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Abstract

Silicified scales, bones and one otolith were extracted with mild acid solution from a small carbonate concretion found
in the Makah Formation on the south shore of the Strait of Juan de Fuca, Washington State, U.S.A. The strongly-spiny
scales are typical for fishes of the family Macrouridae and the otolith facilitates the identification and description of
a new species of the genus Coryphzaenoides, C. richi sp. nov. The Makah Formation was deposited in a deep-marine
outer-fan environment during the early Oligocene. The discovery of Coryphaenoides richi in such an environment is tes-
timony for an effective population of the deep sea with macrourid fishes and that the genus Coryphaenoides was firmly

established in the early Oligocene.
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Introduction

The fish fossil described herein was obtained from a
piece of a concretion that was found as float from strata
that crop out on the beach terrace west of the mouth of
the Sekiu River, Clallam County, Washington State, U.S.A.
(Fig. 1). When found, the fish was slightly etched nat-
urally and protruding from two sides of the concretion
fragment. The scales and bones were closely packed
together around three vertebrae that were in apparent
articulation. Preparation of the specimen also revealed
a single otolith. The rocks from which the concretion
originated were named the Makah Formation (Snavely et
al. 1978) and represent a deposition well offshore in a
marine, deep-water basin-plain paleoenvironment during
the early Oligocene (Snavely et al. 1980; Prothero et al.
2009; Donaghy et al. 2025). Thus, turbidites are common
but the formation also includes thick stratigraphic sec-
tions of structureless mudstone and siltstone. Within the

apparently structureless mudstone and siltstone, align-
ments of calcareous concretions help to define bedding.
The concretions commonly contain glendonites which
indicate bottom water temperatures near freezing (e.g.,
Qu et al. 2017). Fossils of all kinds are rare in this part
of the Makah Formation but the preserved biota includes
mollusks (Squires and Goedert 1994; Goedert 1995), sea
pen axes (Goedert et al. 2022), whales, fish, and wood
falls (e.g., Goedert et al. 1995; Kiel and Goedert 2006;
Kiel et al. 2012) and distinct invertebrate communities
within carbonate precipitated at cold hydrocarbon seeps
(Goedert and Campbell 1995). Vertebrate fossils, includ-
ing those of teleosts, are usually preserved within car-
bonate concretions as associated skeletons, in most
cases with bones associated but disarticulated (Squires
et al. 1991). The only other fish mentioned from this part
of the Makah Formation was a bone fragment and some
scales of an indeterminate aulopiform, protacanthoptery-
gian or scombroid (Kiel et al. 2012).
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Figure 1. Location plate depicting the northern coast section of Washington State, U.S.A.. The asterisk denotes the fossil locality (UWB-

MVP loc. C4510) near the Sekiu River in Clallam County.

Materials and methods

The fossil was prepared by etching with dilute (~5%) for-
mic acid. Final cleaning was with an ultrasonic bath for 15
minutes. The specimens are registered and housed at the
University of Washington, Burke Museum, Seattle, U.S.A.
(UWBM), vertebrate paleontology (VP). Locality descrip-
tions are according to the USA Public Land Survey Sys-
tem using section, township, and range; GPS coordinates
are datum WGS84 (World Geodetic System). Individual
fossil fish scales were photographed at the UWBM with a
Canon EOS 5DS digital camera with a 65 mm macro lens
mounted on a vertical carriage. The focus is controlled by
custom-built software to control vertical movement of the
camera to allow precision focusing. The camera controls
are integrated into a commercial software package called
Capture One that is run from a desktop computer. For
some fish scales, up to 14 images were stacked. Scales
of extant comparative specimens were stained with Aliz-
arin Red for better visualisation of characters. Naming of
scale characteristics principally follows Brager and Moritz
(2016). Images were made with a Canon R5 with a 65 mm
macro lens; stacking was performed using the software
Helicon Focus. For image editing GIMP and Inkscape were
used. Other institutional abbreviations are: BMNH, The
Natural History Museum, London, United Kingdom; CAS,
California Academy of Sciences, San Francisco, California,
U.S.A.; USNM, United States National Museum, Smithso-
nian Institution, Washington, D.C., U.S.A.; ZMH-ICH, ichthy-
ology collection, Museum der Natur, Leibniz Institute for
the Analysis of Biodiversity Change, Hamburg, Germany.

Results
Systematics

Division Teleostei Miiller, 1846

Order Gadiformes Goodrich, 1909
Family Macrouridae Bonaparte, 1832
Genus Coryphaenoides Gunnerus, 1765

Coryphaenoides richi sp. nov.
https://zoobank.org/24F43205-B3CD-4980-B8CD-75D46CDD5930
Figs 2A, B, 3A-R

Etymology. Named for Michael A. Rich (UWBM) who has
produced numerous research photographs for the pale-
ontology team at the University of Washington, including
those of the new species described here.

Holotype. UWBMVP 128914 (Fig. 2A, B), consisting of
one otolith, 248 body scales, three vertebrae, some teeth
and other bones that are all assumed to be from one
individual fish.

Type locality. Sekiu River (UWBMVP loc. C4510), Makah
Formation, Lower Oligocene. The fish remains were con-
tained in a small piece of weathered concretion, found as
float, at extreme low tide on the beach terrace west of the
mouth of the Sekiu River, NE corner of Sec. 8, T. 32 N,,R. 13
W., Clallam County, Washington, U.S.A. GPS: 48.292591°N,
124.400048°W, collected by J. L. Goedert, 18 April 2025.

Diagnosis. Otolith: Otolith length to otolith height = 1.4.
Low dorsal rim, undulating, highest behind middle of
otolith; ventral rim deep, deepest anterior of middle below
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Coryphaenoides marshalli

Coryphaenoides rupestris

Coryphaenoides carminifer

Coryphaenoides woodmasoni

Figure 2. Otoliths. A, B Coryphaenoides richi sp. nov., holotype, UWBMVP 128914, Sekiu River (UWBMVP loc. C4510), Clallam County,
Washington State, U.S.A., Makah Formation, Lower Oligocene (A inner face, B ventral view); C, D Coryphaenoides marshalli lwamoto,
1970, CAS 223380, 07°16'S, 11°45'E, 912-919 m (C inner face, D ventral view); E, F Coryphaenoides carminifer (Garman, 1899), USNM
422634, 07°39'N, 82°27'W, 977-1185 m (E inner face, F ventral view); G, H Coryphaenoides rupestris Gunnerus, 1765, coll. Schwar-
zhans, off Norway (G inner face, H ventral view); I, J Coryphaenoides woodmasoni (Alcock, 1890), BMNH 1892.6.17.3, Laccadive Sea

(I'inner face, J ventral view).

ostium. Sulcus wide, supramedian positioned, with large,
about equally sized and symmetric, elevated, narrowly
placed colliculi. No pseudocolliculum in narrow collum.
Ventral furrow relatively distinct.

Scales: Cycloid-spinoid; spines, robust, not aligned, one
third to one half of scale length, angled at 80 to 90° relative to
scale surface. Radii absent; no reticulate structure on scales.

Description. Otolith, Fig. 2A, B. The otolith is large,
14.5 mm in length and with an overall oval shape. The
otolith has been replaced by silica, like all the associated
remains found in the concretion. The otolith is slightly en-
crusted with silica, which results in an uneven otolith sur-
face but leaving all pertinent diagnostically valuable char-
acters discernable. The ratio of otolith length to height is
1.4 and otolith height to thickness 3.3. The dorsal rim is
relatively low, broadly undulating and shows a broad de-
pression at about its middle and a broadly rounded post-
dorsal high. The anterior and posterior tips of the otolith
are moderately pointed and positioned slightly supra-
median. Both tips show a flattened dorsal margin at the
beginning of the dorsal rim. The ventral rim is relatively

regularly curved, deepest in front of its middle below the
center of the ostium on the inner face. The postventral
section of the ventral rim is almost straight, ascending at
an angle of about 20° while the preventral section is more
steeply inclined at about 45°. All rims are smooth.

The inner face is nearly flat and shows a wide, supra-
median positioned sulcus. The sulcus narrows toward
anterior and posterior with a fading opening to the otolith
rims. The colliculi are very large, wide, oval, reach close to
the otolith rims anteriorly and posteriorly, and are slightly
elevated. They are closely positioned, leaving little space
for the narrow collum. The collum shows a deep incision
from the ventral sulcus margin without pseudocolliculum.
The ratio ostial colliculum length to caudal colliculum
length is 1.05, the ratio ostial colliculum height to caudal
colliculum height is 1.35, and the length to height ratios
are 1.75 for the ostial colliculum and 2.15 for the caudal
colliculum. A dorsal depression is not discernable. The
ventral furrow is relatively distinct and located relatively
distant from the ventral rim of the otolith. The outer face
is slightly bulged but overall flat and smooth.



Werner W. Schwarzhans et al.: Macrourid otolith and scales, Oligocene Makah Formation

Figure 3. Scales, Coryphaenoides richi sp. nov. holotype, UNBMVP 128914, Sekiu River (UWBMVP loc. C4510), Clallam County,
Washington State, U.S.A., Makah Formation, Lower Oligocene. A, C, E, G, I, K, M, O, Q Top views (A Anterior up; C Anterior down; E, G, I,
K, M, O, Q Anterior left), B, D, F, H, J, L, N, P, R Lateral views.
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Scales, Fig. 3. Scales are of the cycloid-spinoid type
(Brager and Moritz 2016) with a circular to polygonal
shape. The focus is in central position. Circuli are dis-
tinct and continuous throughout all fields. Radii are ab-
sent. Reticulate structure on any scale area absent. In
typical body scales, as expected on the flanks, the an-
terior field is strongly convex with a rounded apex and
smooth margin. Lateral fields are convex to flattened
with smooth margin. The posterior field is rounded with
a smooth margin and bears prominent spines. These
spines are very strong, robust, moderately long to long,
and not aligned in strict rows.

In typical body scales, the longest spines are about
one third to one half of the scale length. In some small-
er peripheral scales the spine length may even clearly
surpass scale length. Spines are straight or only slightly
curved and usually angled at 80 to 90 degrees relative to
the scale surface.

Discussion. Otoliths, Fig. 2. The large size of the oto-
lith, its robust shape and the sulcus harboring two equal-
ly sized, closely spaced large colliculi and the lack of a
pseudocolliculum in the collum characterize Coryphaenoi-
des richi as pertaining to the genus Coryphaenoides.
Coryphaenoides is the second most species-rich genus of
the Macrouridae after Coelorinchus, of which the otoliths
are characterized by the presence of a pseudocolliculum
in the ventrally expanded collum and colliculi where the
caudal colliculum is distinctly longer than the ostial one.
Within Coryphaenoides, several variations of otolith pat-
terns are observed. The pattern that resembles closest
is depicted here with extant examples: Coryphaenoides
carminifer (Garman, 1899) from the tropical East-Pacific
(Fig. 2E, F), Coryphaenoides marshalli Iwamoto, 1970 from
off southern tropical West Africa (Fig. 2C, D), Coryphaenoi-
des rupestris Gunnerus, 1765 from off Norway (Fig. 2G, H)
and Coryphaenoides woodmasoni (Alcock, 1890) from the
Laccadive Sea (Fig. 21, J).

The otolith of C. richi differs from the figured otoliths of
extant taxa in the more pointed anterior tip and, except for
C. carminifer, in the deepest point of the ventralrim posi-
tioned distinctly anterior of its middle, while this section is
flatin the other species shown in Fig. 2. The colliculi are larg-
erin C. richi than in otoliths of most extant species, the clos-
est resembling being those of C. marshalli and C. rupestris.

Fossil Coryphaenoides otoliths have been regularly
reported in the fossil record from Miocene and younger
deep-water sediments (see Nolf 2013; Schwarzhans and
Radwanska 2025). Earlier records from the Oligocene are
few (Nolf 2013) and require revision as they could poten-
tially represent extinct macrourid genera. An articulat-
ed skeleton with otoliths in situ was described as Cory-
phaenoides karaginensis from upper Oligocene rocks of
Kamchatka by Gretshina (1973). This otolith represents
a different lineage of the genus characterized by a wide
collum and relatively small colliculi. Brzobohaty and
Bubik (2019) figured an otolith from the lower Oligocene
of the Czech Republic as representing the extant Cory-
phaenoides aff. guentheri (Vaillant, 1888). This specimen

undoubtedly pertains to the genus Coryphanoides, it
again represents a different lineage characterized by rel-
atively small, narrow spaced colliculi terminating far from
the anterior and posterior tips of the otolith but certainly
does not represent an extant species. No records of Co-
ryphaenoides otoliths are known from Eocene strata, al-
though the earliest macrourids have been reported from
the Paleocene (Schwarzhans et al. 2021).

Scales, Figs. 3, 4. The observed scales with the char-
acteristic spines likely originate from a single species;
the obvious differences are easily explained by size of
the specimens and variability depending on body posi-
tion within a species (e.g., Brager and Moritz 2016). A
few selected scales were sampled from museum ma-
terial of the ichthyological collection of the Zoological
Museum Hamburg (ZMH).

Only a portion of the fossil scales represent typical
scales, as usual in studies on recent species, where
standard scales are commonly taken from the anteri-
or dorsal part of the flank. Many of the smaller scales,
often with very long spines in comparison to the actual
scale length may originate, e.g., from the head region
or the bases of the fins. The whole variability in the
studied material fits into the variability found in a single
species, even a single specimen. Otoliths and scales in
combination identified the fossils as a grenadier fish
of the genus Coryphaenoides, Macrouridae. The scales
described here from Coryphaenoides richi clearly differ
from all macrourid scales, fossil or extant, so far known
by the combination of all characters.

Few taxa, like in the related bathygadids Gadomus and
Bathygadus, show a reticulate pattern on the scale sur-
face; such a pattern is absent in the studied fossil scales.
The spines present in C. richi are strong, much stronger
thanin e.g., Coryphaenoides asper Giinther, 1877, C. guen-
theri (Vaillant, 1888) or C. soyoze Nakayama & Endo, 2016
(see Cohen et al. 1990; Nakayama 2020), but not broad
with a broader base as in e.g., Coryphaenoides subser-
rulatus Makushok, 1976 (Fig. 4C) or many Coelorinchus
species (Okamura 1970; Cohen et al. 1990). The spines
are furthermore long, about as long as in Coryphaenoi-
des mexicanus (Parr, 1946). All spines have a single tip,
not tridentate as e.g., in Coryphaenoides marshalli and
C. delsolari Chirichigno & Iwamoto, 1977 (see Cohen et al.
1990). The spines per scale are numerous, more densely
set than in the majority of species in the genus, but not as
densely set as e.g., in Coryphaenoides serrulatus Giinther,
1878 and C. subserrulatus (see Cohen et al. 1990; Fig. 4C).

The scale spines of C. richi do not originate from
secondary ridges, but independently of the surface (cf.
Okamura 1970). Even if the spines are not bound on ridg-
es, they are in most taxa more or less arranged in rows
(Fig. 4B-D), which may be parallel, sub-parallel or radial
(also called divergent), sometimes with the middle row
being enlarged. Yet, probably the most striking character
of C. richi scales is that no such arrangement can be seen.
This characteristic also serves well to distinguish C. richi
from the various macrourid taxa from Cenozoic rocks of
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Figure 4. Scales of selected recent Coryphaenoides species. A. C. rudis Glinther, 1878, ZMH-ICH-0120531, lateral and top view;
B. C. alateralis Marshall & Iwamoto, 1973, ZMH-ICH-0119745; C. C. subserrulatus Makushok, 1976, ZMH-ICH-0115360; D. C. armatus

(Hector, 1875), ZMH-ICH-0120257, (B-D top views).

the Pacific Coast of North America described by David
(1956). A similar unordered pattern can be found in the
recent Coryphaenoides rudis Glinther, 1878 (see Cohen et
al. 1990: as C. macrocephalus, Nakayama 2020, Fig. 4A).
Spines of that species are also similar in amount and size.
But the orientation of the spines clearly differs; while the
spines in lateral view are oriented relatively flat in C. rudis
(Fig. 4A), they point straight away from the scale plane in
the C. richi.

Whether the peculiar spine pattern of C. richi is a spe-
cific adaptation or rather presents a primitive condition
is difficult to state. Following morphology-based phylog-
enies (Okamura 1970: fig. 10; Endo 2002) the primitive
scale pattern in Coryphaenoides already showed spines
ordered in rows. Following this view the observed pattern
in C. richi has to be interpreted as derived. More recent
phylogenetic studies do not yet comprise enough species
of the high macrouroid diversity to allow for a character
reconstruction of the scale patterns in grenadier fishes
(e.g. Morita 1999; Gaither et al. 2016).

Conclusions

The Eocene-Oligocene Transition (EOT) was a time in
Earth’s history when the change of the deep ocean oc-
curred from a halothermal circulation system to a thermo-
haline one (Jovane et al. 2009; Katz et al. 2011; Goldner
et al. 2014; Borelli et al. 2016). This change in the ocean
circulation brought well oxygenated albeit cold water into
the deep ocean. It also triggered the new or accelerated
depth migration of certain, nowadays iconic deep-water
fishes such as the Macrouridae or many Ophidiiformes,
which during the warm-house period before mostly inhab-
ited shallow seas. The earliest fossil records of macrou-
rids from the Paleocene are from middle to lower shelf
environments of Denmark and Australia (Schwarzhans
1985, 2003; Schwarzhans et al. 2021). During the Eo-
cene warm-house, macrourid otoliths have been found
commonly in shallow water environments of Antarctica
(Schwarzhans et al. 2016). However, during the beginning
cooling at middle to late Eocene times macrourids started

to venture into bathyal realms (Nolf 2013; Lin et al. 2016;
Schwarzhans 2019). Schwarzhans (2019) observed depth
segregation of macrourid speciation in the New Zealand
fossil record of late Eocene and Oligocene. There have
been very few studies of the teleosts in Paleogene strata
of Washington State, but other macrourids have been doc-
umented before. Stringer and Welton (2025) described
Nezumia armentrouti based on otoliths from the late Oli-
gocene which clearly differs from C. richi in the elongate
otolith shape and the widely spaced colliculi and the pres-
ence of a pseudocolliculum in the collum.

Multiple fossil species and genera of macrourids were
described by David (1956) based on isolated scales from
the Pacific states of the U.S.A. ranging in age from Paleo-
cene to Pliocene. Macrourids possess very characteristic
scales with prominent spines in most species (Iwamoto
1989; Endo 2002), however, there is high variability in size,
amount and arrangement of the spines (Okamura 1970;
Cohen et al. 1990). Some of the variability may be relat-
ed to phylogenetic affinities (Okamura 1970), but there
seems to be a high degree of convergent evolution in
the scale characters in grenadiers. Therefore, it seems
in most cases not possible to key the genera or species
out simply by scale characteristics, as very similar char-
acters can be present also in only distantly related taxa.
David’s approach has remained singular so far and sever-
al of the taxa introduced by her, particularly at the genus
level, must be considered doubtful because of the limited
extant comparative material used by her. Even though the
scales of Coryphaenoides richi are highly characteristic
and different from any of the scales depicted by David
(1956), we would recommend not to describe fossil mac-
rourid taxa based on isolated scales alone.

The finding of Coryphaenoides richi in lower Oligocene
deep-water rocks of the Makah Formation from the north-
east Pacific Ocean confirms that the family was by then
firmly established in bathyal environments. Furthermore, it
shows that one particular lineage in the genus Coryphaenoi-
des was already evident. Today, species of the genus Co-
ryphaenoides are characteristic demersal fish in commu-
nities at bathyal and abyssal depths and are some of the
deepest-living teleosts (Schwarzhans and Gerringer 2023).
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