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Abstract

In this paper, we use molecular phylogenetics, micro-CT scanning, and morphological
analyses to describe a new species of goby, Pascua marecoralliensis, and demonstrate that
the genus Pascua is distinct from Hetereleotris, as supported by five diagnostic characters,
including modified basicaudal scales and reduced sensory papillae patterns. Phylogenetic
analysis places Pascua as sister to the Gobiodon group, while Hetereleotris forms a separate
clade. The new species, P. marecoralliensis, differs from congeners in fin ray counts, cephalic
pore patterns, and head morphology and exhibits unique live colouration. Additionally, we
reclassify Hetereleotris readerae and H. sticta as Pascua readerae and P. sticta based on shared
genus-specific traits. The distribution of Pascua spans the southern Pacific, suggesting a
relict lineage or undiscovered diversity in the genus. This work underscores the importance
of integrative taxonomic approaches for resolving cryptic diversity in gobioid fishes and
highlights the need for further sampling in understudied regions.

Keywords: coral reef; cryptic; cryptobenthic fishes; Gobioidei; Hetereleotris; morphology;
osteology; phylogeny; tropical; Australia

Key Contribution: This study describes a new species of Pascua goby from Australia and
demonstrates the validity of the genus Pascua (Gobiidae), which is distributed across the
southern Pacific.

1. Introduction

The family Gobiidae is among the most speciose of fish families [1,2], and the rate of
new species descriptions remains exceptionally high. Over the last decade (2016-2025), a
new goby species has been described, on average, every sixteen days, and more species
have been described from the Gobiidae than any other actinopterygian family except,
perhaps, the Cyprinidae [2].
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The phylogenetic relationships and taxonomy of genera within the Gobiidae are
becoming increasingly well-resolved, and several problematic groups have recently under-
gone taxonomic reviews or revisions (e.g., Callogobius [3] and Glossogobius [4]). However,
many more groups, such as Pascua, remain poorly understood. The genus was erected
by Randall, 2005 [5], with the description of Pascua caudilinea [5,6], but the validity of the
genus was immediately questioned by Hoese and Larson, 2005 [7].

Hoese and Larson [7] described two new species with similar traits to P. caudilinea
but placed them in the genus Hetereleotris (H. sticta [8] and H. readerae [9]) and proposed
that Pascua should be synonymised with Hetereleotris due to an apparent lack of diagnostic
characters and several ambiguities in the description of the type species. Randall [10] then
defended the validity of Pascua, highlighting five characters first identified by Hoese and
Larson [7] that support the monophyly of P. caudilinea, P. sticta and P. readerae (Table 1).
While these authors disagreed on the validity of Pascua, no formal nomenclatural acts were
undertaken beyond the original species descriptions [6,8,9].

Regardless of their formal status, various authors and databases have considered the
aforementioned species in different ways. Some recognise all three species as Pascua [11],
while other authors comment on the problematic status of Pascua but provisionally recog-
nise all species [12,13]. Some consider all species to be “Pascua-type Hetereleotris” [14],
whereas others accept P. caudilinea and P. sticta but recognise H. readerae [15]. Others refrain
from commenting on Pascua but note that Hetereleotris is probably not monophyletic [16,17].
This lack of clarity has led to a call for phylogenetic analysis of the genera Pascua and
Hetereleotris [12].

Table 1. The five characters that, in combination, distinguish Pascua from Hetereleotris [7,10,12]. Data
from specimens, Kovacic, M. pers. comm., and [12,18,19].

Character

Condition in Hetereleotris (incl.

Condition in Pascua Cerogobius)

Basicaudal scales

Two modified basicaudal scales on each

side of the fish. On the dorsal and ventral Scales on basicaudal, where present, lack
margins of the basicaudal, these scales have elongate ctenii. H. aurantiaca has three
enlarged posterior fields and a single row of scales with slightly elongate ctenii along
extremely long ctenii extending over the the base of the caudal fin.

caudal fin base.

Male urogenital papillae

Details unclear. Some may be short and
rounded, similar in form to female;
others longer and triangular.

Flattened and elongate, similar to those
found in some species of Eviota.

Sensory papillae on cheek

Reduced pattern of sensory papillae on the  Transverse suborbital papilla rows 2 and
cheek. Transverse suborbital rows 2 and 3 3 consist of two or more papillae; row 1
consist of a single papilla; rows 1 and 4 with  usually with five or more papillae, row 4
five or fewer papillae. often with nine or more papillae.

Posterior nares

Simple pores or with slightly elevated

. . Usually with an elevated rim or tube.
anterior margins.

Mandibular papillae

Two papillae arranged mediolaterally Usually lacking papillae behind mental
immediately behind the mental frenum. Two parallel rows (e and i) of
frenum/ridge. Two parallel rows (e and i) of papillae following ventral margin of
papillae following ventral margin of mandible start on lateral margins of
mandible. mental frenum.

During the 2019 and 2020 “Coral Reef Health in the Coral Sea Marine Park” project [20],
enclosed clove oil samples were undertaken to sample small cryptobenthic fish communi-
ties [21] on sixteen reefs spanning approximately 1400 km of the Coral Sea Marine Park.
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Although geographically extensive, the number of samples that could be collected on these
trips (n = 47) amounted to a total reef area of just 188 m?. While the sampling covered
an area smaller than a tennis court, the specimens collected have already yielded a new
gobioid genus, Tempestichthys Goatley and Tornabene, 2022, the first tropical thalasseleotri-
did [22], as well as several other new species of gobies awaiting description. Included in
this sampling was another unusual new species of goby that resembles other Pascua spp.

In addition, specimens of P. caudilinea were recently collected from Rapa Nui (Isla de
Pascua), the type locality, providing the first genetic sample for the genus. With this new
material, we aim to clarify the taxonomy of the genus Pascua and describe the new species
from the Coral Sea using an integrative taxonomic approach that combines morphological
characters, multivariate analyses, and molecular phylogenetics. Specifically, we (i) test
whether the new species and P. caudilinea are sister species; (ii) assess whether they are
closely related to (or nested within) Hetereleotris or instead are a distinct clade; and (iii)
assess whether the molecular phylogenetic relationships are also supported by phenotypic
characters. Our results ultimately provide evidence to support the validity of the previously
disputed genus, Pascua Randall, 2005.

2. Materials and Methods
2.1. Specimen Collection

All specimens of the new species were collected by the first author, Dr. Penny Berents,
and Dr. Renato Morais Araujo from the northern side of Lorna Cay on Lihou Reef in the
Australian Coral Sea (17.12527° S, 151.82535° E) on 5 March 2020. The three specimens
were collected from a single 4 m? enclosed clove oil station, following [22].

2.2. Molecular Phylogenetics

We extracted DNA from a combination of fin and muscle tissue of a single specimen
(smaller specimen in 1.49536-038) of the new species using a Qiagen® DNEasy Blood and
Tissue kit. Given that only three specimens of the new species exist, we chose to keep
the remaining two specimens intact and not tissue sample them. Standard spin column
protocols were followed, except the elution stage was modified, using triplicate rinses of
50 puL of AE buffer with a 1 min incubation before each centrifuging.

DNA extraction from two ethanol-preserved specimens of Pascua caudilinea from Rapa
Nui (Isla de Pascua) stored at the Sala de Colecciones Biolégicas, Facultad de Ciencias
del Mar, Universidad Catélica del Norte, Coquimbo, Chile (SCBUCN-8348 and SCBUCN-
8455) was conducted using the Qiagen® DNEasy Blood and Tissue kit following the
standard protocol.

We attempted to sequence segments of six genes (Table 2; [23,24]). PCR reactions and
cycling conditions followed the protocol described in Goatley and Tornabene [22]. PCR
products underwent Sanger sequencing at Molecular Cloning Laboratories (MCLAB), San
Francisco, California and Macrogen, Santiago, Chile.

Sequence data were manually trimmed by removing low-quality bases at ends of
raw reads and were aligned using Geneious Prime 2023 to create consensus sequences.
Consensus sequences for RAG], sreb2, and zicl were concatenated and aligned with the
five-gene (these three genes plus cytb and tRNAY?!) data set covering all families in the
suborder Gobioidei [17,22,23,25]. In total, the data included 238 specimens from 229 species.
New sequences generated in this study were deposited on GenBank (accession numbers
PX240974-PX240980). Summary statistics for the alignment can be found in Supplemental
Table S1. In order to investigate the phylogenetic placement of the new species and P.
caudlinea within the Gobiidae, all major gobiid lineages (sensu [23]) were included, except
Kraemeria, which was excluded as it led to instabilities in the phylogenetic reconstruction.
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Outgroups for the study follow [23] and include the gobioid families Rhyacichthyidae,
Eleotridae, Odontobutidae, Butidae, Thalasseleotrididae, and Oxudercidae.

Data were analysed using Bayesian phylogenetic inference in the program MrBayes
3.2 [26] using the BEAGLE library [27]. The partitioning scheme and substitution model
choice followed [23], which was determined using Bayesian Information Criterion. The
analysis consisted of two parallel Markov Chain Monte Carlo (MCMC) runs, each with
four chains, run for 40 x 10° generations, sampled every 1000 generations. Analyses were
conducted through the NIH and NSF-funded CIPRES Science Gateway [28]. To determine
model convergence, mixing, and appropriate burn-in values, we assessed MCMC logs
using Tracer 1.7 [29].

Table 2. Targeted gene regions and primers used for sequencing Pascua spp. * indicates sequences
used to create phylogeny, T indicates PCR amplification failed with these primers and/or settings.

Gene Region Primer Name Primer Sequence (5’ to 3) Primer Design
RAGL * RAGIF1 CTGAGCTGCAGTCAGTACCATAAGATGT [30]
RAGIRa CGGGCRTAGTTCCCRTTCATCCTCAT [31]
. sreb2_F10 ATGGCGAACTAYAGCCATGC [32]
sre sreb2_R1094 CTGGATTTTCTGCAGTASAGGAG [32]
o zic1_F9 GGACGCAGGACCGCARTAYC [32]
e zic1_R967 CTGTGTGTGTCCTTTTGTGRATYTT [32]
. PtrF2 TCGTTCATGGGATGTTTACAAAT [33]
tr PtrR2 GGATGAGCCAGAAGTTCCCCAGAG [33]
. Fish F1 TCAACCAACCACAAAGACATTGGCAC [34]
COl Fish R1 ACTTCAGGGTGACCGAAGAATCAGA [34]
ot FishcytB-F ACCACCGTTGTTATTCAACTACAAGAAC [35]
y TruccytB-R CCGACTTCCGGATTACAAGACCG [35]

2.3. Micro-CT Scanning and Segmentation

We scanned the holotype and one paratype of the new species using the Friday
Harbor Laboratories, Karel F. Liem Imaging Facility, Bruker SkyScan 1173 micro-CT scanner
(Billerica, MA, USA), following the techniques described in [22]. The stacked scan (3579
slices) was made with voxel (i.e., 3D pixel) dimensions of 6 um and a rotation step of 0.3°
between images. The X-ray source voltage was 60 kV, and the current was 133 pA, with a
1 mm aluminium filter. CT scans were reconstructed using Bruker NRecon.

Specimens of the three putative Pascua species (2x P. caudilinea, 2x P. sticta and 1x P.
readerae; hereafter referred to as belonging in Pascua) from the Australian Museum were
scanned at the University of New England, Armidale, using a GE Phoenix V | tome | x S
industrial micro-CT scanner (Boston, MA, USA). These scans were used for morphometric
and meristic comparisons.

The models were segmented and visualised in the open-source software package 3D
Slicer 5.8. To facilitate loading and modifying the high-resolution CT-scan data, we used
the ImageStacks function of the SlicerMorph extension [36]. Scan data for the new species
were accessioned on Morphosource.org (Table 52).

2.4. Morphology and Morphometrics

Meristic analyses and measurements of specimens were made from calibrated micro-
graphs and micro-CT scans following [22]. The dorsal pterygiophore formula follows that
of [37]. Definitions of all other morphological and meristic characters follow [38,39], using
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the standard uppercase Roman numerals to denote spines and Arabic numerals to indicate
the number of segmented rays of the dorsal, anal, and pelvic fins.

Two multivariate analyses were conducted to compare the general body plans of
Hetereleotris and Pascua spp. To support the validity of Pascua, the first analysis compared
the body shape of Hetereleotris spp. with P. caudilinea, P. sticta and P. readerae. To support
the placement of the new species within Pascua, the second analysis included specimens
of the new species. Twenty-four images were compiled from online databases, published
taxonomic works and museum collections (17 Hetereleotris images from 14 spp., 7 Pascua
images including P. caudilinea, P. sticta and P. readerae). Images of all specimens of the new
species were included in the second analysis. Images were selected if they showed a clear,
direct lateral view of an intact specimen. While the level of replication in the multivariate
analysis is limited, it represents all available images of Pascua and Hetereleotris and provides
an opportunity to compare broad patterns in body plans among the genera.

From each image, 22 measurements were taken using the line properties tool of Adobe
Mustrator 2025. Measurements were selected to capture broad differences in the shapes of
the head, body and fins of the fishes (Figure S1; Table S3). All measurements were standard-
ised against the standard length of the specimens and tested for allometric relationships
following [40,41]; no relationships between body and trait sizes were revealed. Data were
square root transformed and standardised across variables, then visualised using a thresh-
old metric multidimensional scaling ordination (tmMDS) based on a Euclidean distance
matrix. Threshold mMDS plots are useful where the relationship between distances in the
two-dimensional mMDS and the Euclidean distance matrix does not pass through the origin
in the Shepard plot. By removing the requirement for a zero-intercept, the tmMDS results
in lower stress and a more accurate representation of relationships in the two-dimensional
ordination [42]. The relative importance of each variable in shaping the morphospace was
calculated using Pearson correlations, and those with correlations > 0.6 were plotted as vec-
tors alongside the ordinations. Morphological differences among the groups were assessed
using permutational multivariate analyses of variation (PERMANOVA) and subsequent
pairwise tests where applicable.

3. Results
3.1. Molecular Phylogeny

The phylogenetic analysis (Figures 1 and S2) strongly supports the placement of
Pascua marecoralliensis sp. nov. alongside P. caudilinea as a well-supported sister group
to the coral gobies in the Gobiodon group of [23]: Bryaninops, Eviota, and Gobiodon. The
morphologically similar genus Hetereleotris (including Cerogobius) forms a separate, well-
resolved monophyletic group sister to the Gobius group.

3.2. Taxonomy
3.2.1. Validation of the Genus Pascua Randall, 2005

Type species: Pascua caudilinea Randall, 2005

Material Examined: Pascua caudilinea all from Rapa Nui (Isla de Pascua): AMS 1. 17452-
001, 25 mm SL; AMS I. 43246-001 24 mm SL; Pascua sticta: AMS 1. 43612-001 (Paratypes),
2 (21-26.5 mm SL), Rapa Iti; Hetereleotris readerae: AMS 1. 27149-048 (Holotype), 21 mm SL
male, Elizabeth Reef; AMS 1.27149-036 (Paratypes), 2 (20-21 mm SL), Elizabeth Reef; AMS
1.27138-053 (Paratypes), 2 (19-24 mm SL), Middleton Reef; AMS 1. 27139-030 (Paratype)
21 mm SL, Middleton Reef.
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Gobiopsis

Cryptocentrus

Glossogobius

Asterropteryx

Lophogobius

—< Gobiodon

Pascua marecoralliensis
E{ Pascua caudilinea
e Callogobius

— Valenciennea
Aphia
Gunnellichthys

Hetereleotris
|
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o

Priolepis

Gobiosomatini

0 tips

1 substitution per site

—

Figure 1. Bayesian inference molecular phylogeny of Gobiidae inferred from up to 5704 bp of
combined nuclear genes and mtDNA [17,23,25]. Branches of groups collapsed [23] to illustrate the
relationships of Pascua marecoralliensis sp. nov. Heights of triangles represent number of collapsed
tips. Bayesian posterior probability for all unannotated nodes =1 &+ 0 standard deviation, filled circles
indicate nodes with probabilities < 1; see expanded phylogeny (Figure S2) for further information.

Diagnosis: A gobiid with the first gill slit fully closed by a membrane. Dorsal rays VII,
7-9, dorsal pterygiophore formula 3-22110; two anal fin pterygiophores inserted anterior
to first haemal spine; anal rays I, 7-9; pectoral rays 15-22, no rays free from membrane;
pelvic fins 1,5, fifth ray shorter and unbranched, widely separated at base and lacking an
anterior frenum, distance between inner rays about equal to base of either fin; caudal fin
rounded, with 17 segmented rays. Body with 22~29 scales in longitudinal series, ctenoid
except a few scales above base of pectoral fin and on abdomen where cycloid; upper and
lower basicaudal scales with enlarged posterior field and extremely long ctenii projecting
over caudal fin; head, nape, prepectoral area, and chest naked. Vertebrae 10 + 17 [37].
Sensory papillae of cheek greatly reduced; second and third transverse rows reduced to
single papillae, row d reduced to 2 papillae anterior of the ventral end of row 4 and row b
consisting of 2 or 3 papillae extending forwards from the preopercular margin; two papillae
behind mental frenum/ridge. Cephalic sensory pore system B, C, D, E, E, G, H’ [43]; pores
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N’, O’ present in some species. Posterior nostril not tubular. Urogenital papillae elongated
and flattened in males.

Remarks: Our phylogenetic analysis includes the first molecular data from Pascua caudi-
linea, the type species of the genus, and shows an obvious separation between Pascua and
Hetereleotris. While the molecular data clearly separate the genera, there are a remarkable
number of morphological similarities, which have contributed to the questionable validity
of Pascua.

In his revision of Hetereleotris, Hoese [18] identified 11 characters, none of which are
unique to Hetereleotris, but when considered in combination, define the genus:

1. First gill slit closed by a membrane from the gill cover (present in some but not all
Hetereleotris; partially closed in some Eviota, Tomiyamichthys, Callogobius species).

2. Vertebrae 10 + 17, including urostyle (widely distributed among gobiids).

First dorsal fin with 6 spines (widely distributed among gobiids).

w

4. First dorsal pterygiophore insertion formula 3-22110 (widely distributed and common
among gobiids).

5. First dorsal fin usually connected to base of spine of second dorsal fin (present in
some but not all Hetereleotris; extremely rare in gobiids).

6. 17 segmented caudal fin rays, usually 15 branched (widely distributed among gobiids).

7. Characteristic transverse papilla pattern (widely distributed among gobiids).

8.  Single-lobed mental frenum followed by two parallel rows of papillae (widely dis-
tributed among gobiids).

9.  Metapterygoid slender lacking ventral process extending across quadrate (not broadly
surveyed across gobiids, extent of distribution unknown).

10. Prominent median process on preoperculum reaching to upper part of symplectic
(not broadly surveyed across gobiids, extent of distribution unknown)

11. Lower hypural plate not fused with terminal vertebral element or upper hypural plate
(widely distributed among gobiids).

With the possible exception of trait 11, which is poorly represented on the micro-CT
scans used in this study (Table S2), all of these traits are present in Pascua [7] and many
other gobiid genera. Recent descriptions of Hefereleotris spp. [16,17] have highlighted
that the only unambiguous synapomorphy of Hetereleotris is the closure of the first gill
slit. With Pascua possessing this character, and at least partially closed first gill slits in
some Eviota [44], Tomiyamichthys [45,46] and Callogobius [18], Hetereleotris (like many of the
>200 genera of Gobiidae) likely lacks a single morphological synapomorphy that hasn’t
evolved independently in other lineages, further highlighting the need for a revision of this
genus [7,10].

While Hetereleotris may be defined by a combination of widely distributed characters,
the combination of five characters identified by Hoese [18], Randall [10] and Shibukawa [12]
to distinguish Pascua from Hetereleotris remains largely valid (Table 1).

The presence of modified basicaudal scales in Pascua is particularly interesting and
an important trait separating this genus from Hetereleotris. This feature is common in
Atlantic and East Pacific gobiids but extremely rare in Indo-Pacific taxa (Table 3). The
only Indo-Pacific gobiid species with modified basicaudal scales are Pascua, some Cabillus
spp., members of the Callogobius sclateri group, and Hetereleotris aurantiaca (Figure 2)—all of
which are distantly related genera based on the molecular phylogeny (Figure S2).

Pascua differs from Cabillus in form and in having a closed first gill slit and separated
pelvic fins [47]. Callogobius occasionally displays partial closures of the first gill slit [18].
However, Pascua lacks the raised ridges of papillae on the head, which characterise Callogo-
bius [3,48,49]. Pascua also has widely separated pelvic fins with no membrane linking them.
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All Callogobius species have a membrane linking their pelvic fins, although it may be small
in C. sclateri [3].

Table 3. Gobiid genera containing species with modified basicaudal scales with enlarged ctenii, as
seen in Pascua. Lineage terminology follows [12], and location acronyms are as follows: WAC: West
Atlantic and Caribbean, EP: East Pacific, EAM: East Atlantic and Mediterranean, RS: Red Sea, WIO:
West Indian Ocean, TIP: Tropical Indo-Pacific. Locations determined from [15,16].

Genus/Species Lineage Location Reference

Chriolepis Gobiosoma WAC, EP

Paedovaricus [25]

Pinnichthys Gobiosoma WAC

Varicus

Psilotris Gobiosoma WAC [50]

Aboma Gobiosoma EP

Pari

Rqrzah WAC [51]
isor

Birdsongichthys .

Robinsichthys Gobiosoma WAC [52]

Gobiosoma Gobiosoma WAC, EP [53]

Odondebuenia Gobius EAM [54]

Vanneaugobius Gobius EAM [55]

Cabillus Gobiopsis Australia, TIP, WIO [56-58]

Callogobius Callogobius Australia, RS, TIP [48,59]

Hetereleotris aurantiaca * Hetereleotris RS [16]

Pascua caudilinea .

P. sticta comb. nov. Gobiodon EP 7]

P. readerae comb. nov. Gobiodon Australia

P. marecoralliensis sp. nov. Herein

* H. aurantiaca has scales with slightly extended ctenii along the caudal peduncle. A third central scale also shows
these elongated ctenii [57]. T Hetereleotris is not included in the phylogeny of [23], but forms a sister group to the
Gobius group in our phylogeny.

(a) (b)

e

/
/

.

() - (d)

.

N
N,

- ~.,

-
e

.
~~~~~~

Figure 2. Examples of basicaudal scales with elongated ctenii from Indo-Pacific gobiids: (a) Pascua
readerae drawn from holotype; (b) Hetereleotris aurantiaca drawn from [16]; (¢) Cabillus nigromarginatus
modified from [57]; (d) Callogobius flavobrunneus adapted with permission from Ref. [3], Copyright ©
2018 by Naomi R Delventhal [3].

The basicaudal scales in Hetereleotris aurantiaca possess only slightly elongated ctenii
present on three scales arranged in a triangle covering the mid-lateral two-thirds of the
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basicaudal, rather than the well-separated dorsal and ventral scales in Pascua. Furthermore,
the basicaudal scales in H. aurantiaca only protrude slightly over the caudal fin base,
whereas the enlarged posterior field and elongated ctenii in Pascua protrude well beyond
the caudal fin base.

Of the other characters, all remain robust. However, differentiating the papillae on the
lower jaw and cheek of Pascua and Hetereleotris can be challenging, particularly in small
Hetereleotris specimens, which may have few papillae.

In addition to possessing the five diagnostic characters of the genus, Pascua caudilinea,
P. sticta, and P. readerae also differ from Hetereleotris species in their general body plans. Our
morphological multivariate analysis clearly distinguishes Pascua and Hetereleotris (Figure 3;
PERMANOVA; Pseudo-Fi2 = 8.65, P(perm) < 0.001). Pascua spp. are characterised by
possessing relatively larger eyes, longer fins and deeper bodies than Hetereleotris, which are
characterised by having longer insertion lengths of the second dorsal and anal fins.

(a) ¥V Pascua caudilinea
QO P. readerae A
5] [ P. sticta
- A
A\ Hetereleotris spp.
v A
v A A A‘
A
0 v A A
v Al aA
A
N
a
s O A
_2_ D
2D Stress: 0.14
T T T T
MDST _, ) 0 2
H = head
(b) p1-E E =eye
Hd B = body
Bd,CPd D = dorsal fin
dy, A= anal fin
PV D2i C = caudal fin
. PC = pectoral fin
Z /. Al PV = pelvic fin
A PCD1| CP = caudal peduncle
d = depth
i = insertion length
subscript = position
no definition = length

Figure 3. (a) Threshold metric multidimensional scaling ordination comparing the body plans of
Pascua caudilinea, P. sticta and P. readerae with 17 specimens from 14 species of Hetereleotris. Coloured
polygons represent groupings supported by PERMANOVA (p(perm) < 0.001). (b) Vectors associated
with the tmMDS calculated using Pearson correlation, displaying morphological variables with
correlation scores > 0.6 and explanations of morphological trait acronyms used.

Given the above information, as Hetereleotris readerae Hoese and Larson, 2005 and H.
sticta Hoese and Larson, 2005 both possess the unique combination of characters ascribed
to the genus Pascua (Table 1), it is parsimonious to follow the taxonomy of Fricke et al. [11]
and redescribe these species as Pascua readerae (Hoese and Larson, 2005) comb. nov. and
Pascua sticta (Hoese and Larson, 2005) comb. nov. A key to the identification of species in
the genus Pascua is provided in Appendix A.
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3.2.2. Pascua readerae (Hoese and Larson, 2005) comb. nov.

Sally’s Pascua goby

(Figure 4)

Hetereleotris readerae Hoese and Larson, 2005: 11, Figure 5 (Elizabeth Reef, Australia).
Hetereleotris sp. Gill and Reader, 1992: 92 (Middleton and Elizabeth Reefs).

Material Examined: AMS 1.27149-048 (Holotype; Figure 4) 21 mm SL male, Elizabeth
Reef; AMS 1.27149-036 (Paratypes), 2 (20-21 mm SL), Elizabeth Reef; AMS 1.27138-053
(Paratypes), 2 (19-24 mm SL), Middleton Reef; AMS I. 27139-030 (Paratype) 21 mm SL,
Middleton Reef.

Diagnosis: Complete description provided in Hoese and Larson [7]: (1) extremely large ctenii
on its basicaudal scales (Figure 4b), (2) an elongate, flattened urogenital papilla (Figure 4c),
(3) a reduced transverse papilla pattern on the cheek (second and third transverse rows
reduced to single papillae (Figure 4d), (4) the posterior naris a simple pore with no elevated
margins (Figure 4d), and (5) two papillae behind the mental ridge (Figure 4e).

Figure 4. (a) Pascua readerae (Hoese and Larson 2005) comb. nov. AMS 1.27149-048 (holotype).
(b) Lower basicaudal scale showing elongate posterior field and extremely elongated ctenii in
AMS 1.27138-053 (paratype). (c) Elongate and flattened urogenital papilla of male specimen AMS
1.27138-053 (paratype). (d) Magnified view of head of AMS 1.27149-036 (paratype), displaying the
reduced pattern of sensory papillae on cheek (highlighted with white crescents) compared to that of
Hetereleotris and posterior naris reduced to a simple pore (outlined in white). (e) Chin of holotype
displaying the two papillae immediately behind the mental frenum, highlighted with white crescents.
The parallel bands of papillae following the mandibular margin are also visible. Scale bars = 1 mm
unless otherwise noted.
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3.2.3. Pascua sticta (Hoese and Larson, 2005) comb. nov.

Spotted Pascua goby
(Figure 5)
Hetereleotris sticta Hoese and Larson, 2005: 8, Figure 4 (Rapa Iti, French Polynesia).

Material Examined: AMS 1.43612-001 (Paratypes, taken with holotype; Figure 5), 2 (21 mm
SL male and 26.5 mm SL female), “just south of Isle Tauna at mouth of Haurei Bay Rapa
Iti” [7], approximately 27.608° S, 144.304° W.

Diagnosis: Complete description provided in Hoese and Larson [7]: (1) extremely large
ctenii on its basicaudal scales (Figure 5b), (2) an elongate, flattened urogenital papilla in
males (Figure 5c), the female papilla is broad and rectangular (Figure 5d), (3) a reduced
transverse papilla pattern on the cheek (second and third transverse rows reduced to
single papillae), (4) the posterior naris a simple pore with no elevated margins, and (5) two
papillae behind the mental ridge. The last three characters were observed in the preserved
specimens, but photomicrographs were not collected.

Figure 5. (a) Pascua sticta (Hoese and Larson 2005) comb. nov. Larger of two preserved specimens in
lot AMS 1.43612-001 (paratype). Scale bar = 5 mm. (b) Basicaudal scale with enlarged posterior field
and elongate ctenii from the same specimen. Scale bar = 0.5 mm. (c) Male urogenital papilla from
smaller specimen in lot. Scale bar = 1 mm. (d) Female urogenital papilla from larger specimen in lot.
Scale bar = 1 mm.

3.2.4. Pascua marecoralliensis sp. nov.

Coral Sea Pascua goby
(Figures 6-14)
LSID: urn:lsid:zoobank.org:act:BCC2C231-3EB1-40AD-8985-ED1F1CF8B248

Holotype: AMS 1.49536-002, 13.8 mm SL, collected using an enclosed clove oil station at
11 m depth from reef to the north of Lorna Cay, Lihou Reef in the Australian Coral Sea
17.12527° S, 151.82535° E, from the vessel Iron Joy (RB Holdings). Collectors C. Goatley, P.
Berents and R. Morais-Araujo.

Paratypes: Two specimens, AMS 1.49536-038, collected with holotype. Smaller with posterior
half damaged following initial photography.
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Figure 6. The three specimens of Pascua marecoralliensis sp. nov. collected from Lorna Cay, Lihou Reef
in the Central Coral Sea, Australia. (a) AMS 1.49536-002 (holotype), (b) AMS 1.49536-038 specimen
1 (paratype; specimen damaged during description and molecular sampling), (c) AMS 1.49536-038
specimen 2 (paratype).

Etymology: The specific epithet is an adjective combining the Latin mare (sea; n., nom.),
corallium (coral; n., nom.) and the suffix -ensis (from; f., nom.). The epithet is feminine
in correspondence with the generic name and, together, refers to the type locality of the
specimen, the Coral Sea. The common name refers to the type localities of the species and
the genus, Rapa Nui, colonially named Isla de Pascua or Easter Island.

Generic placement: Alongside the results of the phylogenetic analysis, the generic placement
of P. marecoralliensis is supported by a closed first gill slit and the possession of the five
morphological characters which separate Pascua from Hetereleotris [7,10]:

1. The posterior nares are simple pores lacking any elevated margins (Figure 7).

2. The male urogenital papilla is flattened and elongate (Figure 8).

3. The sensory papillae on the cheek are reduced. The second and third transverse rows
reduced to single papillae, row d reduced to 2 papillae anterior of the ventral end of
row 4 and row b consisting of 2 or 3 papillae extending forwards from the preopercular
margin (Figure 7a).

4.  Two papillae are found immediately behind the mental ridge (although the mental
frenum/flap is absent or reduced to a small ridge). These are followed by two rows of
papillae (e and i) along the preopercular-mandibular margin (Figure 7c).

5. Two modified basicaudal scales are present on each side of the fish. Found on the
dorsal and ventral margins of the basicaudal, these scales have enlarged posterior
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fields and a single row of extremely long ctenii extending over the base of the caudal
fin (Figures 9 and 10).

Figure 7. (a) Lateral view of the head of Pascua marecoralliensis sp. nov. (AMS 1.49536-002, holotype)
with cephalic sensory papillae highlighted with white crescents. Red labels follow the nomenclature
of [12,54,60]. Cephalic pores are labelled with black ovoids linked by the canals in white. Anterior
and posterior nares are outlined in grey. (b) Dorsal view with cephalic pores with labels in cyan
following [43]. (c) Ventral view of specimen. The diagnostic pair of sensory papillae behind the
mental ridge are highlighted with red arrows. Scale bar = 1 mm.
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Figure 8. Urogenital papillae of Pascua marecoralliensis (a) male specimen (AMS 1.49536-002, holotype)
displaying characteristic elongate, flattened papilla (b) female (AMS 1.49536-038, paratype) papilla
short with paired finger-like projections. Scale bars = 0.5 mm.

Figure 9. Lower left basicaudal scale of Pascua marecoralliensis (AMS 1.49536-038, paratype) displaying
the enlarged posterior field and extremely long ctenii, characteristic of this genus. Scale bar = 0.5 mm.

Figure 10. Segmented micro-CT scan of Pascua marecoralliensis AMS 1.49536-002 (holotype). Precaudal
vertebrae, pale orange; caudal vertebrae, light blue; epural, green; basicaudal scales, dark blue. Scale
bar = 5 mm.

The morphometrics in the tmMDS (Figure 11) and PERMANOVA (Pseudo-F; 4 = 6.57,
P(perm) < 0.001) revealed clear differences in body shape among Hetereleotris and the three
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current Pascua species (t = 2.86, pperm) < 0.001), and Hetereleotris vs. P. marecoralliensis sp.
nov. (t = 2.63, pperm) = 0.002). However, the new species could not be resolved from Pascua
s.l. (t = 1.34, p(perm) = 0.104). The primary morphological features characterising the new
species are elongate rays in all fins except the first dorsal fin.

(a)
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=|V Pascua caudilinea o O
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D1 Hd E =eye
Bd E B= body
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Chd A= anal fin
D2i C = caudal fin
! PC = pectoral fin
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A CP = caudal peduncle
C d = depth
PC i = insertion length
subscript = position
no definition = length

Figure 11. (a) Morphospace obtained from the threshold metric multidimensional scaling (tmMDS)
ordination of Pascua (blue) and Hetereleotris (yellow) specimens. Morphospace occupied by each
taxon is enclosed within a convex polygon, denoting the statistical grouping of Pascua s.l. and Pascua
marecoralliensis derived from the PERMANOVA tests (p(perm) < 0.05 for all groupings). (b) Vectors
associated with the tmMDS calculated using Pearson correlation, displaying morphological variables
with correlation scores > 0.6, and explanations of morphological trait acronyms used.

Diagnosis: P. marecoralliensis sp. nov. differs from all other species in the genus Pascua in the
following five characters:

1.  Fewer unpaired fin rays D. VI + 1,7; A. 1,7. All Pascua and Hetereleotris have eight or
more dorsal fin rays, except for one specimen of P. readerae that has been reported to
have seven anal fin rays (Table 4).

2. Fewer pectoral fin rays (15[2], 16[1]) than other Pascua spp. (17-22, usually 18-20).

3. A cephalic pore pattern lacking preopercular pores (N’, O’; Table 4): pattern in P.
marecoralliensis is B, C, D, E, F, G, H’ [43] versus B’, C, D, E, F, G, H’, N’, O’ in all
other Pascua spp. (see Table 4 for alternative pore nomenclatures).

4. Head dorsoventrally compressed (height 70-80% of width) compared to rounded or
laterally compressed in other Pascua spp.

5. The first and second dorsal fins are separate in P. marecoralliensis sp. nov.; they are
connected by a rudimentary membrane in other Pascua spp. [7].
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Table 4. The cephalic pore pattern and second dorsal (DII) and anal (A) fin element counts in
Cerogobius, Hetereleotris and Pascua spp. Pore nomenclatures from [43,60,61] are presented. Data
from [13,16-18,62,63]. + indicates the possession of the pore, — the lack of the pore, and ? suggests
this character is ambiguous or variable.

[43] B’ C D E F G H’ N’ o’

Meristics
[61] NA AITO PITO SOT AOT POT IT POP POP
[60] o A K w (o4 B P & * € DII A
C. petrophilus - - - — - - — - - [12-13  L[12-13
H. apora — — — — — — — — — 1,11; 1,10
H. aurantiaca — — — — — — — — — 1,10 L9
H. bipunctata — — — — — — — — — 1,13 112
H. caminata + + + + + — + + + 1,12 1,10
H. diademata - - - - - - — - - 1,12 1,11
H. dorsovittata — - - — - - — - - 1,12 1,11
H. exilis — — — — — — — — — 1,12 1,11
H. georgegilli + + + + + - — - - L,10-11 L9
H. kenyae + — ? — + — + — — 1,12 19-10
H. margaretae — — — — — — — — — I11 1,10
H. nasoramosa + + + + + — + + + 1,12 1,11
H. nebulofasciata + + + + + - + - - I11 1,10
H. poecila + + + + + — + — — 112 1,11
H. psammophila - - - - - - - - - L,10 L9
H. semisquamata — — — — — — — — — I11 1,10
H. tentaculata + + + + + - + + + 1,12 1,11
H. vinsoni + + + + + — + — — I,10 1,9
H. vulgaris + + + + + - + + + L11 L,10
H. zanzibarensis + + + + + + + — — 1,9 18
H. zonata + — ? — + — + — — 1,12—13 1,10—-11
P. marecoralliensis + + + + + + + - - 1,7 17
P. readerae + + + + + + + + + L8 L70);
P. caudilinea + + + + + + + + + 1,8-9 I8
P. sticta + + + + + + + + + 1,8—9 1,8—9

*The 5/N’ pore is interpreted as a y/M’ pore in some articles, but as the lateral and preopercular canals are not
linked in Pascua, we are choosing the notation of [17]. Yellow highlight indicates P. marecoralliensis sp. nov.

In addition to the aforementioned characters, the colouration of P. marecoralliensis
differs significantly from the eastern Pacific members of the genus. The body of P. mareco-
ralliensis is primarily pale tan with a series of pink/orange marks, and the fins are mostly
yellow (Figure 6). By contrast, P. caudilinea and P. sticta are both primarily mottled brown
with few distinctive markings. The live colouration of the other Australian Pascua species,
P. readerae, is unknown in life, but it displays a large spot of melanophores behind the eye
(Figure 4), which remains visible following preservation. All specimens of P. marecoralliensis
lack any markings on the body in preservation, with only markings on the dorsal and
pelvic fins remaining visible (Figure 12).

Description:

General shape (see Table 5 for morphometrics): Body elongate, with dorsoventrally com-
pressed head. All fins appear elongated, especially the pelvics (Figure 6).

Fins: dorsal fin elements VI + 1,7; first dorsal fin triangular, tips of spines protruding
slightly from fin membrane, second or third element longest, reaching first soft ray of second
dorsal fin when adpressed, second dorsal fin soft rays 4-7 branched, last ray branched to
base; anal-fin 1,7, final four soft rays branched, last ray branched to base; pectoral fin rays
15 (16 in 1 specimen), rays 2—4 branched (possibly more rays branched, but damaged in
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holotype), rounded, reaching past insertion of second dorsal fin; pelvic fins 1,5, 5th ray
unbranched, 30% length of 4th ray, extending beyond anal fin insertion, fins separated by a
distance similar to the width of one pelvic fin base, lacking any connecting membrane or
frenum; caudal-fin with 17 rays, rounded 28.5% SL.

Figure 12. Preserved specimen of Pascua marecoralliensis sp. nov. (AMS 1.49536-002, holotype). The
dark spot on the dorsal and pigments on the pelvic fins remain in preservation in ethanol.

Squamation: 23-24 lateral line scales; 6 transverse rows; body scales ctenoid, cycloid on
belly, extending forward to ventral margin of pectoral fin base, no scales on head.

Genitalia: male papillae elongate and flattened, female flattened with several finger-like
protrusions (Figure 8), both similar to those of Eviota [64].

Head: length 28% standard length; eye large, 9% SL; front of head angular, pointed
at an angle of 33° from horizontal axis; mouth slanted upwards at an angle of 44° from
horizontal axis; lower jaw projecting slightly; maxilla extending posteriorly to slightly in
front of pupil midline; anterior nares tubular and translucent extending to, or in front
of, anterior margin of upper lip; cephalic sensory pore system described in diagnosis;
cutaneous sensory papilla system described in generic placement (Figure 7), as described
for the three species in Hoese and Larson, 2005 [7].

Table 5. Morphometrics of all specimens of Pascua marecoralliensis sp. nov. All values except standard
length (SL) are in % SL.

Measurement AMS 1.49536-002 AMS 1.49536-038
(Holotype) (2 Specimens; Paratypes)
Standard length (mm) 13.8 12.6 11.7
Head length 28.0 29.6 29.4
Snout to origin of first dorsal 36.7 37.7 41.7
Snout to origin of second dorsal 55.9 56.0 59.7
Snout to origin of anal 58.1 60.2 63.7
Maximum head depth 18.5 17.3 19.2
Body depth at origin of first dorsal 19.0 19.1 20.9
Body depth at origin of second dorsal 19.2 19.3 19.7
Minimum depth of caudal peduncle 14.8 13.8 13.9
Eye diameter 8.6 8.6 10.3
Maxilla length 12.9 11.7 12.1
Snout length 5.4 4.6 43
Maximum length of first dorsal 19.9 18.5 14.7
Maximum length of second dorsal 19.3 20.9 15.8
Maximum length of caudal 28.5 27.5 28.8
Maximum length of anal 20.7 18.2 20.6
Maximum length of pelvic 31.6 33.4 34.8
Maximum length of pectoral 28.3 24.6 23.6

Dentition: dentary with single row of small caniniform teeth along posterior half of
toothed portion, anterior half with interior (lingual) row of larger caniniform teeth, two
to four large fang-like caniniform teeth at the anterior tip of dentary along outer (labial)
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surface; premaxilla with two rows of caniniform teeth along whole length, inner row small
and tightly packed, outer row larger and widely spaced, third interior row of ~5 mid-sized
teeth along anterior of bone (Figure 13); fifth ceratobranchial with three rows of widely
spaced conical-caniniform teeth; pharyngobranchial teeth in similar arrangement to those
on ceratobranchial.

Figure 13. Segmented micro-CT scan of the head of Pascua marecoralliensis AMS 1.49536-002 (holo-
type). (a) lateral view, (b) medial view, digitally dissected along midline. Scan data available at
Morphosource.org (ark:/87602/m4/768084). Abbreviations: Aa anguloarticular, Ach anterior cerato-
hyal, As asteriscus, Br branchial arch, B1-6 branchiostegals 1-6, CI cleithrum, Co coracoid, D dentary,
Ect ectopterygoid, Hh hypohyal, Hm hyomandibula, Ih interhyal, Iop interoperculum, La lapillus, Mpt
metapterygoid, Mx maxilla, Nc neurocranium, Op operculum, P palatine, Pch posterior ceratohyal,
Pm premaxilla, Pop preoperculum, Pt posttemporal, Q quadrate, Ra retroarticular, Rd radials, Sa
sagitta, Scl supercleithrum, Sop suboperculum, Sy symplectic, Uh urohyal.

Select osteological characters: Pterygiophore insertion formula for first dorsal fin, 3-
22110 [37]; two anal fin pterygiophores before first haemal spine; ten precaudal vertebrae,
seventeen caudal vertebrae (including urostylar complex; Figure 10); Metapterygoid slender
lacking ventral process extending across quadrate; prominent median process on preop-
erculum reaching to upper part of symplectic; sagittal otolith dorsoventrally compressed
hexagon with slight posterodorsal and anteroventral projections (Figure 13).

Colour in life: Body pale tan with series of pink/orange marks along dorsal midline
linking to marks along ventral midline with faint barring or x-shaped marks; four marks
along second dorsal fin base, three to four marks along anal fin base; cheek and operculum
speckled with red, coalescing into three bars below the eye, the anterior of which is more
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yellowish. Iris red. Dorsal fins primarily yellow, the first spine of both with alternating red
and white bands; first dorsal fin has a large black spot at the posterior base of the fin. Pelvic
fin dark orange-red, pale on smallest specimen; base of pectoral fin opaque white extending
diagonally onto pelvic fin rays towards the ventral margin of fin. Anal and caudal fins pale
yellow, paler and translucent on smallest specimen.

Colour in preservative: Overall tan, spot on dorsal one and pelvic fins remain dark in
preservation (Figure 12 and see fin base in Figure 7c).
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Figure 14. Map of known collection sites for all Pascua spp. dashed line represents the Tropic of
Capricorn (23.4° S).

4. Discussion

The validity of the genus Pascua is shown using molecular and morphological evidence,
and supports the assignment of Hetereleotris readerae [9] and H. sticta [8] in Pascua. This
results in Pascua containing four species with a disparate distribution across the southern
Pacific. P. caudilinea is endemic to Rapa Nui (Isla de Pascua) in the eastern South Pacific,
and P. sticta is found around Rapa Iti, French Polynesia, and possibly Pitcairn. P. readerae
and P. marecoralliensis are described, respectively, from Elizabeth and Lihou Reefs, Australia
(Figure 14).

The separation of the eastern and western species is at least 5400 km, almost half
the width of the Pacific Ocean at this latitude, yet may be explained by several factors.
First, Pascua may be a relict genus, with a few surviving species in isolated peripheral
reef locations [65-67]. Second, there may be more species of Pascua yet to be discovered
and/or described from the central and western Pacific. The number of new cryptobenthic
species being described is high, and relatively few studies using the anaesthetic collection
techniques most suited for cryptobenthic fishes are being conducted in the central and
southern Pacific [21]. Third, Pascua spp. may have been misidentified or described as
other genera. While this may be true, the most likely misidentification of Pascua spp. is as
Hetereleotris due to the closed first gill slit and the numerous shared characters mentioned
above. There are currently no Hetereleotris spp. described from the central Pacific, with
distributions of the only Pacific members of this genus, H. exilis Shibukawa, 2010 and H.
poecila (Fowler, 1946) found no further east than the Ryukyu Islands, Japan.

The results of our phylogenetic analysis place Pascua as sister to the Gobiodon group
of [23]. While our analysis is based only on a handful of loci, a recent phylogenomic
study on the interrelationships of gobiids using hundreds of loci showed highly concordant
intergeneric topologies with our study and previous studies using similar loci to ours [23,68].
The inclusion of Pascua in future genome-wide phylogenetic studies would be useful to
confirm the position recovered here.

Nevertheless, the observed phylogenetic relationship is supported morphologically
by the presence of flattened urogenital papillae similar to Eviota and some members of
Bryaninops [12,69], and separate pelvic fins, characteristic of Eviota [12]. The presence of
27 vertebral elements (10 + 17) in Pascua is somewhat surprising in this group, with most
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other species possessing 25 (10 + 15) or 26 (10 + 16) vertebrae [37]. Some species of Eviota
display 27 (10 + 17) vertebrae [37], including E. shibukawai [70], and occasional reports from
E. distigma, E. epiphanes, E. herrei, E. melasma, E. nigripinna, E. queenslandica, E. smaragdus [71]
and E. albolineata [72]. Morphological examinations of Sueviota atrinasa reveal that it also
possesses 27 (10 + 17) vertebrae in all specimens inspected [73].

The generic placement of Pascua marecoralliensis sp. nov. is well supported by morpho-
logical characters and our molecular phylogeny, yet it bears some striking morphological
and biogeographical differences from other members of the genus. First, the colouration
of P. marecoralliensis differs significantly from the eastern Pacific members of the genus,
which are both noticeably drab and mottled brown (the live colouration of P. readerae
remains unknown).

Second, this species is the smallest known member of the genus. The largest specimen
of P. marecoralliensis collected was 13.8 mm SL. It displayed bright colouration along with
well-developed urogenital papillae and cephalic pores characteristic of adult stages in other
coral gobies. Specimens of other Pascua spp. are usually much larger. In P. caudilinea,
the average length of specimens examined is 26.0 = 1.0 mm (mean SL =+ standard error;
range 18-32 mm); in P. sticta, 19.5 £ 1.4 mm (11-30.5 mm); in P. readerae, 21 £ 0.7 mm
(19-24 mm) [7]. Specimens of P. marecoralliensis may grow larger than those described
herein, but the adult traits displayed in the specimens suggest that it is likely that they
would still be smaller than the maximum sizes reported for the other Pascua species.

Finally, this species is the most northerly distributed Pascua. All other species are
described from subtropical reef systems, with the second most northerly species, P. sticta,
being reported from Oeno Atoll, Pitcairn, just south of the Tropic of Capricorn at 23.9° S. The
type locality of P. marecoralliensis is at 17.1° S, around 750 km north (Figure 14). The tropical
distribution of this species may also be linked to this species’ small body size. Bergmann’s
rule describes the trend in increasing body size at higher latitudes in homeotherms [74] but
has repeatedly been shown to hold true for ectothermic marine fishes [75,76].

These unusual morphological and biogeographic characters bear a striking similarity
to those of the recently described thalasseleotridid, Tempestichthys bettyae Goatley and Torn-
abene, 2022. This species was the fourth member of the family Thalasseleotrididae and is
distinguished by being the smallest member of the family, the only species lacking mottled
brown colouration, and the first known to inhabit tropical waters [22]. Here, the parallels
between P. marecoralliensis and T. bettyae highlight the potential broad distributions and
morphological diversity that may exist within gobiiform taxa and the value of combining
molecular and morphological techniques to study the systematics of the order. Future
taxonomic work on cryptobenthic fishes would benefit from the preservation of tissue
samples or whole specimens using ethanol, cryopreservation or other DNA-friendly proto-
cols [77,78] alongside routine use of X-ray or micro-CT analyses to facilitate osteological
analyses of specimens [36,79].

In addition to providing opportunities to assess the osteology of P. marecoralliensis, our
micro-CT scans provided us with insights into the ecology of this species. In the largest
specimen, we found several fish scales in the gut (Figure S3). These scales may have
been ingested in collection bags as anaesthesia subsided or incidentally ingested with gill
ventilation during anaesthesia [80]. The first of these scenarios is unlikely, as feeding rates
usually decrease under stress [81]. The second scenario is feasible, but as several of the
ingested scales were still linked by integument and in the digestive tract rather than the
mouth, they were likely bitten off a whole fish by deliberate predation prior to collection,
rather than ingested incidentally.

The diet of most cryptobenthic fishes is poorly known, but, where assessed, a large
proportion, across multiple species, consists of microcrustaceans [82-84]. This is likely true
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for P. marecoralliensis, but the demand for growth to increase fecundity [85] and reduce
predation risk [86] may give rise to opportunistic feeding on high-energy prey, such as
mucus and scales [87]. Gaining further information on the diets of cryptobenthic fishes
using visual, isotopic or molecular techniques is important to improve our understanding
of the role that these short-lived species play in coral reef trophodynamics.

This paper describes the second new species identified during the 2019-2020 Coral Reef
Health in the Coral Sea Marine Park surveys [20,22], with additional specimens awaiting
formal description. Despite the Coral Sea’s relative remoteness, extensive ichthyological
collections have been made in the region (e.g., [88,89]). The discovery of multiple new
species within our limited sampling area (188 m?) highlights that cryptobenthic fishes
represent a remarkable reservoir of undescribed biodiversity on coral reefs around the
world. Like other lineages of Indo-Pacific cryptobenthic fishes, it is possible that these
previously unrecognised species found in the Coral Sea display high levels of endemism
and microhabitat specialisation, making them particularly vulnerable to local disturbances
and thus important for conservation and management.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/fishes10090449/s1, Figure S1: Measurements taken from each
fish for morphological comparisons; Figure S2: Complete phylogeny; Figure S3: Micro-CT scan of fish
scales in the gut of Pascua marecoralliensis; Table S1: Summary statistics for alignment of molecular
data; Table S2: MorphoSource.org ark ID numbers for Pascua spp. scanned for this project; Table S3:
Descriptions of measurements used for morphological analysis.
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Appendix A. Key to Species in the Genus Pascua Randall, 2005

1. (a) Second dorsal fin 1,7, lacking cephalic pores N” and O’ [43], type locality Lihou
Reef, central Coral Sea, Australia.......Pascua marecoralliensis sp. nov. (Figures 6—14).

(b) Second dorsal fin 1,8-9, cephalic pore pattern B, C, D, E, F, G, H', N, O'........... 2.

2. (a) Well-defined vertical brown bar at the base of the caudal fin visible in both live and
preserved specimens, males with first two dorsal rays prolonged into filaments, second
dorsal fin usually 1,9, type locality Rapa Nui.............. Pascua caudilinea Randall, 2005.

(b) Lacking well-defined brown bar at base of caudal fin, no dorsal filaments,
second dorsal fin usually L8.........cccoiriiiiiii 3.

3. (a) Prominent spot of black melanophores slightly smaller than pupil behind eye in
preserved specimens, few other markings in preservation, second dorsal fin L8,
locality Elizabeth and Middleton Reefs, Australia......P. readerae comb. nov. (Figure 4).

(b) Spot behind eye brown if present, dark spot on dorsal fin between first two
spines in life or mottling of melanophores in preserved males, body mottled in
preservation, second dorsal fin usually L8 (rarely L,9), locality Rapa and Pitcairn
Islands.......cccvvenenieneecncnnenne. P. sticta comb. nov. (Figure 5).
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