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ABSTRACT

Species abundance data are criticatdsting ecological theoryput obtaining accurate empirical
estimatesgor many taxa is challengingroxiesfor species abundance can help researchers
circumventtime and cost constraintisatareprohibitive for long-term sampling. Under simple
demographic modelgienetic diversitys expected to correlate with census s&mgh that
genomewide heterozygositynay providea surrogate measuoé species abundandé/e tested
whethemucleotide diversitys correlatedvith longterm estimates aibundanceyccupancy

and degree’ of'ecological specializatinradiverselizard community fromarid Australia Using
targetedsequence capture/e obtained estimates of genomic diversity from 30 species of
lizards recovering an average %066 loci covering 3.6 Mbf DNA sequenc@er individual.

We compare:measures ahdividual heterozygosity to a metric of habitat specialization to ask
whether ecological preference exerts a measurable effect on ghwetsity. We find that
heterozygositys significantly correlated witlspecies abundance and occupatcy not habitat
specializationDemonstrating the power of genomic sampling cibreelationbetween
heterozygosityand abundance/occupanemergedrom considering just one or two individuals
per spegiedHowever, genetic diversity does no better at predicting abundance thareadsing|

of traditional sampling in this communitWe conclude thatenetic diversity is a useful proxy

for regionalscale species abundance and occupancy, but a large amount of unexplained variation

in heterozygosity suggests additional constraints or a failure of ecologigalirsguto adequately

capture variation in true population size.

Keywords: heterozygosity, species abundance, Lewontin’s parailggt capture, squamates

INTRODUCTION

Speciessabundance distributioepresenbne ofthe most basic descriptisof a
community,. and are the foundationményecological theorieandconservation management
practicegHe and Gaston 2000; McGill et al. 200Rlative abundance is typically estimated
through repeated community sampling efforts, with study durations that fregseati multiple
years(Magurran et al. 2010; Meyer et al. 2010; Gotelli and Chao 2013; Pianka 20114).
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obvious difficulty is that such "bruti®rce” samplingeequires considerable time and funding in
order to produce reliable estima{@earce and Ferrier 2001; Yin and He 2014). Consequently,
there has been widespdemterest in developingtatistical methodfor estimatingelative

species abundance from imperfect survey data as well apfaxm variables, including point
occurrencesspatial distributios, and environmental suitability (He and Gaston 2000;
JeremywanDerWal et al. 2009; Yin and He 201AJthough these methogserform wellat

small spatial'scales, predicting regional abundance remains clradjeingoart because of the
paucity of'data‘available validate modepredicted abundancéBearce and Ferrier 2001; Yin
and He 2014).

Neutraltheory predicts thgenetic diversity should correlate with population censues siz
(Tallmon etal»2010; Wright 1931, Leffler et al. 2012), and intraspeg#iieetic vaation isthus
an attractive proxy fospecies abndance in natural populations. Genetiaterial is botleasy
and inexpensive to sample (Schwartz et al. 2007), and recent advances in sequencigyechnol
and bioinfermaticsllow researchers to harvastormation from across the genome at low cost.
Furthermoreyreliable estimateshaith genetic diversity and past population size have been
recovered fronsamples sizes as small as a single indiviflugnd Durbin 2011Nazareno et
al. 2017."Hewever historical signals of demographic processesveaaken the relationship
betweercensus and effective population size, and thus the relationship between abundance and
heterozygosity (Frankham 1995). For example, range expansions or population botttanecks
lead to reducedenetic diversityn marginal or founder populations, and consequent decoupling
from contemporary census population size (Excoffier and Ray 2008; Charlesworth 2009; Banks
et al. 2013;xDalongeville et al. 2016).

Previous studiesavefound positive relationships between heterozygosity and proxies
for species abundandecluding population sizestimated frontalculations of density and
acreaggPatton.and Yang 197 &xtrapolations calculated from actisecialgroups(Stangel et
al. 1992) categoricakstimates ("large"”, "small')f population size (Godt et al. 1996; Hague and
Routman 2016), and museum occurrence records (Singhal et al. 28tlicig@sthatmore
directly comparentraspecific genetic diversignd abundandeave reportegositive
associationsbutthese studies have generally focusadingle species or paired species
comparisonglLozier2014 Sun 1996; Ortego et al. 2008; Devillard et al. 20@4pn many
species sampled at a broad geographic ¢Baein et al. 2006; Leimu et al. 2006; McCusker and
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Bentzen 2010; Pinsky and Palumbi 20148wFstudies have directly assed the relationship
betweenabundance and genetic disity within speciesich communities of potentially
interacting specieslespite the importance of such communities for biodiversity monitoring and
studies of eceevolutionary dynamics.

In addition to these rather practical motivatidhs, ecological analysis of genetic
variation may_help us to understand whg range of genetic diversity among species is orders
of magnitude'smallathan that of census population size. This observagipresents: long-
standing but'unresolved puzzle for evolutionary biology known as “Lewontin’s paradox”
(Lewontin 1972; Leffler et al. 2012). Addressimgstknowledge gap may be especially critical
for conseryation efforts, which would benefit from a comprehensive understandumgchf
factors constrain genetic diversity and influence effective population sizédmpapulations
(Palstra and Ruzzante 2008; Leffler at al. 2012).

Foundational studies based on results from a small number of loci, including
microsatellitesharacterized by higvariability in mutation ratefound few discernible links
between genetic polymorphism and ecological traits (Ellegren and Galtier BE@)mewide
dataincrease our power t@cover associations between genetic diversitglogical correlates
and evolutienary processes acting over shorter time periods (Fairclot2@t 2] Harvey et al.
2017).Reeentstudies have founstrong relationships between ecological traits and genetic
diversityat broad phylogenetic scal@sg. across phylgdRomiguier et al. 2014)whether such
patterns are also exhibited by more clogelated speciewith similarlife historytraitsremains
equivocal (Romiguier et al. 2014; Ellegren and Galtier 2016; Singhal et al. 2@8ddi)onally,
there is some-evidentieat microhabitat preference can limit dispersal r@aice within
population genetic diversity (Pianka 1986; Brouat et al. 2003; Brouat et al. R@bdsky et al.
2011; Pianka 2014; Dalongeville et al. 2016; Khimoun et al. 2016), but studies combining
genomewide diversity estimates with ecological traits at the community level are rare

In this_study, we test whether genomiele estimates of heterozygosity are correlated
with speciesiabundandandscapdevel occupancyand habitat specializatioiWe focus on a
speciegich'eommunity of lizards from the western Australian arid zone that has beentdobj
multi-year demographic study arglcharacterized byariation in abundance and other
ecological trait{Pianka 1986; Rabosky et al. 2011; Pianka 2014; Grundler et al. P&spjte

ecological variation amancladesspeciesn this community are generally similar in major life

This article is protected by copyright. All rights reserved



111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

history characteristicdesquita et al. 201@&nd share a common geological and climatic
history, potentiallyminimizing the confounding effects of variation in environment,
demographic historygnd phylogeny

We alsoexplore elationships with additional ecological traits that may relate to
abundancegincluding habitat preference and body size. Based on classic theory and previous
work, we predict that (1) greater species abundance will correlate with greater levels of
nucleotide diversity; and (2) that increasing habitat specialization will correlate with reduced
levels of nucleotide diversity, due to reduced gene flow between populationseddby narrow
ecological preferenc&Ve construct a mulfiredictormodel toassess the relative importance of
each of theserecological traits in explagvariation in heterozygosity. This framework provides
a means ofbetter understanding what ecological processes influence genetic divéghityf

Lewontin’s paradox.

METHODS

Sample and.Ecological Data Collection

Tissue sampleom 30speciesf lizards werecollectedby Rabosky et a[2011)as part
of a longterm monitoring project aheformer pastoral statioof Lorna Glenn the western
Australianaridhzone. This area is now known by its traditional ndatawa and hereafter will
be referrediteby this namehe Matuwaregion— and the spinifex desest the western
Australian arid zone more generalyarborshe most diverse lizard communities Earth
(Pianka 1972; Morton and James 1988; James and Shine 2000; Roll et galw2bdlgdtentially
more than 50 species-oacurring at single sites frospinifex sandplain habitats (Pianka 1986;
Rabosky et.ak011). $eciesfrom which genetic data were obtainedluded representatives of
at least fouAustralian lizard radiations, including sphenomorphine and non-sphenomorphine
skinks, agamids, and geck&ological datancluding longterm cumulativeneasures of
species abundance, species habitat preferandbody sizewere collected as part of the same
study.The data presented here include genetic and ecological data for an additional 10 species

that were not included in Rabosky et al. (20Bk)efly, the study entailed mulyiear pitfall
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142  trapping of lizard comnmities at 24 sites &atuwa, with sites selected to encompass the
143  majority of habitats in the study regioBach site comprisetvo lines of six20-L buckets buried
144  in the substrate ammbnnected by a céinuous barrier of drift fencing.ites were separated by
145  approximately 310 km andsampled for 21-28 days per year between 2002 and RPQ0g

146  each sampling.period, traps on all sites were kept open for the same number of daysg, ensu
147 that sampling was standardized across the landscagtbeFdetails on study design are

148 available in"Rabosky et.g2007; 2011).

149 Abundance for each species was calculated as the sum of each annual suraesogsal
150 sites While even the most rigorous sampling methods cannot capture true population sie acros
151 aregion, the eonsistent effort applied to the Matuwa lizard community remesentf the most
152 direct assessments of abundance feasible. Pitfall¢capbined withdrift fencingare an

153  effective method for capturing arid Australigrards(Morton et al. 1988). They are superior to
154 alternative method®sted in this regio(Cowan et al2017), and demonstrate lmapture bias
155 for the smalbodied taxa othis study based on visual survely the authors.

156 To approximate habitat preferenceyfteen habitat variables were measured for each
157  pitfall trap included in the survey, accounting for variation in nearby vegetgpengubstrate
158 type, soilfeempaction and shear strength, woody debris, and distance to and diamesdesst
159 shelteringsvegetatioricach individual lizard was associated with the habitat variablgstfap
160 in which it was capturedabitat variables were legansformed and geore standardized

161 following methods reported by Rabosky et al. (20Eb). each species composedof

162 individualsyweycalculated the Euclidean distance between habitat variables for all pairwise
163  comparisonssof individuals, resulting in anq n] distance matrixA simple ndex of habitat

164  specialization wasomputedby taking the average ttiedistance matrixexcludingthe

165 diagonal This final value provides an approximation of the average distance between two
166 individuals,.in the habitat space occupied by a species, and is robust to vamiataomple size
167 between speciefor example, individuals from a specialized species are expected to be
168 associated.with similar habitat variables (demonstrating adherence to a restricted set of
169 environmental attributes) and thereforelwyinerate smaller average distanicethis

170  calculation, relative to generalist species

171 We additionally compare genetic diversity to body size, a traditional poo»spécies

172  abundancevhereby smaller species are expected to be more abyndiait etal. 2007) As

This article is protected by copyright. All rights reserved



173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

one of the most fundamental properties of an organism, body size is also thought ttecorrela
with multiple aspects of trophic and other ecadagand life history trait§WWoodward et al.
2005) We thereforenclude body sizén the multipredictor modeh the interest of
understanding what factors contribute to variation in genetic diversity. $trédtions of
snout-vent lengtiiSVL) within speciesvere oftermultimodal reflectingcontaminatiorby
several distinct'age colts of lizards (e.gfjrst-year juveniles; subadults) during our sampling
periods(Rabosky et al2007). We thus used kernel density estimation (KDEstonateadult
body size"This'method is ngarametric, as the shape of the estimated density function is
determinedby the data without assuming an underlying distribution, and has been used for a
variety of ecolagical applicatior{#anly 1996; Seaman and Powell 1996; Rabosky et al. 2011).
Following Rabesky et al(2007), we took the upper mode of the empirical probability density
function for SVL for each species as representative of the "typical” amliytdize.
Genomic Data Collection

Methods for genomic data collection are identical to those described ier gretai| by
Singhal et@l(2017a). Using the highalt DNA extraction methogAljanabi and Martinez
1997),we collectechigh molecular weight DNA from one individual per species for 19 of the 30
speciegollected at Matuwaand two individuals per species for Iflttee 30species. Dual
barcodeddibraries were produced for each samplrbgr Bioscience¢Ann Arbor, MI). Arbor
Bioscienceslso designed probes 2« tiling density acrosthe 5,462 uniquesqCLtarget loci
identified by Singhal et al. (208), including anchored hybrid enrichment (AHE) loci,
ultraconserved,elements (UCESs) and traditional genes used in squamate phylo@hetics
loci). We referto this set of loci as the Sq@larker se{Singhal et al. 2017aJ.arget capture
reactions were performed on sizelected, amplified, and cleaned libraries following a modified
MY baits protocol describely Singhal et al(2017a), and sequenced by Hudson Alpha on one
100 paired-end.run of a HiSeq 2500 v4.
Data Analysis

To_obtain estimates of nucleotide diversity, raw saqung reads were analyzed
following the bioinformatics pipeline provided for SqCL, available at
https://github.com/singhal/SgCdlong with explanatory documentation. Methods for the present

study were modified to include error correctmfrcleaned readssing BLESSEC2 before

targets were matched to prol{eteo et al. 2016). To perfornead error correction, an estimated
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k-mer ske was calculated using kmergenie with a default max length of 121, resulting in an
optimal kmer length of 31.

Within-population diversity was estimated by calculating the average pairwise difference
(w) across all loci for each individual (Tajima 1983; Begun et al. 2007). With greater than 5000
loci, this is_equivalent to estimating population diversity by sampling a few loci for many
individualsy(Willing et al. 2012; Harvey et al. 201Fpr species that had two sampled
individuals;we calculated = for each individual and then averaged the two measuremeis.
referencesto'nucleotide diversity below refer to the average nucleotide diversity vsittghea
individual; averaged across individuals within species for the 11 species whaptemul
individuals,were sampleddditionally, we calculated the Pearscorrelation between estimates
of nucleotide diversity for individuals from the same spearesused ANOVA to estimate the
variance explained within and between spedtes each individual, nucleotide diversity was
also calculated for each locusorde to produce bootstrapped estimates of genetic diversity
with variation in the number of loci sampled.

To testthe relationship between nucleotide diversity and ecological predietor
performed‘a pairwise correlation analysis as well as phylogeneticfdlyned model selectign
using thephylogeny fromTonini et al. (2016) (for this and all subsequent phylogenetic
analyses)toestimate the importance of each predictor varidhle firstcomputed the pairwise
correlation betweeimdividualdevel nucleotide diversity and the followirerological attributes
for each speciesising an expanded version of the Rabosky et al. (2011) dajaseies
abundancgj*eamputed as the total number of individuals captured durgeyémeyeasurvey
period; antspecies occupancy, computed as the total number of sites where a species was
detectedWe note that our estimates of abundance are not based on an eaptigiemark
recapture study, and we view tteeal number of individualsapturedper species as a proxy for
true total abndancgseeRabosky et al. 2011, for discussioBgcause all sites were sampled for
an identical. number of days, we also note that all results reported below will be identical
regardless.of'whether we analyze total abundance, mean annual abundance, or relative
(fractional)"abundance. We also includestimates oEVL and theproxy forspecies habitat
specializatiordescribed abovéVe reportp-values ashe significance of each variable after
accounting for phylogenyalculatedrom phylogenetic linear modelscluding only the

predictor and genetic diversitysing Pagel’s. modelfor the covariancéHo et al. 2018).
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235  Because our primary hypothesis is that genetic diversity should be positivedyated with

236  species abundance, we didt correct for multiple compiaons despite statistical tests including
237 additional predictors. These analyses weEneducted to facilitate interpretation of data

238 concerning our primary hypothesis, and thus we do not believe multiple comparisati@ote
239  be appropriate for our study design.

240 To determine the relative importanceeaich predictor, we constructed phylogenetic
241 generalizedleast squares (PGh®)dels for the full model (4 predictors, not including

242  interaction¥and for each possible submodel, and we computed AIC weightsthsifigl set of
243  fitted modelsBecause ordinary least squares models assuatggiahvariance in error among
244  dependentandiindependent variables, we confirmed homesicdgaf the residuals ofach

245 submodel'using a Breusétagan teswith a signifcance level of a = 0.05. These tests verified
246  the consistency.of standard errors in all models; however, we note that en@mddpendent
247  variables would bias slopes toward zero, thus making these models a conservatiaehappr
248 We then calculated the relative importance of each variable by summing the AIC weights
249  of the models#in which the variable appears and dividing this by the sum of the Allitsaafig
250 all models(Anderson and Burnham 2002; Kisel and Barraclough 20¥8)constructed a final
251 model including all variables with a relative importance greater than 0.6 to calculate coefficients
252  and values-of significance for the regression (Wagner et al. 2012).

253 Finally, to quantify the effectiveness of genetic diversity as a proxy for species

254  abundance and facilitate comparisons with other methods, we computed the retdthaean

255  squared error(tfRMSE) opsecies abundance estimates predicted from heterozygasitg, the
256  following equation from Yin and He (2014):

257

258  wherex; is the predictedbg abundance for speciebased on a linear model with heterozygosity
259 and empirical estimates of specieg abundancey; is the observed abundance of speciesnd

260 nis the'total humber of specisampled. We additionally calculate@arson’s produettoment

261  correlationandR? valuesto quantify the significance of the correlation between observed and
262  predicted abundance esates, and compare these to alternative statistical mageged in

263  Yin and He (2014) for predicting abundan
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264 As a second approachdwaluating the strength of genetic diversity as an abundance
265  proxy, weperformed a sliding-window resampling analysisiétermine how many days of

266 standardized communigampling are required to predict overall species abundance with the
267  same correlation obtained from genetic diversity. In other words, how many consebys of
268 samplingwould have been required, on averagegecover similar correlation between total
269 abundance, (across the full survey periaslithat which we obtained from genetic data alée?
270 regeneratedabundanaed occupancgstimates beginningith a singleday ofsampling drawn
271  from every unigue date in the sampling period, increasing the window one day atfeotim

272  each starting point and averaging the resadtsss datewithin each windowFor example, the
273  meancorrelation obtained faxwindow size of five days corresponds to éx@ectedorrelation
274  between overall (mukyear) abundance and a much shostdr-survey of just five sequential
275  survey days.

276

277 RESULTS

278  We recovere@n average of,428 UCEs, 309 AHESs, and 27 additiofadi traditionally used in
279  squamate phylogenetiésr each individual, resulting in an average of 5,066 loci per individual
280  with a totakof2,946 loci in common between all individuals. We recovered an average of 3.6 Mb
281 for each.individual, with an average of 3.16 MbOx coverage. Measuring diversityrom

282  thousands of loci provides more reliable estimates of individwal-heterozygosity among

283  species, as demonstrated by wider variability in bootstrapped estimatesrsitg from fewer

284  loci (Fig. 1A)"Eleverof 30 species were represented by two individuals, and nucleotide

285  diversitybetweén conspecifiagas highly correlated (Pearson’s r = 0.984; 5.178 x 10) (Fig.
286 1B). Using ANOVA on this set of individuals, we estimate that intradjgezariation accounts
287  for approximately 1.53% of the total variation in individiglel nucleotide diversity across our
288 datasetThese results suggesiat, with genome-wide sampling, even single individuals contain
289 sufficient information to estimate "average" levels of withopulation genetic variation.

290 Both logaabundanc@nd occupancgxhibited a positivand significant correlation with

291 genetic diversityr=0.43, p = 0.02 r=050, p = 0.005 respectively; correlation coefficients are
292  not phylogenetically correctgdrig. 2,3 Table S) In line with Lewontin’s paradox, our

293 estimates of abundance varied actegssorders of magnitude while genetic diversity varied

294  across less than one. Abundance and occupancy are also highly correla®ygr=0.5 x 10
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®) (Fig. 3).There was no relationship between genetic diversity@n8VL (r =-0.10,p =
0.60), butog SVL was negatively and significantly colaeed with abundance (r = -0.495=
0.009 (Fig. 3).

While there was a significant and positive relationship betweenpancy anfiabitat
specialization,as approximated by the habitat distance netri0.322, p = 0.003, there washo
correlation,between genetic diversity and habitat distanc®.t3;p = 0500 (Fig. 3).

The'predictor variable of most imparice after model averagiagd the only variable to
exceed the cutoff of 0.\@as occupancywith a relative importance 674 (Fig. 4). Using only
occupancy as a predictor in our final model resul{s3r0.008with coefficient =8.7 x 10°.

This small.coefficient likely reflects difference in scale between heterozygosity and ocgupancy
rather than'minor effect size; scaling genetic divetsitjhesame order of magnitude as the
occupancy dateesults in a corresponding increase in the response of genetic diversity teschang
in occupancy (in other words, an increastharegressiortoefficient; coefficientafter scaling
genetic diversity= 0.870).

The rRMSE calculated for the prediction of species abundance based on heterpmyapsit
0.55, with'an'r== 0.4ndp = 0.02 These valueare somewhat comparable to those reported in
Yin and He,(2014), but suggest a reduced predictive power for genetic diversggreaio
statistical.models based on occupancy and smhsitribution However, the data used for
validation of the models summarized in Yin and He (2Gtd)from a aeaof 1 knt, wheras
the current study is still able to recover a significant correlation betwesenmvelol and predied
abundancesestimates from a study region of 2350(kraximum distance between sites = 38.4
km). Nonetheless, a sliding-window resampling analysis of abundance data demestistrat
single day of sampling can generate a stronger correlation witltdomgabundancdnain
genetic diyversityfFig. 5A). Moreover, only three days of sampling are required to produce a

stronger correlation with occupangig. 5B).
DISCUSSION
We recovered significantpositiverelationship between genetic diversity and empirical

estimates of species abundaaoel occupancy, with occupancy being the most significant

predictor ofnucleotide diversityWhile occupancys correlated with patterns babitatuse
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amongspecieswe find that direct measures ludbitat specializatiowerenotsignificant

predictors of genetic diversity. Importantbyr resultssuggest that genetic diversity is at least a
weakproxy forspecies abundance in the regional community. Additionally, we show a strong,
positive relationship between occupancy and abundance, lending further support tic a class
ecological relationship recovered for many taxa but rarely examined in squamates (Gaston et al.
2002; Gaston et al. 1997; Freckleton et al. 2005). The pervasiveness of this relationship in
macroecologysuggests a mechanism linking changes in population dynamickatdoca

regional scale@Freckleton et al. 2005).

Our study reveals that a species rich community of related taxa displays theositme
diversity-abundance associatiéound by other studies at both narrower and broader
phylogenetic and geographic scal€ke proportion of variance in genetic diversity that was
explained by locatcaleabundance in the present stuslgimilar to that explained by museum
occurrence recorda proy for global population sizeh a recent study of genetic diversity in
thelizard genusCtenotus, a member of the Sphenomorphine clade that is represented in the
current datas€iSinghal et al. 2017bkimilarly, Rearson orrelations between abundance and
diversity recovered from broader phylogenetic sampdind) meteanalysesn other taxarealso
comparable.to the correlation recovered here (r =(Qetinu et al. 2006; McCusker and
Bentzen 2010)it is useful to discover that genetic diversigtainsat least sompredictive
power for population size across these different scales.

However much of the variation in genetic diversayong specieis unexplainedy
abundancgrand occupancy. With respect to predicting total abundance (e.g., poolealacross
survey years)ywe found that genetic variation was equivalent to just a singladetday of
sampling aMatuwa(Fig. 5). These results suggest that nucleotide divassitgavilyinfluenced
by factors_other thacensugopulation sizegr that ecological sampling in this commungy
unable to capture true population silrtgerpreting results from ecological analyses may help to
clarify this.issue. For example, habitat specialists bejocally abundant given non-random site
selection, with' lonheterozygosityndicative oflower regional abundance. Although the most
abundant species in this community also tend to be the most widespread, some high- and mid-
abundance species of the sphenomorphine clade exhibit relatively low occupancytjon &aldi
a higher degree of habitat specialization. Assuming occupancy at the chesés teitsome

degree correlated withopulation connectivity, these observations suggest that gene flow could
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357 be mediated by habitat preference, restricting individuals to certain microhabitats and preventing
358 movement through subptimal patches across large areas of lands@&peg and Bradburd

359  2014). ConcordantlyRianka(2014) foundhat many of the most abundant species, as measured
360 over 42 years in broadly the same region as the current study, are also thestnotd in

361 dietary and.microhabitat niche breadttowever, because occupancy at Matusvstrongly

362 correlatedwth both abundance and habitat generalism, the wide range of heterozygosgy value
363 exhibited by'species at the upper range of occupancy suggest that other processes not evaluated
364 by this study'maygonstrain heterozygosity in these takkar example, the rationshipbetween

365 abundace and genetic diversitan be weakened by past demographic processes such as

366 bottlenecks orfange expansions not reflected by current populatiqiEscdfier and Ray

367 2008; Banks etal. 2013; Dalongeville et al. 2016)

368 Similarly, because the chosen sample sites are not strictly a random draw from the

369 landscape, there is no guarantee that ecologgrapling at the communitgvelis sufficient to

370 accurately:track true variation in population sizenaytherefore behe case¢hat occupancy is a
371 more reliablerestimate tdng-termabundance than the pooled aburmtameasurements

372  reported hereRopulatiorsize will fluctuate through time, arabundancelata ardikely to be

373  susceptible.to noise generated by detection bias or recapture of indiwilhdésthis is also

374  true for oeeupancy data, occupancy provides a more cgeaseed metric thatould be nore

375 sensitive to increases in relative species abundamnicethe number of subpopulations in the

376  region Occupancy in a regional and community context rhayetbyprovidea morerobust

377  proxy for true"population size relative to other species in a comparative analysi

378

379 CONCLUSION

380 The results of this study support énitial prediction that greater abundance would

381 correlate withhigherlevels ofgenetic diversity, and further sugg#sat factors associated with

382 landscape.occupancyntribute to observed variation in heterozygosity. Our study provides

383 evidence thagjenetic diversity is at least weakly informative abademographic processes

384  occuring atphylogenetic scales broader theonspecific populationslowever genetic

385  diversity does no better at predictisigecies abundance, as measumgtie community at

386 Matuwa than a singléaverage'day ofstandardized sampling, and doaly marginally better

387 at predictingoccupancyWhetherthese results reflect a failure of genetic diversity or ecological
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388 sampling to adequately capture variation in true census population size remains uhiknown.
389 conclusion, patterns aftraspecific genetic diversityotentially can serve as proxies for

390 regionalscale species abundance, but further evidéooe diverse communities rseedd,

391 ideally incorporating information ospeciesabundance through time (Magurran 200d¢re

392 broadly, ourstudy provides further evidence for Lewontin’s paradox and sutiggstsolving
393 the paradoxnay requirdurther understanding and consideration of the relationship between

394 historical demography and preselay censusize

395
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FIGURELEGENDS

Figure 1. (A) Bootstrapped estimates of heterozygosity across fouespé®liatuwalizards, as

a function of.the number of loci used to compute the estimate. Genome-wide heterozygosity
convergesyrapidly to a limiting value and can be robustly estimated from saohpl@0 or more
loci. Speciesiillustrated includ® plodactylus pulcher, Lerista timida, Moloch horridus, and
Morethia ruficauda. Also drawn are the 95% confidence intervals around the estimated mean
heterozygosity for each species, shown as a grey dotted line, as measwsealatoci. (B)
Genomewidesestimates of hetergpgosity are highly correlated across conspecifics. Each point
representsithepairwise relationship between heterozygosity estimates from two individual lizards
of a given species. Dotted line illustrates isometric scaling relationship.

Figure 2. Phylogenetic distribution of occupancy, abundance, and heterozygass/3Lr
species ofdizards from MatuwAbundance at each of 24 sites is represented by the size of the
point, and withinspecies genetic diversity is represented by color. Occupancy iy $ivap

number ofisites at which a species was detected (e.g., empty "cells" denote absence).

Corresponding abundance data can be found in Table S1.

Figure 3. Correlation matrix showing relationships between genetic divarsltfour predictor
variablesiag'abundance, occupancy, body size as measured byvarduéength, and a metric
of habitat Specialization (habitat distance) wherein larger values indicate generalist@pecies
vice versa. Regression lines and phylogenetialues are shown for significant relationships,
and points are colored in greyscale by clade.

Figure 4. Results from model averaging, showing the relative importancehoihe@pendent
variable forpredicting withirspecies genetic diversity. Also shown are the coefficientasign
significancesfrom the final phylogenetic linear model including occupancy, the only variable to

exceed the cutoff value of 0.6 relative importance.
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449  Figure 5. Expected correlation in abundance (A) and occupancy (B) between tuarauatey
450 totals and a specified survey duratiorafds). For example, a value of x = 20 gives the expected
451 correlation between two estimates of the species abundance distributions: tiregigertil33

452  day) survey totals, versus a shorter interval of 20 consecutive survey days. A vatué of

453 indicates the.extent to which a single day of sampling would have estimated cumulative
454  abundance.and occupancy totals. The observed correlation of genetic divehsétpumtiance
455 and occupancyis illustrated by the correspondingzbatal dotted lines in each panel. Genetic
456  diversity predicts overall species abundance with a correlation slighbly lieat obtained from
457  one day of sampling, and it predicts species occupancy with a correlatioty &lgjbtv that

458 obtained fromrthree days of sampling.

459

460 Table S1. Abundance data for each species across sites at Matuwa, corresponglimg & F
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Pearson correlation with total survey abundance

1.0

0.8

0.6

0.4

0.2

0.0

(A) (B)

I I I I I I I I I I I I
This article is protected by copyright. All rights reserved
0 20 40 60 80 100 0 20 40 60 80 100

Number of survey days




