery rate (pFDR)
by utilizing the multiple hypothesis testing cofien program QVALUE Version 1.0
(Dabney and Storey, 2004, http//faculty.washingtdn/~jstorey/qvalue) for R (Ihaka
and Gentleman, 1996). In comparison to the overhservative Bonferroni-type
correction, pFDR not only reduces the probabilitg@mmitting a Type | error, but
also maintains higher levels of power (Storey, 2008e Q-value, unlike the P-value,
considers all of multiple test comparisons thatenaade. Q-values are interpreted
like a P-value. Anythingt 0.050 is considered to be significant. We haventega the
individual Q-values adjacent to their respectivedRies in the manuscript and
interpret results based on Q-values.

RESULTS
Home range and movements
Minimum convex polygon home range for 2007 — 200%g core areas averaged
2.1 ha = 0.6 SE for males £ 17) and 1.3 ha £ 0.5 SE for femalas=(11). The MCP
for 2008 — 2009 complete active seasons averag8dadt 4.7 SE for males ([Fig. 2]
[n=8]) and 32.3 ha £ 13.8 SE for females ([Fig.r8¥[6]). Mann-Whitney tests
revealed no significant difference in home range ietween males and females for
spring core aread)(= 73.5, P = 0.358, Q = 0.5)or for complete active seasoms (
=22.0, P =0.847, Q = 0.730The number of locations recorded per individual
snake was not correlated with MCP siRé € 0.04, k.12, P=0.491, Q = 0.61%

The mean distance moved per day in 2007 — 2008gspore areas averaged

17.2 m/day = 3.3 SE for males € 17) and 14.9 m/day + 2.1 SE for females=(11).
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Mean distance per move in 2007 - 2009 spring carasaaveraged 22.3 m/move +
4.6 SE for males and 17.6 m/move + 3.2 SE for fesia’here were no significant
differences between males and females for eith@nndestance moved per day €
94.0, P =0.840, Q = 0.730r mean distance per moug € 88.5, P = 0.653, Q =
0.726.

Mean distance moved per day in 2008 — 2009 completive seasons
averaged 17.2 m/day = 2.2 SE for males @) and 18.6 m/day + 4.2 SE for females
(n=6). Mean distance per move in 2008 — 2009 cora@etive seasons averaged
17.8 m/move * 2.4 SE for males and 19.0 m/movel+SE for females. No
significant differences were detected between mabelsfemales for either mean
distance moved per day & 24.0, P = 0.949, Q = 0.7300r mean distance per move
(U=24.0,P =0.949, Q =0.730

For 2007 — 2009 spring core areas we found noatipgr our hypothesis that
snakes would move more rapidly through areas inmgleropland than those
containing only steppe. For 2007 — 2009 spring eneas the mean distance moved
per day for malesn(= 17) averaged 12.7 m/day £ 1.5 SE through stepded@.4
m/day + 15.9 SE through areas with cropland. WitcoPaired-Sample test revealed
no significant difference between movements thrastgppe versus those through
cropland areatE 47.0, P = 0.174, Q = 0.3498 Average mean distance moved per
day for femalesn= 11) was 14.3 m/day + 2.0 SE through steppe ahd7day £ 5.6
SE through cropland. While the p-value suggestsrtttvements for females were

significantly ¢ = 11.0, P = 0.054, Q = 0.183more rapid through steppe than through
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cropland, which is the opposite of what we expedieel multiple hypothesis test
correction indicates that there is no statistictérence.

Using data from the 2008 — 2009 compete activeaseae found no support
for our hypothesis that snakes would move moredhapinrough areas involving
cropland than through areas comprised of only geppe average mean distance
moved per day for males € 8) was 11.4 m/day = 2.3 SE through steppe artl 30.
m/day * 8.7 SE through cropland. A Wilcoxon Pai&ample test revealed no
significant difference in the movements of maleevgpthrough areas with cropland
versus strictly steppe habitatH4.0, P = 0.055, Q = 0.183 Average mean distance
moved per day for femalen € 6) was 12.9 m/day £ 2.2 SE through steppe angl 22.
m/day * 8.6 SE through cropland. No significanfetiénce was detected between the
two movementst(= 5.0, P = 0.313, Q = 0.51)Ifor females.

For data from the 2007 — 2009 spring core dre&Spearman Rank
Correlation revealed partial support for our hy@sik that snakes would have larger
home ranges if cropland encompassed a larger gropaf their respective home
range. The spring MCP home ranges of males (Figedé¢ significantly larger when
a proportion of the range involved cropland
(rs=0.73, df =15, P = 0.001, Q = 0.008For females no correlation between MCP
and the proportion of cropland was detected 0.54, df =9, P = 0.087, Q = 0.218

We found no support for our hypothesis concertanger home range size
and proportion of cropland for 2008 — 2009 compéatve season MCP home
ranges for males{= -0.03, df = 6, P > 0.10Por femalesrs= 0.67, df =4, P

>0.050).
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Habitat preference

We found strong support for our hypothesis that émran Vipers would prefer
steppe habitat over croplands. Chi-squared analggealed that habitat use differed
from expected based on the relative availabilityhef two habitat types in 2007 —
2009 spring core area use for mabes<79.15, df = 1, P < 0.050and femalesx¢ =
55.31, df = 1, P < 0.050and also in 2008 — 2009 complete active seasonadles
(x2=33.69, df = 1, P < 0.050and femalesx¢ = 44.77, df = 1, P < 0.0501In 2007 —
2009 spring core areas 97.5% of the male locaBos99.1% of the female locations
were in steppe habitat. During the 2008 — 2009 detaseasons 88.7% of the male
locations and 97% of the female locations werdepse habitat.

While agricultural croplands were largely avoiddoty were occasionally
used by the snakes. In 2007 — 2009 spring core ate2f6 of all snake locations,
2.5% of male locations, and 0.9% of female locatiaere in croplands. In 2008 -
2009 complete active seasons, 8.1% of all locatibhs3% of male locations, and
3.4% of female locations were in croplands. Matesur study utilized cropland
more often than females. Other studies (Kapfet.e2@08) have noted that snakes
that frequented agricultural fields were typicdllijed either due to encounters with
agricultural machinery in the fields or vehiclesrararby roads. At our study site no
snake mortalities resulted from either of theseseau
DISCUSSION
Armenian Vipers inhabiting Koytak Province did modhibit any significant sexual
difference in MCP home range size. For many snpkeiss males often have much

larger home ranges than females. This size difterdésas been attributed to the fact
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that males often make extensive movements duretbeding season in search of
mates (Roth, 2005; Kapfer et al., 2008). Home rages for Eastern Massasauga
RattlesnakesSistrurus catenatus catenat{(l®hnson, 2000; Marshall et al., 2006;
Degregorio et al., 2011), BlacksnakBseudechis porphryiaciShine, 1987) and
Southwestern Carpet Pythohorelia spilota imbricataPearson et al., 2005) can
vary among habitats and between sexes. While nrat@se population may have
larger home ranges than females, it may be thesewtuation in another population,
and in a third population sexes may have home sofysimilar size. These observed
differences in spatial patterns between sexesatwlithat there may be a host of
factors, other than reproduction, driving home emngjize. These may include prey
availability, population density and interactionshaboth congeners and other
species (e.g. — predators) (Roth, 2005).

The similar sized home ranges for male and ferAaieenian Vipers at our
study site may be the result of the agriculturaid that are interspersed within the
steppe habitat. Both sexes of a Western Rat Skakkgherophis obsoletus
population inhabiting Remington Farms, Maryland kbgdivalent size home ranges
compared with congeners from other areas of theiespeange that showed extreme
sexual differences in home range size (Durner aate<;1993). The major difference
between Durner and Gates (1993) study site ane thiosther studies was the large
areas of crop fields that occurred within the hoareges of their snakes. While the
row crops planted at Remington Farms may not haveged the proper vegetation
structure to support a prey base for the WestetrSRakes (Durner and Gates, 1993),

the agricultural fields at our study site were pdghwith wheat, clover and alfalfa that
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theoretically should provide good foraging habitatMicrotus sppand other rodents
that constitute a major dietary item for Armeniaipé&fs. Further study involving
prey base surveys are ongoing to confirm this Hygss.

Marshall et al. (2006) noted that 50 individualeath sex would need to be
radio tracked to have sufficient statistical po\i@B) to detect differences. While no
significant difference between male and female hcenge size was detected in our
study, we acknowledge that with increased sampketbiere is the possibility that a
detectable difference may exist. With rare and etdble species, such as the
Armenian Viper, surgically implanting transmitténslarge numbers of snakes is not
feasible largely due to the small, localized popaftes. More importantly there are
ethical considerations as well as the challengexqgfiiring the required permission
to use such a large number of specimens.

While we hypothesized that home range size of ArareNipers would be
larger if they contained a larger proportion ofiagjtural croplands, only the spring
activity range for males supported this hypotheB&sed on the fact that Armenian
Vipers have a spring breeding system and mateeinvébeks following emergence
from hibernation, their spring activity ranges niegyinfluenced by agriculture due to
the concentrated areas they are actively patroifirsgarch of females and that
cropland makes up a significant proportion of thassas. During the course of an
entire active season the snakes may be usingéa@egh areas within the habitat
mosaic that the proportion of agriculture showsigmificant influence on overall

MCP home range size.
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Armenian Vipers at our study site overwhelminglgferred steppe to
cropland. This finding is not surprising for twas®ns. First, steppe is the ‘natural’
habitat and it comprised over half (64.6%) of thedg site compared to cropland
(35.8%). Secondly, there were few refuges availabtbe snakes within the
agriculture. Rocks which had once been scatteradeias now under cultivation have
been piled up between the fields in the swathgwiaining steppe. While male vipers
had more locations in agricultural croplands themdles, their movements through
croplands were not statistically different thansdhrough steppe. In the early spring
the plants in these fields are small and provicétéid cover; however, in the fall
these same fields are barren following the haraedtplowing of the fields. In the
latter case, with little to no cover, the snakesiMde vulnerable to aerial predators
such as Common Buzzardduteo butepand Short-toed Snake Eagl€srCaetus
gallicus) which frequent the area. Snakes would be expéotatbve rapidly across
these fields in the spring and autumn when vegetatover is limited, but that was
not evident based on our data. Durner and Gat€@3j1thd a similar hypothesis to
why Western Rat Snakd3antherophis obsoletussoided crop fields.

Armenian Vipers utilize a narrow range of nishlathin the landscape that
depend on the availability of rocky, steppe habif@iese areas are used for
hibernating, breeding, thermoregulating and seagcfor food. The ability to move
between these different areas is facilitated bytatborridors. Although our study
site was fragmented due to human activity, thenwgaving of steppe and cropland
does not seem to impede the movement of the silal@gyh this landscape. Wisler

et al. (2008) and Reading and Jofré (2009) notedntiportance of a mosaic of
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habitats to the conservation of the Grass Srnd&gjx natrix While the highest
priority should be given to maintaining intact palecof mountain steppe, the results
of our study suggest that maintaining a mosaicatiitats should be considered a key
element in developing conservation strategies fonéhian Vipers inhabiting areas

of agricultural development in Kotayk Province.
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Table 1. For each of the 14 radio-tracked Montivipera raddei the 95% minimum convex polygon
(MCP) home range estimations are displayed. The snake identification number (ID), sex (male: M,
female: F), snout-vent length (SVL), mass, number of days monitored (Days) and total number of
observations (Obs.) are also provided.

ID Sex SVL (cm) Mass (g) Days Obs. MCP 95%
26 M 75.0 235.0 118 18 38.7
27 M 72.9 205.0 101 13 16.6
29 M 64.8 160.0 185 20 7.3
30 M 78.7 220.0 185 20 19.1
31 M 61.5 110.0 185 19 38.5
32 F 62.0 112.0 185 21 41.9
33 M 82.6 205.0 185 14 17.6
34 F 72.6 155.0 185 20 5.0
36 F 66.5 111.0 185 14 84.8
38 F 73.9 156.0 185 18 54.8
39 F 57.3 111.0 185 18 5.5
72 F 65.6 164.0 140 14 1.7
73 M 68.4 166.0 138 13 8.9
74 M 65.1 160.0 140 14 3.9
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FIGURE LEGENDS

Figure 1. Study site in Koytak Province, Armenidhnan area of 480.2 ha.

Figure 2. Minimum convex polygon (MCP) home ranfygamale Armenian Vipers
tracked during 2008 — 2009 complete seasons.

Figure 3. Minimum convex polygon (MCP) home ranfigdemale Armenian Vipers
tracked during 2008 — 2009 complete seasons.

Figure 4. Impact of the proportion of cropland oalen2007 — 2009 spring core area

minimum convex polygon (MCP) home range size.
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Chapter 2: Spatial Ecology of Armenian VipersMontivipera raddei, in Two

Different Landscapes: Human-Modified vs. RecoveredNatural

Ettling, J. A., L. A. Aghasyan, A. L. Aghasyan aRdG. Parker, unpublished

ABSTRACT: Armenian VipersMontivipera raddeihave a range that includes
Armenia and portions of eastern Turkey, Azerbagad northwestern Iran. They
have a fragmented and restricted distribution lagtbeen severely impacted by
human activities, namely habitat alteration/degtiadaand over-collection for the pet
trade, over the past 40 years. We used radiotetgrntestudy and compare the spatial
ecology of Armenian Vipers inhabiting a human-mitiflandscape near Abovian in
Koytak Province and a recovered-natural landscaighikahogh State Reserve in
Syunik Province. Radio-tracking at Abovian tookgaaluring 2008 — 2009 (8 males,
6 females) and during 2011 — 2012 at Shikahogle Raterve (7 males, 4 females).
Prey surveys were conducted at both sites to eteatbha abundance of small
mammals. We found significant differences betwéentivo populations in terms of
home range size and mean movements. Home range@rements were

significantly larger in the human-modified landsea@/e found no difference in body
condition between the two landscapes or a corogldietween body condition and
home range size. Prey abundance was significaighehin the recovered-natural
landscape. While the conservation of intact natahitat should be given the highest
priority, management strategies in agriculturablssapes should include both the

inclusion of corridors to allow for movement betwggarcels of habitat and the
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maintenance of high quality habitat within thesediscapes to provide cover and food
for both small mammals and vipers.

INTRODUCTION

The ability to effectively manage threatened andimigered species depends on
having detailed knowledge of their spatial ecol@@urbian et al., 2008). Home
range size and movement in snakes can be influamcachumber of different factors
including sex, body size, age, season and repriv@ucbndition (Gregory et al., 1987,
Macartney et al., 1988). Additionally, the availdipiand distribution of resources
including prey and refuges can influence spatialinssnakes (Madsen and Shine,
1996; Pringle et al., 2003; Roe et al. 2004). Astberms the behavior of snakes is
directly associated with the ability to maintainappropriate body temperature. The
accessibility and spacing of thermoregulation sigastherefore have a profound
effect on both spatial use and foraging abilityo@h-Demers et al., 2003; Whitaker
and Shine, 2002). Heterogeneous habitats havedbeswn to provide better
opportunities for thermoregulation, shelter andymleundance (Blouin-Demers and
Weatherhead, 2001; Anderson et al., 2003; Pringi ,e2003; Row and Blouin-
Demers, 2006a; Wilgers and Horne, 2007).

When resources become less abundant and/or afeédjuality there is
typically an increase in home range size (HareatatiBunnel, 1979). For species
with wide ranging geographic distributions (e$jstrurus catenatus catenajus
home ranges have been shown to be larger at thigenoredge of the range (Johnson,
2000; Degregorio et al., 2011). This increase iméeange size has been attributed

to the lower primary productivity of northern cliteehabitats (Steele et al., 1997). In
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temperate snake species (eldnamnophis sirtalisCrotalus viridig that utilize one
habitat for hibernation and another for foragirgne populations have been noted to
have relatively small home ranges while others havrg large home ranges (Gregory,
1984; Macartney et al., 1988). These populatidiemrinces in home range size and
movements have been linked to resource distrib@r@hquality (Gregory et al.,
1987). Anthropogenic habitat changes most ofterainegly impact resources for
snakes, notably shelter and prey (Weatherhead au$é&m, 2009). However, in some
cases these alterations can enhance resourcebdigil&uropean Adders/ipera
berus in Sweden have benefitted from the mosaic lanuscé natural habitat and
cropland which supports increased populations @f torimary prey item, small
rodents (Weatherhead and Madsen, 2009).

Armenian VipersMontivipera raddeiare one of nine recognized species
included in the mountain vipeMpntiviperg complex of Western Asia (Nilson and
Andrén, 1986; Nilson et al., 1999; Rajabizadeh.e2@11). Due to their isolated and
restricted distributions in remote, mountainousitadb we know very little about
their natural history (Nilson and Andrén, 1986)mfanian Vipers have a distribution
that includes eastern Turkey, Armenia, Azerbaigard northwestern Iran (Nilson and
Andrén, 1986). They occur in sparsely vegetatelyrbabitats at elevations of
1100 — 2400 meters (Darevsky, 1966; Flardh, 1988h&rek, 1984). A combination
of threats including overgrazing, conversion ofitettio agricultural fields and over-
collection for the pet trade has severely impaétadenian Viper populations over
the past 40 years (Nilson et al., 2008). Populatiambers have dropped from 20 —

50 specimens/ha noted in the 1960s to current astsrof 4 — 10 specimens/ha
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(Mallow et al., 2003; Nilson et al., 2008). The Agmian Viper has been classified as
Vulnerable by the Republic of Armenia (Aghasyan Kiathshyan, 2010) and as Near
Threatened by the International Union for the Covest®on of Nature (IUCN) (Nilson
et al., 2008).

Ettling et al. (2013) studied the spatial ecolagy habitat selection of
Armenian Vipers inhabiting a human-modified habgansisting of a mosaic of
overgrazed mountain steppe and agricultural fidldsile no significant differences
were found between sexes for home range size oement rates through areas of
strictly steppe versus areas with interspersedanopduring complete activity
seasons, the spring home ranges of male vipersagsesderably larger if they
included a portion of cropland. Both sexes of vgpaverwhelmingly preferred the
natural steppe habitat to croplands (Ettling et26113). The primary objective of the
present study was to compare the spatial ecologyrgenian Vipers inhabiting a
human-modified landscape to ones inhabiting a re@mlsnatural landscape.
Specifically, we describe home range sizes and mewés for complete activity
seasons, determine whether there are differenqa®ynavailability between the two
landscapes, and evaluate whether body conditiagassbetween a human-modified
and a recovered-natural landscape. We expectegrgaabundance would be higher
in the recovered-natural landscape where overgyggaiessures were absent. We also
expected that snakes with smaller home ranges wiwaud better body condition.

Due to the large amount of spatial use variati@t #xists between sexes in snakes
we made no hypotheses concerning the effect obserovements or home range

size (Pearson et al., 2005; Marshall et al., 2&ah and Greene, 2006). As a result
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of the lack of difference in home range size betwibe sexes in Armenian Vipers
(Ettling et al., 2013) we conducted home rangerandement analyses between
populations using combined data of males and fesnale

MATERIALS AND METHODS

Study sites

We studied the spatial ecology of the Armenian Yipgwo different landscapes:
human-modified (Study Site 1) and recovered-nati8aldy Site 2). Geographical
Information Systems (GIS; ArcMap 9.2, ESRI, Red®rdA) and Hawth's Tools
Extension (Version 3.26, H.L. Beyer, 2006) weredusecalculate the boundaries of
both study sitepost hodby generating minimum convex polygons (MCP) ushrey
combined locality data of all radio-tracked vipatsach site. The area of Study Sites
1 and 2 were 480.2 ha and 41.2 ha, respectively digtance between the two study
sites was approximately 397.0 km.

Study Site 1 was located near the village of AbowaKotyak Province,
Armenia. Abovian is approximately 23 km northeddshe capital city of Yerevan.
The landscape has been heavily impacted by hunracubigral activities and
consists of a mosaic of cropland and overgrazedntagusteppe. The primary
cultivated crops are alfalfdjedicago sativacommon wheatflriticum aestivumand
red clover,Trifolium pratensgEttling et al., 2013). The area of the croplanitin
the study site was 169.8 ha (Ettling et al., 20I8f overgrazed mountain steppe
occurs at elevations of 1,200 — 2,200 m and is cm@g of a mixture of rocky
outcroppings and steppe vegetation including comyaorow, Achillea millefolium

Siberian spurgesuphorbia seguierianayellow starthistleCentaurea solstitialis
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barrel medicMedicago coeruleaand common immortell&eranthemum
squarrosun(Adamian and Klem 1997; Ettling et al., 2013). Mtain steppe within
the study site had an area of 310.4 ha (Ettlireg.e2013). Study Site 1 will be
denoted in the remainder of this paper as Abovian.

Study Site 2 was located on Meghri Ridge in ShikgthState Reserve 52.0
km southeast of Shikahogh village in Syunik Progingrmenia. Meghri Ridge has
an elevation of 2,200+ m and the habitat is comedi@igh mountain steppe. The
ridgelines are composed of scattered rocky outcaopstalus slopes. The ground
vegetation consisted of grasses and shrubs witbaS&an hornbeamymygdalus
fenzeliana European asltkraxinus excelsigrand oaksQuercusspp., in the valleys
(Adamian and Klem 1997; Aivazyan 2006). While Shikgh State Reserve was
established as a protected area in 1958, the dregewe conducted our research was
not annexed as part of the Reserve until 7 Septe@tlf¥6. Prior to this date
shepherds used these mountain meadows for livegtazikng during the summer
months. This practice was halted after the inclusibthe area as part of the Reserve
and the native plant community has since recoverés natural state (Aghasyan,
pers. comm.). Study Site 2 will be denoted as 3tagha throughout the remainder of
this paper.

Capture and data collection techniques

Armenian Vipers were collected between early May late June at both sites by
searching areas where snakes had previously besmeéated, including known
hibernacula, rocky slopes and under human-genedatieds (e.g., corrugated sheet

metal, roofing tiles). Snake hooks and tongs weesluo capture the snakes, and
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clear acrylic tubes were used for safe restrainhduwata collection and surgical
procedures. Each snake was weighed and measutteglnearest 0.5 g and 0.5 cm,
respectively. Measurements recorded included hathtsvent length (SVL) and tall
length (TL). The sex of each individual was deteraal by visually examining tail
length and by using the ‘popping’ method to eveitripenes in males. Females were
evaluated for follicular development by manual pélpn (Fitch, 1987). Passive
integrated transponders (PIT) tags (Avid Identifima Systems, Inc., Norco, CA)
were implanted subcutaneously to provide a meafgfe identification.
Radiotelemetry

Snakes designated to receive a transmitter wereikefoth sacks and maintained at
warm temperatures, before and after surgery. Ho®ystems, Ltd. (Ontario, Canada)
model SB-2 (3.8 and 5.0 g with 6 and 12 month ayetaattery life, respectively)
transmitters were used for this study. The trartensitwere less than 5% of the body
mass of the individual snakes. Surgical implantatbthe transmitters followed the
Reinert and Cundall (1982) methodology and wasoperéd by a trained veterinarian.
Snakes were typically held for 24 — 48 hours follogvsurgery in order to monitor
behavior and ensure that there were no surgicaptications. Each snake was then
released at the location where they were originzliytured.

During the five years of the study a total of 8alees were implanted with
transmitters. The number of radio-tracked snakeeddy year and site: Abovian
(2008 = 8 males, 7 females; 2009 = 2 males, 1 fehaaid Shikahogh (2010 =4
males, 2 females; 2011 = 3 males; 2012 = 5 malé=ndles). Due to mortality only

a subset of snakes were tracked for a completeeastiason: Abovian (2008 = 6
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males, 5 females; 2009 = 2 males, 1 female) ankbSbgh (2010 = 2 males, 1
female; 2011 = 3 males; 2012 = 4 males; 4 femat@sly two of 37 snakes (5.4%)
died from what were thought to be surgical compidce. Over the five years 28
snakes (Abovian = 8 males, 6 females, Table 1;&bmgh = 9 males, 5 females,
Table 2) were tracked for a complete season (AlmovidMay-October; Shikahogh =
late June-early September). Radio-transmitteredefsram Vipers were collectively
located a total of 366 times between 2008 and 2@itR,each snake being located an
average of 13.1 (0.8 SE) times.

After release, at the point of capture, an attewgg made to locate each
shake a minimum of one time weekly using a handh&®X-1000S radio receiver
(Wildlife Materials, Inc., Murphysboro, IL) and aagi antenna. A handheld
geographic positioning system (GPS; Meridian GP&g#llan, Santa Clara, CA) was
used to record the geographic location of eachesrfdéites on macrohabitat and
behavior were also recorded. In an effort to awadidring the snake’s behavior we
minimized the lifting of rocks and other debriwvi$ual confirmation could not be
made following triangulation of the transmitterrsady However, if the same location
was noted on several subsequent visits the objstifted to confirm that the snake
was still alive. If discovered dead the carcasthefsnake was thoroughly examined
to attempt to ascertain the cause of death. Oraigesawith nine or more locations
during a complete active season were includedatiapnalyses: 14 snakes for
Abovian (2008 = 6 males, 5 females; 2009 = 2 mdldemale) and 11 snakes for

Shikahogh (2011 = 3males; 2012 = 4 males, 4 fernales
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Prey surveys

We conducted small mammal trapping to assess whitthiee were differences in
prey abundance between the human-modified ancetieered-natural landscapes.
Trapping was conducted at both study sites in dmadeSeptember 2011 and in July
2012. The traps were set in locations where teleradtsnakes had been found during
the active season. We used 40 Sherman live trad$ seeters apart to establish a 40
m x 100 m grid. Trapping was conducted for threesegutive nights at both sites.
Traps were baited each evening with a small piée@ @atmeal bar and checked in
the morning prior to rising temperatures. All captismall mammals were identified
to species, weighed and marked for future idemtifosn before being released at the
site of capture.

Analyses

We used Geographic Information Systems (GIS; AreV&2 and ArcMap 9.2, ESRI,
Redlands, CA) software to analyze the spatial ggotd Armenian Vipers. We
followed the recommendation of Row and Blouin-Desn@006b) and estimated the
maximum home range for each snake using a mininamiex polygon (MCP) and a
combination of fixed kernel density estimates (K2BY MCP to quantify the core
areas of use. To accomplish the latter we adjusedmoothing factor of the 95%
KDE until the area equaled that of the MCP homegedior each snake. Using this
method the 50% core areas of use were quantifigdnthe MCP. The MCP home
ranges were calculated using Hawth’s Tool Extenguersion 3.26, H.L. Beyer,

2006) and 95%/50% KDE-MCP home ranges were caktlasing the Animal
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Movement Extension (Vers. 1.1, P.N. Hooge and Bhé&mlaub, Alaska Biological
Science Center, U.S. Geological Survey, Anchorag§g,1997).

Hawth’s Tool Extension (Version 3.26, H.L. Bey2006) was used to
calculate the straight line distance (m) betweerseoutive movements. The total
distance that an individual moved over an entitezaseason was calculated as the
summation of all movements. The methodology empuldye Roth and Greene (2006)
was used to calculate the mean distance movedgyeardd the mean distance moved
per move.

We investigated variation in spatial use betweelividuals at both study sites
by evaluating body condition. We generated a regpasof the natural log (In) mass
on natural log (In) SVL for each snake using bodyght and SVL data from both
radio tracked snakes and PIT tagged snakes froarkracapture study at both sites.
The residuals resulting from these regressions weed as a body condition index
(BCI) in a correlation analysis of BCI against MEP home range for each snake
(Roth and Green, 2006).

Due to our data often being non-normally distriloutes employed
nonparametric statistical tests to assess diffeencspatial use. Mann-Whitney
tests were used to evaluate differences in hongeraize, mean distance movements
and body condition between snakes at both studg.dftearson Correlation analyses
were used to evaluate the possible relationshiwd®st body condition and MCP size.
Chi-squared analyses were used to evaluate whateg@bundance
(presence/absence) differed between the human-imda@ihd recovered-natural

landscapes. The Schnabel Index was used to estiotrt population numbers in
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the two landscapes. Statistical tests were condwgmg StatistiXL 2013.1.02
(StatistiXL, Nedlands, Western Australia) and Popl$@.2.3 (Hood, G. M. 2010.

http://www.poptools.orpsoftware.

RESULTS

Home range and movements

Minimum convex polygon home range for 2008 — 200@plete active seasons
averaged 24.6 ha + 6.5 SE for Abovian ([Fig. 2]4lEal] [n = 14]) and for the

2011 — 2012 active seasons averaged 4.6 ha = 2{6r&hikahogh ([Fig. 3] [Table 2]
[n = 11]). Mann-Whitney tests revealed a significaiffedence in home range size
between snakes inhabiting the human-modified laaquseersus the recovered-
natural landscapéJ(= 133.0, P = 0.002

The 50% fixed kernel density estimates for 20@969 complete active
seasons averaged 2.9 ha + 0.8 SE for Abovian (ffigrable 1] [n = 14]) and for the
2011 — 2012 active seasons averaged 0.7 ha * Otdr &hikahogh ([Fig. 5] [Table 2]
[n = 11]). Mann-Whitney tests revealed a significdifference in the 50% KDE-
MCP between snakes in the two different landscépges125.0, P = 0.0}

Mean distance moved per day in 2008 - 2009 compldiee seasons
averaged 17.8 m/day + 2.1 SE for Aboviarr(14) and for the 2011 — 2012 active
seasons averaged 10.2 m/day + 1.9 SE for Shikafmoglil). Mean distance per
move for 2008 — 2009 complete active seasons agerh8.3 m/move * 2.2 SE for
Abovian and for the 2011 — 2012 active seasonsageer 10.3 m/move + 1.9 SE for

Shikahogh. A significant difference was detectetivieen Abovian and Shikahogh
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for both mean distance moved per ddy=120.5, P = 0.02 and mean distance per
move U = 125.5, P = 0.0

Body condition and correlation of BCI to MCP

Despite the significant difference in home range sietween the Abovian and
Shikahogh populations there was no significaned#hce in body condition between
the two sites = 2014.0, P = 0.89 Mean mass for Abovian snakes averaged 172.8
g+8.4SE (n=73)and 178.5 g £ 12.3 SE (n =f66p5hikahogh. We found no
support for our hypothesis that snakes with béttety condition would have smaller
home ranges. There was no significant correldietween BCl and MCP home
range for either the 2008 — 2009 complete actiesaes for Aboviant=-1.51, P =
0.16 or the 2011 — 2012 complete active seasons fikaBogh { = -0.10, P = 0.93.
Prey surveys

We found strong support for our hypothesis thay mtgundance would be higher in
the recovered-natural landscape which was not stdajdo the pressures of livestock
overgrazing. Using data from the 680 total traghtsga significant difference (Table
3) in the abundance of small mammals was detectden the two study sites
(x*=34.8; df =1, n = 48, P < 0.001). The combinedem the three survey
periods was also used to estimate the small mamaomailations in both landscapes.
The population numbers of small mammals was sicgmfily higher in the recovered-
natural landscape (Shikahogh: 129) as compardtetbuman-modified landscape

(Abovian: 10).
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DISCUSSION
Armenian Vipers inhabiting Abovian had average M& 50% KDE-MCP home
range sizes that were significantly different frdme viper population at Shikahogh.
In fact, there was a five fold difference in MCPmrange size between the two the
sites with the larger home ranges being recordedrfakes inhabiting the human-
modified landscape. Significant differences in hawrgge size have been
documented between populations of other snakeespelbihe home range sizes of
Western Rat SnakeBantherophis obsoletuen Remington Farms, Marylangere
larger than congeners from Ontario, Canada. Thye lareas of soybea@J)ycine max
sunflower,Helianthusspp., rye Secale cerealeand cornZea maysfields that were
part of the home range of the population at Rermimdtarms were the primary factor
attributed to the larger home range sizes (Durndr@ates, 1993). Similarly, Grass
SnakesNatrix natrix, in Switzerland (Wisler et al., 2008) had signifidgrarger (40
ha) home ranges compared to a Swedish populatohgR(Madsen, 1984). While
the Swiss Grass Snake’s had agriculture withirr the@me ranges, the low density of
nesting sites and prey were both considered factorgibuting to the larger home
range sizes (Wisler et al., 2008). The observdérifices in home range size
between viper populations in our study as welldtieer aforementioned studies
suggests that snakes inhabiting high quality htgitdoere resources are more
abundant often have smaller home ranges than simal@s quality habitats (Stickel
and Cope, 1947; Madsen, 1984; Durner and Gate$8, 19&ler et al., 2008).

Prey surveys conducted to determine if the abureglahsmall mammals

differed between a human-modified landscape (Ab9wed a recovered-natural
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landscape (Shikahogh) indicated that small mammeate more abundant in the
recovered-natural landscape. While the abundansmall mammal populations
might be expected to be higher in areas with foeagkcereal crops, such as alfalfa,
Medicago sativaand common wheatriticum aestivumrespectively, that was not
the case at Abovian. The lower than expected abhoedaf small mammals at
Abovian may be due to the lack of sufficient vetjetacover, resulting from
overgrazing, in the steppe habitat surroundingatrécultural fields. This overgrazed
habitat likely reduces the availability of both &éband burrows for small mammals,
and may increase their vulnerability to predatigndptors and small carnivores
(Torre et al., 2007; Laidlaw et al., 2012). Fischeal. (2011) noted that the
abundance of small mammals, in terms of both dityeasid richness, was higher in
areas where agriculture was adjacent to compledskzapes that provided quality
shelter and habitat connectivity. In contrast ® dlvergrazed steppe habitat at
Abovian, the recovered vegetation at Shikahoghhredbeights of 1 — 2 meters
during summer months and provided good cover aod for the resident small
mammals. Higher rodent densities have been direotiyelated with vegetation that
is taller and of thicker density (Smit et al., 20Ubrre et al., 2007; Ascenséo et al.,
2012). While radio-tracking vipers at Shikahogh Bmeammals were routinely seen
scurrying about on the ground (Ettling, pers. ab&dditionally, of the 73 Armenian
Vipers that were collected at Abovian we never Aathgle snake regurgitate a small
mammal while being held in cloth bags for data pesing. On the other hand eight
(14.3%) of the 56 vipers collected at Shikahoghurgigated single or multiple small

mammals (Ettling, unpub. data). The lack of vegetatomplexity at Abovian is the
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likely factor impacting the observed differencesimall mammal abundance between
the two sites.

Energetics and the availability of prey are oftaggested as the drivers of
variation that we observe in movements and homgeraize in snakes (Madsen and
Shine, 1996). Additionally, it has been hypotheditteat larger snakes have larger
energy requirements than smaller snakes and therstiould have larger home
ranges to meet these demands (Shine, 1987). Aliiezlya we hypothesized that
snakes with better body condition would have sméltane ranges and shorter
movements than snakes with poorer body conditi@virdy better body condition
and smaller spatial activity was used to infer tlegburces (i.e. — prey species) were
more abundant in a given habitat (Gregory et 887). While there was a significant
difference in terms of home range size, mean mowgrand prey abundance
between the two study sites, there was no coroglati our study between BCI and
MCP home range size for either population. In fdetre was no difference in body
condition between the two study sites, suggeshag\ipers inhabiting the Abovian
site have larger home ranges than the Shikahoghlgtogn due to the scarcity of
small mammals and the need to move further in dawlénd sufficient food. While
small mammals constitute a large portion of the @émran Viper’s diet, nestling birds
and orthopteran insects (Ettling, pers. obs.) @ @nsumed. Passerine birds nest in
low shrubs as well as on rock ledges at AbovianAmaenian Vipers have been
observed eating hatchlings (Hakobian and Martirospars. obs.). In addition, the
steppe habitat supports a large diversity of ortdx@ms (Ettling, pers. obs.). Prey

specialization has been documented in a large nuailtaxa and can be site-specific
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depending on the abundance of a particular pregiepéBolnick et al., 2003).
Whether diet specialization on birds or insectsdw@zirred at Abovian due to the low
abundance of small mammals is a question that regjturther investigation.

Swaths of steppe habitat provide corridors betwberagricultural fields at
Abovian and allow for movement between hibernaamnia foraging areas as well as
gene flow between neighboring hibernacula (Etteéhgl., 2013; Ettling et al., unpub.
data). While the vipers inhabiting this human-mmdiflandscape do not appear to
have their movements impeded, the results of tmisent study indicate that
overgrazing of the steppe surrounding the agricellhas dramatically impacted the
abundance of small mammals suggesting that thesvigeve larger home ranges in
order to find enough food during their active seadthe discontinuance of grazing at
Shikahogh over a seven year period appeared tdibdreeabundance of small
mammals. While conserving intact native habitaidth@always be the highest
priority, the development of conservation managdamgategies for agricultural
areas, such as Abovian, should not only includertamtenance of adequate habitat
corridors, but also the maintenance of high qudlélitat that will provide good

shelter and food for both predator and prey.
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Table 1. For each of the 14 radio-tracked Montivipera raddei at Abovian the 95% minimum convex polygon (MCP) and 50% kernel density
estimation — minimum convex polygon (KDE-MCP 50%) home range estimations, in hectares, are displayed. The snake identification number
(ID), sex (male: M, female: F), snout-vent length (SVL), mass, number of days monitored (Days) and total number of observations (Obs.) are
also provided.

ID Sex SVL (cm) Mass (g) Days Obs. MCP 95% KDE-MCP 50%
26 M 75.0 235.0 118 18 38.7 3.2
27 M 72.9 205.0 101 13 16.6 1.6
29 M 64.8 160.0 185 20 7.3 1.2
30 M 78.7 220.0 185 20 19.1 2.6
31 M 61.5 110.0 185 19 38.5 6.1
32 F 62.0 112.0 185 21 41.9 3.8
33 M 82.6 205.0 185 14 17.6 2.1
34 F 72.6 155.0 185 20 5.0 0.5
36 F 66.5 111.0 185 14 84.8 10.5
38 F 73.9 156.0 185 18 54.8 5.6
39 F 57.3 111.0 185 18 5.5 14
72 F 65.6 164.0 140 14 1.7 0.1
73 M 68.4 166.0 138 13 8.9 1.3

74 M 65.1 160.0 140 14 3.9 0.3



Table 2. For each of the 11 radio-tracked Montivipera raddei at Shikahogh the 95% minimum convex polygon (MCP) and 50% kernel density
estimation — minimum convex polygon (KDE-MCP 50%) home range estimations, in hectares, are displayed. The snake identification number
(ID), sex (male: M, female: F), snout-vent length (SVL), mass, number of days monitored (Days) and total number of observations (Obs.) are

also provided.

ID

92

97

103

106

107

117

118

120

121

122

123

Sex

<

f = 7

m

SVL (cm)
78.6
82.0
57.8
58.5
66.2
54.7
56.6
66.3
65.9
83.2

72.8

Mass (g)
331.0
329.0
156.0
154.0
219.0
131.0
116.0
241.0
280.0
365.0

289.0

Days

81

103

91

103

104

81

81

81

91

81

91

Obs.

10

10

10

10

10

10

MCP 95%

14

11.0

1.1

5.7

22.5

2.5

0.6

14

13

2.5

1.0

KDE-MCP 50%

0.2

1.6

0.2

0.5

4.0

0.4

0.07

0.1

0.4

0.3

0.2

62



Table 3. Small mammal relative abundance by Study Site (2011 — 2012). Based on 680 total trap nights. Numbers reflect unique individuals
only.

Species Abovian Shikahogh
Meriones persicus 1 0
Sylvaemus uralensis 4 0
Apodemys uralensis 0 14
Microtus arvalis 0 28

Sorex volnuchini 0 1

Capture Totals 5 43



FIGURE LEGENDS

Figure 1. Study sites in Abovian, Koytak Provin&tudy Site 1) and Shikahogh State
Reserve, Syunik Province (Study Site 2), Armenia.

Figure 2. Minimum convex polygon (MCP) home ranfygsArmenian Vipers

tracked during 2008 — 2009 at Abovian (Study Sjte 1

Figure 3. Minimum convex polygon (MCP) home ranfygsArmenian Vipers

tracked during 2011 — 2012 at Shikahogh (Study Bite

Figure 4. Representative fixed kernel density estir- minimum convex polygons
(KDE-MCP) for Armenian Vipers #32 and #36 trackertidg 2008 — 2009 at
Abovian (Study Site 1). The 50% KDE-MCP core arefagse are highlighted in blue.
Figure 5. Representative fixed kernel density estirr- minimum convex polygons
(KDE-MCP) for Armenian Vipers #107 and #118 trackiegling 2011 — 2012 at
Shikahogh (Study Site 2). The 50% KDE-MCP core sudaise are highlighted in

blue.
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Chapter 3: Genetic Diversity and Population Structue of Armenian Vipers,

Montivipera raddei, in Two Different Landscapes

Ettling, J. A. and P. G. Parker, unpublished

ABSTRACT: Armenian VipersMontivipera raddehave a fragmented distribution
in portions of eastern Turkey, Azerbaijan, Armemag northwestern Iran.
Anthropogenic landscape changes and over-colletbiotine pet trade have resulted
in drastic population declines over the past feoatles. Recent radiotelemetry data
demonstrated that Armenian Vipers are able to nsaksonal movements in an
agriculture-dominated landscape due to the avéithabf habitat corridors. While we
have some insights into the spatial ecology andt&ialise by the species, we know
nothing about their population structure. We exadithe genetic diversity and
population structure of Armenian Vipers inhabiterg agricultural landscape as well
as recoverd-natural landscape. Seven microsateltitevere used to genotype 63
individuals representing two sampling locationg#ath of the two sites. There were
no indications of population bottleneck within asfythe sampling locations. While
we found evidence of inbreeding at one of the locatin the agricultural landscape,
the Fstvalue indicates that there is still genetic exgeabetween the two locations at
this site. We found no significant differentiatibatween sampling locations at the
local scale (Er values of 0.03 to 0.006), but highly significarffetentiation between
the geographically separated populations (Bnged from 0.14 to 0.20). The
Bayesian clustering algorithm STRUCTURE also ideaditwo distinct population
clusters, one consisting of the two locations waittiie agricultural landscape and the

other consisting of the two locations within theaeered-natural landscape.
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Conservation efforts should focus on the mainteearitabitat corridors that allow
for gene flow and the management of the geograjfhwaparated populations as
independent genetic units.
INTRODUCTION

The survival of species depends on access to sitabitat, and habitat loss
is considered to be a major contributing factospecies loss/extinction around the
world (Fahrig, 1997; Thomas et al., 2004). An agged concern in conservation
biology is habitat fragmentation (Meffe and Carr@®97), a landscape-scale process
that involves both the loss and subdivision of tetl{iiFahrig, 2003). There is inherent
patchiness in nature (landscape heterogeneityydlaits from ecological and
geological processes, as well as spatial and teahpariation in the abundance and
distribution of resources (Wiens, 1997). Howevergonservation biology habitat
fragmentation typically focuses on anthropogennciscape heterogeneity and the
associated patterns and outcomes (Collinge, 2009).

Human-fragmented landscapes most likely have altierectional qualities
(i.e. — reduced connectivity, greater edge effeidi®) to differences in landscape
structure and their contrast with adjoining haltiyaes (Forman, 1995; Collinge,
2009). Examining the genetic structure of a poparein relation to landscape
structure is a particularly powerful method to laikhe impact of fragmentation on
movement of individuals within a population (Storé al., 2007).

The degree of genetic structure at large spataésas often much higher for
reptiles, such as snakes, than for most birds ardmals (Ward et al., 1993).

Beyond the inherent differences in mobility, snategsuire hibernacula and
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thermoregulation microhabitats that may be heteregesly distributed in the
landscape and this can contribute to restricte@ §lew even at local scales (Reinert,
1993). Genetic analyses may provide the best apprioa assessing whether these
ecological factors have impacted dispersal andesjuent mating behaviors (Gibbs
and Weatherhead, 2001).

Eastern Massasauga Rattlesnalsestrurus c. catenatu$ibbs et al., 1997)
and AddersYipera berugUrsenbacher et al., 2009) showed significant
differentiation not only between geographicallyagped populations, but also
between neighboring populations where landscapetste did not impede dispersal.
These studies suggested that there is very linditgzersal, minimal mate-searching
behavior, or both. By contrast, Timber Rattlesnakeestalus horridusshowed only
modest differentiation (average= 0.02) between neighboring hibernacula,
indicating that there is regular gene flow betwtem (Clark et al., 2008). There
was also a significant correlation between gerditierentiation and the availability
of thermoregulation sites, suggesting that gene Between adjacent hibernacula
may be increased through shared basking sitesgangvinales with easy access to
females during the breeding season (Bushar €t398; Clark et al., 2008).

Similar patterns of either significant or modestefec differentiation at the
local level have been noted in other reptiles,udtig Blue Mountain Water Skinks,
Eulamprus leuraensi®ubey and Shine, 2010) and Ornate Box Turflesrapene
ornata ornata(Richtsmeier et al., 2008), respectively. The ressof all the
aforementioned studies underscore the importanoceegrating landscape features

and individual behaviors into population genetialsses (Clark et al., 2008).

72



The Armenian ViperMontivipera raddehas a distribution that includes
eastern Turkey, Armenia, Azerbaijan, and northwedian (Nilson and Andrén,
1986). Habitat alteration due to land conversiarafgricultural croplands and
livestock overgrazing and overexploitation of paidns for the pet trade are the
major threats impacting Armenian Viper populatigNgson et al., 2008). Over the
past 40 years there has been a steady declinguigtion numbers: 20 — 50
specimens/ha in the 1960s to current estimates-af@ specimens/ha (Darevsky,
1966; Mallow et al., 2003; Nilson et al., 2008). &sesult of this decline the
Republic of Armenia has listed the species as \fralile (Aghasyan and Kalashyan,
2010) and the International Union for the Conseovaetf Nature (IUCN) has listed it
as Near Threatened (Nilson et al., 2008).

To date, genetic studies have focused on the pagktg relationships of the
nine species comprisingontiviperaand the taxonomic position of the genus within
Viperidae (Nilson et al., 1999; Lenk et al., 2004d. studies have examined the
population structure of the Armenian Viper or aiyhe otheMontiviperaspecies.
The objectives of this study were to quantify tleaetic diversity of Armenian Vipers
from sampling sites in two different landscapesrexe the extent of structure
within and between these populations, and delinghtgher there were specific
genetic units that require conservation effortas®&l on the results of our
radiotelemetry data (Ettling et al., 2013; Ettletgal., unpub. data) we predicted that
there would be no structure among the two sampdicgtions within either of the
two study sites. We also predicted that there wbeldtrong genetic differentiation

between the geographically separated Abovian aikchBbgh populations.
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METHODS
Study sites and sample collection
Our study was conducted at two sites (Fig.1) witfeent landscape characteristics.
The first study site was located 23 km northeastekvan, Armenia in Kotyak
Province near the town of Abovian. The site hasitsefbjected to considerable
human alteration and is comprised of a mosaic otalgural fields and remnant
mountain steppe habitat. The remaining tracts aimteon steppe have been heavily
impacted by livestock overgrazing (Ettling et 2D13). Mountain steppe occurs at
elevations between 1,200 — 2,200 m with rocky agsiinterspersed with grasses
and shrubs (Adamian and Klem, 1997). The secordysitle was located 52 km
southeast of Shikahogh village, Syunik Provincévimghri Ridge in Shikahogh State
Reserve. Meghri ridge has an elevation of 2,200andhis classified as high
mountain steppe/meadow. Rocky outcrops are scdtédoag the ridgelines. Grasses
and shrubs are the common ground cover with d@kercusspp.), European ash
(Fraxinus excelsigrand Caucasian hornbeanfygdalus fenzelianan the valleys
(Adamian and Klem, 1997; Aivazyan, 2006). Grazingctices on Meghri ridge were
halted in 2006 which has allowed the plants to graler and denser.

We collected 12 — 18 genetic samples from eactvofidcations within both
study sites over a five year period (June 2006, Mdyne 2009, October 2009,
June — August 2010, June 2011, and September -b€@@011) representing a total
of 63 individuals. The sampling locations were ladeas North Den and South Den
at Abovian and as Meghri Ridge and Campsite atélugh State Reserve. Snakes

were captured by hand using snake hooks and tQigar acrylic tubes were used to
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restrain the snakes during data collection. Weectdld 30 — 5Q.L of blood from the
caudal vein of each snake using an insulin syrargkpreserved it in 500 — 7QQ of
lysis buffer (Longmire et al., 1998). We then tarlout-vent length (SVL) and talil
length (TL) measurements to the nearest 0.5 cndy Baass was recorded to the
nearest 0.5 g. Passive integrated transponder$ {&J3 (Avid Identification Systems,
Inc., Norco, CA) were implanted subcutaneouslyllmaafor future identification.
Microsatellite genotyping

Proteinase K was added to all blood samples priordubation overnight. Extraction
of DNA used standard phenol/chloroform procedugssr{brook et al., 1989)
followed by dialysis in IXTNE(10mM Tris-HCI, 10 mM NaCl, 2 mM EDTA). We
estimated the concentration of DNA in each sampiegia spectrometer (Bio-Tek
Instruments, Inc.) and adjusted them to 2Qhgibrking concentrations for use in
polymerase chain reactions (PCR).

A total of 13 microsatellite loci were screenedh veere polymorphic, and
seven were amplified in 63 individuals. The micte#ides were isolated from
Montivipera raddessamples at Dr. Travis Glenn’s laboratory locatethe Savannah
River Ecology Laboratory (Aiken, SC) and primerrpavere designed. We amplified
loci MoRa02, MoRa03, MoRa05, MoRa06, MoRal7, MoRai&l MoRa21 using a
My Cycler thermal cycler (Bio Rad) using the follmg method: PCR reaction
conditions (12.5ul) contained 10 mM Tris pH 8.4, 50.0 mM KCL, 2ug/ml BSA,
0.4 uM unlabeled primer, 0.08M tag labeled primer, 0.36M universal dye-labeled
primer, 2.0 mM MgCJ, 0.15 mM dNTPs, 0.5 units JumpStart Taq DNA Polsase

(Sigma), and 20-40 ng DNA template. AmplificatiodnRCR products used the
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touchdown thermal cycling program (Don et al., 199Ihe protocol was as follows:
the touchdown cycles were 20 cycles of 95° C fos 285° C (decreased 0.5° C per
cycle) for 20 s, 72° C for 30 s; 20 cycles of 95fo€20 s, lowest annealing
temperature for 20 s, and 72° C for 30 s followgd@ 0 min final extension
Applied Biosystems (ABI) 3130xI sequencer was useesolve the PCR products
for all seven loci and GeneMapper (ABI) softwaresien 4.01 was used to score
allele sizes.

STATISTICAL ANALYSES

Genetic diversity

We used ARLEQUIN 3.5 (Excoffier and Lischer, 201®@pvaluate microsatellite
genotypes for deviations from Hardy-Weinberg Eduitim (HWE) within each of
the four sample locations. A Markov Chain MontelG&MCMC) algorithm, similar
to Fisher’s exact test but utilizing a contingetalyle of arbitrary size, is used by
ARLEQUIN to calculate P-values. For this analyses wged a chain length of
1,000,000 with 100,000 dememorization steps. GENER®.10 (Raymond and
Rousset, 1995) was used to evaluate linkage didagum between loci pairs with
Markov chain parameters of 1000 dememorizationsste0 batches, and 1000
iterations per batch.

We evaluated the genetic diversity within eacthefsample locations in a
number of different ways. The mean expecteg) @hd observed (b)
heterozygosities were calculated using ARLEQUIN. ¥8ed FSTAT 2.9.3.2
(Goudet, 1995) to calculate fixation indiceg)FThe significance of the deviations

of Fisvalues from zerwvere assessed using 95% confidence intervals gedera
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through bootstrapping (1,000 replications). HP-RARE (Kalinowski, 2005) was
used to calculate the mean number of alleles aalbssven loci in each population
as well as both total and private allelic richneB$2-RARE utilizes a rarefaction
method to accommodate for sample size differen¢eswalculating allelic richness.
Using rarefaction our sample size was standardizd® per location. To test for null
alleles at each locus as well as to look for evegent scoring errors and large allele
dropout we used MICRO-CHECKER 2.2.3 (van Oosterlebat., 2004). Recent
reductions in effective population size were eviddaising the program
BOTTLENECK vl.2.02 (Piry et al., 1999) which te$ts excess heterozygosity. We
used the Wilcoxon’s sign rank test under the twasghmodel (TPM) with the
variance among multiple steps set at 12 and sistgie-mutations set at 90%.
Evidence that a bottleneck had occurred withinvamiocation was based on the
Bonferroni corrected P-value of 0.002.
Population structure
An analysis of molecular variation (AMOVA) in ARLEQN was used to examine
genetic structure within and among populations.Weéee particularly interested in
evaluating what impact agricultural practices mayehon movements between
sampling locations in the human-modified landsaapapared to movements
between sampling locations in the seemingly uniopged natural landscape.
Pairwise ETrcomparisons were made between all pairs of saropéibns.

We also used STRUCTURE 2.3.3 (Pritchard et aD02@s an alternate
means of examining genetic structure. Unlike ARILER) which requires a priori

assignment of individuals to populations, STRUCTUIRIESs a Bayesian algorithm to
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cluster genetically distinct groups without anyreop knowledge of the geographical
location where the samples were collected. Theigietinumber of populations (K)
was set at 1 — 6 (two more than the number of saiophtions). We ran ten replicate
runs for each K from 1 to 6 with 500,000 MCMC itvas following a burn-in of
50,000 iterations using the admixture model withrelated alleles and localities as
priors. The delta K method (Evanno et al., 20053 wsed to select the optimum
number of genetic clusters from our dataset.

To calculate probabilities for individual assigmsewe used GENECLASS?2
(Piry et al., 2004) with a Bayesian framework (Raarand Mountain, 1997) and P <
0.05 assignment threshold. From the data the pmogemerates 10,000 random
genotypes and assigns individuals, using maximkeiifiood, to a specific reference
population.

Due to the multiple comparisons that were mademployed a Bonferroni
correction to reduce the chance of committing aellyerror (Lesack and Naugler,
2011).

RESULTS

Analyses of genetic data

Seven microsatellite loci were used to genotype@®iduals representing two
sampling locations from each of two geographicadiparated sites varying in
landscape composition. Alleles per locus rangeh féo- 18 across all four sample
locations (Table 1). Allelic richness was similan@ng the four sample locations and
ranged from 5.43 in Campsite to 6.48 in North Cremvate alleles ranged from 0.68

in Meghri Ridge to 1.22 in South Den (Table 2).
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Expected heterozygosities (Table 2) ranged frorA (G&mpsite) to 0.81
(North Den), with an average of 0.76 across alf fample locations. Five of 28
(17.9%) locus-population comparisons deviated fkdendy-Weinberg equilibrium
(HWE) following a Bonferroni corrected P-value 0002 (Table 2). South Den had
two loci not in equilibrium (MoRa06, MoRal7). Noriren had a single locus
(MoRal17) not in equilibrium. Meghri Ridge and Campgach had one locus not in
equilibrium (MoRa06). MICRO-CHECKER did not revealy evidence of large
allele dropout or scoring errors, but did suggeat MoRal7 had null alleles. We
calculated the genetic distances and structurg/sisakith and without loci MORa06
and MoRal7 and did not detect any discernablerdifiee in the results, and
therefore included all seven loci. We only founddewnce of linkage disequilibrium
between one pair of loci (MoRa06 and MoRal7) in lmcation (Abovian — South
Den) following a Bonferroni corrected P- value c®@06.

The inbreeding coefficient (§ was calculated for each locus and revealed
that over half (16/28 = 57%) of thesivalues were greater than zero (Table 2).
However, when all seven loci were pooled for earh@ing location the overallid&
value was significantly different from zero for grdne of the four locations. These
data suggest that nonrandom mating is occurringinvthe Abovian South Den site.

A significant excess of heterozygotes was initigitected under the
BOTTLENECK TPM (P = 0.05) for the North Den siteitlafter correcting for
multiple tests (P = 0.002) it was no longer sigrafit. The results for the other three

sampling locations were also non-significant.
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Population structure

We found strong support for our hypothesis thatehleould be strong genetic
differentiation between the geographically separateovian and Shikahogh
populations. Pairwisedrtests showed significant differentiation betweeur fipairs
(Table 3) following a Bonferroni corrected P-vahfed.008. The Abovian sampling
locations differed significantly from the Shikahoggimpling locations.

We also found strong support for our hypothesis tiinere would be no
structure between the two sampling locations withther population. The Evanno et
al. (2005) delta K method identified two distincgulation clusters (Fig. 2). One
cluster consisted of the two Abovian sampling laa and the second cluster
consisted of the two Shikahogh sampling locatidng.(3). The assignment values
were high for each cluster, with scores averagif§ @or each site. The two clusters
identified by STRUCTURE were confirmed by the réswlf the AMOVA tests.
Within population variation explained 88% (P < ApOf the molecular variation and
the remaining 12% (P < 0.001) was accounted farbgng population variation.

The probability scores for individual assignmenhgs<GENECLASS?2 ranged
from 56.5 to 100.0%, with a mean score of 90.5%b[(@4d). Three of the 17 South
Den (17.6%) and three of the 12 North Den (25.G&bhples were misassigned.
Combined there were 20.7% sample misassignmentgbetthe two Abovian
sampling locations. For Meghri Ridge and Campsiéen of the 16 samples (43.8%)
and ten of 18 samples 55.5%) were misassignedectgply. Overall, 50.0% of the

samples for the Shikahogh study site were misasdighhe high proportion of
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misassignments suggests a lack of subdivision andlaorates the genetic clusters
indicated by both the AMOVA and STRUCTURE analyses.

DISCUSSION

Genetic diversity

To date there have been limited studies of thetgedwersity involving members of
the viperinae (Ursenbacher et al., 2009; Ferchaadl,e2011), but our results indicate
that Armenian Vipers have comparable mean heteasitygand allelic richness to
both AddersVipera berugUrsenbacher et al., 2009) and Orsini’s Vipépera
ursinii ursinii (Ferchaud et al., 2011). Armenian Viper combinad@ang locations
had a mean expected heterozygosity of 0.76 and alksic richness of 5.97. In
comparison, Adders and Orsini’s vipers had meamretea heterozygosities of 0.52
and 0.50 and mean allelic richness of 2.98 and, 5e3pectively.

Armenian Vipers have a fragmented distribution thas shaped by historical
and environmental events/changes (Nilson and Andi@86). As noted earlier these
fragmented populations have been severely impactestent years by
anthropogenic activities including agricultural giees and over-collection for the
pet trade (Nilson et al., 2008). Higher levels ltdlec variation may suggest that the
effective population size was historically largeldras only recently undergone a
population decline due to anthropogenic influen€&snuet and Luikart, 1996). The
historical and current population estimates (Dakgyv$966; Mallow et al., 2003;
Nilson et al., 2008) support this interpretatiomd&rson et al. (2009) noted that

Desert Massasauga Rattlesnal@strurus catenatus edwardbiad higher gene
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diversity and allelic richness than other specfesttlesnakes from the region and
attributed it to this same principle.

Fis values greater than zero were exhibited by thelSban location at
Abovian (Table 2). King (2009) reviewed the resolt25 microsatellite studies of
snakes and discovered that only one hadigvakie less than zero, suggesting that
inbreeding is common among snake populations. Véhnetins is typical among
snhakes is unknown due to the lack of historicalytaion data for most species. The
mean ks value for the South Den (0.20) is considerably arghan that of either
Adders (0.04) or Orsini's Vipers (0.04). Althougbsitive Fsvalues can be
indicative of inbreeding, they can also be causedudl alleles (Brookfield, 1996) or
unrecognized fine scale structure (Hartl and Cla887). Although
MICROCHECKER suggested that one null (MoRal7) wasent, the gvalues did
not vary significantly with or without its inclusio Non-significant pairwisedt
values between the North Den and South Den (0.@8¢ wot indicative of any
microgeographic fine scale genetic structuring.réhveere also no differences in
allele frequencies between Abovian sample locatiBased on these results the
positive Fs values appear to be associated with inbreedingpiEeanthropogenic
landscape changes, over-collection pressure, gnd si inbreeding thedr values
and radiotelemetry data (Ettling et al., 2013;ifdtlet al., unpub. data) indicate that
there is exchange of genetic material between trghNind South Dens at Abovian.
The data also indicate exchange of genetic mateetaleen the Meghri Ridge and

Campsite locations at the Shikahogh.
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Population structure

Armenian Viper populations in this study exhibiteah-significant differentiation at
the local regional scale, but highly significantdés (P = 0.0006) of differentiation at
the larger range-wide scale. Sampling sites segduatdistances 3.2 km had levels
of differentiation that ranged from 0.006 (Meghrd&e/Campsite) to 0.028 (North
Den/South Den). At geographical scales > 200 knpthevise krvalues were
greater than 0.14. STRUCTURE also identified twaiidct clusters: 1) Abovian
(North Den and South Den) and 2) Shikahogh (MeBidge and Campsite). There is
greater molecular variation within populations @%) than among populations
(12.3%) of Armenian Vipers.

The New Mexico Ridge-nosed Rattlesnakeptalus willardi obsurudas a
fragmented distribution on mountain ranges in seagtern New Mexico,
southeastern Arizona and adjacent north-centraliddeand exhibits similar patterns
of genetic differentiation as noted for Armeniarp¥fis, with non-significantds
values at the local scale and highly divergentesi{isT= 0.16)at range-wide scales
(Holycross and Douglas, 2007). Although Timber RattakesCrotalus horridus
show high philopatry to their natal den sites, &l as limited dispersal, hibernacula
separated at distances ranging from 2 — 8 km shthevdifferentiation. Gene flow
between widely separated hibernacula appears moeoéated through a combination
of suitable corridors and thermoregulation sitelsu(Cet al., 2008). In the
aforementioned rattlesnake species males typibalye the larger home ranges and
make large movements searching for mates. Ourteddinetry data demonstrate that

the sexes have similar home range size in Armévilpers and that females will also
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make large movements during the spring breedingosegtttling et al., 2013). These
studies, together with our data, support the hygmththat while temperate viper
species exhibit high levels of philopatry and leditmigration potential,
uninterrupted habitat is vital to population cortngty and gene flow (Clark et al.,
2008; Holycross and Douglas, 2007; Ettling et201.3)

Conservation implications

The results of this study have identified two deserpopulations that are highly
divergent. Due to the geographic isolation and laicffene flow between Abovian
and Shikahogh we recommend that these two popaotabe managed separately.
Based on our data it is likely that the other ismdgpopulations of Armenian Viper
within the country are also significantly differeated; however, further research will
be required to check this assumption. Our micrdigatdata support the results of
our radiotelemetry studies (Ettling et al., 2018|ikg et al., unpub. data), and
indicate that gene flow is occurring between lamagieven where there have been
considerable human-mediated landscape alteratfdhde direct measures of
connectivity between populations provide data omé&oange size and movements,
they do not provide a means of quantifying gene/ fléJsing a combination of
connectivity measures such as radiotelemetry andtgeanalyses is crucial for
making informed management decisions. The focu®on$ervation management for
the Armenian Viper should be on providing protectio regional populations and the
maintenance of habitat corridors to allow for géoe/ within each of these

populations.
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Table 1.Microsatellite characteristics in Armenian Vipestimated from 7 microsatellite loci

Locus Size Range (bp) Number of alleles
MoRa02 249 — 269 9

MoRa03 216 — 248 10
MoRa05 165 - 197 13
MoRa06 268 — 276 15
MoRal7 261 - 273 10
MoRal8 179 — 232 10

MoRa21 230 — 288 18




Table 2 .Genetic diversity measures of four sample sitesrofenian Vipers estimated from 7 microsatellitei loc

Site Sample A o] He Fs P-value for
Size Bottleneck test
SD 17 7.57 0.64 0.80 6.46 1.22 0.20 0.41
ND 12 6.86 0.74 0.81 6.48 0.99 0.10 0.004
MR 16 6.43 0.66 0.74 5.53 0.68 0.11 0.15
CS 18 6.71 0.69 0.69 5.43 0.74 0P.0 0.99

SD = South Den; ND = North Den; MR = Meghri Rid@S = Campsite; A = mean number of alleles per @ijon; Hh= mean
observed heterozygosity;:H mean expected heterozygosity; Ar = mean all@itress; Ap = mean private allelic richness;
Significant ksvalues in bold using 95% confidence intervals
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Table 3.Pairwise population drcomparisons among sample sites

SD ND MR CS
SD -
ND 0.0281 -
MR 0.1682 0.1363 -
CS 0.1971 0.1623 0.0059 -

SD = South Den; ND = North Den; MR = Meghri RidgS = Campsite
Values in bold represent significant differencethvai Bonferroni correction of 0.008
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Table 4.Results of population assignment tests in GENECLASS

Source population Assigned population

SD ND MR CS
SD 14 3
ND 3 9
MR 9 7
CS 10 8

SD = South Den; ND = North Den; MR = Meghri RidgS = Campsite

94



FIGURE LEGEND
Figure 1. Map of Armenia with locations of two syugltes. The “stars” on inset maps

denote sampling locations.

Figure 2. Inference of “Best K” for the Abovian aBtiikahogh populations of
Armenian Vipers.

Figure 3. Results of genotype analysis in STRUCTI2RE2. Sampling sites are as

follows: 1 = South Den; 2 = North Den; 3 = Meghidge; 4 = Campsite.
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