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Tree construction


Killifish capable of producing diapause eggs (i.e. an annual life cycle) are found within the order Cyprinodontiformes, suborder Aplocheiloidei (637 currently recognized species). We generated a molecular phylogeny of the group using supermatrix tree construction methods [1]. First, we identified molecular sequence data from 269 species of Apocheiloidei killifish and 42 outgroup taxa from NCBI.  We used Geneious version 5.4.6 [2] to download seven mitochondrial (12S, 16S, Cox1, Cyt b, D loop, ND1, ND2, as well as tRNAs Val-Ile-Gln-Met-Trp-Ala-Asn-Cys-Tyr) and two nuclear genes (28S, Rag1) from Genbank, and constructed a 10960 base pair supermatrix for these 311 taxa. Sequences were aligned using MUSCLE [3] in Geneious version 5.4.6 (Biomatters) followed by manual adjustment in Se-Al [4]. Taxonomic ambiguity was resolved in reference to original literature, Fishbase [5], and the Catalog of Fishes [6]. Individual gene trees were created using maximum likelihood (RAxML 7.2.7; GTRCAT + G model of molecular evolution; [7]) on the CIPRES platform [8] and examined to ensure species with multiple sequences came out monophyletic. For the species-level analysis we generally retained the longest exemplar sequence. When multiple different genes were available for a given species an effort was made to keep together those sequences generated from the same specimen. NUMTs (mitochondrial sequences incorporated into the nuclear genome) were deleted, as were certain sequences with multiple ambiguous regions (many Ns). A few species were eliminated from the analysis due to lack of gene overlap with other species in the matrix. Protein coding gene segments were translated into amino acids in Se-Al [4] to verify placement of gaps to avoid breaking up translated proteins. Visually identified alignment ambiguous regions were excluded from final phylogenetic analyses (1365 bp). SequenceMatrix [9] was used to concatenate the individual final alignments (ambiguous regions removed). The concatenated data set (10960 bp) was analyzed using nine partitions (12S + 16S, D loop, Cox1, Cytochrome b, ND1, ND2, tRNAs Val-Ile-Gln-Met-Trp-Ala-Asn-Cys-Tyr, Rag1, 28S.). jModelTest [10, 11] was used to determine if a gamma distribution should be included for each of the partitions based on the Akaike Information Criterion (Table S1). The maximum likelihood (ML) tree was estimated using RAxML7.2.7 (CIPRES platform; [8]) using the GTRCAT + G model of molecular evolution for each of the nine partitions, with 500 bootstrap replicates, randomized MP starting trees, and the fast hill-climbing algorithm with all free parameters estimated. 


Molecular dating (timetree) analyses were performed with the MCMCTree program in PAML 4.5 [12]. MCMCTree implements the MCMC algorithms of Rannala and Yang [13]. Analyses were performed with both autocorrelated and independent rates models. Each of the nine data partitions was allowed to have its own GTR + ( model of sequence evolution. We set one time unit = 100 million years. Analyses were performed with cleandata = 0. Shape (α) and scale (β) parameters for the gamma prior of the overall rate parameter μ (i.e., rgene_gamma in mcmctree) were 1 and 3.37, respectively. Calculations for the shape and scale parameters of the gamma prior for the rate-drift parameter assumed an age of 157.5 million years for the most recent common ancestor of Otocephala. Chains were run for 100,000 generations after a burn-in of 10,000 generations, and were sampled every 20 generations. Analyses were performed with both hard-bounded and soft-bounded constraints. Soft-bounded analyses allocated 2.5% of the prior distribution to each tail. Minimum ages for ten different nodes, including the root of the tree, were based on the oldest crown fossils that are assignable to each clade. Maximum ages were based on stratigraphic bounding, phylogenetic bracketing, and phylogenetic uncertainty as in Meredith et al. [14]. Minimum and maximum constraints are summarized in Table S2 and justification is given below.

 1. Esociformes + Salmoniformes. Minimum = 70.0 Ma; maximum = 126.0 Ma. The oldest esociform (Estesesox foxi) consists of isolated elements from the Aquilan (early Campanian), Milk River Formation, Alberta [15, 16]. We use the end of the Campanian (70.6 + 0.6 = 70.0 Ma) as a minimum age for this clade. The oldest skeletal salmoniform fossil is Eosalmo driftwoodensis (British Columbia, Washington state, middle Eocene; [16, 17]). The oldest otolith based fossil salmoniform is Salmonidarum acutirostratus (Salmonidae) Sundkrogen, Denmark, Selandian, Paleocene [16, 18].  The maximum age is based on Helgolandichthys schmidi (early Aptian, Tock, Helgolang, Germany), which was originally described a salmonid [19]. However, recent reviews on Salmoniformes (e.g. [16]) have failed to mention Helgolandichthys.  Furthermore, we are unaware of a phylogenetic study that has included Helgolandichthys. 

2. Neoteleostei. Minimum = 124 Ma; maximum = 154.8 Ma. The oldest neoteleostians are members of the Aulopiformes. The oldest members of Aulopiformes are "Enchodontoidea" which are Barremian (e.g. Atolvorator longipectoralis, Coqueiro Seco Formation; [20]). Silva and Gallo [20] suggest Enchodontoidea is paraphyletic but all former members of Enchodontoidea are retained within Neoteleostei. Pachyrhizodontoidea are stem euteleosts [21] or clupeocephalans incertae sedis [22] and may belong to the second outgroup. The oldest pachyrhizodontoid is an indeterminant Tithonian species from Banos del Flaco Formation, Termas del Flaco, Chile [23].

3. Macrouridae to Gadidae (in Gadiformes). Minimum = 58.5 Ma; maximum = 131.5. The oldest crown macrourids and gadids are known from otoliths (e.g. Coryphaenoides amager (macrourid), Protocolliolus amorphus (gadid); Selandian, Sundkrogen, Denmark, Paleocene; [18, 24]). The definitive sister-taxon to Gadiformes is unclear, but the candidate lineages include other Neoteleostei, among which includes Aulopiformes, which are the oldest neoteleosts. Specifically, the oldest members of Aulopiformes are "Enchodontoidea" which are Barremian (e.g. Atolvorator longipectoralis, Enchodus, Coqueiro Seco Formation; [20]). We based the maximum on these fossils. 

4. Zoarcoidea + Gasterosteiformes. Minimum = 13.0 Ma; maximum = 84.2 Ma. The minimum age for Zoarcoidea + Gasterosteiformes is 13.0 Ma and is based on Gasterosteus aculeatus, which is the oldest unequivocal member of this clade. The maximum age allows for the possibility that the Campanian Gasterorhamphosus has stem group affinities with Zoarcoidea + Gasterosteiformes. Traditionally, Syngnathoidei (sea horses, pipefish and relatives) and Gasterosteoidei (sticklebacks and relatives) are included in the order Gasterosteiformes. However, this order is triphyletic based on complete mitogenomic sequences [25]. Zoarcoidea is sister to sticklebacks, which are one of three gasterosteiform moieties. Gasterorhamphosus zuppichinii from Calcare di Mellissano, near Nardò, Lecce, Apulia, Italy (Campanian) is often considered the oldest gasterosteiform (e.g. [26]), possibly a stem gasterosteiform (Syngnathoidei + Gasterosteoidei; [27]), but Orr [28] suggested Gasterorhamphosus is on the stem lineage leading to Macrorhamphosidae + Centriscidae (a stem Macrorhamphosoidea=Centriscoidea), which is removed from the stickleback + zoarcoid branch of Kawahara et al. [25].  Natale [29] suggested Gasterorhamphosus is a stem macroramphosan (Macrorhamphosoidea + Syngnathoidea). Kawahara et al. [25] recovered the non-indostomid gasterosteoids as the sister group to Zoarcidae + Pholidae; indostomid gasterosteiforms were nested within Synbranchiformes; and Syngnathoidei grouped with Gobiodei with the scorpaeniform Dactyloptena nested within the Syngnathoidei + Gobiodei clade.  Gasterosteus (taxon in our tree) is a non-indostomid gasterosteiform.  The oldest known non-indostomid gasterosteiform is Gasterosteus aculeatus from the Monterey Formation, California (13-13.3 My; Serravallian; [30]). Fossils of Lycodes (eelpout) are not known.  Fossils referable to the zoarcoid families Stichaeidae and Pholidae are known from the Miocene (11.60–12.25 My) Agnev Suite [31]. Miocene otoliths referable to Zoarcoidea have also been described from middle Miocene deposits of the North Sea Basin [32]. 

5. Moronidae + Lutjanidae. Minimum = 47 Ma; maximum = 84.2 Ma. The minimum age for this node is based on fossil moronids from middle Eocene Messel deposits [33], which are ~47 Ma in age. Skeletal remains of moronids are also known from Lutetian deposits of the Green River Formation, Wyoming (e.g. Priscacara serrata; [34]). Skeletal remains of lutjanids are known from Lutetian deposits of the Monte Bolca locality (e.g. Ottaviania leptacanthus) [35]. The maximum for Moronidae + Lutjanidae (83.5 +/- 0.7 = 84.2 Ma) is based on otoliths from the Late Campanian with putative Moronidae affinities [36]. 

6. Tetraodontiformes + Lophiiformes. Minimum = 96.9 Ma; maximum = 126.0. These orders are sister taxa in Miya et al. [37]. The oldest members of Order Lophiiformes (e.g., anglerfish, frogfish) include early Eocene (Ypresian) frogfish (i.e., Eophryne barbutii) and batfish (i.e., Tarkus) from Italy [38, 39]. The oldest stem Tetraodontiformes is Plectocretacicus clarae from the Cenomanian of Lebanon [26]. The minimum age for this fossil is 96.9 Ma [26]. First outgroup is Moronidae + Lutjanidae (part of paraphyletic Perciformes) in Li et al. [40], or Labridae (e.g., Pseudolabrus, Halichoeres, also a perciform family) in Miya et al. [37]. Next out is Zoarcidae (eelpouts) + part of Gasterosteiformes [40] or part of Scorpaeniformes (e.g., Helicolenus in scorpionfish family Sebastidae) + part of Gasterosteiformes (e.g., Gasterosteus = stickleback).  The maximum age is based on SB and is 126.0 Ma. 

7. Tetraodontidae. Minimum = 32.25 Ma; maximum = 56.0 Ma. Minimum age of 32.25 Ma assumes that Archaeotetraodon winterbottomi is the oldest crown representative of Tetraodontidae. Carnevale and Tyler [41] concluded that the six species of Archaeotetraodon comprise a monophyletic taxon (“The most phylogenetically significant feature of Archaeotetraodon is the possession of an extensive dermal covering of scales with bifid spinules, this being unique within the family and one of the two characters that supports the monophyly of this genus”), although two species (jamestyleri, winterbottomi) are not monophyletic in Santini and Tyler [42]. Nevertheless, A. winterbottomi is a crown tetraodontid in Santini and Tyler’s [42] majority rule consensus tree. Carnevale and Tyler [41] concluded that Archaeotetradon is the oldest crown representative of Tetraodontidae, but were unable to determine the precise placement of this genus. The geologically oldest crown tetraodontid is A. winterbottomi, which dates to the early Rupelian (34-32 Ma) [41]. Specifically, A. winterbottomi is known from the Pshekhsky Horizon of the Maikop Formation, which has a minimum age of 32.25 Ma [26]. Also from Carnevale and Tyler [41]: “Stem members of the family are known from the Early and Middle Eocene, represented by two species of the genus Eotetraodon, E. pygmaeus from Monte Bolca, Italy and E. gornylutshensis from the Kuma Horizon of northern Caucasus, Russia…” According to Carnevale and Tyler [41], “Eotetraodon was considered as a triodontid in a recent cladistic analysis of the entire order Tetraodontiformes [42], but Eotetraodon subsequently has been reinterpreted as a basal member of the family Tetraodontidae [43, 44].” Eotetraodon pygmaeus is known from the uppermost Lower or lowermost Middle Eocene according to Bannikov and Tyler [45]. Carnevale and Tyler [41] also suggest that Zignoichthys (Eocene) and Iraniplectus (Oligocene) are basal tetradontids. The maximum age for Tetraodontidae allows for the possibility that Eotetraodon is one of the first two outgroups to crown Tetraodontidae. 

8. Cichlidae. Minimum = 40.2; maximum = 100.5. The oldest skeletal remains of New World cichlids (e.g. Proterocara argentina, Gymnogeophagus eocenicus) are from Alemanía, northwestern Argentina, Lumbrera Formation, Ypresian-Lower Lutetian, Eocene [46]. The oldest skeletal remains of Old World cichlids are Mahengechromis spp. (Lutetian, Tanzania, Mahenge, Singida Region; [47]). Phylogenetic analyses (e.g. [48]) recover Proterocara argentina and Gymnogeophagus eocenicus as crown members of the South American Cichlinae. The minimum is based on these fossils. The maximum age allows for the possibility that the second outgroup to Cichlidae may include Plectocretacicus clarae (Cenomanian) given that bootstrap support for the second outgroup is equivocal  (see our tree, Li et al. [49] with bootstrap support < 90% for sister taxa). The base of the Cenomanian is 99.6 +/- 0.9 = 100.5 Ma. 
9. Poeciliidae + Anablepidae. Minimum = 39.9 Ma; maximum = 71.2 Ma. The minimum age is based on undescribed poeciliid fossils from the Lumbrera Formation in Argentina [50]. The summary of geological data suggests an upper Ypresian-lower Lutetian age for the Faja Verde of the Lumbrera Formation, but the minimum age in only 39.9 Ma based on U/Pb zircon dating of an overlying tuff bed [50]. The maximum is based on cf. Cyprinodontiformes fossils (El Molino Formation, Puca Group, Hotel Cordillera, Bolivia, Maastrichtian to Paleocene; [51]) with uncertain relationships (crown versus stem) to living taxa. 

10. Otocephala = Ostarioclupeomorpha (Ostariophysi + Clupeomorpha). Minimum = 149.85; maximum = 165.2 Ma. The oldest crown Ostarioclupeomorpha is Tischlingerichthys viohli from the upper Tithonian of Muhlheim, Bavaria, Germany [52, 53]. Benton et al. [26] provide a minimum age of 149.85 Ma for this fossil. The maximum age is based on stratigraphic bounding.   
Diapause character scoring


We scored killifish species for presence or absence of diapause II rather than an annual life cycle. Embryos of a given species either are or are not capable of arresting development at the diapause II stage - making it a discrete trait. We agree with Simpson [54] "Originally, annual killifishes were defined by their ecology and the nature of their overt life history, but knowledge of their specialized development now permits more precise segregation from other teleosts."

Diapause is traditionally defined as developmental arrest with an accompanying slowing of metabolic rate [55]. Killifish that reside in temporary bodies of water are able to persist through the production of eggs that are capable of undergoing diapause at specific stages during embryology - these stages have been termed diapause I, II, and III [56]. Diapause II occurs after the formation of the embryonic axis, in embryos possessing 38 pairs of somites and is the most prominent stage of developmental arrest in annual killifish. Embryos of annual species spontaneously enter this state under a wide range of environmental conditions, embryos are capable of arresting at this stage for many months, and it is at this stage that they are most impervious to environmental insult 
 ADDIN EN.CITE 
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. 

The mechanistic details of diapause have been observed and described in a limited number of African and South American killifish species, and it has been found that the embryological time points (stages where diapause can occur) are remarkably similar. However, there are many more killifish species than have undergone detailed developmental studies of diapause. Whether a species has an annual life cycle (and by logical inference is capable of producing diapause eggs) has been inferred from a variety of indirect evidence including: 1) occurrence in aquatic habitats that regularly dry, 2) association with known annual species, 3) general morphology and behavior, and 4) an extended egg incubation period as judged by aquarium observation. In regards to this last point, a large hobbyist literature reports average egg incubation times for captive reared killifish species. Aquarists typically store killifish eggs in bags of damp peat moss for a number of months before water is added. When this occurs, eggs that have reached the pre-hatching stage (DIII) are capable of hatching. The peat moss is then re-dried for storage and successive re-wettings occur until most eggs have hatched. Although this method of incubation allows one to determine whether a given species has an extended egg incubation period, the eggs are not directly observed during development so it is not possible to ascertain which if any diapause stages were entered. 
In regards to character scoring we used a total evidence approach in which each species in the phylogeny was scored for presence or absence of diapause II based upon direct observation (AF) or the general consensus based upon reporting in the literature 
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Diversitree analyses


Ancestral state reconstructions can positively mislead if extinction or speciation rates are significantly correlated with the evolution of the trait being reconstructed [68]. We analyzed diversification rate using BiSSE: Binary trait speciation and extinction [69] in diversitree [70] implemented in R [71] to discount this possibility as a source of bias. In diversitree eight BiSSE analyses were performed using the four full-taxa time-calibrated phylogenies (autocorrelated and independent rates with both hard and soft bounded constraints). BiSSE calculations assume phylogenies are complete. To account and correct for incomplete taxon sampling we used two alternative procedures. In both methods the fraction of extant species in the phylogeny (out of the total known from the group) is specified. In the 'sampling fraction' procedure it is assumed that the given tree contains a random sample of extant species with respect to character state (diapause II presence or absence) and this fraction is specified. The 'incomplete sampling' procedure assumes that the species included in the phylogeny are not random but instead vary with character state. This is specified such that the BiSSE calculations account for this uneven sampling. To test the hypothesis of single versus multiple origins we compared the fit of a model constrained such that there is one single origin of diapause (while allowing other parameters such as trait specific speciation and extinction rates to freely vary) to the model whose only difference is that this constraint is removed (Table S3, S4). 
Habitat scoring


Each species in the phylogeny was scored for type of aquatic habitat in which it typically resides, with three possible character states: permanent, seasonal, and marginal. Permanent water bodies exist year round and do not dry out (i.e. are not seasonal). Seasonal water bodies regularly dry out on an annual basis. Marginal is a catch-all term for aquatic habitats that fall between the extremes of permanent and seasonal. This latter category includes small rivulets, forest pools, swamps, and floodplains (often adjacent to permanent aquatic habitat) that may experience temporal variation in drying. Data were derived from genera-level habitat descriptions from Huber [72], species level from Wildekamp [73], supplemented with data available from the Killifish of West Africa (http://www.aka.org/wak/) and It Rains Fishes (http://www.itrainsfishes.net/content/) websites.

Correlation analysis


SIMMAP version 1.5 [74] was used to determine if diapause and habitat covary with each other across the phylogeny. This program implements Bayesian mutational mapping [75, 76] and estimates two statistics, dij and mij, each a measure of covariation between character states i and j. dij is a measure of the association (frequency of occurrence on the phylogeny) between the individual character state i and j. mij is a statistic similar to the mutual information content statistic and evaluates the correlation between character states i and j as the fraction of time one state is associated with another. 

As input for the correlation analysis we used the full taxa RAxML tree and our character matrix (Table S9) in which each species was scored for presence or absence of diapause II, and habitat (permanent, marginal, seasonal). The substitution rate for each of the two standard characters is modeled with a gamma distribution governed by parameters α and β. For two-state characters, a bias parameter, described by the single α parameter is also required. Priors on these parameter estimates were estimated using the two-step procedure recommended by [74]. Briefly, MCMC analyses with default settings (100,000 cycles, sampling frequency=200, 10% burnin, rate upper bound = 1000) were used to sample parameter space after which this output file was analyzed in R using the sumprmcmc.r script provided with SIMMAP. These analyses resulted in best-fit gamma and beta estimates, which were used as priors for the subsequent correlation analysis (Table S5).  


The correlation analysis was set up to have an Observed and Predictive sample size of 2000 with prior draw n=1. The predictive samples are used to statistically test the null hypothesis that the characters evolve independently and association between character states is due to chance rather than correlated evolution. The settings and priors used in the correlation analysis are given in Table S5. 

Measurement of egg metabolic rate (oxygen consumption)


Eggs were obtained through natural spawning activity of Nothobranchius furzeri males and females held in stock tanks. The spawning substrate consisted of a plastic container (spawning tray) filled with approximately one cm of fine-grained river sand. When eggs were to be collected, this container was removed and the sand sifted through a metal screen. Eggs, which remained on the screen, were collected with a plastic pipette, rinsed in distilled water, and stored in Yamamoto's embryo medium. 


Over the course of several months, Nothobranchius furzeri eggs were collected daily ensuring that, because fertilization occurred within a 24-hour window, eggs were of known age (days post-fertilization) and a relatively tight range of developmental stages. Batches of eggs were incubated at 20°C in dishes containing Yamamoto's solution. At least twice per week, unviable embryos were removed and incubation medium was changed. Prior to use in oxygen consumption trials, embryos in a given batch were examined under a microscope so that developmental stage could be assayed [56]. Given our incubation conditions some embryos followed the diapause pathway while others were direct-developing. Beginning 14 days post-fertilization (~20 somite stage) each batch of eggs was sub-divided into separate groupings on the basis of developmental trajectory (diapause vs. direct-developing). Trajectory was determined through microscopic examination of each egg; an open circulatory system and relatively large head is characteristic of direct-developing embryos, and an under-developed circulatory system and reduced head size characteristic of embryos on the diapause pathway (Fig. 2). Prior to day 14, developmental pathway could not be determined, and all eggs were categorized as undifferentiated. Oxygen consumption was measured on batches of 8 - 96 embryos (37.0 +/- 2.0 SE) of known age, developmental stage, and trajectory using a polarographic oxygen microelectrode (Clark style, Instech Laboratories) connected to a YSI Model 5300 Biological Oxygen Monitor (YSI Incorporated, Yellow Springs Instrument Co., Inc.). The tip of the micro electrode was secured inside a water-jacketed 600 ul closed-system respirometry chamber (Batch Cell Chamber, Instech Laboratories) filled with Yamamoto's solution held to a constant temperature of 20°C. Oxygen readings were hand recorded in one minute intervals. Trials lasted 40 minutes or until the percentage of oxygen in the chamber reached 50%. After trial completion, each batch of eggs was pipetted onto a Kimwipe, gently blotted, and weighed to the nearest 0.1 mg. New air-saturated incubation medium was used for each trial. Electrode maintenance, including replacing the membrane and rechloriding the surface layer were performed as necessary according to manufacturer's instruction. 


 For each trial, percent O2 values were plotted as a function of time. The slope (%O2 consumed min-1) of the best-fit linear regression line was converted to an absolute measure of O2 consumption (pmol sec-1 embryo-1) accounting for the volume of the respirometry chamber, the solubility of dissolved oxygen in Yamamoto's solution, and the number of embryos in the trial. 

Supplementary information on results and interpretation
Phylogeny and ancestral state reconstructions


The three families that make up the Aplocheiloidei killifish - the South American Rivuluidae, African Nothobranchidae, and Aplocheilidae of Madagascar, Seychelles, and South Asia - each came out as well supported monophyletic groups (Fig. S1). Furthermore, the sub-Order Aplocheiloidei came out as a well supported monophyletic clade within Cyprinodontiformes. Both maximum likelihood and parsimony ancestral state reconstructions support multiple independent origins of diapause within Aplocheiloidei killifish (Fig. S1). The two equally parsimonious reconstructions, assuming equal weighting toward gains and losses of the trait, are either nine independent origins or seven origins and two losses, respectively. Maximum likelihood reconstructions indicate six statistically significant independent origins of diapause. In both likelihood and parsimony reconstructions uncertainty was involved in ancestral states of the genus Fundulopanchax and the clade composed of Fundulopanchax and Nothobranchius. This is due to the fact that the genus Fundulopanchax contains species with and without diapause and has a more complicated pattern of diapause evolution than is apparent in other groups. Furthermore, Fundulopanchax species, native to Central and Western Africa, live in forest pools and habitats that may periodically dry, and several of these species appear intermediate between true annual species, with diapause, and those that exhibit typical teleost development patterns. There are even species in this genus, for example Fundulopachax gardneri, that exhibit intraspecific variation in the ability to express diapause II 
 ADDIN EN.CITE 
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. Fundulopanchax gardneri did not express diapause II under our, Kroll’s [78], or Wourms' [67] laboratory conditions but did in Dobroruka’s [77] and Peters' [79] study. Different populations of Fundulopanchax gardneri are likely polymorphic for presence or absence of diapause II - perhaps exhibiting fine scale adaptation to environmental conditions [61], or alternatively diapause II might be expressed under a narrow range of environmental conditions only present in some studies. Despite the challenges of diapause character scoring in this transitional development group our general conclusions regarding at least six independent origins of diapause across Aplocheiloidei killifish are robust to alternative forms of character scoring in the genus Fundulopanchax. 


 Within the Aplocheiloidei killifish there are currently 637 valid species, of which 159, or 25.0% have been described within the past 10 years [6]. As the development characteristics and habitat of these species are described more instances of diapause II within otherwise non-annual clades may well be found; this would strengthen the argument for multiple independent origins of diapause and further solidify the contention that diapause and an annual life history "is evolutionarily more plastic than once thought" [64].

Diversitree


We compared AIC and lnLik (by means of Chi-square test) between the full model which allowed for multiple transitions between character states versus a model constrained such that diapause II evolved once at the base of the tree. This later scenario requires numerous losses of diapause II. In all eight analyses the full model performed significantly better (lnLik P<0.000000000000001), providing support for multiple independent origins (Table S4).
Correlation analysis


Table S6 shows the results of the correlation analysis between presence or absence of diapause II and habitat. The presence of diapause was positively associated with inhabitation of seasonal environments (P<0.000001).

Taxonomic notes


Nothobranchiidae.

The genus Episemion came out nested within Aphyosemion, although the nodes placing it in this position have weak bootstrap support. Epiplatys maeseni came out strongly placed within the newly erected genus Nimbapanchax [80]. 


Rivulidae.


The genus Rachovia and Moema each came out paraphyletic. The species Plesiolebias aruana and Plesiolebias glaucopterus came out in very disparate areas of the tree, but each well-supported (raising the possibility that one of these species was misidentified or the genus is in need of taxomonic revision). Simpsonichthys myersi and Nematolebias whitei came out as well-supported sister taxa distinct from the otherwise monophyletic genus Simpsonichthys. Costa's [81] revision of Rivulus and elevation of subgenera to generic level status has proven contentious. Based upon the larger molecular data set analyzed here, Laimosemion, Cynodonichthys, Atlantirivulus, Melanorivulus, and Anablepsoides represent well-supported monophyletic clades. However, the relationship between these clades and the placement of the Plesiolebiatini clade of annual killifish (represented in the tree by the species Maratecoara formosa, Maratecoara lacortei, Pituna poranga, Papiliolebias bitteri, and Plesiolebias aruana) remains largely unresolved. Here, the Plesiolebiatini clade is sister to Atlantirivulus but this relationship has very weak bootstrap support and in general this clade is unstable with respect to position, as in the original phylogenetic analyses including these species [61]. Given additional molecular data it is possible the Plesiolebiatini clade could shift position and become sister to the well-supported annual clade composed of the genera (Austrofundulus, Rachovia, Micromoema, Gnatholebias, Llanolebias, Renova, Terranatos, Neofundulus, Pterolebias, Trigonectes, Aphyolebias, and Moema), thus reducing the number of independent origins of diapuase by one. 

Divergence along alternative developmental pathways


We quantified embryo head morphology and heart rate as a function of developmental trajectory in representative species from several clades that our ancestral state reconstructions indicate evolved diapause independently (Fig. S4). In addition, we measured the same set of traits on closely related species that lack diapause (Fig. S5). In the annual species Nothobranchius furzeri, Nothobranchius korthausae, Austrofundulus leohgnei, Austrolebias nigripinnis, and Rivulus (Laimosemion) tecminae embryos destined to enter diapause II became conspicuously different in appearance from direct-developing embryos - and this divergence began very early in development, during the formation of the primary embryonic axis, well before diapause was entered. Direct-developing embryos exhibited a significantly faster rate of head growth and higher heart rate relative to embryos destined to enter diapause (trajectory x somite interaction, all P<0.0001; Table S7). 


We were only able to obtain diapause embryos from Callopanchax occidentalis despite attempting to induce direct-development by varying incubation conditions. It has been indicated that diapause II is an obligate feature of development for this genus [54, 62]. However, a myriad of factors are known to influence developmental trajectory in the embryos of annual killifish [59] and it is possible that embryos of this species just were not particularly sensitive to the range of cues we manipulated (temperature and light level) but perhaps are to other cues. Measurements were made on diapause embryos of Callopanchax occidentalis and they exhibited a head size and heart rate trajectory similar to that of diapause embryos from other species. That is, the relationship between pairs of somites and the measured variables was flat, indicating that head size remained relatively constant leading up to diapause entry (Fig. S4).


 Embryos of the five representative non-annual species that were examined did not have diapause II. Rather such embryos exhibited a single pathway characterized by continuous development that appeared equivalent to the direct-developing pathway found in annual killfish. Embryo heart rate, head width, and head length increased linearly as a function of stage of development, in contrast to the flat-line pattern seen preceding diapause in embryos of annual species (Fig. S5).

Determining developmental pathway was complicated in Fundulopanchax deltaensis. Given incubation conditions nearly all Fundulopanchax deltaensis embryos exhibited an arrest of development around the 38 somite stage. This arrest, after which development was resumed, was often very brief, making it difficult to say with certainty whether diapause II was entered, or if such embryos were actually direct-developing. In an attempt to account for this uncertainty we analyzed a full and reduced data set. In the full data set embryos were scored as 'diapause trajectory' if they exhibited an arrest in development (regardless of length), and in the reduced data set embryos with ambiguous trajectories (those that apparently entered diapause for only a few days) were excluded. Nonetheless, Fundulopanchax deltaensis embryos following the alternative developmental trajectories did not exhibit strong morphological divergence. Apparent direct-developing embryos had slightly larger head size than those following the diapause trajectory - an effect that was more pronounced in the reduced data set (Fig. S6, Table S7). 


Fundulopanchax deltaensis is native to a region that has a relatively long wet season and mild seasonality (Table S8) which we initially took to suggest that divergence along alternative developmental pathways may evolve after the evolution of diapause and is tied to the ecology of the species, with less prominent divergence being associated with short periods of diapause II. However, further consideration of the data in a comparative context allows for an alternative explanation. All Fundulopanchax deltaensis embryos likely entered diapause II around the 38 somite stage, albeit in some cases for a very short period of time. By this interpretation, embryos that immediately escaped from a very brief hiatus in diapause II, and continued development, were scored as direct-developing (even in the reduced data set) whereas those that remained in diapause II for a longer period were scored as following the diapause trajectory. Consistent with this interpretation, even the supposed direct-developing embryos of Fundulopanchax deltaensis exhibit a relatively flat relationship between somite number and head size (Fig. S6), unlike the strong positive relationship exhibited by direct-developing embryos of every other species (Fig. S4, S5). Furthermore, strong embryonic divergence in head size (driven by supposed direct-developing embryos showing a dramatic increase) began to occur around the 38 somite stage (when counting somites could no longer be used as a way of accurately scoring development). This is consistent with such embryos having exited diapause II and thus beginning to strongly diverge in head size relative to embryos remaining in this state of arrest. If the above interpretation is correct, which we now favor, then it appears embryos that spent a brief period in diapause II exhibit slightly more robust head morphologies early in development relative to embryos that remain in diapause for a longer period (Fig. S6).  

There were subtle differences among species in the stage at which development was arrested. In Rivulus (Laimosemion) tecminae, the diapause II arrest consistently occurred around the 42 somite stage. In Austrolebias nigripinnis arrest occurred at the 32-34 somite stage. In the other species with diapause, arrest occurred when the embryo reached mid to upper 30s somite pair number. The evolutionary significance of this variation is unknown. 
Metabolic rate


Direct-developing and diapause embryos of Nothboranchius furzeri exhibited divergence in rate of oxygen consumption that largely mirrored the divergence seen in head size and heart rate (Fig. 4).

Long-term embryo survival


The survival distributions for direct-developing and diapause embryos were significantly different (Kaplan-Meier method, Mantel-Cox Test, χ2 = 331.3, P<0.00001). Specifically, Nothobranchius furzeri embryos following the diapause II developmental pathway (n=321) exhibit longer survival time than embryos following the direct-developing pathway (n=387).
Supplementary Figures

Fig. S1. Maximum likelihood supermatrix phylogeny with 311 terminal taxa. Numbers on branches are bootstrap support values. Color coding of taxa names on branch tips indicate character states with red being presence of diapause II, and black being absence. Branch colors correspond to likelihood ancestral state reconstructions, with red indicating diapause II (proportional likelihood greater than 20:1, P<0.05), black absence of diapause II (proportional likelihood greater than 20:1, P<0.05), and orange equivocal reconstruction (proportional likelihood less than 20:1 for either state). Scale bar = substitutions per site.
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Fig. S2. Embryo morphological measurements (Nothobranchius furzeri). 1 - head width at optic cups. 2 - head width at otic vesicles. 3- head length.


[image: image2]
Fig. S3. Graphs depicting the relationship between somite number and head width at optic cups (first row), head width at otic vesicles (second row), head length (third row), and heart rate (fourth row). The first column depicts direct-developing embryos from all species. The second column depicts direct-developing embryos from non-annual species. The third column depicts direct-developing embryos from annual species. The fourth column depicts diapause embryos from annual species. 
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Fig. S4. Graphs depicting the relationship between somite number and head width at optic cups (upper left panel), head width at otic vesicles (upper right panel), head length (lower left panel), and heart rate (lower right panel) for each annual killifish species. 
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Fig. S5. Graphs depicting the relationship between somite number and head width at optic cups (upper left panel), head width at otic vesicles (upper right panel), head length (lower left panel), and heart rate (lower right panel) for each non-annual killifish species.

[image: image13.emf]Austrofundulus leohgnei

Austrolebias nigripinnis

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Diapause 

Direct-developing 

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Nothobranchius furzeri

Nothobranchius korthausae

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Austrofundulus leohgnei

Austrolebias nigripinnis

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Diapause 

Direct-developing 

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Nothobranchius furzeri

Nothobranchius korthausae

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140

Rivulus tecminae Callopanchax occidentalis

Head width at optic cups (um)

0

100

200

300

400

500

600

700

Head width at otic vessicles (um)

0

100

200

300

400

500

600

Pairs of somites

0 10 20 30 40

Head length (um)

0

100

200

300

400

500

600

700

800

900

Pairs of somites

0 10 20 30 40

Heart rate (beats / minute)

0

20

40

60

80

100

120

140


Fig. S6. Graphs depicting the relationship between somite number and head width at optic cups (upper left panel), head width at otic vesicles (upper right panel), head length (lower left panel), and heart rate (lower right panel) for Fundulopanchax deltaensis. Definitively determining whether embryos entered into diapause II or were direct-developing was challenging for this species (see text). The interpretation we favor (lower panel) is that all embryos entered diapause II, albeit in some cases for a very brief period of time before resuming development. 
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Supplementary Tables
Table S1. Models of molecular evolution chosen by jModeltest [11] on the basis of Akaike Information Criterion.
[image: image3.emf]Partition Model

28S GTR+G

Cox1 GTR+G

Cyt b GTR+G

ND1 GTR+G

ND2 GTR+G

Rag1 TIM2+G

12S+16S TIM2+G

D loop TPM3uf+G

tRNAs (Val-Ile-Gln-Met-Trp-Ala-Asn-Cys-Tyr) TPM2uf+G


Table S2. Minimum and maximum constraints used in molecular dating (timetree) analyses.

[image: image4]
Table S3. Summary of BiSSE models in diversitree that are relevant to testing the hypothesis of multiple (full model) versus single (trait of interest evolved once) origins of diapause. λ = speciation rate, μ = extinction rate, q = transition between states; state 0 = no diapause II, state 1 = diapause II present.
[image: image5.emf]Model Df

Estimated Parameters Constraints

Full 6

λ1, λ0, μ1, μ0, q01, q10 none

Trait of interest evolved once 5

λ1, λ0, μ1, μ0, q10 q01 = 0


Table S4. AIC and lnLik comparison of full model and model where diapause was constrained to have evolved once (single origin) for each of the four trees. Analyses were performed in diversitree. Auto / IR and Hard / Soft refers to autocorrelated and independent rates with either hard or soft bounded constraints. 

[image: image6.emf]Data set / Tree   lnLik     AIC   lnLik     AIC   ChiSq Pr(>|Chi|)

Incomplete Sampling Set Hard Auto 64.733 -117.466 34.011 -58.022 61.444 <0.0001

Incomplete Sampling Set Hard IR 21.361 -30.723 -13.566 37.131 69.854 <0.0001

Incomplete Sampling Set Soft Auto 64.979 -117.958 33.827 -57.653 62.305 <0.0001

Incomplete Sampling Set Soft IR 24.995 -37.991 -10.027 30.055 70.046 <0.0001

Sampling Fraction Hard Auto 77.366 -142.731 45.856 -81.711 63.02 <0.0001

Sampling Fraction Hard IR 33.337 -54.675 -1.921 13.843 70.518 <0.0001

Sampling Fraction Soft IR 37.212 -62.424 2.005 5.991 70.415 <0.0001

Sampling Fraction Soft Auto 77.222 -142.444 45.227 -80.454 63.99 <0.0001

Full model

Trait of interest 

evolved once


Table S5. Settings and priors used in the correlation analysis performed in SIMMAP 1.5 [74].

[image: image7.emf]Character 1: presence / absence of Diapause II (2 states)

   Bias parameter: α = 4.3890, k = 31

   Rate parameter: Gamma distribution prior, α = 4.0070, β = 0.5080, k = 100

   Rescale tree length

   State ordering: unordered

Character 2: habitat (3 states)

   Bias parameter: Empirical prior 

   Rate parameter: Gamma distribution prior, α = 7.9670, β = 0.9870, k = 100

   Rescale tree length

   State ordering: linear


Table S6. Correlation results for diapause and habitat.
[image: image8.emf]Statistic Description Observed Value

P -Value

Observed 

sample size

Predictive 

sample size

M 0.53694 0.000000 2000 2000

m(0,0) m(no diapause, permanent) 0.139743 0.004000 2000 2000

m(0,1) m(no diapause, marginal) 0.12533 0.001000 2000 2000

m(0,2) m(no diapause, seasonal) -0.017191 0.001000 2000 2000

m(1,0) m(diapause, permanent) -0.011012 0.088000 2000 2000

m(1,1) m(diapause, marginal) -0.037711 0.003500 2000 2000

m(1,2) m(diapause, seasonal) 0.33778 0.000000 2000 2000

D 0.862942 0.000000 2000 2000

d(0,0) d(no diapause, permanent) 0.112387 0.006500 2000 2000

d(0,1) d(no diapause, marginal) 0.103348 0.000500 2000 2000

d(0,2) d(no diapause, seasonal) -0.215736 0.000000 2000 2000

d(1,0) d(diapause, permanent) -0.112388 0.006500 2000 2000

d(1,1) d(diapause, marginal) -0.103348 0.000500 2000 2000

d(1,2) d(diapause, seasonal) 0.215735 0.000000 2000 2000

Values of m

ij

 and d

ij

 are positive when given character states occur together more frequently than 

expected by chance (i.e. the null). 


Table S7. Linear mixed models implemented in the R [71] package nlme [82] were used to examine the effect of developmental trajectory on morphological and physiological divergence during embryology for each of the studied species. Developmental stage (number of somite pairs), developmental trajectory (diapause versus direct-developing) and their interaction were entered as fixed effects. Repeated measurements were taken on eggs as they progressed through development (i.e. longitudinal data set). To account for this non-independence [83] random effects for egg identity (individual intercept and slope allowed to vary) were included. Here we report the fixed effect parameter estimates produced by restricted maximum likelihood estimation. In cases where the full-model failed to converge due to overparameterization, the random slope effect (~Somites|Subject) was excluded, and the model rerun with only random intercepts (~1|Subject). 
[image: image9.emf]Estimate SE

t

Estimate SE

t

Estimate SE

t

Estimate SE

t

Austrofundulus leohgnei

 Fixed effects

    Intercept

142.13 15.82 8.98*** 148.17 16.94 8.75*** 316.16 24.81 12.74*** -1.48 6.16 -0.24

   Trajectory -189.22 21.77 -8.69** -212.88 22.99 -9.259** -226.02 33.21 -6.81** -32.98 8.47 -3.89*

   Somites 0.097 0.58 0.17 0.014 0.60 0.024 2.1159 0.8738 2.421* 0.19 0.23 0.85

   Trajectory x Somites 11.76 0.84 14.00*** 11.49 0.86 13.42*** 11.90 1.23 9.70*** 2.65 0.37 8.11***

 Random effects 

Nothobranchius furzeri

 Fixed effects

    Intercept

128.94 7.80 16.53*** 138.58 9.77 14.18*** 366.63 16.13 22.72*** -10.99 3.64 -3.02**

   Trajectory -42.95 14.27 -3.01** -65.82 19.26 -3.42** -74.63 25.3 -2.95** -51.01 11.48 -4.44***

   Somites 0.81 0.24 3.42** 0.014 0.29 0.046 -1.02 0.50 -2.05* 1.24 0.14 8.95***

   Trajectory x Somites 6.21 0.58 10.74*** 6.14 0.78 7.89*** 8.98 0.97 9.24*** 3.65 0.48 7.54***

 Random effects 

Nothobranchius korthausae

 Fixed effects

    Intercept

120.38 3.15 38.23*** 132.77 4.13 32.15*** 321.91 9.10 35.36*** -11.05 3.61 -3.06**

   Trajectory -377.89 33.35 -11.33*** -204.83 24.38 -8.40*** 17.79 48.06 0.37 -76.79 37.71 -2.036+

   Somites 1.069 0.14 7.89*** 0.23 0.13 1.81+ 0.11 0.26 0.43 0.78 0.13 5.91***

   Trajectory x Somites 18.17 1.20 15.11*** 10.66 0.86 12.40*** 4.31 1.67 2.58* 4.64 1.35 3.44***

 Random effects 

Fundulopanchax deltaensis (full)

 Fixed effects

    Intercept

115.84 2.88 40.22*** 140.68 6.73 20.91*** 351.27 9.72 36.14*** -6.42 2.83 -2.27*

   Trajectory -7.83 9.60 -0.81 22.63 23.39 0.97 40.14 28.99 1.38 -12.91 9.49 -1.36

   Somites 1.85 0.12 15.25*** 1.55 0.22 7.22*** 0.91 0.26 3.51*** 1.14 0.088 12.92***

   Trajectory x Somites 1.00 0.42 2.37* -0.26 0.79 -0.33 0.050 0.83 0.060 1.02 0.32 3.19**

 Random effects 

Fundulopanchax deltaensis (reduced)

 Fixed effects

    Intercept

121.19 4.30 28.17*** 115.40 9.34 12.36*** 387.84 18.39 21.09*** -4.63 3.58 -1.29

   Trajectory -11.43 8.89 -1.29 50.84 17.95 2.83* -1.82 32.74 -0.055 -14.84 7.57 -1.96+

   Somites 1.34 0.12 10.78*** 2.07 0.26 7.83*** -0.31 0.54 -0.58 0.81 0.13 6.42***

   Trajectory x Somites 1.42 0.28 5.05*** -0.89 0.55 -1.63 1.47 1.02 1.43 1.36 0.296 4.58***

 Random effects 

Austrolebias nigripinnis

 Fixed effects

    Intercept

143.74 14.36 10.01*** 155.15 24.36 6.37*** 327.78 32.86 9.97*** -1.01 7.97 -0.13

   Trajectory -112.44 20.13 -5.585*** -188.35 35.11 -5.36*** -205.84 46.89 -4.39*** -32.84 11.34 -2.90**

   Somites 1.85 0.72 2.56* 0.81 0.93 0.87 1.18 1.093 1.080 0.10 0.30 0.33

   Trajectory x Somites 7.76 0.98 7.91*** 10.11 1.35 7.49*** 11.89 1.63 7.32*** 2.19 0.44 5.00***

 Random effects 

Rivulus tecminae

 Fixed effects

    Intercept

192.81 14.58 13.22*** 188.06 10.65 17.66*** 392.27 21.07 18.62*** -5.86 7.00 -0.84

   Trajectory -82.65 35.90 -2.30* -178.42 31.32 -5.70*** -118.47 68.31 -1.73 -22.67 15.95 -1.42

   Somites 1.066 0.62 1.73+ 0.41 0.49 0.83 1.86 0.55 3.38** 0.94 0.22 4.26***

   Trajectory x Somites 8.16 1.41 5.80*** 9.98 1.23 8.12*** 9.96 2.06 4.83*** 1.71 0.54 3.13**

 Random effects 

Callopanchax occidentalis

 Fixed effects

    Intercept

136.34 5.41 25.22*** 119.30 10.47 11.40*** 301.86 13.46 22.43*** -14.15 3.50 -4.04***

   Somites 0.37 0.22 1.66 0.98 0.31 3.20** 0.61 0.47 1.30 1.29 0.13 10.00***

 Random effects 

Fundulopanchax gardneri

 Fixed effects

    Intercept

102.29 10.27 9.96*** 17.62 29.30 0.60 441.46 88.68 4.98*** -67.68 3.69 -18.36***

   Somites 8.35 0.54 15.51*** 9.80 1.064 9.21+ 4.70 3.33 1.41 5.63 0.16 35.68***

 Random effects 

Fundulopanchax scheeli

 Fixed effects

    Intercept

99.69 18.39 5.42*** -6.95 22.68 -0.31 363.29 19.67 18.47*** -32.21 18.78 -1.71

   Somites 10.54 0.75 14.066*** 11.87 0.85 14.02*** 8.49 0.73 11.67*** 4.32 0.71 6.06***

 Random effects 

Oryzias latipes

 Fixed effects

    Intercept

211.98 7.39 28.70*** 82.63 8.32 9.93*** 534.01 10.78 49.52*** -29.64 8.13 -3.64**

   Somites 10.48 0.39 26.86*** 8.85 0.36 24.83*** 5.36 0.43 12.56*** 4.80 0.35 13.54***

 Random effects 

Pachypanchax playfairii

 Fixed effects

    Intercept

103.84 8.48 12.24*** 56.42 10.84 5.20*** 456.11 11.44 39.86*** -56.17 5.82 -9.65***

   Somites 9.70 0.37 26.58*** 8.36 0.42 19.91*** 5.57 0.43 13.01*** 4.59 0.25 18.06***

 Random effects 

Rivulus hartii

 Fixed effects

    Intercept

113.08 21.07 5.37*** -9.49 35.09 -0.27 475.18 32.59 14.58*** -25.34 12.59 -2.01+

   Somites 11.82 0.84 14.073*** 13.20 1.26 10.50*** 8.30 1.15 7.23*** 3.62 0.47 7.71***

 Random effects 

***P <0.001; **P <0.01; *P <0.05; +P <0.1.

~1|Subject ~1|Subject ~Somites|Subject ~Somites|Subject

~1|Subject ~Somites|Subject ~Somites|Subject ~1|Subject

~1|Subject ~1|Subject ~1|Subject ~1|Subject

~1|Subject ~1|Subject ~1|Subject ~Somites|Subject

~1|Subject ~Somites|Subject ~1|Subject n/s

~1|Subject ~Somites|Subject ~1|Subject ~Somites|Subject

Head width at optic cups Head length Heart rate

~1|Subject ~1|Subject ~Somites|Subject

Head width at otic vessicles

~Somites|Subject

~Somites|Subject ~1|Subject ~Somites|Subject ~Somites|Subject

~Somites|Subject ~Somites|Subject

~1|Subject

~Somites|Subject

~Somites|Subject ~Somites|Subject ~1|Subject

~1|Subject

~Somites|Subject ~1|Subject ~1|Subject ~Somites|Subject

~1|Subject ~Somites|Subject ~Somites|Subject ~1|Subject

~1|Subject ~Somites|Subject ~Somites|Subject ~1|Subject



Table S8. Summary of killifish species habitat data. All environmental variables derived from New LocClim 1.10, Local Climate Estimator, Food and Agriculture Organization of the United Nations. Length of growing season = Days per year when Precipitation / Potential Evapotranspiration (PET) > 0.5. Aridity Index = Ratio of annual precipitation to annual PET. Precipitation deficit = Amount of annual rain missing to fully compensate PET, where positive values mean water deficit and negative values water surplus. Habiat data for the species F. deltaensis, F. scheeli, P. playfairii, and O. latipes is derived from central part of known geographic range since exact collection locality data was unavailable.
 [image: image10.emf]Species Locality  Collection code

Collection 

year Latitude Longitude

Length of 

growing 

season (days) Growing season

Aridity 

index

Precipitation 

Deficit 

(mm/year)

Mean annual 

precipitation 

(mm/year)

Budyko 

Climate 

Class

Nothobranchius furzeri

Near Chefu river on 

Mozambique / 

Zimbabwe border ZMZ 10-01 2010 -21.816 31.931 107 23 Nov - 9 Mar 0.33 1007 493 Semiarid

Austrofundulus leohoignei

3.2 km from town of 

Sanare, Venezuela VEN 09/2 2009 9.740 -69.650 127, 81

13 Apr - 17 Aug, 14 Sep 

- 3 Dec 0.49 822 791 Steppe

Austrolebias nigripinnis 

Near town of Villa 

Soriano, Uruguay Villa Soriano ~2010 -33.401 -58.320 291 13 Feb - 30 Nov 0.75 299 914 Steppe

Nothobranchius korthausae

Mafia Island, 

Tanzania Kiziko TAN 05-47 2005 -7.859 39.797 245 26 Oct - 27 Jun 1.18 -281 1877 Forest

Rivulus (Laimosemion) 

tecminae

Macuruco, Venezuela

IVE 12-09 2012 3.929 -67.042 274

17 March - 15 

December 1.77 -988 2269 Forest

Fundulopanchax deltaensis  Niger Delta, Nigeria - - 5.110 6.168 298 9 Feb - 3 Dec 2.04 -1309 2567 Forest

Callopanchax occidentalis 

(cf. toddi ) Kabak, Guinea GM 08/13 2008 9.333 -13.400 203 4 May - 22 Nov 2.75 -2406 3777 Forest

Fundulopanchax gardneri 

gardneri Telemu, Nigeria  NTC 07-3 2007 9.356 4.093 217 30 March - 1 Nov 0.76 366 1184 Steppe

Fundulopanchax scheeli - - - 7.658 7.602 231 25 March - 10 Nov 0.95 65 1385 Steppe

Rivulus (Anablepsoides) 

hartii

Naranjo River, 

Trinidad - 2009 10.610 -61.235 254 2 May - 10 Jan 1.4 -533 1876 Forest

Pachypanchax playfairii - - - -4.762 55.387 365 - 1.38 -594 2172 Forest

Oryzias latipes - - - 34.390 136.532 365 - 2.4 -1366 2340 Forest


Table S9. Taxon sampling, character file, and accession numbers.

	 
	Species
	Diapause II
	Aquatic habitat
	12S
	16S 5' end
	16S middle 
	16S 3' end
	ND1
	ND2
	Cox1 5' end

	1
	Anableps anableps
	0
	Permanent
	EF017456
	EF017456
	 
	 
	AF449341
	AF449341
	AF449341

	2
	Aphredoderus sayanus
	0
	Permanent
	NC_004372
	NC_004372
	NC_004372
	NC_004372
	NC_004372
	NC_004372
	NC_004372

	3
	Aphyolebias peruensis
	1
	Seasonal
	AF092340
	AF092340
	 
	AF002569
	 
	AF092407
	AF092407

	4
	Aphyosemion ahli
	0
	Marginal
	DQ278267
	 
	 
	 
	 
	 
	EF417000

	5
	Aphyosemion alpha
	0
	Marginal
	DQ278418
	 
	 
	 
	 
	 
	 

	6
	Aphyosemion aureum
	0
	Marginal
	AF002385
	 
	 
	 
	 
	 
	 

	7
	Aphyosemion australe
	0
	Marginal
	AF002367
	 
	 
	AAU73245
	 
	 
	EF417018

	8
	Aphyosemion bamilekorum
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	9
	Aphyosemion batesii
	1
	Marginal
	AF002350
	 
	 
	 
	 
	 
	 

	10
	Aphyosemion bitaeniatum
	0
	Marginal
	DQ278264
	 
	 
	 
	 
	 
	 

	11
	Aphyosemion bivittatum
	0
	Marginal
	DQ278348
	 
	 
	ABU73246
	 
	 
	 

	12
	Aphyosemion bualanum
	0
	Marginal
	AF002370
	 
	 
	 
	 
	 
	 

	13
	Aphyosemion calliurum
	0
	Marginal
	EU282844
	 
	 
	 
	 
	 
	EF417020

	14
	Aphyosemion cameronense
	0
	Marginal
	AF002382
	 
	 
	 
	 
	 
	 

	15
	Aphyosemion campomaanense
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	16
	Aphyosemion celiae
	0
	Marginal
	AF002369
	 
	 
	 
	 
	 
	EF417036

	17
	Aphyosemion christyi
	0
	Marginal
	AF002390
	 
	 
	 
	 
	 
	 

	18
	Aphyosemion citrineipinnis
	0
	Marginal
	AF002386
	 
	 
	 
	 
	 
	 

	19
	Aphyosemion coeleste
	0
	Marginal
	AF002387
	 
	 
	 
	 
	 
	 

	20
	Aphyosemion cognatum
	0
	Marginal
	AF002391
	 
	 
	 
	 
	 
	 

	21
	Aphyosemion congicum
	0
	Marginal
	AF002398
	 
	 
	 
	 
	 
	 

	22
	Aphyosemion cyanostictum
	0
	Marginal
	AF002372
	 
	 
	 
	 
	 
	 

	23
	Aphyosemion decorsei
	0
	Marginal
	AF002393
	 
	 
	 
	 
	 
	 

	24
	Aphyosemion ecucuense
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	25
	Aphyosemion edeanum
	0
	Marginal
	EU282850
	 
	 
	 
	 
	 
	EF417039

	26
	Aphyosemion elberti
	0
	Marginal
	AF092288
	AF092288
	 
	 
	 
	AF092355
	AF092355

	27
	Aphyosemion elegans
	0
	Marginal
	AF002396
	 
	 
	 
	 
	 
	 

	28
	Aphyosemion erythron
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	29
	Aphyosemion etsamense
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	30
	Aphyosemion exigoideum
	0
	Marginal
	AF002376
	 
	 
	 
	 
	 
	 

	31
	Aphyosemion exiguum
	0
	Marginal
	AF002371
	 
	 
	 
	 
	 
	 

	32
	Aphyosemion franzwerneri
	0
	Marginal
	 
	 
	 
	 
	 
	 
	EF417043

	33
	Aphyosemion gabunense
	0
	Marginal
	AF002377
	 
	 
	 
	 
	 
	 

	34
	Aphyosemion georgiae
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	35
	Aphyosemion heinemanni
	0
	Marginal
	 
	 
	 
	 
	 
	 
	EF417045

	36
	Aphyosemion hera
	0
	Marginal
	DQ286834
	 
	 
	 
	 
	 
	 

	37
	Aphyosemion herzogi
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	38
	Aphyosemion kouamense
	0
	Marginal
	EF063374
	 
	 
	 
	 
	 
	 

	39
	Aphyosemion koungueense
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	40
	Aphyosemion labarrei
	0
	Marginal
	AF002389
	 
	 
	 
	 
	 
	 

	41
	Aphyosemion lamberti
	0
	Marginal
	AF002397
	 
	 
	 
	 
	 
	 

	42
	Aphyosemion lividum
	0
	Marginal
	EU282847
	 
	 
	 
	 
	 
	 

	43
	Aphyosemion loennbergii
	0
	Marginal
	DQ278337
	 
	 
	 
	 
	 
	 

	44
	Aphyosemion louessense
	0
	Marginal
	AF002378
	 
	 
	 
	 
	 
	 

	45
	Aphyosemion lugens
	0
	Marginal
	DQ278406
	 
	 
	 
	 
	 
	 

	46
	Aphyosemion maculatum
	0
	Marginal
	AF002383
	 
	 
	 
	 
	 
	 

	47
	Aphyosemion malumbresi
	0
	Marginal
	EF063378
	 
	 
	 
	 
	 
	 

	48
	Aphyosemion melanogaster
	0
	Marginal
	DQ278365
	 
	 
	 
	 
	 
	 

	49
	Aphyosemion melinoeides
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	50
	Aphyosemion mimbon
	0
	Marginal
	AF002384
	 
	 
	 
	 
	 
	 

	51
	Aphyosemion occellatum
	0
	Marginal
	AF002388
	 
	 
	 
	 
	 
	 

	52
	Aphyosemion ogoense
	0
	Marginal
	AF002379
	 
	 
	 
	 
	 
	 

	53
	Aphyosemion omega
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	54
	Aphyosemion pascheni
	0
	Marginal
	 
	 
	 
	 
	 
	 
	EF417046

	55
	Aphyosemion pascheni-festivum
	0
	Marginal
	EU282841
	 
	 
	 
	 
	 
	EF417040

	56
	Aphyosemion poliaki
	0
	Marginal
	DQ278273
	 
	 
	 
	 
	 
	 

	57
	Aphyosemion primigenium
	0
	Marginal
	AF002380
	 
	 
	 
	 
	 
	 

	58
	Aphyosemion punctatum
	0
	Marginal
	AF002400
	 
	 
	 
	 
	 
	 

	59
	Aphyosemion punctulatum
	0
	Marginal
	DQ278399
	 
	 
	 
	 
	 
	 

	60
	Aphyosemion rectogoense
	0
	Marginal
	AF002399
	 
	 
	 
	 
	 
	 

	61
	Aphyosemion riggenbachi
	0
	Marginal
	DQ278289
	 
	 
	 
	 
	 
	 

	62
	Aphyosemion sp. 08 RS-2007
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	63
	Aphyosemion sp. Bimbia
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	64
	Aphyosemion sp. Bioko
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	65
	Aphyosemion sp. LEC 93/27
	0
	Marginal
	AF002375
	 
	 
	 
	 
	 
	 

	66
	Aphyosemion sp. Oba
	0
	Marginal
	EF185307
	 
	 
	 
	 
	 
	 

	67
	Aphyosemion sp. Rio Muni
	0
	Marginal
	DQ278414
	 
	 
	 
	 
	 
	 

	68
	Aphyosemion splendopleure
	0
	Marginal
	DQ278311
	 
	 
	 
	 
	 
	 

	69
	Aphyosemion striatum
	0
	Marginal
	AF002381
	 
	 
	 
	 
	 
	 

	70
	Aphyosemion volcanum
	0
	Marginal
	DQ278395
	 
	 
	 
	 
	 
	 

	71
	Aphyosemion wildekampi
	0
	Marginal
	AF002401
	 
	 
	 
	 
	 
	 

	72
	Aplocheilus blockii
	0
	Permanent
	 
	 
	 
	EF591764
	 
	 
	 

	73
	Aplocheilus lineatus
	0
	Permanent
	ALU73260
	 
	 
	ALU73235
	 
	 
	 

	74
	Aplocheilus panchax
	0
	Permanent
	NC_011176
	NC_011176
	NC_011176
	NC_011176
	NC_011176
	NC_011176
	NC_011176

	75
	Aplocheilus parvus
	0
	Permanent
	 
	 
	 
	EF591765
	 
	 
	 

	76
	Archiaphyosemion guineense
	0
	Marginal
	AF000688
	 
	 
	FJ872031
	 
	FJ872058
	 

	77
	Astronotus ocellatus
	0
	Permanent
	NC_009058
	NC_009058
	NC_009058
	NC_009058
	NC_009058
	NC_009058
	NC_009058

	78
	Austrofundulus guajira
	1
	Seasonal
	AY850673
	AY850673
	 
	 
	AY850650
	AY850650
	 

	79
	Austrofundulus leohoignei
	1
	Seasonal
	AY850679
	AY850679
	 
	 
	AY850656
	AY850656
	 

	80
	Austrofundulus leoni
	1
	Seasonal
	AY850677
	AY850677
	 
	 
	AY850654
	AY850654
	 

	81
	Austrofundulus limnaeus
	1
	Seasonal
	AY850670
	AY850670
	 
	ALU73254
	AY850647
	AY850647
	 

	82
	Austrofundulus rupununi
	1
	Seasonal
	AY850681
	AY850681
	 
	 
	AY850658
	AY850658
	 

	83
	Austrofundulus transilis
	1
	Seasonal
	AY850684
	AY850684
	 
	AF002521
	AY850661
	AY850661
	 

	84
	Austrolebias adloffi
	1
	Seasonal
	AF244412
	 
	 
	AF244443
	 
	 
	 

	85
	Austrolebias affinis
	1
	Seasonal
	CAU41801
	 
	 
	AF244437
	 
	 
	 

	86
	Austrolebias alexandri
	1
	Seasonal
	AF092302
	AF092302
	 
	 
	 
	AF092369
	AF092369

	87
	Austrolebias bellottii
	1
	Seasonal
	AF092303
	AF092303
	 
	AF244442
	 
	AF092370
	AF092370

	88
	Austrolebias charrua
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	89
	Austrolebias cheradophilus
	1
	Seasonal
	AF244424
	 
	 
	AF244431
	 
	 
	 

	90
	Austrolebias cinereus
	1
	Seasonal
	 
	 
	 
	AF244439
	 
	 
	 

	91
	Austrolebias cyaneus
	1
	Seasonal
	AF244426
	 
	 
	AF244445
	 
	 
	 

	92
	Austrolebias gymnoventris
	1
	Seasonal
	AF244418
	 
	 
	AF244438
	 
	 
	 

	93
	Austrolebias luteoflammulatus
	1
	Seasonal
	 
	 
	 
	AF244444
	 
	 
	 

	94
	Austrolebias melanoorus
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	95
	Austrolebias nigripinnis
	1
	Seasonal
	AF244415
	 
	 
	AF244432
	 
	 
	 

	96
	Austrolebias nigrofasciatus
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	97
	Austrolebias prognathus
	1
	Seasonal
	AF244425
	 
	 
	 
	 
	 
	 

	98
	Austrolebias reicherti
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	99
	Austrolebias sp. duraznensis
	1
	Seasonal
	AF244414
	 
	 
	AF244433
	 
	 
	 

	100
	Austrolebias vazferreirai
	1
	Seasonal
	AF244421
	 
	 
	AF244435
	 
	 
	 

	101
	Austrolebias viarius
	1
	Seasonal
	AF243423
	 
	 
	AF244441
	 
	 
	 

	102
	Austrolebias wolterstorffi
	1
	Seasonal
	 
	 
	 
	AF244434
	 
	 
	 

	103
	Callopanchax huwaldi
	1
	Seasonal
	AF000676
	 
	 
	 
	 
	 
	 

	104
	Callopanchax monroviae
	1
	Seasonal
	 
	 
	 
	GU553013
	 
	 
	 

	105
	Callopanchax occidentalis
	1
	Seasonal
	AF000674
	 
	 
	FJ872034
	 
	AF092360
	AF092360

	106
	Callopanchax sidibeorum
	1
	Seasonal
	AF000678
	 
	 
	GU553012
	 
	 
	 

	107
	Callopanchax toddi
	1
	Seasonal
	AF000677
	 
	 
	GU553010
	 
	 
	 

	108
	Campellolebias chrysolineatus
	1
	Seasonal
	AF002413
	 
	 
	AF002515
	 
	 
	 

	109
	Campellolebias dorsimaculatus
	1
	Seasonal
	AF092295
	AF092295
	 
	AF002516
	 
	AF092362
	AF092362

	110
	Chauliodus sloani
	0
	Permanent
	AP002915
	AP002915
	AP002915
	AP002915
	AP002915
	AP002915
	AP002915

	111
	Cynopoecilus melanotaenia
	1
	Seasonal
	AF092296
	AF092296
	 
	 
	 
	AF092363
	AF092363

	112
	Cyprinodon rubrofluviatilis
	0
	Permanent
	NC_009125
	NC_009125
	NC_009125
	NC_009125
	NC_009125
	NC_009125
	NC_009125

	113
	Danio rerio
	0
	Permanent
	NC_002333
	NC_002333
	NC_002333
	NC_002333
	NC_002333
	NC_002333
	NC_002333

	114
	Epiplatys bifasciatus
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	115
	Epiplatys chaperi
	0
	Marginal
	ECU73265
	 
	 
	ECU73240
	 
	 
	 

	116
	Epiplatys infrafasciatus
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	117
	Epiplatys maeseni
	0
	Marginal
	RMU73268
	 
	 
	 
	 
	 
	 

	118
	Epiplatys multifasciatus
	0
	Marginal
	EBU73264
	 
	 
	EBU73239
	 
	 
	 

	119
	Epiplatys roloffi
	0
	Marginal
	ERU73266
	 
	 
	ERU73241
	 
	 
	 

	120
	Epiplatys sexfasciatus
	0
	Marginal
	 
	 
	 
	FJ872035
	 
	FJ872061
	 

	121
	Epiplatys singa
	0
	Marginal
	AF092291
	AF092291
	 
	 
	 
	AF092358
	AF092358

	122
	Episemion callipteron
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	123
	Episemion krystallinoron
	0
	Marginal
	 
	 
	 
	 
	 
	 
	 

	124
	Esox lucius
	0
	Permanent
	NC_004593
	NC_004593
	NC_004593
	NC_004593
	NC_004593
	NC_004593
	NC_004593

	125
	Fenerbahce formosus
	0
	Marginal
	AF002402
	 
	 
	AF002404
	 
	 
	 

	126
	Foerschichthys flavipinnis
	0
	Marginal
	AF002403
	 
	 
	AF002407
	 
	 
	 

	127
	Fundulopanchax amieti
	1
	Marginal
	AF002359
	 
	 
	AF002341
	 
	 
	 

	128
	Fundulopanchax cinnamomeus
	0
	Marginal
	AF002361
	 
	 
	AF002343
	 
	 
	 

	129
	Fundulopanchax deltaense
	1
	Marginal
	AF002354
	 
	 
	AF002337
	 
	 
	 

	130
	Fundulopanchax fallax
	1
	Marginal
	AF002355
	 
	 
	AF002338
	 
	 
	 

	131
	Fundulopanchax filamentosus
	1
	Marginal
	AF002351
	 
	 
	AF002334
	 
	 
	 

	132
	Fundulopanchax gardneri
	0
	Marginal
	AF092289
	AF092289
	 
	AF002344
	 
	AF092356
	AF092356

	133
	Fundulopanchax gularis
	1
	Marginal
	AF002356
	 
	 
	AF002339
	 
	 
	 

	134
	Fundulopanchax mirabilis
	0
	Marginal
	FMU73272
	 
	 
	FMU73247
	 
	 
	 

	135
	Fundulopanchax ndianus
	0
	Marginal
	AF002360
	 
	 
	AF002342
	 
	 
	 

	136
	Fundulopanchax oeseri
	0
	Marginal
	AF002364
	 
	 
	AF002345
	 
	 
	 

	137
	Fundulopanchax robertsoni
	1
	Marginal
	AF002352
	 
	 
	AF002335
	 
	 
	 

	138
	Fundulopanchax scheeli
	0
	Marginal
	AF002365
	 
	 
	AF002346
	 
	 
	 

	139
	Fundulopanchax schwoiseri
	1
	Marginal
	AF002357
	 
	 
	AF002340
	 
	 
	 

	140
	Fundulopanchax sjostedti
	0
	Marginal
	FSU73273
	 
	 
	FSU73248
	 
	 
	 

	141
	Fundulopanchax walkeri
	1
	Marginal
	AF002353
	 
	 
	AF002336
	 
	 
	 

	142
	Fundulus diaphanus
	0
	Permanent
	NC_012361
	NC_012361
	NC_012361
	NC_012361
	NC_012361
	NC_012361
	NC_012361

	143
	Fundulus grandis
	0
	Permanent
	NC_012377
	NC_012377
	NC_012377
	NC_012377
	NC_012377
	NC_012377
	NC_012377

	144
	Fundulus heteroclitus
	0
	Permanent
	NC_012312
	NC_012312
	NC_012312
	NC_012312
	NC_012312
	NC_012312
	NC_012312

	145
	Fundulus olivaceus
	0
	Permanent
	NC_011380
	NC_011380
	NC_011380
	NC_011380
	NC_011380
	NC_011380
	NC_011380

	146
	Gadus morhua
	0
	Permanent
	NC_002081
	NC_002081
	NC_002081
	NC_002081
	NC_002081
	NC_002081
	NC_002081

	147
	Gambusia affinis
	0
	Permanent
	NC_004388
	NC_004388
	NC_004388
	NC_004388
	NC_004388
	NC_004388
	NC_004388

	148
	Gasterosteus aculeatus
	0
	Permanent
	NC_003174
	NC_003174
	NC_003174
	NC_003174
	NC_003174
	NC_003174
	NC_003174

	149
	Glossanodon semifasciatus
	0
	Permanent
	AP004105
	AP004105
	AP004105
	AP004105
	AP004105
	AP004105
	AP004105

	150
	Gnatholebias hoignei
	1
	Seasonal
	EF455701
	EF455701
	 
	AF002523
	 
	 
	 

	151
	Gnatholebias zonatus
	1
	Seasonal
	AF092352
	AF092352
	 
	AF002524
	 
	AF092419
	AF092419

	152
	Hippoglossus hippoglossus
	0
	Permanent
	NC_009709
	NC_009709
	NC_009709
	NC_009709
	NC_009709
	NC_009709
	NC_009709

	153
	Jordanella floridae
	0
	Permanent
	NC_011387
	NC_011387
	NC_011387
	NC_011387
	NC_011387
	NC_011387
	NC_011387

	154
	Kryptolebias brasiliensis
	0
	Marginal
	AY946281
	AY946281
	 
	 
	 
	AY946276
	AY946276

	155
	Kryptolebias caudomarginatus
	0
	Marginal
	AF092294
	AF092294
	 
	AF002530
	 
	AF092361
	AF092361

	156
	Kryptolebias marmoratus
	0
	Marginal
	NC_003290
	NC_003290
	NC_003290
	NC_003290
	NC_003290
	NC_003290
	NC_003290

	157
	Kryptolebias ocellatus
	0
	Marginal
	AF002430
	 
	 
	AF002532
	 
	 
	 

	158
	Kryptolebias sepia
	0
	Marginal
	AY946277
	AY946277
	 
	 
	 
	AY946272
	AY946272

	159
	Lamprogrammus niger
	0
	Permanent
	NC_004378
	NC_004378
	NC_004378
	NC_004378
	NC_004378
	NC_004378
	NC_004378

	160
	Leptolebias aureoguttatus
	1
	Seasonal
	AF002411
	 
	 
	AF002513
	 
	 
	 

	161
	Leptolebias citrinipinnis
	1
	Seasonal
	LCU73277
	 
	 
	LCU73253
	 
	 
	 

	162
	Llanolebias stellifer
	1
	Seasonal
	AF092353
	AF092353
	 
	 
	 
	AF092420
	AF092420

	163
	Lophius (americanus & piscatorius)
	0
	Permanent
	NC_004380
	NC_004380
	NC_004380
	NC_004380
	NC_004380
	NC_004380
	NC_004380

	164
	Lutjanus russellii
	0
	Permanent
	NC_010963
	NC_010963
	NC_010963
	NC_010963
	NC_010963
	NC_010963
	NC_010963

	165
	Lycodes (toyamensis & diapterus & brevipes)
	0
	Permanent
	NC_004409
	NC_004409
	NC_004409
	NC_004409
	NC_004409
	NC_004409
	NC_004409

	166
	Maratecoara formosa
	1
	Seasonal
	AF092344
	AF092344
	 
	 
	 
	AF092411
	AF092411

	167
	Maratecoara lacortei
	1
	Seasonal
	AF092343
	AF092343
	 
	AF002517
	 
	AF092410
	AF092410

	168
	Menidia menidia
	0
	Permanent
	NC_011174
	NC_011174
	NC_011174
	NC_011174
	NC_011174
	NC_011174
	NC_011174

	169
	Micromoema xiphophora
	1
	Seasonal
	AF092351
	AF092351
	 
	AF002525
	 
	AF092418
	AF092418

	170
	Moema piriana
	1
	Seasonal
	AF002457
	 
	 
	AF002570
	 
	 
	 

	171
	Moema staecki
	1
	Seasonal
	AF092339
	AF092339
	 
	AF002571
	 
	AF092406
	AF092406

	172
	Monopterus albus
	0
	Permanent
	NC_003192
	NC_003192
	NC_003192
	NC_003192
	NC_003192
	NC_003192
	NC_003192

	173
	Morone (saxatilis & chrysops)
	0
	Permanent
	NC_014353
	NC_014353
	NC_014353
	NC_014353
	NC_014353
	NC_014353
	NC_014353

	174
	Mugil cephalus
	0
	Permanent
	NC_003182
	NC_003182
	NC_003182
	NC_003182
	NC_003182
	NC_003182
	NC_003182

	175
	Myripristis (berndti & botche)
	0
	Permanent
	NC_003189
	NC_003189
	NC_003189
	NC_003189
	NC_003189
	NC_003189
	NC_003189

	176
	Nematolebias whitei
	1
	Seasonal
	AF092298
	AF092298
	 
	AF002511
	 
	AF092365
	AF092365

	177
	Neofundulus ornatipinnis
	1
	Seasonal
	AF092336
	AF092336
	 
	 
	 
	AF092403
	AF092403

	178
	Neofundulus paraguayensis
	1
	Seasonal
	AF092338
	AF092338
	 
	AF002573
	 
	AF092405
	AF092405

	179
	Neofundulus sp. Paraguay
	1
	Seasonal
	AF092337
	AF092337
	 
	 
	 
	AF092404
	AF092404

	180
	Neoscopelus (microchir & macrolepidotus)
	0
	Permanent
	NC_003180
	NC_003180
	NC_003180
	NC_003180
	NC_003180
	NC_003180
	NC_003180

	181
	Nimbapanchax jeanpoli
	0
	Marginal
	 
	 
	 
	FJ872029
	 
	FJ872057
	 

	182
	Nimbapanchax leucopterygius
	0
	Marginal
	 
	 
	 
	FJ872026
	 
	FJ872054
	 

	183
	Nimbapanchax melanopterygius
	0
	Marginal
	 
	 
	 
	FJ872024
	 
	FJ872052
	 

	184
	Nimbapanchax petersi
	0
	Marginal
	AF000690
	 
	 
	FJ872030
	 
	 
	 

	185
	Nimbapanchax viridis
	0
	Marginal
	AF000691
	 
	 
	FJ872027
	 
	FJ872055
	 

	186
	Nothobranchius cardinalis
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	187
	Nothobranchius eggersi
	1
	Seasonal
	 
	GU138042
	GU138042
	 
	 
	GU138045
	 

	188
	Nothobranchius elongatus
	1
	Seasonal
	 
	EU401647
	EU401647
	 
	 
	EU182591
	 

	189
	Nothobranchius foerschi
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	190
	Nothobranchius furzeri
	1
	Seasonal
	NC_011814
	NC_011814
	NC_011814
	NC_011814
	NC_011814
	NC_011814
	NC_011814

	191
	Nothobranchius guentheri
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	192
	Nothobranchius hengstleri
	1
	Seasonal
	 
	EU401666
	EU401666
	 
	 
	EU401646
	 

	193
	Nothobranchius jubbi
	1
	Seasonal
	 
	EU401651
	EU401651
	 
	 
	EU401628
	 

	194
	Nothobranchius kafuensis
	1
	Seasonal
	NKU73274 & GU138041
	NKU73274 & GU138041
	GU138041
	NKU73249
	 
	GU138059
	 

	195
	Nothobranchius kilomberoensis
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	196
	Nothobranchius kirki
	1
	Seasonal
	NKU73275
	 
	 
	NKU73250
	 
	 
	 

	197
	Nothobranchius krammeri
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	198
	Nothobranchius krysanovi
	1
	Seasonal
	 
	GU138040
	GU138040
	 
	 
	GU138058
	 

	199
	Nothobranchius kuhntae
	1
	Seasonal
	 
	 
	 
	 
	 
	 
	 

	200
	Nothobranchius lucius
	1
	Seasonal
	 
	EU401650
	EU401650
	 
	 
	EU401631
	 

	201
	Nothobranchius makondorum
	1
	Seasonal
	 
	EU401654
	EU401654
	 
	 
	EU401633
	 

	202
	Nothobranchius melanospilus
	1
	Seasonal
	 
	EU401659
	EU401659
	 
	 
	EU401639
	 

	203
	Nothobranchius ocellatus
	1
	Seasonal
	 
	EU401663
	EU401663
	 
	 
	EU401643
	 

	204
	Nothobranchius orthonotus
	1
	Seasonal
	 
	EU401664
	EU401664
	 
	 
	EU401644
	 

	205
	Nothobranchius pienaari
	1
	Seasonal
	 
	GU138038
	GU138038
	 
	 
	GU138056
	 

	206
	Nothobranchius polli
	1
	Seasonal
	 
	GU138033
	GU138033
	 
	 
	GU138051
	 

	207
	Nothobranchius rachovii
	1
	Seasonal
	 
	GU138044
	GU138044
	 
	 
	GU138050
	 

	208
	Nothobranchius rubroreticulatus
	1
	Seasonal
	 
	GU138032
	GU138032
	 
	 
	GU138047
	 

	209
	Nothobranchius thierryi
	1
	Seasonal
	AF002347
	 
	 
	AF002405
	 
	 
	 

	210
	Notholebias minimus
	1
	Seasonal
	AF092297
	AF092297
	 
	AF002514
	 
	AF092364
	AF092364

	211
	Oncorhynchus mykiss
	0
	Permanent
	NC_001717
	NC_001717
	NC_001717
	NC_001717
	NC_001717
	NC_001717
	NC_001717

	212
	Oreochromis (niloticus & tanganicae & aureus)
	0
	Permanent
	NC_013663
	NC_013663
	NC_013663
	NC_013663
	NC_013663
	NC_013663
	NC_013663

	213
	Oryzias latipes
	0
	Permanent
	NC_004387
	NC_004387
	NC_004387
	NC_004387
	NC_004387
	NC_004387
	NC_004387

	214
	Pachypanchax omalonotus
	0
	Permanent
	PHU73262
	 
	 
	PHU73237
	 
	 
	 

	215
	Pachypanchax playfairii
	0
	Permanent
	PPU73263
	 
	 
	DQ532927
	 
	 
	 

	216
	Papiliolebias bitteri
	1
	Seasonal 
	AF092341
	AF092341
	 
	AF002520
	 
	AF092408
	AF092408

	217
	Pituna poranga
	1
	Seasonal
	AF092345
	AF092345
	 
	AF002518
	 
	AF092412
	AF092412

	218
	Plecoglossus altivelis
	0
	Permanent
	NC_002734
	NC_002734
	NC_002734
	NC_002734
	NC_002734
	NC_002734
	NC_002734

	219
	Plesiolebias aruana
	1
	Seasonal
	AF092342
	AF092342
	 
	AF002519
	 
	AF092409
	AF092409

	220
	Plesiolebias glaucopterus
	1
	Seasonal
	AF244429
	 
	 
	 
	 
	 
	 

	221
	Polymixia japonica
	0
	Permanent
	NC_002648
	NC_002648
	NC_002648
	NC_002648
	NC_002648
	NC_002648
	NC_002648

	222
	Porichthys (myriaster & notatus)
	0
	Permanent
	NC_006920
	NC_006920
	NC_006920
	NC_006920
	NC_006920
	NC_006920
	NC_006920

	223
	Pronothobranchius kiyawensis
	1
	Seasonal
	AF002348 & EU401665
	AF002348 & EU401665
	EU401665
	AF002406
	 
	EU401645
	 

	224
	Pterolebias longipinnis
	1
	Seasonal 
	AF002426
	 
	 
	AF002528
	 
	AF092415
	AF092415

	225
	Pterolebias phasianus
	1
	Seasonal 
	AF092347
	AF092347
	 
	AF002529
	 
	AF092414
	AF092414

	226
	Rachovia brevis
	1
	Seasonal
	AY850665
	AY850665
	 
	 
	AY850640
	AY850640
	AY850640

	227
	Rachovia hummelincki
	1
	Seasonal
	 
	 
	 
	 
	AY850642
	AY850642
	AY850642

	228
	Rachovia maculipinnis
	1
	Seasonal
	AY850664
	AY850664
	 
	AF002522
	AY850639
	AY850639
	AY850639

	229
	Rachovia pyropunctata
	1
	Seasonal
	AY850666
	AY850666
	 
	 
	AY850641
	AY850641
	AY850641

	230
	Renova oscari
	1
	Seasonal
	AF092346
	AF092346
	 
	AF002527
	 
	AF092413
	AF092413

	231
	Rivulus (Anablepsoides) amphoreus
	0
	Marginal
	RAU41795
	 
	 
	AF002550
	 
	 
	 

	232
	Rivulus (Anablepsoides) cryptocallus
	0
	Marginal
	AF092327
	AF092327
	 
	 
	 
	AF092394
	AF092394

	233
	Rivulus (Anablepsoides) deltaphilus
	0
	Marginal
	AF092328
	AF092328
	 
	AF002548
	 
	AF092395
	AF092395

	234
	Rivulus (Anablepsoides) hartii
	0
	Marginal
	AF092326
	AF092326
	 
	AF002551
	 
	AF092393
	HQ405400 & AF092393

	235
	Rivulus (Anablepsoides) immaculatus
	0
	Marginal
	RIU41797
	 
	 
	AF002552
	 
	 
	 

	236
	Rivulus (Anablepsoides) iridescens
	0
	Marginal
	AF092324
	AF092324
	 
	 
	 
	AF092391
	AF092391

	237
	Rivulus (Anablepsoides) jucundus
	0
	Marginal
	AF092325
	AF092325
	 
	AF002545
	 
	AF092392
	AF092392

	238
	Rivulus (Anablepsoides) micropus
	0
	Marginal
	AY578722
	AY578722
	 
	 
	 
	AY578714
	AY578714

	239
	Rivulus (Anablepsoides) ophiomimus
	0
	Marginal
	AF092332
	AF092332
	 
	AF002546
	 
	AF092399
	AF092399

	240
	Rivulus (Anablepsoides) ornatus
	0
	Marginal
	AF092323
	AF092323
	 
	 
	 
	AF092390
	AF092390

	241
	Rivulus (Anablepsoides) rubrolineatus
	0
	Marginal
	AF002443
	 
	 
	AF002547
	 
	 
	 

	242
	Rivulus (Anablepsoides) sp. Rio Supamo
	0
	Marginal
	AF092329
	AF092329
	 
	AF002549
	 
	AF092396
	AF092396

	243
	Rivulus (Anablepsoides) stagnatus
	0
	Marginal
	AF092331
	AF092331
	 
	RSU73255
	 
	AF092398
	AF092398

	244
	Rivulus (Anablepsoides) urophthalmus
	0
	Marginal
	AY946278
	AY946278
	 
	 
	 
	AY946273
	AY946273

	245
	Rivulus (Anablepsoides) waimacui
	0
	Marginal
	AF092330
	AF092330
	 
	 
	 
	AF092397
	AF092397

	246
	Rivulus (Atlantirivulus) haraldsiolii
	0
	Marginal
	AF092312
	AF092312
	 
	 
	 
	AF092379
	AF092379

	247
	Rivulus (Atlantirivulus) janeiroensis
	0
	Marginal
	AF002450
	 
	 
	AF002563
	 
	 
	 

	248
	Rivulus (Atlantirivulus) luelingi
	0
	Marginal
	AF092314
	AF092314
	 
	AF002564
	 
	AF092381
	AF092381

	249
	Rivulus (Atlantirivulus) santensis
	0
	Marginal
	AF092313
	AF092313
	 
	AF002565
	 
	AF092380
	AF092380

	250
	Rivulus (Cynodonichthys) birkhahni
	0
	Marginal
	AF002448
	 
	 
	AF002557
	 
	 
	 

	251
	Rivulus (Cynodonichthys) brunneus
	0
	Marginal
	AF092316
	AF092316
	 
	 
	 
	AF092383
	AF092383

	252
	Rivulus (Cynodonichthys) chucunaque
	0
	Marginal
	AF002447
	 
	 
	AF002556
	 
	 
	 

	253
	Rivulus (Cynodonichthys) frommi
	0
	Marginal
	AF092317
	AF092317
	 
	 
	 
	AF092384
	AF092384

	254
	Rivulus (Cynodonichthys) fuscolineatus
	0
	Marginal
	RFU41786
	 
	 
	AF002562
	 
	 
	 

	255
	Rivulus (Cynodonichthys) hildebrandi
	0
	Marginal
	RHU41791
	 
	 
	AF002553
	 
	 
	 

	256
	Rivulus (Cynodonichthys) isthmensis
	0
	Marginal
	RIU41785
	 
	 
	AF002561
	 
	 
	 

	257
	Rivulus (Cynodonichthys) magdalenae
	0
	Marginal
	AF092315
	AF092315
	 
	AF002555
	 
	AF092382
	AF092382

	258
	Rivulus (Cynodonichthys) tenuis
	0
	Marginal
	RTU41788
	 
	 
	AF002558
	 
	AF092386
	EU751964 & AF092386

	259
	Rivulus (Cynodonichthys) uroflammeus
	0
	Marginal
	RUU41792
	 
	 
	AF002554
	 
	 
	 

	260
	Rivulus (Cynodonichthys) weberi
	0
	Marginal
	AF092318
	AF092318
	 
	AF002560
	 
	AF092385
	AF092385

	261
	Rivulus (Laimosemion) agilae
	0
	Marginal
	AF092310
	AF092310
	 
	AF002536
	 
	AF092377
	AF092377

	262
	Rivulus (Laimosemion) breviceps
	0
	Marginal
	AF092309
	AF092309
	 
	 
	 
	AF092376
	AF092376

	263
	Rivulus (Laimosemion) dibaphus
	0
	Marginal
	AY578726
	AY578726
	 
	 
	 
	AY578718
	AY578718

	264
	Rivulus (Laimosemion) frenatus
	0
	Marginal
	AF002435
	 
	 
	AF002539
	 
	AF092378
	AF092378

	265
	Rivulus (Laimosemion) geayi
	0
	Marginal
	AF002433
	 
	 
	AF002537
	 
	AY946274
	AY946274

	266
	Rivulus (Laimosemion) gransabanae
	0
	Marginal
	AF092308
	AF092308
	 
	 
	 
	AF092375
	AF092375

	267
	Rivulus (Laimosemion) kirovskyi
	0
	Marginal
	AY578719
	AY578719
	 
	 
	 
	AY578711
	AY578711

	268
	Rivulus (Laimosemion) lyricauda
	0
	Marginal
	AY578725
	AY578725
	 
	AF002543
	 
	AY578717
	AY578717

	269
	Rivulus (Laimosemion) mahdiaensis
	0
	Marginal
	DQ501248
	 
	 
	DQ501249
	 
	 
	 

	270
	Rivulus (Laimosemion) rectocaudatus
	0
	Marginal
	AY578724
	AY578724
	 
	AF002544
	 
	AY578716
	AY578716

	271
	Rivulus (Laimosemion) sp. DCT 89-132
	1
	Marginal
	AF002438
	 
	 
	AF002542
	 
	 
	 

	272
	Rivulus (Laimosemion) sp. Tobogon
	0
	Marginal
	AF092306
	AF092306
	 
	AF002541
	 
	AF092373
	AF092373

	273
	Rivulus (Laimosemion) strigatus
	0
	Marginal
	AY578721
	AY578721
	 
	AF002538
	 
	AY578713
	AY578713

	274
	Rivulus (Laimosemion) tecminae
	1
	Marginal
	AF092307
	AF092307
	 
	 
	 
	AF092374
	AF092374

	275
	Rivulus (Laimosemion) xiphidius
	0
	Marginal
	AF002436
	 
	 
	AF002540
	 
	 
	 

	276
	Rivulus (Melanorivulus) apiamici
	0
	Marginal
	AF002453
	 
	 
	AF002566
	 
	 
	 

	277
	Rivulus (Melanorivulus) pictus
	0
	Marginal
	AF092321
	AF092321
	 
	 
	 
	AF092388
	AF092388

	278
	Rivulus (Melanorivulus) punctatus
	0
	Marginal
	AF092322
	AF092322
	 
	AF002567
	 
	AF092389
	AF092389

	279
	Rivulus (Melanorivulus) violaceus
	0
	Marginal
	AF092320
	AF092320
	 
	AF002568
	 
	AF092387
	AF092387

	280
	Rivulus cylindraceus
	0
	Marginal
	AF092304
	AF092304
	 
	AF002533
	 
	AF092371
	FN544251 & AF092371

	281
	Rivulus insulaepinorum
	0
	Marginal
	 
	 
	 
	 
	 
	 
	FN545681

	282
	Rivulus roloffi
	0
	Marginal
	AF092305
	AF092305
	 
	AF002534
	 
	AF092372
	AF092372

	283
	Scriptaphyosemion banforense
	0
	Marginal
	AF000679
	 
	 
	 
	 
	 
	 

	284
	Scriptaphyosemion bertholdi
	0
	Marginal
	AF000680
	 
	 
	 
	 
	 
	 

	285
	Scriptaphyosemion breuningi
	0
	Marginal
	AF000681
	 
	 
	 
	 
	 
	 

	286
	Scriptaphyosemion chaytori
	0
	Marginal
	AF000682
	 
	 
	 
	 
	 
	 

	287
	Scriptaphyosemion etzeli
	0
	Marginal
	AF000685
	 
	 
	 
	 
	 
	 

	288
	Scriptaphyosemion geryi
	0
	Marginal
	AF092292
	AF092292
	 
	FJ872033
	 
	AF092359
	AF092359

	289
	Scriptaphyosemion guignardi
	0
	Marginal
	EF455700
	EF455700
	 
	 
	EF455703
	EF455703
	EF455703

	290
	Scriptaphyosemion liberiense
	0
	Marginal
	AF000684
	 
	 
	 
	 
	 
	 

	291
	Scriptaphyosemion roloffi
	0
	Marginal
	AF000686
	 
	 
	 
	 
	 
	 

	292
	Scriptaphyosemion schmitti
	0
	Marginal
	AF000683
	 
	 
	 
	 
	 
	 

	293
	Sebastes (ruberrimus & elongatus)
	0
	Permanent
	EU008930
	EU008930
	EU008930
	EU008930
	 
	EU008930
	EU008930

	294
	Simpsonichthys antenori
	1
	Seasonal
	CAU73276
	 
	 
	CAU73252
	 
	 
	 

	295
	Simpsonichthys bokermanni
	1
	Seasonal
	AF092300
	AF092300
	 
	 
	 
	AF092367
	AF092367

	296
	Simpsonichthys costai
	1
	Seasonal
	AF002410
	 
	 
	AF002512
	 
	 
	 

	297
	Simpsonichthys magnificus
	1
	Seasonal
	AF092301
	AF092301
	 
	 
	 
	AF092368
	AF092368

	298
	Simpsonichthys myersi
	1
	Seasonal
	AF092299
	AF092299
	 
	 
	 
	AF092366
	AF092366

	299
	Simpsonichthys trilineatus
	1
	Seasonal
	AF244428
	 
	 
	 
	 
	 
	 

	300
	Synodus variegatus
	0
	Permanent
	NC_007228
	NC_007228
	NC_007228
	NC_007228
	NC_007228
	NC_007228
	NC_007228

	301
	Takifugu rubripes
	0
	Permanent
	NC_004299
	NC_004299
	NC_004299
	NC_004299
	NC_004299
	NC_004299
	NC_004299

	302
	Terranatos dolichopterus
	1
	Seasonal
	AF092354
	AF092354
	 
	AF002526
	 
	AF092421
	AF092421

	303
	Tetraodon (nigroviridis & fluviatilis)
	0
	Permanent
	NC_007176
	NC_007176
	NC_007176
	NC_007176
	NC_007176
	NC_007176
	NC_007176

	304
	Trachyrincus murrayi
	0
	Permanent
	NC_008224
	NC_008224
	NC_008224
	NC_008224
	NC_008224
	NC_008224
	NC_008224

	305
	Trigonectes aplocheiloides
	1
	Seasonal
	AF092333
	AF092333
	 
	 
	 
	AF092400
	AF092400

	306
	Trigonectes balzanii
	1
	Seasonal
	AF092334
	AF092334
	 
	AF002572
	 
	AF092401
	AF092401

	307
	Trigonectes rubromarginatus
	1
	Seasonal
	AF092335
	AF092335
	 
	TRU73257
	 
	AF092402
	AF092402

	308
	Xenotoca eiseni
	0
	Permanent
	NC_011381
	NC_011381
	NC_011381
	NC_011381
	NC_011381
	NC_011381
	NC_011381

	309
	Xiphophorus hellerii
	0
	Permanent
	NC_013089
	NC_013089
	NC_013089
	NC_013089
	NC_013089
	NC_013089
	NC_013089

	310
	Xiphophorus maculatus
	0
	Permanent
	NC_011379
	NC_011379
	NC_011379
	NC_011379
	NC_011379
	NC_011379
	NC_011379

	311
	Zeus faber
	0
	Permanent
	NC_003190
	NC_003190
	NC_003190
	NC_003190
	NC_003190
	NC_003190
	NC_003190


Table S1.9 (continued). Taxon sampling, character file, and accession numbers.
	 
	Species
	Cox1 3' end
	cytb
	tRNA-Ile-Gln-Met
	tRNA-Trp-Asn-Cys-Tyr
	tRNA-Val
	d-loop
	Rag1
	28S

	1
	Anableps anableps
	 
	EF017508
	AF449341
	AF449341
	EF017456
	 
	EF017405
	 

	2
	Aphredoderus sayanus
	NC_004372
	NC_004372
	NC_004372
	NC_004372
	NC_004372
	 
	FJ215201
	DQ028169

	3
	Aphyolebias peruensis
	AF002638
	AF002506
	AF092407
	AF092407
	AF092340
	 
	EF455718
	 

	4
	Aphyosemion ahli
	DQ267386 & EF417000
	EU272807
	 
	EF417000
	 
	DQ284716
	 
	EF417231

	5
	Aphyosemion alpha
	DQ267387
	EU056925
	 
	 
	 
	DQ284717
	 
	 

	6
	Aphyosemion aureum
	 
	AF002317
	 
	 
	 
	 
	 
	 

	7
	Aphyosemion australe
	EF417018
	EU272816
	 
	EF417018
	 
	 
	 
	EF417249

	8
	Aphyosemion bamilekorum
	 
	DQ981778
	 
	 
	 
	 
	 
	 

	9
	Aphyosemion batesii
	 
	AF002286
	 
	 
	 
	 
	 
	 

	10
	Aphyosemion bitaeniatum
	DQ267390
	DQ522281
	 
	 
	 
	DQ284720
	 
	 

	11
	Aphyosemion bivittatum
	DQ267392
	DQ522261
	 
	 
	 
	DQ284722
	 
	 

	12
	Aphyosemion bualanum
	 
	AF002303
	 
	 
	 
	 
	 
	 

	13
	Aphyosemion calliurum
	EU282842 & EF417020
	DQ981781
	 
	EF417020
	 
	EU282843
	 
	EF417257

	14
	Aphyosemion cameronense
	 
	AY748280
	 
	 
	 
	 
	 
	 

	15
	Aphyosemion campomaanense
	 
	EU272811
	 
	 
	 
	 
	 
	 

	16
	Aphyosemion celiae
	EF417036
	EU885234
	 
	EF417036
	 
	 
	 
	EF417271

	17
	Aphyosemion christyi
	 
	AF002322
	 
	 
	 
	 
	 
	 

	18
	Aphyosemion citrineipinnis
	 
	AF002318
	 
	 
	 
	 
	 
	 

	19
	Aphyosemion coeleste
	 
	AF002319
	 
	 
	 
	 
	 
	 

	20
	Aphyosemion cognatum
	 
	AF002323
	 
	 
	 
	 
	 
	 

	21
	Aphyosemion congicum
	 
	AF002330
	 
	 
	 
	 
	 
	 

	22
	Aphyosemion cyanostictum
	 
	AF002305
	 
	 
	 
	 
	 
	 

	23
	Aphyosemion decorsei
	 
	AF002325
	 
	 
	 
	 
	 
	 

	24
	Aphyosemion ecucuense
	 
	EU249508
	 
	 
	 
	 
	 
	 

	25
	Aphyosemion edeanum
	EU282848 & EF417039
	EU272815
	 
	EF417039
	 
	EU282849
	 
	EF417247

	26
	Aphyosemion elberti
	 
	DQ981776
	AF092355
	AF092355
	AF092288
	 
	 
	 

	27
	Aphyosemion elegans
	 
	AF002328
	 
	 
	 
	 
	 
	 

	28
	Aphyosemion erythron
	 
	EU249499
	 
	 
	 
	 
	 
	 

	29
	Aphyosemion etsamense
	 
	AY748294
	 
	 
	 
	 
	 
	 

	30
	Aphyosemion exigoideum
	 
	AF002308
	 
	 
	 
	 
	 
	 

	31
	Aphyosemion exiguum
	 
	DQ981777
	 
	 
	 
	 
	 
	 

	32
	Aphyosemion franzwerneri
	EF417043
	EU885237
	 
	EF417043
	 
	 
	 
	EF417275

	33
	Aphyosemion gabunense
	 
	AF002309
	 
	 
	 
	 
	 
	 

	34
	Aphyosemion georgiae
	 
	DQ981775
	 
	 
	 
	 
	 
	 

	35
	Aphyosemion heinemanni
	EF417045
	EU885236
	 
	EF417045
	 
	 
	 
	EF417248

	36
	Aphyosemion hera
	 
	 
	 
	 
	 
	 
	 
	 

	37
	Aphyosemion herzogi
	 
	EU885235
	 
	 
	 
	 
	 
	 

	38
	Aphyosemion kouamense
	EF063365
	EU056928
	 
	 
	 
	EF143412
	 
	 

	39
	Aphyosemion koungueense
	 
	EU056927
	 
	 
	 
	 
	 
	 

	40
	Aphyosemion labarrei
	 
	AF002321
	 
	 
	 
	 
	 
	 

	41
	Aphyosemion lamberti
	 
	AF002329
	 
	 
	 
	 
	 
	 

	42
	Aphyosemion lividum
	EU282845
	 
	 
	 
	 
	EU282846
	 
	 

	43
	Aphyosemion loennbergii
	DQ267320
	DQ342225
	 
	 
	 
	DQ284650
	 
	 

	44
	Aphyosemion louessense
	 
	AF002310
	 
	 
	 
	 
	 
	 

	45
	Aphyosemion lugens
	DQ267354
	EU885232
	 
	 
	 
	DQ284684
	 
	 

	46
	Aphyosemion maculatum
	 
	AF002315
	 
	 
	 
	 
	 
	 

	47
	Aphyosemion malumbresi
	EF063369
	EU249501
	 
	 
	 
	EF143415
	 
	 

	48
	Aphyosemion melanogaster
	DQ267300
	EU249513
	 
	 
	 
	DQ284630
	 
	 

	49
	Aphyosemion melinoeides
	 
	EU056933
	 
	 
	 
	 
	 
	 

	50
	Aphyosemion mimbon
	 
	AY748287
	 
	 
	 
	 
	 
	 

	51
	Aphyosemion occellatum
	 
	AF002320
	 
	 
	 
	 
	 
	 

	52
	Aphyosemion ogoense
	 
	AF002311
	 
	 
	 
	 
	 
	 

	53
	Aphyosemion omega
	 
	EU056934
	 
	 
	 
	 
	 
	 

	54
	Aphyosemion pascheni
	EF417046
	 
	 
	EF417046
	 
	 
	 
	EF417277

	55
	Aphyosemion pascheni-festivum
	EU282839 & EF417040
	 
	 
	EF417040
	 
	EU282840
	 
	EF417272

	56
	Aphyosemion poliaki
	DQ267275
	EU056935
	 
	 
	 
	DQ284605
	 
	 

	57
	Aphyosemion primigenium
	 
	AF002312
	 
	 
	 
	 
	 
	 

	58
	Aphyosemion punctatum
	 
	AF002332
	 
	 
	 
	 
	 
	 

	59
	Aphyosemion punctulatum
	DQ267362
	EU056936
	 
	 
	 
	DQ284692
	 
	 

	60
	Aphyosemion rectogoense
	 
	AF002331
	 
	 
	 
	 
	 
	 

	61
	Aphyosemion riggenbachi
	DQ267409
	DQ342220
	 
	 
	 
	DQ284738
	 
	 

	62
	Aphyosemion sp. 08 RS-2007
	 
	EU056938
	 
	 
	 
	 
	 
	 

	63
	Aphyosemion sp. Bimbia
	 
	EU056939
	 
	 
	 
	 
	 
	 

	64
	Aphyosemion sp. Bioko
	 
	EU056940
	 
	 
	 
	 
	 
	 

	65
	Aphyosemion sp. LEC 93/27
	 
	AF002307
	 
	 
	 
	 
	 
	 

	66
	Aphyosemion sp. Oba
	EF185309
	 
	 
	 
	 
	 
	 
	 

	67
	Aphyosemion sp. Rio Muni
	DQ267397
	 
	 
	 
	 
	DQ284727
	 
	 

	68
	Aphyosemion splendopleure
	DQ267268
	EU056942
	 
	 
	 
	DQ284598
	 
	 

	69
	Aphyosemion striatum
	 
	AF002313
	 
	 
	 
	 
	 
	 

	70
	Aphyosemion volcanum
	DQ267284
	AF002306
	 
	 
	 
	DQ284614
	 
	 

	71
	Aphyosemion wildekampi
	 
	AF002333
	 
	 
	 
	 
	 
	 

	72
	Aplocheilus blockii
	 
	 
	 
	 
	 
	 
	 
	 

	73
	Aplocheilus lineatus
	 
	ALU73282
	 
	 
	 
	 
	 
	 

	74
	Aplocheilus panchax
	NC_011176
	NC_011176
	NC_011176
	NC_011176
	NC_011176
	 
	EF455705
	EF417190

	75
	Aplocheilus parvus
	 
	 
	 
	 
	 
	 
	 
	 

	76
	Archiaphyosemion guineense
	 
	AF000711
	FJ872058
	 
	 
	 
	 
	FJ872045

	77
	Astronotus ocellatus
	NC_009058
	NC_009058
	NC_009058
	NC_009058
	NC_009058
	 
	EF095671
	 

	78
	Austrofundulus guajira
	 
	 
	AY850650
	AY850650
	AY850673
	 
	 
	 

	79
	Austrofundulus leohoignei
	 
	 
	AY850656
	AY850656
	AY850679
	 
	 
	 

	80
	Austrofundulus leoni
	 
	 
	AY850654
	AY850654
	AY850677
	 
	 
	 

	81
	Austrofundulus limnaeus
	AF002589
	ALU73300
	AY850647
	AY850647
	AY850670
	 
	 
	 

	82
	Austrofundulus rupununi
	 
	 
	AY850658
	AY850658
	AY850681
	 
	 
	 

	83
	Austrofundulus transilis
	 
	AF002469
	AY850661
	AY850661
	AY850684
	 
	EF455715
	 

	84
	Austrolebias adloffi
	 
	AF245009
	 
	 
	 
	 
	 
	 

	85
	Austrolebias affinis
	AF002579
	AF245464
	 
	 
	 
	 
	 
	 

	86
	Austrolebias alexandri
	 
	AF245011
	AF092369
	AF092369
	AF092302
	 
	 
	 

	87
	Austrolebias bellottii
	 
	AF245007
	AF092370
	AF092370
	AF092303
	 
	 
	 

	88
	Austrolebias charrua
	 
	AY724390
	 
	 
	 
	 
	 
	 

	89
	Austrolebias cheradophilus
	 
	AF245467
	 
	 
	 
	 
	 
	 

	90
	Austrolebias cinereus
	 
	AF245005
	 
	 
	 
	 
	 
	 

	91
	Austrolebias cyaneus
	 
	AF245461
	 
	 
	 
	 
	 
	 

	92
	Austrolebias gymnoventris
	 
	AF245463
	 
	 
	 
	 
	 
	 

	93
	Austrolebias luteoflammulatus
	 
	AF245459
	 
	 
	 
	 
	 
	 

	94
	Austrolebias melanoorus
	 
	AY724373
	 
	 
	 
	 
	 
	 

	95
	Austrolebias nigripinnis
	 
	AF245013
	 
	 
	 
	 
	 
	 

	96
	Austrolebias nigrofasciatus
	 
	AY724407
	 
	 
	 
	 
	 
	 

	97
	Austrolebias prognathus
	 
	AF245458
	 
	 
	 
	 
	 
	 

	98
	Austrolebias reicherti
	 
	AY724392
	 
	 
	 
	 
	 
	 

	99
	Austrolebias sp. duraznensis
	 
	AF245012
	 
	 
	 
	 
	 
	 

	100
	Austrolebias vazferreirai
	 
	AF245457
	 
	 
	 
	 
	 
	 

	101
	Austrolebias viarius
	 
	AF245456
	 
	 
	 
	 
	 
	 

	102
	Austrolebias wolterstorffi
	 
	AF245014
	 
	 
	 
	 
	 
	 

	103
	Callopanchax huwaldi
	 
	AF000698
	 
	 
	 
	 
	 
	 

	104
	Callopanchax monroviae
	 
	 
	 
	 
	 
	 
	 
	 

	105
	Callopanchax occidentalis
	 
	AF000696
	AF092360
	AF092360
	 
	 
	 
	FJ872048

	106
	Callopanchax sidibeorum
	 
	AF000700
	 
	 
	 
	 
	 
	 

	107
	Callopanchax toddi
	 
	AF000699
	 
	 
	 
	 
	 
	 

	108
	Campellolebias chrysolineatus
	 
	AF002464
	 
	 
	 
	 
	 
	 

	109
	Campellolebias dorsimaculatus
	AF002584
	AF002465
	AF092362
	AF092362
	AF092295
	 
	 
	 

	110
	Chauliodus sloani
	AP002915
	AP002915
	AP002915
	AP002915
	AP002915
	 
	GQ860327
	 

	111
	Cynopoecilus melanotaenia
	 
	AF245465
	AF092363
	AF092363
	AF092296
	 
	 
	 

	112
	Cyprinodon rubrofluviatilis
	NC_009125
	NC_009125
	NC_009125
	NC_009125
	NC_009125
	 
	 
	 

	113
	Danio rerio
	NC_002333
	NC_002333
	NC_002333
	NC_002333
	NC_002333
	 
	NM131389
	AF398343

	114
	Epiplatys bifasciatus
	 
	 
	 
	 
	 
	 
	 
	EF417193

	115
	Epiplatys chaperi
	 
	AF000693
	 
	 
	 
	 
	 
	 

	116
	Epiplatys infrafasciatus
	 
	DQ981783
	 
	 
	 
	 
	 
	 

	117
	Epiplatys maeseni
	 
	AF000712
	 
	 
	 
	 
	 
	 

	118
	Epiplatys multifasciatus
	 
	AF000692
	 
	 
	 
	 
	 
	 

	119
	Epiplatys roloffi
	 
	AF000694
	 
	 
	 
	 
	 
	 

	120
	Epiplatys sexfasciatus
	 
	 
	FJ872061
	 
	 
	 
	 
	FJ872049

	121
	Epiplatys singa
	 
	 
	AF092358
	AF092358
	AF092291
	 
	 
	 

	122
	Episemion callipteron
	 
	DQ981774
	 
	 
	 
	 
	 
	 

	123
	Episemion krystallinoron
	 
	DQ981769
	 
	 
	 
	 
	 
	 

	124
	Esox lucius
	NC_004593
	NC_004593
	NC_004593
	NC_004593
	NC_004593
	 
	AY380542
	AY158056

	125
	Fenerbahce formosus
	 
	AF002408
	 
	 
	 
	 
	 
	 

	126
	Foerschichthys flavipinnis
	 
	AF002409
	 
	 
	 
	 
	 
	 

	127
	Fundulopanchax amieti
	 
	AF002294
	 
	 
	 
	 
	 
	 

	128
	Fundulopanchax cinnamomeus
	 
	AF002296
	 
	 
	 
	 
	 
	 

	129
	Fundulopanchax deltaense
	 
	AF002290
	 
	 
	 
	 
	 
	 

	130
	Fundulopanchax fallax
	 
	AF002291
	 
	 
	 
	 
	 
	 

	131
	Fundulopanchax filamentosus
	 
	AF002287
	 
	 
	 
	 
	 
	DQ533033

	132
	Fundulopanchax gardneri
	 
	AF002297
	AF092356
	AF092356
	AF092289
	 
	 
	 

	133
	Fundulopanchax gularis
	 
	AF002292
	 
	 
	 
	 
	 
	 

	134
	Fundulopanchax mirabilis
	 
	FMU73294
	 
	 
	 
	 
	 
	 

	135
	Fundulopanchax ndianus
	 
	AF002295
	 
	 
	 
	 
	 
	 

	136
	Fundulopanchax oeseri
	 
	AF002298
	 
	 
	 
	 
	 
	 

	137
	Fundulopanchax robertsoni
	 
	AF002288
	 
	 
	 
	 
	 
	 

	138
	Fundulopanchax scheeli
	 
	AF002299
	 
	 
	 
	 
	 
	 

	139
	Fundulopanchax schwoiseri
	 
	AF002293
	 
	 
	 
	 
	 
	 

	140
	Fundulopanchax sjostedti
	 
	DQ981782
	 
	 
	 
	 
	 
	 

	141
	Fundulopanchax walkeri
	 
	AF002289
	 
	 
	 
	 
	 
	 

	142
	Fundulus diaphanus
	NC_012361
	NC_012361
	NC_012361
	NC_012361
	NC_012361
	 
	GQ119877
	 

	143
	Fundulus grandis
	NC_012377
	NC_012377
	NC_012377
	NC_012377
	NC_012377
	 
	GQ119886
	 

	144
	Fundulus heteroclitus
	NC_012312
	NC_012312
	NC_012312
	NC_012312
	NC_012312
	 
	GQ119890
	AY655692

	145
	Fundulus olivaceus
	NC_011380
	NC_011380
	NC_011380
	NC_011380
	NC_011380
	 
	GQ119912
	 

	146
	Gadus morhua
	NC_002081
	NC_002081
	NC_002081
	NC_002081
	NC_002081
	 
	AF369064
	 

	147
	Gambusia affinis
	NC_004388
	NC_004388
	NC_004388
	NC_004388
	NC_004388
	 
	EF017411
	AF152163

	148
	Gasterosteus aculeatus
	NC_003174
	NC_003174
	NC_003174
	NC_003174
	NC_003174
	 
	EF033039
	DQ028178

	149
	Glossanodon semifasciatus
	AP004105
	AP004105
	AP004105
	AP004105
	AP004105
	 
	 
	 

	150
	Gnatholebias hoignei
	 
	AF002471
	 
	 
	EF455701
	 
	EF455712
	 

	151
	Gnatholebias zonatus
	 
	 
	AF092419
	AF092419
	AF092352
	 
	EF455711
	 

	152
	Hippoglossus hippoglossus
	NC_009709
	NC_009709
	NC_009709
	NC_009709
	NC_009709
	 
	FJ769824
	EU057700

	153
	Jordanella floridae
	NC_011387
	NC_011387
	NC_011387
	NC_011387
	NC_011387
	 
	 
	DQ533046

	154
	Kryptolebias brasiliensis
	 
	 
	AY946276
	AY946276
	AY946281
	 
	EF455707
	 

	155
	Kryptolebias caudomarginatus
	 
	AF002478
	AF092361
	AF092361
	AF092294
	 
	 
	 

	156
	Kryptolebias marmoratus
	NC_003290
	NC_003290
	NC_003290
	NC_003290
	NC_003290
	 
	 
	 

	157
	Kryptolebias ocellatus
	AF002599
	AF002480
	 
	 
	 
	 
	 
	 

	158
	Kryptolebias sepia
	 
	 
	AY946272
	AY946272
	AY946277
	 
	 
	 

	159
	Lamprogrammus niger
	NC_004378
	NC_004378
	NC_004378
	NC_004378
	NC_004378
	 
	 
	 

	160
	Leptolebias aureoguttatus
	AF002581
	AF002462
	 
	 
	 
	 
	 
	 

	161
	Leptolebias citrinipinnis
	AF002582
	LCU73299
	 
	 
	 
	 
	 
	 

	162
	Llanolebias stellifer
	 
	 
	AF092420
	AF092420
	AF092353
	 
	EF455713
	 

	163
	Lophius (americanus & piscatorius)
	NC_004380
	NC_004380
	NC_004380
	NC_004380
	NC_004380
	 
	AY308786
	AY372751

	164
	Lutjanus russellii
	NC_010963
	NC_010963
	NC_010963
	NC_010963
	NC_010963
	 
	EU627667
	 

	165
	Lycodes (toyamensis & diapterus & brevipes)
	NC_004409
	NC_004409
	NC_004409
	NC_004409
	NC_004409
	 
	EU167890
	AY539166

	166
	Maratecoara formosa
	 
	 
	AF092411
	AF092411
	AF092344
	 
	 
	 

	167
	Maratecoara lacortei
	AF002585
	AF002466
	AF092410
	AF092410
	AF092343
	 
	 
	 

	168
	Menidia menidia
	NC_011174
	NC_011174
	NC_011174
	NC_011174
	NC_011174
	 
	AY430225
	AY539074

	169
	Micromoema xiphophora
	 
	 
	AF092418
	AF092418
	AF092351
	 
	EF455720
	 

	170
	Moema piriana
	AF002639
	AF002507
	 
	 
	 
	 
	 
	 

	171
	Moema staecki
	AF002640
	 
	AF092406
	AF092406
	AF092339
	 
	 
	 

	172
	Monopterus albus
	NC_003192
	NC_003192
	NC_003192
	NC_003192
	NC_003192
	 
	 
	DQ533072

	173
	Morone (saxatilis & chrysops)
	NC_014353
	NC_014353
	NC_014353
	NC_014353
	NC_014353
	 
	AY308767
	AY539150

	174
	Mugil cephalus
	NC_003182
	NC_003182
	NC_003182
	NC_003182
	NC_003182
	 
	EF095639
	AY655693

	175
	Myripristis (berndti & botche)
	NC_003189
	NC_003189
	NC_003189
	NC_003189
	NC_003189
	 
	 
	AY141517S

	176
	Nematolebias whitei
	AF002577
	CWU09130
	AF092365
	AF092365
	AF092298
	 
	 
	 

	177
	Neofundulus ornatipinnis
	 
	 
	AF092403
	AF092403
	AF092336
	 
	 
	 

	178
	Neofundulus paraguayensis
	AF002643
	AF002510
	AF092405
	AF092405
	AF092338
	 
	EF455722
	 

	179
	Neofundulus sp. Paraguay
	 
	 
	AF092404
	AF092404
	AF092337
	 
	 
	 

	180
	Neoscopelus (microchir & macrolepidotus)
	NC_003180
	NC_003180
	NC_003180
	NC_003180
	NC_003180
	 
	EU366727
	DQ533075

	181
	Nimbapanchax jeanpoli
	 
	 
	FJ872057
	 
	 
	 
	 
	FJ872043

	182
	Nimbapanchax leucopterygius
	 
	 
	FJ872054
	 
	 
	 
	 
	FJ872040

	183
	Nimbapanchax melanopterygius
	 
	 
	FJ872052
	 
	 
	 
	 
	FJ872038

	184
	Nimbapanchax petersi
	 
	AF000714
	 
	 
	 
	 
	 
	FJ872044

	185
	Nimbapanchax viridis
	 
	AF000715
	FJ872055
	 
	 
	 
	 
	FJ872041

	186
	Nothobranchius cardinalis
	EF464711
	 
	 
	 
	 
	 
	 
	 

	187
	Nothobranchius eggersi
	EF464686
	 
	 
	 
	GU138042
	 
	 
	 

	188
	Nothobranchius elongatus
	 
	 
	 
	 
	EU401647
	 
	 
	 

	189
	Nothobranchius foerschi
	EF464687
	 
	 
	 
	 
	 
	 
	 

	190
	Nothobranchius furzeri
	NC_011814
	NC_011814
	NC_011814
	NC_011814
	NC_011814
	 
	 
	EU780557

	191
	Nothobranchius guentheri
	EF464692
	 
	 
	 
	 
	 
	 
	 

	192
	Nothobranchius hengstleri
	EF464709
	 
	 
	 
	EU401666
	 
	 
	 

	193
	Nothobranchius jubbi
	 
	 
	 
	 
	EU401651
	 
	 
	 

	194
	Nothobranchius kafuensis
	 
	 
	 
	 
	NKU73274 & GU138041
	 
	 
	 

	195
	Nothobranchius kilomberoensis
	EF464693
	 
	 
	 
	 
	 
	 
	 

	196
	Nothobranchius kirki
	AF002575
	NKU73297
	 
	 
	 
	 
	 
	 

	197
	Nothobranchius krammeri
	EF464707
	 
	 
	 
	 
	 
	 
	 

	198
	Nothobranchius krysanovi
	EF464700
	 
	 
	 
	GU138040
	 
	 
	 

	199
	Nothobranchius kuhntae
	EF464695
	 
	 
	 
	 
	 
	 
	 

	200
	Nothobranchius lucius
	 
	 
	 
	 
	EU401650
	 
	 
	 

	201
	Nothobranchius makondorum
	EF464713
	 
	 
	 
	EU401654
	 
	 
	 

	202
	Nothobranchius melanospilus
	EF464712
	 
	 
	 
	EU401659
	 
	 
	 

	203
	Nothobranchius ocellatus
	 
	 
	 
	 
	EU401663
	 
	 
	 

	204
	Nothobranchius orthonotus
	EF464696
	 
	 
	 
	EU401664
	 
	 
	 

	205
	Nothobranchius pienaari
	EF464702
	 
	 
	 
	GU138038
	 
	 
	 

	206
	Nothobranchius polli
	 
	 
	 
	 
	GU138033
	 
	 
	 

	207
	Nothobranchius rachovii
	EF464703
	 
	 
	 
	GU138044
	 
	 
	 

	208
	Nothobranchius rubroreticulatus
	 
	 
	 
	 
	GU138032
	 
	 
	 

	209
	Nothobranchius thierryi
	 
	AF002284
	 
	 
	 
	 
	 
	 

	210
	Notholebias minimus
	AF002583
	AF002463
	AF092364
	AF092364
	AF092297
	 
	 
	 

	211
	Oncorhynchus mykiss
	NC_001717
	NC_001717
	NC_001717
	NC_001717
	NC_001717
	 
	NM001124737
	OMU34341

	212
	Oreochromis (niloticus & tanganicae & aureus)
	NC_013663
	NC_013663
	NC_013663
	NC_013663
	NC_013663
	 
	DQ012223
	GU289229

	213
	Oryzias latipes
	NC_004387
	NC_004387
	NC_004387
	NC_004387
	NC_004387
	 
	EF095641
	AF398344

	214
	Pachypanchax omalonotus
	 
	PHU73284
	 
	 
	 
	 
	 
	 

	215
	Pachypanchax playfairii
	 
	PPU73285
	 
	 
	 
	 
	 
	DQ533086

	216
	Papiliolebias bitteri
	AF002588
	 
	AF092408
	AF092408
	AF092341
	 
	 
	 

	217
	Pituna poranga
	AF002586
	AF002467
	AF092412
	AF092412
	AF092345
	 
	 
	 

	218
	Plecoglossus altivelis
	NC_002734
	NC_002734
	NC_002734
	NC_002734
	NC_002734
	 
	AY380536
	 

	219
	Plesiolebias aruana
	AF002587
	AF002468
	AF092409
	AF092409
	AF092342
	 
	 
	 

	220
	Plesiolebias glaucopterus
	 
	AF245468
	 
	 
	 
	 
	 
	 

	221
	Polymixia japonica
	NC_002648
	NC_002648
	NC_002648
	NC_002648
	NC_002648
	 
	AY308765
	DQ533098

	222
	Porichthys (myriaster & notatus)
	NC_006920
	NC_006920
	 
	 
	NC_006920
	 
	 
	DQ533101

	223
	Pronothobranchius kiyawensis
	EF464705
	AF002285
	 
	 
	AF002348 & EU401665
	 
	 
	 

	224
	Pterolebias longipinnis
	AF002595
	AF002476
	AF092415
	AF092415
	 
	 
	EF455709
	EF417191

	225
	Pterolebias phasianus
	AF002596
	AF002477
	AF092414
	AF092414
	AF092347
	 
	EF455710
	 

	226
	Rachovia brevis
	 
	 
	AY850640
	AY850640
	AY850665
	 
	 
	 

	227
	Rachovia hummelincki
	 
	 
	AY850642
	AY850642
	 
	 
	 
	 

	228
	Rachovia maculipinnis
	AF002590
	AF002470
	AY850639
	AY850639
	AY850664
	 
	EF455714
	 

	229
	Rachovia pyropunctata
	 
	 
	AY850641
	AY850641
	AY850666
	 
	 
	 

	230
	Renova oscari
	AF002594
	AF002475
	AF092413
	AF092413
	AF092346
	 
	EF455721
	 

	231
	Rivulus (Anablepsoides) amphoreus
	 
	RAU41777
	 
	 
	 
	 
	 
	 

	232
	Rivulus (Anablepsoides) cryptocallus
	 
	RCU41776
	AF092394
	AF092394
	AF092327
	 
	 
	 

	233
	Rivulus (Anablepsoides) deltaphilus
	AF002616
	AF002494
	AF092395
	AF092395
	AF092328
	 
	 
	 

	234
	Rivulus (Anablepsoides) hartii
	AF002619
	HQ612222
	AF092393
	AF092393
	AF092326
	 
	 
	 

	235
	Rivulus (Anablepsoides) immaculatus
	AF002620
	RIU41779
	 
	 
	 
	 
	 
	 

	236
	Rivulus (Anablepsoides) iridescens
	 
	 
	AF092391
	AF092391
	AF092324
	 
	 
	 

	237
	Rivulus (Anablepsoides) jucundus
	AF002612
	AF002491
	AF092392
	AF092392
	AF092325
	 
	 
	 

	238
	Rivulus (Anablepsoides) micropus
	 
	 
	AY578714
	AY578714
	AY578722
	 
	 
	 

	239
	Rivulus (Anablepsoides) ophiomimus
	AF002613
	AF002492
	AF092399
	AF092399
	AF092332
	 
	 
	 

	240
	Rivulus (Anablepsoides) ornatus
	 
	 
	AF092390
	AF092390
	AF092323
	 
	 
	 

	241
	Rivulus (Anablepsoides) rubrolineatus
	AF002614
	AF002493
	 
	 
	 
	 
	 
	 

	242
	Rivulus (Anablepsoides) sp. Rio Supamo
	 
	AF002495
	AF092396
	AF092396
	AF092329
	 
	 
	 

	243
	Rivulus (Anablepsoides) stagnatus
	AF002615
	RSU41774
	AF092398
	AF092398
	AF092331
	 
	 
	 

	244
	Rivulus (Anablepsoides) urophthalmus
	 
	 
	AY946273
	AY946273
	AY946278
	 
	 
	 

	245
	Rivulus (Anablepsoides) waimacui
	 
	 
	AF092397
	AF092397
	AF092330
	 
	 
	 

	246
	Rivulus (Atlantirivulus) haraldsiolii
	 
	 
	AF092379
	AF092379
	AF092312
	 
	 
	 

	247
	Rivulus (Atlantirivulus) janeiroensis
	AF002632
	AF002500
	 
	 
	 
	 
	 
	 

	248
	Rivulus (Atlantirivulus) luelingi
	AF002633
	AF002501
	AF092381
	AF092381
	AF092314
	 
	 
	 

	249
	Rivulus (Atlantirivulus) santensis
	AF002634
	AF002502
	AF092380
	AF092380
	AF092313
	 
	EF455708
	 

	250
	Rivulus (Cynodonichthys) birkhahni
	AF002625
	AF002498
	 
	 
	 
	 
	 
	 

	251
	Rivulus (Cynodonichthys) brunneus
	 
	 
	AF092383
	AF092383
	AF092316
	 
	 
	 

	252
	Rivulus (Cynodonichthys) chucunaque
	AF002624
	AF002497
	 
	 
	 
	 
	 
	 

	253
	Rivulus (Cynodonichthys) frommi
	 
	 
	AF092384
	AF092384
	AF092317
	 
	 
	 

	254
	Rivulus (Cynodonichthys) fuscolineatus
	AF002631
	RFU41770
	 
	 
	 
	 
	 
	 

	255
	Rivulus (Cynodonichthys) hildebrandi
	AF002621
	RHU44746
	 
	 
	 
	 
	 
	 

	256
	Rivulus (Cynodonichthys) isthmensis
	AF002630
	RIU41769
	 
	 
	 
	 
	 
	 

	257
	Rivulus (Cynodonichthys) magdalenae
	AF002623
	RMU41773
	AF092382
	AF092382
	AF092315
	 
	 
	 

	258
	Rivulus (Cynodonichthys) tenuis
	AF002626
	RTU41771
	AF092386
	AF092386
	 
	 
	 
	 

	259
	Rivulus (Cynodonichthys) uroflammeus
	AF002622
	RUU41775
	 
	 
	 
	 
	 
	 

	260
	Rivulus (Cynodonichthys) weberi
	AF002629
	RWU41768
	AF092385
	AF092385
	AF092318
	 
	 
	 

	261
	Rivulus (Laimosemion) agilae
	AF002603
	AF002482
	AF092377
	AF092377
	AF092310
	 
	 
	 

	262
	Rivulus (Laimosemion) breviceps
	 
	 
	AF092376
	AF092376
	AF092309
	 
	 
	 

	263
	Rivulus (Laimosemion) dibaphus
	 
	 
	AY578718
	AY578718
	AY578726
	 
	 
	 

	264
	Rivulus (Laimosemion) frenatus
	AF002606
	AF002485
	AF092378
	AF092378
	 
	 
	 
	 

	265
	Rivulus (Laimosemion) geayi
	AF002604
	AF002483
	AY946274
	AY946274
	 
	 
	 
	 

	266
	Rivulus (Laimosemion) gransabanae
	 
	 
	AF092375
	AF092375
	AF092308
	 
	 
	 

	267
	Rivulus (Laimosemion) kirovskyi
	 
	 
	AY578711
	AY578711
	AY578719
	 
	 
	 

	268
	Rivulus (Laimosemion) lyricauda
	AF002610
	AF002489
	AY578717
	AY578717
	AY578725
	 
	 
	 

	269
	Rivulus (Laimosemion) mahdiaensis
	 
	DQ501250
	 
	 
	 
	 
	 
	 

	270
	Rivulus (Laimosemion) rectocaudatus
	AF002611
	AF002490
	AY578716
	AY578716
	AY578724
	 
	 
	 

	271
	Rivulus (Laimosemion) sp. DCT 89-132
	AF002609
	AF002488
	 
	 
	 
	 
	 
	 

	272
	Rivulus (Laimosemion) sp. Tobogon
	AF002608
	AF002487
	AF092373
	AF092373
	AF092306
	 
	 
	 

	273
	Rivulus (Laimosemion) strigatus
	AF002605
	AF002484
	AY578713
	AY578713
	AY578721
	 
	 
	 

	274
	Rivulus (Laimosemion) tecminae
	 
	 
	AF092374
	AF092374
	AF092307
	 
	 
	 

	275
	Rivulus (Laimosemion) xiphidius
	AF002607
	AF002486
	 
	 
	 
	 
	 
	EF417192

	276
	Rivulus (Melanorivulus) apiamici
	AF002635
	AF002503
	 
	 
	 
	 
	 
	 

	277
	Rivulus (Melanorivulus) pictus
	 
	 
	AF092388
	AF092388
	AF092321
	 
	 
	 

	278
	Rivulus (Melanorivulus) punctatus
	AF002636
	AF002504
	AF092389
	AF092389
	AF092322
	 
	 
	 

	279
	Rivulus (Melanorivulus) violaceus
	AF002637
	AF002505
	AF092387
	AF092387
	AF092320
	 
	 
	 

	280
	Rivulus cylindraceus
	AF002601
	RCU41781
	AF092371
	AF092371
	AF092304
	 
	 
	 

	281
	Rivulus insulaepinorum
	FN545681
	 
	 
	 
	 
	 
	 
	 

	282
	Rivulus roloffi
	AF002602
	RRU41780
	AF092372
	AF092372
	AF092305
	 
	 
	 

	283
	Scriptaphyosemion banforense
	 
	AF000701
	 
	 
	 
	 
	 
	 

	284
	Scriptaphyosemion bertholdi
	 
	AF000702
	 
	 
	 
	 
	 
	 

	285
	Scriptaphyosemion breuningi
	 
	AF000703
	 
	 
	 
	 
	 
	 

	286
	Scriptaphyosemion chaytori
	 
	AF000704
	 
	 
	 
	 
	 
	 

	287
	Scriptaphyosemion etzeli
	 
	AF000707
	 
	 
	 
	 
	 
	 

	288
	Scriptaphyosemion geryi
	AF002574
	AF000708
	AF092359
	AF092359
	AF092292
	 
	 
	FJ872047

	289
	Scriptaphyosemion guignardi
	 
	AF000710
	EF455703
	EF455703
	EF455700
	 
	EF455706
	 

	290
	Scriptaphyosemion liberiense
	 
	AF000706
	 
	 
	 
	 
	 
	 

	291
	Scriptaphyosemion roloffi
	 
	AF000709
	 
	 
	 
	 
	 
	 

	292
	Scriptaphyosemion schmitti
	 
	AF000705
	 
	 
	 
	 
	 
	 

	293
	Sebastes (ruberrimus & elongatus)
	EU008930
	EU008930
	 
	EU008930
	EU008930
	 
	 
	AY539081

	294
	Simpsonichthys antenori
	AF002580
	CAU73298
	 
	 
	 
	 
	 
	 

	295
	Simpsonichthys bokermanni
	 
	 
	AF092367
	AF092367
	AF092300
	 
	 
	 

	296
	Simpsonichthys costai
	AF002578
	AF002461
	 
	 
	 
	 
	 
	 

	297
	Simpsonichthys magnificus
	 
	 
	AF092368
	AF092368
	AF092301
	 
	 
	 

	298
	Simpsonichthys myersi
	 
	 
	AF092366
	AF092366
	AF092299
	 
	 
	 

	299
	Simpsonichthys trilineatus
	 
	 
	 
	 
	 
	 
	 
	 

	300
	Synodus variegatus
	NC_007228
	NC_007228
	NC_007228
	NC_007228
	NC_007228
	 
	 
	DQ533129

	301
	Takifugu rubripes
	NC_004299
	NC_004299
	NC_004299
	NC_004299
	NC_004299
	 
	AY700363
	 

	302
	Terranatos dolichopterus
	AF002593
	AF002474
	AF092421
	AF092421
	AF092354
	 
	EF455716
	 

	303
	Tetraodon (nigroviridis & fluviatilis)
	NC_007176
	NC_007176
	NC_007176
	NC_007176
	NC_007176
	 
	AY700355
	AJ270041

	304
	Trachyrincus murrayi
	NC_008224
	NC_008224
	NC_008224
	NC_008224
	NC_008224
	 
	FJ215297
	AY372709

	305
	Trigonectes aplocheiloides
	 
	 
	AF092400
	AF092400
	AF092333
	 
	 
	 

	306
	Trigonectes balzanii
	 
	AF002509
	AF092401
	AF092401
	AF092334
	 
	 
	 

	307
	Trigonectes rubromarginatus
	AF002642
	TRU73301
	AF092402
	AF092402
	AF092335
	 
	EF455723
	 

	308
	Xenotoca eiseni
	NC_011381
	NC_011381
	NC_011381
	NC_011381
	NC_011381
	 
	 
	 

	309
	Xiphophorus hellerii
	NC_013089
	NC_013089
	NC_013089
	NC_013089
	NC_013089
	 
	EF017445
	 

	310
	Xiphophorus maculatus
	NC_011379
	NC_011379
	NC_011379
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