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Abstract

The genuLamelobaetidius is the second most diverse genus of the familytiBae in
America. Also, two other genera were described@sety related t@Camelobaetidius:
Corinnella, andTapajobaetis. A peculiar spatulate tarsal claw is the charastared

among them. We used TNT (Tree analysis using Neshfi@ogy) and GEM
(Geographically explicit Event Model) to recovee tphylogenic and biogeographic history
of this genus. A matrix of 42 taxa and 77 morph@alcharacters was constructed, of
which 68 were treated as discrete and nonadditimer(lered), and eight as continuous. All
available records dfamel obaetidius plusCorinnella, Tapajobaetis, and the species's
outgroup were included in the biogeographic analyXrinnella andTapajobaetis were
obtained intadCamel obaetidius. The founder events were the most frequent ingérsis,
followed by vicariance, sympatry and point sympaliye long-distance dispersal ability in

mayfly seems to be the rule instead of the excaeptighe history of this clade.

Keyword. Mayfly, Neotropical region, Cladistics, Biogeoghy, Founder Event, Long

Distance Dispersal.
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1.1. Introduction

The genugamel obaetidius Demoulin is the second most diverse genus ofahely
Baetidae (Ephemeroptera) in America. Demoulin deedrit in 1966 and, since then, the
description of new species has not stopped. Althoug distributed between Canada in
the North (Lehmkuhl, 1976) to Argentina in the So(fraver and Edmunds, 1968; Nieto,
2003), the vast majority of the species are distat) in the Neotropical region.
Camelobaetidius has 45 species described, of which 26 were detfilom nymphs, five
from imagoes, 13 from nymphs and male imago androme nymph and female imago
(Jacobus and McCafferty, 2005; Salles and Serf@@5;2Dominguez et al., 2006; Boldrini
et al., 2012a, b; Boldrini et al., 2013; BoldrimcaPes, 2014; Sibajaya-Araya and Esquivel,
2018; Salinas-Jimenez et al., 201Dactylobaetis described by Traver and Edmunds in
1968, was proposed as a sister grou@ahelobaetidius (Traver and Edmunds, 1968).
However, it was later synonymized witlamelobaetidius in 1990 by McCafferty and

Waltz.

Camelobaetidiusis common in lotic habitats, above rocks in ardasa@derate to fast
current. The nymphs have a particular powerful gragclaw (Berner and Pescador,
1988). Boldrini et al. (2012) proposed the spatutdhw was used for adhering to substrate
in areas of the strong current, rather than asladdo removing food particles as was
suggested by Baptista et al. (2006). There aravasfeecies with gut content analyzed.
Camel obaetidius mexicanus (Traver and Edmunds) was defined as scraper (Wa8@6)
consuming diatoms and filamentous algae. Alsogtreus was reported as detritivore with
a high percentage of FPOM (Fine Particulate Orghiftstter) and low content of algae in
its gut (Granados-Martinez et al., 2016). Relatetth¢ life cycle Camelobaetidius was
reported as multivoltine, species suclCapenai (Traver and Edmunds) exhibited a
bivoltine life cycle (Corigliano et al., 2008), whiC. variabilis had five generations per
year (Perry and Kennedy, 2016).

Boldrini and Salles (2009) proposed that the sgeai€amelobaetidius could be divided
into three morphological groups: the first one vitie terminal filament reduced and with a
projection on the inner margin of the fore femdhe second with the terminal filament
reduced and without a projection on the inner nmaogithe fore femora and the last one

with the terminal filament almost as long as ceitso, two other genera were described as
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closely related t@amelobaetidius, Corinnella Thomas and Dominique described from
French Guiana (Nieto, 2010) and later reported fBrazil (Boldrini et al., 2013), and
Tapajobaetis Boldrini and Salles described from Brazil (Boldrét al., 2017).

The knowledge of biogeographic history of the gesuscarce, almost null. McCafferty et
al. (1992) sustained th&amelobaetidius may have had a recent Neotropical center of
dispersal because “it follows the pattern of havangarid-favored distribution in the
Nearctic and being warm-water sublimited”.

In this paper, we proposed cladistic and biogedycagnalyzes o€amel obaetidius in
order to improve the knowledge of this diverse akly distributed genus throughout
America. The main object was to test the monopbyIg@amel obaetidius plusCorinnella
andTapajobaetis. Additionally, we reconstructed the biogeograpattern of the genus,
evaluating which events influenced the distributamal speciation of this clade. Also, we
evaluated the three morphological groups propogdgiotdrini and Salles (2009) and we

analyzed the evolution of different characters.

2. Material and Methods

Intensive fieldwork was carried out collecting difént rivers along with South America in
order to collect fresh specimens of the differgreicses. The nymphs were collected using
traditional methods, with a D-frame net (Doming8eEernandez, 2009). All the material
was conserved in 96% alcohol. For morphology, neatiymphs was selected and dissected
where possible. The material examined is houségeiiollowing institutions: Instituto de
Biodiversidad Neotropical (IBN), Tucuman, Argentitiniversidade Federal de Roraima
(UFRR), Universidade Federal de Vicosa (UFVB), &rgdituto Nacional de Pesquisas da
Amazonia (INPA), Brazil. Additional sources inclutleystemactic studies performed on
material from other collections: Florida A & M Uraksity (FAMU), Tallahassee; Colorado
State University (CSU); and Texas A&M UniversityA&M), USA.

2.1.Taxa

A matrix of 42 taxa and 77 morphological characteas constructed (Appendix S1). 37
species were included in the ingroup: two of whelong toCorinnella: C. eximia andC.
thomasi, one toTapajobaetis. T. labiosus and 34 taCamelobaetidius, representing 75% of

the total species. We selected the species betserided, with the specimens available,



121
122
123
124
125
126
127

128
129

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

and we omitted species only described from adhit® species were included as out-
group: Centroptilum luteolum, Harpagobaetis gulosus, Nanomis galera, Americabaetis
longetron, Spiritiops silvudus, all of them belong to Baetidae. We chose genel@nlging

to different clade in the family Baetidae, followiCruz et al. 2020, from genus very closer
to Camelobaetidius such ad\. galera, to lesser close such @sluteolum. The tree was
rooted withC. luteolum. Although the result did not change with othertas the

outgroups.

2.2. Characters
All characters in this study were derived from &x¢ernal morphology of nymphs. Sixty
characters were binary, 17 were multistate, 68atttars were treated as discrete and

nonadditive (unordered), and 8 as continuous (Agpes2 and S3).

2.3. Phylogenetic Analysis

The matrix was analysed using TNT (Tree analysisguSew Technology, Goloboff et al.,
2003a), under extended implied weights (Golobd¥flL®) (TNT default) following the
script published by Mirande et al. (2013). The gs@é provide 21 values of K and their
respective topologies. For each K-value, undemeldd implied weighting, extra searches
were carried out using parsimony ratchet (Nixor99)9sectorial searches, tree fusing, and
tree drifting (Goloboff, 1999) until the best fias obtained three times, all using TNT
default. Trees obtained in each K-value, were reduo a strict consensus (if more than
one); the result of these searches were threeaeliffetrees. Mirande (2009, 2010) and
Mirande et al. (2011, 2013) proposed a measurtabflity as a criterion to choose the
most stable topologies under different paramefiérs.distortion coefficient (“tcomp”)
(Farris, 1989) was used as a measure of stabildyiater a strict consensus of the most
stable solutions was calculated.

The strict consensus trees obtained in each K-\@lLlewere saved in TNT memory

(RAM) and distortion coefficient was found using ttollowing scripts.

(i)
macro=;
loop 0 20



loop 0 20
tcomp= #1 #2
stop;
stop;
proc/;
150 The best average of “tcomp” was selected to comfiesset of topologies (Table 1).
151 Group support was obtained by applying three estirmaabsolute and relative Bremer
152  supports (Bremer, 1988, 1994) and frequency diffiege (Goloboff et al., 2003b). Bremer
153  supports were calculated for the most-parsimonicaes and 15 000 suboptimal trees up to
154  ten steps longer. Suboptimal trees were distributd® stages: 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
155  0.7,1, 2, 3,4,5, 6,7 and 10 units of fit, sgvif00 trees at each stage. Frequency
156  differences were calculated with 500 replicategokknifing (Farris et al., 1996) by
157  symmetrical resampling of the original matrix (eatlaracter presents the same probability
158  of being positively or negatively reweighted, Galfftet al., 2003b). Each replicate of
159  jackknifing was calculated by ten random additiegieences plus tree bisection—
160  reconnection, saving ten trees per replicate. Afb#aining the shortest trees, the value of
161  homoplasy for each character was calculated (ajustmoplasy). Characters with low
162  homoplasy present values near 0.00, whereas chesadth high homoplasy have values
163  near 1.00 (some are mentioned in the results).
164
165  2.3. Biogeographic Analysis
166  All available records of the species@dmelobaetidius included in the matrix, plus
167  Corinnella, Tapajobaetis, and the species’s outgroup were mapped withrdeedoftware
168 QGIS, Geographic Information System (http:/qgig)oBpecies distribution have been
169  plotted and overlapped with layer of political sivislons of the world and the ecoregions
170  proposed by Olson et al., 2001.
171 To infer the particular biogeographic historyGdmelobaetidius, a biogeographic analysis
172 was carried out using Geographically explicit Eviglodel (GEM, Arias, 2017). This
173 phylogenetic biogeographic method does not assuetefined areas or a hierarchical
174  relationship between them. The primary purposéisfrnethod is to discover cladogenetic
175  events such as vicariance, sympatry, point symgatdyfounder event among sister

176  groups. Distributions were represented as absemseipce data in a raster grid with pixels
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of 1° x 1° degrees, with a filling of 2. The cosétloe four cladogenetic events was set to
one. To penalize large ancestral ranges a Z=50sed The search was made with the

flipping algorithm applying 1000 flip replicates.

3. Results

3.1. Phylogenetic Analysis

An unique tree was obtained in a range of valui€,dfom 1.71 to 3.63, and with a length
of 243.27 steps (fit = 47.756). The tree rangimgrfithese values of K were also the most
stable according to the measure of tcomp. Thisvileeproposed as the final hypothesis.
The shortest tree obtained withluteolum as the outgroup recovered the geGuosnnella
andTapajobaetis into Camel obaetidius (Fig. 1). Five synapomorphies (Appendix S4)
sustained this result (Node A): length of tibiaddén of femur, 0.944-0.956 (character 6);
frontoclypeal suture is Y shaped (character 8);rfedndible with the subtriangular process
elevated (character 26); articulation of the tidsent (character 64); and tarsal claws
spatulated (character 67). The analysis recovéreg tmain groups dtamel obaetidius
(Nodes B, C, D). Node B included 16 species amlististained by three synapomorphies
(Appendix S4): relationship in the left mandibléveeen length of mola and length
between triangular process and incisor, 1.069 &dtar 1); number of denticles in the
tarsal claws, 0.009 (character 7) and first demtitlthe tarsal claw distinctly larger than
the other (character 68). In this clade, five ggoowere recovered with good support (Node
E, F, G, H, I). Node B confirmed the synonymyDsctyl obaetis underCamel obaetidius,
because this clade recovered the type speciegtohominal genu€. warreni (Traver and
Edmunds) an€. leentvari Demoulin, respectively. Node F, sustained by four
synapomorphies, grouped all the species with tlmeital filament reduced, about the size
of the 10" abdominal segment (character 76). However, No@er®sted to this group.
Node G recovered the species with a tubercle oimtiexr margin of the femur (character
61).

Node C recovered seven species: the two speciésroinella, the single species of
Tapajobaetis, and four species @amelobaetidius, and six synapomorphies supported it:
relationship in the left mandible between lengtmafia and length between triangular

process and incisor, 0.700-0.762 (character 13tiogiship in the maxillary palp between



208 length of palp and length of galea-lacinia, 1.41@38 (character 2); shape of incisors of
209 left mandible not same level (character 19); teg¢tépex of the crown long and slender
210 (character 36); outer margin of maxilla convex (elsger 37); development of base of

211  glossa of the labium not overlapping (character #hg two species @orinnella, were

212 sustained by ten synapomorphies including theohig: maxillary palp bifid (character

213 33), galea of maxilla robust (character 38), setasurface of labial palp many and long
214  (character 49), row of setae subparallel of thelpdibial suture present (character 65).
215  Tapajobaetis plusC.ortiz, C.carolinae, C.cruzi andC. matilel are supported by two

216  synapomorphies: incisive of maxilla with setae lom &pex (character 34) and outer margin
217  of paraglossa curved (character 54).

218 Node D grouped 14 species is sustained by 4 synaqpdres including the following:

219 number of setae on outer margin of femora, 0.0B@r@cter 4), relationship between length
220 of femur and width of 1/3 basal of femora, 3.26222. (character 5), row of setae between
221 molar and incisors of left mandible absent (chaa24), and segment Il of labial palp

222 rounded (character 50).

223

224 3.2. Systematic

225  Camelobaetidius Demoulin, 1996: 9; McCafferty and Waltz, 1990: 7Zidgo-Ortiz and

226  McCafferty, 1999, 258; Dominique et al., 2000: Mx;Cafferty and Randolph, 2000: 259;
227  Dominique et al., 2001: 18; Dominique and Thom&§12 27; Nieto, 2002: 57; Nieto,

228  2003: 233; Salles and Serréo, 2005: 267; JacomiMagafferty, 2005: 153; Dominguez
229 etal., 2006: 118; Boldrini et al., 2012b: 2033.

230 (Type-SpeciesCameloabetidius leentvaari Demoulin, original description)

231  Dactylobaetis McCaffetty and Waltz, 1990: 777.

232 Corinnéla (Thomas and Dominique, 2006) SYN. NOV.

233  Tapajobaetis Boldrini and Salles, 2017. SYN. NOV.

234  Diagnosis. 1) labrum with dorsolateral arc of setae; 2) iossof mandibles fused; 3)

235 maxillary palp segment Il bifid or simple; 4) segmd of labial palp with or without

236  distomedial projection; 5) thoracic gill presentatusent at base of forecoxa; 6) hind wing

237  pads usually present (absent in few species)r3altalaws spatulate; 8) tarsal claws with
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6-140 denticles; 9) paraproct with pointed or rathcharginal spines; 10) abdominal gills

present on segments I-VII; 11) terminal filamentaasy as cerci or reduced.

Included speciesSpecies described based on nymphs: C. baumgardneri Boldrini, 2014;
C. edmundsi Dominique, Thomas and Mathuriau, 20@2eximia (Thomas and
Dominique, 2006)new combination; C. guaycara Sibaja-Araya and Esquivel, 201@;
hamadae Salles and Serrao, 2005; ipaye Nieto, 2003,C. juparana Boldrini and Salles,
2012;C. kondratieffi Lugo-Ortiz and McCafferty, 199%;. kickapoo McCafferty, 2000C.
labiosus (Boldrini and Salles, 2017hew combination; C. lassance Salles and Serréo,
2005;C. leentvaari Demoulin,1966C. lourii (Salles, Victoriano, Boldrini and Cabette,
2017),new combination; C. maidu Jacobus and McCafferty, 2005, maranhensis Salles
and Serréo, 200%;. mathuriae Dominique and Thomas, 200Q; metae Salinas-Jimenez
and Boldrini, 2019C. musseri (Traver and Edmunds, 196&); patricki Dominique and
Thomas, 2001C. rufiventris Boldrini and Salles, 200%. sallesi Boldrini, 2014;C.
serapis (Traver and Edmunds, 196&); shepardi Randolph and McCafferty, 200C;
spinosus Boldrini and Salles, 201Z;. tepequensis Boldrini, 2014;C. tuberosus Lugo-ortiz
and McCafferty, 1999C. variabilis Wiersema, 1998;Species described based on
nymphs and adults: C. anubis (Traver and Edmunds, 196&); billi Thomas and
Dominique, 2001¢C. cayumba (Traver and Edmunds, 196&); francischettii Salles,
Andrade and Da-Silva, 2008; huarpe Nieto, 2003C. janae Dominique and Thomas,
2001;C. mexicanus (Traver and Edmunds, 196&); penai (Traver and Edmunds, 1968);
C. phaedrus (Traver and Edmunds, 1968); suapi Nieto, 2002C. warreni (Traver and
Edmunds, 1968)C. waltz McCafferty, 1994 C. yacutinga Nieto, 2003 ;Species described
based on adults: C. alcyoneus (Traver, 1943)C. aneto (Traver, 1971)C. arriaga (Traver
and Edmunds, 1968%. dryops (Needham and Murphy, 19243; tantillus (Needham and
Murphy, 1924),C. thomas (Boldrini and Salles, 2013hew combination.

3.3. Biogeography
The search with GEM found one reconstruction wittost of 226.820. The events
recovered were: eight vicariance events, eight syrg@vents, four point sympatry, and 21

founder events (Fig. 2). All ancestral areas assejs are available in Figs. S5. The
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founder events occurred more frequently in the désges meanwhile vicariance in the
apical branches. Sympatry and point sympatry agpoaoth at the base of the tree and at
the terminals. Also, with a few exceptions, theesdith the best supports in the
phylogeny analysis were recovered as vicariantisdérbiogeography analysis. For the
origin of the clade Camelobaetidius’ (Node 3), the reconstruction found a sympatric
event. The first event in the genus was the fouedent from Southeastern Brazil to
northeastern South America (Node 5, Fig. S5 6)cBagants of Node 6 arose in a
sympatry evenin northeastern South America (Fig. S5 7). Relédedode 7 all its
terminals were restricted to the Guiana Highlana$Aamazon ecoregions, and both the
founder events as well as point sympatry were tbstrinequent events recovered. In Node
13 a sympatry event occurred between the northeestel central South America (Fig. S5
14). From this area occurred different founder ¢évémthe south of South America (Node
15 and 17, Figs. S5 16-18) as well as to the rafrBouth and Central America (Node 18
and 19 Figs. S5 19-20). Node 26 was characterigddunder events, from southeastern
Brazil to North and Central America (Fig. S5 27hdé 31 presented a vicariant event in
the southeastern Brazil, specifically in Atlantierést ecoregion (Fig. S5 32), between the
north and south. Finally, in the rest of the clatistinct sympatry events followed by some

vicariant events around the north and central eftfsé&merica were recovered.

4. Discussion

4.1. Phylogenetic Analysis

Evolution of selected characters

In 1968, when Traver and Edmunds describadtylobaetis, they proposed that the
spatulated claws were of 2 types representing aparmmte phyletic line€€amelobaetidius
andDactylobaetis. However, they did not explain the difference begw them, both genera
were distinguished by other characters insteati@tlaw.Corinnella was established
based on the tarsal claws with few denticles batidated (Thomas and Dominique, 2006).
Tapajobaetis was described by having spatulated claws with rtfoae 100 denticles, along
with other characteristics related to mouthpartphotogy (Boldrini et al., 2017). Here, in

our analysis, the character "tarsal claws spattilat@s recovered as a synapomorphy of

10
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Node A with the best adjusted homoplasy, includboginella, Tapajobaetis and all the
species oCamelobaetidius considered in the analysis.

The labial palp, especially the second segmensgpits a high variability within the genus.
Although this structure has many forms in the fggnmost of this variation is found among
different genera (and not so often among speciéiseodame genus). However, in
Camelobaetidius, the inner margin of the second segment of thiallgialpi can be slightly
protruded (instead of parallel to outer margin,itireer margin is gently curved) to strongly
protruded (in these cases a distinctic distomeati@kection is present) (Nieto, 2003, Salles
and Serrdo, 2005), with an enormous range of fofime.character 46: projection of the
segment Il of the labial palp had the best adjuktedoplasy. However, a morphometric
analysis could be better to approach this structure

The length of the terminal filament was considetedistinguishCamel obaetidius from
Dactylobaetis (Traver and Edmunds, 1968), the first one haditeahfilament short, while
Dactylobaetis had terminal filament long. In our analysis, bsthtes of this character
wwere not recovered as synapomorphies of thes@tougps (character 76). The state
"terminal filament subequal in length to cerci" wasovered at the base of the tree, being
plesiomorphic for the species Gémelobaetidius. Then, in the clade containiny
maranhensis, C. billi, C. rufiventris, C. tepequensis, C. ipaye, C. francishettii, andC.
leentvaari, this character changed to short or reduced igtleand, thus, is considered a
synapomorphy of these species, in coincidence Balldrini and Salles (2009). Among
them, a reversal has occurreddmepegquensis, once the terminal filament is subequal in
length to cerci in this species.

Many authors have analyzed the accessory gillsi(lagx coxal, and labial gills) if these
structures were homologous or not and synapomasfia specific clade (Zhou, 2010,
Staniczek, 2010). They have been considered assmyegills, although their respiratory
function has not been experimentally confirmed ristzek, 2010). IrCamelobaetidius it is
most often present at the base of foreleg (char&@fe but also can be found at the base of
the second segment of the maxillary p&pjéne, C. thomas andC. lourii). At the base of
foreleg, based on our analysis, it had two indepehdcquisitions in the tree, @t warreni
and atC.anubist+C.yacutinga. In two related specie€, hamadae andC. juparana, these

accessory gills are bifid and relatively long. Argdhe other species they are always

11
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simple, and the length is highly variable. Howeveis still necessary to map this character
and the other similar structures in a large phyhygef the order.

4.2. Biogeography

Camelobaetidius presents a wide distribution along continental Aog including a wide
variety of climates, however at high altitude, ab@@00 m.a.s.l. its presence is minimal or
null. The Andean mountain seems to be a barri¢eaasof the route to diversification.
Vicariance was obtained generally in nodes withdgsapport. Many authors have
discussed the speciation and adaptive evoluti@ataelto vicariant or sympatry events
(Brooks and McLennan, 1993, Friesen and Anders@®/)Jl Some authors sustained that
sympatric speciation involves the adaptive processinwhile, vicariant speciation
involves the nonadaptive process (Losos and G@3Q The adaptive process involves
ecological opportunity, such as dispersal into tewitory, extinction of competitors or
change in behavior, while the nonadaptive process dot require specific adaptations for
speciation to occur (Brooks and McLennan, 1993).@sults showed that the vicariance,
worked on the speciation process promoting derohegtacters or synapomorphies.

The founder events were the most common in thisgdn these events, a small number of
individuals, sometines parthenogenetic female dentake part in a rare, long-distance
colonization (Funk et al., 2010), and this popolatis very rapidly isolated from the
ancestral population (Matzke, 2014). This evemtn®ssential mode of lineage splitting
and of moving taxa around the planet (Heads, 20E2zke, 2014). Mayfly dispersal had
been thought to be very limited (Brittain, 1982)tilnew studies confirmed the long-
distance dispersal ability in mayfly species onatarislands such as the Azores (Brinck
and Scherer, 1961; Raposeiro et al., 2012), traasoc dispersal between Madagascar and
continental Africa (Monaghan et al., 2005; Vuataalg 2013) on the Canary Island and
Madeira (Rutschmann et al., 2014), on the Macaraneschipelago (Rutschmann et al.,
2017). In this analysis, we recovered founder everside South America, sometimes
including long distances, such as between Cerradoel§ion and Colombia (Node 16), or
Cerrado ecoregion and San Juan Province in Argefilode 17) or even Cerrado and
Costa Rica and Guatemala (Node 20).

McCafferty et al. (1992) and McCafferty (1998) suised thatCamelobaetidius had a

recent Neotropical center of dispersal, specificalbuth America. We obtained the
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Amazon ecoregion as the area with the majority flennvicariance, and sympatry events.
This ecoregion was proposed as a refuge area basibe idea that climatic oscillation
occurring during the Pleistocene promoted allopapieciation, different patches of the
selve remained isolated. (Haffer 1969, 2008). Hie®ty proposed that during dry climatic
periods, humid rainforest blocks remained isolated separated by dry forest or other
intermediate vegetation and this fact promotedsgiexiation (Haffer 1969, 2008). As in
other taxa, the interaction of paleogeographicdl@aleoclimatic forces would seem to be
the cause of the complex processes of diversifinati South America (Bush, 1994;
Riddle, 1996; Rull, 2008).

In coincidence with our results, species of theugéysthenopodes (Polymitarcynae,
Polymitarcydae) showed a similar pattern of spemian the Amazon region (Molineri et
al., 2015). The authors sustained that “withoutadecular dating of these nodes they can
only speculate possible explanations related tstleene refugia”. Later, Molineri et al.
(2019) recovered for this region several tracealdariance events (TVEs, Hovenkamp
1997) for species dampsurus, Homothraulus, Callibaetis andCaenis. They reinforced
the idea of Amorin and Pires (1996) as this regioch as an area of endemism, and a
transitional zone between tropical and temperateatés.

The biogeographic history @famelobaetidius has resulted in a complex history of plenty
of dispersal events or founder events. In thatesethg use of a Geographically explicit
Event Model seems to be the appropriate methoddtmggcover these patterns since other
methods, such as Diva, Lagrange, or Dec, failke taunder event into account (Matzke,
2014). The fact to use explicit distributions irzsteof the predefined area helped us to

identify these events inside South America.
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FigureLegends
Fig. 1. The shortest tree obtained with a lengtB4#.27 steps. The numbers above the
nodes indicate frequency differences; unnumberegsbave support less than 25. The

numbers below the nodes indicate absolute, antivelBremer supports.

Fig. 2. The optimal reconstructions found for te®graphical data. The white triangle
represents founder event; white squares repregematry, the black square represents
vicariance, the white circle represents point sytmyp&ll ancestral node reconstructions

see Appendix S5.
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S3. Figures of characters.

S4. List of synapomorphies common to the shortest t

S5. Maps with ancestral reconstructions.
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Table 1. Distortion coefficient (tcomp) under different Kalues, and number of shortest

trees obtained.

Reference K-value
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N R R R R R R R R R
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1.709284

1.851724
2.006551
2.175452
2.36044
2.563926
2.788832
3.038727
3.318022
3.632229
3.988329
4.395302
4.864885
5.412733
6.060189
6.837136
7.786738
8.973741
10.499887
12.534749
15.383556

Trees

Tcomp

0.9711982

0.9711982
0.9711982
0.9711982
0.9711982
0.9711982
0.9711982
0.9711982
0.9711982
0.9711982
0.9700462
0.9700462
0.9700462
0.9700462
0.9700462
0.9306355
0.9306355
0.9306355
0.9306355
0.9306355
0.9306355
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