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Summary. Recent work on the phylogeny of the the euophryine jumping spiders has significantly altered our
understanding of the relationship between genera and major clades within this large and diverse group. Here
published hypotheses related to the phylogeny of this clade are reviewed, and representatives of each of the major
clades are illustrated. Several new hypotheses related to the biogeography of the Euophryinae are reviewed. There
is still support for a primary division of this clade across the Antarctic Land Bridge of southern Gondwanaland near
the end of the Cretaceous, but an updated estimate of divergence time based on the most recent phylogeny is
needed.
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Phylogeny. It has been more than a decade since the first comprehensive phylogeny of the Euophryinae
was published (Figure 1; Zhang 2012; Zhang & Maddison 2013). This was slightly revised several years
later (Figure 2; Zhang & Maddison 2015), and the subfamily Euophryinae was also demoted to the level of
a tribe (Euophryini) within the larger subfamily Salticinae (Maddison 2015). These earlier studies
divided the Neotropical euophryines into three clades, one (the Mesophryni; Figure 1) in a basal position
supporting the hypothesis of a Neotropical origin for living representatives of the family. A second clade
(the Antiphryni) had a large Caribbean distribution, and was related to one of two groups of Afroeurasian
euophryines, many with a Palaearctic distribution. The third Neotropical clade (the Neophryni) was more
closely related to two clades primarily found in Australasia (the Australphryni and the Papuaphryni), with
many representatives in tropical Afroeurasia, particularly in Sunda (Southeast Asia to Bali). This
phylogeny suggested not only that the group originated in South America, but also that it was divided
between the Americas and Australasia at the end of the Eocene (~34 Ma), when the Antarctic Land Bridge
broke up at both the southern South American and Tasmanian ends, a change associated with the onset of
global cooling and circumpolar circulation of the cold southern ocean around the now-isolated Antarctic
continent (Hill 2009; Zhang 2012). Seasonal euophryines could always follow a path to North America
via either the Panamanian (Central American) or Antillean Island Arcs, and then continue on to Asia via a
persistent Beringia connection (Hill & Edwards 2013). A different proposal for euophryine distribution,
involving the possibility of ballooning or rafting across oceans, was previously suggested (Bodner 2009;
Bodner & Maddison 2012). As Australasia (Sahul) moved north to approach tropical Asia (Sunda),
movement of species in both directions between the two zoogeographic provinces, across the island
archepelago of Wallacea east of Borneo and Bali, became more likely. This process can be observed today,
as several recent euophryine, and other salticid (e.g., the chrysillines) genera, are now distributed across
Wallacea (Hill 2010).
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Figure 1. First hypothetical phylogeny of the euophryines (after Zhang 2012; Zhang & Maddison 2013). Names for major

clades (e.g., Mesophryni, Holophryni) have been added here. An asterisk (*) next to a species name indicates that this is the

type species for the respective genus. The larger pattern of distribution for each genus is coded at right as either American
(AM), Afroeurasian (AE), or Australasian (AA). The more detailed distribution, to the right of each slash mark (/) in the right
column, is as follows: A, Australia; C, Caribbean; CA, Central America; EA, East Asia; H, Holarctic; N, Neotropical; O., Oceania; P,

New Guinea; PH, Philippines; S, Sunda; SA, South Africa; SO, Sunda to Oceania; SP, from Sunda to New Guinea; T, Temperate; TA,

Tropical Asia.
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Figure 2. Second hypothetical phylogeny of the euophryines (after Zhang & Maddison 2015). Conventions used here are
described in the caption for Figure 1. There are few changes from the earlier phylogeny (Figure 1), and no changes in the

major clades that were recognized.

Recently two new phylogenies for the euophryines were published (Figures 3-4; Yu et al. 2024; Li et al.
2025), this time based on comparison of a larger set of ultra-conserved elements (UCE), more stable
sections of the genome that appear to to change less over time and can thus be more reliably followed

over longer intervals.
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Figure 3. Third hypothetical phylogeny of the euophryines (after Yu et al. 2024, with names added for major clades).
Conventions used here are described in the caption for Figure 1. Two clades (the Laufeia clade and the Modified Embolic
Complex, or MEC clade) were recognized in this study. Unlike previous studies, all of the neotropical euophryines fell into a
single clade, shown here as the Neophryni, and the euophryines as a group fell into two distinct clades.

The first of these new studies (Figure 3; Yu et al. 2024) produced a significantly different set of subclades
within the Euophryini. First, the Neotropical euophryines (the Neophryni) now fell into a single clade,
rather than the three clades (Mesophryni, Antilphryni, and Neophryni) proposed in the earlier studies
(Figure 1-2). In this phylogeny, Anasaitis and Corythalia no longer occupy a separate, basal clade (the
Mesophryni), and are closely related to Mexigonus and other genera in a subclade of the Neophryni with
many Caribbean representatives, shown here as the Antilphryni.

The Neophryni, as part of the Occidenphryi, is most related to one or more Afroeurasian clades (primarily
the Palaephyni), with a more temperate or African distribution. The second half of the euophryines, the
Orienphryni, can be divided into two large clades, distributed almost entirely from Sunda to Sahul. One of
these (the Indophryni) can be neatly divided into a distinctive Sahulian group (the Papuaphryni), and a
Sundan group (the Sundaphryni). The second orienphryne clade, the Australphryni, is almost entirely
Australasian.

The second of these new studies (Figure 4; Li et al. 2025), based on a somewhat different set of genera
and species, particularly in the Sundaphryni, presented essentially the same hypothesis of euophryine
evolution as did the study by Yu et al. (2024). This study also included Saitis barbipes, a synanthropic
species found in gardens to the north of the Mediterranean Sea, but closely related to the peacock spiders
(Maratus) of Australia. Several Saitis species may have been introduced to Europe on plants carried by
Dutch or English traders sailing from Australasian ports (Otto & Hill 2012).
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Figure 4. Fourth hypothetical phylogeny of the euophryines (after Li et al. 2025), with added clade names (e.g., Neophryni,
Papuaphryni). This phylogeny agrees with that proposed by Yu et al. 2024, and designated the two euophryine subclades as
Clade I (Occidphryni) and Clade II (Orienphryni). Conventions used here are described in the caption for Figure 1.

The major clades represented in published euophryine phylogenies are compared in Figure 5. The more
recent work (Yu et al. 2024; Li et al. 2025) maintains the wide separation of euophryines in tropical
Sunda (the Sundaphryni) from the temperate or African euophryines (the Palaephryni), but now the
single clade of Neotropical euophryines (the Neophryni) is completely separated from those of Australasia
(the Orienphryni).
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Figure 5. Comparison of the major clades in the published phylogenies of the euophryine salticids, based on Figures 1-4.

Relationship of the Euophryni to other salticids. An updated phylogeny for the Salticidae that
incorporates recent work (e.g. Zhang et al. 2024; Li et al. 2025) is shown in Figure 6.
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Figure 6. Updated hypothesis for salticid phylogeny (based on Bodner & Maddison 2012; Zhang & Maddison 2013, 2015;
Maddison et al. 2014, 2020; Maddison 2015; Ruiz & Maddison 2015; Maddison & Sz{its 2019; Hill 2023; Azevedo et al. 2024;
Zhang et al. 2024; Yu et al. 2024; Li et al. 2025, with addition of names for many previously unnamed clades). Biogeographical

regions (column at right): AA, Australasia; AE, Afroeurasia; AM, Americas.
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According to this phylogeny, the second large clade of "modern" salticids, the Salticoida (sister to the
neotropical Amycoida), is divided into two clades, the Afresia (including both the American marpissoids
and the Australasian astioids) and the Saltafresia. The Saltafresia is then divided into two clades, the
Anida (including the Afroeurasian chrysillines) and the Simonida. Then the Simonida is divided into two
clades, the Euophryni and its sister group, the Aphryni (including mostly Afroeurasian plexippines and
aelurillines).

This phylogeny supports the hypothesis that a direct ancestor of the euophryines was an Afroeurasian
member of the Simonida. At the same time, the most recent common ancestor (MRCA) of all of the living
euophryines may have lived on any continent, particularly if this species lived before the separation of
southern Gondwanaland (South America, Antarctica, Australasia) at the end of the Eocene. Zhang &
Maddison (2013) proposed a timeline for the divergence of the euophryines that estimated separation of
the major clades in this time frame (~34 Ma), but their work was based on the earlier phylogeny that was
recently superceded by Li et al. (2025). In a subsequent section I will consider a series of different
biogeographical hypotheses, any one of which might explain the continental distribution of living
euophryine clades.

Diversity of the living euophryines. Here (Figures 7-37) I provide a photographic catalog showing
representatives of the living euophryine clades, collected from a large series of photographs posted online
at the iNaturalist site by many different photographers and naturalists. These have all been edited or
modified for this presentation, but their identification generally follows that posted on iNaturalist. The
credit for each photograph includes the applicable Creative Commons license, as well as the respective
iNaturalist observation number (iNat. obs.).

Previously, Zhang & Maddison (2015) published an extensive set of figures covering the euophryines, and
this included a detailed treatment of the genital structures (male pedipalps and female epigyna) that are
important for taxonomy. Subsequently I published a review of salticid scales (Hill 2022b) that includes
many euophryines. The catalog presented here is not meant to replace those references, but to
supplement them with more photographs of living species, arranged according to the most recent
hypothesis of euophryine phylogeny (Figure 3). This presentation highlights the fact that, although they
generally exhibit little variation in genitalic structure, the euophryines are remarkably diverse.

The Euophryini represents a large fraction of the described jumping spiders, and each year many new
species in this clade are discovered and described. Why, as a group, have they been so successful? What
features, apart from those that they share with other salticids, can account for this success?

An ability to contend with cooler or seasonal habitats in both the north and south may account for the
global distribution of the euophryines; by comparison the amycoids, a more basal lineage, are still
primarily restricted to tropical areas (Zhang & Maddison 2013). After their early divergence and
appearance on multiple continents, euophryine lineages have continued to evolve into the many species
that we see today (continental radiation; Zhang 2012). One characteristic of euophryines that may have
contributed to their success is their ability to prey on ants. Although ant-eating, or myrmecophagy, can be
observed in a number of different and unrelated salticid groups, many euophryines (e.g., Anasaitis,
Chalcotropis, Corythalia, Naphrys, Pystira, Zenodorus, Zoropsis) have evolved the special behaviors
required to observe, follow, and capture ants (Zhang & Maddison 2013; Maddison 2015). Many of these
are considered to feed almost exclusively on ants, and many are ground-dwellers. The relatively large
ALE of most euophryines, consistently at least one-half the diameter of the AME, may support their ability
to track moving ants (Hill 2022a).
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Figure 7. Anasaitis (Antilphryni). 1, @ Anasaitis, Quintano Roo, Mexico. 2, & Anasaitis, Quintano Roo, Mexico.
3, & A. canalis, Panama. 4, & A. canosus, South Carolina. 5-6, @ A. canosus, South Carolina. Almost all
Anasaitis species are endemic to Caribbean islands. They are often observed in the leaf litter or near the
ground, feeding on ants. Photo credits: 1, iNat.obs. 106183479, CCO, by Zygy; 2, iNat.obs. 110325999, CCO0, by
Zygy; 3, iNat.obs.134390964, CC BY-NC 4.0, © Nadja Baumgartner; 4-6, CC BY 4.0, © D. E. Hill.
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Figure 8. Corythalia (Antilphryni). 1-2, & C. opima, Panama. 3-4, & C. parvula, Belize. 5, @ C. parvula, Belize. 6, 3 C.
pulchra, Panama. This is a large genus, widely distributed in the Neoptropics. Photo credits: 1-2, iNat.obs.

162030175, CCO, by Zygy; 3-4, iNat.obs. 81564048, CCO, by Zygy; 5, iNAT.obs. 196805804, CCO, by Zygy; 6, iNat.obs.
163822771, CCO, by Zygy.
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Flgure 9. Corythalza (Antllphrym) 1-2, 3 C splralzs Panama. 3 4, 8 Corythalia, Belize. 5-6 9 Corythalza Coasta Rica.
Photo credits: 1-2, iNat.obs. 158425603, CCO, by Zygy; 3-4, iNat.obs. 261551073, CCO, by Zygy; 5-6, iNAT.obs.
199473033, CCO, by Zygy.
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Figure 10. Maeota (Antilphryni). 1, & M. dichrura, Ibipora, Brasil. 2, & M. dichrura, Misiones Province, Argentina. 3-4, &
Maeota, Puyo, Ecuador. 5-7, @ Maeota, Maringd, Brasil. Photo credits: 1, iNat.obs. 25363184, CC BY-NC 4.0, © [sis Meri Medri;
2, iNat.obs. 259789000, CC BY-NC 4.0, © Ivan L. F. Magalhaes; 3-4, iNat.obs. 37801641, CCO, by Zygy; 5-7, iNat.obs. 37116922,
CC BY-NC 4.0, © Isis Meri Medri.
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Compsodecta,
Jamaica. 5-6, & Mexigonus, Costa Rica. Chapoda live above the ground. Only a few of the ground-dwelling Mexigonus species

have been described. Photo credits: 1, iNat.obs. 127016134, CC BY-NC 4.0, © Antonio Tosto; 2, iNat.obs. 199638978, CCO, by
Zygy; 3-4, iNat.obs. 2055 , CCO, by Zygy; 5-6, iNat.obs. 199838776, CCO, by Zygy.

Figure 11. Antilphrynes. 1, & Antillatus cambridgei, Dominican Republic.
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Figure 12. Antilphrynes. 1-2, & Mexigonus, near Morelos, Mexico. 3, & Mexigonus, Oaxaca, Mexico. 4-5, Q Pensacola, Belize.
6-7, & Naphrys pulex, New Jersey. Naphrys are common inhabitants of the leaf-litter in the southeastern United States, often
feeding on ants, and sometimes synanthropic. Photo credits: 1, iNat.obs. 108320077, CC BY 4.0, © Gerardo Ochoa; 2, iNat.obs.

104733815, CCO, by Zygy; 4-5, iNat.obs. 260875934, CCO, by Zygy; 6-7, iNat.obs. 222330959, CC BY 4.0, © RL7836.
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Figure 13. Other neophrynes. 1-2, & Cobanus, Costa Rica. 3-4, & llargus coccineus, Sdo Paulo, Brazil. 5, @ Asaphobelis
physonychus, Paran, Brazil. 6-7, & Sidusa, Belize. Photo credits: 1-2, iNat.obs. 198505792, CCO, by spidereyes; 3-4, iNat.obs.
194628698, CC BY 4.0, © Leonardo Breder Passalacqua; 5, iNat.obs. 202733751, CCO, by brabuleta; 6-7, iNat.obs. 100186115,
CC BY-NC 4.0, © Thomas Shahan.
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Figure 14. Other Neophrynes. 1-2, Q Sidusa, Costa Rica. 3-4, & Sidusa, Costa Rica. 5, & Sidusa, Esmeraldas, Ecuador. 6, &
Tylogonus parabolicus, Cali, Colombia. Photo credits: 1-2, iNat.obs. 198545408, CCO, by spidereyes; 3-4, iNat.obs. 199518006,
CCO, by Zygy; 5, iNat.obs. 99564968, CCO, Philipp Hoenle; 6, CC BY-NC 4.0, © Tiziano Hurni-Cranston.
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Figure 15. Palaephrynes. 1, @ Chalcoscirtus infimus, Spain. 2, @ Euophrys frontalis, France. 3, @ Euophrys leipoldti, Northern
Cape, South Africa. 4, & Euophrys herbigrada, France. 5, & Euophrys monadnock, British Columbia. 6, & Euophrys nigripalpis,
France. 7, & Euophrys rufibarbis, Croatia. Euophrys is a large, primarily Afroeurasian genus with 98 described species (WSC
2025). The relationship of the species currently placed in this genus, particularly the American species, is uncertain (Zhang &
Maddison 2015). Photo credits: 1, iNat.obs. 132678652, CC BY-NC 4.0, © faluke; 2, iNat.obs. 122945758, CC BY-NC 4.0, ©
Martin Galli; 3, iNat.obs. 107499954, CC BY-NC 4.0, © Rudolph Steenkamp; 4, iNat.obs. 165160372, CC BY-NC 4.0, ©
durand_mathis; 5, iNat.obs. 100808042, CC BY-NC 4.0, © Jason Headley; 6, iNat.obs. 160178290, CC BY-NC 4.0, ©
durand_mathis; 7, iNat.obs. 245239927, CC BY-NC 4.0, © Mark Spicer.
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(Palaephryni). 1-2, & Parabathippus, Bogor, West Java. 3-4, & Parabathippus, Sumatra. 5, &
Parabathippus, Sumatra. 6-7, @ P. shelfordi, Singapore, feeding on an isopod. There are 10 named species in this genus, all
from Sunda. The general appearance of Parabathippus is quite different from the appearance of most other palaephrynes, like
Euophrys and Thyenula, which are compact with shorter legs. Photo credits: 1-2, iNat.obs. 68647495, CC BY 4.0, © Wildan R.
Ardani; 3-4, iNat.obs. 203321332, CC BY-NC 4.0, © Bridgette Gower; 5, iNat.obs. 253471925, CC BY-NC 4.0, © Bridgette Gower;

6-7,iNat.obs. 171021488, CC BY-NC 4.0, © Md Jusri.

o

Figure 16. Parabathippus




Peckhamia 327.1 Biogeography of euophryines

(10) S B oA S
Figure 17. Palaephrynes. 1, Q@ Parabathippus shelfordi, Singapore, guarding her eggs beneath a leaf. 2, @
Parabathippus shelfordi, Singapore, guarding her hatching brood. 3, @ Pseudeuophrys lanigera, Switzerland. 4-5, &
Talavera minuta, New Jersey. 6-7, Q Talavera petrensis, Czechia. 8-9, @ Thyenula, Harare, Zimbabwe. 10-11, Thyenula
haddadi, Dududu, South Africa. Photo credits: 1, iNat.obs. 259819122, CC BY-NC 4.0, © Melvyn Yeo; 2, iNat.obs.
230449083, CC BY-NC 4.0, © Melvyn Yeo; 3, iNat.obs. 202250103, CC BY-NC 4.0, © Nadja Baumgartner; 4-5, iNat.obs.
203511578, CC BY 4.0, © RL7836; 6-7, iNat.obs. 203008214, CCO, Philipp Hoenle; 8-9, iNat.obs. 184495903, CCO, by
Dan Lee; 10-11, iNat.obs. 105031998, CC BY-NC 4.0, © Rudolph Steenkamp.

18
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Figure 18. Thyenula (Palaephryni) from southern Africa. 1, @ T juvenca, Eastern Cape, South Africa. 2, ¢ T munda, Harare,
Zimbabwe. 3-4, & T leighi, Rustenburg, South Africa. 5, @ Thyenula, Bloemfontein, South Africa. 6, & T virgulata,
Mpumalanga, South Africa. Photo credits: 1, iNat.obs. 219370146, CC BY 4.0, © Dan Mendelowitz; 2, iNat.obs. 67801175, CCO,
by Jonathan Whitaker; 3-4, iNat.obs. 199283802, CC BY-NC 4.0, © Rudolph Steenkamp; 5, iNat.obs. 107553854, CC BY-NC 4.0,

© Rudolph Steenkamp; 6, iNat.obs. 134198928, CC BY-NC 4.0, © Robert Wienand.
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Figure 19. Papuaphrynes. 1, Chalcolecta prensitans, New Mapoon, Queensland. 2, & Chalcolecta prensitans, Iron Range,
Queensland. 3, & Ohilimia, Cairns, Queensland. 4, Diolenius, near Madang, Papua. 5-6, Q Diolenius, Raja Ampat, Waigeo. Legs
I of Ohilimia and Diolenius have elongated trochanters (Hill & Ng 2025). Photo credits: 1, iNat.obs. 117949956, CC BY-NC 4.0 ©
Mark Simpson; 2, iNat.obs. 193584197, CC BY-NC 4.0, © Maurice Allan; 3, iNat.obs. 243239767, CC BY-NC 4.0, © Bridgette
Gower; 4, iNat.obs. 117949956, CCO, by Philipp Hoenle; 5-6, iNat.obs. 198590377, CC BY-NC 4.0 © Spark.
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Figure 20. Papuaphrynes from the Southern Highlands Province of Papua New Guinea. 1, &
Diolenius varius, Tualapa. 2, Q Diolenius varius, Tualapa. 3, & Paraharmochirus tuaplapa, Tualapa. 4,
& Paraharmochirus, Putuwé. 5-6, & Phasmolia elegans, Tualapa. 7, @ Phasmolia elegans, Tualapa. 8,
& Sobasina, Umgé. 9, & Sobasina, Putuwé. Paraharmochirus and Sobasina appear to be ant-mimics.

Photo credits: 1-9, CC BY 3.0, © W. Maddison.

-
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Figure 21. Papuaphrynes. 1, @ Omoedus baloghi, Madang, Papua. 2-3, & Omoedus bunbi, Madang, Papua. 4-5, &
Omoedus koehalmii, Madang, Papua. 6-11, Pystira ephippigera, an ant-eating jumping spider. 6, @, Singapore. 7-8, &,
Singapore. 9, @, Malaysia. 10, ¢, Singapore, feeding on ant. 11, ¢, Kuala Lumpur, feeding on ant. Photo credits: 1, iNat
116954053, CCO, by Philipp Hoenle; 2-3, iNat.obs. 133152073, CCO, by Philipp Hoenle; 4-5, iNat.obs. 126054558, CCO, by
Philipp Hoenle; 6, iNat. 212288622, CC BY-NC 4.0, © Justin Chan; 7-8, iNat.obs. 168641108, CC BY-NC 4.0, © Md Jusri; 9,
iNat.obs. 228558425, CC BY-NC 4.0, © Melvyn Yeo; 10, iNat.obs. 231633361, CC BY-NC 4.0, © Melvyn Yeo; 11, iNat.obs.
154941428, CC BY-NC 4.0, © Nadja Baumgartner.
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Figure 22. Zenodorus orbiculatus (Papuaphryni) feeding on ants in Queensland. 1, @, Tamborine Mountain. 2, ¢, Brisbane. 3,
&, Lake Manchester. 4, @, Stradbrooke Island. 5, @, Brisbane. 6-8, 9, Bundaberg. Photo credits: 1, iNat.obs. 141311792, CC
BY 4.0, © Ged Tranter; 2, iNat.obs. 193007118, CC BY-NC 4.0, © Steve Murray; 3, iNat.obs. 184848087, CC BY 4.0, © Ged
Tranter; 4, iNat.obs. 103666902, CC BY-NC 4.0, © Adriano Losso; 5, iNat.obs. 237606484, CC BY-NC 4.0, © rick_franks; 6-8,
iNat.obs. 29677916, CC BY-NC 4.0, © tony_d.
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Figure 23. Zenodorus (Papuaphryni). 1, 9 Z metallescens, Elsey NP, Northern Territory. 2-4, ¢ Z. swiftorum, Cairns,
Queensland. 5, & Zenodorus, Maluku, Indonesia. 6, & Zenodorus, West Papua. Photo credits: 1, iNat.obs. 87233674, CC BY-
NC 4.0, © Daniel Kurek; 2-4, iNat.obs. 207898055, CC BY-NC 4.0, © Roxanne Lazarus; 5, iNat.obs. 243032060, CC BY-NC
4.0, © ArloPelegrin; 6, iNat.obs. 200374531, CC BY-NC 4.0, © Imam Taufik Hidayat.
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Figure 24. Chalcovietnamicus (Sundaphryni). 1, & C. daigqini, Singapore. 2, & C. daigini, Singapore. 3, @ C. daiqini, Sarawak.
4, Q C. daiqini, Singapore, feeding on ant. 5, @ C. daigini, Singapore, feeding on ant. 6-7, & Chalcovietnamicus cf. vietnamensis,
Singapore. Photo credits: 1, iNat.obs. 236444345, CC BY-NC 4.0, © Melvyn Yeo; 2, iNat.obs. 142262149, CC BY-NC 4.0, © Julian
F; 3, iNat.obs. 215465031, CC BY-NC 4.0, © DolceAmore; 4, iNat.obs. 242400209, CC BY-NC 4.0, © Melvyn Yeo; 5, iNat.obs.
178803009, CC BY-NC 4.0, © Joshua Wong; 6-7, iNat.obs. 232009789, CC BY-NC 4.0, © Melvyn Yeo.
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Figure 25. Colyttus (Sundaphryni). 1, & C. striatus, Sumatra. 2, @ C. striatus, Selangor, Malaysia. 3-4, Q@ C. striatus,
Sarawak. 5-6, & Colyttus, Singapore. Photo credits: 1, iNat.obs. 210090711, CC BY-NC 4.0, © franegan; 2, iNat.obs.
119230995, CC BY-NC 4.0, © jstan_photographies; 3-4, iNat.obs. 250678113, CC BY-NC 4.0, © DolceAmore; 5-6, iNat.obs.
228605350, CC BY-NC 4.0, © Melvyn Yeo.




Peckhamia 327.1 Biogeography of euophryines

¢ - o . Wlhdertr., T
Figure 26. Sundaphryni. Weaver) Ant, Oecophylla
smaragdina, Chiang Mai, Thailand. 2, & Colyttus bilineatus, Singapore. 3, & Colyttus, Tha Pha,
Thailand. 4, Colyttus, Johor, Malaysia. 5-7, Charippus minotaurus, Kumai, Borneo. 8, Laufeia,
Singapore. 9, Laufeia, Gunung Pulai Forest. 10, Laufeia, Singapore. Photo credits: 1, iNat.obs.
189205343, CC BY 4.0, © yipsee; 2, iNat.obs. 66135601, CC BY-NC 4.0, © budak; 3, iNat.obs.
253409381, CC BY-NC 4.0, © Ayeogi; 4, iNat.obs. 229880437, CC BY-NC 4.0, © Melvyn Yeo; 5-7,
iNat.obs. 203001050, CC BY-NC 4.0, © Tiziano Hurni-Cranston; 8, iNat.obs. 236444133, CC BY-NC 4.0,
© Melvyn Yeo; 9, iNat.obs. 242607985, CC BY-NC 4.0, © Melvyn Yeo; 10, iNat.obs. 243257321, CC BY-

NC 4.0, © Melvyn Yeo.
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Figure 27. Sundaphryni. 1, & Emathis gombak, Singapore. 2, @ Emathis gombak, Singapore. 3, @ Emathis, Sarawak. 4, &
Foliabitus, Johor, Malaysia. 5, @ Foliabitus, Malaysia. 6, @ Foliabitus, Johor, Malaysia. 7, @ Foliabitus, Bekok, Johor, Malaysia.
Photo credits: 1, iNat.obs. 91363421, CC BY-NC 4.0, © Nikolay Petrov; 2, iNat.obs. 260485194, CC BY-NC 4.0, © Melvyn Yeo; 3,
iNat.obs. 213157686, CC BY-NC 4.0, © DolceAmore; 4, iNat.obs. 229880377, CC BY-NC 4.0, © Melvyn Yeo; 5, iNat.obs.
31455696, CC BY-NC 4.0, © Richard Ong; 6, iNat.obs. 240731003, CC BY-NC 4.0, © Melvyn Yeo; 7, iNat.obs. 241851183, CC BY-
NC 4.0, © Melvyn Yeo.
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Figure 28. Sundaphryni. 1, Lepidemathis, Maasin City, Philippines. 2-3, & Orcevia proszynskii, Hong Kong. 4-6, & Orcevia,
Sarawak. 7, @ Orcevia, Singapore. 8-9, & Orcevia, Bekok, Malaysia. 10, & Thorelliola ensifera, Singapore. 11-12, &
Thorelliola ensifera, Bali. The male T ensifera has two stout anterior spines at the median, just below the front eye row.
Photo credits: 1, iNat.obs. 163773573, CC BY 4.0, © Kai Squires; 2-3, iNat.obs. 104166203, CC BY-NC 4.0, © Colin Chiu; 4-6,
iNat.obs. 190985129, CC BY-NC 4.0, © DolceAmore; 7, iNat.obs. 243561015, CC BY-NC 4.0, © Melvyn Yeo; 8-9, iNat.obs.
241851174, CC BY-NC 4.0, © Melvyn Yeo; 10, iNat.obs. 228799708, CC BY-NC 4.0, © Melvyn Yeo; 11-12, iNat.obs.
257573124, CC BY 4.0, © Lawrence Hylton.
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Figure 29. Thiania (Sundaphryni). Male T suboppressa are known as "fighting spiders."
are distributed from South to East Asia 1-2, & T bhamoensis, near Hong Kong. 3, & T. bhamoensis, Penang. 4, 3 T. bhamoensis,
near Singapore. 5, & T suboppressa, Hong Kong. 6, 3 T suboppressa, Hong Kong, ritual combat. 7-8, @ T latefasciata, Bekok,
Johor, Malaysia. Photo credits: 1-2, iNat.obs. 123194814, CC BY 4.0, © Lawrence Hylton; 3, iNat.obs. 37835808, CC BY-NC 4.0,
© Tony Iwane; 4, iNat.obs. 230267621, CC BY-NC 4.0, © Melvyn Yeo; 5, iNat.obs. 123651836, CC BY 4.0, © Lawrence Hylton; 6,
iNat.obs. 122927233, CC BY 4.0, © Lawrence Hylton; 7-8, iNat.obs. 243569421, CC BY-NC 4.0, © Melvyn Yeo.

The 28 named species




Peckhamia 327.1 Biogeography of euophryines 31

Figure 30. Nugini (Australphryni). 1-2, & Bathippus, Wau, Papua. 3, & Bathippus, Papua Barat. 4, & cf. Bathippus, Madang,
Papua. 5, & Canama, Cape Tribulation, Queensland; 6, & Canama hinnulea, Cape Tribulation, Queensland. Photo credits: 1-2,
iNat.obs. 124092772, CCO, by Philipp Hoenle; 3, iNat.obs. 170232760, CC BY-NC 4.0, © Spark; 4, iNat.obs. 136799190, CCO,
by Philipp Hoenle; 5, iNat.obs. 168442693, CC BY-NC 4.0 © Dee Newton; 6, iNat.obs. 236700837, CC BY 4.0, © Alan
Henderson.
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Figure 31. Coccorchestes (Australphryni: Nugini). These small salticids, endemic to tropical Australasia, live in close
association with the diverse weevils that they closely mimic (Allan 2022). Little is known of their behavior. More than 40
species have been named (WSC 2025). 1-3, C. ferreus, Iron Range, Queensland. 4-6, Coccorchestes, Manokwari, West Papua. 7-
8, &' Coccorchestes, Manokwari, West Papua. 9, Coccorchestes, Manokwari, West Papua. 10-12, Coccorchestes, Madang, Papua.
Photo credits: 1-3, iNat.obs. 193575568, CC BY-NC 4.0 © Maurice Allan; 4-6, iNat.obs. 170251995, CC BY-NC 4.0 © Spark; 7-8,

iNat.obs. 170276115, CC BY-NC 4.0 © Spark; 9, iNat.obs. 170316791, CC BY-NC 4.0 © Spark; 10-12, iNat.obs. 18672477, CCO,
by Philipp Hoenle.




Peckhamia 327.1

Biogeography of euophryines

S

Figure 32. Saitini (Australphryni). 1-2, & Saitis barpipes, near Paris, France. Several Australian species have also
been assigned to the genus Saitis. 3-4, & Prostheclina pallida, Blue Mountains, New South Wales. 5, & Jotus
auripes, Victoria. 6, & cf. Saitis, Wodonga, Victoria. Photo credits: 1-2, iNat.obs. 49986763, CC BY-NC 4.0, © Cédric

Mondy; 3-4, iNat.obs. 254052265, CC BY 4.0, © loannis Magouras; 5, iNat.obs. 191746884, CC BY-NC 4.0, © Nick
Volpe; 6, iNat.obs. 185458697, CC BY-NC 4.0, © Craig Loeche.
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Figure 33. Maratus (Australphryni: Saitini). More than 100 species of Maratus (peacock spiders) have now been
described, all endemic to Australia. 1-2, & M. anomalus, Kumbarilla, Queensland. 3, 3 M. bubo, north Walpole,
Western Australia. 4, & M. griseus, New Zealand. 5, M. karrie, Quinninup, Western Australia. 6, M. occasus, near
Brisbane. 7, M. ottoi, near Brisbane. Photo credits: 1-2, iNat. obs. 186683528, CC BY-NC 4.0, © waynew-m; 3, iNat.
obs. 141652818, CC BY-NC 4.0, © Bridgette Gower; 4, iNat. obs. 154666027, CC BY-NC 4.0, © commoncopper; 5,
iNat. obs. 141652819, CC BY-NC 4.0, © Bridgette Gower; 6, iNat.obs. 196010411, CC BY-NC 4.0, © Dee Newton; 7,
iNat.obs. 134480517, CC BY-NC 4.0, © jamiehalldefinitiveimaging.
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Figure 34. Maratus (Australphryni: Saitini). 1-2, & M. pavonis, Armidale, New South Wales. 3, & M. purcellae, Woolmar,
Queensland. 4-5, & M. robinsoni, Wondul, Queensland. 6, & M. spicatus, Stratton, Western Australia. 7, & M. volans,
Melbourne, courtship. 8, 3 M. volpei, Lake Hart, South Australia. Photo credits: 1-2, iNat.obs. 61849217, CC BY-NC 4.0, © Ash
Powell; 3, iNat.obs. 99961991, CC BY-NC 4.0, © benjc; 4-5; iNat.obs. 99962087, CC BY-NC 4.0, © benjc; 6, FLICKR, CC BY 2.0, ©
Jean and Fred Hort; 7, iNat.obs. 99532301, CC BY-NC 4.0, © Stefan Nebl ; 8, iNat.obs. 49986763, CC BY-NC 4.0, © Nick Volpe.
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Figure 35. Cytaea (Australphryni: Wallacini). With 40 described species (WSC 2025), Cytaea is an important island-
hopping genus with a wide distribution centered on tropical Australasia, but extending far into both tropical Asia and
Oceania. 1, & C. alburna, Yuleba, Queensland. 2, @ C. alburna, near Fernvale, Queensland. 3, Q@ C. alburna, Maryborough,
Queensland. 4, & C. aspera, Clumber, Queensland. 5-6, @ C. aspera, near Hughenden, Queensland. 7, & C. dispalans,
Chanthaburi, Thailand. Photo credits: 1, iNat.obs. 165434519, CC BY 4.0 © Gunter Maywald; 2, iNat.obs. 184653612, CC
BY-NC 4.0, © Steve Murray; 3, iNat.obs. 198112925, CC BY 4.0 © Nigel Main; 4, iNat.obs. 151079607, CC BY-NC 4.0, ©
Gunter Maywald; 5-6, iNat.obs. 229428335, CC BY-NC 4.0, © Gunter Maywald; 7, iNat.obs. 54730785, CC BY-NC 4.0, ©
watsaisaeng.



Peckhamia 327.1 Biogeography of euophryines

Figure 36. Cytaea (Australphryni: Wallacini).
4, & C. plumbeiventris, Cairns, Queensland. 5, @ C. plumbeiventris, Cairns, Queensland. 6-7, @ C. plumbeiventris, Cairns,
Queensland. Photo credits: 1-2, iNat.obs. 42268117, CC BY-NC 4.0, © Tiziano Hurni-Cranston; 3, iNat.obs. 245534023, CC BY-
NC 4.0, © Dee McMahon; 4, iNat.obs. 152189977, CC BY-NC 4.0, © Bridgette Gower; 5, iNat.obs. 147449392, CC BY-NC 4.0, ©
Bridgette Gower; 6-7, iNat.obs. 105145938, CC BY 4.0 © Daniel Kurek.

1-2, & C. haematica, Indonesia. 3, & C. plumbeiventris, Townsville, Queensland.




Peckhamia 327.1 Biogeography of euophryines 38

®‘,‘ e < C ;" - @ o
Figure 37. Wallacini (Australphryni). 1, @ C plumbeiventris, Cairns, Queensland. 2, @ C. plumbeiventris, Townsville,
Queensland. 3-4, &' Euryattus bleekeri, near Cairns, Queensland. 5-6, Q Euryattus bleekeri, Brisbane. 7, Q Euryattus bleekeri,
Sandgate, Queensland. 8-9, & Euryattus wallacei, Whitsunday, Queensland. 10, & Euryattus, Bali. 11-12, & Euryattus, Bali.
Euryattus is a genus of 15 described species (WSC 2025), found mostly in tropical Australasia and Wallacea. Photo credits: 1,
iNat.obs. 147449397, CC BY-NC 4.0, © Bridgette Gower; 2, iNat.obs. 147071927, CC BY-NC 4.0, © Dee McMahon; 3-4, iNat.obs.
152189988, CC BY-NC 4.0, © Bridgette Gower; 5-6, iNat.obs. 260577689, CC BY-NC 4.0, © Dee Newton; 7, iNat.obs. 132888113,
CC BY-NC 4.0, © Steve Murray; 8-9, iNat.obs. 258727373, CC BY-NC 4.0, © Alison Pearson; 10, iNat.obs. 257573298, CC BY 4.0,
© Lawrence Hylton; 11-12, iNat.obs. 90992413, CC BY-NC 4.0, © Tiziano Hurni-Cranston.
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Plate tectonics and vicariance biogeography. The discovery of plate tectonics opened up the possibility
that populations, or groups of related species, could be divided by geological events to include the
separation of continents, subsequently evolving in different directions (the vicariance paradigm). This
differs somewhat from the notion of dispersal from a center of origin, but both concepts may also be useful
(Wiley 1988). With an ancient (probably at least 35-40My old) clade like the Euophryini, and a poor
fossil record, it is likely that we will never be able to locate the range of distribution of the single species
that could be considered the last common ancestor of the group of species that survives to this day. Before
considering various models for the vicariance biogeography of the euophryines, I will review relevant
geological events.

Key geological events related to the position and movement of continents since the end of the Eocene are
illustrated in Figures 38-39. During this time frame, the entire Afroeurasian land mass, as well as North
America, were generally connected, the latter by means of Beringia, which is really a northwestern
extension of the North American plate. One important feature of the Beringia connection is the fact that is
a region of seasonal climate, recently subject to many cycles of continental glaciation. Although there
have been significant warming periods since the Eocene, this northern bridge has always been far
removed from the tropics where salticids have reached their greatest diversity. But for species able to
survive in a somewhat cooler, seasonal climate, this has not been a barrier for most of the Cenozoic era.

Panama

million years (Ma)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 e West Antarctic

Figure 38. Age of the ocean lithosphere (Mercator projection). Separation from midocean ridges since the end of the Eocene
(~33.9 Ma) is depicted in red-orange to red. Beringia has long represented a northern, Holarctic connection, although the
climate there has always been cooler and seasonal. The Panama land bridge between the Americas has only been present since
the start of the Pleistocene (~2.59 Ma), but before this Panamanian and Antillean island arcs represented stepping stones
between the two continents. At the end of the Eocene, both Australia and South America separated from Antarctica, and since
that time Australasia has been moving northward toward Asia. Presently Australasia is still separated from Asia, but the many
islands of Wallacea can support island-hopping by species in this area. Map credit: Mr. Elliot Lim, CIRES & NOAA/NCE],
modified here.
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Figure 39. Geological features relevant to the vicariance biogeography of the Euophryini. The scale at right, center depicts the
age of the ocean lithosphere depicted in (2) and (3). 1, Extent of the North American plate. Movement of this plate relative to
adjacent plates is indicated with arrows. The Beringia connection to Asia represents the northwestern extension of this plate.
Collision of the Cocos plate and the Caribbean plate led to the rise of the Panama (Central America) Island Arc, and most
recently the Panama Land Bridge. 2, North polar view, showing the age of the ocean lithosphere and the wide northern
connection between Asia and North America. 3, South polar view, showing the age of the ocean lithosphere since the
separation of South America (upper left) and Australasia (lower right) from Antarctica at the end of the Eocene. 4, Boundaries
of the Wallacean province separating Southeast Asia, or Sunda, from Australasia, or Sahul. During each recent ice age, the
islands of Sunda have been joined to the Asian mainland which extended east to the Wallace Line. Likewise the land mass of
Australasia extended to the northwest as far as the Lydekker Line during periods of peak glaciation. Sunda and Sahul have
never been connected by land, but the islands of Wallacea comprise an important bridge for island-hopping. Map credits (all
modified here): 1, 4, NOAA; 2-3, Mr. Elliot Lim, CIRES & NOAA/NCEI.
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Between the early Eocene and the Pleistocene (55.8-2.89 Ma), the Americas were connected by two series
of volcanic island arcs, one on either side of the Caribbean plate: the Central American (Panamanian) arc
and the Antillean arc (Figure 39.1; Hill & Edwards 2013). At the end of the Eocene (~33.9 Ma) the Aves
Ridge joined Northern South America to the Greater Antilles. By the Pleistocene (2.89 Ma) the

Panamanian land bridge formed a continuous connection between North and South America.

To the south, the Antarctic Land Bridge, joining the three continents that comprised southern
Gondwanaland (South America, Antarctica, and Australasia), was broken up at the end of the Eocene
(~33.9 Ma) when Antarctica, now the great southern continent, was isolated by a strong circumpolar
current (Figure 39.3; Hill 2009). Global climate began to cool significantly at that time. Since the Eocene,
the Australasian plate has moved steadily to the north, and is now colliding with the Asian plate. Deep
ocean straits still separate Sahul from Sunda, and the two faunistic provinces are joined only by a series of
oceanic islands in the transitional province of Wallacea, which extends to the east of Borneo and Bali
(Figure 39.4). Many recent genera and species of euophryines (and other salticids) are now distributed
across Wallacea, in both directions (Hill 2010; Figure 40).
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Figure 40. Current distribution of euophryine genera between Sunda and Sahul. The genus Cytaeaq, in particular, is widely
distributed, even far to the east in Oceania. Species counts (after WSC 2025) are shown in brackets.
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Hypotheses related to the biogeography of the Euophryini. Earlier studies (Bodner 2009; Bodner &
Maddison 2012) suggested an origin of the euophryines at 27-45 Ma (Eocene-Oligocene), and subsequent
estimates for the divergence of major euophryine subclades (Zhang & Maddison 2013) fall within this
timeframe. The isolation of continental euophryine faunas, the great diversity of both New Guinea (or
Australasian) and Caribbean (or Neotropical) euophryines, as well as the possibility that eastern and
western groups diverged after the breakup of Southern Gondwana (or Gondwanaland, the Antarctic Land
Bridge) have been recognized for more than a decade (Zhang 2012, Zhang & Maddison 2013). Previously
(Hill 2009) I proposed that the endemicity of the three most important groups of Australasian salticids
could be explained by this breakup (Figure 41).

Southern Gondwana (parent) South America Australasia
Lapsoida Lapsiini Cocalodini
Afresia Dendryphantini Astioida
Euophryini Occidenphryni Orienphryni

Figure 41. Hypothetical division of three large salticid clades that crossed Southern Gondwana (after Hill 2009). This has
been updated to use the clade names shown in Figure 6.
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Figure 42. Hypothesis for euophryine biogeography based on earlier phylogenies (Figures 1-2). Large circles represent
clades of existing species, smaller circles extinct species. Note division of (4) between three continents in this hypothesis.
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The earlier euophryine phylogenies (Zhang 2012; Zhang & Maddison 2013, 2015; Figures 1-2) included
major divisions that could have taken place in Neotropical South America, a region known as a hotbed of
evolution. In particular, the primitive or basal position of the Mesophryni supported that hypothesis.
Subsequent dispersal of euophryine species across Southern Gondwanaland to Australasia, and across
island arcs to North America (with a much warmer climate at that time) could have preceded the next
level of dispersal. Entrance into Afroeurasia could then have taken place through both northern (via
Beringia) and southern (via Wallacea) routes, accounting for the separation of the two euophryine clades
found in Afroeurasia (Figure 42). This would require the dispersal of at least two different clades (7 and
8 in Figure 42) across Southern Gondwanaland, both capable of surviving the seasonal requirements for
that region, before the end of the Eocene (~33.9 Ma).

With a new phylogeny (Li et al. 2025; Figure 3), this hypothesis needs to be revisited. One reason for this
is that the Neotropical euophryines now represent a single, well-defined clade, but it is not in a basal
position. Here I present four new hypotheses (I-1V) for euophryine biogeography (Figures 43-46).
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Figure 43. Hypothesis I. Like the earlier hypothesis, this preserves the idea that the Euophryni originated in Southern
Gondwanaland. Division of clades (2) and (3) after dispersal across North America into Afroeurasia would account for two of
the modern Afroeurasian clades (6 and 7). Earlier division of (1), representing the primary division of the euophryines, would
have produced both the Occidphryni (2), and the ancestral Australasian Orienphryni (8) after the Eocene. That Australasian
clade would then give rise to both of the existing Australasian clades (10, 12). Later, after Australasia approached Asia, a single
early dispersal across Wallacea the would account for the third, tropical Asian clade (11, the Sundaphryni).
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The first hypothesis (I, Figure 43) is close to the earlier hypothesis, with a primary division of the
euophrines across Southern Gondwanaland, with two introductions into Asia via Beringia, and one via
Wallacea. The second hypothesis (II, Figure 44) begins with an Afroeurasian origin for the group,
followed by one introduction to the Americas, and two introductions across Wallacea into Australasia.
This hypothesis does not include either dispersal or division across Antarctica. Since Australasia was far
to the south at the end of the Eocene, this hypothesis is not supported by the antiquity of the Australasian
clades, should that hold up. Presently, however, the only estimates of antiquity (Zhang & Maddison 2013)
are based on the earlier phylogeny.
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12. Australphryni

2. Occidphryni 3. Holophryni
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Australasia
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Cenozoic 66-0 Ma

Figure 44. Hypothesis II. Afroeurasian origin with primary division of the Euophryini within Afroeurasia, followed by one
dispersal into the Americas, and two into Australasia. This would require a relatively recent dispersal of at least two clades
across Wallacea, since Australasia was situated far to the south at the end of the Eocene. However, only one separation across
Beringia would be required.

The third hypothesis (III, Figure 45) is, like hypothesis I, based on an Afroeurasian origin and division of
the Euophryini, but requires only a single introduction to Australasia, perhaps a single species with a
transoceanic route, on drifting vegetation, long before Australasia moved up to the north. In addition, this
hypothesis retains the simplicity of a single introduction to the Americas, with division based, perhaps, on
the evolution of subtropical and tropical species in the Americas.
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Figure 45. Hypothesis III. According to this hypothesis, the first euophryine (1) appeared in Afroeurasia, and the primary
division of the Euophryini also occurred there. This was followed by dispersal of a single species to the Americas via Beringia,
and a single species to Australasia, presumably long before Australasia came close to Asia. Subsequently one Australasian
species (9) dispersed in the opposite direction to tropical Asia, and gave rise to the Sundaphryni (11). This could have
happened at a much later date, and dispersal across Wallacea is now quite common (Figure 40). As in Hypothesis 1], this does
not require the Southern Gondwana route.

The final hypothesis that I will present here (IV, Figure 46) also begins with an Afroeurasian origin, and
requires two divisions between the Holarctic and South America. This is followed by a single division
across Southern Gondwanaland. Subsequently, one more division across Wallacea (8) can account for the
Sundaphryni (11) of Southeast Asia. this hypothesis can also be generalized as follows: From the
Simonida, the first euophryine species emerged in Afroeurasia. After dispersal across Beringia, two
surviving descendant species, (2) in Asia, and (8) in Southern Gondwanaland, gave rise to all of the
modern euophryines. A later Asian species (3) gave rise to species that stayed in Afroeurasia (6), as well
as one that crossed Beringia in the opposite direction, giving rise to all of the surviving euophryines in the
Americas (4).
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Figure 46. Hypothesis IV. In this hypothesis an Afroeurasian origin (1) was followed by two dispersals and divisions between
Asia and the Americas, one leading to a second dispersal across Southern Gondwanaland (8), and the other leading to the
Neotropical Neophryni (4). A later division across Wallacea (9) separated the Papuaphryni (1) from the Sundaphryni (11).

Other hypotheses are possible. A schematic view of Continental movement since the beginning of the
Eocene is shown in Figure 47. It is quite likely that the Simonida had a global distribution during the late
Eocene, and a division of the Simonida (see Figure 6) into the Afroeurasian Aphryni and the Gondwanan
Euophryini may have taken place at that time. This would correspond to the distribution of only two
simonid species with modern descendants, the aphryne ancestor and the euophryine ancestor. With
isolation by not only distance, but also seasonality of Beringia and the Caribbean, this is plausible.

At the end of the Eocene, the obvious separation of South America and Australia can be associated with
the subsequent division of Gondwanan euophryines into Neotropical occidenphrynes and Australian
orienphrynes. As with the division of the Simonida, this would have been associated with the isolation of
a single occidenphryne clade descended from a single orienphryne ancestor, although many other
euophryine species without living descendants could also have been isolated. The separation of Australia,
and the opening of the southern ocean, broke Australia off from the rest of global distribution for a long
time, something that is only now coming to an end as Australia (Sahul) approaches Southeast Asia
(Sunda). An updated estimate of divergence times that supports the Eocene-Oligocene division of major
Australasian clades should favor hypotheses I and IV (Figures 43 and 46).



Peckhamia 327.1 Biogeography of euophryines 47

s iz
o0 1 oo
£ ig
=) ]
(5 )
m M

Eocene (56-34 Ma) Oligocene-Pliocene (34-2.6 Ma)

Bering Sea

is
=)
Hi=
R
-
m

Wallacea

Wallacea

Pleistocene (2.6-0.01 Ma) Recent (0.01-0 Ma)

Figure 47. Schematic view of global biogeography in the later part of the Cenozoic. Major barriers that can be associated with
phylogenetic divisions are shown as solid red lines. Minor barriers more subject to crossing are shown as dashed lines. In the
Eocene (upper left), an undetermined number of Simonida species had two minor barriers to global distribution. One,
Beringia, representing the northwestern extension of the North American plate, represented only a climatological barrier
(requiring seasonal survival), and in warmer periods that would have been much less of a barrier. We can compare the Eocene
Caribbean, crossed by several island arcs (Panamanian, Antillean), to modern Wallacea, which we know supports the passage
of many species over time. However, the distance from Afroeurasia to Australia, by itself, also provided some isolation between
distant Afroeurasian and Australian populations. Subsequently (Oligocene-Pliocene, upper right), the Australian plate
separated from Gondwana and began to move north, isolating Australia. With completion of the Panamanian Land Bridge at
the onset of the Pleistocene, Wallacea remained as the most significant physical barrier to global distribution, but with
recurring cycles of glaciation to the north, Beringia became more of a challenge to movement of species between Afroeurasia
and the Americas. During our present interglacial period (lower right), the Bering Sea is a temporary physical barrier.
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The fate of Antarctica. During the Eocene, Antarctica gradually transitioned from subtropical to
temperate rainforest (Passchier et al. 2013). We know nothing about the fate of the salticids that may
have lived in post-Eocene Antarctica, as it was isolated by the cold waters of a growing southern sea. The
discovery of a Cretaceous (~92-83 Ma) amber deposit in Antarctica (Klages et al. 2024) is promising, but
to date we have no evidence that either salticids or any of their close relatives were alive before the
Cenozoic era. After the Eocene, Antarctica continued its transition to become the cold and dry continent
that we know today (Figure 48). By the Miocene, glaciation of Antarctica was already extensive
(Passchier et al. 2011). Today, much of Antarctica is covered with more than 4 km of ice. Recent studies
have revealed a complex topography of the rock bed underlying this ice, much of which is presently below
sea level (Figure 49; Pritchard et al. 2025). Without the weight of the overlying ice, isostatic adjustment
could raise central regions of this continent by more than 900 m, as it lowered narrow marginal areas by
~100 m in elevation (Figure 50; Paxman et al. 2022).
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Figure 48. Declining temperature and precipitation of Antarctica, based on the geochemistry of sediments collected from
drillcores around the continental margin (after Passchier et al. 2013). A confidence interval based on standard error is shown
around each trend line. During this interval (from right to left), temperature declined at a relatively steady rate, but the
isolation of Antarctica by the cold southern ocean at the end of the Eocene led to a rapid decline in precipitation.
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Figure 49. Antarctica today. 1, Surface elevation and major features. 2, Depth of ice cover. 3, Elevation of bed with ice cover
removed. The rectangle at right center is an artifact, the result of higher resolution imaging for this area. Image credits: 1-3, ©
Pritchard et al. 2025, CC BY 4.0.
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Figure 50. Predicted isostatic response to removal of the entire ice cover (deglaciation) of Antarctica. 1, Elevation of bed with
ice cover removed (See also Figure 49). 2, Total response to deglaciation. As most of the continent rises (isostatic rebound)
marginal areas fall. 3, Predicted isostatic response along transect line Y-Y' shown in (1) and (2), showing general agreement
based on three different estimates of effective elastic thickness (T.) of the lithosphere. 4, Elevation of fully rebounded bed after
deglaciation, based on a hypothesis of mean sea level that assumes that the Earth carries no ice cover. Image credits: 1-4, ©
Paxman et al. 2022, CC BY 4.0.

The Northward Journey of Australasia. For about 45 My, The Australian plate has been moving
north/northeast at an average rate of ~6-7 cm/y, faster than any other continent since the Eocene
(Quigley et al. 2010; Hall 2012; Miiller et al. 2016). During its collision with Pacific islands, to include
those that now comprise northern New Guinea and the Solomon Ridge of the Ontong Java Plateau, this
rate slowed to about 2 cm/y; at other times it soared to 10-12 cm/y (Cohen et al. 2013). During the last
25 Ma, New Guinea has moved 15° to the north, to a position just below the equator (Farahbakhsh et al.
2025).

Today Australasia (Sahul) has moved well into the tropics, in close proximity to the diverse tropical
rainforests of Southeast Asia (Sunda; Figure 51). At the same time its isolation from Afroeurasia, by the
deeper straits of Wallacea, has allowed it to maintain a distinctive flora and fauna. Presently Wallacea
also appears to represent the most important faunal convergence (and transition) zone on the planet, as
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an island archipelago that now supports the movement of many salticid genera and species in both
directions, between Sunda and Sahul (Hill 2010). Two recent (2008, 2009) expeditions to several
localities in New Guinea led to the discovery of many new salticids, and the majority of these were
euophryines (Zhang & Maddison 2012b).
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Figure 51. Present day convergence of Sahul and Sunda. White lines represent the approximate shoreline of these two
regions during Pleistocene glacial maxima (~18 Ka, today at about the -125 m bathymetric contour line). The eastern
boundary of Sunda represents the Wallace Line. Since this map is a Mercator projection, distance scales at the top and bottom
differ. Background map: NOAA, modified.
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As it moved to the north, the climate of Australia became increasingly arid. Later, as it moved into the
tropics and collided with complex terranes riding on the Pacific plate (Ponyalou et al. 2023), great
mountains rose in what is now New Guinea, one of the most diverse and complex regions on the planet
from both biological and geological perspectives (Figure 52; Baldwin et al. 2012; Davies 2012; Camara-
Leret et al. 2020; Tanyas et al. 2022).

equator

1000 km

Figure 52. Relief map of New Guinea and the surrounding area. A great range, the New Guinea Highlands, runs from west to
east along the width of the island, representing collision of the Australian plate with terranes riding on the Pacific plate to the
north. Many peaks, some carrying equatorial glaciers, rise to more than 4 km asl. Base map credit: NOAA, modified.

The Bering land bridge. From the late Cretaceous to the Neogene, the Bering Land Bridge (Beringia;
Figure 53) has been an important route for the sharing of many kinds of animals and vascular plants
between East Asia and western North America (Hill & Edwards 2013; Wen et al. 2016). Dispersal of
mammals across Beringia, to include recent species, is also well-known (Cook et al. 2005; Jiang et al.
2019). In the Pleistocene, precession of the Earth appears to have forced a series of more-or-less regular
(~100 Ky) cycles of northern glaciation (Hobart et al. 2022), and thus this physical connection has only
been intermittently available for some time. For salticid spiders, with most diversity based in the tropics,
a cooling climate and seasonality are barriers to the use of this bridge.

It is a curious fact that few euophryines are known from North America, north of Mexico (Edwards 2003;
Hill & Edwards 2013). The few temperate Nearctic species that can be found (e.g., Euophrys monadnock,
Talavera minuta) are members of relatively large Palaearctic genera, and appear to be recent
introductions to North America. By comparison, the genus Habronattus, descended from an Asian
harmochirine, has been very successful in North America (Azevedo et al. 2024).
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Figure 53. Beringia and the frozen north. 1, Continental glaciers covered the northern reaches of North America during the
last glacial maximum (~19 Ka). However the boggy land of Beringia (just above Alaska, at upper left) was above sea level, and
seasonally clear of ice and snow at that time. 2, Reconstruction of Beringia during the last glacial maximum (~18 Ka), showing
extensive exposed areas at lower elevations, between glaciers. Background map credits: 1, NOAA; 2, After Bond, Jeffrey D.
2019, Paleodrainage map of Beringia, Yukon Geological Survey, Open File 2019-2, © Government of Yukon 2019.

Even the subtropical areas of the continental United States harbor few euophryines: several Naphrys, and
Anasaitis canosus, the latter a member of a large Caribbean genus. The single large clade of American
euophryines (the Neophryni) is almost entirely confined to southern or Neotropical areas. Thus we can
ask: If temperate North American provided an important route for passage of euophryines between Asia
and South America, then why does it lack an indigenous euophryine fauna? There is more than one
possible answer for this question: (1) It is possible that only a single (or several) simonid or or
euophryine species actually made this passage. In fact, there is no reason to believe that many did. (2)
The Nearctic has been subject to many repeated cycles of glaciation that would have greatly stressed the
salticid fauna, and the survival of one particular species through these cycles would be very improbable.
(3) Introductions from the evolutionary Neotropical powerhouse, as well as introductions from Asia, now
appear to dominate the current salticid fauna of North America (Hill & Edwards 2013), essentially out-
competing the euophryine fauna for survival in the seasonal, temperate region north of Mexico. In
contrast, the diverse Australasian euophryine fauna has been isolated from these competing groups until
recently.

The North Atlantic Land Bridge. An alternative route between Afroeurasia and the Americas is known
as the North Atlantic, or Transatlantic, Land Bridge. Pollen records from Iceland have been used to
support the hypothesis that this northern connection was available as late as the Miocene (Denk et al.
2010). However, the view that this connection lasted only from the late Cretaceous to the early Eocene,
when it was disrupted by a combination of a cooling climate and the opening of the Mid-Atlantic Ridge
near Iceland, appears to have more support (Graham 2018). The age of the sea floor surrounding the
Mid-Atlantic ridge in this area (Figure 39.2) supports the latter view.



Peckhamia 327.1 Biogeography of euophryines 54

The Caribbean and Central America. Like the East Indies, this region has both a complex geology
(Figure 54) and a high level of habitat diversity, combined with the kind of stable tropical climate that
seems to favor salticids. It also supports a very diverse euophryine fauna (Zhang & Maddison 2012a,
2012c). Since the beginning of the Pleistocene (~2.8 Ma) North and South America have been joined by a
stable land connection (the Panamanian or Central American Land Bridge), prior to that time the two
continents were isolated by an ocean expanse of variable width, and joined only by volcanic island arcs to
the west (the Central American Arc) and east (the Antillean Arc) of the Caribbean Plate (Iturralde-Vinent
& Gahagan 2002; Giunta & Orioli 2011; Hill & Edwards 2013). Today we are familiar with transoceanic
movement of species across Wallacea, so the possibility of successful "island hopping" across the
Caribbean, prior to the Pleistocene, seems quite reasonable. Also like Wallacea, this area is still bounded
by a large number of active volcanos, inland from subduction zones (Forte et al. 2021).
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Figure 54. Major fault lines and subduction zones of the Caribbean (after Garcia-Casco et al. 2011; Giunta & Orioli 2011). The
island arcs of Central America (now a land bridge) and the Antilles are still under construction, with many active volcanos
inland (or on the overlapping plate) from the active subduction zones (red arrows). White arrows indicate thrust or accretion
along plate or microplate margins. Base map credit: NOAA, modified.

Lessons from the study of other animals. Vertebrates, in part because of their extensive fossil record,
can be very useful with respect to the study of both phylogeny and the vicariant distribution of animal
groups. With respect to clade division across Southern Gondwana, tree frogs (Hylidae), chelid side-
necked turtles (Chelidae), and marsupial mammals (Marsupalia) are of particular interest (Figure 55).
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Figure 55. Representatives of three vertebrate clades presently divided across Southern Gondwana. 1-2, Aboranan (tree)
frogs from Central America (Phyllomedusidae) and Australia (Pelodryadidae). 3-4, Chelid turtles from South America
(Chelinae) and Australia (Chelodininae). 5-6, Australidelphian marsupials from southern South America (Microbotheria:
Microbotheriidae) and Australia (Euaustralidelpha: Peramelidae). Dromiciops gliroides is the only living australidelphian
species in South America; the Microbotheria is the sister group for all of the living marsupials of Australia, the Australidelphia.
Photo credits: 1, iNat. obs. 167258822, CC BY 4.0, © Luke Padon; 2, iNat. obs. 138483094, CC BY 4.0, © Jane C. Frost; 3, iNat.
obs. 239176825, CC BY 4.0, © DarrenObbard; 4, iNat. obs. 200246970, CC BY-NC 4.0, © Rob Solic; 5, iNat. obs. 180961394, CC
BY-NC 4.0, © markc666; 6, iNat. obs. 20024242, CC BY-NC 4.0, © pfaucher.




Peckhamia 327.1 Biogeography of euophryines 56

The vicariant distribution of tree frogs (Arboranae; Figures 55.1-55.2, 56) follows hypothesis I for
biogeography of the euophryines, with a Neotropical origin, followed by early separation of one clade (the
Pelodryadidae) in Australasia, and later distribution of two clades to the north (Duellman et al. 2016).
One of these (the Acridinae) is now endemic to North America. Only one subfamily, the Holarctic Hylinae,
can now be found in Afroeurasia. The hyline genus Hyla is thought to have crossed Beringia from Asia to
North America; a different hyline genus, Dryophytes, apparently crossed Beringia in the opposite direction
(Duellman et al. 2016).

Acridinae NA
Hylinae HA
Pseudinae NT
& Hylidae Dendrosophinae NT
§ Lophyohylinae NT
= Scinaxinae NT
& Cophomantinae NT
Phyllomedusidae NT
. Pelobiinae AA
Pelodryadidae Pelodryadinae AA
Palaeocene Eocene Oligocene Miocene
66 163 [60 [57 [54 [51 [48 [45 [42 [39 [36 [33 [30 [27 |24 [21 18 [15 J12 9 |6 3 Ma

Figure 56. Phylogeny and distribution of tree frogs (Arboranae), with an approximate time scale for their divergence (after
Duellman et al. 2016). Key to modern distribution (right column): AA, Australasia; HA, Holarctic; NA, Nearctic (North
America); HA (Holarctic). All three families (Hylidae, Pelodryadidae, Phyllomedusidae) diverged during the early Eocene in
Southern Gondwana or South America, but the Pelodryadidae are now restricted to Australasia. Some authors (e.g., Wiens et
al. 2010) have placed all tree frogs in a single family, the Hylidae.

The distribution of freshwater side-necked (pleurodiran) turtles of the family Chelidae also follows this
pattern of vicariant distribution across Southern Gondwana (Figures 55.3-55.4). In this case, however,
the primary division between the Australasian (Chelodininae) and South American (Chelinae) chelids
appears to have taken place during the early Cretaceous, followed by major, but geographically separate,
divisions of Australasian and South American clades in the late Cretaceous (Fujita et al. 2004; Holley et al.
2019).

Marsupials (Figures 55.5-55.6, 57; Mitchell et al. 2016) represent the best-known example of vicariant
division across Southern Gondwana. Based on the fossil record, metatherian ancestors of the marsupials
lived in Laurasia (North America, Europe, Asia), and marsupials first appeared in North America in the
Late Cretaceous (Wilson et al. 2016; Eldridge et al. 2019). The discovery of much earlier metatherian
relatives of the marsupials in China (fSinodelphys, Early Cretaceous, ~125 Ma; Luo et al. 2003) has also
led some people to suggest that the Marsupalia originated in China. The actual location where marsupials
originated would be highly dependent on where the line is drawn between Marsupalia and their
metatherian ancestors, but there is general agreement on a Laurasian origin, followed by migration to
Southern Gondwana.

The discovery of an early, plesiomorphic australidelphian fossil in Australia (tDjarthia, early Eocene, ~55
Ma; Beck et al. 2008) has led to the suggestion that the South American Microbotheria (now represented
by a single species, Dromiciops gliroides, Figure 54.5) represent "back migration" from Australasia. In any
case it is clear that the australidelphian clade is divided across Southern Gondwana.
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Figure 57. Phylogeny and distribution of living marsupials, with an approximate time scale for their divisions (after Mitchell
etal. 2014). The diverse clade of endemic Australasian marsupials (Euaustralidelphia) is thought to have originated before the
end of the Cretaceous. Its sister group, the Microbotheria, has a single living representative, endemic to southern South
America (Figure 54.5).

As our study of the biogeography of the euophryinae (and other salticids) continues in the future, we can
consider several important lessons from this brief review of vertebrate biogeography:

1. Southern Gondwana, or the Antarctic Land Bridge, represents by far the most significant portal for the
introduction of terrestrial animals into Australasia, or the dispersal of terrestial animals from Australasia
to other continents, prior to the end the Eocene (~34 Ma). Subsequently Australasia was isolated from all
other continents by a wide sea barrier until its more recent approach to Southeast Asia.

2. Although a continental clade of living animals (e.g., Pelodryadidae, Chelodininae, Euaustralidelphia)
has a single ancestral species, there is no guarantee that this ancestor actually lived on that continent. In
fact, it is possible that this ancestor lived in a region where no close relatives of that clade live today. It is
quite possible that many closely related but now extinct (ghost) species lived on that continent at one
time, only one of which still has living descendants. It is much easier to identify a vicariant division of a
clade than to identify a geographic location for the origin of that clade.

3. Although we frequently consider the success and radiation of a clade through a series of speciation
events, we also need to consider the fact that a similar series of species extinction (or despeciation) events
have also taken place. If we consider the number of despeciation events to be roughly equivalent to the
number of speciation events over a given interval, we can see that their effect is considerable. Attempts
have been made to estimate normal extinction rates from the fossil record (e.g., De Vos et al. 2015).
Computer simulations (e.g., Ovaskainen et al. 2020) may give us more insight into this process, whereby
the descendants of one ancestral species may replace the descendants of many related ancestral species
living in the same area over time (inter-clade competition).
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4. Phylogenetic division of a clade can precede the geographical division of that clade by many millions of
years. For example, division of the australidelphian marsupials into the Microbotheria and the
Euaustralidelphia took place in the late Cretaceous, some 30 My before the two groups were
geographically divided by the breakup of Southern Gondwana. Pelodryadid tree frogs originated in the
early Eocene, perhaps 20 My before their isolation in Australasia. Even more extreme, the division of the
chelid turtles into the South American Chelinae and the Australasian Chelodininae is thought to have
taken place in the early Cretaceous. Although it is possible that populations of a single species could
immediately form the basis of two distinct clades after their geographic isolation, this seems much less
likely, as survival of a single species should be less likely than survival of at least one clade within a group
of related clades.
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