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Thesis abstract 
 

Current environmental and anthropogenic pressures are driving significant biodiversity 

loss and range shifts in marine environments. Understanding how biodiversity is 

generated and how it responded to past environmental changes is fundamental to inform 

future management strategies for marine resources. As the largest ubiquitous taxonomic 

group among marine vertebrates, ray-finned fishes (Actinopterygii) represent the best 

model to understand the generation of biodiversity and the processes that shaped 

contemporary geographic patterns in the sea. In this sense, centers of marine endemism 

are of evolutionary value as they translate evolutionary and ecological mechanisms that 

drive biodiversity dynamics. In the Pacific Ocean, endemism centers for marine fishes 

are mainly located in remote oceanic islands at the periphery of the tropical West Pacific 

which harbors the highest levels of biodiversity. Biogeographic research suggests that 

marine fish endemism in the oceanic islands of the Central Pacific originated via multiple 

independent jump-dispersal colonization events, and that the islands have acted as 

sources of new unique biodiversity. However, as the evolutionary setting starts to be 

revealed for marine fish endemism in the Pacific, processes that generate and maintain 

biodiversity in other peripheral islands remain unknown. My thesis aims to fill this gap by 

studying the origin, evolution, and processes that have shaped endemism and 

biodiversity of marine fishes in the Southwest Pacific. I examined the historical 

biogeography of the region´s marine fish fauna using open-access molecular data to 

infer evolutionary histories, and geographic distribution information to assess spatial 

patterns of endemism and biodiversity. Data were analyzed across three research 

projects based on time-calibrated phylogenies, probabilistic biogeographic modeling, 

and statistical analysis of phylogenetic measures of endemism and biodiversity. My 

results confirm the role of the subtropical islands of the Southwest Pacific as sources of 

new unique biodiversity, identify mainland Australia as the major source of endemic 

lineages, highlight the significance of jump-dispersal and vicariance in shaping 
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2004): rare long-distance dispersal (jump-dispersal) and geographic separation of two 

populations by a land or marine barrier (vicariance; see Cowman and Bellwood, 2013, 

for a review of barriers in the sea). In the last few decades, methodological progress has 

generated empirical data that supports the interaction of both processes over time in the 

generation of contemporary biogeographic patterns (Sanmartín, 2012), demonstrating 

how technological advances facilitate the study of historical processes that shape the 

distribution of marine organisms, contributing to the expansion of biogeographic theory. 

1. 1. 2. Investigating the history of biogeographic patterns 

Historical biogeography focuses on evolutionary processes (e.g., speciation, extinction) 

over geological time to explain the geographic distribution of organisms through time and 

space (Crisci, 2001), requiring a sound understanding of the evolutionary history of 

biodiversity and contemporary range information (Ronquist and Sanmartín, 2011). The 

technological innovations of the 20th century have improved methods to infer the 

evolutionary trajectories of living organisms using molecular sequences, resulting in the 

substantial integration of phylogenetic trees in historical biogeographic methods 

(Posadas et al., 2006). For marine biodiversity, the incorporation of range information 

has been slow, given the sampling bias towards terrestrial ecosystems (Hughes et al., 

2021) and coastal areas (Hortal et al., 2015), leaving vast open-water regions 

unsampled. To fill this gap, recent modeling techniques generate probabilistic maps for 

benthic and pelagic taxa (Kaschner et al., 2019), combining environmental variables with 

occurrence data from web-based repositories (e.g., Ocean Biogeographic Information 

System, www.obis.org; and Global Biodiversity Information Facility, www.gbif.org).  

Phylogenetic and range information are the basis of countless historical 

biogeographic methods (Crisci, 2001), which, until recent decades, excluded ecological 

explanations (e.g., dispersal ability, competition) for contemporary biogeographic 

patterns. To address calls to unify historical and ecological perspectives (Crisp et al., 

2011, Ebach, 2004, Wiens and Donoghue, 2004), recent approaches integrate 
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subtropical, and temperate species (Francis and Duffy, 2015), a similarity likely explained 

by the predominant eastward oceanic currents of the region (Trnski and de Lange, 2015). 

Overall, the contemporary spatial patterns of marine fish biodiversity and 

endemism are broadly understood in the Southwest Pacific. However, the evolutionary 

value of regional actinopterygians, and key biogeographic locations, have just started to 

be revealed (Delrieu-Trottin et al., 2018, Eme et al., 2020, Liggins et al., 2022). A 

comprehensive historical framework is needed to inform biogeographers, evolutionary 

biologists, ecologists, and conservationists about the relevance of the processes shaping 

the biogeography of marine fishes in the Southwest Pacific, if we are to determine how 

marine biodiversity will evolve in times of heavy biodiversity loss and intense 

anthropogenic pressure. 
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1. 2. Rationale and objectives 

In the face of biodiversity loss in the sea, intense anthropogenic pressure on fish 

communities, and the immediate changes in biodiversity patterns due to climate change, 

it is imperative to pay attention to the spatial patterns of marine fishes in the Southwest 

Pacific and the underlying shaping processes if we are to understand the evolution of 

marine biodiversity in the region, and inform future management strategies for marine 

resources. 

This thesis addresses the following questions: 

Q1 - What is the origin of marine fish endemism in the region? 

Q2 - What evolutionary and ecological processes shape endemism patterns in marine 

fishes in the region? 

Q3 - What is the role of oceanic islands in promoting endemism of marine fishes in the 

region? 

Q4 - Are patterns of marine fish endemism and elevated biodiversity shaped by the same 

processes? 

My aims were: 

A1 - To determine the geographic origin of marine fish taxa endemic to the subtropical 

oceanic islands of the Southwest Pacific 

A2 - To establish the role of these oceanic islands in promoting endemism in the region 

A3 - To identify biogeographic processes that have generated these endemism patterns 

in the region 

A4 - To contrast the spatial patterns of marine fish endemism and biodiversity in the 

Southwest Pacific 
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2. Molecular phylogenetics reveals the evolutionary history of 
marine fishes (Actinopterygii) endemic to the subtropical islands 
of the Southwest Pacific 
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2.2. Introduction 

Marine biodiversity is being lost at an accelerated rate, driven by anthropogenic 

pressures such as overharvesting (Costello et al., 2010), habitat fragmentation (Lotze et 

al., 2006), and climate change (Beaugrand et al., 2015). In particular, endemic species 

are more vulnerable to extinction than widespread taxa because of their restricted spatial 

distribution (Norman, 2003) and specialist niche requirements (Le Feuvre et al., 2021). 

For this reason, areas of high endemism have been of great research interest, shedding 

light on how biodiversity is generated and maintained (Bowen et al., 2013), and therefore 

how it is best conserved (Moritz, 2002). Molecular phylogenetics has been crucial in 

characterizing the evolutionary history of endemic species in these regions, and, 

consequently, the macroevolutionary processes that have given rise and maintained 

unique regional biodiversity (Bellwood and Meyer, 2009). Still, many regions are yet to 

be comprehensively researched (Hortal et al., 2015), and the evolutionary history of their 

endemic species characterized. Such understanding is increasingly urgent as pressures 

on biodiversity continue to escalate (Nunez et al., 2019). 

Marine actinopterygians (ray-finned fishes) have been extensively studied in the 

last decade, providing comprehensive knowledge of their evolutionary relationships and 

temporal diversification patterns globally (Alfaro et al., 2018, Betancur-R et al., 2013, 

Betancur�æR et al., 2015, Betancur-R et al., 2017, Hughes et al., 2018, Matschiner et al., 

2017, Mirande, 2017, Near et al., 2013, Near et al., 2012, Rabosky, 2020, Rabosky et 

al., 2018). In particular, the deep nodes in the phylogeny of all marine ray-finned fishes 

have been the subject of intense research; however, towards the tips of the phylogeny, 

our understanding of the evolutionary relationships among finer taxonomic units (e.g. 

genera and species) diminishes, and a bias toward the most speciose, conspicuous, and 

easy to study taxa, increases (Cowman, 2014). This phylogenetic knowledge gap is 

exacerbated by survey efforts that tend to favor easy-to-access regions with substantial 

research resources, delaying comprehensive species inventories and associated 































39 
 

similis/E. bahasa, Enneapterygius rubicauda/E. flavoccipitis, Enneapterygius 

paucifasciatus/E. pyramis, and Enneapterygius kermadecencis/E. williamsi/E. 

nigricauda/E. randalli show support values of over 89. The BI chronogram supports the 

monophyly of the members of the Tripterygiidae family (PP=1) which includes the 27 

species of Enneapterygius and the two taxa of Helcogramma. Only four nodes are 

supported by PP values of over 0.70: Enneapterygius gruschkai/E. abeli/E. philippinus 

(0.7655); Enneapterygius flavoccipitis/E. rubicauda (0.7977); Enneapterygius 

paucifasciatus/E. pyramis (0.7062); and Enneapterygius kermadecensis/E. williamsi 

(0.7103). In all our trees, the endemic Enneapterygius kermadecensis is grouped with E. 

williamsi (Central Pacific), and E. pusillus is consistently placed closer to the genus 

Helcogramma than to other Enneapterygius taxa. The lineage including Enneapterygius 

kermadecensis is estimated to have diverged 8.93 Ma from its closer congeners within 

our dataset. 

Phylogenetic relationships within Eviota were inferred based on 62 of its 117 valid 

species to date. We used the concatenation (2289 bp) of two mitochondrial and one 

nuclear locus (Table 2). The monophyly of the genus is supported in our Bayesian 

phylogeny (PP>0.96; Fig. 2.5S). Intermediate nodes are characterized by low BS and 

PP values, both increasing when approaching terminal positions. The endemic Eviota 

kermadecensis is consistently located within its genus as the sister taxon of E. distigma 

and E. herrei (both from the Indo-Pacific), albeit in poorly supported phylogenetic 

positions. Given our taxonomic sampling, the lineage represented by Eviota 

kermadecensis is estimated to have diverged 20.97 Ma. 

Evolutionary relationships of Flexor were inferred from a supermatrix of 2397 bp 

encompassing two mitochondrial and two nuclear loci (Table 2).  The monotypic genus 

is placed within its own family in a clade supported by a PP of 0.99 (Fig. 2.6S). In both 

the ML and BI topologies, the endemic F. incus is grouped with Lepadichthys trishula, 

Aspasmichthys ciconiae, and Aspasma minima (BS=32; PP=0.72), all Northwest Pacific 
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taxa. In both inferences, the monophyly of the Diademichthyinae subfamily sensu 

Conway et al. (2020) is supported by BS=100 and PP=1 where the pair Aspasmogaster 

tasmaniensis and Aspasmogaster ciconiae are the sister taxa of the subfamily members 

with the same support values. Based on the taxa sampled in our analysis, the lineage 

represented by F. incus is estimated to have diverged 13.46 Ma. 

Our GAMS phylogeny includes the genera Girella, Atypichthys, Microcanthus, 

and Scorpis, and is based on the concatenated sequence (4163 bp) of three 

mitochondrial and three nuclear loci (Table 2). All current valid species within each genus 

were sampled except in Girella (16/17) and Scorpis (4/5). Girella, Microcanthus, and 

Atypichthys appear monophyletic across all analyses (Fig. 2.7S) with BS values of 95-

99 and PP of 0.97-1. Scorpis is a strongly supported clade (BS=100; PP=1) when S. 

aequipinnis, S. lineolata, and S. violacea are considered. S. georgiana is consistently 

positioned outside its presumed congeners. Given our taxonomic coverage, the 

endemics G. cyanea, G. fimbriata, A. latus, M. joyceae, and S. violacea are located within 

their genus members in respective sister taxa relationships with G. albostriata (Southeast 

Pacific), G. nebulosa (Southeast Pacific), A. strigatus (Australia), M. strigatus (Indo-

Pacific), and S. lineolata (Southwest Pacific), and estimated divergence times of 3.77 

Ma, 2.12 Ma, 2.56 Ma, 2.99 Ma, and 3.35 Ma. 

The HL phylogeny includes Hypoplectrodes and Lepidoperca using a 650 bp 

sequence of COI (Table 2). Both genera are nearly-fully resolved, and their monophyly 

is supported in our ML and BI analyses (BS=100 both cases; PP>0.93 Hypoplectrodes; 

PP=1 Lepidoperca; see Fig. 2.8S). All species occur in waters of Australia or the 

Southwest Pacific region, except H. semicinctum that inhabits remote oceanic islands of 

the Southeast Pacific. Species sampled within Hypoplectrodes include six of the eight 

described species and the three undescribed taxa: H. sp. A (not valid as H. coronatus in 

Roberts et al., 2015), H. sp. B (not valid as H. dimidius in Roberts et al., 2015), and H. 

sp. C (not valid as H. igneus in Roberts et al., 2015). The endemic H. sp. A has a weakly 
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supported placement (BS=46; PP=0.4909) as the ancestor of the monophyletic clade 

(BS=100; PP=1) formed by H. maccullochi, H. sp. B, H. jamesoni, H. sp. C, H. cardinalis, 

and H. semicinctum. Within this clade, the endemic H. sp. C displays a variable position 

across our trees. The phylogenetic relationships among Lepidoperca congeners are 

constant in our analyses, with the endemic L. inornata and L. pulchella (Australia) 

forming a highly supported clade (BS=80; PP>0.98) nested in a larger well-supported 

clade (BS=100; PP=1) that includes L. tasmanica and L. filamenta. Based on our species 

coverage, the estimated divergence times are 10.26 Ma for H. sp. A, 1.58 Ma for H. sp. 

C, and 1.56 for L. inornata. 

The monophyly of the genus Kathetostoma is well supported in our analyses 

(BS=77; PP=1; see Fig. 2.9S). There are no differences among the ML and BI topologies 

which are based on the concatenated sequence (3909 bp) of four mitochondrial and two 

nuclear markers (Table 2), and seven of the eight current valid species. Phylogenies are 

characterized by a clade of two taxa (K. albiguttata and K. averruncus) geographically 

distributed in the Atlantic and East Pacific regions, and a clade of five species found in 

Australia and Southwest Pacific (Fig. 2). In the second group, the Australian K. laeve is 

the sister taxon of the remaining four taxa. In our dataset, the endemic lineage 

representing K. binigrasella is estimated to have diverged 6.98 Ma from its congeners. 

Our NEMOGOCHIA phylogeny includes the closely related genera 

Nemadactylus, Morwong, Goniistius, Chironemus, and Aplodactylus based on a 

concatenated sequence (2958 bp) of four mitochondrial loci and one nuclear locus. Our 

initial taxonomic search included all Cheilodactylus species within Cheilodactylidae prior 

to the nomenclature revision of Ludt et al. (2019). Based on their work, our final species 

list included taxa reassigned to Latridae, specifically the genera Pseudogoniistius, 

Goniistius, and Morwong. Our focal endemics spanned five genera, of which four were 

fully resolved and one (Nemadactylus) missed one species. Overall, the monophyly of 

Aplodactylus, Chironemus, Morwong, and Nemadactylus is highly supported in our ML 
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and BI trees (BS=96-100; PP=0.99-1; see Fig. 2.10S). The genus Goniistius forms a 

supported monophyletic clade in our ML tree only (BS=89; PP=0.48 respectively). The 

two valid Morwong species are both considered endemics and are included in our study 

with an estimated divergence time of 8.51 Ma. Within Chironemus, C. microlepis is 

consistently grouped with C. marmoratus, both of which are closely related to C. bicornis 

from the Southeast Pacific (BS=75; PP>0.99). Based on all sampled congeners, the 

endemics are estimated to have diverged 13.61 Ma. Within the fully resolved 

Aplodactyus, A. etheridgii is constantly coupled with A. lophodon from Australia (BS=56; 

PP>0.94) with a divergence time of 11.18 Ma. Within Goniistius, G. vestitus forms a 

moderately supported sister taxa relationship with G. gibbosus from Australia (BS=73; 

PP=0.69). The position of G. francisi varies across our analyses but remains closely 

related to a clade formed by G. vestitus, G. vittatus, G. zebra, and G. plessisi. The 

estimated divergence times of G. vestitus and G. francisi are 8.53 Ma and 6.54 Ma 

respectively. For the near complete phylogeny of Nemadactylus, Pseudogoniistius 

nigripes consistently appears as the sister taxon (BS=58; PP>0.99). Nemadactylus 

douglasii (estimated age: 4.29 Ma) forms a strongly supported clade (BS=96; PP=1) with 

N. valenciennesi (Australia). Nemadactylus n. sp. (not valid as N. rex in Roberts et al., 

2015, and Ludt et al., 2019; estimated age: 1.56 Ma) is the ancestor in a well-supported 

clade (BS=97; PP=1) that includes N. monodactylus, N. bergi, N. gayi, and N. 

macropterus. 

The fully-resolved genus Optivus is monophyletic in our phylogenies (BS=99; 

PP=1) with its three valid species displaying the same positions in the ML and BI 

topologies (Fig. 2.11S), based on a 2514 bp concatenated sequence of two 

mitochondrial loci and one nuclear locus (Table 2). The endemics O. elongatus and O. 

agastos form a monophyletic clade (BS=99; PP>0.99) with an estimated divergence time 

of 0.589 Ma. Both occur in the Southwest Pacific while the basal O. agrammus occurs in 

Australia. 
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The Parma phylogeny includes 7 of the 10 recognized Parma species, all of 

which are geographically restricted to Australia and the Southwest Pacific. The 

monophyly of the genus is highly supported (BS=100; PP=1) with Mecaenichthys 

immaculatus appearing as the sister taxon (Fig. 2.12S). ML and BI trees were inferred 

from a sequence of 3859 bp that concatenates three mitochondrial and two nuclear loci 

(Table 2). Based on our taxonomic sampling, the endemics P. alboscapularis and P. 

kermadecensis consistently form a clade across all our inferences, albeit with low node 

support (BS=40; PP=0.33). The estimated age of both endemics is 5.1 Ma. 

The relationships within Upeneus are based on 29 of 37 described species, and 

the 821 bp concatenated sequence of two mitochondrial loci (Table 2). Based on the 

number of sampled taxa, our ML and BI results indicate that the genus is monophyletic 

(BS=100; PP=1) with U. parvus (Atlantic) as the sister taxon of its remaining congeners 

(Fig. 2.13S). In our dataset, the endemic U. francisi (estimated age: 3.65 Ma) is weakly 

(BS=44; PP=0.41) but consistently positioned within its genus as the base of the clade 

U. lombok/U. pori, all three forming a weak but consistent clade (BS=44; PP=0.49) that 

diverges from U. australiae (Australia). 
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Fig. 2. (continued) 
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Fig. 2. (continued) 
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Fig. 2. (continued) 
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closely allied taxa (Hebert et al., 2003). For nuclear loci, RAG1 was most commonly used 

(four phylogenies), followed by MYH6 (three), Tmo-4C4 (two), and seven other regions 

were used in one phylogeny each. In contrast to phylogenies based on a single locus or 

the mitochondrial locus, our inferences that include multiple loci are expected to provide 

better inferences for closely related species given that: a multilocus approach increases 

species delimitation success (Dupuis et al., 2012); concatenation counteracts the 

heterogeneity of single-locus inferences (Roe et al., 2010); and the integrative analysis 

of nuclear and mitochondrial markers leads to more informative and better well-resolved 

topologies (Rubinoff and Holland, 2005). 

Thirdly, we report missing data values per phylogeny between 0% (HL) and 43% 

(Enneapterygius) with an average of 29% across all phylogenies. We generally included 

loci that covered a minimum of 50% of species within a phylogeny to avoid elevating 

levels of missing data. However, adding genes can improve poorly supported nodes, 

even when that gene region is not represented in a high proportion of taxa (Jiang et al., 

2014). As a consequence, some of the low support values, particularly at intermediate 

nodes of our ML topologies, might have been improved with the inclusion of further gene 

regions albeit with an increase in the percent missing data across our multilocus 

supermatrices. Nonetheless, our inferred trees largely agree with previously published 

phylogenies, and divergence time estimates using an uncorrelated log-normal clock in 

BEAST, as is our case, are relatively insensitive to varying degrees of missing data 

(Zheng and Wiens, 2015). 

2.5.3. Geographic affinities of endemic taxa 

Despite contrasting topologies and ranges of included taxa (Fig. 2), the majority of our 

focal endemics are most closely related to Australian taxa, followed by East Pacific 

species (Table 3). We also found individual cases where an endemic is closely related 

to taxa found throughout the broader Indo-Pacific region and the Northwest Pacific. 
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However, the geographic affinity of a quarter of the endemics analyzed here remains 

unresolved. 

 

Table 3. Geographic affinity of the 34 endemics based on our study. Number, percentage, and 
taxa allocated to each presumed geographic region following those shown in Fig. 1 and Fig. 2. 

GEOGRAPHIC AFFINITY NUMBER OF TAXA TAXA 

AUSTRALIA 18/34 - 53% 

Aplodactylus etheridgii, Arripis trutta, Arripis 
xylabion, Atypichthys latus, Goniistius francisi, 
Goniistius vestitus, Hypoplectrodes sp.A, 
Hypoplectrodes sp.C, Kathetostoma binigrasella, 
Lepidoperca inornata, Nemadactylus douglasii, 
Nemadactylus n.sp., Optivus agastos, Optivus 
elongatus, Parma alboscapularis, Parma 
kermadecensis, Scorpis violacea, Upeneus francisi 

EAST PACIFIC 5/34 - 15% 
Chironemus marmoratus, Chironemus microlepis, 
Chromis abyssicola, Girella cyanea, Girella 
fimbriata 

INDO-PACIFIC 1/34 - 3% Chromis nitida 
NORTHWEST PACIFIC 1/34 - 3% Flexor incus 

NOT YET RESOLVED* 9/34 - 26% 

Capromimus abbreviatus, Chromis dispila, Chromis 
hypsilepis, Chromis kennensis, Enneapterygius 
kermadecensis, Eviota kermadecensis, 
Microcanthus joyceae, Morwong ephippium, 
Morwong fuscus  

*Geographic origin not yet resolved due to incomplete taxonomic sampling. 

 

2.5.3.1. Australia 

Our findings indicate a geographic affinity between 18 of our endemics and Australia 

mainland. Nine species are distributed in six genera that include sampled taxa only found 

in the Southwest Pacific and the larger Australia region. For fully sampled genera 

(Arripis, Atypichthys, and Optivus), the geographic affinity is clearly illustrated by the 

divergence of the endemics from taxa distributed in Australia, including its western 

coasts (Fig. 2; Tables 2.1S,2.7S,2.11S). For the partially sampled Parma, despite 

missing two taxa, all described members are restricted to New Zealand and Australia 

(Tang et al., 2021), and P. oligolepis (East Australia) appears as the sister taxon of all 

congeners. For the partially sampled Lepidoperca and Scorpis, missing taxa are 

distributed in other oceanic regions (L. coatsii: Atlantic and Indian; S. chilensis: East 

Pacific), adding a small degree of uncertainty to our inferences. However, we still detect 
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an affinity with Australia as L. inornata forms a strongly supported clade (BS=80; 

PP>0.98) with L. pulchella from New South Wales and Victoria, and S. violacea 

descends from congeners of Australia and New Zealand mainland. 

Seven further endemics are proximal to Australian taxa, but the ranges of 

sampled congeners extend to other oceanic regions. The phylogenetic placements of A. 

etheridgii, G. vestitus, and N. douglasii are consistent across our analyses forming well-

supported clades with A. lophodon, G. gibbosus, and N. valenciennesi respectively, all 

three restricted to Australian coasts. The placement of K. binigrasella persists also in all 

our analyses, deriving from K. nigrofasciatum found in Australia mainland. A more subtle 

affinity is detected for three endemics that represent consistent single lineages that 

descend from Australia and/or Southwest Pacific congeners: U. francisi splits from U. 

australiae (Australia and New Caledonia); N. n.sp. from the clade N. valenciennesi 

(Australia)/N. douglasii (Southwest Pacific); and H. sp. A from the clade H. nigroruber 

(Australia)/H. huntii (New Zealand). An even more subtle affinity is observed for two 

endemics placed within clades that descend from Australian taxa, but their phylogenetic 

position within the clade is variable: the species G. rubrolabiatus, found in Australia, 

appears in our ML phylogeny as the sister taxon of all its congeners, including the 

endemic G. francisii, and is the oldest Goniistius lineage in our BI tree; and the clade H. 

sp. C/ H. jamesoni/H. cardinalis/H. semicinctum/H. maccullochi/H. sp. B diverges from 

H. sp. A, for which we have previously inferred an Australian affinity. 

The strong geographic affinity between our focal endemics and Australia is likely 

determined by the regional oceanography, climate similarity, and past geological events. 

Our results show that in at least 15 of the 18 endemics with an Australian affinity, there 

is a direct or indirect evolutionary divergence from a taxon restricted to mainland 

Australia, suggesting eastward dispersal. It has been proposed that this movement is 

facilitated by the Tasman Front, a branch of the East Australia Current, which likely 

transports larvae in an eastward flow, connecting East Australia, Lord Howe, Norfolk, 
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diversification from warmer Australian latitudes has been occurring over more 

contemporary time scales. 

2.5.3.2. East Pacific 

Several of our Southwest Pacific endemics had a geographic affinity with remote insular 

territories of Chile in the Southeast Pacific, namely Juan Fernández and Desventuradas 

(C. marmoratus, C. microlepis, G. cyanea) and Rapa Nui (C. abyssicola, G. fimbriata). 

For instance, C. abyssicola and G. cyanea are consistently grouped with East Pacific 

congeners, however, we currently lack additional congenerics to confidently infer the 

East Pacific as their geographic origin in both cases. Using meristic traits, the 

pomacentrid was initially allied with species from West Australia, Japan, and Hawaii 

(Allen and Randall, 1985), but molecular evidence brought by Tang et al. (2021) and our 

study (Fig. 2.3S; Table 2.3S) groups it with its congener from Rapa Nui (C. mamatapara). 

Since around one-third of Chromis sensu stricto species are missing in our phylogeny, 

however, we refrain from further biogeographic inferences. For the girellid, we present 

the most comprehensively sampled time-calibrated molecular phylogeny to date for its 

genus (16/17 taxa), finding that G. cyanea is grouped with G. albostriata (Juan 

Fernández and Desventuradas), a similar result to the 16S topology of Beldade et al. 

(2021). All our topologies show that this clade is in a sister-taxa relationship with the 

clade G. freminvillii/G. laevifrons, both from the East Pacific, and that both clades 

descend from Southwest Pacific taxa (G. tricuspidata, G. zebra, and G. elevata). Our 

current data is insufficient to confidently establish if G. cyanea diverged from its closest 

phylogenetic neighbors from the Southeast, or its Southwest ancestors giving rise to its 

Southeast congeners. For the remaining endemics with East Pacific affinities, our time-

calibrated trees show that they are chronological descendants of Southeast Pacific taxa 

(Fig. 2): C. marmoratus and C. microlepis diverge from C. bicornis (Juan Fernández and 

Desventuradas), and the clade G. fimbriata (endemic)/G. nebulosa (Rapa Nui) from 

Graus nigra (Southeast Pacific). Our confidence in these inferred patterns are supported 
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periods when this dispersal has been the most influential in shaping the biodiversity in 

the Southwest Pacific requires further examination across broader taxonomic groups. 

2.5.3.3. Indo-Pacific, Northwest Pacific, and unresolved affinities 

The only endemic that displays a geographic affinity with the Indo-Pacific belongs to 

Chromis (Table 3), a genus characterized by its reef-associated species mostly found in 

the tropical latitudes of the Indo-Pacific. We recover the monophyletic clade (BS=99; 

PP=1) between C. nitida and C. fumea (Indo-Pacific) from previous molecular 

phylogenies (Frédérich et al., 2013, McCord et al., 2021, Tang et al., 2021), pointing to 

a geographic closeness between our Southwest Pacific endemic and its tropical 

congener. Although there is dispersal and ongoing colonization of the subtropical 

Southwest islands by tropical fishes (Duffy and Ahyong, 2015, Liggins et al., 2020), the 

speciose genus Chromis is poorly sampled in our analysis (Table 1). For this reason, we 

only provisionally associate a tropical affinity to the Chromis endemic, anticipating that 

the inclusion of further taxa may alter this inference. 

The sole endemic of our dataset with an anti-equatorial affinity is Flexor incus, 

showing a proximal association with temperate taxa from the Northwest Pacific (Fig. 2; 

Table 2.6S). Previously known as Aspasmogaster sp. (Francis and Duffy, 2015, Roberts 

et al., 2009, Stewart, 2015, Trnski et al., 2015), the endemic was presumed linked to 

Indo-Pacific taxa based on its formal description (Conway et al., 2018), but was later 

grouped with Aspasmichthys ciconiae (Northwest Pacific) within the Diademichthyinae 

subfamily using molecular evidence (Conway et al., 2020). Our results recover this trend 

with the association of F. incus with two further Northwest Pacific taxa, suggesting an 

anti-equatorial origin and the dispersal of organisms from the Northern to the Southern 

Hemisphere. This trans-equatorial north-to-south pathway has been previously reported 

in girellids (Beldade et al., 2021), and the opposite south-to-north in microcanthids (Tea 

et al., 2019). Similar to these studies, we presume that oceanic connectivity between 

northern and southern regions happened during periods of global climatic change. 
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However, whereas Beldade et al. (2021) and Tea et al. (2019) describe connectivity 

within the Pleistocene, our estimated age of F. incus (ca. 13.5 Ma) suggests that the Mid-

Miocene, when there was a major global cooling phase, may have also been a period of 

trans-equatorial connectivity (i.e. the Middle Miocene Climatic Transition, Crame, 2018). 

Lastly, we were unable to address a biogeographic pattern for nine endemics due 

to unclear evolutionary relationships (Table 3). The monotypic Capromimus is placed 

among Zeiformes species, missing six taxa required to fully sample the Order. The 

endemic is the sole sister taxon of Oreosomatidae outside its presumed confamilials 

(Fig. 2.2S), as already reported by Grande et al. (2018), with no distinct closeness to 

other species, nor a clear divergence from a specific geographic region (Fig. 2). In the 

case of Chromis dispila, Chromis hypsilepis, Morwong ephippium, Morwong fuscus, and 

Microcanthus joyceae, each forms a monophyletic clade with a congener, but there is 

still insufficient ancestral evidence to infer their geographic affinities. Both Chromis 

endemics are sister taxa to each other, also reported by McCord et al. (2021) and Tang 

et al. (2021), but there is no clear ancestor to associate them with (Fig. 2 and Fig. 2.3S). 

Similarly, both Morwong endemics form a sister taxa relationship (BS=100; PP>0.98; 

Fig. 2.10S) within the resurrected genus (Ludt et al., 2019), but with unclear ancestral 

taxa to relate with. Microcanthus joyceae is the assumed ancestor within its clade with 

M. strigatus (Tea et al., 2019), but our topologies show Microcanthus as the basal genus 

within our fully sampled Microcanthidae. Since we did not aim for inter-genus 

relationships, we lack evidence for the ancestry of the family, the genus, and ultimately, 

the endemic. Lastly, the three endemics Chromis kennensis, Enneapterygius 

kermadecensis, and Eviota kermadecensis appear as single lineages within poorly 

sampled genera, impeding the inference of a clear geographic affinity (Table 1). 

Nonetheless, our time-calibrated phylogeny for the Enneapterygius genus shows that E. 

kermadecensis forms a moderately supported clade with E. williamsi (PP=0.71), 

suggesting an association with a tropical species found in Tonga, Vanuatu, and New 
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3. The origins of marine fishes endemic to subtropical islands of 
the Southwest Pacific 
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3.1. Abstract 

Aim: Lineages colonizing subtropical oceanic islands often have to overcome geographic 

isolation and novel climate stressors to found new populations. Historical and ecological 

factors influence the success of colonization and subsequent diversification, leaving a 

signal in the genetic constitution of the diverged, range-restricted taxa. Here, we 

examined the historical biogeography of endemic marine fishes to quantify the role of 

geographic proximity and climate differences in determining colonization, and the 

underlying mechanisms of speciation. 

Location: Subtropical islands of the Southwest Pacific 

Taxa: 30 endemic marine ray-finned fishes from 17 genera. 

Methods: Using parametric biogeographical history models, we estimated the ancestral 

geographic ranges for 144 species based on time-calibrated phylogenies that included 

endemic species and their closest sister taxa, linking terminal nodes with geographic 

distribution classified into 14 biogeographic areas. 

Results: Ancestral range estimations revealed most species originated in Australia 

(66%), while only 10% and 7% originated in northern tropical Pacific locations and the 

East Pacific respectively, with 17% of species-range estimations being inconclusive. 

Vicariant events alone were identified as the most likely process shaping range evolution 

in 57% of the 14 best-fitting models, dispersal alone was the favored for 14% of species, 

and both processes had a role for the remaining 29% of species. Across all phylogenies, 

likelihood-ratio tests confirmed that geographic distance and climate differences 

constrained dispersal in 73% and 33% of species respectively. 

Main conclusions: Marine fishes endemic to subtropical islands of the Southwest Pacific 

originated by vicariant and jump-dispersal events mainly from ancestral populations in 

mainland Australia. Geographic distance and climatic differences are significant taxon-

specific factors influencing the dispersal of marine fishes in the region. 
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3.2. Introduction 

The relative importance of vicariance and dispersal have been at the center of vigorous 

debates regarding the major forces governing geographic patterns of marine biodiversity 

and endemism (Wiens and Donoghue, 2004). While vicariance considers the sole action 

of geological events as the source of population differentiation and species 

diversification, the movement of individuals from a source population to new habitats 

across great distances (jump-dispersal) can also generate strong population and species 

diversification. In the last two decades, empirical evidence shows that jump-dispersal is 

a more prevalent process in marine biogeography than considered during the late 20th 

century (Sanmartín, 2012, Waters, 2008, Waters and Roy, 2004). Jump-dispersal results 

in limited gene flow between the original and new populations leading to founder-event 

speciation (Matzke, 2014, Templeton, 2008). Consequently, any factor affecting 

dispersal is likely altering the probabilities of colonization and eventual diversification of 

range-restricted biodiversity. Geographic isolation (Dalongeville et al., 2018, Jones et al., 

2009) and environmental conditions (Stuart-Smith et al., 2017) can influence dispersal 

and hence the geographic distribution of marine organisms (Lester et al., 2007). 

Determining the prevalence of jump-dispersal and factors affecting dispersal 

probabilities in the sea is essential to better understand marine biogeographic patterns. 

An approach that has significantly improved our understanding of processes 

shaping biogeographic patterns is the combination of geographic information and 

molecular phylogenies. Parametric methods allow the explicit testing of models that 

represent distinct biogeographic hypotheses (Lamm and Redelings, 2009) using 

procedures that: parametrize anagenetic (dispersal, extinction, range switching) and 

cladogenetic (vicariance, founder event) processes along a time-calibrated tree 

(Sanmartín, 2012), as well as the effect of geographic and environmental distances (Van 

Dam and Matzke, 2016); estimate parameters in a maximum-likelihood framework (Ree 

et al., 2005); and infer ranges at each ancestral node (Ree and Smith, 2008). A number 
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of studies have used this methodology to reveal the origin of evolutionary lineages in 

marine fishes: the ancestral Tethys Sea for syngnatharians (Santaquiteria et al., 2021), 

the Central Pacific for pomacanthids (Baraf et al., 2019), and the Indo-Pacific for the 

clade Gobiidae-Gobionellidae (Thacker, 2015) and for herbivorous groups in the Atlantic 

(Siqueira et al., 2019). Further evidence shows that both vicariance and jump-dispersal 

are relevant in the biogeography of marine fishes (Delrieu�æTrottin et al., 2019, Piñeros et 

al., 2019). However, few of these studies have integrated distance parameters in their 

range evolution models to explicitly test the effect of geographic distance and climatic 

differences. 

The Indo-Australian Archipelago (IAA) harbors the greatest levels of marine fish 

biodiversity in the Indo-Pacific (Hoeksema, 2007), whereas peripheral isolated islands 

have low species richness but high endemism (Allen, 2008, Hughes et al., 2002). 

Phylogenetic evidence suggests that high species richness in the center of the IAA is the 

result of multiple independent events (Cowman et al., 2017), in keeping with our 

understanding that the biogeographic history of this fauna has been long and complex 

(Miller et al., 2018). However, relatively less is known about the origins of endemism at 

the periphery of the Indo-Pacific (Bowen et al., 2013). In the Central Pacific, 

biogeographic analyses suggest a complex scenario where endemic lineages of Hawaii 

derive from allopatric speciation mainly driven by geologic events that influenced ocean 

circulation, with endemism generated in two temporal waves (0-3 and 8-12 Ma) from 

various geographic origins (Hodge et al., 2014). In the Southeast Pacific, seven of nine 

parametric models for reef fishes endemic to Easter Island (Rapa Nui), point to jump-

dispersal as the main driver of endemism, in some cases via stepping-stone colonization 

routes within the Pacific (Delrieu�æTrottin et al., 2019). Nevertheless, Hawaii and Rapa 

Nui are the most peripheral of the island groups in the Indo-Pacific, and the likely drivers 

of endemism in other peripheral islands remain unexplored. 
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driven by a combination of vicariant events and long-distance colonizations. In seven 

clades (Table 7), vicariance is found to be significant while jump-dispersal is not, a similar 

evolutionary scenario inferred for rabbitfishes (Siqueira et al., 2019). 

Overall, biogeographic results demonstrate that jump-dispersal is significant in 

most but not all of our models, and instead show that vicariance and jump-dispersal act 

with different weights depending on taxonomic and spatio-temporal scales (Sanmartín, 

2012), a conclusion that has been reported in marine crustaceans (Liu et al., 2018) and 

mollusks (Cunha et al., 2019), as well as in freshwater stingrays (Fontenelle et al., 2021). 

3.5.2. Effect of geographic distance and climate zone differences on dispersal 

Geographic distance is known to limit dispersal in the sea (Cowen and Sponaugle, 2009), 

and in our study geographic distance significantly influenced patterns of endemism 

driven by dispersal in 64% of the 14 clades examined (Table 7), which encompasses 

more than two-thirds of the endemics studied here (22/30, Table 5). These taxa vary 

considerably in their ecology, evolutionary history, and biology, including various: diet 

types, such as herbivory (e.g., Girella fimbriata), omnivory (e.g., Girella cyanea), and 

zooplanktivory (e.g., Scorpis violacea) (Knudsen et al., 2019); patterns of lineage 

origination (Fig. 3); and divergence timings (Fig. 4). Scarce data is available regarding 

the early life history of five endemics (Chromis abyssicola, C. dispila, C. hypsilepis, C. 

kennensis, C. nitida, and Girella fimbriata) in Fishbase (Froese and Pauly, 2021). 

However, the four Chromis taxa lay demersal eggs, supporting other studies that suggest 

that the dispersal of taxa with benthic eggs is more affected by geographic distance than 

in those with pelagic eggs (Riginos et al., 2011). Interestingly, in four clades 

(Chironemus-Aplodactylus, Goniistius-Morwong, Girella, and Chromis), range evolution 

is driven by both geographic distance constraints and jump-dispersal events. This result 

suggests long-distance dispersal events can occur even in marine fishes where 

colonization mainly occurs among geographically proximal locations (Benestan et al., 

2021). 
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We hypothesized that lineages from climatically similar locations would be more 

successful in colonizing the subtropical islands of the Southwest Pacific, and would then 

speciate to become endemic species. We found that climatic zone differences 

significantly affected dispersal in four clades (Table 7). These groups comprise endemic 

lineages that display relatively recent diversification timings (5.34 Ma for Chromis 

kennensis to 0.33 Ma for Arripis trutta/A. xylabion; Fig. 4), and include the temperate 

taxa within Arripis and Nemadactylus and the only two cases of tropical origination 

among our dataset (Chromis and Upeneus; Fig. 3 m-n). Our results suggest that climate 

has been a relevant factor in marine fish speciation within the last 5 Ma, a period 

characterized by rapid glacial/interglacial periods with latitudinal shifts in subtropical and 

temperate oceanic boundaries in the Southwest Pacific (McClymont et al., 2016, Nelson 

and Cooke, 2001). This geological setting is known to have influenced the biogeography 

of Arripis taxa which are highly sensitive to climate changes (Moore and Chaplin, 2014), 

and the longitudinal distribution of Nemadactylus members across Australia (Burridge, 

2000a). For endemic species within Chromis and Upeneus, biogeographic patterns 

could be partially explained by poleward shifts of subtropical marine boundaries in the 

Southwest Pacific during interglacial periods (McClymont et al., 2016), facilitating rare 

colonization of higher latitude islands from taxonomic groups mainly inhabiting tropical 

waters. 

3.5.3. Origin and colonization routes of the Southwest Pacific islands 

Similar to other taxa (Goldberg et al., 2008), our historical biogeographic scenarios (Fig. 

3) revealed mainland Australia as the inferred origin for 66% (20/30) of endemic lineages, 

representing the major source of marine fish endemism in the Southwest Pacific. Of the 

20 lineages, 13 originate in Temperate Australia and 7 in Subtropical Australia. These 

results support the qualitative inferences from Samayoa et al. (2022) where 53% of 

Southwest Pacific endemics were most closely related to Australian fauna. Our data also 

show that colonization routes departing from Temperate Australia involve an 
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3.9. Supplementary material 

The BioGeoBEARS files used in this study can be found online at 

https://doi.org/10.17632/dydncy77b5.2. 

 

Table 3.1S. Parameter estimates, log-likelihood values (LnL), and model selection score for each 
of the 24 models assessed for the clade Optivus (sample size=3). The model selection score 
selected was AIC as the sample size of the genus was too small to calculate AICc scores for 
models with two or more free parameters. Bold italicized row indicates the best-fitting model 
based on AIC and LRT results. 

Biogeographic model Free parameters d e j x n LnL AIC 

DEC 2 0.1242 1.00E-12 0 0 0 -11.39 26.79 

DEC+J 3 0.1013 1.00E-12 2.1230 0 0 -10.27 26.55 

DEC+X 3 0.0187 1.00E-12 0 -2.5 0 -6.39 18.78 

DEC+N 3 0.0896 1.00E-12 0 0 -0.5872 -11.34 28.68 

DEC+J+X 4 0.0176 1.00E-12 0.0757 -2.5 0 -6.36 20.71 

DEC+J+N 4 0.1013 1.00E-12 2.1165 0 0.0000 -10.27 28.55 

DEC+X+N 4 0.0187 1.00E-12 0 -2.5 -0.0001 -6.39 20.78 

DEC+J+X+N 5 0.0187 1.00E-12 0.0856 -2.5 0.0987 -6.36 22.71 

DIVALIKE 2 0.1284 2.00E-09 0 0 0 -10.49 24.99 

DIVALIKE+J 3 0.1088 1.00E-12 1.0609 0 0 -10.33 26.66 

DIVALIKE+X 3 0.0197 2.57E-08 0 -2.5 0 -6.83 19.66 

DIVALIKE+N 3 0.1029 2.57E-08 0 0 -0.4040 -10.47 26.94 

DIVALIKE+J+X 4 0.0197 1.00E-12 1.00E-05 -2.5 0 -6.83 21.66 

DIVALIKE+J+N 4 0.1088 2.57E-08 1.0654 0 0.0000 -10.33 28.66 

DIVALIKE+X+N 4 0.0197 1.00E-12 0 -2.5 0.0000 -6.83 21.66 

DIVALIKE+J+X+N 5 0.0197 1.00E-12 1.00E-05 -2.5 0.0000 -6.83 23.66 

BAYAREALIKE 2 1.0530 1.7261 0 0 0 -10.85 25.70 

BAYAREALIKE+J 3 1.0353 1.7049 1.00E-05 0 0 -10.85 27.70 

BAYAREALIKE+X 3 0.3293 1.9443 0 -1.2814 0 -10.22 26.45 

BAYAREALIKE+N 3 1.0538 1.7278 0 0 0.0000 -10.85 27.70 

BAYAREALIKE+J+X 4 0.3242 1.9254 1.00E-05 -1.2844 0 -10.22 28.45 

BAYAREALIKE+J+N 4 0.1142 0.0501 0.9999 0 0.0000 -10.77 29.55 

BAYAREALIKE+X+N 4 0.3256 1.9330 0 -1.2848 0.0000 -10.22 28.45 

BAYAREALIKE+J+X+N 5 0.3251 1.9252 1.00E-05 -1.28197 0.0000 -10.22 30.45 
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Table 3.2S. Likelihood-Ratio test results for the clade Optivus. P-values with an asterisk indicate 
rejection of null hypothesis (no significative improvement when adding parameters) at p<0.05. 

Nested model  More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -11.3927 -10.273 2 3 1 2.23936 0.134537 

DEC DEC+X -11.3927 -6.39046 2 3 1 10.0044 0.001562 * 

DEC DEC+N -11.3927 -11.3396 2 3 1 0.10612 0.744605 

DEC DEC+J+X -11.3927 -6.35687 2 4 2 10.07158 0.006501 * 

DEC DEC+J+N -11.3927 -10.273 2 4 2 2.23934 0.326387 

DEC DEC+X+N -11.3927 -6.39045 2 4 2 10.00441 0.006723 * 

DEC DEC+J+X+N -11.3927 -6.35686 2 5 3 10.07159 0.017967 * 

DEC+J DEC+J+X -10.273 -6.35687 3 4 1 7.832216 0.005132 * 

DEC+J DEC+J+N -10.273 -10.273 3 4 1 0 1 

DEC+J DEC+J+X+N -10.273 -6.35686 3 5 2 7.832234 0.019918 * 

DEC+X DEC+J+X -6.39046 -6.35687 3 4 1 0.067174 0.795497 

DEC+X DEC+X+N -6.39046 -6.39045 3 4 1 1E-05 0.997477 

DEC+X DEC+J+X+N -6.39046 -6.35686 3 5 2 0.067192 0.966962 

DEC+N DEC+J+N -11.3396 -10.273 3 4 1 2.13322 0.144138 

DEC+N DEC+X+N -11.3396 -6.39045 3 4 1 9.898292 0.001654 * 

DEC+N DEC+J+X+N -11.3396 -6.35686 3 5 2 9.965474 0.006855 * 

DEC+J+X DEC+J+X+N -6.35687 -6.35686 4 5 1 1.8E-05 0.996615 

DEC+J+N DEC+J+X+N -10.273 -6.35686 4 5 1 7.832254 0.005132 * 

DEC+X+N DEC+J+X+N -6.39045 -6.35686 4 5 1 0.067182 0.795485 

DIVALIKE DIVALIKE+J -10.4949 -10.3281 2 3 1 0.33364 0.563524 

DIVALIKE DIVALIKE+X -10.4949 -6.8318 2 3 1 7.326206 0.006796 * 

DIVALIKE DIVALIKE+N -10.4949 -10.4704 2 3 1 0.04906 0.824707 

DIVALIKE DIVALIKE+J+X -10.4949 -6.83203 2 4 2 7.325748 0.025659 * 

DIVALIKE DIVALIKE+J+N -10.4949 -10.3281 2 4 2 0.33366 0.846343 

DIVALIKE DIVALIKE+X+N -10.4949 -6.8318 2 4 2 7.326206 0.025653 * 

DIVALIKE DIVALIKE+J+X+N -10.4949 -6.83203 2 5 3 7.325746 0.062209 

DIVALIKE+J DIVALIKE+J+X -10.3281 -6.83203 3 4 1 6.992108 0.008187 * 

DIVALIKE+J DIVALIKE+J+N -10.3281 -10.3281 3 4 1 2E-05 0.996432 

DIVALIKE+J DIVALIKE+J+X+N -10.3281 -6.83203 3 5 2 6.992106 0.030317 * 

DIVALIKE+X DIVALIKE+J+X -6.8318 -6.83203 3 4 1 0 1 

DIVALIKE+X DIVALIKE+X+N -6.8318 -6.8318 3 4 1 0 1 

DIVALIKE+X DIVALIKE+J+X+N -6.8318 -6.83203 3 5 2 0 1 

DIVALIKE+N DIVALIKE+J+N -10.4704 -10.3281 3 4 1 0.2846 0.593702 

DIVALIKE+N DIVALIKE+X+N -10.4704 -6.8318 3 4 1 7.277146 0.006984 * 

DIVALIKE+N DIVALIKE+J+X+N -10.4704 -6.83203 3 5 2 7.276686 0.026296 * 

DIVALIKE+J+X DIVALIKE+J+X+N -6.83203 -6.83203 4 5 1 0 1 

DIVALIKE+J+N DIVALIKE+J+X+N -10.3281 -6.83203 4 5 1 6.992086 0.008187 * 

DIVALIKE+X+N DIVALIKE+J+X+N -6.8318 -6.83203 4 5 1 0 1 

BAYAREALIKE BAYAREALIKE+J -10.8509 -10.8511 2 3 1 0 1 

BAYAREALIKE BAYAREALIKE+X -10.8509 -10.2239 2 3 1 1.25392 0.262805 

BAYAREALIKE BAYAREALIKE+N -10.8509 -10.8509 2 3 1 0 1 

BAYAREALIKE BAYAREALIKE+J+X -10.8509 -10.2239 2 4 2 1.25392 0.534213 

BAYAREALIKE BAYAREALIKE+J+N -10.8509 -10.3291 2 4 2 1.04352 0.593475 

BAYAREALIKE BAYAREALIKE+X+N -10.8509 -10.2239 2 4 2 1.25402 0.534187 

BAYAREALIKE BAYAREALIKE+J+X+N -10.8509 -10.2239 2 5 3 1.25392 0.740103 

BAYAREALIKE+J BAYAREALIKE+J+X -10.8511 -10.2239 3 4 1 1.25432 0.262729 

BAYAREALIKE+J BAYAREALIKE+J+N -10.8511 -10.3291 3 4 1 1.04392 0.306912 

BAYAREALIKE+J BAYAREALIKE+J+X+N -10.8511 -10.2239 3 5 2 1.25432 0.534107 

BAYAREALIKE+X BAYAREALIKE+J+X -10.2239 -10.2239 3 4 1 0 1 

BAYAREALIKE+X BAYAREALIKE+X+N -10.2239 -10.2239 3 4 1 1E-04 0.992021 

BAYAREALIKE+X BAYAREALIKE+J+X+N -10.2239 -10.2239 3 5 2 0 1 

BAYAREALIKE+N BAYAREALIKE+J+N -10.8509 -10.3291 3 4 1 1.04354 0.307 

BAYAREALIKE+N BAYAREALIKE+X+N -10.8509 -10.2239 3 4 1 1.25404 0.262782 

BAYAREALIKE+N BAYAREALIKE+J+X+N -10.8509 -10.2239 3 5 2 1.25394 0.534208 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -10.2239 -10.2239 4 5 1 0 1 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -10.3291 -10.2239 4 5 1 0.2104 0.646454 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -10.2239 -10.2239 4 5 1 0 1 
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Table 3.3S. Parameter estimates, log-likelihood values (LnL), and model selection score for each 
of the 24 models assessed for the clade Arripis (sample size=4). The model selection score 
selected was AIC as the sample size of the genus was too small to calculate AICc scores for 
models with three or more free parameters. Bold italicized row indicates the best-fitting model 
based on AIC and LRT results. 

Biogeographic model Free parameters d e j x n LnL AIC 

DEC 2 0.1080 1.00E-12 0 0 0 -17.68 39.36 

DEC+J 3 0.1080 2.16E-08 1.00E-05 0 0 -17.68 41.36 

DEC+X 3 0.0171 1.00E-12 0 -2.5 0 -9.63 25.27 

DEC+N 3 0.0601 0.0555 0 0 -2.5 -13.96 33.92 

DEC+J+X 4 0.0171 1.00E-12 1.00E-05 -2.5 0 -9.63 27.27 

DEC+J+N 4 0.0601 0.0555 0.0001 0 -2.5 -13.96 35.92 

DEC+X+N 4 0.0055 1.00E-12 0 -2.5 -2.5 -8.12 24.24 

DEC+J+X+N 5 0.0055 1.00E-12 1.00E-05 -2.5 -2.5 -8.12 26.24 

DIVALIKE 2 0.1283 4.85E-08 0 0 0 -20.78 45.56 

DIVALIKE+J 3 0.3501 0.4698 1.9999 0 0 -18.42 42.84 

DIVALIKE+X 3 0.0196 1.00E-12 0 -2.5 0 -13.46 32.92 

DIVALIKE+N 3 0.0798 0.1181 0 0 -2.5 -16.90 39.80 

DIVALIKE+J+X 4 0.0198 1.00E-12 0.0055 -2.5 0 -13.44 34.87 

DIVALIKE+J+N 4 0.0833 0.2106 1.8222 0 -2.5 -15.46 38.93 

DIVALIKE+X+N 4 0.0073 1.00E-12 0 -2.4984 -2.3896 -12.62 33.25 

DIVALIKE+J+X+N 5 0.0044 1.00E-12 1.7422 -2.5 -2.5 -11.10 32.19 

BAYAREALIKE 2 0.3879 0.7740 0 0 0 -19.17 42.33 

BAYAREALIKE+J 3 0.1401 0.2525 0.2137 0 0 -16.10 38.21 

BAYAREALIKE+X 3 0.2259 0.7677 0 -0.5282 0 -19.05 44.10 

BAYAREALIKE+N 3 0.1228 0.6070 0 0 -2.1678 -19.05 44.11 

BAYAREALIKE+J+X 4 0.0167 0.1229 0.9999 -2.5 0 -14.38 36.76 

BAYAREALIKE+J+N 4 0.0581 0.2359 0.1829 0 -2.5 -14.93 37.87 

BAYAREALIKE+X+N 4 0.2160 0.7555 0 -0.4965 -0.1662 -19.04 46.09 

BAYAREALIKE+J+X+N 5 0.0056 0.1149 0.9999 -2.5 -2.5 -12.89 35.78 
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Table 3.4S. Likelihood-Ratio test results for the clade Arripis. P-values with an asterisk indicate 
rejection of null hypothesis (no significative improvement when adding parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -17.6802 -17.6802 2 3 1 0 1 

DEC DEC+X -17.6802 -9.63293 2 3 1 16.09445 6.03E-05 * 

DEC DEC+N -17.6802 -13.9591 2 3 1 7.44218 0.006371 * 

DEC DEC+J+X -17.6802 -9.63298 2 4 2 16.09437 0.00032 * 

DEC DEC+J+N -17.6802 -13.9591 2 4 2 7.44216 0.024208 * 

DEC DEC+X+N -17.6802 -8.12061 2 4 2 19.1191 7.05E-05 * 

DEC DEC+J+X+N -17.6802 -8.12068 2 5 3 19.11895 0.000258 * 

DEC+J DEC+J+X -17.6802 -9.63298 3 4 1 16.09437 6.03E-05 * 

DEC+J DEC+J+N -17.6802 -13.9591 3 4 1 7.44216 0.006371 * 

DEC+J DEC+J+X+N -17.6802 -8.12068 3 5 2 19.11895 7.05E-05 * 

DEC+X DEC+J+X -9.63293 -9.63298 3 4 1 0 1 

DEC+X DEC+X+N -9.63293 -8.12061 3 4 1 3.024644 0.082008 

DEC+X DEC+J+X+N -9.63293 -8.12068 3 5 2 3.0245 0.220413 

DEC+N DEC+J+N -13.9591 -13.9591 3 4 1 0 1 

DEC+N DEC+X+N -13.9591 -8.12061 3 4 1 11.67692 0.000633 * 

DEC+N DEC+J+X+N -13.9591 -8.12068 3 5 2 11.67677 0.002914 * 

DEC+J+X DEC+J+X+N -9.63298 -8.12068 4 5 1 3.024584 0.082011 

DEC+J+N DEC+J+X+N -13.9591 -8.12068 4 5 1 11.67679 0.000633 * 

DEC+X+N DEC+J+X+N -8.12061 -8.12068 4 5 1 0 1 

DIVALIKE DIVALIKE+J -20.7801 -18.4191 2 3 1 4.7221 0.029777 * 

DIVALIKE DIVALIKE+X -20.7801 -13.4576 2 3 1 14.64502 0.00013 * 

DIVALIKE DIVALIKE+N -20.7801 -16.9015 2 3 1 7.7573 0.00535 * 

DIVALIKE DIVALIKE+J+X -20.7801 -13.4372 2 4 2 14.68582 0.000647 * 

DIVALIKE DIVALIKE+J+N -20.7801 -15.4634 2 4 2 10.63348 0.004909 * 

DIVALIKE DIVALIKE+X+N -20.7801 -12.6229 2 4 2 16.31454 0.000287 * 

DIVALIKE DIVALIKE+J+X+N -20.7801 -11.0953 2 5 3 19.36968 0.000229 * 

DIVALIKE+J DIVALIKE+J+X -18.4191 -13.4372 3 4 1 9.96372 0.001597 * 

DIVALIKE+J DIVALIKE+J+N -18.4191 -15.4634 3 4 1 5.91138 0.015043 * 

DIVALIKE+J DIVALIKE+J+X+N -18.4191 -11.0953 3 5 2 14.64758 0.00066 * 

DIVALIKE+X DIVALIKE+J+X -13.4576 -13.4372 3 4 1 0.0408 0.839924 

DIVALIKE+X DIVALIKE+X+N -13.4576 -12.6229 3 4 1 1.66952 0.196323 

DIVALIKE+X DIVALIKE+J+X+N -13.4576 -11.0953 3 5 2 4.72466 0.0942 

DIVALIKE+N DIVALIKE+J+N -16.9015 -15.4634 3 4 1 2.87618 0.089899 

DIVALIKE+N DIVALIKE+X+N -16.9015 -12.6229 3 4 1 8.55724 0.003442 * 

DIVALIKE+N DIVALIKE+J+X+N -16.9015 -11.0953 3 5 2 11.61238 0.003009 * 

DIVALIKE+J+X DIVALIKE+J+X+N -13.4372 -11.0953 4 5 1 4.68386 0.030447 * 

DIVALIKE+J+N DIVALIKE+J+X+N -15.4634 -11.0953 4 5 1 8.7362 0.00312 * 

DIVALIKE+X+N DIVALIKE+J+X+N -12.6229 -11.0953 4 5 1 3.05514 0.080482 

BAYAREALIKE BAYAREALIKE+J -19.1669 -16.1028 2 3 1 6.12816 0.013305 * 

BAYAREALIKE BAYAREALIKE+X -19.1669 -19.0488 2 3 1 0.23632 0.626877 

BAYAREALIKE BAYAREALIKE+N -19.1669 -19.0549 2 3 1 0.22404 0.635979 

BAYAREALIKE BAYAREALIKE+J+X -19.1669 -14.3813 2 4 2 9.57124 0.008349 * 

BAYAREALIKE BAYAREALIKE+J+N -19.1669 -14.9331 2 4 2 8.4677 0.014496 * 

BAYAREALIKE BAYAREALIKE+X+N -19.1669 -19.0444 2 4 2 0.2451 0.884662 

BAYAREALIKE BAYAREALIKE+J+X+N -19.1669 -12.8907 2 5 3 12.55246 0.005712 

BAYAREALIKE+J BAYAREALIKE+J+X -16.1028 -14.3813 3 4 1 3.44308 0.063517 

BAYAREALIKE+J BAYAREALIKE+J+N -16.1028 -14.9331 3 4 1 2.33954 0.126127 

BAYAREALIKE+J BAYAREALIKE+J+X+N -16.1028 -12.8907 3 5 2 6.4243 0.04027 * 

BAYAREALIKE+X BAYAREALIKE+J+X -19.0488 -14.3813 3 4 1 9.33492 0.002248 * 

BAYAREALIKE+X BAYAREALIKE+X+N -19.0488 -19.0444 3 4 1 0.00878 0.925346 

BAYAREALIKE+X BAYAREALIKE+J+X+N -19.0488 -12.8907 3 5 2 12.31614 0.002116 * 

BAYAREALIKE+N BAYAREALIKE+J+N -19.0549 -14.9331 3 4 1 8.24366 0.004089 * 

BAYAREALIKE+N BAYAREALIKE+X+N -19.0549 -19.0444 3 4 1 0.02106 0.884616 

BAYAREALIKE+N BAYAREALIKE+J+X+N -19.0549 -12.8907 3 5 2 12.32842 0.002103 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -14.3813 -12.8907 4 5 1 2.98122 0.084236 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -14.9331 -12.8907 4 5 1 4.08476 0.043272 * 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -19.0444 -12.8907 4 5 1 12.30736 0.000451 * 
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Table 3.5S. Parameter estimates, log-likelihood values (LnL), and model selection score for each 
of the 24 models assessed for the clade Scorpis (sample size=4). The model selection score 
selected was AIC as the sample size of the genus was too small to calculate AICc scores for 
models with three or more free parameters. Bold italicized row indicates the best-fitting model 
based on AIC and LRT results. 

Biogeographic model Free parameters d e j x n LnL AIC 

DEC 2 0.0540 0.0394 0 0 0 -15.79 35.58 

DEC+J 3 0.0535 0.0406 0.8324 0 0 -15.73 37.47 

DEC+X 3 0.0044 1.00E-12 0 -2.0185 0 -12.15 30.30 

DEC+N 3 0.0197 0.0292 0 0 -2.5 -14.39 34.78 

DEC+J+X 4 0.0044 1.00E-12 0.0001 -2.0185 0 -12.15 32.30 

DEC+J+N 4 0.0198 0.0324 0.9070 0 -2.5 -14.36 36.73 

DEC+X+N 4 0.0044 1.00E-12 0 -2.0185 0.0000 -12.15 32.30 

DEC+J+X+N 5 0.0044 1.00E-12 0.0001 -2.0185 0.0000 -12.15 34.30 

DIVALIKE 2 0.0647 0.0486 0 0 0 -16.21 36.43 

DIVALIKE+J 3 0.0537 0.0453 1.9999 0 0 -15.72 37.43 

DIVALIKE+X 3 0.0066 1.00E-12 0 -1.8940 0 -12.94 31.88 

DIVALIKE+N 3 0.0239 0.0375 0 0 -2.5 -14.78 35.56 

DIVALIKE+J+X 4 0.0033 1.00E-12 1.9999 -2.4562 0 -12.02 32.03 

DIVALIKE+J+N 4 0.0217 0.0400 1.9999 0 -2.5 -14.31 36.63 

DIVALIKE+X+N 4 0.0066 1.00E-12 0 -1.8940 0.0000 -12.94 33.88 

DIVALIKE+J+X+N 5 0.0033 1.00E-12 1.9999 -2.4562 0.0000 -12.02 34.03 

BAYAREALIKE 2 0.0495 0.0708 0 0 0 -15.46 34.92 

BAYAREALIKE+J 3 0.0307 0.0315 0.2075 0 0 -14.54 35.07 

BAYAREALIKE+X 3 0.0204 0.0663 0 -0.9029 0 -14.96 35.92 

BAYAREALIKE+N 3 0.0278 0.0677 0 0 -1.6380 -14.71 35.42 

BAYAREALIKE+J+X 4 0.0112 3.08E-02 0.1497 -1.1860 0 -13.74 35.48 

BAYAREALIKE+J+N 4 0.0118 0.0293 0.0814 0 -2.5 -13.53 35.07 

BAYAREALIKE+X+N 4 0.0189 0.0659 0 -0.0002 -2.5 -14.45 36.90 

BAYAREALIKE+J+X+N 5 0.0029 1.00E-12 0.9999 -2.4999 -0.4407 -12.42 34.84 
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Table 3.6S. Likelihood-Ratio test results for the clade Scorpis. P-values with an asterisk indicate 
rejection of null hypothesis (no significative improvement when adding parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -15.7904 -15.7333 2 3 1 0.11428 0.735323 

DEC DEC+X -15.7904 -12.1524 2 3 1 7.27598 0.006988 * 

DEC DEC+N -15.7904 -14.3893 2 3 1 2.80224 0.094133 

DEC DEC+J+X -15.7904 -12.1525 2 4 2 7.27586 0.026307 * 

DEC DEC+J+N -15.7904 -14.3636 2 4 2 2.8536 0.240076 

DEC DEC+X+N -15.7904 -12.1524 2 4 2 7.27598 0.026305 * 

DEC DEC+J+X+N -15.7904 -12.1525 2 5 3 7.27586 0.063606 * 

DEC+J DEC+J+X -15.7333 -12.1525 3 4 1 7.16158 0.007448 * 

DEC+J DEC+J+N -15.7333 -14.3636 3 4 1 2.73932 0.097906 

DEC+J DEC+J+X+N -15.7333 -12.1525 3 5 2 7.16158 0.027854 * 

DEC+X DEC+J+X -12.1524 -12.1525 3 4 1 0 1 

DEC+X DEC+X+N -12.1524 -12.1524 3 4 1 0 1 

DEC+X DEC+J+X+N -12.1524 -12.1525 3 5 2 0 1 

DEC+N DEC+J+N -14.3893 -14.3636 3 4 1 0.05136 0.820713 

DEC+N DEC+X+N -14.3893 -12.1524 3 4 1 4.47374 0.03442 * 

DEC+N DEC+J+X+N -14.3893 -12.1525 3 5 2 4.47362 0.106799 

DEC+J+X DEC+J+X+N -12.1525 -12.1525 4 5 1 0 1 

DEC+J+N DEC+J+X+N -14.3636 -12.1525 4 5 1 4.42226 0.035473 * 

DEC+X+N DEC+J+X+N -12.1524 -12.1525 4 5 1 0 1 

DIVALIKE DIVALIKE+J -16.2145 -15.7161 2 3 1 0.99694 0.318052 

DIVALIKE DIVALIKE+X -16.2145 -12.9387 2 3 1 6.55162 0.010479 * 

DIVALIKE DIVALIKE+N -16.2145 -14.7813 2 3 1 2.86648 0.090442 

DIVALIKE DIVALIKE+J+X -16.2145 -12.0172 2 4 2 8.39468 0.015036 * 

DIVALIKE DIVALIKE+J+N -16.2145 -14.3136 2 4 2 3.8019 0.149427 

DIVALIKE DIVALIKE+X+N -16.2145 -12.9387 2 4 2 6.55162 0.037786 * 

DIVALIKE DIVALIKE+J+X+N -16.2145 -12.0172 2 5 3 8.39468 0.038522 * 

DIVALIKE+J DIVALIKE+J+X -15.7161 -12.0172 3 4 1 7.39774 0.006531 * 

DIVALIKE+J DIVALIKE+J+N -15.7161 -14.3136 3 4 1 2.80496 0.093973 

DIVALIKE+J DIVALIKE+J+X+N -15.7161 -12.0172 3 5 2 7.39774 0.024751 * 

DIVALIKE+X DIVALIKE+J+X -12.9387 -12.0172 3 4 1 1.84306 0.174593 

DIVALIKE+X DIVALIKE+X+N -12.9387 -12.9387 3 4 1 0 1 

DIVALIKE+X DIVALIKE+J+X+N -12.9387 -12.0172 3 5 2 1.84306 0.39791 

DIVALIKE+N DIVALIKE+J+N -14.7813 -14.3136 3 4 1 0.93542 0.333458 

DIVALIKE+N DIVALIKE+X+N -14.7813 -12.9387 3 4 1 3.68514 0.054899 

DIVALIKE+N DIVALIKE+J+X+N -14.7813 -12.0172 3 5 2 5.5282 0.063033 

DIVALIKE+J+X DIVALIKE+J+X+N -12.0172 -12.0172 4 5 1 0 1 

DIVALIKE+J+N DIVALIKE+J+X+N -14.3136 -12.0172 4 5 1 4.59278 0.032107 * 

DIVALIKE+X+N DIVALIKE+J+X+N -12.9387 -12.0172 4 5 1 1.84306 0.174593 

BAYAREALIKE BAYAREALIKE+J -15.4592 -14.537 2 3 1 1.84432 0.174445 

BAYAREALIKE BAYAREALIKE+X -15.4592 -14.9613 2 3 1 0.99578 0.318334 

BAYAREALIKE BAYAREALIKE+N -15.4592 -14.7098 2 3 1 1.49868 0.220875 

BAYAREALIKE BAYAREALIKE+J+X -15.4592 -13.7404 2 4 2 3.4375 0.17929 

BAYAREALIKE BAYAREALIKE+J+N -15.4592 -13.5349 2 4 2 3.84856 0.145981 

BAYAREALIKE BAYAREALIKE+X+N -15.4592 -14.4517 2 4 2 2.01488 0.365153 

BAYAREALIKE BAYAREALIKE+J+X+N -15.4592 -12.4183 2 5 3 6.0817 0.107702 

BAYAREALIKE+J BAYAREALIKE+J+X -14.537 -13.7404 3 4 1 1.59318 0.206872 

BAYAREALIKE+J BAYAREALIKE+J+N -14.537 -13.5349 3 4 1 2.00424 0.15686 

BAYAREALIKE+J BAYAREALIKE+J+X+N -14.537 -12.4183 3 5 2 4.23738 0.120189 

BAYAREALIKE+X BAYAREALIKE+J+X -14.9613 -13.7404 3 4 1 2.44172 0.118147 

BAYAREALIKE+X BAYAREALIKE+X+N -14.9613 -14.4517 3 4 1 1.0191 0.312733 

BAYAREALIKE+X BAYAREALIKE+J+X+N -14.9613 -12.4183 3 5 2 5.08592 0.078633 

BAYAREALIKE+N BAYAREALIKE+J+N -14.7098 -13.5349 3 4 1 2.34988 0.125293 

BAYAREALIKE+N BAYAREALIKE+X+N -14.7098 -14.4517 3 4 1 0.5162 0.472467 

BAYAREALIKE+N BAYAREALIKE+J+X+N -14.7098 -12.4183 3 5 2 4.58302 0.101114 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -13.7404 -12.4183 4 5 1 2.6442 0.103928 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -13.5349 -12.4183 4 5 1 2.23314 0.135079 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -14.4517 -12.4183 4 5 1 4.06682 0.043734 * 
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Table 3.7S. Parameter estimates, log-likelihood values (LnL), and model selection score for each 
of the 24 models assessed for the clade Atypichthys-Microcanthus (sample size=6). The model 
selection score selected was AIC as the sample size of the genus was too small to calculate AICc 
scores for models with five free parameters. Bold italicized row indicates the best-fitting model 
based on AIC and LRT results. 

Biogeographic model Free parameters d e j x n LnL AIC 

DEC 2 0.0232 9.54E-09 0 0 0 -29.53 63.06 

DEC+J 3 0.0232 1.00E-12 1.00E-05 0 0 -29.53 65.06 

DEC+X 3 0.0011 1.00E-12 0 -2.1854 0 -17.17 40.34 

DEC+N 3 0.0040 9.24E-09 0 0 -2.5 -26.19 58.38 

DEC+J+X 4 0.0008 1.00E-12 0.0023 -2.3736 0 -16.61 41.22 

DEC+J+N 4 0.0040 9.24E-09 0.0001 0 -2.5 -26.19 60.38 

DEC+X+N 4 0.0003 1.00E-12 0 -2.5 -0.7383 -16.61 41.23 

DEC+J+X+N 5 0.0004 1.00E-12 0.0017 -2.4772 -0.6715 -16.24 42.49 

DIVALIKE 2 0.0262 1.00E-12 0 0 0 -28.02 60.03 

DIVALIKE+J 3 0.0262 1.00E-12 1.00E-05 0 0 -28.02 62.03 

DIVALIKE+X 3 0.0012 1.00E-12 0 -2.2280 0 -18.09 42.18 

DIVALIKE+N 3 0.0046 1.00E-12 0 0 -2.4933 -24.87 55.75 

DIVALIKE+J+X 4 0.0008 1.00E-12 0.0002 -2.4103 0 -18.05 44.09 

DIVALIKE+J+N 4 0.0045 1.00E-12 0.0017 0 -2.4933 -24.86 57.72 

DIVALIKE+X+N 4 0.0008 1.00E-12 0 -2.3847 -0.1686 -18.02 44.03 

DIVALIKE+J+X+N 5 0.0011 1.00E-12 0.0004 -2.0685 -0.4653 -17.96 45.91 

BAYAREALIKE 2 0.1062 0.2466 0 0 0 -31.10 66.20 

BAYAREALIKE+J 3 0.0488 0.0909 0.9999 0 0 -30.58 67.15 

BAYAREALIKE+X 3 0.0049 0.1112 0 -1.6053 0 -27.90 61.80 

BAYAREALIKE+N 3 0.0333 0.2058 0 0 -1.2061 -30.90 67.80 

BAYAREALIKE+J+X 4 0.0008 0.0231 0.5920 -2.5 0 -19.65 47.29 

BAYAREALIKE+J+N 4 0.0159 0.0729 0.9126 0 -1.4653 -29.44 66.88 

BAYAREALIKE+X+N 4 0.0027 0.1056 0 -1.4816 -1.1136 -27.22 62.45 

BAYAREALIKE+J+X+N 5 0.0008 0.0231 0.9997 -2.5 -0.0402 -19.60 49.21 
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Table 3.8S. Likelihood-Ratio test results for the clade Atypichthys-Microcanthus. P-values with 
an asterisk indicate rejection of null hypothesis (no significative improvement when adding 
parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -29.5305 -29.5306 2 3 1 0 1 

DEC DEC+X -29.5305 -17.1715 2 3 1 24.71804 6.64E-07 * 

DEC DEC+N -29.5305 -26.1902 2 3 1 6.68052 0.009747 * 

DEC DEC+J+X -29.5305 -16.6079 2 4 2 25.84512 2.44E-06 * 

DEC DEC+J+N -29.5305 -26.1895 2 4 2 6.68202 0.035401 * 

DEC DEC+X+N -29.5305 -16.613 2 4 2 25.835 2.45E-06 * 

DEC DEC+J+X+N -29.5305 -16.2435 2 5 3 26.57392 7.23E-06 * 

DEC+J DEC+J+X -29.5306 -16.6079 3 4 1 25.84532 3.7E-07 * 

DEC+J DEC+J+N -29.5306 -26.1895 3 4 1 6.68222 0.009738 * 

DEC+J DEC+J+X+N -29.5306 -16.2435 3 5 2 26.57412 1.7E-06 * 

DEC+X DEC+J+X -17.1715 -16.6079 3 4 1 1.12708 0.288399 

DEC+X DEC+X+N -17.1715 -16.613 3 4 1 1.11696 0.290574 

DEC+X DEC+J+X+N -17.1715 -16.2435 3 5 2 1.85588 0.395367 

DEC+N DEC+J+N -26.1902 -26.1895 3 4 1 0.0015 0.969106 

DEC+N DEC+X+N -26.1902 -16.613 3 4 1 19.15448 1.21E-05 * 

DEC+N DEC+J+X+N -26.1902 -16.2435 3 5 2 19.8934 4.79E-05 * 

DEC+J+X DEC+J+X+N -16.6079 -16.2435 4 5 1 0.7288 0.393272 

DEC+J+N DEC+J+X+N -26.1895 -16.2435 4 5 1 19.8919 8.19E-06 * 

DEC+X+N DEC+J+X+N -16.613 -16.2435 4 5 1 0.73892 0.390007 

DIVALIKE DIVALIKE+J -28.0167 -28.0167 2 3 1 0 1 

DIVALIKE DIVALIKE+X -28.0167 -18.089 2 3 1 19.8554 8.35E-06 * 

DIVALIKE DIVALIKE+N -28.0167 -24.874 2 3 1 6.2853 0.012174 * 

DIVALIKE DIVALIKE+J+X -28.0167 -18.0463 2 4 2 19.94074 4.68E-05 * 

DIVALIKE DIVALIKE+J+N -28.0167 -24.8587 2 4 2 6.31582 0.042515 * 

DIVALIKE DIVALIKE+X+N -28.0167 -18.0166 2 4 2 20.00006 4.54E-05 * 

DIVALIKE DIVALIKE+J+X+N -28.0167 -17.9569 2 5 3 20.11948 0.00016 * 

DIVALIKE+J DIVALIKE+J+X -28.0167 -18.0463 3 4 1 19.94092 7.99E-06 * 

DIVALIKE+J DIVALIKE+J+N -28.0167 -24.8587 3 4 1 6.316 0.011965 * 

DIVALIKE+J DIVALIKE+J+X+N -28.0167 -17.9569 3 5 2 20.11966 4.28E-05 * 

DIVALIKE+X DIVALIKE+J+X -18.089 -18.0463 3 4 1 0.08534 0.770187 

DIVALIKE+X DIVALIKE+X+N -18.089 -18.0166 3 4 1 0.14466 0.703692 

DIVALIKE+X DIVALIKE+J+X+N -18.089 -17.9569 3 5 2 0.26408 0.876306 

DIVALIKE+N DIVALIKE+J+N -24.874 -24.8587 3 4 1 0.03052 0.861316 

DIVALIKE+N DIVALIKE+X+N -24.874 -18.0166 3 4 1 13.71476 0.000213 * 

DIVALIKE+N DIVALIKE+J+X+N -24.874 -17.9569 3 5 2 13.83418 0.000991 * 

DIVALIKE+J+X DIVALIKE+J+X+N -18.0463 -17.9569 4 5 1 0.17874 0.672458 

DIVALIKE+J+N DIVALIKE+J+X+N -24.8587 -17.9569 4 5 1 13.80366 0.000203 * 

DIVALIKE+X+N DIVALIKE+J+X+N -18.0166 -17.9569 4 5 1 0.11942 0.729664 

BAYAREALIKE BAYAREALIKE+J -31.1017 -30.5762 2 3 1 1.0511 0.305254 

BAYAREALIKE BAYAREALIKE+X -31.1017 -27.9006 2 3 1 6.4022 0.011398 * 

BAYAREALIKE BAYAREALIKE+N -31.1017 -30.8986 2 3 1 0.40614 0.523935 

BAYAREALIKE BAYAREALIKE+J+X -31.1017 -19.6465 2 4 2 22.91048 1.06E-05 * 

BAYAREALIKE BAYAREALIKE+J+N -31.1017 -29.4408 2 4 2 3.32192 0.189957 

BAYAREALIKE BAYAREALIKE+X+N -31.1017 -27.2241 2 4 2 7.75514 0.020701 * 

BAYAREALIKE BAYAREALIKE+J+X+N -31.1017 -19.6029 2 5 3 22.99764 4.04E-05 * 

BAYAREALIKE+J BAYAREALIKE+J+X -30.5762 -19.6465 3 4 1 21.85938 2.93E-06 * 

BAYAREALIKE+J BAYAREALIKE+J+N -30.5762 -29.4408 3 4 1 2.27082 0.13183 

BAYAREALIKE+J BAYAREALIKE+J+X+N -30.5762 -19.6029 3 5 2 21.94654 1.72E-05 * 

BAYAREALIKE+X BAYAREALIKE+J+X -27.9006 -19.6465 3 4 1 16.50828 4.84E-05 * 

BAYAREALIKE+X BAYAREALIKE+X+N -27.9006 -27.2241 3 4 1 1.35294 0.244765 

BAYAREALIKE+X BAYAREALIKE+J+X+N -27.9006 -19.6029 3 5 2 16.59544 0.000249 * 

BAYAREALIKE+N BAYAREALIKE+J+N -30.8986 -29.4408 3 4 1 2.91578 0.087717 

BAYAREALIKE+N BAYAREALIKE+X+N -30.8986 -27.2241 3 4 1 7.349 0.00671 * 

BAYAREALIKE+N BAYAREALIKE+J+X+N -30.8986 -19.6029 3 5 2 22.5915 1.24E-05 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -19.6465 -19.6029 4 5 1 0.08716 0.767819 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -29.4408 -19.6029 4 5 1 19.67572 9.18E-06 * 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -27.2241 -19.6029 4 5 1 15.2425 9.46E-05 * 
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Table 3.9S. Parameter estimates, log-likelihood values (LnL), and model selection score for each 
of the 24 models assessed for the clade Kathetostoma (sample size=7). Bold italicized row 
indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0353 0.0398 0 0 0 -26.57 60.14 

DEC+J 3 0.0170 0.0069 0.6365 0 0 -24.67 63.34 

DEC+X 3 0.0013 0.0029 0 -1.3776 0 -22.01 58.02 

DEC+N 3 0.0353 0.0398 0 0 0.0000 -26.57 67.14 

DEC+J+X 4 0.0008 1.00E-12 0.0724 -1.4549 0 -18.28 64.56 

DEC+J+N 4 0.0169 0.0068 0.6607 0 0.0000 -24.67 77.33 

DEC+X+N 4 0.0007 1.00E-12 0 -1.6019 0.0000 -21.94 71.89 

DEC+J+X+N 5 0.0008 1.00E-12 0.0724 -1.4549 0.0000 -18.28 106.56 

DIVALIKE 2 0.0302 0.0188 0 0 0 -25.58 58.15 

DIVALIKE+J 3 0.0171 2.33E-07 0.2037 0 0 -24.30 62.59 

DIVALIKE+X  3 0.0015 1.00E-12 0 -1.3653 0 -19.91 53.82 

DIVALIKE+N 3 0.0302 0.0188 0 0 0.0000 -25.58 65.15 

DIVALIKE+J+X 4 0.0008 1.00E-12 0.0199 -1.5052 0 -17.62 63.24 

DIVALIKE+J+N 4 0.0171 1.00E-12 0.2032 0 0.0000 -24.30 76.59 

DIVALIKE+X+N 4 0.0015 1.00E-12 0 -1.3653 0.0000 -19.91 67.82 

DIVALIKE+J+X+N 5 0.0004 1.00E-12 0.0115 -1.7999 0.0000 -17.51 105.03 

BAYAREALIKE 2 0.0518 0.1137 0 0 0 -27.00 61.01 

BAYAREALIKE+J 3 0.0072 1.00E-12 0.2029 0 0 -22.86 59.71 

BAYAREALIKE+X 3 0.0053 0.1062 0 -1.0986 0 -23.97 61.94 

BAYAREALIKE+N 3 0.0510 0.1137 0 0 -0.0299 -27.00 68.00 

BAYAREALIKE+J+X 4 0.0009 1.00E-12 0.0495 -1.1495 0 -18.25 64.51 

BAYAREALIKE+J+N 4 0.0072 1.00E-12 0.2031 0 0.0000 -22.86 73.71 

BAYAREALIKE+X+N 4 0.0049 0.1058 0 -1.1306 0.0000 -23.96 75.92 

BAYAREALIKE+J+X+N 5 0.0006 1.00E-12 0.0357 -1.3619 0.0000 -18.02 106.05 
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Table 3.10S. Likelihood-Ratio test results for the clade Kathetostoma. P-values with an asterisk 
indicate rejection of null hypothesis (no significative improvement when adding parameters) at 
p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -26.57 -24.6676 2 3 1 3.80476 0.051107 

DEC DEC+X -26.57 -22.0104 2 3 1 9.11918 0.002529 * 

DEC DEC+N -26.57 -26.57 2 3 1 0 1 

DEC DEC+J+X -26.57 -18.2812 2 4 2 16.57764 0.000251 * 

DEC DEC+J+N -26.57 -24.6671 2 4 2 3.80576 0.149138 

DEC DEC+X+N -26.57 -21.9443 2 4 2 9.25136 0.009797 * 

DEC DEC+J+X+N -26.57 -18.2812 2 5 3 16.57764 0.000863 * 

DEC+J DEC+J+X -24.6676 -18.2812 3 4 1 12.77288 0.000352 * 

DEC+J DEC+J+N -24.6676 -24.6671 3 4 1 0.001 0.974773 

DEC+J DEC+J+X+N -24.6676 -18.2812 3 5 2 12.77288 0.001684 * 

DEC+X DEC+J+X -22.0104 -18.2812 3 4 1 7.45846 0.006314 * 

DEC+X DEC+X+N -22.0104 -21.9443 3 4 1 0.13218 0.716182 

DEC+X DEC+J+X+N -22.0104 -18.2812 3 5 2 7.45846 0.024011 * 

DEC+N DEC+J+N -26.57 -24.6671 3 4 1 3.80576 0.051077 

DEC+N DEC+X+N -26.57 -21.9443 3 4 1 9.25136 0.002353 * 

DEC+N DEC+J+X+N -26.57 -18.2812 3 5 2 16.57764 0.000251 * 

DEC+J+X DEC+J+X+N -18.2812 -18.2812 4 5 1 0 1 

DEC+J+N DEC+J+X+N -24.6671 -18.2812 4 5 1 12.77188 0.000352 * 

DEC+X+N DEC+J+X+N -21.9443 -18.2812 4 5 1 7.32628 0.006795 * 

DIVALIKE DIVALIKE+J -25.5767 -24.2965 2 3 1 2.56042 0.109569 

DIVALIKE DIVALIKE+X -25.5767 -19.9108 2 3 1 11.3318 0.000762 * 

DIVALIKE DIVALIKE+N -25.5767 -25.5767 2 3 1 0 1 

DIVALIKE DIVALIKE+J+X -25.5767 -17.6197 2 4 2 15.91386 0.00035 * 

DIVALIKE DIVALIKE+J+N -25.5767 -24.2965 2 4 2 2.56042 0.277979 

DIVALIKE DIVALIKE+X+N -25.5767 -19.9108 2 4 2 11.3318 0.003462 * 

DIVALIKE DIVALIKE+J+X+N -25.5767 -17.5127 2 5 3 16.12798 0.001067 * 

DIVALIKE+J DIVALIKE+J+X -24.2965 -17.6197 3 4 1 13.35344 0.000258 * 

DIVALIKE+J DIVALIKE+J+N -24.2965 -24.2965 3 4 1 0 1 

DIVALIKE+J DIVALIKE+J+X+N -24.2965 -17.5127 3 5 2 13.56756 0.001132 * 

DIVALIKE+X DIVALIKE+J+X -19.9108 -17.6197 3 4 1 4.58206 0.032308 * 

DIVALIKE+X DIVALIKE+X+N -19.9108 -19.9108 3 4 1 0 1 

DIVALIKE+X DIVALIKE+J+X+N -19.9108 -17.5127 3 5 2 4.79618 0.090891 

DIVALIKE+N DIVALIKE+J+N -25.5767 -24.2965 3 4 1 2.56042 0.109569 

DIVALIKE+N DIVALIKE+X+N -25.5767 -19.9108 3 4 1 11.3318 0.000762 * 

DIVALIKE+N DIVALIKE+J+X+N -25.5767 -17.5127 3 5 2 16.12798 0.000315 * 

DIVALIKE+J+X DIVALIKE+J+X+N -17.6197 -17.5127 4 5 1 0.21412 0.643557 

DIVALIKE+J+N DIVALIKE+J+X+N -24.2965 -17.5127 4 5 1 13.56756 0.00023 * 

DIVALIKE+X+N DIVALIKE+J+X+N -19.9108 -17.5127 4 5 1 4.79618 0.028523 * 

BAYAREALIKE BAYAREALIKE+J -27.0036 -22.8573 2 3 1 8.29256 0.003981 * 

BAYAREALIKE BAYAREALIKE+X -27.0036 -23.9683 2 3 1 6.0705 0.013746 * 

BAYAREALIKE BAYAREALIKE+N -27.0036 -27.0007 2 3 1 0.00568 0.939924 

BAYAREALIKE BAYAREALIKE+J+X -27.0036 -18.2531 2 4 2 17.50096 0.000158 * 

BAYAREALIKE BAYAREALIKE+J+N -27.0036 -22.8573 2 4 2 8.29256 0.015823 * 

BAYAREALIKE BAYAREALIKE+X+N -27.0036 -23.962 2 4 2 6.0831 0.047761 * 

BAYAREALIKE BAYAREALIKE+J+X+N -27.0036 -18.0225 2 5 3 17.9621 0.000448 * 

BAYAREALIKE+J BAYAREALIKE+J+X -22.8573 -18.2531 3 4 1 9.2084 0.002409 * 

BAYAREALIKE+J BAYAREALIKE+J+N -22.8573 -22.8573 3 4 1 0 1 

BAYAREALIKE+J BAYAREALIKE+J+X+N -22.8573 -18.0225 3 5 2 9.66954 0.007949 * 

BAYAREALIKE+X BAYAREALIKE+J+X -23.9683 -18.2531 3 4 1 11.43046 0.000722 * 

BAYAREALIKE+X BAYAREALIKE+X+N -23.9683 -23.962 3 4 1 0.0126 0.910625 

BAYAREALIKE+X BAYAREALIKE+J+X+N -23.9683 -18.0225 3 5 2 11.8916 0.002617 * 

BAYAREALIKE+N BAYAREALIKE+J+N -27.0007 -22.8573 3 4 1 8.28688 0.003993 * 

BAYAREALIKE+N BAYAREALIKE+X+N -27.0007 -23.962 3 4 1 6.07742 0.013692 * 

BAYAREALIKE+N BAYAREALIKE+J+X+N -27.0007 -18.0225 3 5 2 17.95642 0.000126 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -18.2531 -18.0225 4 5 1 0.46114 0.497092 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -22.8573 -18.0225 4 5 1 9.66954 0.001873 * 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -23.962 -18.0225 4 5 1 11.879 0.000568 * 
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Table 3.11S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Nemadactylus (sample size=8). Bold italicized row 
indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0456 0.0000 0 0 0 -37.59 81.58 

DEC+J 3 0.0385 1.00E-12 1.5951 0 0 -35.11 82.23 

DEC+X 3 0.0085 1.00E-12 0 -0.7329 0 -35.57 83.15 

DEC+N 3 0.0187 1.00E-12 0 0 -2.5 -34.26 80.52 

DEC+J+X 4 0.0099 1.00E-12 0.4246 -0.6174 0 -33.55 88.44 

DEC+J+N 4 0.0171 1.00E-12 0.6117 0 -2.5 -31.85 85.04 

DEC+X+N 4 0.0078 1.00E-12 0 -0.3851 -2.5 -33.40 88.13 

DEC+J+X+N 5 0.0078 1.00E-12 0.2630 -0.3532 -2.5 -31.09 102.19 

DIVALIKE 2 0.0503 1.00E-12 0 0 0 -40.34 87.08 

DIVALIKE+J 3 0.0369 1.00E-12 1.0843 0 0 -35.63 83.26 

DIVALIKE+X 3 0.0216 1.00E-12 0 -0.4037 0 -39.62 91.25 

DIVALIKE+N 3 0.0208 1.00E-12 0 0 -2.5 -37.01 86.03 

DIVALIKE+J+X 4 0.0143 1.00E-12 0.6939 -0.4312 0 -34.45 90.23 

DIVALIKE+J+N 4 0.0160 1.00E-12 0.4764 0 -2.5 -32.68 86.69 

DIVALIKE+X+N 4 0.0144 1.00E-12 0 -0.1817 -2.5 -36.81 94.94 

DIVALIKE+J+X+N 5 0.0089 1.00E-12 0.3143 -0.2636 -2.5 -32.16 104.32 

BAYAREALIKE 2 0.3657 0.7260 0 0 0 -50.70 107.79 

BAYAREALIKE+J 3 0.0451 0.0567 0.9999 0 0 -36.28 84.56 

BAYAREALIKE+X 3 0.1825 0.6777 0 -0.3026 0 -50.24 112.49 

BAYAREALIKE+N 3 0.3693 0.7293 0 0 0.0000 -50.70 113.39 

BAYAREALIKE+J+X 4 0.0177 0.0463 0.9999 -0.4016 0 -35.23 91.80 

BAYAREALIKE+J+N 4 0.0158 0.0317 0.9999 0 -2.4999 -34.19 89.71 

BAYAREALIKE+X+N 4 0.1822 0.6771 0 -0.3029 0.0000 -50.24 121.82 

BAYAREALIKE+J+X+N 5 0.0091 0.0310 0.9999 -0.2792 -2.3808 -33.68 107.36 
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Table 3.12S. Likelihood-Ratio test results for the clade Nemadactylus. P-values with an asterisk 
indicate rejection of null hypothesis (no significative improvement when adding parameters) at 
p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 
DEC DEC+J -37.5901 -35.11467 2 3 1 4.95086 0.026077693 * 
DEC DEC+X -37.5901 -35.57414 2 3 1 4.03192 0.044647102 * 
DEC DEC+N -37.5901 -34.25932 2 3 1 6.66156 0.009851464 * 
DEC DEC+J+X -37.5901 -33.55278 2 4 2 8.07464 0.017644697 * 
DEC DEC+J+N -37.5901 -31.85416 2 4 2 11.47188 0.003227847 * 
DEC DEC+X+N -37.5901 -33.40069 2 4 2 8.37882 0.015155224 * 
DEC DEC+J+X+N -37.5901 -31.0941 2 5 3 12.992 0.004653938 * 
DEC+J DEC+J+X -35.11467 -33.55278 3 4 1 3.12378 0.077157606 
DEC+J DEC+J+N -35.11467 -31.85416 3 4 1 6.52102 0.010660684 * 
DEC+J DEC+J+X+N -35.11467 -31.0941 3 5 2 8.04114 0.017942735 * 
DEC+X DEC+J+X -35.57414 -33.55278 3 4 1 4.04272 0.044362266 * 
DEC+X DEC+X+N -35.57414 -33.40069 3 4 1 4.3469 0.037076376 * 
DEC+X DEC+J+X+N -35.57414 -31.0941 3 5 2 8.96008 0.01133296 * 
DEC+N DEC+J+N -34.25932 -31.85416 3 4 1 4.81032 0.028289792 * 
DEC+N DEC+X+N -34.25932 -33.40069 3 4 1 1.71726 0.190046125 
DEC+N DEC+J+X+N -34.25932 -31.0941 3 5 2 6.33044 0.042204856 * 
DEC+J+X DEC+J+X+N -33.55278 -31.0941 4 5 1 4.91736 0.026588116 * 
DEC+J+N DEC+J+X+N -31.85416 -31.0941 4 5 1 1.52012 0.217601335 
DEC+X+N DEC+J+X+N -33.40069 -31.0941 4 5 1 4.61318 0.031727146 * 
DIVALIKE DIVALIKE+J -40.33964 -35.62817 2 3 1 9.42294 0.002142877 * 
DIVALIKE DIVALIKE+X -40.33964 -39.62359 2 3 1 1.4321 0.231422023 
DIVALIKE DIVALIKE+N -40.33964 -37.01401 2 3 1 6.65126 0.009908573 * 
DIVALIKE DIVALIKE+J+X -40.33964 -34.44601 2 4 2 11.78726 0.002756951 * 
DIVALIKE DIVALIKE+J+N -40.33964 -32.67665 2 4 2 15.32598 0.0004699 * 
DIVALIKE DIVALIKE+X+N -40.33964 -36.8056 2 4 2 7.06808 0.029186763 * 
DIVALIKE DIVALIKE+J+X+N -40.33964 -32.15921 2 5 3 16.36086 0.00095627 * 
DIVALIKE+J DIVALIKE+J+X -35.62817 -34.44601 3 4 1 2.36432 0.124137996 
DIVALIKE+J DIVALIKE+J+N -35.62817 -32.67665 3 4 1 5.90304 0.015114775 * 
DIVALIKE+J DIVALIKE+J+X+N -35.62817 -32.15921 3 5 2 6.93792 0.031149409 * 
DIVALIKE+X DIVALIKE+J+X -39.62359 -34.44601 3 4 1 10.35516 0.001291133 * 
DIVALIKE+X DIVALIKE+X+N -39.62359 -36.8056 3 4 1 5.63598 0.017595507 * 
DIVALIKE+X DIVALIKE+J+X+N -39.62359 -32.15921 3 5 2 14.92876 0.00057314 * 
DIVALIKE+N DIVALIKE+J+N -37.01401 -32.67665 3 4 1 8.67472 0.003226544 * 
DIVALIKE+N DIVALIKE+X+N -37.01401 -36.8056 3 4 1 0.41682 0.518528083 
DIVALIKE+N DIVALIKE+J+X+N -37.01401 -32.15921 3 5 2 9.7096 0.007790891 * 
DIVALIKE+J+X DIVALIKE+J+X+N -34.44601 -32.15921 4 5 1 4.5736 0.032468266 * 
DIVALIKE+J+N DIVALIKE+J+X+N -32.67665 -32.15921 4 5 1 1.03488 0.309015246 
DIVALIKE+X+N DIVALIKE+J+X+N -36.8056 -32.15921 4 5 1 9.29278 0.002300588 * 
BAYAREALIKE BAYAREALIKE+J -50.69599 -36.27845 2 3 1 28.83508 7.88107E-08 * 
BAYAREALIKE BAYAREALIKE+X -50.69599 -50.24485 2 3 1 0.90228 0.342171094 
BAYAREALIKE BAYAREALIKE+N -50.69599 -50.69591 2 3 1 0.00016 0.989907739 
BAYAREALIKE BAYAREALIKE+J+X -50.69599 -35.23302 2 4 2 30.92594 1.92538E-07 * 
BAYAREALIKE BAYAREALIKE+J+N -50.69599 -34.18966 2 4 2 33.01266 6.78253E-08 * 
BAYAREALIKE BAYAREALIKE+X+N -50.69599 -50.24485 2 4 2 0.90228 0.63690167 
BAYAREALIKE BAYAREALIKE+J+X+N -50.69599 -33.67983 2 5 3 34.03232 1.95031E-07 * 
BAYAREALIKE+J BAYAREALIKE+J+X -36.27845 -35.23302 3 4 1 2.09086 0.148182633 
BAYAREALIKE+J BAYAREALIKE+J+N -36.27845 -34.18966 3 4 1 4.17758 0.040962151 * 
BAYAREALIKE+J BAYAREALIKE+J+X+N -36.27845 -33.67983 3 5 2 5.19724 0.074376147 
BAYAREALIKE+X BAYAREALIKE+J+X -50.24485 -35.23302 3 4 1 30.02366 4.26807E-08 * 
BAYAREALIKE+X BAYAREALIKE+X+N -50.24485 -50.24485 3 4 1 0 1 
BAYAREALIKE+X BAYAREALIKE+J+X+N -50.24485 -33.67983 3 5 2 33.13004 6.39592E-08 * 
BAYAREALIKE+N BAYAREALIKE+J+N -50.69591 -34.18966 3 4 1 33.0125 9.15683E-09 * 
BAYAREALIKE+N BAYAREALIKE+X+N -50.69591 -50.24485 3 4 1 0.90212 0.342213897 
BAYAREALIKE+N BAYAREALIKE+J+X+N -50.69591 -33.67983 3 5 2 34.03216 4.0739E-08 * 
BAYAREALIKE+J+X BAYAREALIKE+J+X+N -35.23302 -33.67983 4 5 1 3.10638 0.077986113 
BAYAREALIKE+J+N BAYAREALIKE+J+X+N -34.18966 -33.67983 4 5 1 1.01966 0.312599672 
BAYAREALIKE+X+N BAYAREALIKE+J+X+N -50.24485 -33.67983 4 5 1 33.13004 8.61967E-09 * 
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Table 3.13S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Lepidoperca (sample size=8). Bold italicized row 
indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0542 5.02E-08 0 0 0 -25.04 56.48 

DEC+J 3 0.0394 1.00E-12 0.6657 0 0 -22.68 57.36 

DEC+X 3 0.1700 1.00E-12 0 -1.3240 0 -23.79 59.58 

DEC+N 3 0.0370 0.0264 0 0 -1.7756 -24.00 60.00 

DEC+J+X 4 0.1303 1.00E-12 1.1585 -1.4034 0 -21.57 64.48 

DEC+J+N 4 0.0197 1.00E-12 0.5991 0 -1.9337 -21.23 63.80 

DEC+X+N 4 0.0974 1.00E-12 0 -1.4409 -1.7968 -22.71 66.76 

DEC+J+X+N 5 0.0580 1.00E-12 1.1098 -1.3852 -2.1002 -20.11 80.21 

DIVALIKE  2 0.0622 1.00E-12 0 0 0 -23.57 53.54 

DIVALIKE+J 3 0.0486 1.00E-12 0.2215 0 0 -22.54 57.08 

DIVALIKE+X 3 0.1718 1.00E-12 0 -1.1616 0 -22.41 56.83 

DIVALIKE+N 3 0.0397 1.00E-12 0 0 -1.4952 -22.61 57.22 

DIVALIKE+J+X 4 0.1492 1.00E-12 0.4387 -1.3090 0 -21.38 64.10 

DIVALIKE+J+N 4 0.0252 1.00E-12 0.2010 0 -1.8226 -21.24 63.81 

DIVALIKE+X+N 4 0.1045 1.00E-12 0 -1.1407 -1.4978 -21.55 64.43 

DIVALIKE+J+X+N 5 0.0735 1.00E-12 0.3997 -1.2554 -1.8076 -20.23 80.47 

BAYAREALIKE 2 0.1161 0.1981 0 0 0 -26.83 60.05 

BAYAREALIKE+J 3 0.0421 0.0233 0.9999 0 0 -24.28 60.56 

BAYAREALIKE+X 3 0.3421 0.2068 0 -1.2191 0 -26.02 64.03 

BAYAREALIKE+N 3 0.0653 0.2063 0 0 -1.9607 -25.83 63.66 

BAYAREALIKE+J+X 4 0.1908 1.00E-12 0.7398 -1.9462 0 -23.19 67.72 

BAYAREALIKE+J+N 4 0.0207 0.0251 0.9999 0 -2.0703 -22.57 66.46 

BAYAREALIKE+X+N 4 0.1699 0.2042 0 -1.1163 -1.8261 -25.26 71.85 

BAYAREALIKE+J+X+N 5 0.0489 0.0173 0.9999 -1.2320 -2.3711 -21.58 83.17 
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Table 3.14S. Likelihood-Ratio test results for the clade Lepidoperca. P-values with an asterisk 
indicate rejection of null hypothesis (no significative improvement when adding parameters) at 
p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 
DEC DEC+J -25.0404 -22.6799 2 3 1 4.72094 0.029797 * 
DEC DEC+X -25.0404 -23.7882 2 3 1 2.50448 0.113523 
DEC DEC+N -25.0404 -24.0008 2 3 1 2.07926 0.149313 
DEC DEC+J+X -25.0404 -21.5715 2 4 2 6.93782 0.031151 * 
DEC DEC+J+N -25.0404 -21.2332 2 4 2 7.61434 0.022211 * 
DEC DEC+X+N -25.0404 -22.7144 2 4 2 4.65192 0.09769 
DEC DEC+J+X+N -25.0404 -20.1052 2 5 3 9.87034 0.019701 * 
DEC+J DEC+J+X -22.6799 -21.5715 3 4 1 2.21688 0.136509 
DEC+J DEC+J+N -22.6799 -21.2332 3 4 1 2.8934 0.088943 
DEC+J DEC+J+X+N -22.6799 -20.1052 3 5 2 5.1494 0.076177 
DEC+X DEC+J+X -23.7882 -21.5715 3 4 1 4.43334 0.035243 * 
DEC+X DEC+X+N -23.7882 -22.7144 3 4 1 2.14744 0.142808 
DEC+X DEC+J+X+N -23.7882 -20.1052 3 5 2 7.36586 0.025149 * 
DEC+N DEC+J+N -24.0008 -21.2332 3 4 1 5.53508 0.018639 * 
DEC+N DEC+X+N -24.0008 -22.7144 3 4 1 2.57266 0.108725 
DEC+N DEC+J+X+N -24.0008 -20.1052 3 5 2 7.79108 0.020332 * 
DEC+J+X DEC+J+X+N -21.5715 -20.1052 4 5 1 2.93252 0.086812 
DEC+J+N DEC+J+X+N -21.2332 -20.1052 4 5 1 2.256 0.133097 
DEC+X+N DEC+J+X+N -22.7144 -20.1052 4 5 1 5.21842 0.022349 * 
DIVALIKE DIVALIKE+J -23.5725 -22.5403 2 3 1 2.0644 0.150774 
DIVALIKE DIVALIKE+X -23.5725 -22.4146 2 3 1 2.31574 0.12807 
DIVALIKE DIVALIKE+N -23.5725 -22.61 2 3 1 1.92488 0.16532 
DIVALIKE DIVALIKE+J+X -23.5725 -21.3842 2 4 2 4.37656 0.112109 
DIVALIKE DIVALIKE+J+N -23.5725 -21.2396 2 4 2 4.66582 0.097013 
DIVALIKE DIVALIKE+X+N -23.5725 -21.5481 2 4 2 4.0488 0.132073 
DIVALIKE DIVALIKE+J+X+N -23.5725 -20.2326 2 5 3 6.67978 0.082836 
DIVALIKE+J DIVALIKE+J+X -22.5403 -21.3842 3 4 1 2.31216 0.128366 
DIVALIKE+J DIVALIKE+J+N -22.5403 -21.2396 3 4 1 2.60142 0.106768 
DIVALIKE+J DIVALIKE+J+X+N -22.5403 -20.2326 3 5 2 4.61538 0.099491 
DIVALIKE+X DIVALIKE+J+X -22.4146 -21.3842 3 4 1 2.06082 0.151129 
DIVALIKE+X DIVALIKE+X+N -22.4146 -21.5481 3 4 1 1.73306 0.188021 
DIVALIKE+X DIVALIKE+J+X+N -22.4146 -20.2326 3 5 2 4.36404 0.112813 
DIVALIKE+N DIVALIKE+J+N -22.61 -21.2396 3 4 1 2.74094 0.097807 
DIVALIKE+N DIVALIKE+X+N -22.61 -21.5481 3 4 1 2.12392 0.145015 
DIVALIKE+N DIVALIKE+J+X+N -22.61 -20.2326 3 5 2 4.7549 0.092787 
DIVALIKE+J+X DIVALIKE+J+X+N -21.3842 -20.2326 4 5 1 2.30322 0.129106 
DIVALIKE+J+N DIVALIKE+J+X+N -21.2396 -20.2326 4 5 1 2.01396 0.155858 
DIVALIKE+X+N DIVALIKE+J+X+N -21.5481 -20.2326 4 5 1 2.63098 0.104797 
BAYAREALIKE BAYAREALIKE+J -26.8258 -24.2801 2 3 1 5.09148 0.024044 * 
BAYAREALIKE BAYAREALIKE+X -26.8258 -26.0159 2 3 1 1.61976 0.203125 
BAYAREALIKE BAYAREALIKE+N -26.8258 -25.8296 2 3 1 1.99242 0.158088 
BAYAREALIKE BAYAREALIKE+J+X -26.8258 -23.1943 2 4 2 7.26304 0.026476 * 
BAYAREALIKE BAYAREALIKE+J+N -26.8258 -22.5657 2 4 2 8.52022 0.014121 * 
BAYAREALIKE BAYAREALIKE+X+N -26.8258 -25.2567 2 4 2 3.13822 0.20823 
BAYAREALIKE BAYAREALIKE+J+X+N -26.8258 -21.5832 2 5 3 10.48528 0.014861 * 
BAYAREALIKE+J BAYAREALIKE+J+X -24.2801 -23.1943 3 4 1 2.17156 0.140584 
BAYAREALIKE+J BAYAREALIKE+J+N -24.2801 -22.5657 3 4 1 3.42874 0.064071 
BAYAREALIKE+J BAYAREALIKE+J+X+N -24.2801 -21.5832 3 5 2 5.3938 0.067414 
BAYAREALIKE+X BAYAREALIKE+J+X -26.0159 -23.1943 3 4 1 5.64328 0.017522 * 
BAYAREALIKE+X BAYAREALIKE+X+N -26.0159 -25.2567 3 4 1 1.51846 0.217853 
BAYAREALIKE+X BAYAREALIKE+J+X+N -26.0159 -21.5832 3 5 2 8.86552 0.011882 * 
BAYAREALIKE+N BAYAREALIKE+J+N -25.8296 -22.5657 3 4 1 6.5278 0.01062 * 
BAYAREALIKE+N BAYAREALIKE+X+N -25.8296 -25.2567 3 4 1 1.1458 0.28443 
BAYAREALIKE+N BAYAREALIKE+J+X+N -25.8296 -21.5832 3 5 2 8.49286 0.014315 * 
BAYAREALIKE+J+X BAYAREALIKE+J+X+N -23.1943 -21.5832 4 5 1 3.22224 0.072644 
BAYAREALIKE+J+N BAYAREALIKE+J+X+N -22.5657 -21.5832 4 5 1 1.96506 0.160973 
BAYAREALIKE+X+N BAYAREALIKE+J+X+N -25.2567 -21.5832 4 5 1 7.34706 0.006717 * 
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Table 3.15S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Parma (sample size=8). Bold italicized row indicates 
the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0287 0.0308 0 0 0 -26.87 60.14 

DEC+J 3 0.0221 0.0212 0.0980 0 0 -26.01 64.02 

DEC+X 3 0.0181 0.0287 0 -0.5523 0 -26.55 65.10 

DEC+N 3 0.0190 0.0292 0 0 -1.2126 -26.41 64.81 

DEC+J+X 4 0.0100 0.0195 0.0774 -0.8560 0 -25.23 71.80 

DEC+J+N 4 0.0104 0.0217 0.1127 0 -1.9463 -24.90 71.14 

DEC+X+N 4 0.0175 0.0286 0 -0.1570 -1.0431 -26.40 74.14 

DEC+J+X+N 5 0.0093 0.0212 0.1045 -0.1875 -1.7583 -24.89 89.79 

DIVALIKE  2 0.0277 0.0224 0 0 0 -26.29 58.98 

DIVALIKE+J 3 0.0232 0.0182 0.0691 0 0 -25.73 63.45 

DIVALIKE+X 3 0.0199 0.0225 0 -0.4476 0 -26.06 64.11 

DIVALIKE+N 3 0.0224 0.0243 0 0 -0.8492 -26.05 64.10 

DIVALIKE+J+X 4 0.0114 0.0176 0.0647 -0.7900 0 -25.04 71.42 

DIVALIKE+J+N 4 0.0114 0.0203 0.1037 0 -1.8845 -24.77 70.87 

DIVALIKE+X+N 4 0.0209 0.0240 0 -0.1335 -0.7242 -26.03 73.40 

DIVALIKE+J+X+N 5 0.0114 0.0203 0.1037 0.0000 -1.8845 -24.77 89.53 

BAYAREALIKE 2 0.0322 0.0671 0 0 0 -28.02 62.44 

BAYAREALIKE+J 3 0.0218 0.0343 0.1225 0 0 -26.78 65.56 

BAYAREALIKE+X 3 0.0218 0.0669 0 -0.4697 0 -27.79 67.57 

BAYAREALIKE+N 3 0.0159 0.0697 0 0 -1.7165 -27.50 66.99 

BAYAREALIKE+J+X 4 0.0094 0.0305 0.0904 -0.9015 0 -25.89 73.12 

BAYAREALIKE+J+N 4 0.0087 0.0321 0.1333 0 -2.3446 -25.40 72.13 

BAYAREALIKE+X+N 4 0.0159 0.0696 0 0.0000 -1.7166 -27.50 76.32 

BAYAREALIKE+J+X+N 5 0.0087 0.0321 0.1333 0.0000 -2.3446 -25.40 90.80 
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Table 3.16S. Likelihood-Ratio test results for the clade Parma. P-values with an asterisk indicate 
rejection of null hypothesis (no significative improvement when adding parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -26.8678 -26.0109 2 3 1 1.71392 0.190478 

DEC DEC+X -26.8678 -26.5514 2 3 1 0.6329 0.426294 

DEC DEC+N -26.8678 -26.4058 2 3 1 0.92406 0.336411 

DEC DEC+J+X -26.8678 -25.2334 2 4 2 3.26892 0.195058 

DEC DEC+J+N -26.8678 -24.9025 2 4 2 3.93058 0.140115 

DEC DEC+X+N -26.8678 -26.4032 2 4 2 0.9293 0.628355 

DEC DEC+J+X+N -26.8678 -24.8944 2 5 3 3.94688 0.267258 

DEC+J DEC+J+X -26.0109 -25.2334 3 4 1 1.555 0.212399 

DEC+J DEC+J+N -26.0109 -24.9025 3 4 1 2.21666 0.136528 

DEC+J DEC+J+X+N -26.0109 -24.8944 3 5 2 2.23296 0.32743 

DEC+X DEC+J+X -26.5514 -25.2334 3 4 1 2.63602 0.104465 

DEC+X DEC+X+N -26.5514 -26.4032 3 4 1 0.2964 0.586148 

DEC+X DEC+J+X+N -26.5514 -24.8944 3 5 2 3.31398 0.190712 

DEC+N DEC+J+N -26.4058 -24.9025 3 4 1 3.00652 0.08293 

DEC+N DEC+X+N -26.4058 -26.4032 3 4 1 0.00524 0.942293 

DEC+N DEC+J+X+N -26.4058 -24.8944 3 5 2 3.02282 0.220599 

DEC+J+X DEC+J+X+N -25.2334 -24.8944 4 5 1 0.67796 0.41029 

DEC+J+N DEC+J+X+N -24.9025 -24.8944 4 5 1 0.0163 0.898409 

DEC+X+N DEC+J+X+N -26.4032 -24.8944 4 5 1 3.01758 0.082366 

DIVALIKE DIVALIKE+J -26.2881 -25.7253 2 3 1 1.12562 0.288712 

DIVALIKE DIVALIKE+X -26.2881 -26.0561 2 3 1 0.46408 0.495723 

DIVALIKE DIVALIKE+N -26.2881 -26.0488 2 3 1 0.47858 0.489066 

DIVALIKE DIVALIKE+J+X -26.2881 -25.0417 2 4 2 2.49286 0.287529 

DIVALIKE DIVALIKE+J+N -26.2881 -24.766 2 4 2 3.04428 0.218244 

DIVALIKE DIVALIKE+X+N -26.2881 -26.0333 2 4 2 0.50962 0.775064 

DIVALIKE DIVALIKE+J+X+N -26.2881 -24.766 2 5 3 3.04428 0.384848 

DIVALIKE+J DIVALIKE+J+X -25.7253 -25.0417 3 4 1 1.36724 0.242287 

DIVALIKE+J DIVALIKE+J+N -25.7253 -24.766 3 4 1 1.91866 0.166004 

DIVALIKE+J DIVALIKE+J+X+N -25.7253 -24.766 3 5 2 1.91866 0.38315 

DIVALIKE+X DIVALIKE+J+X -26.0561 -25.0417 3 4 1 2.02878 0.154344 

DIVALIKE+X DIVALIKE+X+N -26.0561 -26.0333 3 4 1 0.04554 0.831014 

DIVALIKE+X DIVALIKE+J+X+N -26.0561 -24.766 3 5 2 2.5802 0.275243 

DIVALIKE+N DIVALIKE+J+N -26.0488 -24.766 3 4 1 2.5657 0.109204 

DIVALIKE+N DIVALIKE+X+N -26.0488 -26.0333 3 4 1 0.03104 0.860151 

DIVALIKE+N DIVALIKE+J+X+N -26.0488 -24.766 3 5 2 2.5657 0.277246 

DIVALIKE+J+X DIVALIKE+J+X+N -25.0417 -24.766 4 5 1 0.55142 0.457738 

DIVALIKE+J+N DIVALIKE+J+X+N -24.766 -24.766 4 5 1 0 1 

DIVALIKE+X+N DIVALIKE+J+X+N -26.0333 -24.766 4 5 1 2.53466 0.111371 

BAYAREALIKE BAYAREALIKE+J -28.0204 -26.779 2 3 1 2.48286 0.115093 

BAYAREALIKE BAYAREALIKE+X -28.0204 -27.7874 2 3 1 0.4661 0.494787 

BAYAREALIKE BAYAREALIKE+N -28.0204 -27.4953 2 3 1 1.05026 0.305447 

BAYAREALIKE BAYAREALIKE+J+X -28.0204 -25.8912 2 4 2 4.25848 0.118928 

BAYAREALIKE BAYAREALIKE+J+N -28.0204 -25.4004 2 4 2 5.24 0.072803 

BAYAREALIKE BAYAREALIKE+X+N -28.0204 -27.4953 2 4 2 1.05026 0.591478 

BAYAREALIKE BAYAREALIKE+J+X+N -28.0204 -25.4004 2 5 3 5.24 0.155043 

BAYAREALIKE+J BAYAREALIKE+J+X -26.779 -25.8912 3 4 1 1.77562 0.182688 

BAYAREALIKE+J BAYAREALIKE+J+N -26.779 -25.4004 3 4 1 2.75714 0.096821 

BAYAREALIKE+J BAYAREALIKE+J+X+N -26.779 -25.4004 3 5 2 2.75714 0.251939 

BAYAREALIKE+X BAYAREALIKE+J+X -27.7874 -25.8912 3 4 1 3.79238 0.051486 

BAYAREALIKE+X BAYAREALIKE+X+N -27.7874 -27.4953 3 4 1 0.58416 0.444686 

BAYAREALIKE+X BAYAREALIKE+J+X+N -27.7874 -25.4004 3 5 2 4.7739 0.09191 

BAYAREALIKE+N BAYAREALIKE+J+N -27.4953 -25.4004 3 4 1 4.18974 0.040669 * 

BAYAREALIKE+N BAYAREALIKE+X+N -27.4953 -27.4953 3 4 1 0 1 

BAYAREALIKE+N BAYAREALIKE+J+X+N -27.4953 -25.4004 3 5 2 4.18974 0.123086 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -25.8912 -25.4004 4 5 1 0.98152 0.321824 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -25.4004 -25.4004 4 5 1 0 1 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -27.4953 -25.4004 4 5 1 4.18974 0.040669 * 
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Table 3.17S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Hypoplectrodes (sample size=9). Bold italicized 
row indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0379 0.0314 0 0 0 -40.02 86.04 

DEC+J 3 0.0223 1.00E-12 0.9972 0 0 -32.23 75.27 

DEC+X 3 0.0201 0.0350 0 -0.4100 0 -39.45 89.70 

DEC+N 3 0.0335 0.0276 0 0 -0.2814 -39.99 90.77 

DEC+J+X 4 0.0080 1.00E-12 0.4685 -0.6293 0 -31.23 80.46 

DEC+J+N 4 0.0183 7.59E-09 0.8503 0 -0.5306 -32.08 82.16 

DEC+X+N 4 0.0197 0.0330 0 -0.3982 -0.0877 -39.45 96.91 

DEC+J+X+N 5 0.0082 1.00E-12 0.6263 -0.5512 -0.2774 -31.20 92.40 

DIVALIKE 2 0.0365 1.00E-12 0 0 0 -36.29 78.58 

DIVALIKE+J  3 0.0240 1.00E-12 0.4704 0 0 -31.71 74.21 

DIVALIKE+X 3 0.0216 1.00E-12 0 -0.3372 0 -35.89 82.59 

DIVALIKE+N 3 0.0316 1.00E-12 0 0 -0.3953 -36.20 83.21 

DIVALIKE+J+X 4 0.0091 1.00E-12 0.3195 -0.5833 0 -30.81 79.62 

DIVALIKE+J+N 4 0.0196 1.00E-12 0.4120 0 -0.5347 -31.55 81.09 

DIVALIKE+X+N 4 0.0199 1.00E-12 0 -0.3457 -0.1828 -35.88 89.75 

DIVALIKE+J+X+N 5 0.0088 1.00E-12 0.3075 -0.5414 -0.2744 -30.78 91.55 

BAYAREALIKE 2 0.0553 0.1894 0 0 0 -44.06 94.13 

BAYAREALIKE+J 3 0.0213 3.79E-08 0.9999 0 0 -32.72 76.24 

BAYAREALIKE+X 3 0.0274 0.1991 0 -0.4768 0 -43.37 97.54 

BAYAREALIKE+N 3 0.0514 0.1887 0 0 -0.1860 -44.10 99.01 

BAYAREALIKE+J+X 4 0.0066 1.00E-12 0.8592 -0.7141 0 -31.59 81.19 

BAYAREALIKE+J+N 4 0.0175 1.00E-12 0.9999 0 -0.5265 -32.58 83.15 

BAYAREALIKE+X+N 4 0.0273 0.1991 0 -0.4792 0.0000 -43.37 104.74 

BAYAREALIKE+J+X+N 5 0.0071 1.00E-12 0.9999 -0.6312 -0.2141 -31.55 93.11 
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Table 3.18S. Likelihood-Ratio test results for the clade Hypoplectrodes. P-values with an asterisk 
indicate rejection of null hypothesis (no significative improvement when adding parameters) at 
p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -40.0204 -32.2335 2 3 1 15.5739 7.93E-05 * 

DEC DEC+X -40.0204 -39.4504 2 3 1 1.14 0.285652 

DEC DEC+N -40.0204 -39.9867 2 3 1 0.06736 0.79522 

DEC DEC+J+X -40.0204 -31.2314 2 4 2 17.578 0.000152 * 

DEC DEC+J+N -40.0204 -32.0798 2 4 2 15.88126 0.000356 * 

DEC DEC+X+N -40.0204 -39.4529 2 4 2 1.13506 0.566924 

DEC DEC+J+X+N -40.0204 -31.2012 2 5 3 17.63854 0.000522 * 

DEC+J DEC+J+X -32.2335 -31.2314 3 4 1 2.0041 0.156874 

DEC+J DEC+J+N -32.2335 -32.0798 3 4 1 0.30736 0.579305 

DEC+J DEC+J+X+N -32.2335 -31.2012 3 5 2 2.06464 0.35618 

DEC+X DEC+J+X -39.4504 -31.2314 3 4 1 16.438 5.03E-05 * 

DEC+X DEC+X+N -39.4504 -39.4529 3 4 1 0 1 

DEC+X DEC+J+X+N -39.4504 -31.2012 3 5 2 16.49854 0.000261 * 

DEC+N DEC+J+N -39.9867 -32.0798 3 4 1 15.8139 6.99E-05 * 

DEC+N DEC+X+N -39.9867 -39.4529 3 4 1 1.0677 0.301466 

DEC+N DEC+J+X+N -39.9867 -31.2012 3 5 2 17.57118 0.000153 * 

DEC+J+X DEC+J+X+N -31.2314 -31.2012 4 5 1 0.06054 0.805644 

DEC+J+N DEC+J+X+N -32.0798 -31.2012 4 5 1 1.75728 0.184964 

DEC+X+N DEC+J+X+N -39.4529 -31.2012 4 5 1 16.50348 4.86E-05 * 

DIVALIKE DIVALIKE+J -36.2889 -31.7058 2 3 1 9.16626 0.002465 * 

DIVALIKE DIVALIKE+X -36.2889 -35.8948 2 3 1 0.7883 0.374615 

DIVALIKE DIVALIKE+N -36.2889 -36.2041 2 3 1 0.16974 0.680343 

DIVALIKE DIVALIKE+J+X -36.2889 -30.8123 2 4 2 10.9533 0.004183 * 

DIVALIKE DIVALIKE+J+N -36.2889 -31.5455 2 4 2 9.48684 0.008709 * 

DIVALIKE DIVALIKE+X+N -36.2889 -35.8751 2 4 2 0.82778 0.661074 

DIVALIKE DIVALIKE+J+X+N -36.2889 -30.7757 2 5 3 11.0265 0.011583 * 

DIVALIKE+J DIVALIKE+J+X -31.7058 -30.8123 3 4 1 1.78704 0.181287 

DIVALIKE+J DIVALIKE+J+N -31.7058 -31.5455 3 4 1 0.32058 0.571259 

DIVALIKE+J DIVALIKE+J+X+N -31.7058 -30.7757 3 5 2 1.86024 0.394506 

DIVALIKE+X DIVALIKE+J+X -35.8948 -30.8123 3 4 1 10.165 0.001431 * 

DIVALIKE+X DIVALIKE+X+N -35.8948 -35.8751 3 4 1 0.03948 0.842501 

DIVALIKE+X DIVALIKE+J+X+N -35.8948 -30.7757 3 5 2 10.2382 0.005981 * 

DIVALIKE+N DIVALIKE+J+N -36.2041 -31.5455 3 4 1 9.3171 0.00227 * 

DIVALIKE+N DIVALIKE+X+N -36.2041 -35.8751 3 4 1 0.65804 0.417253 

DIVALIKE+N DIVALIKE+J+X+N -36.2041 -30.7757 3 5 2 10.85676 0.00439 * 

DIVALIKE+J+X DIVALIKE+J+X+N -30.8123 -30.7757 4 5 1 0.0732 0.786733 

DIVALIKE+J+N DIVALIKE+J+X+N -31.5455 -30.7757 4 5 1 1.53966 0.214668 

DIVALIKE+X+N DIVALIKE+J+X+N -35.8751 -30.7757 4 5 1 10.19872 0.001405 * 

BAYAREALIKE BAYAREALIKE+J -44.0641 -32.7224 2 3 1 22.68332 1.91E-06 * 

BAYAREALIKE BAYAREALIKE+X -44.0641 -43.3701 2 3 1 1.38802 0.23874 

BAYAREALIKE BAYAREALIKE+N -44.0641 -44.1048 2 3 1 0 1 

BAYAREALIKE BAYAREALIKE+J+X -44.0641 -31.5941 2 4 2 24.94004 3.84E-06 * 

BAYAREALIKE BAYAREALIKE+J+N -44.0641 -32.5761 2 4 2 22.97594 1.03E-05 * 

BAYAREALIKE BAYAREALIKE+X+N -44.0641 -43.3701 2 4 2 1.38806 0.499559 

BAYAREALIKE BAYAREALIKE+J+X+N -44.0641 -31.553 2 5 3 25.0222 1.53E-05 * 

BAYAREALIKE+J BAYAREALIKE+J+X -32.7224 -31.5941 3 4 1 2.25672 0.133036 

BAYAREALIKE+J BAYAREALIKE+J+N -32.7224 -32.5761 3 4 1 0.29262 0.588546 

BAYAREALIKE+J BAYAREALIKE+J+X+N -32.7224 -31.553 3 5 2 2.33888 0.310541 

BAYAREALIKE+X BAYAREALIKE+J+X -43.3701 -31.5941 3 4 1 23.55202 1.22E-06 * 

BAYAREALIKE+X BAYAREALIKE+X+N -43.3701 -43.3701 3 4 1 4E-05 0.994954 

BAYAREALIKE+X BAYAREALIKE+J+X+N -43.3701 -31.553 3 5 2 23.63418 7.38E-06 * 

BAYAREALIKE+N BAYAREALIKE+J+N -44.1048 -32.5761 3 4 1 23.0574 1.57E-06 * 

BAYAREALIKE+N BAYAREALIKE+X+N -44.1048 -43.3701 3 4 1 1.46952 0.225421 

BAYAREALIKE+N BAYAREALIKE+J+X+N -44.1048 -31.553 3 5 2 25.10366 3.54E-06 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -31.5941 -31.553 4 5 1 0.08216 0.774391 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -32.5761 -31.553 4 5 1 2.04626 0.152581 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -43.3701 -31.553 4 5 1 23.63414 1.17E-06 * 
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Table 3.19S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Chironemus-Aplodactylus (sample size=11). Bold 
italicized row indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0188 0.0295 0 0 0 -53.36 112.22 

DEC+J 3 0.0160 0.0249 0.8565 0 0 -52.12 113.67 

DEC+X 3 0.0050 0.0225 0 -0.9609 0 -49.92 109.28 

DEC+N 3 0.0145 0.0297 0 0 -0.8259 -52.84 115.12 

DEC+J+X 4 0.0029 0.0187 0.3442 -1.1672 0 -47.60 109.87 

DEC+J+N 4 0.0094 0.0268 1.3932 0 -1.4836 -51.17 117.00 

DEC+X+N 4 0.0040 0.0217 0 -0.9748 -0.5266 -49.52 113.71 

DEC+J+X+N 5 0.0029 0.0201 0.4410 -1.0989 -0.3700 -47.33 116.67 

DIVALIKE 2 0.0193 0.0243 0 0 0 -53.06 111.63 

DIVALIKE+J 3 0.0165 0.0228 0.3466 0 0 -51.99 113.41 

DIVALIKE+X 3 0.0059 0.0204 0 -0.8919 0 -49.54 108.50 

DIVALIKE+N 3 0.0140 0.0247 0 0 -0.9949 -52.54 114.51 

DIVALIKE+J+X 4 0.0016 0.0222 1.4867 -1.5909 0 -45.98 106.64 

DIVALIKE+J+N 4 0.0106 0.0263 0.9415 0 -1.2006 -51.13 116.92 

DIVALIKE+X+N 4 0.0047 0.0201 0 -0.8732 -0.7189 -49.06 112.78 

DIVALIKE+J+X+N 5 0.0016 0.0222 1.4867 -1.5909 0.0000 -45.98 113.97 

BAYAREALIKE 2 0.0292 0.0823 0 0 0 -52.98 111.46 

BAYAREALIKE+J 3 0.0283 0.0799 0.0088 0 0 -52.98 115.39 

BAYAREALIKE+X 3 0.0085 0.0738 0 -0.8137 0 -50.66 110.74 

BAYAREALIKE+N 3 0.0165 0.0790 0 0 -1.3963 -52.23 113.88 

BAYAREALIKE+J+X  4 0.0016 0.0229 0.9999 -1.6099 0 -45.53 105.73 

BAYAREALIKE+J+N 4 0.0096 0.0304 0.9999 0 -1.5120 -51.15 116.97 

BAYAREALIKE+X+N 4 0.0052 0.0688 0 -0.8317 -1.0764 -49.87 114.42 

BAYAREALIKE+J+X+N 5 0.0013 0.0225 0.9999 -1.7115 -0.0207 -45.51 113.01 
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Table 3.20S. Likelihood-Ratio test results for the clade Chironemus-Aplodactylus. P-values with 
an asterisk indicate rejection of null hypothesis (no significative improvement when adding 
parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -53.3576 -52.12 2 3 1 2.47522 0.115653 

DEC DEC+X -53.3576 -49.9245 2 3 1 6.86624 0.008784 * 

DEC DEC+N -53.3576 -52.8439 2 3 1 1.02742 0.310765 

DEC DEC+J+X -53.3576 -47.6036 2 4 2 11.50808 0.00317 * 

DEC DEC+J+N -53.3576 -51.1673 2 4 2 4.38058 0.111884 

DEC DEC+X+N -53.3576 -49.5225 2 4 2 7.67016 0.0216 * 

DEC DEC+J+X+N -53.3576 -47.3342 2 5 3 12.04676 0.007225 * 

DEC+J DEC+J+X -52.12 -47.6036 3 4 1 9.03286 0.002652 * 

DEC+J DEC+J+N -52.12 -51.1673 3 4 1 1.90536 0.16748 

DEC+J DEC+J+X+N -52.12 -47.3342 3 5 2 9.57154 0.008348 * 

DEC+X DEC+J+X -49.9245 -47.6036 3 4 1 4.64184 0.031202 * 

DEC+X DEC+X+N -49.9245 -49.5225 3 4 1 0.80392 0.369924 

DEC+X DEC+J+X+N -49.9245 -47.3342 3 5 2 5.18052 0.075001 

DEC+N DEC+J+N -52.8439 -51.1673 3 4 1 3.35316 0.067076 

DEC+N DEC+X+N -52.8439 -49.5225 3 4 1 6.64274 0.009956 * 

DEC+N DEC+J+X+N -52.8439 -47.3342 3 5 2 11.01934 0.004047 * 

DEC+J+X DEC+J+X+N -47.6036 -47.3342 4 5 1 0.53868 0.46298 

DEC+J+N DEC+J+X+N -51.1673 -47.3342 4 5 1 7.66618 0.005627 * 

DEC+X+N DEC+J+X+N -49.5225 -47.3342 4 5 1 4.3766 0.036436 * 

DIVALIKE DIVALIKE+J -53.0646 -51.993 2 3 1 2.1432 0.143203 

DIVALIKE DIVALIKE+X -53.0646 -49.5371 2 3 1 7.05486 0.007905 * 

DIVALIKE DIVALIKE+N -53.0646 -52.5428 2 3 1 1.04348 0.307013 

DIVALIKE DIVALIKE+J+X -53.0646 -45.9845 2 4 2 14.16008 0.000842 * 

DIVALIKE DIVALIKE+J+N -53.0646 -51.1285 2 4 2 3.8721 0.144273 

DIVALIKE DIVALIKE+X+N -53.0646 -49.0553 2 4 2 8.01848 0.018147 * 

DIVALIKE DIVALIKE+J+X+N -53.0646 -45.9845 2 5 3 14.16008 0.002695 * 

DIVALIKE+J DIVALIKE+J+X -51.993 -45.9845 3 4 1 12.01688 0.000527 * 

DIVALIKE+J DIVALIKE+J+N -51.993 -51.1285 3 4 1 1.7289 0.188551 

DIVALIKE+J DIVALIKE+J+X+N -51.993 -45.9845 3 5 2 12.01688 0.002458 * 

DIVALIKE+X DIVALIKE+J+X -49.5371 -45.9845 3 4 1 7.10522 0.007686 * 

DIVALIKE+X DIVALIKE+X+N -49.5371 -49.0553 3 4 1 0.96362 0.326277 

DIVALIKE+X DIVALIKE+J+X+N -49.5371 -45.9845 3 5 2 7.10522 0.02865 * 

DIVALIKE+N DIVALIKE+J+N -52.5428 -51.1285 3 4 1 2.82862 0.092598 

DIVALIKE+N DIVALIKE+X+N -52.5428 -49.0553 3 4 1 6.975 0.008266 * 

DIVALIKE+N DIVALIKE+J+X+N -52.5428 -45.9845 3 5 2 13.1166 0.001418 * 

DIVALIKE+J+X DIVALIKE+J+X+N -45.9845 -45.9845 4 5 1 0 1 

DIVALIKE+J+N DIVALIKE+J+X+N -51.1285 -45.9845 4 5 1 10.28798 0.001339 * 

DIVALIKE+X+N DIVALIKE+J+X+N -49.0553 -45.9845 4 5 1 6.1416 0.013204 * 

BAYAREALIKE BAYAREALIKE+J -52.9793 -52.9796 2 3 1 0 1 

BAYAREALIKE BAYAREALIKE+X -52.9793 -50.6573 2 3 1 4.64402 0.031162 * 

BAYAREALIKE BAYAREALIKE+N -52.9793 -52.2257 2 3 1 1.50712 0.219579 

BAYAREALIKE BAYAREALIKE+J+X -52.9793 -45.5296 2 4 2 14.89934 0.000582 * 

BAYAREALIKE BAYAREALIKE+J+N -52.9793 -51.1524 2 4 2 3.65372 0.160918 

BAYAREALIKE BAYAREALIKE+X+N -52.9793 -49.8743 2 4 2 6.21 0.044825 * 

BAYAREALIKE BAYAREALIKE+J+X+N -52.9793 -45.5067 2 5 3 14.94512 0.001864 * 

BAYAREALIKE+J BAYAREALIKE+J+X -52.9796 -45.5296 3 4 1 14.9 0.000113 * 

BAYAREALIKE+J BAYAREALIKE+J+N -52.9796 -51.1524 3 4 1 3.65438 0.055922 

BAYAREALIKE+J BAYAREALIKE+J+X+N -52.9796 -45.5067 3 5 2 14.94578 0.000568 * 

BAYAREALIKE+X BAYAREALIKE+J+X -50.6573 -45.5296 3 4 1 10.25532 0.001363 * 

BAYAREALIKE+X BAYAREALIKE+X+N -50.6573 -49.8743 3 4 1 1.56598 0.210792 

BAYAREALIKE+X BAYAREALIKE+J+X+N -50.6573 -45.5067 3 5 2 10.3011 0.005796 * 

BAYAREALIKE+N BAYAREALIKE+J+N -52.2257 -51.1524 3 4 1 2.1466 0.142886 

BAYAREALIKE+N BAYAREALIKE+X+N -52.2257 -49.8743 3 4 1 4.70288 0.030112 * 

BAYAREALIKE+N BAYAREALIKE+J+X+N -52.2257 -45.5067 3 5 2 13.438 0.001208 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -45.5296 -45.5067 4 5 1 0.04578 0.830576 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -51.1524 -45.5067 4 5 1 11.2914 0.000779 * 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -49.8743 -45.5067 4 5 1 8.73512 0.003121 * 
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Table 3.21S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Goniistius-Morwong (sample size=11). Bold 
italicized row indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0247 0.0600 0 0 0 -57.34 120.19 

DEC+J 3 0.0182 0.0338 0.1638 0 0 -56.05 121.52 

DEC+X 3 0.0094 0.0512 0 -0.8473 0 -49.02 107.47 

DEC+N 3 0.0224 0.0603 0 0 -0.1428 -57.25 123.93 

DEC+J+X 4 0.0031 0.0604 0.1982 -1.4396 0 -44.71 104.09 

DEC+J+N 4 0.0168 0.0340 0.1438 0 -0.1175 -55.94 126.56 

DEC+X+N 4 0.0029 0.0506 0 -1.4064 -0.4316 -46.80 108.26 

DEC+J+X+N 5 0.0011 0.0212 0.0558 -1.7730 -0.2562 -42.40 106.79 

DIVALIKE 2 0.0222 0.0350 0 0 0 -56.06 117.63 

DIVALIKE+J 3 0.0181 0.0241 0.0936 0 0 -55.25 119.93 

DIVALIKE+X 3 0.0119 0.0281 0 -0.5902 0 -49.43 108.29 

DIVALIKE+N 3 0.0184 0.0350 0 0 -0.2604 -55.93 121.29 

DIVALIKE+J+X  4 0.0017 0.0191 0.0536 -1.6833 0 -42.11 98.89 

DIVALIKE+J+N 4 0.0170 0.0244 0.0857 0 -0.1314 -55.16 124.98 

DIVALIKE+X+N 4 0.0081 0.0808 0 -1.0747 -0.0099 -47.43 109.52 

DIVALIKE+J+X+N 5 0.0010 0.0184 0.0476 -1.9300 -0.0517 -41.92 105.84 

BAYAREALIKE 2 0.0287 0.1261 0 0 0 -57.23 119.96 

BAYAREALIKE+J 3 0.0241 0.0975 0.0582 0 0 -56.90 123.23 

BAYAREALIKE+X 3 0.0224 0.1336 0 -0.3124 0 -53.97 117.37 

BAYAREALIKE+N 3 0.0275 0.1280 0 0 0.0696 -57.18 123.79 

BAYAREALIKE+J+X 4 0.0094 0.0662 0.1258 -0.6714 0 -49.61 113.88 

BAYAREALIKE+J+N 4 0.0146 0.0913 0.0461 0 -0.5886 -56.57 127.81 

BAYAREALIKE+X+N 4 0.0025 0.1131 0 -1.5704 -0.3708 -46.90 108.47 

BAYAREALIKE+J+X+N 5 0.0012 0.0314 0.0825 -1.8152 -0.1731 -43.48 108.95 
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Table 3.22S. Likelihood-Ratio test results for the clade Goniistius-Morwong. P-values with an 
asterisk indicate rejection of null hypothesis (no significative improvement when adding 
parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -57.3426 -56.045 2 3 1 2.59522 0.107187 

DEC DEC+X -57.3426 -49.0194 2 3 1 16.64656 4.5E-05* 

DEC DEC+N -57.3426 -57.2505 2 3 1 0.18428 0.667721 

DEC DEC+J+X -57.3426 -44.7132 2 4 2 25.25878 3.27E-06* 

DEC DEC+J+N -57.3426 -55.9448 2 4 2 2.7957 0.247128 

DEC DEC+X+N -57.3426 -46.7976 2 4 2 21.09014 2.63E-05* 

DEC DEC+J+X+N -57.3426 -42.3964 2 5 3 29.8924 1.45E-06* 

DEC+J DEC+J+X -56.045 -44.7132 3 4 1 22.66356 1.93E-06* 

DEC+J DEC+J+N -56.045 -55.9448 3 4 1 0.20048 0.654334 

DEC+J DEC+J+X+N -56.045 -42.3964 3 5 2 27.29718 1.18E-06* 

DEC+X DEC+J+X -49.0194 -44.7132 3 4 1 8.61222 0.003339* 

DEC+X DEC+X+N -49.0194 -46.7976 3 4 1 4.44358 0.035033* 

DEC+X DEC+J+X+N -49.0194 -42.3964 3 5 2 13.24584 0.00133* 

DEC+N DEC+J+N -57.2505 -55.9448 3 4 1 2.61142 0.106097 

DEC+N DEC+X+N -57.2505 -46.7976 3 4 1 20.90586 4.82E-06* 

DEC+N DEC+J+X+N -57.2505 -42.3964 3 5 2 29.70812 3.54E-07* 

DEC+J+X DEC+J+X+N -44.7132 -42.3964 4 5 1 4.63362 0.031351* 

DEC+J+N DEC+J+X+N -55.9448 -42.3964 4 5 1 27.0967 1.94E-07* 

DEC+X+N DEC+J+X+N -46.7976 -42.3964 4 5 1 8.80226 0.003009* 

DIVALIKE DIVALIKE+J -56.0629 -55.2492 2 3 1 1.62736 0.202069 

DIVALIKE DIVALIKE+X -56.0629 -49.4326 2 3 1 13.26064 0.000271* 

DIVALIKE DIVALIKE+N -56.0629 -55.9292 2 3 1 0.2675 0.605014 

DIVALIKE DIVALIKE+J+X -56.0629 -42.1099 2 4 2 27.906 8.72E-07* 

DIVALIKE DIVALIKE+J+N -56.0629 -55.1564 2 4 2 1.8131 0.403915 

DIVALIKE DIVALIKE+X+N -56.0629 -47.425 2 4 2 17.27576 0.000177* 

DIVALIKE DIVALIKE+J+X+N -56.0629 -41.9186 2 5 3 28.2887 3.16E-06* 

DIVALIKE+J DIVALIKE+J+X -55.2492 -42.1099 3 4 1 26.27864 2.96E-07* 

DIVALIKE+J DIVALIKE+J+N -55.2492 -55.1564 3 4 1 0.18574 0.666486 

DIVALIKE+J DIVALIKE+J+X+N -55.2492 -41.9186 3 5 2 26.66134 1.62E-06* 

DIVALIKE+X DIVALIKE+J+X -49.4326 -42.1099 3 4 1 14.64536 0.00013* 

DIVALIKE+X DIVALIKE+X+N -49.4326 -47.425 3 4 1 4.01512 0.045094* 

DIVALIKE+X DIVALIKE+J+X+N -49.4326 -41.9186 3 5 2 15.02806 0.000545* 

DIVALIKE+N DIVALIKE+J+N -55.9292 -55.1564 3 4 1 1.5456 0.213786 

DIVALIKE+N DIVALIKE+X+N -55.9292 -47.425 3 4 1 17.00826 3.72E-05* 

DIVALIKE+N DIVALIKE+J+X+N -55.9292 -41.9186 3 5 2 28.0212 8.23E-07* 

DIVALIKE+J+X DIVALIKE+J+X+N -42.1099 -41.9186 4 5 1 0.3827 0.536162 

DIVALIKE+J+N DIVALIKE+J+X+N -55.1564 -41.9186 4 5 1 26.4756 2.67E-07* 

DIVALIKE+X+N DIVALIKE+J+X+N -47.425 -41.9186 4 5 1 11.01294 0.000905* 

BAYAREALIKE BAYAREALIKE+J -57.2312 -56.9029 2 3 1 0.65652 0.417791 

BAYAREALIKE BAYAREALIKE+X -57.2312 -53.9704 2 3 1 6.52162 0.010657* 

BAYAREALIKE BAYAREALIKE+N -57.2312 -57.1783 2 3 1 0.10568 0.745117 

BAYAREALIKE BAYAREALIKE+J+X -57.2312 -49.6078 2 4 2 15.24668 0.000489* 

BAYAREALIKE BAYAREALIKE+J+N -57.2312 -56.574 2 4 2 1.3144 0.518301 

BAYAREALIKE BAYAREALIKE+X+N -57.2312 -46.8993 2 4 2 20.6638 3.26E-05* 

BAYAREALIKE BAYAREALIKE+J+X+N -57.2312 -43.4759 2 5 3 27.51064 4.6E-06* 

BAYAREALIKE+J BAYAREALIKE+J+X -56.9029 -49.6078 3 4 1 14.59016 0.000134* 

BAYAREALIKE+J BAYAREALIKE+J+N -56.9029 -56.574 3 4 1 0.65788 0.417309 

BAYAREALIKE+J BAYAREALIKE+J+X+N -56.9029 -43.4759 3 5 2 26.85412 1.47E-06* 

BAYAREALIKE+X BAYAREALIKE+J+X -53.9704 -49.6078 3 4 1 8.72506 0.003139* 

BAYAREALIKE+X BAYAREALIKE+X+N -53.9704 -46.8993 3 4 1 14.14218 0.00017* 

BAYAREALIKE+X BAYAREALIKE+J+X+N -53.9704 -43.4759 3 5 2 20.98902 2.77E-05* 

BAYAREALIKE+N BAYAREALIKE+J+N -57.1783 -56.574 3 4 1 1.20872 0.271586 

BAYAREALIKE+N BAYAREALIKE+X+N -57.1783 -46.8993 3 4 1 20.55812 5.78E-06* 

BAYAREALIKE+N BAYAREALIKE+J+X+N -57.1783 -43.4759 3 5 2 27.40496 1.12E-06* 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -49.6078 -43.4759 4 5 1 12.26396 0.000462* 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -56.574 -43.4759 4 5 1 26.19624 3.08E-07* 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -46.8993 -43.4759 4 5 1 6.84684 0.00888* 
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Table 3.23S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Girella (sample size=17). Bold italicized row 
indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0160 0.0380 0 0 0 -62.80 130.45 

DEC+J 3 0.0096 0.0142 0.0698 0 0 -57.50 122.84 

DEC+X 3 0.0026 0.0204 0 -1.0594 0 -58.00 123.84 

DEC+N 3 0.0128 0.0366 0 0 -0.3443 -62.61 133.07 

DEC+J+X 4 0.0013 0.0095 0.0214 -1.1936 0 -50.56 112.45 

DEC+J+N 4 0.0064 0.0139 0.0498 0 -0.6046 -57.18 125.68 

DEC+X+N 4 0.0028 0.0210 0 -1.0308 0.0000 -57.99 127.32 

DEC+J+X+N 5 0.0012 0.0095 0.0209 -1.2136 0.0000 -50.55 116.55 

DIVALIKE 2 0.0178 0.0340 0 0 0 -62.72 130.29 

DIVALIKE+J 3 0.0102 0.0130 0.0664 0 0 -57.15 122.14 

DIVALIKE+X 3 0.0058 0.0254 0 -0.7464 0 -59.08 126.01 

DIVALIKE+N 3 0.0147 0.0332 0 0 -0.3049 -62.65 133.14 

DIVALIKE+J+X 4 0.0025 0.0102 0.0300 -0.8874 0 -51.25 113.83 

DIVALIKE+J+N 4 0.0071 0.0128 0.0507 0 -0.5450 -56.86 125.05 

DIVALIKE+X+N 4 0.0053 0.0250 0 -0.7956 0.0000 -59.07 129.47 

DIVALIKE+J+X+N 5 0.0017 0.0099 0.0252 -1.0934 0.0000 -50.94 117.34 

BAYAREALIKE 2 0.0168 0.1125 0 0 0 -65.14 135.13 

BAYAREALIKE+J 3 0.0078 0.0349 0.0827 0 0 -58.38 124.61 

BAYAREALIKE+X 3 0.0031 0.0986 0 -1.0037 0 -61.54 130.92 

BAYAREALIKE+N 3 0.0162 0.1125 0 0 -0.0580 -65.09 138.03 

BAYAREALIKE+J+X 4 0.0012 0.0100 0.0272 -1.2100 0 -52.15 115.64 

BAYAREALIKE+J+N 4 0.0053 0.0362 0.0595 0 -0.5762 -57.96 127.26 

BAYAREALIKE+X+N 4 0.0033 0.0990 0 -0.9818 0.0000 -61.54 134.42 

BAYAREALIKE+J+X+N 5 0.0012 0.0097 0.0274 -1.2177 0.0000 -52.15 119.75 
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Table 3.24S. Likelihood-Ratio test results for the clade Girella. P-values with an asterisk indicate 
rejection of null hypothesis (no significative improvement when adding parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -62.7952 -57.4955 2 3 1 10.59942 0.001131 * 

DEC DEC+X -62.7952 -57.9962 2 3 1 9.598 0.001948 * 

DEC DEC+N -62.7952 -62.6103 2 3 1 0.36974 0.543146 

DEC DEC+J+X -62.7952 -50.5582 2 4 2 24.47408 4.85E-06 * 

DEC DEC+J+N -62.7952 -57.1751 2 4 2 11.2401 0.003624 * 

DEC DEC+X+N -62.7952 -57.995 2 4 2 9.60042 0.008228 

DEC DEC+J+X+N -62.7952 -50.5458 2 5 3 24.4988 1.97E-05 * 

DEC+J DEC+J+X -57.4955 -50.5582 3 4 1 13.87466 0.000195 * 

DEC+J DEC+J+N -57.4955 -57.1751 3 4 1 0.64068 0.423465 

DEC+J DEC+J+X+N -57.4955 -50.5458 3 5 2 13.89938 0.000959 * 

DEC+X DEC+J+X -57.9962 -50.5582 3 4 1 14.87608 0.000115 * 

DEC+X DEC+X+N -57.9962 -57.995 3 4 1 0.00242 0.960765 

DEC+X DEC+J+X+N -57.9962 -50.5458 3 5 2 14.9008 0.000581 * 

DEC+N DEC+J+N -62.6103 -57.1751 3 4 1 10.87036 0.000977 * 

DEC+N DEC+X+N -62.6103 -57.995 3 4 1 9.23068 0.00238 * 

DEC+N DEC+J+X+N -62.6103 -50.5458 3 5 2 24.12906 5.76E-06 * 

DEC+J+X DEC+J+X+N -50.5582 -50.5458 4 5 1 0.02472 0.875067 

DEC+J+N DEC+J+X+N -57.1751 -50.5458 4 5 1 13.2587 0.000271 * 

DEC+X+N DEC+J+X+N -57.995 -50.5458 4 5 1 14.89838 0.000113 * 

DIVALIKE DIVALIKE+J -62.7176 -57.1475 2 3 1 11.1402 0.000845 * 

DIVALIKE DIVALIKE+X -62.7176 -59.0836 2 3 1 7.2679 0.00702 * 

DIVALIKE DIVALIKE+N -62.7176 -62.6457 2 3 1 0.1438 0.704532 

DIVALIKE DIVALIKE+J+X -62.7176 -51.2459 2 4 2 22.9433 1.04E-05 * 

DIVALIKE DIVALIKE+J+N -62.7176 -56.8572 2 4 2 11.72064 0.00285 * 

DIVALIKE DIVALIKE+X+N -62.7176 -59.0663 2 4 2 7.30258 0.025958 * 

DIVALIKE DIVALIKE+J+X+N -62.7176 -50.9436 2 5 3 23.54788 3.1E-05 * 

DIVALIKE+J DIVALIKE+J+X -57.1475 -51.2459 3 4 1 11.8031 0.000591 * 

DIVALIKE+J DIVALIKE+J+N -57.1475 -56.8572 3 4 1 0.58044 0.44614 

DIVALIKE+J DIVALIKE+J+X+N -57.1475 -50.9436 3 5 2 12.40768 0.002022 * 

DIVALIKE+X DIVALIKE+J+X -59.0836 -51.2459 3 4 1 15.6754 7.52E-05 * 

DIVALIKE+X DIVALIKE+X+N -59.0836 -59.0663 3 4 1 0.03468 0.852268 

DIVALIKE+X DIVALIKE+J+X+N -59.0836 -50.9436 3 5 2 16.27998 0.000292 * 

DIVALIKE+N DIVALIKE+J+N -62.6457 -56.8572 3 4 1 11.57684 0.000668 * 

DIVALIKE+N DIVALIKE+X+N -62.6457 -59.0663 3 4 1 7.15878 0.00746 * 

DIVALIKE+N DIVALIKE+J+X+N -62.6457 -50.9436 3 5 2 23.40408 8.28E-06 * 

DIVALIKE+J+X DIVALIKE+J+X+N -51.2459 -50.9436 4 5 1 0.60458 0.436836 

DIVALIKE+J+N DIVALIKE+J+X+N -56.8572 -50.9436 4 5 1 11.82724 0.000584 * 

DIVALIKE+X+N DIVALIKE+J+X+N -59.0663 -50.9436 4 5 1 16.2453 5.56E-05 * 

BAYAREALIKE BAYAREALIKE+J -65.1361 -58.38 2 3 1 13.51236 0.000237 * 

BAYAREALIKE BAYAREALIKE+X -65.1361 -61.5373 2 3 1 7.1977 0.0073 * 

BAYAREALIKE BAYAREALIKE+N -65.1361 -65.0941 2 3 1 0.08416 0.771737 

BAYAREALIKE BAYAREALIKE+J+X -65.1361 -52.1543 2 4 2 25.96362 2.3E-06 * 

BAYAREALIKE BAYAREALIKE+J+N -65.1361 -57.9615 2 4 2 14.3493 0.000766 * 

BAYAREALIKE BAYAREALIKE+X+N -65.1361 -61.5444 2 4 2 7.18354 0.02755 * 

BAYAREALIKE BAYAREALIKE+J+X+N -65.1361 -52.1482 2 5 3 25.97578 9.65E-06 * 

BAYAREALIKE+J BAYAREALIKE+J+X -58.38 -52.1543 3 4 1 12.45126 0.000418 * 

BAYAREALIKE+J BAYAREALIKE+J+N -58.38 -57.9615 3 4 1 0.83694 0.360273 

BAYAREALIKE+J BAYAREALIKE+J+X+N -58.38 -52.1482 3 5 2 12.46342 0.001966 * 

BAYAREALIKE+X BAYAREALIKE+J+X -61.5373 -52.1543 3 4 1 18.76592 1.48E-05 * 

BAYAREALIKE+X BAYAREALIKE+X+N -61.5373 -61.5444 3 4 1 0 1 

BAYAREALIKE+X BAYAREALIKE+J+X+N -61.5373 -52.1482 3 5 2 18.77808 8.36E-05 * 

BAYAREALIKE+N BAYAREALIKE+J+N -65.0941 -57.9615 3 4 1 14.26514 0.000159 * 

BAYAREALIKE+N BAYAREALIKE+X+N -65.0941 -61.5444 3 4 1 7.09938 0.007711 * 

BAYAREALIKE+N BAYAREALIKE+J+X+N -65.0941 -52.1482 3 5 2 25.89162 2.39E-06 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -52.1543 -52.1482 4 5 1 0.01216 0.912193 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -57.9615 -52.1482 4 5 1 11.62648 0.00065 * 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -61.5444 -52.1482 4 5 1 18.79224 1.46E-05 * 
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Table 3.25S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Chromis (sample size=19). Bold italicized row 
indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0223 0.0502 0 0 0 -85.05 174.85 

DEC+J 3 0.0150 0.0206 0.1307 0 0 -80.03 167.66 

DEC+X 3 0.0051 0.0448 0 -0.8775 0 -79.79 167.17 

DEC+N 3 0.0058 0.0393 0 0 -1.6487 -80.60 168.81 

DEC+J+X 4 0.0015 0.0161 0.0390 -1.2953 0 -71.71 154.28 

DEC+J+N 4 0.0034 0.0180 0.0364 0 -1.8110 -75.30 161.46 

DEC+X+N 4 0.0016 0.0369 0 -0.8702606 -1.4679 -75.68 162.21 

DEC+J+X+N 5 0.0010 0.0155 0.0217 -1.1390 -0.9588 -68.53 151.67 

DIVALIKE 2 0.0211 0.0186 0 0 0 -81.19 167.12 

DIVALIKE+J 3 0.0167 0.0167 0.0643 0 0 -79.26 166.12 

DIVALIKE+X 3 0.0133 0.0189 0 -0.3225 0 -77.92 163.44 

DIVALIKE+N 3 0.0122 0.0191 0 0 -0.7569 -78.22 164.05 

DIVALIKE+J+X 4 0.0106 0.0171 0.0279 -0.3057 0 -76.02 162.90 

DIVALIKE+J+N 4 0.0127 0.0200 0.0762 0 -0.3573 -77.87 166.59 

DIVALIKE+X+N 4 0.0093 0.0183 0 -0.5372 -0.0120 -76.42 163.71 

DIVALIKE+J+X+N 5 0.0003 0.0065 0.0392 -1.4658 -0.7789 -73.25 161.11 

BAYAREALIKE 2 0.0300 0.2308 0 0 0 -93.72 192.18 

BAYAREALIKE+J 3 0.0138 0.0400 0.1386 0 0 -82.22 172.04 

BAYAREALIKE+X 3 0.0070 0.2237 0 -0.8570 0 -89.14 185.88 

BAYAREALIKE+N 3 0.0068 0.2168 0 0 -1.7517 -90.57 188.75 

BAYAREALIKE+J+X 4 0.0017 0.0294 0.0468 -1.24062 0 -74.55 159.95 

BAYAREALIKE+J+N 4 0.0036 0.0367 0.0514 0 -1.6795 -78.10 167.05 

BAYAREALIKE+X+N 4 0.0028 0.2159 0 -0.7966 -1.2623 -86.77 184.39 

BAYAREALIKE+J+X+N 5 0.0011 0.0292 0.0297 -1.146759 -0.7867 -71.88 158.38 
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Table 3.26S. Likelihood-Ratio test results for the clade Chromis. P-values with an asterisk indicate 
rejection of null hypothesis (no significative improvement when adding parameters) at p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -85.049 -80.0313 2 3 1 10.03528 0.001536 * 

DEC DEC+X -85.049 -79.7864 2 3 1 10.52508 0.001178 * 

DEC DEC+N -85.049 -80.6036 2 3 1 8.89074 0.002866 * 

DEC DEC+J+X -85.049 -71.7105 2 4 2 26.677 1.61E-06 * 

DEC DEC+J+N -85.049 -75.3009 2 4 2 19.49614 5.84E-05 * 

DEC DEC+X+N -85.049 -75.6771 2 4 2 18.7437 8.51E-05 * 

DEC DEC+J+X+N -85.049 -68.5281 2 5 3 33.04168 3.16E-07 * 

DEC+J DEC+J+X -80.0313 -71.7105 3 4 1 16.64172 4.51E-05 * 

DEC+J DEC+J+N -80.0313 -75.3009 3 4 1 9.46086 0.002099 * 

DEC+J DEC+J+X+N -80.0313 -68.5281 3 5 2 23.0064 1.01E-05 * 

DEC+X DEC+J+X -79.7864 -71.7105 3 4 1 16.15192 5.85E-05 * 

DEC+X DEC+X+N -79.7864 -75.6771 3 4 1 8.21862 0.004146 * 

DEC+X DEC+J+X+N -79.7864 -68.5281 3 5 2 22.5166 1.29E-05 * 

DEC+N DEC+J+N -80.6036 -75.3009 3 4 1 10.6054 0.001128 * 

DEC+N DEC+X+N -80.6036 -75.6771 3 4 1 9.85296 0.001696 * 

DEC+N DEC+J+X+N -80.6036 -68.5281 3 5 2 24.15094 5.7E-06 * 

DEC+J+X DEC+J+X+N -71.7105 -68.5281 4 5 1 6.36468 0.011641 * 

DEC+J+N DEC+J+X+N -75.3009 -68.5281 4 5 1 13.54554 0.000233 * 

DEC+X+N DEC+J+X+N -75.6771 -68.5281 4 5 1 14.29798 0.000156 * 

DIVALIKE DIVALIKE+J -81.1869 -79.2607 2 3 1 3.85234 0.049677 * 

DIVALIKE DIVALIKE+X -81.1869 -77.9222 2 3 1 6.52944 0.01061 * 

DIVALIKE DIVALIKE+N -81.1869 -78.2243 2 3 1 5.9253 0.014925 * 

DIVALIKE DIVALIKE+J+X -81.1869 -76.0205 2 4 2 10.3329 0.005705 * 

DIVALIKE DIVALIKE+J+N -81.1869 -77.8689 2 4 2 6.63598 0.036226 * 

DIVALIKE DIVALIKE+X+N -81.1869 -76.4242 2 4 2 9.52544 0.008542 * 

DIVALIKE DIVALIKE+J+X+N -81.1869 -73.2465 2 5 3 15.88092 0.0012 * 

DIVALIKE+J DIVALIKE+J+X -79.2607 -76.0205 3 4 1 6.48056 0.010906 * 

DIVALIKE+J DIVALIKE+J+N -79.2607 -77.8689 3 4 1 2.78364 0.095232 

DIVALIKE+J DIVALIKE+J+X+N -79.2607 -73.2465 3 5 2 12.02858 0.002444 * 

DIVALIKE+X DIVALIKE+J+X -77.9222 -76.0205 3 4 1 3.80346 0.051147 

DIVALIKE+X DIVALIKE+X+N -77.9222 -76.4242 3 4 1 2.996 0.08347 

DIVALIKE+X DIVALIKE+J+X+N -77.9222 -73.2465 3 5 2 9.35148 0.009319 * 

DIVALIKE+N DIVALIKE+J+N -78.2243 -77.8689 3 4 1 0.71068 0.399218 

DIVALIKE+N DIVALIKE+X+N -78.2243 -76.4242 3 4 1 3.60014 0.057775 

DIVALIKE+N DIVALIKE+J+X+N -78.2243 -73.2465 3 5 2 9.95562 0.006889 * 

DIVALIKE+J+X DIVALIKE+J+X+N -76.0205 -73.2465 4 5 1 5.54802 0.018502 * 

DIVALIKE+J+N DIVALIKE+J+X+N -77.8689 -73.2465 4 5 1 9.24494 0.002361 * 

DIVALIKE+X+N DIVALIKE+J+X+N -76.4242 -73.2465 4 5 1 6.35548 0.011702 * 

BAYAREALIKE BAYAREALIKE+J -93.7161 -82.2223 2 3 1 22.98758 1.63E-06 * 

BAYAREALIKE BAYAREALIKE+X -93.7161 -89.141 2 3 1 9.15018 0.002487 * 

BAYAREALIKE BAYAREALIKE+N -93.7161 -90.5746 2 3 1 6.28296 0.01219 * 

BAYAREALIKE BAYAREALIKE+J+X -93.7161 -74.5453 2 4 2 38.34162 4.72E-09 * 

BAYAREALIKE BAYAREALIKE+J+N -93.7161 -78.095 2 4 2 31.24212 1.64E-07 * 

BAYAREALIKE BAYAREALIKE+X+N -93.7161 -86.7675 2 4 2 13.89718 0.00096 * 

BAYAREALIKE BAYAREALIKE+J+X+N -93.7161 -71.8847 2 5 3 43.66276 1.78E-09 * 

BAYAREALIKE+J BAYAREALIKE+J+X -82.2223 -74.5453 3 4 1 15.35404 8.91E-05 * 

BAYAREALIKE+J BAYAREALIKE+J+N -82.2223 -78.095 3 4 1 8.25454 0.004065 * 

BAYAREALIKE+J BAYAREALIKE+J+X+N -82.2223 -71.8847 3 5 2 20.67518 3.24E-05 * 

BAYAREALIKE+X BAYAREALIKE+J+X -89.141 -74.5453 3 4 1 29.19144 6.56E-08 * 

BAYAREALIKE+X BAYAREALIKE+X+N -89.141 -86.7675 3 4 1 4.747 0.029349 * 

BAYAREALIKE+X BAYAREALIKE+J+X+N -89.141 -71.8847 3 5 2 34.51258 3.2E-08 * 

BAYAREALIKE+N BAYAREALIKE+J+N -90.5746 -78.095 3 4 1 24.95916 5.86E-07 * 

BAYAREALIKE+N BAYAREALIKE+X+N -90.5746 -86.7675 3 4 1 7.61422 0.005791 * 

BAYAREALIKE+N BAYAREALIKE+J+X+N -90.5746 -71.8847 3 5 2 37.3798 7.64E-09 * 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -74.5453 -71.8847 4 5 1 5.32114 0.021068 * 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -78.095 -71.8847 4 5 1 12.42064 0.000425 * 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -86.7675 -71.8847 4 5 1 29.76558 4.88E-08 * 
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Table 3.27S. Parameter estimates, log-likelihood values (LnL), and model selection score for 
each of the 24 models assessed for the clade Upeneus (sample size=29). Bold italicized row 
indicates the best-fitting model based on AICc and LRT results. 

Biogeographic model Free parameters d e j x n LnL AICc 

DEC 2 0.0194 0.0126 0 0 0 -100.19 204.84 

DEC+J 3 0.0154 3.88E-09 0.0142 0 0 -99.22 205.39 

DEC+X 3 0.0169 0.0111 0 -0.0905 0 -100.12 207.19 

DEC+N 3 0.0125 0.0207 0 0 -2.5 -87.58 182.13 

DEC+J+X 4 0.0126 1.00E-12 0.0113 -0.1551 0 -98.98 207.62 

DEC+J+N 4 0.0106 0.0138 0.0115 0 -2.5 -86.71 183.08 

DEC+X+N 4 0.0099 0.0196 0 -0.1643 -2.5 -87.37 184.41 

DEC+J+X+N 5 0.0052 1.00E-12 0.0090 -0.3552 -2.5 -86.41 185.43 

DIVALIKE 2 0.0252 0.0188 0 0 0 -111.60 227.66 

DIVALIKE+J 3 0.0211 0.0088 0.0078 0 0 -111.35 229.65 

DIVALIKE+X 3 0.0201 0.0149 0 -0.1523 0 -111.41 229.77 

DIVALIKE+N 3 0.0150 0.0219 0 0 -2.5 -95.26 197.49 

DIVALIKE+J+X 4 0.0137 1.00E-12 0.0084 -0.2639 0 -110.60 230.87 

DIVALIKE+J+N 4 0.0132 0.0169 0.0065 0 -2.5 -94.81 199.29 

DIVALIKE+X+N 4 0.0126 0.0212 0 -0.1331 -2.5 -95.13 199.93 

DIVALIKE+J+X+N 5 0.0103 0.0154 0.0059 -0.1689 -2.5 -94.60 201.81 

BAYAREALIKE 2 0.0112 0.0612 0 0 0 -93.30 191.06 

BAYAREALIKE+J 3 0.0081 0.0453 0.0076 0 0 -91.37 189.70 

BAYAREALIKE+X 3 0.0057 0.0577 0 -0.3857 0 -92.59 192.14 

BAYAREALIKE+N 3 0.0121 0.0769 0 0 -2.5 -87.55 182.06 

BAYAREALIKE+J+X 4 0.0037 0.0428 0.0041 -0.4508 0 -90.41 190.50 

BAYAREALIKE+J+N  4 0.0081 0.0508 0.0086 0 -2.5 -85.78 181.23 

BAYAREALIKE+X+N 4 0.0085 0.0729 0 -0.2254 -2.5 -87.27 184.20 

BAYAREALIKE+J+X+N 5 0.0048 0.0470 0.0058 -0.3244 -2.5 -85.22 183.06 
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Table 3.28S. Likelihood-Ratio test results for the clade Upeneus. P-values with an asterisk 
indicate rejection of null hypothesis (no significative improvement when adding parameters) at 
p<0.05. 

Nested model More complex model LnL Null LnL Alt DF Null DF Alt DF D Statistic p-value 

DEC DEC+J -100.189 -99.2158 2 3 1 1.9458 0.16304 

DEC DEC+X -100.189 -100.116 2 3 1 0.1452 0.703165 

DEC DEC+N -100.189 -87.5839 2 3 1 25.20964 5.14E-07 * 

DEC DEC+J+X -100.189 -98.9752 2 4 2 2.42692 0.297167 

DEC DEC+J+N -100.189 -86.7068 2 4 2 26.9639 1.4E-06 * 

DEC DEC+X+N -100.189 -87.3726 2 4 2 25.63226 2.72E-06 * 

DEC DEC+J+X+N -100.189 -86.4084 2 5 3 27.5607 4.49E-06 * 

DEC+J DEC+J+X -99.2158 -98.9752 3 4 1 0.48112 0.487915 

DEC+J DEC+J+N -99.2158 -86.7068 3 4 1 25.0181 5.68E-07 * 

DEC+J DEC+J+X+N -99.2158 -86.4084 3 5 2 25.6149 2.74E-06 * 

DEC+X DEC+J+X -100.116 -98.9752 3 4 1 2.28172 0.130907 

DEC+X DEC+X+N -100.116 -87.3726 3 4 1 25.48706 4.45E-07 * 

DEC+X DEC+J+X+N -100.116 -86.4084 3 5 2 27.4155 1.11E-06 * 

DEC+N DEC+J+N -87.5839 -86.7068 3 4 1 1.75426 0.185342 

DEC+N DEC+X+N -87.5839 -87.3726 3 4 1 0.42262 0.515633 

DEC+N DEC+J+X+N -87.5839 -86.4084 3 5 2 2.35106 0.308655 

DEC+J+X DEC+J+X+N -98.9752 -86.4084 4 5 1 25.13378 5.35E-07 * 

DEC+J+N DEC+J+X+N -86.7068 -86.4084 4 5 1 0.5968 0.439802 

DEC+X+N DEC+J+X+N -87.3726 -86.4084 4 5 1 1.92844 0.164929 

DIVALIKE DIVALIKE+J -111.599 -111.346 2 3 1 0.505 0.477311 

DIVALIKE DIVALIKE+X -111.599 -111.407 2 3 1 0.3846 0.535152 

DIVALIKE DIVALIKE+N -111.599 -95.2649 2 3 1 32.66798 1.09E-08 * 

DIVALIKE DIVALIKE+J+X -111.599 -110.602 2 4 2 1.9938 0.369022 

DIVALIKE DIVALIKE+J+N -111.599 -94.8125 2 4 2 33.57288 5.13E-08 * 

DIVALIKE DIVALIKE+X+N -111.599 -95.1292 2 4 2 32.9394 7.04E-08 * 

DIVALIKE DIVALIKE+J+X+N -111.599 -94.6011 2 5 3 33.99554 1.99E-07 * 

DIVALIKE+J DIVALIKE+J+X -111.346 -110.602 3 4 1 1.4888 0.222403 

DIVALIKE+J DIVALIKE+J+N -111.346 -94.8125 3 4 1 33.06788 8.9E-09 * 

DIVALIKE+J DIVALIKE+J+X+N -111.346 -94.6011 3 5 2 33.49054 5.34E-08 * 

DIVALIKE+X DIVALIKE+J+X -111.407 -110.602 3 4 1 1.6092 0.204604 

DIVALIKE+X DIVALIKE+X+N -111.407 -95.1292 3 4 1 32.5548 1.16E-08 * 

DIVALIKE+X DIVALIKE+J+X+N -111.407 -94.6011 3 5 2 33.61094 5.03E-08 * 

DIVALIKE+N DIVALIKE+J+N -95.2649 -94.8125 3 4 1 0.9049 0.341471 

DIVALIKE+N DIVALIKE+X+N -95.2649 -95.1292 3 4 1 0.27142 0.602381 

DIVALIKE+N DIVALIKE+J+X+N -95.2649 -94.6011 3 5 2 1.32756 0.514901 

DIVALIKE+J+X DIVALIKE+J+X+N -110.602 -94.6011 4 5 1 32.00174 1.54E-08 * 

DIVALIKE+J+N DIVALIKE+J+X+N -94.8125 -94.6011 4 5 1 0.42266 0.515613 

DIVALIKE+X+N DIVALIKE+J+X+N -95.1292 -94.6011 4 5 1 1.05614 0.304097 

BAYAREALIKE BAYAREALIKE+J -93.2968 -91.3715 2 3 1 3.85064 0.049727 * 

BAYAREALIKE BAYAREALIKE+X -93.2968 -92.5899 2 3 1 1.41382 0.234423 

BAYAREALIKE BAYAREALIKE+N -93.2968 -87.5489 2 3 1 11.49578 0.000698 * 

BAYAREALIKE BAYAREALIKE+J+X -93.2968 -90.415 2 4 2 5.76364 0.056033 

BAYAREALIKE BAYAREALIKE+J+N -93.2968 -85.7837 2 4 2 15.02624 0.000546 * 

BAYAREALIKE BAYAREALIKE+X+N -93.2968 -87.2671 2 4 2 12.05928 0.002406 * 

BAYAREALIKE BAYAREALIKE+J+X+N -93.2968 -85.2244 2 5 3 16.14476 0.001059 * 

BAYAREALIKE+J BAYAREALIKE+J+X -91.3715 -90.415 3 4 1 1.913 0.16663 

BAYAREALIKE+J BAYAREALIKE+J+N -91.3715 -85.7837 3 4 1 11.1756 0.000829 * 

BAYAREALIKE+J BAYAREALIKE+J+X+N -91.3715 -85.2244 3 5 2 12.29412 0.00214 * 

BAYAREALIKE+X BAYAREALIKE+J+X -92.5899 -90.415 3 4 1 4.34982 0.037013 * 

BAYAREALIKE+X BAYAREALIKE+X+N -92.5899 -87.2671 3 4 1 10.64546 0.001103 * 

BAYAREALIKE+X BAYAREALIKE+J+X+N -92.5899 -85.2244 3 5 2 14.73094 0.000633 * 

BAYAREALIKE+N BAYAREALIKE+J+N -87.5489 -85.7837 3 4 1 3.53046 0.060251 

BAYAREALIKE+N BAYAREALIKE+X+N -87.5489 -87.2671 3 4 1 0.5635 0.452853 

BAYAREALIKE+N BAYAREALIKE+J+X+N -87.5489 -85.2244 3 5 2 4.64898 0.097833 

BAYAREALIKE+J+X BAYAREALIKE+J+X+N -90.415 -85.2244 4 5 1 10.38112 0.001273 * 

BAYAREALIKE+J+N BAYAREALIKE+J+X+N -85.7837 -85.2244 4 5 1 1.11852 0.290237 

BAYAREALIKE+X+N BAYAREALIKE+J+X+N -87.2671 -85.2244 4 5 1 4.08548 0.043253 * 
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4. Centers of species richness, neoendemism, and 
paleoendemism for marine fishes occur in different regions of 
New Zealand 
 

 

 


























































































































