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. SUMMARY
0
g- Land and natural resource use in adeitior to climate change can restrict populations to degraded
- and fragmented habitats, catalyzing extinction through tf.e reinforced internlsy of <rnall population
size and genetic decay. Translocating individuals is a rowerful strategy for uvercoming direct
threats from human development and reconneciing isGiared populations wut is 110t witiout
risks.! Habitat Management Plan anztyses under section 7 of the U.S. Erdarigered Species Act
determined that multiple subpopulations of Federally Threatered Florida Scrub-Jave {Aphalccoma
> coerulescens, hereafter FSJ) belonging to a metaponvidation it Florida’s west coast were declining
% demographic sinks, occupying areas where agricultire and fire suppression nad degraded and
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fragmented the habitat.? In crder G inciease iile viaility of the overall metapopulation, 51
FSJs fromi five ¢f these smaii subpopulations ir arzas to be mined were translocated throughout
2003-2G10 into a larger site of more centiguous, recently restored habitat at the core of the
metapopulation, which contained a small iesident population.3 Prior to translocations and for
nearly two decadas afterward, this core population. rcieried to as the M4 core region (CR)
populatior., was extcr.sively moniiored, yielding a niearly complete pedigree. We used this
pedigree, along withi temporal gensinic Anaiyses and simulations, to show that translocations
coupled witn hzapitat restoration generated rapic population growth, but high reproductive skew
increased fiibreeding and led to genetic erosion. This inechanistic understanding of mixed
conservation outcomes tuyhlights the imperiance o1 monitoring and the potential need for
gerietic 1escue to offset consequences or reproductive skew fsilovring translocations, regardless
of demographic recovery.

In brief

Linderoth et al. find that translocations of Florida Scrub-Jays aid the recovery of the species by
catalyzing popuiation growth but that reproductive skew dampeins accompanying genetic benefits,
ultimately teading to increascd inbrceding and genetic decay. The:se results demonstrate the
potential need for gzietic réscue even in growing pepulations.
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RESULTS

Trans!ocaticiis uel demographic recovery

Thirteer individuals comprising four family groups inhabited the metapopulation 4 (M4)
core rejicn (CR) (Figriies LA and 1B) prisi to translocations. These individuals and

their immediate offspring were csiisidercd CR “residents” (n7=23). During 2003-2005

and 2007-2010, 51 Florida Serun-Jays (FSJs) from five at-risk subpopulations in areas

o be mined (Figure 1A) were translccaied to an ar2a of restored habitat within the CR
{rigures 1B and 1C). The first four translscations nad limited settlement success, so
methodsicgies viere adapted to tiine transiocations with natural FSJ dispersal patterns,
resulting in improved settlemerit for translecations conducted in 2008-2010. Following each
of the modified translocations, the CR peputation began to increase in size (Figure 1C),
Wiine disu expanding geographicaily as new family groups established territories throughout
restored habitat in the CR (Figure 1B). The CP population continued to grow rapidly

years aiter ihe iast jays were translocated, sucn that by 2022 the population had increased
10-fo'd, shiowing a clear positive demograziiic resgense to translocations. We refer to the CR
psopulation in years 2521 and on as the “contemporary” population.

1duosnuen Joyiny

Reproductive skew revealed by the population peuigree

1duosnuey Joyiny

Higkh reoroductive variance among 74 founding indiviguals of the contemporary CR
population (residents plus translocated jays) {iable 51) and their descendants led to a
decreasz in the numker of founding lineages present in the population over time (Figures
2A and 2B), vwith 2 vias toward contributions from tranc!ocate iineages to annual cohorts
starting approximately halfway through the transiocation period (Figure 1C). Based on the
nearly comolete population negigree, 16 individuals (hereafter coliectively called the “top
16” ancestors) centributed over 76% of the populaticii’'s fouiding encestry, i.e., the genetic
material originatinyg Trom resident and translocated individuals, sir.ce 2015, which reached
88% by 2022 (Figurc 2).

The pedigree also revealed that one breeding pair consisting cf a translacated male from
site 13, RLS-K, and a translocated female from site 1, W3A--K, 1nade exceptionally high
genetic contributions te the CR population (Figure 2; Takle S1). This sair hiad consistently
high nesting success, fledging all offspring 1n tive of six nesi uttemnts. On average, since
their pairing in 2008, they collectivelv 2ccounted for 24% (SC = 0.06) of the exvected CR
population founder ancestry. wiin a maximum contribution of 32% i 2017, 4 years after
their presumed deaths, indicating successful reproduction of their offspring. From 2033 to
2022, the average genetic contributions by RI.S-K and WSA-K to thc CR nspulaticn were,
respectively, at least 2.43 and 1.83 higrier thaii that of any other resicient or translocated
individual.

1duosnuen Joyiny

Erosion of genome-wide variation from reprociuctive skew

Higher inbreeding is an inevitable outcome of increaser: re productive siew ihat ~ii

be particularly pronounced in smal', izolated populations. We assessed the genetic
consequences of reproductive skew 11 the CR population by sequencing tiie geriume of
one nestling from each 2021 CR breeding pair (conteriiporaiy sample, 7= 28), which we

1duosnuep Joyiny
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compared with the gensimies oi 29 ransiccated jays and 16 residents. We also sequenced the
genornes of 13 jays trom. five other M4 subpopulations (Figure 1A) and identified 2,049,176
high-quality SNPs segregating zcress all individuals. The average sequencing depth per
individual was 7.23 (SD = 1.0). The donor populations were collectively genetically
separaied from the resigent CR populatior by an Fg7of 3%. The contemporary population
diverged by 2.6% froni the resideinit CR pupulation and 2.4% from the translocated jays in
only around 3-5 generations. ! ine space defined by the first two principal components
PCsj of a principal-component analysic (PCA) of genetic variation across geographic
space and time, contemporary individuals gravitaied toward translocated jays with high
renrcductive cuntributions (Fioure 3A).

1duosnuen Joyiny

In line with a partial genomic sweer fiom rsproductize skew, individual inbreeding
estimated from ocnomic data, F, Was significantly higher among contemporary

HIGVIAUAIS (Feempe oy = 0.015, SD = 0.025) conpared withi residents (F .. = 0.010,

SD = 0.022, Mann-Whitney U = 313, two-tailed test, p = 1.046 x 10~%; Figure 3B),

while average heterozygosity was significantly lovwer arnong contemporary individuals

(H s somporary = 641 % 10 ™%, $D = 6.01 x 107>) compared with residents (... = 9.22 x 1074,
SD =174 x 1074 1(13.35) = — 5.662, two-tailed tesi, p = 7.018 x 10~>; Figure 3C). Inbreeding
was alsu significantly higher and average incterozygosity was significantly lower among
contemporary individuals than among translocated jays (7, u...aec = 0.003, SD = 0.003, Mann-

1duosnuey Joyiny

Whitnay J = 355, two-tailed tes’, p = 1.040 < 1677 H,ooeues = 8.85 X 1074, SD = 1.57 x 1074,
1(16.23) = —5.791, two-tailed test, p = 2.61 x 10‘5), while levels of inbreeding and
heterozygosity were the same between resident and transiucated individuals (£, Mann-
Whitney U = 111, two-tailed test, p =: 0.555; H, 1(24.49) = 0.578, (wo-tailed test, p = 0.568),
which suggests that higrier inkieeding and lower heterczyaosity i tha contemporary
population is nut accounted for by ancestral levels of inbreeding ard ¢enetic diversity

alone and rather is prednminanthy the rezult of the unusually ingh reproductive skew

among founders. These recuits were consistent with popuiauon-level estimates of nucleotide
diversity (Table S2) and estimatzs of inbreeding measured as tiie hropertion of the genome
in runs of homozygosity, +zox. Wwhich were higher than F bui stili followed the same

trends (Figure S3A). L.ast. our estimates of inbreeding and genetic diversity were robust to
variation in sequencing depth and other experirnental and anzayticai technicaliics (Figures
S3 and S4).

1duosnuen Joyiny

Reproductive skew was likely reducesd by translocations but remeins high

An important question surrounding the efficacy of translocations fci conservation is whether
the observed disparity in reproductive success among ancestors following translorations

is an expected outcome from charice alone ci whetner the reproductive shew thai we
observed was unusually high. Population simulations in which the frequzncy »f breediny
pair formation, number of offsprinrg per breeding pair, and survival varied stochastically
within and across years congruent with FSJ biology showed that translecations 1:iio

the resident population produced larger population sizes and significantly reducca the
variance in ancestral genetic contributions comparsu with seenarios without translocations,
even when the nonaugmented resident population exnibites growth (Mann-Whitney

1duosnuep Joyiny
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U = 655,247 — 906, 343, Bunierroni-adiustad two-tailed p = 5.1 x 107210 — 5.1 x 1073 for
years 2008-2022; Figure S A). Althioiigh the observed population sizes tracked the
simulaied population sizes fcr tihe scenario involving translocations (Figure S1A), the
obser ec! variance and skewv of ancestral genetic contributions were at or above simulated
0.95 guartiles for years 2015-2019 as w<ii as 2009 for the variance and 2014 for

skew (Figure S1B), correspondinig to wiien the RLS-K and WSA-K lineages contributed
most higily to the popuiation. This suggests that the observed reproductive variance was
iigher than expected from demograpnic stochasticity. Importantly, when we fixed the
probabilities of both pairing between aduits anc reproductive output among pairs to be
uniturn in sSimuiations where the poruidtion demegiaphy was constrained to closely match
the observed pedigree, high variance of ancestra! genetic contributions was still possible
(Figures S2A-S2D). However, the observea contributions of RLS-K, WSA-K, and the top
1o ancestors tended (0 be higher than simulatad levels {Fijures S2A-S2D).

1duosnuen Joyiny

Detecting reprodctive skew using genetic data

We invesiigated approaches for characterizing ieproauctive skew solely from genetic data
i1 order to (1) corroporatc skew identi’ieus from the pedicree and (2) leverage the rare
opporturity of having a real-life scenario involving a nzarly complete population pedigree
ana genumic data to validate ways of identifving reproductive skew in the absence of a
pedigrez, which is the case for many population mernicorirZ scenarios. We quantified the
geneti~ contribution of searciicad ancestors (o the contemperary population based on their
average rank-weiohted relsiedness to all sequenced individuals from 2021, denoted K.

1duosnuey Joyiny

The K statistic explained a significant amount ¢t the vaiiation in the pedigree-based
expected genetic contributions by sequenced ancestors (2 = 5.02. .(37) = 7.7536, two-tailed
test, p=2.872 x 167", K pffect [B«] 95% confidence intervai [Cl] = | 15.67,46.44]; see also
Figure S2E). Accordingly, the distribution of K (Figure 4A) is skewed toward the same
individuals witt. disproportionately hizh genetic contributions in the pedigree, and, in
agreement with the pedigres, WS/-K: stands out as the topmost genetic contributor (her
highly successful mate, R!_S-!\, was not sequenced). Half of the top 10 hignest genetically
contributing founders to the 2021 cohort based on the pedigree are aiso zmong the top 10
individuals with the Fighest K (Figure 4B), while the remaining nalf weie not sequenced,
suggesting high power to identify relatively proiific lineage; from genetic data 2!one.

1duosnuen Joyiny

DISCUSSION

We documented a 10-fold increase of the M4 CR FSJ population size within only z0
years of receiving translocated jave irom ncighboring subpopulatior:s. This growth was
accompanied by a geographic pegulation exgansion as new family grouns estabiisiied
de novo territories throughout areas of recciitly restored nabitat, clear'y riemonsirating
the vital role that habitat managem:nt played in promoting population growth. Whiie it
is tempting to assume that such a derxographic increase might alleviate inbrzeding and
temper the loss of genetic diversity, and perhaps eve:i inzrease diversity when fucied by
translocations, our genomic results stiow tnat this is not necescarily the case. WWe found
that exceptionally high reproductive skew relative tc ievels exnected from demographic

1duosnuep Joyiny
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stochasticity, especially towaid uiansiocared individuals, and one breeding pair in particular
inat aominated contributions to the CR population for 15 years (2008-2022), curtailed the
ability of translocations tc decrease inbreeding and prevent genetic decay.

Generally speaking, reprodi:ctive skew rediices the effective population size (N,), which
acceleratez the loss of genetic variztion through drift and increases the chances of
inbreeding, all of which caii poteniiall 7 lead to inbreeding depression and even population
coilasse. A stark example of this is the wolves of Isle Royale, 6 where over half of the
ropulation’s ancestry was expected to trace back t< a single male.” The partial genomic
sweep of the combined RLS-K anz WSA. K lineages throughout the CR is 40% as strong
25 the 1sie Ruyaie male. Although even low levels of inbreeding (pedigree F < 4 %) in

FSJs have been shown to lower rates of survival to yeariing and breeding stages,® the
aheolute increases i inbreeding that we ohserved are minor and unlikely to have fitness
cunseauences at this point, though the accompanying loss of genetic diversity could reduce
adap'ive peential. Reproductive skew, a com:iion feature in many natural populations
spanning diverse taxa,®1% may have especizliy dire corisequences within recently small,
fragmented populations experiencing dzcrcased immigration.1! Increased inbreeding, loss
of genetic diversity, aiid/ or elevated extinction risk from reproductive skew have been
docuinented in other cases involving birds aiid other taxa,12-1% suggesting that it merits
clos2 monitoring when populations are augmented with & established via translocations.
Our simulations revealed that even when mate diring aiu reproductive output among
breeding »airs are unifcrinly random, a highty optimistic scenario in terms of minimizing
reproductive vziiance tiat is often violated in nature, high variability in genetic contributions
can arise by chance despite population growth.

1duosnuen Joyiny

1duosnuey Joyiny

In many transiocation scerarios. it will be infeasible to cariy out wie type of population-level
monitoring reduired to csustruct the detailed pedigrees riceded to characterize reproductive
skew. Fortunately, we demonstrate that reproductive skew can ke reliably detected and
quantified from molecular data alone using the averanc rank-weighted relatedness statistic,
K, which showed strong congruer.ce wvith pedigree-based inference ia terms of which
lineages contributed dispropciticiately to the CR population. Pedigrees car. also be inferred
from genomic data; howzver, one appealiny 12ature of the < statisiic is that it can be used to
estimate reproductive skew from smaller samp'e sizes than are needed for accurate pedigree
reconstruction. lIdentifying reproductive <kew using K is possiule whenever popuiation
genetic data from at least two tirie points pern.its calculating reiatedncss between ancestors
and descendants. Importantly, v, can also be dircctly estimated from population: samnies
sequenced at two or more time points using the temporal method.16-18 Comkiina astimates
of N, with inferences of reproductive skew usiig K could be particu'arly useful for
explaining small N, to population csiisus size ratios when demographic data are not
available for characterizing reproductive variance. Such understanding of ine machanisris
suppressing genetic diversity despite large population c2ncus size is extremely valuzole from
both an evolutionary and conservatio perspective.

1duosnuen Joyiny

The ability to identify exact ancestors urivina regioduciive skew using K degends Sii their
inclusion in the genetic sample (they wiii always have the nighast K); however, if those

1duosnuep Joyiny
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Linderoth et al. Page 7
individuals are abcent in the sainpie, Tamily- or lineage-level resolution will still be possible
i_> inrough the proxy ot samplad indiviguals closely related to the responsible breeder. We
5 sequenced 57% of the CR pcpuiaticn’s founding ancestors and achieved accurate individual-
= level resnlution into reproductive skew. In general, for characterizing reproductive skew
9§J using 17, \we recommer.d gcnetic sampling Trorn as many ancestral resident or translocated
5 TR . L . . . -
c individuzis as possible aTnd a rer:.csentat.t/e populatl_on sample o_f potentially mlnlmally_
Q relatzd descendants, which aligiis well with conventional sampling schemes for population
=} geneuc monitoring. And while K is a simple heurictic for characterizing reproductive skew
wnat works well even at low sequencinu depths, vve note that with enough temporal sampling
and sequencing effort to phase genomes, genomic <waeps can be characterized at haplotype-
level resolution.19
Tranclocations aiimed at mitigating detrimz2mal impacts on individual organisms resulting
> irum human lard use change should still provide conservation benefits at the population,
% species, or zcosystem level20; however, their use is controversial.2122 Yet in the face of
Q slated (or ziready completed) habitat alteration, relocaiing individuals may be the only
< ortion (o preserve lineages and ultimatrly conserve poaulations, making the insights of
% our study intc ine mscnanisms that shape the strengths aad weaknesses of translocations
§ for conservaiion invaluable. Despite the obscived geretic decay in the CR population, we
g- emphasize the importance of its demographic recoverv. vwich was likely jointly fueled
- by transiocations and habitat restoration. Larger census size provides a critical buffer
againsy demographic ara envircnmental stochasticity and increases the odds of population
persistence.23 Furtherriiore, simulations provided evidence that r2productive variance from
demographic stochasticity would likely have beer tiigher without translocations, and so
the genetic state of the populatior would have bzen worse, ever: if the population had
> grown. Thus, based on cur findings, we believe that transiocaticinc, even when used for
% mitigation, can he an ciiective conservation tool, while also strongly advocating the need for
) continued monitoring and potential management even after cemoaraphic growth following
Z translocations. Snecifically, gceasioral translocations of a few individuals (up to 10% of
% the breeding population) frcm ottier, ideally large, populations mimicking a pulse of natural
@ gene flow in accordance with levels of migration in connectzd peoulatior's imay be necessary
%- for genetic rescue to offset the consequencas of reproductive skew in isolated populations.
=
RESOURCE AVAILABILITY
Lead contact
Additional information and requests for resourrzs should be directed tc and wiii he fulfilled
> by the lead contact, Tyler Linderoth (linderolZmsu.edu).
=
S Materials availability
% This study did not generate new, uniquz reagents.
=
5 Data and code availability
é- . Whole-genome sequence data aic availabie from the Sequence Read Archive
- under BioProject accession SRA: PRINA 1399459, Demographic monitoring,
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simulaticn, and aii uiier darta used in this study are available from Dryad: https://
i_> doi.org/10.5061/dryad.z612iin6j0.
g o Computational tocis fzveloped in this study to calculate expected genetic
% contributions frorn pedigrees and the K statistic are implemented in
o the relateStats program, which is Gvailable from Zenodo: https://doi.org/
5 10.5281/zenodo.1426007€. All other scripts and code used to perform
= analyses and ocrierate figures are available at Zenodo: https://doi.org/10.5281/
2 zenodo.14606489.
. Any additional information rzquired to reanalyze data in this paper is available
trom the lead contact upon requiesi.
STARXMETIICDS
E EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS
3 For our stidy, we monitored and sequenced iorida Scrub-Jays (Aphelocoma coerulescens,
< abhreviated FSJ) to gaini high-resolutior insight into the demographic and population
% gaiiomic outcsines of species translocitions. The FS? 1s 4 nonmigratory, endemic bird
é specics to Florida, USA, that experienced massive nspulation decline starting in the
g- twentieth century, mainly caused by degradation and loss ut xeric oak scrub habitat on
- which it is reliant.34:3% In 1987 FSJs were assigried Threatened status by the US Fish and
Wildlite Service (USFWS). Freim 2003-201 2, as part of a FsJ management plan developed
between IMC Phiosphzies Company (now Mosaic Fertilizer, LL(CY) and the USFWS, all FSJs
from five Metapopulation 4 (M4) subpopulations £51 individuais wtal) inhabiting areas to be
mined were translocated to the M4 Core Regior.’s Mosaic Wellfield site (Figure 1), which
> contained a resident poruiation oi 13 individuals.
c
§ We banded the adult FSJs in the M4 beginning in 1999 and classirie any individuals banded
% as adults therearter as immiarants Stzrtir.g in 2002, we conducied CR population censuses
% every spring before the Lreading szason and every July at the end of ‘ne nesting season.
5 We identified breeding pairs znd tracked their reproductive efforts through handing and field
9 behavior observations, ard from 2004 onwaids monitored the nests cf each family group
=t to determine clutch size, hatching success, ¢na fledging success. Fiorida Scrub-Jays are
mostly genetically monogamous regardless of social factors and environment,38 aiiowing
for accurate assignment of parentage from dehavioral observations.% Thus, there is strong
concordance between pecigrees constructed from genetic and observational data i1 tiis
species. Through 2017 young were banded as indzjandents pritnarily between June and
September each year. Prior to 2018, we kanded ziid collected blond froin adults after
<1—> capturing them with peanut-baitzd walkk-in traps, and then from 2012 through 2021 we
g banded and collected blood saiiiples from 12-dav-nld nestlings. We coliectec blood 1om
% translocated jays at the time of capti:re. 5100d sampling entailed first rubbing the uncerwing
93.) with an alcohol swab and using a rieedle (25 gauge for riestlings and ron-translocates adults
< captured before 2018 and 27.5 gatge for translocated iays) to lightly puncture the brachial
Q vein. After removing the needle, capiliary tubes were 1:sed to collect the bloca samzie. Each
=l sample was immediately transferred to a vial of {ysis buffzi iakeled with tiie individual’s
Curr Biol. Author manuscript; available in PMC 2025 May 19.
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analyais.

We c'assified 23 jays in the popuiation pedigree that were representative of the CR
populeticn prior to transioczuons as residents; comprising jays that resided in the CR

prior to translocations aiid their direci offssiing born before the end of the translocation
perior. We sequenced DN trom tive nlood of 87 individuals, encompassing 16 residents
from zil four family groups present in tne MW prior to translocations and 28 individuals
born in the CR in 2021, 18 years after translccations began. We assigned five individuals
(K-WS, S-GK, PK-SL, RK-SB, WK-sL) sampled in the MW in 2004, 2006, 2007, and
2008 that weie vanded as adults to the residert CR greup based on clear genetic affiliation
to the resident population. One individual thai was initially classified as a resident in the
monitaring data 1 SRB, turned oui to be the 2008 ofispring of a male translocated from
Site 17 and a CR resident mother and so wes excluded +om the resident group in genetic
statictical comparisons so that their admixed 2ricestry did not bias results. We sampled 28
of the 51 translocated jays in 2003-2008, as well as ona individual (K-SBP) from Site

13 tnat naturally immigrated to the CR between July 2909 and March 2010 which we
treated as a translocatcd individual in subsequent pedigree and genetic analyses. In 2005, we
also sampled une non-translocated indiviaua! {RSW-K) from Site 1 who migrated to Little
Manatee State Park, which is outside of the CR, and so was not considered translocated nor
part cf the CR population in any analyses. The rcinaining 13 individuals were sampled in
2003-2005 from five nen-doner M4 subpopitaiions north or the CR (Figure 1).

1duosnuen Joyiny

1duosnuey Joyiny

METHOD DETAILS

Genomic sequencing: We exuacted DNA frum blood sameies using Qiagen DNeasy
Blood and TTissue Kits rei the manufacturer’s protocols. whelc genomes for each sample
were sequenceu by Novogene Corporation Inc. on 25 illumina NovaSeq 6000 using 150 bp
paired end sequencina. Novnaene carricd out basic qualitv contro! on the raw sequencing
reads. Reads containing aCapier seguiences, greater than 15% undetermined bases (“N”),
and/or more than 50% bases with Phired-scaled quality score sclow siv were filtered out.
After quality control the amount of data per individual rengzd trom ~77.6€-1.48.9 million
reads (median = 12.6 Gup).

1duosnuen Joyiny

Genetic data quality control and mapping: Prior to ragping we performed additional
quality control on the sequencing rears. rFirst, \we combined rezads prcauced across different
sequencing lanes for the cam< individual and reriioved reads likely derived fror, PCR and
optical duplicates using Super Deduper?* versicii 1.2.3. We then used cutad2gi=® version 3.7
to (1) trim residual adapters if at least tiie fin2! inree bases on the 3’ znd of reads aligned to
the start of the adapter sequerces, (2} irim missina hases (“N”) froni the ends of reads, and
(3) remove pairs of reads for which at Izast onc iead was shorter than 70 kp after trimming.
The clean reads for each individual were then separatec according to se juencing lare so that
the lane identity for different sequrncing batches could oe recorded in the alignment files.

We mapped quality-controlled read: to a high-auiziity craft version of the FSJ gyenorie
assembly generated by Romero et al.3¢ using bwa mem?26 version 0.7.17 under default
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parameters. We used the “meige” uiiiity of SAMtools?’ version 1.15.1 to combine aligned
reads from different sequericing lancs irto a single alignment (BAM) file per individual.
SAMtcols was used to add mate score tags to the reads with ‘fixmate’, sort the BAM
files, and identify and recod ary residual duplicate reads using ‘markdups’. We trimmed
overlapping sequence fiom the mate of eacii read pair with the lower average quality
score using the clipOverlap function of BamUtil28 version 1.0.15. The median and mean
sequzncing depth per saiple afier qua'ity control and mapping was 6.9x and 7.2x (SD =
1.0), respectively.

1duosnuen Joyiny

Sex ascignmgent from genomic sequencing data: In order to assign sex to
individuais without preexisting sex information (7= 53), we used SAMtools ‘coverage’

to calculate average autosomal derti and th= average Z chromosome depth for uniquely
maprecd reaas nui seurced from PCR or optical duplicates (SAMtools arguments --ff
UNMAP,SECCNDARY,QCFAIL,DUP -d ). individuais with a Z chromosome to autosome
averege depth ratio below 0.6 were classifiea as females and individuals for which this ratio
was greate: than 0.6 as males since we expcct the Z-chromosome depth to be approximately
hair that of the autoseiiies for (heterogemetic) females. Sax assigned in this manner agreed
with all 34 cases where sex had been essigned in the Tield based on behavioral observations
or from an amplicon-based PCR assay.

1duosnuey Joyiny

Genetic variant identification: We identified genetic varients using BCFtools?7 version
1.15.1 by first calculatirg individual genotynz iikelihoods (GLs) with the mpileup function,
considering on'y uninueiy mapped, non-duplicate reads with a minimum Phred-scaled
mapping quality of 20 and base quality of 13. We required at ieasi two reads or 5% of

the total reads be gapped within 2 individual fcr considering czand.date indels. All other
parameters were set to Actaults for calculating genotype fikelihceas. We called variants
jointly across a!! 87 ingividuals using the BCFtools muitiallelic “‘call - m” model with

the heterozygosity prior (-P) set to 0 002, Diploidy was asstimed throughout except for
Chromosome 24 (7 chromgsainie) fur which we set females io haploid. The identity of

W chromosome scaffolds was less resolved than for the Z chromosoime au the time of
variant calling, therefore ve did ot specify W scaffolds 10 RCiFino's “cail’ in order to avoid
biasing calling in regiors falsely classified as W-linked, noting tha: males will be called
homozygous at W-linked sites unless there cre genotyping eivors.

1duosnuen Joyiny

We masked genomic sites deemed unreliziie tor downstream infcience Gased ori the
distributions of sequenciry and wiapping quality m.etrics calculatzd from all reads at
autosomal (excluding the Z and W chromosomes) aad Z chromosome sites sepsiately.
Specifically, we masked out any sites with total depth (depth sum:ned across all individuals)
below the 0.5 quantile (523x for autoscinal sites, 386x for Z chromosome sites) ur ictal
site depth above the 0.95 quandiie (741x for autnsomes, 681x for Z chromosoms). We

also masked sites meeting at least or.e of the following criteria: (1) fraction of reads wvith
map quality of zero greater than 2>: the genome-wide average (10%), (2, root n'ean syuare
(RMS) map quality below 35, (3) ‘raction of reads with base quality of zere greater tha
2x the genome-wide average (0.3%), (1) RMS base quality below 20. We al<S nilterca
sites using quality metric distributions sased on tie subset ot high-quality reads, defined

1duosnuep Joyiny
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as those having hasc and miap yuaiities o1 at least 20 and 13, respectively, used for

variant identification. We nyasked sites vvith total depth (VCF DP flag) above or below

the respective autosomal/.” chreinosome-wide median site depths +/- 25% (< 474x or >
790x for autosomes, < 336:¢ or => 560x for Z chromosome) and/or with an exact test p-value
for excess heterozygosity Eelow the 2nd ncicentile of the autosomal/Z chromosome-wide
distributionrs (0.06 for woth autossines and the Z chromosome). We filtered for minimum
individuzi genetic representaticii rrom different populations or groups by requiring that at
Jeast 83% of individuals from each of the CR resident, CR contemporary, CR jays banded
s adults, and translocated groups and the collertive set of other M4 subpopulations were
covercd By al ieest three high-ouaiity reads and have called genotypes in order to retain a site
ior downstream analyses (noiing that genotype calls ware only used to filter missing data
and not used in any analyses). We aiso requ:red that et least 83% of individuals in each of
the Tive aiorementioned groups nave genotyps2 quality of at least 15 at a potentially variable
site, otherwise it was masked out.

1duosnuen Joyiny

All downstzeam population genetic analyses were limitad to sites from 31 scaffolds
horiolagous to zebra finch autosomes (we cxcluded the .7 and W chromosomes). We
confirmed that ine Z aind W chromoso nes were exclitders from all downstream analyses
based un genome alignments using Mirimag2”® petween the version of the genome
assembly used in our study and the final version of the acsembly38 for which the Z and

W scaffulds were confidently identified based nri seatiencing depth and homology to zebra
finch s2x chromosomes.

1duosnuey Joyiny

Simulatior:s ci expected genetic contributiens: We pertormed two types of
simulations to evaluate levels of exgected ancestrai genetic contributions when pairing
between meture, unpaired individuals and the number of Sitsprinu produced by each
breeding pair is random. For the first type of simuiatinr we constrained the pedigree
structure to match the number of breeding pairs (conditional er inerz being available
individuals to pair), the total number =7 offspring produced cach year (given enough
nesting pairs existed), and ¢ge structizie of the observed pedigree in crder to very closely
match the observed populaticii growth. For these simulations, the probabilivy among
unpaired adults for forming pairs and the rumber of offspring amang p2irs 2ach year

were uniformly distrinuted. We used these simulations to approximate iower hounds

for the maximum reproductive variance due to chance giver the observed demegiaphic
scenario, which provided insight iiito hew concerned we generaliy neea o be auout
reproductive variance even in the most optimistic scenario of uniformly randon niate Dairing
and reproductive output among pairs. For the secsind type of simulatior we snugit to
characterize the distribution of variance ii1 ancesiral genetic contributions by allowing the
frequency of breeding pair formdtion, annual reproductive output (number of uTrspring)
among breeding pairs, and survival to vaiy stochasticaly using parameter gistributions
relevant for FSJs, while maintaining that all unpaired aduits had equal probabilit 7 of pairing.
These simulations not only provid:d more realistic distributions for repreductive skew in
FSJs, but also allowed us to explote tow different demog:aphic scenarios (s.g., cases with
or without translocations) affected variance in ancestrai genetic contributions since ine
models were no longer strictly constraimed ky tie pediaree, ratner only parameterized by it.

1duosnuen Joyiny
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We compared three demagiapiie scenarios: (1) A resident population that did not receive
iranslacations ana whict. did not exceed rour breeding pairs at any given time (which keeps
the population size relativaly ceiistzint and reflects the state of the actual CR population
prior *o ranslocations), (2) a resident population that did not receive translocations and
with no constraints on tnhe number of breeding vairs until a carrying capacity was reached
if the poru'ation grew, (3) a resident poruiation that received translocations and with no
constiairis on the numb<i of breeding nairs until it reached the pair carrying capacity. We
riescribe the simulation methodologies in detail below.

1duosnuen Joyiny

For the first tvne of simulation with demogiaphy constrained to closely match the

oheerved peaigiee and uniform maie pairing 2nd pair reproductive output probabilities, each
simulation started at time zero, #, ana procecded forward in time, with each time step being
nne vear The first e /ent of each. vzar intrcdused new individuals into the population that did
ot enter throuct lecal reproduction. Each time an individual entered the observed pedigree
either as a resident, translocated individual, v natural immigrant, a corresponding individual
was introduced into the simulated populatieri at the analogous time step, acquiring the

sariie litespan as their rca'-life counterpart. All individa's with missing sex information
were random!y assinried as either male or female with equal probability. Subsequent events
occuried in tiie following order each year:

1duosnuey Joyiny

1. Individuals were removed from the popi'!aiion if they died or emigration
occurred in the okbscrved pedigree at the corresponding time step. Simulated
emigrants were ciiosen at random among individuals that were at least one year
o'd ang not in a breeding pair (since such FSJ emig;:ants would be unlikely
otherwise). When an individual in & oreeciig pair died, their mate was added
back into a pool of adulte available for pairing.

2. If the numbzi of simulated breeding pairs vas less than the observed number at
the corresponding time step. breeding pairs in the focal copulation were formed
by randomly pairing maies and females from the pool of unpaired adults (so long
as this pool coniained a nonzero number of males and fernales), thus modeling
approximately thc sarile number of nesting pairs cver time as what we observed.
An individuai wzs considered en odult if they were at least two years old (few
FSJs breed kefore this age). The only way a brecding pair dissolved is if one or
both mates died, which is in 2ccordance with the monogamous matiny system of
FSJs. A single externai poo! or emigrents was managed in tre same way to allow
for reproductinn outside of the focal {CR) population_enabling us to track the
ancestry of immigrants which we knzwv were born to focal sopulation emigrants
based on the observed pedigice.

1duosnuen Joyiny

3. Locally born offspring enterina the vseinved pedigree at the zilalogsiis time
step were randomly assigred paients among the set of brezding peirs with
uniform probability, mcdeling reproduction. Each breeding pair was r.ct al'owed
to produce more than five offspring in a year since this wou!d be rare for FSJs.
Therefore, the maximum number of offspring entering the simulated population
at a given time step was min (n,x, 5m,,). Wiiere n,. is the number of !scally
born offspring entering the observed pedigree 5< thz corresponding time and

1duosnuep Joyiny
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m, IS the simuiated numer ot breeding pairs that existed in the given time
,12 step. Oftspring assigned parznts in the simulation maintained the lifespan of
;:’ their real-life counterparcs. Reproduction was carried out in the same way for
= emigrants.
<
% This process was iterated 21 times, refiecting Z1 years spanned by the observed pedigree,
5 producing % simulated pedigree for a ccenario where mate pairing and reproduction were
= rardor with structure in teims of tha number of breeding pairs and population sizes
= over time that approximately matchec ths obszivea pedigree. The demographic match is
approximate because in the simulaticyis individuals were only allowed to pair if they were
at least twn vearc old, whereas occzasionally FS2s will pair when they are younger than this
(less than 10% of pairs in the CR involved individua's younger than two years old) leading
to rare mismatches between the number of pairs in the observed pedigree and the number
of naire in the siulations, which could potentially result in a slightly smaller simulated
E population size. 7hese discrepancies in pair numbers and population sizes are small such
g that the simuiated populations still closely matciied ihe growth of the observed population.
% This pedigree-based simulation procedu:e, wiich models important biological features of
% FSJs such as menogamy and age struccure from generatinnal overlap, is implemented in the
5 simPed.R scrisi at https://github.com/tplinderoth/ivi4_=SJ_translocations/blob/main/scripts/
Q simPed.R. We simulated 10k pedigrees, wiiici we used to celculate expected ancestral
=2 genetic ~ontributions with relateStats (see “pediorce analvsis* STAR Methods section).
For the second type i simuiations that modeled more realistic lavels of demographic
stochasticity for FSJs, the following events occurred at cach tir::e step starting at 1,
(analogous to the year 2002 in the observed pediigres).
> 1. Recidents, transiocatcd individuals, and natiirai immiarants entering the observed
= peaiaree at tiie analogous time step were inserted into th.e population with
g their observed lifespan and sex. Note that the timirng and amount of natural
= migration and transiccatiens (if the demographic scenario involved the latter)
% exactly matchec the cuserved pedigree.
c
3 2. All deceased ir.dividuals and emiqgrants were re’novea from tr.e nopulation. If
E’ one mate iri a breeding pair diec the surviving individuzl was returned to the pool
of adult individuals available for nairing.
3. New breeding pairs fciim. The number of new breeding pairs at tim:e ¢, k,,
was treated as = Poisson random variable, f(k; A) = izjl The Puissor: iate
parameter at time ¢, 4,, was 0iven by 2 generalized linear mcdel relating the
<1—> number of new nestirig pairs 0 the number of unpaired. mature ingividua!s in
;5 the population, m. Specifically, we fit Poisscn regression models for the ohserved
% number of new pairs that forrned each year to =« of the corresponding yea:,
%J the number of currently existing pairs in the population prior to new pairiing,
5 and interaction between these two predictes, and found that uie best sursorted
Q model based on comparing the residuai deviance of nested modeis inveived
=t only the main effect of m (£ = 15.5G7, p-valuc = 0.53), which was highly
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predictive of thic numiver oT nesting pairs. For each year in the simulation,

with an unpairad adult or the opposite sex. Individuals randomly pair until k,
pairs form so long as there were unpaired, mature males and females to pair, and
the numbe: of existing pairs was below a specified threshold (e.qg., pair carrying
capacity), so k, is actually the maximum number of new pairs that form at time .
Age of sexuel maturity v/as set to 2 years.

4, Breeding pairs produce ofispring. zach dreeding pair produced g offspring with
P(r? = g) set accordino t5 the emipirical distribution of offspring number per pair
i a oreeding season caiculated frain the ertire observed pedigree. Offspring
had equal probability of Leing maie or feimale. The probability that an offspring
incividual survived  vears, P(V = y), was given by the empirical distribution of
survival among offspring born into the focal population in the corresponding
yea: of the observed pedigree in cruer to mirror variation in survival among years
chat could likely be attributable to environniental factors. If there was not more
than 18 ohserved pedigree afsaring in the corresponding year to estimate the
emipirical survival cumulative distributior funiction from, we assigned offspring

yia,n, d)) = aﬂ + (1 - a)M.
y: y:

This provides a flexible way to modzi bimsdaai survival distributions representing
high mortality befere individual: reach breeding age. We fit the Poisson mixture
mozel to the empirical distribution of survival 7 all offspring born in the
CR pefore 2007, which likely avoids rignt cersuring given the maximum age
obiserved in FSJs (~1£ years), using tiie L-BFGS-B algorithm implemented in the
‘optim’ function of R39 version 4.4.1. The esiimated maximum likelihood model
50057 e—5.446

y! :

survival using a Poisson mixiwure mogei: f]

y,—0.189
was f(y) = 0.65621%2 o +0.344

We iterated this prucess 21 times for eazn simulation rim. 1t is worth nointing out that these
simulations still capture important features of FSJ biology 'ike midnogomy and generational
overlap, but allow for greater, 2iid more realistic demograpkiic stochasticizy compared to
the first type of simulations. This flexible simulation approach is impiemeited in the
simJay.R script at https://github.com/tplinderotn/M4_FSJ_translocations/blcbriain/scripts/
simJay.R. We performed 1000 simulations fcr each of the thre2 demcgraphic scznarios and
analyzed the resulting pedigrees with relateStais. \We calculated the variance and skew of
the genetic contribution of ancestors to the population relative ‘o the total ceniribution by

all ancestors for each year in the pedigree ‘e avziiufied reproductive skew as % where
[

3
oan - 2\7 H " { 2 -
Ky = %ZL (= %), 03 = (ﬁzﬁ (x = %)°)2. and x; Is the genetic contribritior. propartion

of the ith ancestor among » ancesto:s that could potentiall / contribute: to the populatior. in a
given year.
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QUANTIFICATION AND STATIETICAL ANALYSIS

Pedigree analysis: Tte expected number of genomic copies originating from each
resicent and translocated individuzi among all extant CR individuals as well as within CR
cohorts was calculated anziualiy based on a nearly complete population pedigree using the
‘pedstat” iunction of relateStats (https://githuh.com/tplinderoth/PopGenomicsTools). This
functior, iImplements the algoritim by Hunter et al.40 for calculating expected genomic
conrtributions from a peciaree and relies on an additive genetic relatedness matrix, which
was inferred using the ‘makeA’ functior. of the naaiv R package.*! The expected number
of genome copies, n, originating from a focal aiicestor i from time ¢ in a descendant group
(population or cchort) consisting of individuals 27, ,, from a later time point, ¢ + A, is

1duosnuen Joyiny

M4 A,

m=Y,.1  A,.A,Iisan element of mairix A, which corsists of relatedness coefficients,

r.., hetween ; ang tha j th individuai of M, ,, calculated trom a pedigree for which links
petween indivicual : and their ancestors are removed. Cunorts were defined as all individuals
born in the CR In a given year. Reproductive skew was inferred as disproportionately high
expecied genetic representation from a particular 2ncesiral individual or group relative to the
teial genomic represeriiation from all 74 founding ancestors.

Poruiatien genetic characterization: Vve calcuiated genotype likelihoods (GLs) at all
higt.-quality, autosomal sites with ANGSD*V version 0 237 using the SAMtools model
(-GL 1), considering only reads with minimum Fnred-scaied rnap and base qualities

of 20 tor downstream estimates of allele freguencies, population structure, genetic
diversity, and irioreediig. We assessed spatio-temporal gerciic siructure using a principal
component anziysis (PCA) based on genotype pnsierior piobabilities calculated from the
genotype likelihoods and an estiriate of the minor allele frequericy (ANGSD -doMaf 1
-doMajorMinor 1) under Hardy-weinberg equilibrium. Ve uscd the genotype posterior
probabilities to estimaie the genetic covariance amorg all individuels jased on biallelic
SNPs with a minimum minar allele frecyency (MAF) of 2% using rigsCovar, part of

the ngsTools3! softwarc peckaye. We periormed the PCA by decomposing the genetic
covariance matrix using the ‘eigzn’ function of R. We also ouantifiea aenctic differences
between spatial and tempcrar groups in terms of Fg, by first estirnating the likelihoods of
all possible alternate allcle frequencies at each high-quality, biallelic SINP from the genotype
likelihoods for resident CR individuals, comemn.porary CR incividiiais, the cotiective group
of all translocated jays, and the collective group of all donor populatic: jays {th's group
included one non-translocated individual) separately with ANGSD -doSaf 1. We used these
per SNP allele frequency 'ikziihoods to obtain a maximum likelirood estimate of the
pairwise joint allele frequency spectrum betwsen groups using the reaisFS subprogram

of ANGSD. We then used the allele frequenrcy likelihoods for each group and the

prior probabilities for observing ioirit allele fregucncies provided by their respective 2.
dimensional allele frequency spectrum io estiinate uie within and betwseer group genetic
variance components of Reynold’s £, estimator with real SFS. “Weighted” genome-wide
F; were calculated as the ratio of the: sum of between ¢roup to the sun: o1 ihe tetai (76,
within plus between group) genetic variance over al! SNPs.

1duosnuen Joyiny 1duosnuey Joyiny
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We used ngsRelate3? t5 catiimiaie reiateanass between all pairs of individuals as the
proportion of homoiogous alleles that are identical by descent (IBD) while accounting

for the fact that individuais ¢oula bz inbred.#2 Specifically, the genotype likelihoods and
allele frequency estimates *rom BCFtools at all quality-controlled SNPs were used to obtain
maximumn: likelihood estimates for all nine condensed Jacquard coefficients that represent
the possibie IBD states between two dirloid individuals, from which relatedness, r, was
calcuiated.

1duosnuen Joyiny

We estimated individual inbreeding ccefiiciciits, F, with ngsF33 using population-specific
allele frennencias estimated from raximziiy large, randomly chosen subsets of individuals
forwiich aii pairwise relatecness estimated frum oenetic data was below 0.4. We subsetted
individuals in order to avoid biasing popula*ion allele fraquency estimates with the
inclucion of first aegree relatives. lioreeding was estirnated for individuals using allele
irecuencies specific to the population to wt.ich they belanged. In the case of translocated
jays, with the exception of the Site 13 subpoguiation, and jays from the peripheral M4
subpoaulations (Sun City, Golden Aster Scruo, West Balm, Brigman, Duette Headwaters),
saniple sizes were too low (< 10 indiviaua!s) to accurately estimate population-specific
ilele frequencies. Caiisequently, we used allele freauencies estimated from the pool of all
donsi site individuals with r < 0.4 to esiimaie r for individuals from Site 1, Site 12, Site
18, anc Texaco. Likewise, we used the historic metaportiation allele frequencies estimated
from all jays sampled from 2003-2008 with r < v.4 t estinate F for the peripheral M4
subporulation individuais. We estimated eacri individual’s inbreeding coefficient using
their genotype iikelihoods at all high-quality sites segreaatiiig w:thin the group to which
they belonced Pruning highly related individuals in the presenc2 cf family structure
can potentially reduce the accurzcy of allele frequency estimates and quantities that rely
on them,*3 whi!a estimaies of inbreeding that measure Geviaticiis from Hardy-Weinberg
expectations (like ngsr) can be sensitive to specification of the referer.ce population used
for estimating allele freauencies, Thercfore, we also estimatcd F 1sing population-specific
allele frequencies cstiimatetd without iel2iedness pruning as well as with respect to the
metapopulation-wide allele frecuencies (meaning the same 2licic frecuancies were used for
all individuals) in order to assess how sensitive our estimates of inbreedir g wvere to different
analytical procedures (-1giiies S3B and S37). For the ngsF expectaticii maximization
algorithm we used an iiitial estimate of F celculated from thz GL<, and set (he ma<imum
number of iterations (--max_iters) to 2500, tha minimum number of iterations (--min_iters)
to 10, and the maximum root inean sguare deviation between ierations (--min_ensilon) to

1duosnuey Joyiny
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1x 107 as the convergence criterion.

We also estimated individual inbreediig bascd on runs of homozygcsity (ROH) identified
with the hidden Markov modei (HMiv) implemented in BCFtools 1oh*4 11sing ponulaion-
specific allele frequencies as well as metapeguiation wide allele frequencies as in the

ngsF analysis (Figure S3C) and a consiant per base pair rezombination rate of 3.6 % 1078,
representing a multi-avian-species average.*>~4° For each individual, we tra'ned ziid ran the
HMM using all high-quality sites s2gregating withir cthe group to which they be!siiged 6 at
all SNPs when using metapopulation alleie irequencies with the convergence thieshold set

1duosnuep Joyiny

to 1 x 10710 for estimating the HMM parameters witii the %ite;bi algorithm. We estimated
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individual inbreading, rom, as tiie propoition of the genome in ROH, considering only
sites Yor which there was less than 2 1% chance that the inferred state (autozygous or
non-au‘fozygous) was an errcr 25 determined by the HMM forward-backward algorithm.

We estimated heterozyqusity, H, of each individual using their genotype likelihoods to
calculate the posterior srobability that they nad 0, 1, or 2 alternate alleles at each quality-
contrsiled site in the gensinie whiie accounting for their level of inbreeding33 as measured by
Fror {estimated using population-speciiic allele frequencies, noting that BCFtools roh was
robust to different reference populations) using ANGSD (-doSaf 2 supplying the reference
gennme to anc and Fyep t0 -indF). Given s analyzed sites, an individual’s per site posterior

1duosnuen Joyiny

expected H is given by %Z; .y, Where %, ;1S the posterior probability that site i has one

alternate allele. We also estimaied ncpulation nucleotide diversity, =, from the posterior
exnected site fieguency spectrum (SFS) for each population.®0 Specifically, we used the
MAV- likelihoods at each site calculated witt: ANGSD -doSaf 1 and prior probabilities for
the M AL at any given site provided by an estiriate oi the population’s folded genome-wide
SFS that accounted for inbreeding33 (ANGSD -doSaf 2) to obtain a posterior expected
estiinate of the sopulation’s SFS from which we calciiiated = using realSFS saf2theta.

We used random subsets of individuals tor which all pairwise relatedness was below 0.4

to test tor significant differences in the distribution i indi-idual inbreeding coefficients
and mean heterozygosity betwesn contempaorary, resident, and translocated groups with two-
sided Niann-Whitncy U tests and Welch’s t-tests. We ensured that estimates of inbreeding
and heterozvyosity were not confounded by differences in seadcncing depth by fitting
linear mod:ls in R to test whether variation in cverage Individua' sequence depth explained
variation in estimates of inbreeding and heterozygosity (Figures S4A-S4C). We also
performed arn ANGVA in R (o test for differences i average depth am.ong individuals
belonging to the contemporary CR, resident CR, donor populaticii, ard other M4 groups
(Figure S4D). Fur eacn 1inear model. we oerformed 10k bootstrap replicates based on
sampling vectors of observations t5 estimate bias-corrected acceleratea confidence intervals
for the effect size of sequencing dzpth (for models of inbrzeding and hetarczygosity as a
function of individual secuence depth) or grsup (for the sequence denth ANOVA).

1duosnuey Joyiny
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Assessing reproductive skew from gencmic data: We used the genatic estimates
of relatedness to calculate the average rank-weighted relatearess. ¥, netwzen al' sequenced
resident and translocated izys to the contemporary sample. For fccal ancestor i, descendant

individual j, and another randomly chosen ancestsi m, j # m, k, = —}‘ L P > ),
where n, is the number of descendant indivicuals and r, ; is the probebility that alleles
from i and j are IBD, specificallv, thie relatedr‘css ccefficient between i ard j. Given

n, ancestral individuals, P(r,; > r,. ;) = Z,»m n>m.» With higher relatedness to a
descendant population, the K statistic for a focal ancestor will increase proportional to
the probability that they are more ieloted to descendans than other ancesiois. Comrzaiing

values for K among ancestors is useful far identifyino and assessing relative degrecs of
reproductive skew. We fit a linear modei i R tv determirie how much of the variation in
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the pedigree-basad cxpecica genetic contributions was explained by the genetic K statistic,
and tested for whether this amount 5r accounted for variation was significant using a
two-tai'ed t-test and bias-correcied accelerated 95% confidence intervals for the effect of K,
B, consiructed from 10k itzrations of bootstrapping vectors of observations to estimate g,.

Suoplementary Material

Rzfer to Web version on PuuMed Centra' for supplementary material.
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the number of translccatea (biue) and resident (pink) founding lineages contributing to
cohorts born in the CR over time.
See also Figure S1.
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CR founders, with cn¢ breediing pair comorised of RLS-K (male, red) and WSA-K (female,

,1—> ulue) contributing the most (see alse Takie S1). Annotated arrows show the mate of RLS-K

5 each: year and the number of young inat the respective pair fledged out of the total number of

O Al - L}

= eggs iaid per nest attempt (aumber fledged/total number of eggs).

ng (B) Tha same expecter! geretic contributicii by ancestors to the CR population is depicted by

2 lines in (A, but shown as stacked vars (individuals are ordered based on ranked contribution

3 to thz 2022 population), hiighligiiuny genetic takeover by a subset of mostly translocated

-§' lineages. Sixteen founding individuais from which over 76% of the CR ancestry is expected
t0 have derived since 2015 are labeled in {5) and denoted by the same colors in (A). The
remaining ances'ral lineages are colored yellow (B) sr gray (lines in A; bars in B). Figures
S1 and S2A-S2D show how the observed variance in ancestral genetic contributions shown
here compares to levels expected frum demographic ctochasticity.

>

c

—

>

=

<

@

S

c

)

e}

=,

§e)

—

>

c

—+

>

o

<

@

5

c

)

Q

=

—+

>

c

—

=0

Q

<

)

S

c

%)

Q

=t

Curr Biol. Author manuscript; available in PMC 2025 May 19.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



Linderoth et al.

A

1duosnuey Joyiny

1°C?2, 2.38%

0.0

1duosnuely Joyiny

Individual inbreeding (F)

1duosnuepy Joyiny

1duosnue Joyiny

0.3

N

(&)

0.1

-0.1

-0.2

0.15

0.10

0.05

0.00

Page 27

WSA-X (pedigree contribution ra:iik: 2)
A
K

K:RSW (5)

A

| O

A
| o 44
g @

oﬂrg.

SR-PK (8)

A

\ )

BK-FS (7)

K-SLA (4)

Core Region
@ Resident
Contemporary

Translocated

A Site 1

A Site 12
Site 13

A Site 18

A Texaco

Other M4

M Brigman

W Duette Headwaters
M Golden Aster Scrub
M Sun City

Il West Balm

T T T

0.0

04

PC1, 2.75%

o

«®

Om

%;ﬂﬁg

—

T T T 2
Contemporary Resident Tran<iucated  Other

Population or group

($]

Heterozygosity per site

0.0010 0.00:4

0.0006

0.3

A

A
A

——

&
‘A

T T » T T
Contemporary Resident Translocated Other

Popu!'ation

Figure 3. Spatiotemporal genomic characterization of the CR and neighinoring M4

subpopulations

ar jroup

(A) Genetic similarity among sequenced iidividuals based on a principal-ccmponent
analysis (PCA) of genome-wide variaticri in our M4 sample. The perceritage of the tota!
genetic variation explained by each PC is indicated on eac1 axis. Sequenced founding
ancestors among the top 10 largest genetic contributors to the contemporary populatier
based on the pedigree are enclosed in uashed circlcs ard denoted by their colsi-pand
identifiers and the rank of their pedigrec-hased genetic contiibution to the 2522 population.

Curr Biol. Author manuscript; available in PMC 2025 May 19.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/




Linderoth et al. Page 28

“+” denotes a dener Site individuai that was not translocated and not a member of the CR

,1—> popuiation.
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