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Abstract

Aim: To test whethephylogeographibarriers in théorooding spong€allyspongia
vaginalismatch breaks previously identified in the Caribbean. Weasware patterns
of subdivision in the sponge to those of threé#so€ommensalghe broadcast spawning
brittle starOphiothrix suensonind the brooding amphipotsucothoe ashleyamndL.
kensleyjiand.tested whethany shared breaks arose simultaneously.

Location Florida,Bahamas, and the Caribbean

MethodsSubdivisionof C. vaginalispopulationsvas inferredrom one mitochondrial
(COI) and'six nuclear loaising clustering analysed/e identified phylogeographicreaks
in the sponge and its invertebrate commensatielbgrmininggeographic patterns of
genetic variation and tested simultaneous population divergenoss barriers shared

among taxa usingierarchical approximat®ayesian computation.

Results Spenge populations were partitionatb wesern andeasern groupscross the
Caribbeanwith hierarchicakubdivision within regionsThe spongand its commensals
shaed barriers across their rasgiespite differences in dispersal strate@yvaginalis,L.
ashleyaeandO. suensonipopulations in Central Americaere isolated from the
remainder of the Caribbeamdall four taxa shared a bre@ktween Florida and the
Bahamasalthough simultaneous population divergence could not be inferred with

statistical'certaintyOur resultsaalsosuggestryptic speciationwithin C. vaginalis

Main conclusionsPhylogeographic patterns @ vaginalislargely matchedoarriers

previously identified at the Florida Straits, Mona Passage, and Bay of Hoidother
Caribbeartaxa Oceanographic features such as deep water between locations, strong
currents, and eddies are likely mechanisms responsible for these breaks

This article is protected by copyright. All rights reserved



60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
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Introduction

Identifyingthe'mechanisms responsible the geographidistributionof geneticvariation
within species advances our understanding of the formation of biodivénsigyrestrial
systems, barriers separatiplgylogenetic lineages within spegissich as mountains or
rivers, are often apparent. Althougrriersin the oceamre usually lesebvious and

extendedslarval duratioshould intheor reduce differentiationpopulations of marine taxa

are frequently,subdivided. Population subdivision in marine systems is influenced by the

relative strength and interactionsdveral factors, includinge history (Shulman &
Bermingham, 1995%election(Prada & Hellberg, 2013), demographic charigeRiasseet
al., 2014)moceanographyplpertoet al, 2011), ecologyfelkoeet al, 2010). Associations
between‘interacting species alsodictatephylogeographistructure and lead to shared
patternsespecially whea hostspeciesdistribution limits where its commensals occur
(Duffy, 1992).

Sponges.pmote species richness providing habitafor vertebrate and invertebrate
commensalgkiore & Jutte, 2010)The intimate connection among these spetight
lead to marertightly correlated patterns of subdivisi@nfor species whose ranges
overlap but do not rely on each other for shelter, food, or reproduction. For example,
congruent phylogeographic patterns have been docehiemtshrimp/goby (Thompsoet
al., 2005)and.coral/zooxanthellg®radaet al, 2014) symbiotic pairs. However,
symbioses.do not guarantee shared phylogeographic struetukeet al, 2004 Crandall
et al, 2008)"‘andlifferences in the closenestcommensal relationsksporin dispersal

strategymight create discordamhylogeographic pattermsmong speciefHellberg, 2009).

Callyspongia vaginiss (Demospongiae, Haplosclerida, Lamarck, 18aA8pabundant
western Atlanticsponge, hosthe facultatively commensal brittle st@@phiothrix
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suensoni{Echinodermata, Ophiuroideialitken, 1856 (for whichC. vaginalisis the
preferred host; Henkel & Rdik, 2005) and the obligate commensal amphipoelscothoe
ashleyaeandL. kensley{Arthropoda, Amphipoda, Thomas & Klebba, 200Bjphiothrix
suensonispawns year rounand, wth a 49 day planktotrophic larval development in
culture(Mladenov, 1983)has the potential for long distance dispeisalicothoeashleyae
andL. kensleylive within the canals of. vaginalis Females brood eggs and the young
disperse as‘cravdway juvenilegThomas & Klebba, 2006 allyspongia vaginaliss a
spermcasting-hermaphrodtteat broods larvae competent to settle immediately upon
releasdgLindquistet al, 1997).

Despitea'compact sizéhat mightbe expected to promob®mogenization and reduce
opportunities for geographic isolation and differentiagtiie Caribbean basgontains
over12,000 marine speciéMliloslavich et al, 2010), includingeveral endemic radiations
(Morrisonet al., 2004 Taylor & Hellberg, 2005Thornhill et al, 2009)and cryptic species
(Victor, 202QiPrada & Hellberg, 20)3Several weldocumented phylogeographic breaks
fall withinrthe‘distribution ofC. vaginalisand its commensals in the Caribbean. For
exampleyxthe Florida Straits between Florida and the Bahamas has been shown to be
phylogeoegraphic break for a range of taxa, including f&ri{n et al, 2003) musselgLee

& O Foighil, 2004), sponges (Chaves-Fonnegral., 2015), and corals (Andras al,
2013)and their zooxanthellg@ndraset al, 2011). Another well known break tiie Mona
Passagesbetween Hispaniola and Puerto Rico demarcates a baA@pfmra palmata
andMontastrea annularigorals(Baumset al, 2006 Fosteret al, 2012). Taylor and
Hellberg(2003, 2006 documented genetic breaks at the Mona Passage and across the
Central Bahamas in the goby geilactinus Central America is a particularly interesting
region for phylogeographic barrieddontagrea annulariscorals and.. ashleyae
amphipods. both show deep genetic divides over small distances within the Bay of
Hondurasdtosteret al, 2012 Richardset al, 2012)while aher studieshowed taxa in
Central America to be isolated from the rest of the Caribf@alin, 2002 Robertset al,
2002 Taylor & Hellberg, 2006; Andrast al, 2011, 2013).
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Identifying phylogeographic breakstime sea is important becausernbvides information
about the geographic distribution of genetic variation in marine taxa, which in tpsh hel
researcherdetermine the mechanisrfailitating population divergence, speciation, and
ultimately, biodiversitycreation In this study, we testhetherphylogeographibarriersin

C. vaginalismatch previously defined brea&isthe Florida Straits, the Mona Passage, and
the Bay of Honduras. The ubiquity of these breaks across a raogeabfeef taxa is
evidence of'their wide influence in population subdivision in the Caribbean and we
therefore expedhemto be present i€. vaginalisas well.We alsocompare population
subdivision in'the sponge to subdivisiorthe commensabrittle starO. suensoniand the
Leucotheeamphipods antkstthe hypothesis that arshared barriers arose simultaneously

Materials and methods

Genetic data

We colleeted275 Callyspongia vaginalisamplesfrom 10 Caribbean location§&ig. 1,
Tablel,“table S1 in Appendix S1\Ve sequenced cytochrome oxidd4€Ol) in each
individual®using protocols in DeBiasseal.(2010) and six nuclear protein-coding genes
(catalasecata cathepsingps cirhin, cir; elongation factor 1 alphaf; filamin, fil ;
macrophage expressed proteirep in a subset of individuais each location (n =100
using protecols in DeBiasst al (2014). 8quences Wer€eNEIOUs4.5.5 Prummondet
al., 2012):We resolved allelefor nuclear genes in heterozygous individuals using PHASE
v2.1 (Stephenst al, 2001) with a 90% probability limit. Individuals heterozygous for a
single insertiordeletionwere resolvedising GiAMPURU1.0 (Flot, 2007)Individuals with
alleles thatould notbe phased to a probability >90#&re cloned using the Invitrogen
TOPO kit.. Atdeast &lones per reaction were sequendedividuals not resolved after
several rounds of cloning were removed from the dataats1; cir=2; cps=2; ef=4;

fil=1; mep=3). We detected no intrdcus recombination usingAeD (Pondet al, 2006).
Thespongedataset malysed here containg newCOI and nucleasequences from

Caribbearwide C. vaginalissample andii) previously publishe€Ol and nuclear
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sequences for 122. vaginalisindividuals sampled in Florid@ able 1 Table S1 in
Appendix S1).

Genetic diversity indicefr Callyspongia vaginalis

We calculatedbasicsummary statistics iBNASPV5.0 (Librado & Rozas, 2009ecause
previous:research suggested demographic char@evimginalisat small spatial scales
(DeBiassestal, 2014),we calculated Tajima’® (Tajima, 1989) ant, (RamosOnsins &

Rozas, 2002)in BASPto test for population bottlenecks and expansions.

Distributiensef genetic variatiom Callyspongia vaginalis

We constructed a haplotype network usingsL.21 Clementet al, 2000)with default
settings. We usedrS8UcTURE 2.3.2 Pritchardet al, 2000) to determine how genetic
variation was distributed geographicalMve ran clustering analyses for nuclBénA
(nucDNA) alone and for mitochondri@lNA (mtDNA) and nu®NA combined Sequences
were recoded into frequency daitad ndividuals were considered homozygous for their
mitochondrial haplotype. INTRUCTURE, we apfied the admixture model with correlated
allele frequenciegerforming20 iterations, eacbonsisting of 1 million steps andl@%
burnin.Fer each rurk was set to 1 through the number of geographic locations included
in that run. The Evannet al.(2005) method, implemented imBJCTURE HARVESTOR

(Earl & vonHoldt, 2011)determine the most likely number of clusters.

Testing forshared phylogeographic breamong taxa

We used the programaBRIER 2.2 (Manniet al, 2004)to identify shared genetic barriers
in the cao-distributed taxa. The prograisesgeographic coordinatésom each sampling
location and.a distance matrix for each pair of locations. We obtgewgtaphic
coordinates.from Google maps and upatiwise¢srtvalues estimated IARLEQUIN 3.5
(Excoffier& Lischer, 201Pto construct distance matrices for all tdasailable on Dryad
at www.dx.doi.org/dryadXXX). We determined the strongest barrier in eachflacGs
vaginalis We used previously publish€&DI sequenceélable 1land Table S1 in
Appendix S1) to infethetwo strongest barrieiis the amphipods and brittle star.
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We testedfor simultaneous divergence of the sponge and commensaldhisiaghical
approximate Bayesian computation implementeld ML -MSBAYES 20140305 (Huanegt

al., 2011). This method estimates population specificgarameters for each taxon and
three hypemparameters that describe the mean, variance, and number of divergence events
across population pairs. Usi@@Pl sequence (Tablel and Table S1 in Appendix S1ye
estimated summary statistifts all taxa We simulated $00,000datasetslrawing
population‘sub-parameters and hyparametersrom a prior distributionThe upper
boundfor the 'number of divergence evenig (vas set to the number of tafd. We
approximated the posterior distribution for the hyparameterdy retaining 90Gimulated
models whese summary statistic vectors had the shé&telidian distances from the
summary-statistic vector in the empiricita.We used?, which measures the
incongruence amongppulation divergence timeandy to evaluate the relative support of
each mode{Stoneet al, 2012).Q values of 0 (e.g. no variation in divergence times among
taxa)andyvalues of 1 (e.g. a single divergence event for all texidate simultaneous

divergence.

Results

Genetic diversity and variation i@. vaginalis

Nucleardoeishad higher allelic richneggmnCOI (TableS2in Appendix S1)Cataandfil
had the highest number of alleles (36 and 35, respedtiaedifil had the highest
nucleotide diversity (0Z89).For COIl, Tajima’sD values were significantly positivier
Key Largo,Marquesas KeysandCuracagsignificantly negative for Glover’'s Reef, and
nonsignificant for all locations combineBor the nuclear locifajima’sD was
nonsignificant for each sampling location and for all locations combiniédthe
exception‘oftatain Bimini, cpsin Key LargoandLong Key, andil in Long Key.TheR;

statistie'was nonsignificant for all loci excems(TableS2in Appendix S1).
COl haplotypes irC. vaginaliswere geographically restrict¢Big. 1). The green
haplotype was most frequent (27%ijh the widesdistribution, rangindgrom Bimini to

Bocasdel Toro. It was the only haplotype in Vieques and St. Croix. The ‘yellow’ haplotype
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was restricted to Central America (Glover’s Reef, Utila, and Roat&e) red haplotype
was restricted to Veracruz, Florida, and Bimini. Tilae’ haplotype was common in
Florida and Bimini andare inCentral America. Thérown’ haplotypeoccurredin Florida
and Central America arhlf the individuals irCuracaoThe ‘purple’ haplotypes, found in
Bocas del.-Toro and Utila, connected to each other but not toaimngatwork at the 95%
confidence levelindicating their genetic divergence from the other haplotypes and
suggestingtheyepresenacryptic specie$ound in sympatryith C. vaginalis The K2P
distancebetween thaeyptic species and the oth@rvaginalisindividuals was 4% for
COIl. The cryptic species hddur private nuclear alleles in three nuclear genesshiated
16 allelesswithC. vaginalis(cata=1; cir=3; cps=4; efla=3; fil=2; mep=3).

The STRUCTUREanalysesdased on the nucDNA alone showedlthetsupported number

of genetic clusters waw/o, with a westto-east split among the sampling locagoFRlorida,
Glover’'s Reef, Utila, Roatan, and Bocas del Toro were assignedwesizn clusteand
Bimini, Creoked Island, St. Croix, Vieques, a@dracaovere assigned to the east

cluster A'small number of individuals from Florida and Bimini were also assigned to the
cluster-opposite their geographic positidhecryptic speciesrom Utila and Bocas del
Torowere“assigned tihe eastern clustefFig. 2a).

When the nucDNA and mtDNA were combined, the esias 2andthewestto-east

pattern wasrecoverd#ig. 2b) however Veracruz clustered with the west and Bocas del
Toro clustered with the east, opposite their positions in the nucDNA-only analysajFi

In the combined mtDNA and nucDNA analysis, the cryptic species from Bocas del Toro
and Utila clustered in the west and east, respectively, andlarammber of idividuals

from Florida.and Biminivere assigned to the cluster opp@s$heir geographic location

(Fig. 2). Ihe plot of delt produced in the Evanret al (2005) method showed
secondaryjpeaks Kt=7 andK=10 (Fig. 2c and Fig. S1 in Appendix S1), indicating
hierarchical,subdivision exists amosgongepopulations withirthe western and eastern
regions. AK increasedn the SRuUCTUREanalysesthecryptic speciesvere assignedt

their own cluster (Fig. 2b, Fig. S1 in Appendix SAhen we repeated tI®fRUCTURE

This article is protected by copyright. All rights reserved



243  analyses excluding the cryptic species, the sametexestst pattern was recovered and the
244  sampling locations were assigned to the same clusters.

245

246  Shared barriers and simultaneous divergenc€.iwaginalisand its commensals

247  The most.frequent barrier {D. vaginalis(observed irfour loci) occurred in theentreof

248  the Caribbeamrunning northwest to sowghst below Jamaica (Figa). The location of this

249  barriercorrespondsvith the SSRUCTUREresults which also divided sponge populations

250 westto-eastleucothoe kenslegndC. vaginalisshared a barrieeparating Vieques and

251  St. Croix fromCuracao(Figure &, c)andL. ashleyagO. suensonjiandC. vaginalisall

252 had barriersrisolating Central American locations from the rest of the CarifffigaBa, b,

253 c¢). All fourtaxa showed a bredletweerFloridaand the Bahamaacross the Florida

254  Straits(Fig. 3a-d).

255

256  Results from our analys@wdicatedthat gene flow across the Florida Straits was restricted
257  to varyingwdegrees with isolation strongest in the amphipods and weakest in teestanitt|

258 Wetesed'fassimultaneous divergeneeross tis regionbut the resultsvereambiguous.

259  The modeand mearior Q were 00 and 0.190respectively however 95% of the values in

260 the approximated posterior distribution (95% quantile) were between 0.0 andW!iES.

261 avalue of zero indicates simultaneous divergence, values above zero in the 95% quantil
262  suggest variation around the divergence of each of the four populatiorFpais.the

263 mode and mean were 1.0 and 1.7, respectively, and the 95% quantile contained all possible
264  numbers ofidivergence events (1 through 4). The posterior probabilities for models with 1,
265 2, 3, and 4 divergence events were 0.518, 0.308, 0.126, and 0.048, respectively. Although
266 the range of) values contained zero, values greater ttexq which indicatevariation

267 around the-divergence times ofdistributed taxa, were contained within the distribution.
268  Fory, 80%of the posterior support was divided between models with one and two

269 divergence events, preventing us from distinguishing the best model to describe devergenc
270 history for thesponge and its commensals.

271

272  Discussion

This article is protected by copyright. All rights reserved
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273  Wedetermined population subdivision@ vaginalisandtestedwhether phylogeographic
274  patterns in tls sponge corresponded to previously documented begdks Florida

275  Straits, Mona Passage, addy of HondurasWe alsocomparedts genetic structure to

276  structure inthree ofits invertebrate commensa/e found spongg@opulations were

277  divided westto-east across the Caribbeamith hierarchical structure within regiottsat

278  matched known barriers. The sponge, amphipods, and brittkehstaach welldefined

279  split acrossthe Florida Straits e were unable to determine whether this break occurred
280 simutaneously across all four taxa.

281

282  Data fromCOl and six nuclear markeshowed significant population subdivisionGn

283  vaginalisiThese patterns amonsistent with previous sponge studies employing a variety
284  of markers, which often attribute genetic differentiation to limited ladispersal

285  (Blanqueret al,, 2009 Lopez-Legentil & Pawlik, 200Blanquer & Uriz, 2010Dailianis

286 etal, 201t PérezPortelaet al, 2014 Chaves-Fonnegret al, 2015). Our previous work
287 onC. vaginalisin Floridaat a smallespatial scalshowed genomically discordant patterns
288  of structure €Ol haplotypes were geographically subdivided while nuclear alleles were
289  panmictic(DeBiasseet al, 2010, 2014)Coalescent simulations and neutrality tests

290 supported population bottlenecks and sperased dispersal gossibledrivers of mite

291 nuclear dscordance irC. vaginalis(DeBiasseet al, 2014) Across the Caribbean,

292  mitochondrial and nuclear loci had similar patterns of subdivision, suggesting spgal sc
293  mayinfluence,concordance among loci.

294

295 We tested the hypothesis that phylogeographic barri€€swaginalismatchedoreviously
296 defined breaks for other coral reef taxa across the CaribbeanasBARRIER and

297  STRUcCTUREanalysegFig. 2, Fig. 3)indicated significat population subdivision between
298 Florida and.the Bahamas @ vaginalisand its invertebrate commensatsosshe Florida
299  Straits a.majorbarrier to gene flolor many marine specieBor example, Andrast al.

300 (2013)found.allele frequency differences in the sea@amngonia ventalindbetween

301 Florida and the Bahamas, while its algginbiontsshared no alleles across this gap

302 (Andraset al, 2011) Two species of coral, a mussel, and a sponge also have

303 phylogeographic breaks across the Florida Straits (Lee & O Foighil; Bé&Zeaet al,
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2005 Baumset al, 201Q Chaves-Fonnegret al, 2015). The geographic proximity of
Florida and Bahamian coral reefs (~100 km) makes it unlikely that distarezial
responsible for restricting gene flow betweepplationsn this region Indeed, previous
results showed connectivity @. vaginalis(based on nucDNA) and both amphipod species
(based or£Ql) along ~400 km of the shallow Florida reef treichardset al, 2007,
DeBiasseet al, 2014) four times the distance of the Florida Straits.

This dichetomy, connectivitwithin Floridabut structure across the Florida Strditsely
results froma complex interaction of factors including geography, life history, and
oceanogrphyaFor example, the continuousef habitat along the Floridabastlinemight
facilitate population connectivityia stepping stone dispersal of gametes, larvae, and/or
adults despite the brooding strategy of the sponge and amphipods. Amphipods have been
found in detache@. vaginalistubes drifting along the reef substrate (VPR, MBD personal
observations) and sponge fragments can support viable sponge larvae (Maldonado & Uriz,
1999), suggesting dispersd#lamphipods and spondgrvaecouldoccurvia drifting in

sponge fragments (Highsmith, 1985). While the continuity of the sh&llordareef tract
likely faeilitatessuchdispersaldeep watef~800 m), lack of interveningeef habitat, and
rapid transport (3.0 x 10n’s?) of the Florida Current, which flows northward between
Florida and the Bahamé#Baringer & Larsen, 20Q1likely restrict dispersalcross the
Florida Straits The pattern of connectivity along a continuous reef tract and isolation
betweengproximal locations separated by deep watealsasbserved fot.. ashleyaeand

the reef fishElacatinus loriin the Belizean barrier reef syst¢Richardset d., 2012

D'Aloia et al, 2014).Isolation across the Florida Straits was weakesgin the brittle star,
perhaps.due to its broadcast spawning life history stratgggh might allow dispersal
regardless.of depth and curre(@hermaret al, 2008).We tested whether the shared
Florida Straitgarrier produced simultaneous divergenc€.iwvaginalisand its
commensalshut the distribution of posterior support amongrakdive modelprevened

us from confidently accepting the simultaneous divergence model. Growing evidence
shows robuspopulation parameter estimaticagquires multi-locus genetic datdieled &
Drummond, 201Pand our power to test simultaneous divergence here was likely limited
by the use of a single marker.
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12

335

336 The Mona Passage betwddispaniolaand Puerto Rico is a wedtudied phylogeographic
337  breakfor manymarine taxgTaylor & Hellberg, 2003Baumset al, 2005 Denniset al,

338 2005 Baumset al, 2006 Taylor & Hellberg, 200) bu thebroad scale pattern of

339 population.subdivision inferred fronT8UCTURE did notshowa phylogeographic barrier at
340 the Mona Passage f@. vaginalis Locations on either side of tha$3age (Bimini,

341 Crooked'Island, Vieques, and St. Croix) grouped tageaththe same cluster (Figa,b).

342 Howeveratafiner scale, locations to the east of the Mona Passage (Vieques and St. Croix)
343 grouped in a different cluster thdocations to the west of thessage (Crooked Island),
344  suggestindhese sites are isolated from each o#weoss thdlona Rassag (Fig 2c) The
345 BARRIERa@nalyses identified a break @ vaginalisacross Hispaniola, separatikigeques
346 and St. Croix from Crooked Islankh contrast tdhe sponge, thBARRIER analyses did not
347 identify a break beteen locations on either side of the Mona Passage for the invertebrate
348 commensalsBiophysical oceanographic models suggest deep depths, complex bottom
349  topographyyand unique oceanographic feafsiesh asmall scale eddiegestrict

350 dispersaltacross this regi(Baumset al, 2006).Robustly identifying the precise location
351 of the break on either side of the passade.imaginaliswill require finer scale sampling
352  acrosghis‘region.

353

354  Previous.researgboints tomiddle Central AmericgBelize and Hondurass a region of
355 genetic isolation andndemism in terrestrial and marine spe¢irsygs, 1984 Robertset
356 al., 2002)=For example, Andras al. (2011 2013) reported populations of the sea fan
357  Gorgonia ventalinan Belize and Panama were strongly differentiated from the wider
358 Caribbean, as were populations of the sea fan’s zooxanthEtlagobyElacatinus

359 oceanopsvasmonophyletic for mitochondrial and nuclear markers between Florida and
360 Belize(Taylor & Hellberg, 2006) and Colin (200agscribecE. lori asendemic to

361 Hondurassand Beliz€revious results and analysespegformed heréFig. 2, Fig. 3)

362 showed Central American populationsbfvaginalis L. ashleyagandO. suensoniwere
363 genetically isolated from the Caribbean despite differences in dispersal s{Ritdtrds
364 etal, 2012, 201k Isolation of marine taxa in Central America is likely due in part to
365 oceanographic currents. Gyres in the Gulf of Hondudayifhan &Kjerfve, 2000)and off
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the coast of Panama and Colomiftéchardson, 2005may retain dispersers and prevent
migrants from other locationiideed, a biophysical model predicting larval fish dispersal
found selfrecruitment was higher in Central America than elsewhetfgeiiCaribbean
(Cowenet al, 2006).Potential mechanism that may isolate populatieitisin the Bay of
Honduras.include freshwater outflow from rivé&hérubinet al, 2008) and deep water
betweenreefs. For example, geographically proximal populatidnsashleyaeandE. lori
separatéd'bydeep water in Belize were shown to be genetically div@Rgdardset al,
2012 D'Aloia‘et al, 2014).

Althoughsnetidentifieda priori in this study, our datssuggestda break between Bocas del
Toro and*Curacao i€. vaginalis Otherstudies havéounddifferentiation between Bocas
del Toro and Curacao for coral reef t§Baumset al, 2005 Vollmer & Palumbi, 2007
Hemond & Vollmer, 2010Andraset al, 2011, 2013). The formation of a Marta
Massifof\Colombia, a mountainous feature whose tectonic displacement northward into
the Caribbean in the early Pleistocene disrupted habitat along the continental miigin,
have contributed tbreaks across this region. For example, BetaRoetral. (2010) found
lineages«of the marine catfiSkathoropswere reciprocally monophyletto either side of

the Santa"Marta Massif over only 150 km. Additionally, the narrow coastal stidlf, c
water upwelling, and strong offshore currer@s\enet al, 2006 in this region, combined
with freshwater outflow frm theMagdalena Riverlikely reduce connectivity between

Bocas delTero and Curacao.

We found that the cluster affiliation of Bocas del Toro changed depending on whether the
mtDNA was included in th&rrRUCTURE analysegFig 2). Mitochondrial introgression

would explain.such a pattern (Nydam & Harrison, 2011). The introgression of an eastern
MtDNA haplotypeinto a westermucDNA genetic background in sponges from Bocas del
Torois consistent with the alternative cluster assignmentsiopopulation and suggests
some genetimixing along the northern South American coastéibthe breaketween

Bocas del Toro and Curacdmyt more data are needed to tessthypothess explicitly.
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Multiple analyses showed that some individuals from Central Anrepgoaulationsvere
genetically divergenrom sympatricC. vaginalisand might represent a cryptic species

(Hart & Sunday, 2007). Phylogeographic studies on the Porifera frequently uncover cryptic
speciegBlanquer & Uriz, 2007Xavier et al, 201Q Andreakiset al, 2012 de Pauleet al,

2012) likely-because the morphological characters used to define spamegasple

plastic and can vary geographically (Barnes & Bell, 200%h & Pawlik, 2009 DeBiasse

& Hellberg,201%. Although the cryptic species sampled incBs del Toro and Utila had
private mitochondrial haplotypes and nuclear alletedso shared gew nuclear alleles

with C. vaginalis Genetic data from additional loci and individuals are needed to

determine whether these shared alleles are the réswylbndization,incomplete lineage

sorting, or‘anothemechanism.
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Table 1 Collection locations and locus sample sizes (number of alleles) for the sponge
Callyspongiawvaginalisind its invertebrate commensaiequences from previously
publishedsstudies are indicated with a superscript |&tkother sequences were generated
for this study. Accession numbers for all new and previously published sequences are
available in Table S1 in Append&d. AbbreviationsCOlI, cytochrome oxidase subunit I;
cata catalasecir, cirhin; cps cathepsinef, elongation factor 1 alphdil, filamin; mep

macrophage.expressed protein

Callyspongia vaginalis
Location COl cata cir cps ef fil mep
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Key Largo 30 300 34 38 280 34 3

Long Key 3 28 28 200 200 28 28
Marquesas Keys 20 200 28 28 280 29 28

Dry Tortugas 2% 30 32 280 2808 32 32
Veracruz 16 10 14 14 12 14 12
Glover's Reef 33 20 22 20 22 22 22
Utila 31 20 22 22 22 20
Roatan 32 4 20 20 20 20 20
Bocas del Toro 24 18 18 18 14 18 28
Curacao 30 26 28 28 26 26 26

St. Croix 28 16 18 16 18 18 16
Vieques 30 14 12 14 12 12 14
Crooked Island 23 8 8 8 8 8 8
Bimini 29 16 34 34 32 30 30
Leucothee ashleyae Leucothoe kensleyi Ophiothrix suensonii
Location COl Location COl Location COl
Palm Beach 30 Pam Beach 36 Key Largo 18
Ft. Lauderdale 87 Ft. Lauderdale 82 Long Key 27
Long Key 23 Long Key 31 Key West 24
Key West 29 Key West 33 Marquesas Keys 28
Glover's Reef, 17 Curacao 26 Cayman Isl. 3f
Carrie Bow.Cay 21 Vieques 20 Utila 33
Roatan 49 Bimini 14 Curacao 32
Curacao 27 St. Croix 3t
Vieques A Crooked Isl. 33
Bimini 3¢
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*DeBiasseet al.(2010),°DeBiasseet al.(2014),°Richardset al. (2007),°Richardset al.
(2010),°Richardset al.(2015).

Author Manuscript

This article is protected by copyright. All rights reserved

26



N

Ul SN

%“k ‘.
” Key Largo Q \ Straits of Florida
Long Key . 7, <
Marquesas Keys Florida > ‘ “ Crooked
Dry Tortugas 0 Bimini | Island

=y

Veracruz

: Glover’s Reef

mtDNA haploetypes

e b

) St. Croix
L) Utila S
S ‘ R Mona Passage ‘ ‘
/2N oatan Vieques
1. 9
y 0
o ‘Curacao :
4/ ‘ " b ’
v § s a2 : 3

.

jbi_12785_f1.eps

This article is protected by copyright. All rights reserved



Key Largo Key Largo

» =\ Straits of Florida G Straits of Florida
Long Key Long Key
Florid Florid
Marquesas Keys orida j Crooked Marquesas Keys orida : Crooked
Dry Tortugas @ Bimini . Island Dry Tortugas @ Bimini . Island
, ~y - ~y

=5 e,

Veracruz 3 Ly

4 o <

Glove¥'s Reef : .
5 ,_1. Utila o %/D St.Croix

Mona Passage
s

Vieques
(@) nucDNA alleles | @ ik /@)\}A
i i

Veracruz

Mona Passage
Vieques

- ﬁ% ’ /Wi?’
~ S fa<)
Glover’s Reef g% _
/7 Utila = & = St. Croix

Roatan Roatan

: K=7
Key Largo Straits of Florida
Long Key .
Marquesas Keys /Florida | |® Crooked
Dry Tortugas Bimini | Island
=\
=
Veracruz ] % =
A =)
Glover’'s Reef &;;Q i
. v < St. Croix
Utila =T 7, /=
R Mona Passage ’
oatan Vieques

(c) mtDNA + nucDNA
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(c) Leucothoe kensleyi
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