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Abstract
Eviota, known as dwarf gobies, is a diverse genus of marine �shes comprising more than 120 species
found throughout the Indo-Paci�c Ocean. A previous study has suggested that morphologically similar
cryptic species of Eviotamay exist and that the species diversity may be signi�cantly underestimated.
This study evaluated the diversity of Eviotaspecies in three habitat types (tidal �ats, reef �ats, and moats)
in the shallow waters (0–1 m in depth at low tide) of Okinawa Islandusing morphological characteristics
and molecular phylogenetic analysis. Eleven morphospecies were classi�ed into 17 molecular optical
units(MOTUs), and cryptic species for which speciation may have occurred relatively recently were
detected in the morphospecies Eviota abax, Eviota japonica, Eviota queenslandica, and Eviota prasina.
Most MOTUs exhibited only one habitat use, whereas three MOTUs were found in multiple habitats.
Among each cryptic Eviota species, both habitat segregation and habitat overlaps were found. Therefore,
speciation in Eviota may occur without habitat segregation, and multiple other factors should be
considered regarding speciation in Eviota.

Introduction
Eviota (Teleostei: Gobiidae), known as dwarf gobies, is a diverse genus of marine �sh (Green�eld 2017).
Eviota was originally proposed by Jenkins (1903), and Lachner and Karnella (1980) reviewed the
diagnostic morphological characteristics of the genus (e.g., cephalic sensory-canal pore patterns, the
shape of the male genital papilla, and body coloration) and summarized the geographical distribution.
Subsequently, the description of new species continues to progress mainly based on morphology (e.g.
Shibukawa and Suzuki 2005; Fujiwara et al. 2020), and 127 valid species are currently recognized
throughout the Indo-Paci�c Ocean except in the eastern Paci�c region (Tornabene et al. 2021). In addition
to its small body size and a large number of species, Eviota is characterized by a short life span (< 100
days) and, consequently, rapid generational turnover (Depczynski and Bellwood, 2006).

Molecular phylogenetic analysis has been used to delimit species, leading to the discovery of many
cryptic species, which are morphologically very similar but distinguishable via molecular analysis
(Bickford et al. 2007). This analysis has greatly advanced the understanding of biodiversity and provides
a standard method of species delimitation for many organisms (Fišer et al. 2018). Notably, Tornabene et
al. (2015) identi�ed the presence of multiple cryptic species of Eviota via molecular phylogenetic
analysis, suggesting that the number of Eviota species may be signi�cantly underestimated. However,
studies performing molecular phylogenetic analysis of Eviota diversity have been limited; therefore,
further research across extensive geographic areas and habitats is required.

Three speciation modes (allopatric, sympatric, and parapatric) have been proposed for coral reef �sh
(Rocha and Bowen 2008). Tornabene et al. (2015) suggested that local-scale speciation in Eviota within
the Coral Triangle may be associated with niche partitioning (sympatric speciation) and physical barriers
to gene �ow (allopatric speciation). Eviota species are found in various habitats and substrates, including
estuaries, hard corals, coral rocks, tidepools, near-shore reefs with strong currents, mud and silt, sand,
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rubble, dead coral, and rock (Green�eld 2017). A few Eviota species are associated with a single type of
microhabitat (Tornabene et al. 2013; Doll et al. 2021). Habitats overlap among some Eviota species, but
little habitat overlap is observed among pair species, with few exceptions (Doll et al. 2021). However, it is
unclear whether habitat segregation and overlap occur among species that would have speciated
relatively recently, such as in cryptic species.

This study investigated the diversity of Eviota species that were collected from three habitat types (tidal
�ats, reef �ats, and moats) in the shallow waters of Okinawa Island using morphological characteristics
and molecular phylogenetic analysis. I have tested the following hypotheses: i) cryptic species are
recognized in Eviota in the shallow waters of Okinawa Island, and ii) habitat segregation and overlap
occur among closely related species.

Materials And Methods

Field sampling
Eviota species were collected using hand nets during low tide between 2020 and 2022 in the shallow
waters (Nakijin, Nago, Onna) of Okinawa Island (Fig. 1; Table 1). These sampling sites were 0–1 m in
water depth at low tide. Three habitat types (tidal �ats, reef �ats, and moats) were identi�ed at these
sampling sites. The Nakijin site (Fig. 1a; Table 1) is a coastal lagoon with patch reefs on sand and coral
rubble bottoms, and contains habitat-type moats and reef �ats. Site Nago (Fig. 1b; Table 1) is a tidal �at
adjacent to the mouth of a stream where the bottom is dominated by mud, sand, and coral rubble. Onna
(Fig. 1c; Table 1) is a tidal �at adjacent to the mouth of a stream and also a coastal lagoon, and contains
habitat-type tidal �ats, reef �ats, and moats. Data on the habitat type for each Eviota specimen were
recorded.

Table 1
Substrate and habitat of each sampling site of Okinawa Island.

Sampling site Substrate Habitat

Nakijin sand, coral rubbles moat, reef �at

Nago mud, sand, coral rubbles tidal �at

Onna sand, coral rubbles tidal �at, moat, reef �at

Online Resource 1. Morphological characteristics of each Eviota species collected in the shallow
waters of Okinawa Island.

Morphological Observation
The Eviota specimens were euthanized in an ice water bath, photographed, �xed in 10% formalin, and
preserved in 70% ethanol. Before �xation in formalin, the right pectoral �n of each specimen was taken
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and stored in 99.5% ethanol until molecular analysis. All specimens were cataloged and deposited at the
Okinawa Churashima Foundation.

Morphological species identi�cation was performed based on the studies by Green�eld and Winterbottom
(2016a), and subsequent studies describing Eviota species (Green�eld and Randall 2016; Green�eld and
Winterbottom 2016b; Tornabene and Green�eld 2016; Green�eld and Suzuki 2016; Green�eld and
Erdmann 2017; Green�eld and Randall 2017; Green�eld et al. 2017; Green�eld et al. 2018; Green�eld and
Gordon 2019; Green�eld et al. 2019; Fujiwara et al. 2020; Green�eld and Erdmann 2020a, b; Winterbottom
and Green�eld 2020; Tornabene et al. 2021) were based on �n counts, cephalic sensory-canal pore
patterns, urogenital papillae, and pigment patterns. Fin count and morphological measurements were
performed using an ocular micrometer under a dissecting microscope (Nikon SMZ645). Cephalic sensory-
canal pore patterns were observed as described by Lachner and Karnella (1980). Cyanine Blue staining
was used to highlight the sensory pores and urogenital papillae (Akihito et al. 2013).

Molecular Species Delimitation
Total DNA was extracted using the HotSHOT method (Truett et al. 2000). A segment of the mitochondrial
DNA cytochrome oxidase subunit 1 gene (CO1) was ampli�ed by polymerase chain reaction (PCR) in a
thermal cycler (Gene Atlas 322, Astec, Fukuoka, Japan) using the primer pairs FISHCO1LBC (5 -
TCAACYAATCAYAAAGATATYGGCAC) and FISHCO1HBC (5 -ACTTCYGGGTGRCCRAARAATCA) (Ward et
al. 2012). For Eviota japonica, the newly designed primer pair CO1_EJF (5 -
TCAACTAACCATAGGACATTGGCAC) and CO1_EJR (5 -GACCTCAGGGTGTCCGAAGAATCAAAA), based on
the FISHCO1LBC primer, FR1d primer (Ivanova et al. 2007), and complete mitochondrial sequence
(Accession number AP019334), was used. PCR was performed using the KOD FX Neo DNA polymerase
kit (Toyobo, Osaka, Japan) in a total reaction volume of 12.5 µl: 6.25 µl of 2× PCR buffer, 0.5 µl of 10 µM
of each primer, 2.5 µl of 2 mM dNTPs, 0.25 µl of KOD FX Neo, 0.25 µl of template DNA, and 2.25 µl dH2O.
The PCR cycling conditions were as follows: 94°C for 2 min; 10 cycles of denaturation at 98°C for 10 s,
annealing at 55°C for 15 s, and extension at 68°C for 20 s; 25 cycles of denaturation at 98°C for 10 s,
annealing at 53°C for 15 s, and extension at 68°C for 20 s; and a �nal extension at 68°C for 2 min. After
puri�cation of ampli�ed PCR samples, sequencing was performed using a BigDye™ Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scienti�c, Waltham, MA, USA), followed by sequencing on a 3730xl DNA
Analyzer (Thermo Fisher Scienti�c). The sequences were deposited in DDBJ/EMBL/GenBank (accession
numbers LC753213–LC753261).

Three species delimitation methods were used for the CO1 dataset to delimit Molecular Operational
Taxonomic Units (MOTUs). The �rst method was the General Mixed Yule Coalescent (GMYC) model
(Fujisawa et al. 2013). For the GMYC method, a Bayesian Inference (BI) analysis was performed using
BEAST2 (Bouckaert et al. 2019) with the GTR + I + G substitution model, which was inferred as the best
�tting model using ModelTest-NG (Darriba et al. 2020), estimated base frequencies with four gamma
categories, an optimized relaxed clock, and the Yule model. The length of the MCMC chain was
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100 million, with sampling every 5,000 and the �rst 10% was discarded as burn-in. The effective sample
size was con�rmed to be greater than 200 using Tracer v1.7.1. Single-threshold GMYC analyses were
performed on the webserver (https://species.h-its.org/gmyc/). The second method implemented included
the multi-rate Poisson tree process (mPTP) model (Kapli et al. 2017). For the PTP method, the Maximum
Likelihood (ML) tree was reconstructed using RAxML v8.2.10 (Stamatakis 2014) based on the GTR + I + G
model with 1000 nonparametric bootstrap replicates. PTP analysis was performed using the web server
(https://mptp.h-its.org). The last method implemented was Assemble Species by Automatic Partitioning
(ASAP) (Puillandre et al., 2021). ASAP analysis was performed on a web server
(https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html) with default settings.

Results

Morphological identi�cation
A total of 49 Eviota specimens were collected from the shallow waters of Okinawa Island and 11
morphospecies were identi�ed (Fig. 2; Online Resource 1). Among these, Eviota hinanoae and Eviota
bipunctata were recorded for the �rst time in Japanese water.

Motus
Three species delimitation analyses detected the same 17 MOTUs for the 11 identi�ed morphospecies
(Fig. 2). Among them, Eviota afelei, Eviota teresae, Eviota smargdus, Eviota nigramembrana, E. hinanoae,
Eviota rubrimaculata, and E. bipunctata showed correspondence between morphospecies and MOTUs.
The morphospecies Eviota abax, Eviota japonica were classi�ed into two MOTUs (E. abax 1, 2 and E.
japonica 1, 2), and Eviota prasina and Eviota queenslandica were classi�ed into three MOTUs (E. prasina
1, 2, 3 and E. queenslandica 1, 2, 3).

Habitat Use
Most MOTUs exhibited only one habitat use, whereas three MOTUs were found in multiple habitats
(Fig. 2; Online Resource 2). Eviota japonica1 and 2, E. abax 1, E. queenslandica 1 and 2, and E. hinanoae
were found only in the tidal �ats. Eviota afelei, E. bipunctata, E. teresae, E. smargdus, E. abax 2, E.
queenslandica 1, and E. nigrimaculata were found only in the moat. Eviota prasina 2 was found only on
the reef �at. Eviota rubrimaculata and E. prasina 3 were found in the tidal �ats and moats. Eviota prasina
1 was found in tidal �ats, moat, and reef �at.

The morphospecies, E. abax, E. japonica, E. prasina and E. queenslandica were classi�ed into multiple
MOTUs and showed various similarities and differences in habitat use (Fig. 2; Online Resource 2). Eviota
abax 1 and 2 were found in tidal �ats and moats, respectively. Eviota queenslandica 1 was found only in
moats, whereas E. queenslandica 2 and 3 were found only in tidal �ats. Eviota japonica 1 and 2 were
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found only in tidal �ats, and were found to coexist in the same tidal �ats at the Nago and Onna sampling
sites. Eviota prasina 1 and 2 were found in the reef �at, whereas E. prasina 1 and E. prasina 3 were found
in tidal �ats and moats. Eviota prasina 1 and 2 coexisted in the same reef �at at the Onna sampling site,
and E. prasina 1 and 3 coexisted in the same tidal �at at the Nago sampling site.

Discussion
This study shows how far we are from understanding the diversity of Eviota species. Molecular
phylogenetic analysis of the mitochondrial DNA of the CO1 gene revealed that Eviota species collected
from the shallow waters of Okinawa Island were divided into 17 MOTUs, and the number was more than
expected from the morphological identi�cation. Tornabene et al. (2015) also demonstrated the cryptic
diversity of Eviota species within the Coral Triangle, which is known as the world’s richest marine
biodiversity hotspot. The fact that the cryptic diversity of Eviota species was observed in multiple regions
suggests the possibility of �nding cryptic diversity in other areas of the Indo-Paci�c where Eviota occurs.

The life-history traits of Eviota species are related to the presence of many cryptic species (Tornabene et
al. 2015). The limited adult mobility (< 1 m; Depczynski and Bellwood, 2004) and short pelagic larval
duration (24–26 days; Depczynski and Bellwood, 2006) of Eviota species produce isolated populations
(Tornabene et al. 2015; Brandl et al. 2018). Moreover, the short life span of Eviota (< 100 days; Depczynski
and Bellwood, 2006), i.e., rapid generational turnover, may lead to subsequent reproductive
incompatibility (Brandl et al. 2018). Numerous cryptic species have been identi�ed in the marine gobies
Trimma and Schindleria (Kon et al. 2007; Winterbottom et al. 2014), with many life-history traits
consistent with Eviota (Kon and Yoshino 2002; Winterbottom and Southcott 2008; Winterbottom et al.
2011).

Niche partitioning, including habitat segregation, is associated with speciation in cryptobenthic reef �sh
(Brandl et al. 2018). Previous studies have demonstrated that sympatric speciation via niche partitioning
occurs within some taxa of these �sh (e.g., Rüber et al. 2003; Mundy et al. 2004). In the present study,
habitat segregation was observed among multiple cryptic species (between E. abax 1 and E. abax 2, and
between E. queenslandica 1 and E. queenslandica 2 and 3). Nevertheless, habitat overlap was also
observed between multiple cryptic species (between E. japonica 1 and 2, E. queenslandica 2 and 3, E.
prasina 1 and 2, and E. prasina 1 and 3). Thus, both segregation and habitat overlaps were found among
multiple cryptic Eviota species, suggesting that speciation may occur in the genus regardless of habitat
segregation.

Geographic barriers are another factor in the speciation of cryptobenthic reef �shes, including gobies
(Brandl et al. 2018). Tornabene et al. (2015) indicated that speciation in Eviota occurred at small scales
due to geographic barriers within the Coral Triangle. Moreover, Trimma gobies exhibit geographically
distinct cryptic lineages in the Indo-Paci�c region (Winterbottom et al. 2014). Additionally, Lachner and
Karnella (1980) identi�ed morphological differences among geographic populations of E. prasina. In the
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present study, an extensive survey was not performed; therefore, the possibility of geographic variation
among the cryptic Eviota species identi�ed herein cannot be excluded.

In conclusion, the cryptic diversity of Eviota species in the shallow waters of Okinawa Island was
identi�ed based on morphological observation and molecular phylogenetic analysis. Eviota is widely
distributed in the Indo-Paci�c Ocean (Green�eld 2017), suggesting that undiscovered cryptic species of
Eviota may remain. This study, observed both habitat segregation and habitat overlap among cryptic
Eviota species, thereby highlighting that other multiple factors must be considered in association with
speciation in Eviota.

Declarations
Acknowledgments

I thank the staff at the Okinawa Churaumi Aquarium and Okinawa Churashima Foundation for their
cooperation in this study.

Funding

This work was supported by the Nakatsuji Foresight Foundation Research Grant.

Con�ict of interest

The authors declare no con�ict of interest.

Ethical approval

All applicable international, national, and/or institutional guidelines for the care and use of animals were
followed by the author.

Sampling and �eld studies

All necessary permits for sampling and observational �eld studies have been obtained by the author from
the competent authorities and are mentioned in the acknowledgements, if applicable. The study is
compliant with CBD and Nagoya protocols.

Data availability

All specimens obtained were cataloged and deposited at the Okinawa Churashima Foundation. All
sequences determined in this study were deposited in the DDBJ/EMBL/GenBank database (accession
numbers LC753213–LC753261). All data generated or analyzed during this study are included in this
published article and its supplementary information �les (Online Resource 1 and 2).

Author contribution



Page 8/14

References
1. Akihito, Sakamoto K, Ikeda Y, Aizawa M (2013) Gobioidei. In: Nakabo, T (ed) Fishes of Japan with

pictorial keys to the species, 3rd edition. Tokai University Press, Hadano, pp. 1347–1608, 2109–
2211.

2. Bickford D, Lohman DJ, Navjot SS, Ng PKL, Meier R, Winker K, Ingram KK, Das I (2007) Cryptic
species as a window on diversity and conservation. Trends Ecol Evol 22:148–155.
https://doi.org/10.1016/j.tree.2006.11.004

3. Brandl SJ, Goatley CH, Bellwood DR, Tornabene L (2018) The hidden half: ecology and evolution of
cryptobenthic �shes on coral reefs. Biol Rev 93:1846–73. https://doi.org/10.1111/brv.12423

4. Bouckaert R, Vaughan TG, Barido-Sottani J, Duchêne S, Fourment M, Gavryushkina A (2019) BEAST
2.5: An advanced software platform for Bayesian evolutionary analysis. PLoS computational
biology, 15(4), e1006650. https://doi.org/10.1371/journal.pcbi.1006650

5. Darriba D, Posada D, Kozlov AM, Stamatakis A, Morel B, Flouri T (2020). ModelTest-NG: a new and
scalable tool for the selection of DNA and protein evolutionary models. Mol Biol Evol 37:291–294.
https://doi.org/10.1093/molbev/msz189

�. Depczynski M, Bellwood DR (2004) Microhabitat utilisation patterns in cryptobenthic coral reef �sh
communities. Mar Biol 145: 455–463. https://doi.org/10.1007/s00227-004-1342-6

7. Depczynski M, Bellwood DR (2006) Extremes, plasticity, and invariance in vertebrate life history traits:
insights from coral reef �shes. Ecology 87:3119–3127. https://doi.org/10.1890/0012-
9658(2006)87[3119:EPAIIV]2.0.CO;2

�. Doll PC, Munday PL , Bonin MC, Jones GP (2021) Habitat specialization and overlap in coral reef
gobies of the genus Eviota (Teleostei: Gobiidae). Mar Ecol Prog Ser 677:81–94.
https://doi.org/10.3354/meps13863

9. Fišer C, Robinson CT, Malard F (2018) Cryptic species as a window into the paradigm shift of the
species concept. Mol Ecol 27:613–635. https://doi.10.1111/mec.14486

10. Fujisawa, T.; Barraclough, T.G. Delimiting (2013). Species Using Single-Locus Data and the
Generalized Mixed Yule Coalescent Approach: A Revised Method and Evaluation on Simulated Data
Sets. Syst. Biol. 2013, 62, 707–724. https://doi.org/10.1093/sysbio/syt033

11. Fujiwara K, Suzuki T, Motomura H (2020) Two new dwarfgobies (Gobiidae) from southern
Japan: Eviota amamiko and Eviota perspicilla. Ichthyol Res 67:139–154. 
https://doi.org/10.1007/s10228-019-00712-x

12. Green�eld DW (2017) An overview of the dwarfgobies, the second most speciose coral-reef �sh
genus (Teleostei: Gobiidae: Eviota). J Ocean Sci Found 29:32–54.
http://dx.doi.org/10.5281/zenodo.1115683

13. Green�eld DW, Erdmann MV (2017) Eviota pictifacies, a new dwarfgoby from Sumbawa, Indonesia
(Teleostei: Gobiidae). J Ocean Sci Found 27:1–7. http://dx.doi.org/10.5281/zenodo.806029



Page 9/14

14. Green�eld DW, Erdmann MV (2020a) Eviota amphipora, a new dwarfgoby from Papua New Guinea
(Teleostei: Gobiidae). J Ocean Sci Found 36:1–5. https://doi.org/10.5281/zenodo.4018175

15. Green�eld DW, Erdmann MV (2020b) Eviota angustifascia, a new dwarfgoby from Fiji and New
Guinea (Teleostei: Gobiidae). J Ocean Sci Found 36:31–37.
https://doi.org/10.5281/zenodo.4329865

1�. Green�eld DW, Gordon L (2019) Eviota dalyi, a new dwarfgoby from the Amirante Islands, Seychelles
(Teleostei: Gobiidae). J Ocean Sci Found 33:9–16. https://doi.org/10.5281/zenodo.3066358

17. Green�eld DW, Randall JE (2016) A review of the dwarfgobies of Fiji, including descriptions of �ve
new species (Teleostei: Gobiidae: Eviota). J Ocean Sci Found 20:25–75.
https://doi.org/10.5281/zenodo.48268

1�. Green�eld DW, Randall JE (2017) Eviota lentiginosa, a new dwarfgoby from Norfolk Island, Australia
(Teleostei: Gobiidae). J Ocean Sci Found 29:66–71. http://dx.doi.org/10.5281/zenodo.1117964

19. Green�eld DW, Winterbottom R (2016a) A key to the dwarfgoby species (Teleostei: Gobiidae: Eviota)
described between 1871 and 2016. J Ocean Sci Found 24:35–90.
http://dx.doi.org/10.5281/zenodo.219620

20. Green�eld DW, Winterbottom R (2016b) Eviota sodwanaensis, a new dwarfgoby from South Africa
(Teleostei: Gobiidae). J Ocean Sci Found 22:53–57. http://dx.doi.org/10.5281/zenodo.154184

21. Green�eld DW, Suzuki T (2016) Eviota bilunula, a new dwarfgoby species from Fiji, with a
redescription of Eviota �ebilis (Teleostei: Gobiidae). J Ocean Sci Found 24:1–9.
http://dx.doi.org/10.5281/zenodo.166759

22. Green�eld DW, Tornabene L, Erdmann MV (2017) Eviota imitata, a new dwarfgoby from Raja Ampat,
Indonesia (Teleostei: Gobiidae). J Ocean Sci Found 26:86–94.
http://dx.doi.org/10.5281/zenodo.581484

23. Green�eld DW, Tornabene L, Gomez-Buckley M, Erdmann MV (2018) Eviota maculosa, a new
dwarfgoby from the Western Paci�c Ocean (Teleostei: Gobiidae). J Ocean Sci Found 31:18–31.
http://dx.doi.org/10.5281/zenodo.1445810

24. Green�eld DW, Tornabene L, Erdmann MV, Pada DN (2019) Eviota gunawanae, a new microendemic
dwarfgoby from the Fakfak Peninsula, West Papua, Indonesia (Teleostei: Gobiidae). J Ocean Sci
Found 32:57–67. https://doi.org/10.5281/zenodo.2616753

25. Ivanova NV, Zemlak TS, Hanner RH (2007) Universal primer cocktails for �sh DNA barcoding. Mol
Ecol Notes 2007;7:544–548. https://doi.org/10.1111/j.1471-8286.2007.01748.x

2�. Jenkins OP (1903) Report on collections of �shes made in the Hawaiian Islands, with descriptions of
new species. Bull US Fish Comm 22:417–511.

27. Kapli P, Lutteropp S, Zhang J, Kobert K, Pavlidis P, Stamatakis A (2017) Multi-rate poisson tree
processes for single-locus species delimitation under maximum likelihood and Markov chain Monte
Carlo. Bioinformatics 33:1630–1638. https://doi.org/10.1093/bioinformatics/btx025

2�. Kon T, Yoshino T (2002) Extremely early maturity found in Okinawan gobioid �shes. Ichthyol Res
49:224–228. https://doi.org/10.1007/s102280200031



Page 10/14

29. Kon T, Yoshino T, Mukai T, Nishida M (2007) DNA sequences identify numerous cryptic species of the
vertebrate: a lesson from the gobioid �sh Schindleria. Mol Phylogen Evol 44:53–62.
https://doi.org/10.1016/j.ympev.2006.12.007

30. Lachner EA, Karnella SJ (1980) Fishes of the Indo-Paci�c genus Eviota with descriptions of eight
new species (Teleostei: Gobiidae). Smithson Contrib Zool 315:1–127.

31. Munday PL, van Herwerden L, Dudgeon CL (2004) Evidence for sympatric speciation by host shift in
the sea. Curr Biol 14:1498–504. https://doi.org/10.1016/j.cub.2004.08.029

32. Puillandre N, Brouillet S, Achaz G (2021) ASAP: assemble species by automatic partitioning. Mol Ecol
Resour 21:609–620. https://doi.org/10.1111/1755-0998.13281

33. Rocha LA, Bowen BW (2008) Speciation in coral-reef �shes. J Fish Biol 72:1101–
1121. https://doi.org/10.1111/j.1095-8649.2007.01770.x

34. Rüber L, Van Tassell JL, Zardoya R (2003) Rapid speciation and ecological divergence in the
American seven-spined gobies (Gobiidae, Gobiosomatini) inferred from a molecular phylogeny.
Evolution 57:1584–1598. https://doi.org/10.1111/j.0014-3820.2003.tb00366.x

35. Shibukawa K, Suzuki T (2005) Two new species of the gobiid �sh genus Eviota (Teleostei,
Perciformes, Gobioidei) from the Western Paci�c. Bull. Natl. Sci. Mus. Ser. A 31:65–76.

3�. Stamatakis A (2014) RAxML version 8: a tool for phylogenetic analysis and post-analysis of large
phylogenies. Bioinformatics 30:1312–1313. https://doi.org/10.1093/bioinformatics/btu033

37. Tornabene L, Green�eld DW (2016) Eviota erdmanni (Teleostei: Gobiidae), a new dwarfgoby from the
Savu Sea, Flores, Indonesia. J Ocean Sci Found 22:1–9. http://dx.doi.org/10.5281/zenodo.56572

3�. Tornabene L, Ahmadia GN, Berumen ML, Smith DJ, Jompa J, Pezold F (2013) Evolution of
microhabitat association and morphology in a diverse group of cryptobenthic coral reef �shes
(Teleostei: Gobiidae: Eviota). Mol Phylogenet Evol 66:391–400.
https://doi.org/10.1016/j.ympev.2012.10.014

39. Tornabene L, Valdez S, Erdmann MV, Pezold F (2015) Support for a ‘Center of Origin’ in the Coral
Triangle: Cryptic diversity, recent speciation, and local endemism in a diverse lineage of reef �shes
(Gobiidae: Eviota). Mol Phylogenet Evol 82:200–210. http://dx.doi.org/10.1016/j.ympev.2014.09.012

40. Tornabene L, Green�eld DW, Erdmann MV (2021) A review of the Eviota zebrina complex, with
descriptions of four new species (Teleostei, Gobiidae). ZooKeys 1057:149–184. https://doi:
10.3897/zookeys.1057.66675

41. Truett GE, Heeger P, Mynatt RL, Walker JA, Warman ML (2000) Preparation of PCR-quality mouse
genomic DNA with hot sodium hydroxide and tris (HotShot). BioTechniques 29:52–54.
https://doi.org/10.2144/00291bm09

42. Ward RD (2012) FISH-BOL, A case study for DNA Barcodes. In: Kress JW, Erickson DL, editors. DNA
Barcodes Methods and Protocols. pp. 423–439.

43. Winterbottom R, Southcott L (2008) Short lifespan and high mortality in the western Paci�c coral reef
goby Trimma nasa. Mar Ecol Prog Ser 366:203−208. https://doi.org/10.3354/meps07517



Page 11/14

44. Winterbottom R, Green�eld DW (2020) Eviota pseudaprica, a new dwarfgoby from the Western
Paci�c Ocean (Teleostei: Gobiidae). J Ocean Sci Found 35:30–40.
https://doi.org/10.5281/zenodo.3901593

45. Winterbottom R, Alofs KM, Marseu A (2011) Life span growth and mortality in the western Paci�c
goby Trimma benjamini and comparisons with T. nasa. Environ Biol Fishes 91:295−301.
https://doi.org/10.1007/s10641-011-9782-6

4�. Winterbottom R, Hanner RH, Burridge M, Zur M (2014) A cornucopia of cryptic species - a DNA
barcode analysis of the gobiid �sh genus Trimma (Percomorpha, Gobiiformes). Zookeys 79–111.
https://doi.org/10.3897/zookeys.381.6445

Figures

Figure 1
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Map showing the locations of the sampling sites near Okinawa Island in the northwesternregion
including photographs of the sampling sites (a, Nakijin; b, Nago; c, Onna).

Figure 2

Maximum likelihood (ML) tree based on mitochondrial DNA sequences fromthe CO1gene with multiple
species delimitation and habitat use of Eviota species collected in the shallow waters of Okinawa Island.
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Numbers on branches indicates the ML bootstrap values; values below 90% are not shown. Color bars
indicate the morphospecies (gray) and delineated molecular operational taxonomic unit (MOTU)
evaluated by different methods (ASAP, GMYC, and PTP).

Figure 3

Fresh specimens of Eviota species collected in the shallow waters on Okinawa Island, southern Japan. a,
Eviota bipunctata(OCF-P10449, male, 13.3 mm SL); b, Eviota teresae (OCF-P10436, female, 13.8 mm SL);
c, Eviota smaragdus (OCF-P10411, female, 18.5 mm SL); d, Eviota abax 1 (OCF-P10459, sex unknown,
15.6 mm SL); e, Eviota abax 2 (OCF-P10564, female, 14.7 mm SL); f, Eviota afelei (OCF-P10467, female,
11.9 mm SL); g, Eviota japonica 1 (OCF-P10501, male, 17.5 mm SL); h, Eviota japonicus 2 (OCF-P10569,
male, 16.8 mm SL); i, Eviota hinanoae(OCF-P4280, male, 12.0 mm SL); j, Eviota rubrimaculata (OCF-
P10440, male, 15.1 mm SL); k, Eviota queenslandica 1 (OCF-P10455, male, 16.6 mm SL); m, Eviota
queenslandica 1 (OCF-P10441, sex unknown, 13.5 mm SL); n, Eviota queenslandica 2 (OCF-P10537,
female, 15.3 mm SL); o, Eviota queenslandica 3 (OCF-P10549, male, 15.4 mm SL); p, Eviota
queenslandica 3 (OCF-P10550, female, 14.9 mm SL); q, Eviota prasina 1 (OCF-P10567, male, 17.3 mm
SL); r, Eviota prasina 1 (OCF-P10456, female, 15.2 mm SL); s, Eviota prasina 2 (OCF-P10470, male, 17.1
mm SL); t, Eviota prasina 3 (OCF-P10559, female, 14.3 mm SL); u, Eviota nigramembrana (OCF-P10463,
male, 15.6 mm SL).



Page 14/14

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

OnlineResource.docx

https://assets.researchsquare.com/files/rs-2641073/v1/4bb689d2e0b5496af8fe08ab.docx

