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Abstr act

Aim: 'Smallgeographicanges make species especially prone to extinction from
anthropogenidisturbances or natural stochastic evews assemble and analyse a
comprehensive dataset of all therld’s lizard speciesand identiy the speciesvith

the smallest rangeshose known only from their type localitieéd/e compare them to
wide-rangingspeciedo infer whether specific geographic regions or biological traits
predispose species to have small ranges.

Location Global
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Methods:We extensively surveyed musewwailectiors, the primary literature and our
own field records to identify all the species of lizandh a maximum linear
geographic exterdf <10 km. Wecompared their biogeography, key biological traits

and threat status to those of all other lizards.

Results One in sevetizards(927 of the 6568 currently recognizeplecie}are
known'enly fromtheir type localites. Thesénclude 213 species known onlsom a
single specimerCompared to more wide ranging taxa they mostly inhabit relatively
inaccessiblesregions at lower, mostly tropical, latitu&esprisingly, we found that
burrowing lifestyle isa relatively unimportant driver of small range size. Geckos are
especially prone to havirtqny ranges, and skinks dominate lists of such species not
seenfor over /50 yearsas well as ogpecies known only from their holotype. Two-
thirds ofithesespecies have no IUCN assessments, and at least 2Rtiaict

Main conclusions

Fourteenpercertf lizard diversity is restricted @ single locationoften in
inaccessible region3hese species are elusive, usually poorly known|itiled
studied Manyface severextinction risk but current knowledge is inadequate to
properlyassess this for all of theWle recommend that such species become the
focussof taxonomic, ecologicand surveyefforts.

K ey-waords

Accessibility,endemism, extinction, geckos, holotypangesize, skinks, threat, type

locality.
I ntroduction

A prominant feature of the distribution of biodiversity is the extreme variation i
speciesrange sizes. Within the same lineage, some species have comadental
distributions whereas otheaserestricted to a single locality (Gas{d003).

Although ranges can be vegpbile (.g., Lyons, 2003Chen et al.2011,Meiri, Lister
et al, 2013;Currie and Venne2017),range sizas thought to be the product of

ecologicallyrelevanttraits such as body size, population deraitg dispersal ability
(Brown, 1984;Pimm& Jenkins, 2010; but see Novosolov et al., 2017). Crucially,
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120 from a conservatioperspectiverange size iknown to influence extinctionsk.

121 Species with small ranges have, everything else being equal, fewer individuals and
122 lower genetic variation thamide-rangingrelatives oftenleadng to elevated

123  extinction probabilitiegMacArthur and Wilson1967; Caughley, 1994)hreatssuch

124  asnew (orintroduced) predators, pathogens and competitors, séustc events

125 (e.g., droughts)ataclysmge.g., fires and volcanic eruptions), and populateve!

126  phenomena(e.g., inbreeding depresstamyrapidly wipe out narrow rangingpecies

127  (Purvisget al.2000).Habitat lossandcollection for the pet tradean likewise easily

128  causespecies with tiny rangde go extinct The elevated threat these species face
129 makes'them'a particularly relevant for conservation efforts.

130 The importance afange size is reflectad the wayextinctionrisk is evaluated

131 by thelnternational Union for Conservation of NatulrgCN) Redlist assessments
132 One ofithéive criteriathe IUCN (20T) usedo evaluate threatriterion B uses

133  estimatsof range siz€defined as the extent of occurrence) to designate extinction
134  probabilities."Althoughiange size per se is insufficigntdesignate threadpecies

135  with rahgesmallerthan 20,000 kican qualify as vulnerable undeiterionB. To

136 qualify as endangered undgiterionB, range size cannot exceed 5000 kwhereas
137  to qualifyfer. thehighestievel of threat critically endangeredhe thresholds

138 loweredto 100 kin(IUCN, 2017%.

139 Although we are often ignorant regarding the true extent of a species’ geographic
140 range (because not observing a species somewhere is not sufficient evidence of its
141  absenc¢k we know thatanges can be even smaller tH@0 knf. Many Southeast-

142 Asian geckos, for example, seem to be confinaddiatedkarst outcrops (e.g., Ellis

143 & Pauwels2012; Wood et al. 2017), never venturing far into the surrounding forest.
144 At the minimum,.speciesnustbe known from onéocality, and a single individual

145  the holetypepn which the species description is based.

146 Species.known onlfrom small ranges are likely to be either difficult to observe,
147  difficult to/distinguish from others, or genuinely rafdey may evealreadybe

148  extinct. Several studies have tried to link range size to biological attributes such as
149  body size (e.g., Agosta & Bernardo, 2Dd8 to geographic attributes such as latitude
150 (Rapaport'RRule Ruggiero & Werenkraut, 2007). A common finding, however,

151  associates range size not with particular biological attribbtesviththeyeara
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species was describéel.g., Gaston et al., 1996pstello et a].2015). Generally,
scientistsobserved, distinguishednd described the widely distributed species early.
In fact,range size consistentgmergs as the key correlate description dain all

tests we know that examined this lirkd., Collen et al., 200Diniz-Filho et al,
2005;Costello et al.2015 Colli et al, 2016).Species that werdiscovered and
describedas opposed to being split from other speaiekgtively recentlyarepoorly
known"almost by definition, given that not enough time has lapsed for biologists to
study their biology, abundance, anderangeextent Thus, many recently discovered

speciesnayhave larger ranges than are currently known.

Species that werdescribed earlyand remain poorly known (with few or even
just a single observation localitygremore likely to trulyoccupysmall rangesrather
than justpeorly known @s Theymay even already be extinatportantlyhowever,
some may-not beeal specieRecent species descriptions often follow modern
integrative taxonomic practices, compare more species and specimens, and examine
more characters than previous descriptidie species that remain known only from
single specimensometimegurn out to be based on aberrant or juvenile specimens, or
belong tocongenericsor even talistantly relategpecies, especially if they were
describedsdong ago. For exampBreodeira gracilipesvas described as an Australian
speciedased on a singkpecimenbutwas in facta juvenile AfricanAgama
(Moody, 1988)Scelotes schebewias described based on a single specimen from
Namibig butwaslater found to be Melanoseps occidentajiprobably from

Camergon*(Bauer, 2016)

Correctly identifying the species with the smallest ranges is impantander to
uncovetrthe factors affecting geographicahge sizelt is also of paramount
importance. from a conservation perspective, as it can suggest how to correctly
allocateslimited resources to the most threatened sp&téesy narrow-ranging
species-aramong those in greatest need of conservation e§orhe may already be
extinct.without us knowing they are (cryptic extinctiontsome ofthese species are
not valid'taxonomic entitiesye may be wastingonservation resourceslucidating
the ecological and distributional patternspéciesknown only from their type
localitiesin order to establish the rolestruerarity, lack of recordsand taxonomic

ambiguitiesin generating them is thus crucially important.
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We identify all the species of lizards (Reptilia: Squamataluding snakgghat
are known only from their type localityheterra typica, the place where the species
was described frorthenceforth TL-specie¥. We examine whether these species are
taxonomically or geographically clustered (especially in poorly surveyed regions) and
whetherthey share attributes that may make them easy to overlook, such as small
size, fassorial habits (or their corredateduced limbs), or nocturredtivity. We
compare relevant traits of theske-species to those of all other lizard spedies,

highlight the attributes associated with small ranges.

We pay special attention to theBe-species that were described relatively early,
using an arbitrargut-off time of 50 year$rom the present (i.e1967 or earliews.
1963 or latej, and compare these species’ traits to thoged_edpecies described

more recently
Methods

In order® identify the lizard species knovwonly from their type localitieswe
reviewedand refineca dataset containing range sizes of all the world’s lizards (Roll et
al., 2017. Wemanuallyreviewed the ranges of all species with ranges smaller than
the median,size in the global dataset of Roll et al. (2@ildgtermine whether they
are known only from their type locality. Foretbewe manuallysearchedor
additional geographic data in the primary and djiteyature (using th&eptile
Database [Uet2017] and Google Scholar), metatasets such as GBIF
(www.gbifierg), Vertnet (www.vertnet.org), and the Atlas of Living Australia
(www.ala.org.au)lUCN assessmentBeld guides, and our own observatiolhge
further/Systematically searched data on theseaepatscientific journalsthat have
dedicated sections for publishing reptile range extensions (e.g., Herpetiologica
Review, Checltist, Mesoamerican Herpetologyh addition to the geographic data
we further extracted from these sources the latestigeanich individualsof each
species were observed aliWe used thdatest versionNlay 2017) of the Rptile
Database foraxonomy Uetz 2017), and excluded all species known only from
fossils or subfossils. Weidentifiedall species that are known only from their type
locality. Wearbitrarily definel a type localityas having a maximum latitudinal and
longitudinal rangef <10 km or <0.1 degredé®cause this repressran extent of

occurrence smallehan 100km? —fitting the IUCN’s criterion B1 foman extent of
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occurrence of aritically endangered species (IUCRD12 Note thatasthis criterion
cannot be applied alone, sugieciese not necessarilglassified ashreateneg
Species inhabiting more than as&nd were excluded even if the islands are small

and close to each other, as these species cannot be said to inhabit a single locality.

We distinguiskedbetween specidbat are only known from old records and
those known from recent records (either having been repeatedly found at their type
locality=oer-having been described from specimens observed there recently). We
arbitrarily;placel the cuteff between old and recergcordsat 50 yearsago(1967).
Among the older records warther distinguisbdspecies known from multiple
specimensnd those known only from a single specimen, the holotyata &nd
metadata of traits used in our comparisons and analyses of lizard groups can be found
in Meiriret-al»(20122013); Scharf et al., (2015), Feldman et al., (2016), and Vidan et

al. (in press).
Statistical Analyses

Only 12% of the species we idereil as known only from their type locality are
represented In the largeale squamaitghylogeny of Pyron &urbrink (2014),
effectivelyspreventing us from running phylogenetically informed tés¢sead we
explored the effects of individual traits on ouassifications of lizardsNeuseda
machine learning procedure to classify lizard species to gralpspecies/s. broad
rangedspeciesandsingle specimems. multiple specimens We explored the relative
importancesef the different traitéhen used togethan these classification
procedures«We used a gentle adaptive stochastic boosting classification model
(ADA-Boost; Friedman et al. 2000) as our classification mechanism -B&ost
distinguishes between cases by combining the outputs of makyclasaifiers in
order to achieve, through iterations, a powerful classification with low ettes. ra
This procedure has been successfully applied in a wide variety of fields,
outperforming many other classifiers (Hastie et al. 2001).

To test,our prediatins we used the following predictors in the classification
procedure: description year, thmgeographial realmin (Wallace 1859, 1876)
speciegeside(using the maps of Olson et al. 2001), its activity period (day or night,
with cathemeral species counted in both categories), whether it is terrestrial, fossorial,
saxicolous or arboreal, whether or not it has reduced legsfréasorder, bodymass,
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248 ifitis aninsularendemicand the latitudinal centroid of its range. Our modelling was
249  conducted using the ‘ada’ package in R (Culp et al. 2016) and incorporated an

250  exponential loss function with 50,000 iterations.

251 We furthertested whether species only known from type localities are found in
252  remote, difficult to accessegions. To do this we compared the locations of the type-
253 locality-restrictedizard and amphisbaenians for which we had precise locality

254  informatien=(Appendix 1to thepoint localities of al~4550lizard and

255  amphisbaenians known to be more wide-ranging (Roll et al., 2017). For each point,
256  we extracted its accessibility as measured byréweltime (in minutes by land or

257  watel to major cities (Nelsgr2008). Wethencompared the distributionsjeans and
258 medians of accessibility between point localities of species known onlytheim

259 typelocalitieswith wide-ranging specieévhose localitiesvereobtained from

260 literaturess@bservations and museum dRial| et al, 2017). Extraction of the

261  accessibility information was done using ArcGIS (ESR017); statistical analyses

262  were conducted using R.
263

264 Results

265 TheDataset

266 We.identified927 species of lizardthatare, as far awe know, restricted to their
267  type localii(i.e., an area with a lineaxtent no larger than 10 km or 0.1 of a depree
268  Appendix.)«They represent fully 4.1% of all lizard diversity (669species, Uetz
269 2017, stipplémented with additiorsglecies describadhtil September®, 2017. Of

270 these927species756wereobserved irthe wildin the last 50 years (since 1968),
271 whereas T1were last seen betwe&B830 Diploglossus microlepifGray, 1831]) and
272 1967 (e.g.Calotes bhutanensi8iswas 1975).0nly 191species were seen alive
273  afterthey were describeavhereas the othei36 (79%)were last seen alive when the
274  holotype ortype series was collectetiwo hundred and thieen species are only

275  known from their holotype (Appendix 1; 112 species observed during the last 50
276  years, 10Bpecies only observed earlier).

277  The ceographyf smaltranged lizards
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Lizards known only from thetype localities ihabit mostlytropical regions and
somearid regions (althougthe Sahara and Sah&r example, have few Tkpeciek
Those known only from old records shownare restricted, almost entirely tropical
distribution (mean absolute value of latitude: 11.3x&p%especially in Indonesia,
equatorial”Africanorthernand westernSouth America and the Caribbean (Figure 1).
More reently observedpecies have additionbtspots, in both tropical and desert
regions (e.g.in Australia, Argentina and Chile, Madagascar, New Caledonia, Iran,
northwesternMexico andSouthen Asia, mean of absolute value of latitude:
15.7+9.6; Figure J).

Overall TL-species also tend to inhabit somewlbater latitudes than large
ranged species (absolute latitude 14.9° vs. 18836 = 940, p < 0.0001)Theyare
relatively=rare in the NearctithePabearctic and Australié8%, 5%and %% of the
lizard faunay respectively), but compri2®s6 of the lizard species in the Oriental

realm.

Taxononic.composition

Geckos (Gekkotajominate the list of L-species §35o0f 927 species36%),
followed"by. skinks (210, 24%), and anoles,(6%; Tablel). The list TL-speciesiot
observedn the last 50 yearfioweverjs dominated by skinks (68f 171 species
40%), followed by geckos (3Hpecies18%),andamphisbaeniand4, 8%).
Interestingly, this is mirrored in the taxonomic composition of the species known only
from theirtype specimen (regardless of witemas collectey] for which skinks are
the largest.group of 213 species, 8%), followed by geckos (4§pecies), agamids
(16), anoles (15and both gymnophthalmids and amphisbaeniansiiddle 1. The
Dibamidaehas the highest proportion of species only known from the type locality
(11 of 23 species; 48%), followed by Anniellidae (2 of 6 spe&ig%y,

Hoplocercidae (26%pand three gecko familie&ekkonidae (23%)Carphodactylidae
(23%), and Eublepharidae (22%)welve of 42 families have ndL-species. All are
species poofthe largest is th&2-specieLCrotaphytidae).

Traitsof lizards known onlyrom their type localities

Lizards known only from thetype localitieshavegenerallybeendescribed later

than wide-ranging species (by $8ars on averagé,7se41= 273, p < 0.0001; Figure
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2). Most (342 of 436672%) of the wide ranging species for which we have data are
diurnal (226 nocturnal6% cathemeral)Those known only from their type localities
tendmoretowards nocturnality (23@f 612 species38%, vs. 59% diurnal, and 3%
cathemeraly® = 73.9, p < 0.0001all x*values are for 2*2 tables). This is especially
the casefothe TL-species observed in the last 50 yg€889 nocturnal)as would be
expected by the high proportion of geckos among theenol¥yknow theactivity-

times of 46TL-Species that were last sdmzfore 1968, wreaghoseof 127 of them

(73%) areunknown.

Contrary,to our expectatigyfossorial speciegerenot more dominant among
specieknown only from the type locality, Assuming all amphisbaenians and
dibamids /are fossoridl2.2% (86of 701 speciesvith known habity of theTL-species
are fossorials. 10.2% (550f 4913)lizards with wide ranges(y? = 0.46, p = 0.58
Speciesknewn only from their type localitieseremore associated with rocky
substrates3%% species fully or partially saxicolous, v6% of thewider ranging
specie§y¥=52.5, p < 0.0001L The maximum body mass of widetngng speciess
71% higher, on average, than those known only fromn tiyge localities lpack
transformed from logarithmsverage 1@+5.0g vs. 6.0+4.2Q9o10 5634 = 9.38, p <
0.000% Figure 3;non-transforned averages are 135 & 32g, respectively)is
difference is retained when we compare sizes within famaigsgcognized by Uetz,
2017;average differenceldo, t =7.84, p < 0.0001).

Classificatiors analysis

We wsed our classification procedure to distinguish betWeespecies and
species wittwider rangedor which we had data for e traits we code237
widerranging species, 3 TL-species). Our model maged tcclassify the two
groupsnearly perfedy, with a cross validateaining error of 0% and an out-of-bag
error rate ofl.7%. Thaetraits carthusbe used tauccessfullydistinguishTL-species
from wider-ranging species. Fige 4 depicts the relative importance of the different
traits in the classification procedysnd the associated partial dependence plots are
shown in Appendix 2They highlight the importance déw latitude andnfraorder
affiliation in the classification, as well éise roles of biogeographrealm,low body
mass and latdescription year.
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340 In our classification of L-specieknowneitherfrom one (62 specie®y multiple

341  specimens493 pecie3 the modehbchieed perfect classification between the groups
342  with a cross validated error of 0% (both training and out-of-bag). For this

343  classification most attributes playad important role. Realm and infraorder

344  affiliationyfossoriality andhe degree of leg reduction (species known only from their
345  holotype tend to be fossoridilnbless or with reduced legs; see Appendix 3 for

346  variable importance were the best classifiers.

347  Accessibility-and threat

348 The accessibility (time to major cities, in minutes) oflltelities of the 88 TL-
349  speciegrinfour databager which such data could be calculgteahged from 8

350 minutesforithe aptly nameglyrtodactylus metropoli€Grismer et al., 2014) to 7432
351  minutes (= 5:16 dayd$pr the VenezuelaAdercosaurus vixadnexgslyers &

352  Donnelly 2001). These 868 points are generally found in inaccessible places
353 compared to the 136,840 uniquedlitiesfor which we have data for wide-ranging
354 lizard speciegFigure5). The mear(518 minutes = 8.6 hoyrand median (319

355  minutes,=5.3 hours)naccessibiliy valuesare greater for species known ofrigm
356 theirtypeTlocalitieghan those of wideanging speciefy 34% and 49%,

357 respectivelyt=-5.16, df = 873.8, p <0.00Q.1

358 Of the 927 speciesknown only from their type locality 62%7%) have ndUCN
359 assessment (as of Septembet?). Of the 302assessed specjesx are Extinct,126
360 (42%)areDataDeficient(DD), and 9331%)are listed as threatene®b Vulnerable
361  (VU), 16,Ehdangered (H), and 42 @tically Endangered (R). Seventyseven

362  species are classified asnthreateneq25%): 61 Least ConcernlC) and16 Near

363  ThreatenedNT; IUCN 2017. Therespective proportions for widenging lizards are
364 11% DD, 19% threatened and%9onthreatened specieshe populations of 26

365 species are assessed as decreasing, and of 58 (indligliimg zamboangensifast
366  seen in 1959, and the extinchygyia microlepisas stablef-or nostspecies, the
367 population status is unknown (202 species) or has not beessed4625 species).

368 None are increasing.

369 Of the171species seeonly before 1968sixty-five have beemssessed-ifty
370 oneare listedasDataDeficient. One African skinkPanaspis heller(Loveridge
371 1932),is classified as eastConcern although as fas we are aware it is only known
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from its holotype (although a specimen in the Rdyaseumfor Central Africa
[RMCA] from 2.70°S, 27.33°E, ~450 km from the type localityPohelleriin
Bugongo Ridge, Mt. Ruwenzori, DRC, may prove to also belong tspeisies, DM,
pers. obs.). &enare listedasthreatened (2 VU, 1 EN andCR). Finally, the IUCN
lists six species in our list as extinG@dlestus occiduysioplodactylus delcourti,
Leiocephalusierminieri, Leiocephalus eremitus, Tachygyia microlegpmsl
Tetradactylus eastwoodpeSlavenko et al. (2016), howevésts 20 specieknown
only fram their type localitie$2.2%) as extinctas well a0 extinctwide-ranging

species0.4%.
Discussion

We foundthat927 of the world’'dizard species— nearlyone insevenof the
currently recognized @B species— are known only from the lowest end of the range
size spectrum, basicalfyom their type localityalone. Furthermore, 736 them have
never beemecordedafterbeing described, which was more than 50 years ago for 162

of them.No.fewerthan 213 species are only known from a single specimen.

Many species may indeed have extremely sraaljesparticulaty the 64
species‘residing on islands with i maximumlinearextent(e.g.,Anolis
ernestwilliamsiLazell, 1983, as well ascaveand rockassociateéndemicge.g.,
Cyrtodactylus hontreensislgo et al., 2008). Others may be more wide ranging but
were eitheonly recentlydescribed or elevated to species level, have cryptic lifestyle
or inhabit'peorly surveyed or difficutt-access region®ur resultshighlight those
speciesof lizard&and those regions, e.g., Indonesiat aran most desperate need
of further work to assess their true rasge

Qur definition of a type localityas an area with maximum known linear extent
of lessithan:1@m, is arbitrary. The range sizes of lizards in general, however, are
distinctlysbimodal, with a pronounced mode of tiny ranges (<3%),kimillowed by a
relativelyssymmetrical distribution around 1000km? (Roll et al, 2017%. Thus,
althoughatype locality vs. wider-ranging dichotomy of some sort seems justified,
there is nothingpecial about our chosen aff- A similar argument can be made
regarding our decision to place the eadylate cut-off at50 years ago. We arbitrarily
chose this value to represent a time span that is about the same as a long career in
herpetology ad much longer than the lifespan of nearly all lizards (Scharf et al.
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404  2015). It also approximately marks an era of expanded research into lizard

405  systematics, with 44% of all lizard species described since 1967 (the medi&n year
406  1947).The 1950s and BDs were aime of fewlizard species descriptier{Figure 2,

407  see also PinchewBonoso et al., 2013), and the 1960s and 70s are often thought to be
408  whenrglobal'warming started to strongly affect the phenology and ranges of

409 organisms (e.g., Walther et al., 2002). Thamytrasts based on these arbitrary

410 numbers serve to illustrate important points: many lizards are known from single

411  localities, and many of them have not been seen for a very long time, during which

412  many important changes (e.g., habitat loss, climate chaage)occurred

413  Taxononic considerations

414 Some of the species in our dataset matybereal species buibelong toother,

415  better known.and more widely ranging spe¢lsaac et al., 2004; Meiri & Mace,

416  2007). Many of thedlder species we list here are known from very few specimens
417 and some have been lost. For example, the holotype (and only speaifGéa)cides
418 pentadactylu¢Beddome, 1870)as lostbefore 1935%mith, 1935),and the holotype
419  of Lipinia miangensigWerner, 1910) was destroyed during World War Il. Others are
420 in apoor-statef preservatior{e.g.,Liolaemus melanopleuruRincheira-Donoso &

421  Nuiez, 2005Capitellum parvicruzaeiledges& Conn, 2012). Thisnakes it difficult

422  to asseswhether they arendeed distinct from other, better known, and more widely
423  ranging species.\leEn some recently described speeesknown from very old

424  specimens thdbng remained unidentified in scientific collectiortsor example

425  Mabuya guadeloupagHedges& Conn 2012) andHemidactylus endoph{€arranza

426 & Arnold, 2012)are based on specimensidgtback to 1892 and 1887, respectively
427  (HedgesX Conn, 2012and Salvador Carranza, pers. comm. to SM). This also likely
428 meansithat they were kept in preservatives #fatittle DNA accessibldor genetic

429  analysis»That said, some of the species we identify as being known only from their
430 type loeality=— especiallythose known just from the holotype have long been

431  known.as requiring further taxonomic evaluation (d.giplopisma fasciolareSalea

432 gularis, andIrachylepis betsilean&ug, 1985;Smith, 1935;Nussbaum et gl1999;

433  respectively).Together with more survey work, taxonomic revision of some of these

434  lizards is strongly warranted.

435  Traits of lizardknown only from their type localities
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In generalTL-species have a unique set of attributes that distinguishes them
from wide ranging speciedVe identify some traits that may make these species
difficult to find, such as relatively small size and nooalbehaviourlt is important
to interpret these findings cautiously given that, for example, the apparently small
bodysizerof'mosTL-species wdist may be an artefact of the use of maxita
represent lizard sizes (Mei2008). Coupled with small sample size this will
automatically result in small inferrdabdy sizes (Meirj 2007). That said, the large
effectsize we identify (see above) makes it unlikely that all the size differences could
be ascribed.to sampling osturnalitymay make lizards more difficult to detect
possibly. meaning that the recemtreasedateof finding nocturnallL-species could
reflectthe increased use of hetmtches(which also resulted in finding new species
of diurnal'lizards, e.gandes and chameleons, whialere detected sleeping on
branches, e.g., P@t al., 2015).timayalsoreflect the propensity of geckos to have
narrowrangestropical distributionand nocturnal behaviogGamble et a).2015;

Meiri, 2016; Vidan et al. 2017). Indeed, the propensity of geckos to specialize in
usingspegificand naturally isolatesubstrates (usually rocks; e.g., Giri ef 2009;
Grismer,2010, Pauwels & Sumontha, 200Qljver & Doughty, 2016 Oliver et al,

2016 Heinicke et al.2017; Wood et al., 2017) and speciate where these are found,
may predispose them to often have very small ranges. Large, relatively continuous
patches of habitasuch as Amazonia and the Sahara, on the other hand, harbour many
lizard species (Roll et aR017), but harbouiewer TL-speciegFigure 1).

Surprisingly we did not find that burrowing lifestyle makes lizards more likely to
have tiny,ranges. Living underground may not only make species difficult to find, but
may alscseriouslylimit their dispersal abilitiesThe obligatory fossorial
amphisbaenians, however, havsimilar proportiorof species known only from the
type localityto that of non-fossoridizards(31 species, 2.2% vs. 168.3% of the
morewide-ranging species). The mostly fossoaald secretiveibamids, however,
have thehighestratio of TL-species of allizard families The high percentage of
recently described geckosuld have ‘dilued’ the signal of fossorial taxa. On the
other handhabitats used by fossorial reptiles are often extensive, whereas some
exposed rock escarpments that specialized daxistizards(e.g., many geckosise
are sml and relativelystable over evoludnary time, mediating persistendeshould

be noted, howeverhatmany specieknown only from their type localitiegspecially
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469  some of the skinks, are so pooslydiedthat we have no data indicating whether they
470  are fossorial or not.

471  Threat status

472 By definition, species known from only a few specimaresalso relatively little
473  known/This'is especially true fapecieknown only from old records and from few
474  or eversinglespecimens. Thus, even though the IUCN guidelines explicitly say that
475  “the liberal use of ‘Data Deficient’ is discouragetiJCN, 2012),DD is the most

476  commonly ascribed status for the speciesanaysed here, and rightfully so. We
477  suggesthatDD species are probably rare (or they would be easier to ascribe to
478  another'category; cf. Bland & Bohm, 2016). We think thatil more data are

479  gathered, specidsiown only from a singlepecimercannot beascribed any status
480  other than DD- or extinct They may reasonably be listed as threatenediif the

481  habitat is known to be deteriorating, but then perhaps they are already. éixtivet
482  habitatiis large and relatively intact they may well be doing fine, but current

483  knowledge.probably precludes us from making any strong infereodg:six species
484  inour list (Appendix 1pare assessed as Attmeatenediespite being known only

485  fromitheiroriginal descriptiarFour of themPRanaspis helleriLiolaemus lopezi

486  Adercosaurus vixadnexumdLoxopholis hoogmoepare assessed aBsastConcern
487  while being known from just one individual (but see above>fdrelleri). We suggest

488  they may not be sufficiently well known to merit such a posgisgessment

489 Species,known only from a single locality, especially if they have not been seen
490 for a long.time, may already be extinct. Only six species in our list arealfigr

491  recognized as extinct by the IUCRedlisting isnot yet completéor reptiles(only

492  519%,"5338"0f > 10500 species as of May 204a}l several speci@esost likely

493  extincti(e. g.Phelsuma edwardnewtqrare not yet listetly the IUCN. Twenty

494  species we identify he@ppendix1) as being known only from their type localities
495  were listed as extinct by Slavenko et al. (20I®ese include forms that have not
496 been seen for decades, despite repeated survey\(egg lanceolataHedges&

497  Conn, 2012), andpecieghatwere recentlydescribed based on old specimens (e.g.,
498  Tarentola albertschwartzSprackland & Swinney, 1998, and many of the skinks
499  described by Hedges Conn [2012],such asMabuya guadeloupaandCapitellum

500 parvicruzag. In contrast, Slavenko et al. (2016) identify exactly the same number
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(20) of extinctions in species we consider more wide-ranging. Thus species known
only from the type locality are 7-times more likely to have gone extinct than wider
ranging ones. Even thesambers may underestimate the actual extinction rates of
species known only from the type localityas- many of them were not seen for
decadeswWe suggest that species not seen for 50 years or more are reviewed as a
matter ©f priority by the IUCN, and asairveyed for in their last (and only) known

locality by conservation agencies and herpetologists alike.
Conclusions

Rangerestrictedspecies, true narrow endemics, are critical for the study of
evolution, bioregionalization processes, small-population ecology and conservation
(Whittaker et al., 2005; Nogueira et al., 2011). In general, lizards (and amphibians)
have much smaller ranges than other vertebrates (e.g., Anderson, 1984; Lewin et al.,
2016, Roll et al. 2017). They may thus be particularly irgrdrproxies for patterns
of endemism in other, poorly known narrow-ranging taxa (e.g., most invertebrate
taxa). Qur.work demonstrates that we still poorly understand the status of even the
narrow-ranging taxa already describedany may well be threatetheor even
extinet,"but at the moment we simply lack adequate data to assess their status. At the
same timegthe rate of accumulation of newly described endemics is increasing
(Figure 2), suggesting that endemism levels in many regions and habitats remain
underestimated. Thus, above all else, this work underlines the critical impodh
careful, targeted surveys in nature and of integrated taxonomic analyses, touefine
understanding of which narrow-ranging lizards are valid species, which are likely to

be already extinct, and which are in dire need of protection.
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Data Accessibility StatemenAll dataand referencesn the species known only from

their typelocdties are included in Appendik
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Supplementary Materiahay be found in the online version of this article:

Appendix l:data and metadata on the species known only from their types.
Appendix 2:partial dependence plots for the classifications analysis

Appendix 3:variable importance figure for the classifications arialys

Table1 Lizards known only from their type localities vs. wider ranging species

within families

wider- Proportion
: . holotype _
Family TL-species | ranging of TL-
on
Y species species
Gekkonidae* 261 33 867 23%
Scincidae 210 72 1414 13%
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Dactyloidae 58 15 361 14%
Liolaemidae 52 6 255 17%
Agamidae 48 16 439 10%
Gymnophthalmidae 42 13 220 16%
Amphisbaenidae 31 13 147 17%
Sphaerodactylidae’ 31 7 184 14%
Chamaeleonidae 28 3 178 14%
Anguidae 23 11 106 18%
Tropiduridae 20 3 116 15%
Lacertidae 15 6 311 5%
Phyllodactylidae* 15 2 122 11%
Diplodactylidae* 12 3 137 8%
Dibamidae 11 5 12 48%
Eublepharidae* 8 0 28 22%
Carphodactylidae* 7 0 23 23%
Phrynosematidae 7 0 147 5%
Teiidae 7 0 149 4%
Leiocephalidae 6 1 25 19%
Varanidae 6 2 73 8%
Xantusiidae 6 0 28 18%
Cordylidae 5 0 63 7%
Hoplocercidae 5 0 14 26%
Iguanidae 5 0 38 12%
Gerrhosauridae 3 2 34 8%
Anniellidae 2 0 4 33%
Leiosauridae 1 0 32 3%
Pygopodidae* 1 0 45 2%
Xenosauridae 1 0 10 9%
Bipedidae 0 0 4 0%
Blanidae 0 0 0%
Cadeidae 0 0 2 0%
Corytophanidae 0 0 9 0%
Crotaphytidae 0 0 12 0%
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Helodermatidae 0 0 2 0%
Lanthanotidae 0 0 1 0%
Opluridae 0 0 8 0%
Polychrotidae 0 0 7 0%
Rhineuridae 0 0 1 0%
Shinisauridae 0 0 1 0%
Trogonophiidae 0 0 6 0%

Lizard species in each family that are known from their type locality omly-(“
specie$ maximum linear extent of <10 kmi* column), and only known from the
holotype Q”d column), vs. the number of more widely ranging speci@s¢umn
maximumelineaextent >10 ki The fourth column is the proportion of species
known fremstheir type locality out of all species in the family. Gecko families are

marked with an asterisk.

FigureLegends

Figure 1. Lizard species known only from their type localiti€gcles speciesot
observed aftet967 (n = 151)Crossesspecies observed after 1967 (n = 754).
Eighteen species could not be mapped. Underlying colours represent the
biogeographic realms. Equal-area Behrmann projection.

Figure2, Decades when widenging lizards {larkgrey; 5641 specig¢®nd species
knownnly from their type localitiedight grey, 927 specigswere described.
Freguency is'the proportion of species in each categargpeciesand wide

rangingspeciey described in a given decade.

Figure3.Maximum body masses of widanging lizard specieslérkgrey, 5634
specieyand species known only from their type localities (light grey, 910 species).
Frequeney.is the proportion of species in each categangpecies and wider

rangingspecie}in a given mass bitMassegin grams)are log10 transformed.
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Figure 4. The relative importance of different traits in classifying lizards tolthe
species vs. wider ranging specggsups (555 and 423pecies in each group,

respectively, for which data on all traits are known)

Figure5. Accessibilityof lizard species known only from type localities (pirgd
lines) vs..wideranging species (blueyhe plots depict histograms of accessibility (=
travel time to major cities, in minutes) of localities from whidhspecies and wider
ranginglizards are known (dashed lines: mean values, full lines: median vdides

lines).
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