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Running title Migrant-residentmonarch interactions

ABSTRACT

Environmental change inducesmewildlife populations to shift from migratory to resident
behaviours. Newlyormed resident populations could influence the health and behaviour of
remaining migrats. We investigated migrasresident interaction@among monarch butterflies
andconsequence®r life historyand parasitismEastern North Ameriagamonarchsnigrate
annuallyto Mexico,butsomenow breed yearound on exotic milkweed in the southern U.S.
and experience high infectigmevalenceof protozoan parasites. Using stable isotop@s, (
6™3C) and cardenolide profiles to estimate natal osgime show that migrant and resident
monarchs overlap during fall and spring migration. Migrants at sites with residents were 13 times
morelikely to have infections and thréienes more likely to be reproductive (outsit@mal
breedingseasehcompared to other migrants. Exotic milkweed migjthier induce these states
or attraetamigrants that are already infected or reproductive asedemigrantesident

interactions‘could affect monarplarasitismmigratory success, and long-term conservation.
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INTRODUCTION

Wildlife populations that engage in partial migratieclude both migranand resident
individualg,with migrantsmoving betweerhabitatsseasonallyandresidents remaing in the
same area‘throughout the y¢idewton 2008; Chapmaet al.2011a, b)Migrants and residents
oftendifferin“reproductive behaviour, body sjpeedatiorrisk, andin some casepathogen
infection (Adriaensen & Dhondt 1990; Hendry 2004; Hebblewhite & Merrill 2009; Altetel.
2011). Seasonal migrants and resideatsnteract and lsarehabitatfor partof the yearas
reportedforrCanada GeegBranta canadensjswildebeesi{Connochaetes taurinjysand other
speciegCaccamisetal. 2000; Estes 2014; Chapmeinal.2012), and sucimteractions are
likely widespreadacross taxagiven the high incidence gfartial migration in wildlife
populations (Chapmaet al. 2011a). However, thecological implications of migrasesident
interactiongrepresena criticalknowledge gajn migration biologyChapmaret al.2011a, b;

Broderseret alv2008).Migratory animals that share habitat with residents could encounter

additionalresources or mates, but they might also experience greater exposure to natural enemies

or factors.that alter their behaviour and movement.

Examining the ecologicalonsequencesf migrantyesidentelationshipss importantfor
the conservation ohigratory specie§Chapmaret al.2011a), many of which are now
threatened«(Wilcove & Wikelski 2008). Residency is becoming more common in some
populations«(Berthold 199@riswoldet al. 2011),asbirds, ungulates, and other animals
establish or expanesident suipopulationdue tohabitat alteration, climate change, or
supplemental feeding (Sutherland 1998; Fiedler 2003; Partecke & Gwinner 2007etJaines
2014) For.instance, a pally migratory population of Greatutards Qtis tardg in Europe
hasincreasingly shown resident behaviours, a change linked to high moofatiigrantson
power linegPalacinet al. 2016). Bats, storks, waterfowl, and numerother speciesre
showing similaincreases in residen¢askin 1993; Tortosat al. 1995, 2002; Van Der Res
al. 2006). Quantifying the extent to which migrants overlap with and respond to growing resident
sub-populations couldelpimprove population projectiorandinform whether interactions with

residentgequire mitigation.
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One criticalquestions whetherresidents increaggathogen infectionisk for migrants
that encounter thenTheoreticaimodelsand empirical studies have demonstrated greater
infection prevalencéor residentcompared to migrania some cases (Crossal. 2010; Akbar
et al.2012; Pouliret al.2012; Quvilleret al. 2013; Halletal. 2014). #asonakmigration can
reducepathogeriransmissiorthrough several mechanisms, includingpeyiodicallyenabling
migrants teescapgarasitecontaminated habitam(gratory escapeFolstadet al. 1991; Loehle
1995) anday‘causing disproportionataortality or loss ofnfectedindividuals during strenuous
journeys (nigratory culling Bartelet al. 2011). In contrast, resident populations would not
experiencgheseprocesse and, as a resuttansufferhigher parasitburdens -with the potential
for transmission tonigrants(Hineset al.2007; Cros®t al.2010;Hill et al.2012).

Another‘important question is whether residamimalsandtheir habitas also alter
migrant behavigumarticularlymovement This might occur ifesident areas induce migrants to
curtail theirjourneysor modulate th@hysiological states that facilitate migratié¢ior instance,
changes in.climate and food have enallemebird populations to shorteheir migrationsoy
usingnewwintering sites closer to breeding grmis(Elmberget al. 2014; Teitelbaunet al.
2016).Sites with yearound residents (providing mates and breeding habitat) rsiigiiarly
allow shortened migrationsurther, resources at resideites could modify the physiological
stateghatelpanimalsundertake and survive strenuous journeys (e.g., atrophy afssamtial
organsDingle 2014).Past work suggested thatiny migrants initially ignore environmental
stimuli that.could interrupinigration(Kennedy 1985; Dingle 2014), biltis remains
understudied*and may be distinctly different for males (Gatehouse. M@&over, persistent
exposure tosattractive resources and heightened risks of migratory journeys ougittms.

Here, we focus othe widely recognized monarch butterfiygnaus plexippus whose
annualmigrationhasbeen well studied (Figure S19, investigate wheteir migrantsn Texas
encounter residentn route andto ask whethedifferences innfectionstatusor reproductive
behaviourare associated with these interactiohs conserve energy for migration, most
(although_netall) monarchs postpone reproduction during fall and enter a hormonally-induced
state calledwreproductive diapaiskerman 1973; Browest al. 1977)as they traveto
overwintering sites iwentralMexico (Urquhart & Urquhart 1978)n springthese same
monarchsbreakreproductivediapause, mate, and return to the southern U.S. to lay eggs on
milkweed; teir progeny and grand-progeny continue northward to recolonize the breeding range
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123 (Malcolmet al.1993; Milleret al.2012; Flockharet al. 2013).Pastwork indicatedthat this

124  annualjourneyreduces monarchs’ infection prevalefican thespecialist protozoan

125 Ophryocystis elektroscirrhé@OE), through migratory culling and migratory escépartelet al.
126 2011, Altizeret al.2015; Flockharet al.2017). Howeversomemonarchs no longer migrate and
127 nowbreed yearound in the southern U.S. (Howaetlal. 2010; Batalden & Oberhauser 2015).
128 Surveys of.volunteers indicate monarch wiriezeding occurs almost exclusively exotic

129 tropicalmilkweed @AsclepiascurassavicaSatterfieldet al. 2016), which is often planted in
130 gardens, does'not senesce dufallgike most native milkweeds, and can provide food year-
131 round forlarval monarchs imvarm climategBatalden & Oberhauser 2015; Satterfietdl.

132 2015, 2016)Reports from citizen scientists (Howagtlal. 2010) and a survey of historical
133 documents@atterfield et al. 2015 Supplementary Material) suggesttibgilanting otropical
134 milkweed andyearround monarch breeding has become more commiatent decades,

135 potentially linked to warmer winters. Previously, we found teatdentmonarchsn the

136 southern coastal U.8xperiencesignificantly higherOE infection prevalence&eompared to

137 migrants likelysbecausef loss of thanigratory mechanisms that typically control disease
138 (Satterfieldet'al.2015, 2016)Theimpactsof resident monarchs on tirdection risk and

139 movement.behaviowf migrants haveot previously been investigated.

140 We-rconducted field sampling anbdemical analysesf wild butterfliesto ask:(1) Do

141 migrant and reident monarchsharehabitat during fall and spring migration&) Are fall

142  migrantsthat encounter sites with resident monantiase likely toharbourparasitanfections?
143 (3) Arefallymigrantsat resident sitesiorelikely to be reproductively activéypically associated
144  with non-migratory behaviour), and do they show evidence of abandmmngngtion toremain at
145 these locationsWe assigned resident and migrant status basedhalyses of stablieotope

146 compositionto estimate natal originsising isoscapesased orMalcolm et al. 1993; Hobsoret
147 al. 1999; Dockxet al. 2004; Flockharet al.2013) and cardenolide fingerprints (milkweed
148 secondary.compounds infer natal host plant speci@dalcolmet al. 1989). Wé also collected
149 data onOE.infectionstatusmorphometricsand reproducte behaviour. We hypothesizédat if
150 migratory monarchs pass through resident sitesouteto and fromovemwintering locations,
151 migrantscouldacquire parasitefsom residentsmigrants that are reproductively active

152 (primarily in spring bualso sometimem fall) could also lay eggs on parasiéglen tropical
153 milkweed, leading to high infection risk for offsprirfgurther, encounters with resident
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154 monarchs or tropical milkweed mightompt fall migrantsn diapause to become reproductive
155 and halt their journey@atalden & Oberhauser 2015)

156 MATERIAL AND METHODS

157 Parasite biology

158 Transmissiomf OEin monarch®ccursfrom adults to caterpillarsyheninfectedbutterflies

159 (covered with millions of dormant spores on the outside of their bodies) scattetgsanaso

160 eggs omilkweed leavegMcLaughlin & Myers 1970)Caterpillars ingest the sporesd

161 parasiteseplicate internallylnfected adults catransferdormant spores to other adults (e.g.,
162 during mating), although spores must be consumed by a lam#idte infection Infectionscan
163 lower pupal survivabnd reducadultlifespan, body sizenating succesand flight performance
164 (de Roodeet'als2009; Bradley & Altizer 2005; de Rooeé¢ al. 2007).

165

166 Field collections and capture-mark-recapture study

167 To investigate migrantesident interactions, we sampledotal of508 adult monarchs and 56
168 larvalmonarehs in Texaseoss9 sites(Figure 1 Figure S}, exhibiting éher: (a)seasonal

169 monarch aetivity, whermigrants stopo refuel but wherenonarch breeding does not occur
170 during Decekeb(hereafter calledeasonal stopovesiteg, or (b) yearround monarch activity,
171 whereresidentsare known to breed duringinter on tropical milkweedhereatfter callegea-

172 round breeding sitgsMonarchs inhabitgarround breeding sites throughdbe yeay but not
173 always continuously if food depletion or harddees cause local extinctioecolonization

174 cycles Bothrsite typegrovide flowering nectar plants stopover resourcefr migrants which
175 travel primarily‘either along the central flyway (extending from the Midwest through central
176 Texas) ortheoastalflyway (extending from thétlantic and Gulf coasts through coastal

177 Texas), where resident monarchs reg@alvert & Wagner 1999; Howard & Davis 2008). In
178 fall, we collectedB45adultmonarchsacrosdour seasonal stopover sité§=20Q average of

179 504kite) andthree yearound breeding sites (N=14&verage of 4&ite)during Oct-Dec 2014.
180 We also tagged and releasmdadditional 113 adulia a capturemarkrecapture study at three
181 yearroundbreeding sitg®©ct 14Dec. 5 to observe whether migrants halted migration. Adults
182 were taggd before, during, and after peak migration period to estimate monarchs’ duration of
183 stay, changes in mass, and site fidelity (Supporting Information B). During spigingtion

184  (April 2015),we collectedb0 adult monarchs and fmature stages fromvo seasonal
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185 stopover sites (N=12 adults from one siie29 larvaegingly-laid eggsrom A. viridis or A.

186 asperulafrom two siteg andthreeyearround breeding sites (N=38 adulié=27 pupae olarvae
187 from A. curassavicacrosghree sites Monarchsollected agggslarvae were reareith

188 individual containers and fed greenhouse-grown, parasied. incarnata(after consuming

189 their nataleaves). Forty eggs/larvae (of 56) survived to adulthésdietailed below, we

190 assessed capturedhidreleased butterflies @®L13) for infection status, sex, and forewing length.
191 We assessedcollected monarchs (N=395) for infection status, sexnfptength, natal origin,
192 andreproductive statudor fall butterflies) except where noted in Supporting Information A.
193

194 Infection status

195 Weexamined all adult monarchs non-destructively for OE infection by pressingdleesive
196 tape (1.5cm) against the abdomas ihAltizer et al. 2000).We viewedsamplesat 60X to

197 observeparasitesporesBased on prior laboratory work, samples willdOspores were

198 classified as infectedhdicatinginfectionsacquired as larva&amples with <100 spores were
199 classified aspuninfected, and most likely resulted from adults acquiring dormant spores from
200 other infectedvadults during mating or other contact (as opposed to monarchs thedl isgests
201 as larvaewhich develop much higher infection loadiszer et al. 2004; de Roodet al. 2009).
202 We assessed immaturenarchs for infection at adulthood.

203

204  Reproductive status

205 We evaluatedwreproductive stafos a subset ofall-collectedmonarchs (N=300 of 345 fall

206 monarchs)»We expected that most fall monarchs would be in reproductive diapause, but that a
207 small fraction would exhibit reprodtive activity,as shown previouslfCalvert 1999; Zalucki &
208 Rochester, 1999; Goehring & Obauser 2002; Borlanet al. 2004) these individuals could be
209 older summer-breeding monarchs, or migrants (bound for the southern U.S. or Mexico) in a
210 reproductive statdVe examinedeproductive activity across both site types, allowing us to
211 compare thetbackground level of reproductive activity for monarchs sampled at seasonal
212 stopover sites,to those yearround breeding site$Vithin 5 daysof capture, wd-caught

213 females were dissecté=106across seven sife® observe the presemor absence of mature
214  eggs in ovariefOberhauser & Hampton 1995)Vild-caughtmales were placeith meshcages

215 either outdoors (N=163r in incubators set toutdoorphotoperiod and temperatsréN=31) to
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216 observe matingvith lab-reared femalesver 8-10 days, or untihonarchs experienced seven
217 daysat >21.1°C.We categorized females with mature eggs and males that mated as

218 reproductivelyactive Supporting Information IC

219

220 Natal originsi=Stable isotope and cardenolide analyses

221 Weusedchemicalmarkersto assigrwild butterflies(N=390, 0f395 total adults collected fall
222 and springras™migrant or “resident” and to obtain natal origin informatifffigure 2) Sable
223 hydrogen §?H)"andcarbon(5'°C) isotope composition from wing chitimas beemsed to

224  estimategeographic regianof natabrigin (Wassenaar & Hobson 1998; Millet al. 2012;

225 Flockhartetal#2013; Altizeret al. 2015). Meand’H patterns in precipitatiorﬁ%Hp; amount-
226 weighted mean growing season valudsyeasewith increasing latitudethese patterns are
227 integrated intdheplant tissueeaten by larvaandretained irmonarch wing membranes

228 (Hobsonet al.1999). Monarchs from northern latitudesve more depletgaegativg values of
229  §°H. Meand C values vary longitudinally in milkweeds, astfC measuremenenhance

230 geosp#al patalvassignment maf@/assenaar & Hobson 1998; Hobsairal. 1999) Wingswere
231 stored at20°Csand prepare@dsin Flockhartet al. 2013)by washingight hindwingswith 2:1
232 chloroform=methanol andeighing and loadingving pieces int@apsules. Wesed an elemental
233 analyseroupled with a continuou#ew isotope ratianass spectrometto obtainwing 6°H and
234  §C following calibratbn with laboratory standards (Supporting Information D).

235 Next, we examined cardenolide profilesnimgs to determinavhether natal host plants
236 werenativesortropical milkweed A. curassavicawhich feedresident monarchsin North

237 America, menarch larvae can feeddwrzens of milkweed species with varying toxic

238 cardenolidegcardiac glycosidgghat are retainesh wing tissug(Zaluckiet al.2001; Agrawakt
239 al. 2012) thus,chromatographgandetermine natal host plant specasl inform resident and
240 migrant classification@Malcolm et al. 1993; Dockx 2012)A. curassavicdas high

241 concentrations./of diversmrdenolides compared to native milkweeslich ag\. incarnataor A.
242  syriaca,whieh’support the vast majority of migrar{@eiberet al. 1986).To obtain cardenolide
243 profiles, werpulverized right forewings, extracted cardenolides in mettthieal, samplesand
244  re-suspended extracdts methanol with a known cardenolide standard (digitoxivg.then used
245  Acquity ultra-performance liquid chromatography (UPLC; Waters Corp, MilfbtA, USA)
246  with a Luna C(18) column (Phenomenex, Torrance, CA, USA) and a pbdéodiray detector

This article is protected by copyright. All rights reserved



247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

to assess cardenolide concentration,-polarity (retention timger peak), and diversity
(Supporting Information EMWe used nomaetric multidimensional scaling (NMDS) tepresent
eachcardenolide profile witltwo Cartesian coordinageMonarchs witltcardenolide
concentrations of zenwere automatically agged as migrants (arekcluded frorNMDS

analyses)as.these butterflies could not have originated fforourassavica

Resident'and'migrant classifications
Based or?Hand cardenolide profiles (N=390)gewelassified monarchs as resideat migrants
with two approacheq1) decision rulesleveloped from previous knowledge about monarch
biology andchemicalpatternsand (2)adiscriminant analysideveloped from knowresident
and migrant' monarchs, usiatH values cardendtles, and wing lengtfThis dual approach
allowed us to assess monarchs basegreviously establishefindingsas well as recemtata
from wild-caught individualsln subsequent analyses, ey included individuals for which
both classification methods agreed (96.@f samplesN=377 of 390).

In therdecision-rules method, wkassified monarchgsing thefollowing assumptions:
() Monarchswvere assigned asigrants if theyoriginated fronmorthern latitudes, defined here
as correspending wwing 5°H <-111%o.. This value was informed by previously described
monarchs?HisoscapegHobsonet al. 1999)and isthree standard deviations beldve mean
5°H value fora set oknown resident monarchdl€25 individualscollectedfrom Texanyear
roundbreéding sites as latastar larvagiupaewith averages’H=-91%; range: -76%o to -
104%g Figure"S). (i) Of the remaining (southern) individualepnarchs with cardenolide
profiles matehingA. curassavicavere residents. To meet this criterion, a buttesiNMDS
cardenolidecoordinatedell within a defined A. curassavicgolygon,” previously constructed
from a separate, set of lahised and fielegtollectedmonarchs known to fed A. curassavica
(N=134monarchsFigure S§. (i) Monarchs with cardenolide NMDS coordinataling
outside théA. curassavicgolygon ¢3 SD’sfrom the clustemean$ wereconsidered migrants
as theylikelysoriginated fromnative milkweed This assumption was tested previousith
additionallab-raised and fielecollectedmonarchgrom knownmilkweed species (N=214
monarchs; Figure S6(iv) Any remainingwild monarchgN=11) weredeemedinclassifiable

and removed from further anags
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For the discriminant analysis approasfe, use®5 known residest(described aboye
and 84 knowmnigrants(collected at Mexicaonverwintering sites ifreb2013 and for which we
had previously attaineifH values A. Fritzsche McKay and S.A. Altizer, unpublishets
trainingdatato build discriminant functions including total cardenolide concentration,
cardenolide.NMDS coordinatgs?H values, and forewing lengthsing theMASSpackage in R
3.2.3).Values ofs**C were not available for known migranResults indicated thaardenolide
concentration'was the strongest predictor of resident verguant statugWilk's lambda=0.52,
F110=262:5"p<0.001)Wing 5°H wasinformative althougmot significant (Wilk’s
lambda=0.15, F;0~=2.00, p=0.16, NS). Cardenolide NMDS coordinates and forewing length
werenot sgnifieant predictors omigratory statusNext, toclassifywild monarchswe pre-
grouped individualsis residents cardenolide NMDS valueegll within theA. curassavica
polygonandd®Hyvalues indicatedouthern origing>-111%o; see above). We used the
discriminant functions to classifgmainingbutterflies placing monarchs into groups with high
posterior probabilities (>0.9Dnemonarch witha posterior probability <0.Wwas unclassifiable.
We proceedediwith the 377 monarchs (of 390) for which assignments agreedatising
methods.

Geogpatialenatal assignment maps

We created"geospatial natalgin mapsusingboth’H ands**C values(Figure 2) Weused a
multivariate normal probability assignment to calcufatsterior probability densities of natal
origin for geographically indexed cellsrass eastern North Americdescribed irFlockhartet

al. 2013) expected values webmsed on previously developétH andd*C isoscapesor
monarchs (Hebsoet al. 1999). We thenreclassified the probability surface to a binary surface
(pixels assigned 1 or ®r each individuglusing a 21 odds ratiovhereby the uppehird of the

probability. surface was deemed the regionatalorigin.

Data analysis

We usedaogistiC regressioto examine hownigratory status (migrant veesident)varied by site
type cGeasonastopover vsyearround breedingard timeperiod during fall (divided into five
14-day intervals). Next, we examined differences in reproductive and infetetas between
migrants and residenté/e used a generalized linear mixed model (GLMM) with binomial error
distributionto test effects of migratory stafusex, and a migratorgtatusby-sexinteractionon
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reproductive statduring the fall(reproductive or in diapause),tisite as a random variable
(for N=286fall monarchdor whichall needed dateereavailablg. A second GLMM with the
samemodel structure examinguedictors of binary infection stati=329).Sample sizes for
analyses ardescribedn Supporting Informatior.

We next focused only on monarchs assigned as migrants, to ask wiadthegrants
were morelikely to be reproductive or parasitiabgearround breedingitescompared to
stopover sitesWe assessedredictors of remrductive statusisingathird GLMM with binomial
error and ike@*factors for site typesex, and the interaction(N=237). We also includesfH (a
proxy for latitude)as a continuous variable observe from which regions reproductive migrants
originated.Siteswas a random variabl@&fection status dfall migrants vasanalysedising a
fourth GLMM with the samenodelstructure(N=273).Non-significant terms were eliminated

For monarchs in the captumarkrecapture study, weecordedduration of stay andsed
Bayesian hierarchic&ormadk-Jolly-Seber modslto estimate site fidelitpf presumednigrants
versus residents at yearund breeding siteS(pporting Informatioi8). We conducted

statistical analyses in R 3.2.3.

RESULTS

Co-occurrence of residents and migrants

Across all'sites andaspling periods, we detected 290 migrant ande8tlent monarch@gotal
N=377).During\fall, the proportion of migrants uesidentsliffered significantly by site type
(x*=46.19, df=1, p<0.0001) and changed nonlinearly witle (;°=37.35, df=4, p<0.0001). At
seasonal stopover sites, we detectelg migrants (N=198, Figure 1A), and at year-round

breeding sites, wassigne®7% of sampled monarchs as migrants and 43% as residents (N=131;
Figure 1A) Theproportion of migrantat yearround breeding sitdacreasedrom Oct through
mid-Nov, before sharplgleclinng (Figure B).

Smallsample sizesollected during spring (whanonarchs disperse aademore
difficult to capture againshowed that migrants and residents shared habitat (FiGUrétl
yearround breeding siteg April, we assigne®4% of sampled monarchs asigrants and 7%
asresidentgN=38). At the singleseasonal stopover site sampfedadultsin spring, we
detecteckight migrants and twiesidents
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Reproductive activity

Resident monarchseremore likely to beclassified aseproductiveg(47%;N=49) thanwere
migrants (186; N=237, y°=6.08, df=1, p=0.01; Figure 3A) during fallcrossall samples, males
were mae_likely to be reproductive thamere femalesyf=7.55, df=1, p=0.006). Sex differences
in reproductive statusereespecially strong among migrants, with 4% of females and 26% of
males being reproductivee$ differences werpresent but less pronounced among residents
(migratorystatissex interaction: x°=4.63, df=1, p=0.03).

Fall'migrantssampled at yeamound breeihg sites weraearlythreetimesmore likely to
bereproductively activg€35%;N=69) than nigrantsat seasonatopover site$11%; N=169;
v’=5.06, df=14p=0.02Figure3A). Male reproductivectivity was again significantly higher
compared to femaleg9.98, df=1, p=0.002; Figure 4yligrantssampledat yeafround
breedimy sites were predominantly mdlenlike at seasonatopover sites), but theteraction
term between site type and sex was not a significant prediatepfductive stais. Hydrogen
isotope valuegcorrelated witmatal originlatitude)did not predict reproductive status

I nfection risk

During fall95% of esidentmonarchs (N=56) and 9% of migrants (N=2W&re infected with
OE. Thusymigratory status was the strongesdictor of infection in fall (y*=21.51, df=1,
p<<0.001; Figure 3B). Infection status did not differ by sex. Importamilyrantswere13times
more likely.to be infected at yeanund breeding sitg®27% N=75) than atseasonastopover
sites(2%; N=198 y*=14.03, df=1, p=0.0002; Figure 3Bjnd infected migrants were more likely
to originatesfrem southern latitudes (less negah® y*=16.12, df=1, p<0.001s fall
progressed, the total proportiontaftterflies infected at yeaound breedingites initially
decreased, as healthygratory monarcharrivedand “diluted” site prevalencandlater
increased,.as.migrants departed and infected residents rertimee 1D).

In spring, residentnonarchs continued to show high infection prevadeiid®o; N=31)
relative to.migrats (246; N=17). For larvaesampled during spring, infectigorevalencevas
higher at year-round breeding sites (41%; N=@fhpared to sites with seasonal milkweed only
(0%; N=13).

Monarch movement behaviour at year-round breeding locations
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The capturenarkreleasestudy included 118 onarchsiot used in natal origin assignments.
Because most of theseonarchs were noecapturedmigratory status could not be confirmed,
and we proceeded with capturerkrecapture analyses (Supporting Information B) by
assuminghat infectednonarchswere likely residentéN=100) and uninfectechonarchs were
likely migrants(N=37), based omfectionpatternsoted earlier. W recaptured0%of
‘presumed.residentand 8% of ‘presumed migrantat least onceThis limiteddataset suggests
that most 'migrantsontinuedmigrating but asmall fractionhaltedtheir journeys.

Anradditional 24 individals were meked, recaptured, collected, and later usethiial
origin analysegdescribed above)ye assigned 12 as migrants, nine as residentshesel ds
unclassifiable=Of th&2 migrants, 11 stayed at the same yeand breeding site for seven days
or more(five'remained >20 daysandhad presumablierminatedmigration. Migrants that
stayed at yearound breeding sites were all male; they dksaded to be reproductively active (6
out of 9 assessed), infected with OE (10 of 12), and originated from more southerndatitude
(meand®H=-95%o, range=-126 to -80%o).

DISCUSSION
Migratory=monarchsampledn Texasduring both spring and fadhare habitat withresident
monarchsywhiclbreed yearoundandharbour high protozoanfection prevalenceAlthough
most migrants weraon-reproductive anfitee of infectionsqonditions that support successful
migration),migratory monarchs capturedyatarroundbreeding sites showed a@d higher
propensitysforreproduction and a 13-fold higher probabliditynfection, compared to migrants
sampled atiseasorstbpover sites (with no resident monarcMgst migrants thavisitedyear
round breeding sitgsvith resident monarchgpntinuedo migrate;however, a smafraction
remainedn these garderter days omweeks In spring, monarchs migrating nontardto lay
eggssharedireedinghabitat with residentfoth atseasonasites with native milkweed arat
yearround. breedingites with exotic milkweed, where infection risk farval monarchs is high.
Two.possibilities ould explainwhy migrantssamplecat yearround breeding locations
weremore likely to show reproductive activityirst, exposure to tropicahilkweedin the fall
might induce monarchs to break reproductive diapause (Batalden & Oberhauser 2015), which is
thought to be induceand maintainethy decreasing day length atemperaturesombined with
exposure to aging milkweed (Goehring & Oberhauser 2Q0d)ke the vast majority ohative
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milkweeds that senesce durifadl, tropical milkweed continues grow duringwinter in some
areaslt is uncleawhether exposure to actively growing milkweed over a matter of days could
induce a physiological change as strong as reproductive develb{Batalden & Oberhauser
2015), although adult monarchs can break diapause quickly following exposuaem
temperatures.and longer photoperiods (Herman 1981). A second explanation couldhes¢hat
sites attracthe small proportion aihigrantsthat arenot in diapause amalready reproductively
active (Merman1981; Brower 1985; Goehring & Oberhauser 2002; Borlaad,2004).
Habitats with"warm temperatures andble host plants mighecruitthesereproductive
migrantsta join resident population®ur results cannot distinguish between these explanations.

Theshigher infection probability amomgigratory monarchsampled at yeamound
breeding sitesi(comparedgeasonastopover sitesjould result from butterflieacquiring
parasite spores; possildhpm heavily infected residenggtempting to matevith them(which
can, in some cases, cause moderate spore loads, as shown in captive expdarRemde et al.
2009) orfrom contact withcontaminated milkweed¥$Ve observed, for instance, eight confirmed
migrants nectaringr landingon tropical milkweds, which are oftecovered irparasitest
yearround‘breeding locatior{@\ltizer etal. 2004).Alternatively, higher infection prevalence
among migrants atearroundbreeding sitesould occur if tropical milkweed gardens
disproportionatelattract migrantshatare alreadynfected Past work showed that infected
females preferentigl oviposit on tropical milkweeds, which offer highly toxic cardenolides that
reduce parasite load in larval offsprifigefevreet al. 2010) Moreover, nfected monarchs
cannot fly as'well as healthy monar¢Bsadley & Altizer 2005)andare less likely to migrate
successfullysto'Mexic@Bartelet al. 2011; Altizeret al. 2015), and thus, might poskitabandon
migrationwhen given opportunitie®r immediatereproduction.

Of particular concern is whethgpringmigratory monarchseturning from Mexicday
eggs omilkweeds contaminated with parasifesm infected residentd.his couldincrease
infection risk for migrants’ offspringOur results suggeshatshared habitaisecreateghe
potential forpathogen spaverfrom residat to migrantutterflies At yearround breeding
sites whereuinfection risk is extremely higBatterfieldet al. 2015), we observesix resignt
and four migrant females (chemically confirmed)positing onA. curassavicaAdditional data
are needed to assessvements oinfectedresidentsn spring whenmonarchs are more

dispersed and thus the frequency of resideigiant interactions likelghangesSome spring

This article is protected by copyright. All rights reserved



432 residents appear to visit seasositdswith native milkweads(Figure 1C), on which they may
433 deposit eggand potentially parasitese observedne confirmed resident ovipositing An

434 asperula If migrants and residents share breeding habitat frequently, infection dewdsise
435 among the first generation of spring monarchs, most of which are produced along the §ulf coa
436 Dbeforetraveing northto recolonize the breeding ran@@alcolmet al. 1993; Milleret al. 2012).
437 Migratory monarchs have undergone an 84% declieagterrNorth America(1996-

438 2015), thought'to be caused by multiple factors, including habitatfwesghout their annual
439 migratorycycle(Semmengt al.2016; Thogmartiret al.2017; Vidal & RendofSalinas 2014;
440 Flockhartet al. 2015 Broweret al.2012; Akbaret al.2012; Marini & Zalucki 2017). fireatsfor
441 monarchsdurindpll migration are particularly difficult to measure but could be significant (Ries
442 et al.2015naminest al. 2016). Understanding the types of habitats through whighatory

443 monarchs travel, and how these influetiagr health, behaviour, and migratory success, could
444  inform conservation actions. Results here indicate potential consequencégr&iom

445 monarchsthat share habitat with residesutsl represent the first quantificatiohmigrant

446 residentnteraetions within the monarchs’ core migratory range. Previous work showedlkhat f
447 migrant monarchs can enter areas with resident monarchs in Cuba and South Flattheésgbut
448 locationstare peripheral to the major flywagsd monarchom these locabns areunlikely to
449 interact with'migrants that reach Mexi(ockx et al.2004; Dockx 2012Knight & Brower

450 2009). Our study presents evideticd either (A) yearround breeding sitesith tropical

451 milkweed disproporbnately attracinfected and reproductilyeactivemigrants, in which case
452 migrants’offspring produced at these sites will fdtgh infectionrisk, or alternatively, B)

453 yearround-breedingitesinduce nigrantsto break reproductivdiapausewhich could interrupt
454  migration or loweiits successin either casethesefindings and other studig¢Satterfieldet al.

455 2015; Batalden & Oberhauser 20X5)lectively provideevidencehatnative, seasonal

456 milkweeds=rather tharexotic, yeairound milkweeds — couldestsupport monarcimigration
457 We recommend that futuedfortsin eastern North Americ® restore pollinatohabitatfocus on
458 native species and, when possible, avoid further planting of tropical milkweed. lohscati

459 where tropieal.milkweed is already present, it should be cut back mantblyghout fall and

460 winterto limit monarch wintebreeding and its associated parasaesmission risk.

461 While we concentrated anonarchs, teé caoccurrence of resident and migrant

462 conspecifics is likely common in wildlife populations across taxa. Furdserany migratory
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speciesshift towardsshorter migrations or nemigratorybehavioursn response tbuman
activities(Satterfieldet al. 2018),migrantresident interactions may becomereifvequentin the
future. This studyaddresses an imperative question in light of these chaWies are the
consequences of expanding resident populatiomaifgnatory animals already facing multiple
stressor® Qur.work suggests that, for some populatidms health and migratory succeds
migrantsmightbe influenced binteradions with conspecific residentOur findings underscore
growing'scientific support for prioritizing the preservatiwt only of migratoryspecies
themselves;but dheir behaviours and propensities for migration, which can reduce infectious
disease risk and contribute to ecosystem fung@dtizer et al. 2011; Bauer & Hoye 2014).
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FIGURE.CAPTIONS

Figure 1. Map of sampling locations ihexas, USArom (A) fall 2014 and (C) gring 2015,

with the proportion of sampled adult monarchs that were assigned migrant status (black) or
resident statusy(blue) yearround breeding sitefblue points) andeasonaktopover sitegpink
points).(B) Femporal changes in the proportion of migrants vs. residents at year-roadohgre
sites during the fall. (D) Temporal changes in infection prevalence of adult monarchs at year

round breedingites during the fall.

Figure 2. Assigned natal origins based &fil andd™*C values for (A) monarchs classified as
migrants in.our analyses (N=273), captured in Texas during fall 2014; (B) monarch #933, an
individual classified as a migrant and shown here as an exampimigfant that departed a
northern areandwas sampled at a yeewsund breeding location; (C) monarchs classified as
residents in our analyses (N3956aptured in Texas during fall 2014; and (D) monarch #746, an

individual classified as resident and shown here as an example.
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Figure 3. (A) Reproductive activity and (B) infection prevalence among fall migramds a
residents sampled at seasonal stopover sites andogest breeding site®Resident monarchs
were more likely tde reproductive and to be infected theeremigrants; residents were only
observed at.yeaound breeding siteduring fall, and no residents were observedatenal
stopover sites..Migratory monarchs sampled at year-round breeding sitesgnéieasitly more
likely to'shewreproductive activity an@E infections thamveremigrantssampled at seasonal

stopover sites:

Figure 4. Propertion of fall migrant monarchs that were reproductively active by sex and site
type. Migrantsswere more likely to be regduztive at yearound breeding locations with tropical
milkweed as compared to seasonal stopover locations. Males were significantly more likely to be

reproductive, regardless of site type.
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