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Abstract

The ophidiid genus Porogadus occurs between 800 and 5300 m in the tropical and subtropical world oceans. Fifteen 
nominal species have been described since 1878 and most of them until 1902. The genus has been highlighted as needing 
revision in recent compilations about ophidiiforms and here we present the first comprehensive review. Twelve of the 
previously described species are here accepted as valid with two being moved to the newly established genus Tenuicephalus 
n. gen. that encompasses fishes differing from those of Porogadus in the extremely weak ossification, the stout head, 
absence of head spines and absence of the “triple” lateral line system considered typical for Porogadus and a reduced 
dentition. In addition, eight new species are described: Porogadus caboverdensis, P. dracocephalus, P. lacrimatus, P. 
mendax, P. solomonensis, P. turgidus, Tenuicephalus multitrabs and T. squamilabrus.
 The species of Porogadus show a distinctive depth segregation with the majority of species having a demersal 
bathyal life-style between 800 and 3500 m and other species being more or less exclusively restricted to abyssal depths 
below 3000 m. The biogeographic distribution pattern of bathyal groups shows putative species pairs in the Atlantic 
versus the eastern Pacific and a clear separation of eastern Pacific from Indo-West Pacific species. The geographic effects 
and timing are being discussed that may have led to this speciation events. Generally, we found widely distributed species 
that are found far away from continental masses and others restrained to continental slopes and sometimes exhibiting 
regionalism. In abyssal depth, the Cabo verde and Canary basins off NW-Africa have yielded three exclusive species, but 
it is uncertain at this stage whether this could represent a sampling bias with this area being extensively sampled by the 
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Discovery research vessel (BMNH) over the years from 1970–1998. Another instance of a potentially endemic abyssal 
species is that of Porogadus melanocephalus in the Bay of Bengal. The latter has been caught with 45 specimens in 
a single trawl, representing the highest number of Porogadus specimens collected in any trawl and indicating that 
these fishes may actually not be as rare as one might assume from the literature.

Key words: Porogadus, Tenuicephalus, Ophidiidae, abyssal, bathyal, new species

Introduction

The fishes of the genus Porogadus Goode & Bean, 1885 live at great depth in the tropical and subtropical oceans 
of the world. They are caught below 800 m and down to 5300 m (Nielsen et al., 1999), i.e., below the oxygen 
minimum zones of the World Ocean. That makes them one of the most deeply living vertebrates in the oceans (see 
Gerringer 2019 for a compilation of teleosts at great depth). Many of the 15 nominal species have been described 
on the basis of very few or unique specimens. All but two Porogadus species had been described between 1878 and 
1902 during the initial years of deep sea research facilitated by the then new deep water collection techniques. The 
species of that epoch were described by Alcock (1890, 1891, 1896), Garman (1899), Gilbert (1892), Goode & Bean 
(1885), Günther (1878), Jordan & Fowler (1902) and vaillant (1888). Presumably, the authors of the new Porogadus 
species may have known those described by their colleagues only from their descriptions and documentations. 
The nominal genera Dermatorus Alcock, 1890, Celema Goode & Bean, 1896 and Moebia Goode & Bean, 1896 
were synomized with Porogadus by Cohen & Nielsen (1978). Cohen & Nielsen (1978) remarked that the genus 
Porogadus was much in need for revision, a remark that was repeated by Nielsen et al. (1999). Nybelin (1957) had 
reviewed specimens that he could then investigate at the British Natural History Museum in London (BMNH) and 
the Musée Nationale d’Histoire Naturelle in Paris (MNHN). Carter & Sulak (1984) reviewed the Porogadus species 
from the western North Atlantic.
 Fishes of Porogadus are remarkable for the spectacularly large pores in the head channels of the pore system 
(hence the name Porogadus) and, in many species, the more or less intense head armature with many spines. 
Nybelin (1957) grouped the nominal species in three groups according to the intensity and abundance of spines on 
the head, but considered these groups for practical purposes only and explicitly noted that he did not consider them 
as natural subgenera. Nevertheless, this grouping was also reflected in Carter & Sulak (1984) and Nielsen et al. 
(1999), and despite a few inconsistencies in Nybelin’s original concept and the here presented review still represents 
a good basis for a first allocation of freshly collected Porogadus specimens. However, we also noted that certain 
species depart from the redefined diagnosis of the genus considerably in the lack of head spines, a very short snout, 
differences in dentition and a weak ossification of head bones that warrant separation in a distinct genus as described 
here - Tenuicephalus n. gen.
 Here, we present a comprehensive review of the fishes of the genus Porogadus based on material from many 
international collections (see Materials and Methods, and Acknowledgements) including type specimens from Alcock 
(as far as housed in BMNH), Carter & Sulak, Garman, Goode & Bean, Günther and vaillant. We were able to study 
representative material from all nominal species. Porogadus melampeplus (Alcock, 1896) was studied from only 
two poorly preserved and newly collected specimens and a photograph of the unique holotype courtesy to scientists 
from the Zoological Survey of India in Calcutta (ZSI) (see Acknowledgements), which has never been documented 
before. As a result of this review we consider the following 10 species of Porogadus as valid: P. abyssalis Nybelin, 
1957, P. atripectus Garman, 1899, P. catena (Goode & Bean, 1885) (syn. P. subarmatus vaillant, 1888), P. gracilis 
(Günther, 1878), P. guentheri Jordan & Fowler, 1902, P. longiceps Garman, 1899, P. melanocephalus (Alcock, 
1891), P. miles Goode & Bean, 1885 (syn. P. nudus vaillant, 1888), P. promelas Gilbert, 1892 (syn. P. breviceps 
Garman, 1899) and P. trichiurus (Alcock, 1890). The following species are described as new: P. caboverdensis n. 
sp., P. dracocephalus n. sp., P. lacrimatus n. sp., P. mendax n. sp., P. solomonensis n. sp. and P. turgidus n. sp. The 
following species are placed in the new genus Tenuicephalus n. gen.: T. melampeplus (Alcock, 1896), T. multitrabs 
n. sp., T. silus (Carter & Sulak, 1984) and T. squamilabrus n. sp.
 Catches of Porogadus specimens are relatively rarely recorded in past literature and also relatively few speci-
mens are usually found in museum collections. The distribution and abundance of deep water fishes is still poorly 
understood. For instance Porogadus melanocephalus hitherto was only known from the two syntypes of Alcock 
(1891), one kept at BMNH, the other at ZSI. Our review has resulted in the recognition of 48 further previously un-
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recognized specimens of that species, 45 of which came from a single trawl station during the Galathea II expedition 
in the Bay of Bengal in 1951. This observation may serve as an indication that Porogadus species could be more 
common in the deep ocean than previously assumed and that at least some species may occur in schools.
 Carter (1984) investigated the stomach content of demersal deep-sea ophidiid fishes with the aim to better un-
derstand their feeding strategies and functional morphology. Three species of Porogadus (one now in Tenuicephalus 
n. gen.) were included in his study: Porogadus catena, P. miles and Tenuicephalus silus. Porogadus catena and T. 
silus were found to feed mainly on small-sized calanoid copepods and other small benthopelagic crustaceans. He 
further concluded that these species were more often feeding off the ground than other ophidiids studied. Few speci-
mens studied of Porogadus miles were found to have mainly fed on gammaridean amphipods. Carter (1984) as-
sumed that the extremely anteriorly depressed head and very attenuate body would indicate more of a bottom feed-
ing habit and that these fishes were “not heavily reliant on large mobile prey”. The preference of small crustaceans 
as food is indeed reflected by the presence of numerous minute villiform teeth on all tooth patches in all species of 
the two genera and the outward warping of the dentition of the lower jaw in many of them. Also the numerous long 
gill-rakers confirm the capability of retaining tiny food items such as copepods.

Material and methods

Nearly 300 specimens were studied belonging to species of Porogadus and Tenuicephalus n. gen., many of them 
denoted as Porogadus sp. in the various collections from which they were obtained. Porogadus (including the here 
newly established genus Tenuicephalus) were considered to be related to Bathyonus, Penopus and Alcockia by Co-
hen & Nielsen (1978). Representative specimens of these genera were included in our study and the results largely 
confirm the view of Cohen & Nielsen. The distribution maps are based on a combination of referenced published 
data, and specimens studied (see below).
 Descriptions of the species are focused on the characters varying between the species. The characters com-
mon to all species within the two genera are summarized in brief in the respective species descriptions. Complete 
descriptions are only given for new species. Counts and measurements for the holotype are given first, followed 
in parentheses by those for paratypes. Gill rakers were counted on the 1st gill arch. Rudimentary, atrophied rakers 
occur in varying amounts, often alternating with the developed rakers and are occasionally of additional diagnostic 
value and are therefore discussed in the context.
 Meristics are mainly done with the help of high resolution x-rays with the exception of counts of the pectoral 
fin rays and gill rakers. However, the species of Porogadus and Tenuicephalus n. gen. are known for their extremely 
attenuate tail, which negatively affects counting of vertebrae and fin rays close to the tip of the tail even when well 
preserved. We have therefore restricted all counts to the trunk section of the fishes in front of the first anal fin ray, 
and in vertebrae only the precaudal ones. Abbreviations used are D/v (first dorsal fin ray above vertebra), D/A (dor-
sal fin ray above first anal fin ray) and v/A (first anal fin below vertebra).
 Most species of Porogadus and all species of Tenuicephalus have highly deciduous scales which are commonly 
lost during capture, albeit varying from one species to another. We found that squamation across the head is quite 
varying and may in fact represent diagnostically useful patterns, but unfortunately head scales are preserved only in 
exceptional cases and hence is rarely of practical use. The same is true for scale counts across the trunk. We found 
that counting of scale pockets is very ambiguous in the majority of cases and therefore have not used this as a diag-
nostic character. We show head scales and scale pockets in the absence of scales as dotted outlines on drawings in-
discriminately, but only where positively identified. This can lead to apparent differences in drawings of specimens 
of a given species and is addressed in the descriptions.
 Morphometric characters are given as percentage of standard length (SL) and head length (HL). However, 
morphometric measurements meet certain obstacles or complexities in these fishes. The thin caudal tip is often 
missing in specimens either because of damage during or after the catch or due to partial loss in vivo. As a result, 
measurements of SL are not always possible. Even where the tail is seemingly complete it is sometimes the result of 
a previous in vivo loss and subsequent rejuvenation, which may not be easily discernable in every case. This effect 
can lead to distortions of measurement values relating to the SL and such values need to be filtered from the data 
set. Likewise, measurements of HL can be influenced by soft head ossification in some species. The head length 
was measured from the tip of the snout, to the tip of the opercular flap or opercular spine, whichever was found to 
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project further. When the opercle was damaged or incomplete then head length measurements were omitted. Head 
depth (HD) is measured at two locations: vertical at the position of the rear end of the occiput, which more or less 
corresponds to the maximal head depth, and along a vertical through the center of the eye. The maximium body 
height was measured at the insertion of the pelvic fin. Snout length was measured from the tip of the upper jaw to 
the anterior rim of the eyeball; the limits of the orbit were found to be too variable and/or too easily affected by 
preservation for reliable measurements in many cases. Specimens with mouths fixed open were not used for any 
measurements requiring relationships to HL, and SL was estimated. The length of the pectoral or pelvic fins can 
only be measured in some more robust species and therefore is of limited practical use. Other external measure-
ments and counts were made following Hubbs & Lagler (1958). Measurements are given to the nearest 0.1 mm for 
HL and SL and percentages to the nearest 0.1 fractal.
 Dentition is present on dentaries, premaxilla, vomer, palatines and basibranchials but missing on ectoptery-
goids. Since all teeth observed are very small, villiform and are not arranged in clearly defined rows, the counts 
reflect ranges rather than defined locations and should be considered as reflection of the width of the tooth bearing 
elements.
 Porogadus and Tenuicephalus n. gen. fishes are characterized by a greatly elaborated lateral line system on 
body and head, which however is preserved to varying degrees of clarity between the species, and a highly diverse 
pattern of spines on the head (Fig. 1). The head pore system is particularly well developed along the infraorbital 
and mandibular and preopercular stretches. The pores are numbered from anterior to posterior as infraorbital pores, 
postorbital pores, mandibular pores and preopercular pores. The skin covering the respective canal systems is thin 
and easily damaged during capture and therefore the actual size of the various pores in vivo is rarely adequately 
preserved and thus of limited diagnostic value. The head spines are usually very well preserved, when present and 
from anterior to posterior include lacrimal spines, an ethmoidal spine, a prefrontal spine, interorbital and supraor-
bital spines, 5th infraorbital spines, sphenotic, supratemporal and posttemporal spines, one or two opercular spines 
and spines along the inner and outer preopercular rims. Many species of both genera exhibit one to three large, leaf 
shaped sensory papillae on the opercle which are free and not covered by scales.
 Otoliths were generally only extracted from the right side of a fish. The number of otoliths investigated per spe-
cies varied greatly depending on preservation due to exposure to formalin and otherwise was kept to a maximum of 
about 10 specimens. Otolith morphometrics followed Schwarzhans (2010) and are given to the nearest 0.05 mm. For 
morphometrics in respect to the sulcus, outlines of the colliculi within the sulcus have been used because they are 
more clearly defined in ophidiiform otoliths. The following abbreviations are used in the otolith descriptions: OL = 
otolith length; OH = otolith height; OT = otolith thickness; OCL = ostial colliculum length; CCL = caudal collicu-
lum length; TCL = total colliculum length as combine of OCL and CCL or in case of fused colliculi. Morphometric 
otolith characters are given as ratios: OL:OH, OL:OT, OCL:CCL, OL:TCL.
 As stated above, many specimens of Porogadus and even more so of Tenuicephalus n. gen. are not well pre-
served because of the often delicate nature and fragility of the body and particularly the diagnostically important 
head. Otoliths, which present another useful diagnostic character, were found to be absent/dissolved in several 
specimens due to lengthy exposure to formalin. Unfortunately, this resulted in several specimens not being ad-
equately identifiable. Such poorly identifiable specimens are either listed as “tentatively assigned specimens” in the 
descriptive part or were excluded. It was not possible to investigate all specimens attributable to Porogadus from 
all institutional collections, even though we attempted to achieve a representation of the diversity and geographic 
distribution as good as possible. Certain specimens described/mentioned in previous studies of authors were not 
available for review. These are included in our listings as separate entries and only where felt to be reasonably iden-
tifiable in the sense of this review.
 Institutional abbreviations follow Fricke & Eschmeyer (2013).

Character analysis
1. Head morphology (Figs. 1–3). The heads of the fishes of the genera Porogadus and Tenuicephalus n. gen. 
exhibit a great wealth of diverse morphological features, which offer multiple characters for diagnostic differentia-
tion of the many species, but which are also easily adversely affected by preservation. In the genus Tenuicephalus 
particularly, skull ossification is so weak, the skin is so thin and the scales are so easily shed that only under rare 
circumstances is a head well enough preserved to study its morphological features with reasonable detail. The fol-
lowing morphological features of the head are found to be particularly useful.
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FIguRe 1. Schematic drawing depicting occurrences and terminology of head spines and head pore systems in Porogadus (P. 
miles) in lateral view (upper figure) and dorsal view (lower figure). Abbreviations used for head pore systems are: an = anterior 
nostril; pn = posterior nostril; io = infraorbital pores; po = postorbital pores; m = mandibular pores; p = preopercular pores.

 Goode & Bean (1885) apparently named Porogadus after the many large mucous pores on the head. These 
pores are positioned along the very wide mucous infra-/postorbital and mandibular-preopercular canal systems (Fig. 
1). The infra-/postorbital canal leads from near the tip of the snout below the eye and bends upwards behind the eye. 
It contains 2–3 long and narrow anterior pores below a much elongated lachrymal bony ridge, 2–3 individual pore 
openings in a large chamber just in front of the eye, 3 mostly large posterior pores below the eye and 2–3 pores along 
the upward bend behind the eye. The mandibular-preopercular canal begins near the tip of the chin leading along the 
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lower jaw and curves upwards along the rear margin of the preopercle. It usually carries a small pore at the chin, 4 
long and narrow pores along the lower jaw behind the chin and 3–5 mostly large pores along the preopercular canal. 
Finally the supraorbital canal leads from a small pore at the tip of the snout upwards above the eye to the rear end 
of the head above the preopercle and opercle, usually branching off inwards towards its termination. The number of 
pores on the occiput is very variable reaching up to 6 pairs or being entirely absent. However, pores on the occiput 
particularly are easily induced artificially during preservation or handling of specimens since the skin cover over 
the large mucous pots is very thin and easily punctured. It is often not clear whether these are really pores or only 
artifacts. It is therefore recommendable to judge the presence and number of pores on the occiput only from sym-
metrical occurrences on well preserved specimens. Often, the thin skin covering the infraorbital and preopercular 
cavernous systems too is damaged or completely removed during capture so that the in vivo size is rarely recogniz-
able and therefore not used here. The rear infraorbital and preopercular pores are usually the largest and often the 
space in between is so narrow that it is easily torn apart, in which case the mucous canal is exposed to the outside 
in its entirety. Where discernable, the number and location of the pores along these systems appear rather stable 
throughout both genera and are also similarly found in the putatively related genera Bathyonus and Alcockia. In 
Alcockia specifically the skin cover of the canals is thicker and more robust and the specimen from ZMUC P77677 
shows a perfectly preserved canal and pore system (Fig. 2) showing that the pores are indeed mostly small while the 
underlying canals are very wide. 
 Another feature of particular importance and well preserved in most specimens is the presence of a rather 
diverse number and expression of spines on the head in the genus Porogadus (Fig. 1), while the genus Tenu-
icephalus is mostly avoid of spines or shows only very few. The most prominent is often a backward curved spine 
on the ethmoidal just behind the, often large, posterior nostril and a broad rostral cartilage. Spines occur further 
on the lachrymal (up to 3, sometimes fused to a ridge-like feature), the fifth infraorbital (up to 4), at the rear tip 
of a y-shaped ridge on the prefrontal, above the eye on the interorbital (up to 4), on the supraorbital (up to 3), 
along the sphenotic (up to 4), on the supratemporal (up to 3) and the posttemporal (up to 4) and on two rows along 
the preopercle, the inner in front of the preopercular pore canal, the outer along the preopercular margin (both 
up to 5). The opercular spine varies from flat, skin covered to long, sharp and free, at times extending beyond 
the opercular margin. The lower opercular flap below the opercular spine varies in extend, and in some species 
shows many distinct radial ridges whereas it is smooth in other species. The many head spines observed in Poro-
gadus represent a derived character. The supposed related genera Bathyonus and Penopus show no such spines, 
and Alcockia only an ethmoidal and two sphenotic spines (Fig. 2). The polarity of this character within Porogadus 
and Tenuicephalus, however, remains elusive. It is not clear whether the few spines observed in several Poro-
gadus species and the near complete absence in Tenuicephalus represents a plesiomorphic character or a second-
ary atrophy. Diminishing of the intensity of head spines with ontogenetic growth has been described by Garman 
(1899) for Porogadus longiceps. However, the specimens in questions differ in so many additional aspects that 
we consider the small specimens only as tentatively assigned at this stage (see descriptive part). Nybelin (1957) 
attempted to group the various species according to the intensity and strength of the spines on the head, a practi-
cal approach which was also followed by Carter & Sulak (1984) and Nielsen et al. (1999). However, we do not 
fully agree with the placement of all species in that scheme. For instance P. melanocephalus was listed as having 
strong head spines while it really has few and weak ones. Or P. longiceps that is listed as having very weak head 
spines while actually it has some strong ones, which however are short and poorly visible. We have therefore for-
mulated a new scheme for species groups within Porogadus based on the combination of abundance and strength 
of spines, and the head morphology in lateral view, i.e., stout versus slender and long head shapes (see below).
 A rarely described feature is the presence of sensory papillae or neuromast patches at various places on the head. 
Several nerve cords can be seen below the head skin in thin skinned deep sea ophidiids, the two most prominent 
ones leading from the brain capsule curving behind and below the eye and leading along the anterior margin of the 
preopercle curving into the upper margin of the mandible (with extensions onto the opercle along its course). These 
nerve cords are often seen to branch along their course, particularly at the mandible, leading to small circular papil-
lae extruding from the skin and showing a nerve termination spot at its centre. In Porogadus (and Tenuicephalus), 
however they are much enlarged to patches, in large magnification often showing intense branching of the veins 
within these patches (Fig. 3). The largest and most characteristic ones are located along the inner margin of the 
opercle and subopercle (mostly 2 or 3, rarely 1 or sometimes absent in Tenuicephalus). They are leaf-shaped, of the 
size of a scale, and in the presence of scales on the opercle they remain free. Smaller sensory papillae may occur 
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FIguRe 2. Panel of comparative head drawings: from top to bottom: Porogadus (P. miles), Tenuicephalus (T. squamilabrus n. 
sp.) and selected putative related genera; Alcockia (A. rostrata), Bathyonus (B. laticeps) and Penopus (P. microphthalmus).
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on the skin behind the maxilla. Further sensory papillae or patches appear to be hidden within the infraorbital and 
mandibular mucous canals and are rarely preserved or visible. The large neuromast patches on the opercle appear 
to be a derived character of Porogadus, while the presence of only one such papilla on the opercle or the complete 
absence in Tenuicephalus could represent a secondary reduction.
 Another diverse feature is the head squamation, but it has to be stressed that this feature is often incomplete or 
destroyed due to the thin skin covering the head and the deciduous nature of the scales which are easily shed, and 
scale pockets are variably preserved too. These characteristics should therefore be used with particular care when 
applied for diagnostic differentiation. Many species of the genus Porogadus depict head squamation across much of 
their heads including the occiput, cheeks and opercle, often with a high degree of continuity but also at times with a 
more patchy distribution pattern, and sometimes across a part of the maxilla. Some species of the genus Porogadus 
exhibit mostly smaller scales around the orbit in front of the eye, behind, and in a few instances also below. Scales 
on the maxilla, which are particularly rarely preserved, also tend to be rather small compared to other scales on the 
head. In Tenuicephalus, one species shows minute scales on the rear part of the maxilla and on the supramaxilla.
 Head proportions are expressed in the ratio HL:HD ranging from 1.3 to over 2.0 and in percentage of SL (14–
18%). They represent one of the most obvious characters for grouping of Porogadus species in combination with 
presence and intensity of head spines (see below). 

2. Lateral line and scales (Fig. 3). Nielsen et al. (1999) noted as a diagnostic character of Porogadus that the “lat-
eral line is represented by 3 rows of circular organs variously developed from one species to another and by a row 
of easily shed modified scales.” However, Carter & Sulak (1984) noted for the description of Porogadus silus (now 
Tenuicephalus silus) that “three lateral line rows are not evident.” We concur with their observation and found no 
lateral line rows evident in any of the Tenuicephalus species, while they seem to be generally present in the species 
of Porogadus, where they represent a derived character, but are usually only well visible in species of the Porogadus 
miles group. The lateral lines are characterized by the large sized modified scales that are indented posteriorly to 
leave space for the extruding often differently colored neuromast patches, and are often recognizable even in the 
event of lacking scales by the larger scale pockets or the neuromast coloration (Fig. 3).
 The upper lateral line row is the shortest. It starts above the opercular flap and consists of particular large and 
narrowly spaced modified scales (Fig. 3). It is located over the joint of the upper and lower epaxial muscles. The 
lateral line follows a distinct nerve cord located directly under the skin and terminates with it in most instances. Oc-
casionally, it continues upwards in an angle to the tip of the dorsal fin following a second nerve cord that starts be-
low the opercle, runs above the vertebral column, and abruptly changes path upwards passing by the termination of 
the upper nerve cord and leading further upwards in a more slanted angle. Lateral line pores are much more widely 
spaced when following upwards along the second nerve cord. The number of neuromasts / pores along the upper 
lateral line row range from 7 to 13 along the horizontal stretch, and can reach up to 22 when continuing upwards 
along the slanted line.
 The central lateral line row is located above the vertebral column and between the muscles obliquus superioris 
and obliquus inferioris (Fig. 3). It follows the above mentioned nerve cord in the same position and is usually well 
recognizable to the point where the nerve cord switches upwards. The central lateral line row continues along the 
same joint between the obliquus superioris and inferioris muscles for a long distance, but becomes increasingly 
indistinct until it finally fades. The modified scales associated with the central lateral line row are much smaller and 
less indented than those of the upper lateral line row and diminish towards posterior and become less distinctive 
along with the fading of the row (Fig. 3). Neither length nor neuromasts/pores can be counted reliably and therefore 
we do not use the central lateral line row as a distinctive character for diagnostic purposes.
 The lower lateral line row starts just below the lower margin of the pectoral fin base. The first 2 to 3 pores are on 
a downward slanted line until the lower lateral line row reaches the lower margin of the obliquus inferioris, which it 
follows until the beginning of the anal fin after which it follows the suture of the obliquus inferioris with the inclina-
tor analis. Anteriorly, the lower lateral line row is associated with large scales with a strong posterior indention for 
the extruding neuromasts, and the pores are narrowly placed. Basically every scale is large and modified along the 
anterior reaches of the lower lateral line row and carries a pore for a neuromast (Fig. 3). At some point along the row 
the modified scales begin to become smaller (Fig. 3) and the distance between each pore / neuromast increases. The 
lower lateral line row continues behind the beginning of the anal fin for a long stretch but fades and its termination 
is not clearly defined. Nevertheless, the pores / neuromasts of the lower lateral line row are often well visible up to 
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the beginning of the anal fin and can be counted. The changes in spacing of the pores along this interval provides 
a useful character for species recognition. The lower lateral line row does not seem to be associated with a shallow 
nerve cord below the skin. 
 Body scales are not counted due to their deciduous nature that renders such counts as not practicable for di-
agnostic purposes. The location below the pectoral peduncle is the best place to find preserved body scales. The 
scales are cycloid (Fig. 3) with radial furrows towards the anterior half and very fine concentric rings. Extraction 
and measurements from various species of the genus Porogadus showed sizes ranging from about 1.5 to 3.5 mm 
but appear to be related to the size of the fish from which they were taken, i.e., range from 0.65 to 1.0 in % of SL in 
most instances. However, the size of scales on the head varies depending on the position, with those on the snout, 
maxilla, and frontals being smaller than elsewhere (see above). Porogadus promelas is notable for the scales on the 
cheeks being somewhat larger than those on the opercle. 

FIguRe 3. Lateral line system in Porogadus. Photograph of fish and drawings of opercular neuromast is from P. longiceps, 
drawings of scales are from P. dracocephalus n. sp.

3. Meristics (Fig. 4). Most meristics vary within very narrow ranges. The most useful meristics are the following. 
The number of precaudal vertebrae range from 14 to 19 and exhibit limited consistency in respect to neck vertebrae 
(with ribs but without parapophyses), breast vertebrae (with both ribs and parapophyses) and loin vertebrae (without 
ribs and with parapophyses). However, in Porogadus there are always 1 or 2 loin vertebrae, while in Tenuicephalus 
n. gen. the number of loin vertebrae is 1 or 2 in T. silus, but ranges from 2 to 5 in the other species. The number of 
precaudal vertebrae seems to be connected with the position of the first dorsal fin ray. Low numbers in both are typi-
cal for species of the genus Tenuicephalus n. gen. and are considered a derived pattern. The number of pectoral fin 
rays ranges from 15 to 23. The position of the first dorsal fin ray is above vertebra 3 to 7, and the first anal fin ray is 
under dorsal fin ray 21 to 30. The number of long gill rakers on the first gill arch, which are located along the lower 
branch only, ranges from 11 to 21and appears to be relatively stable with ontogeny and of good diagnostic value 
on the species level. Porogadus guentheri is notable for bladed developed gill rakers. Flat plates and short rakers 
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occur on the upper branch and at the beginning of the lower branch of the first gill arch before the commencement 
of developed long gill rakers in all species and may occur also alternating with developed gill rakers for a certain 
interval. However, Porogadus trichiurus is notable for the lack of intermittent plates and the species of the genus 
Tenuicephalus n. gen. have only very indistinct, atrophied intermittent plates. 

FIguRe 4. Examples of first gill arches. 4A, Porogadus miles ZMUC P2397157, 259 mm SL. 4B, Tenuicephalus multitrabs 
n. sp. CAS 83066, 156 mm SL. 3C, P. solomonensis ZMUC P771578, 173+ mm SL.
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4. Morphometrics. Adult fishes of the genus Porogadus average between 200 and 400 mm SL, but within the 
Porogadus miles group can reach well above 500 mm SL for instance in P. miles and P. longiceps. Specimens of 
Tenuicephalus n. gen. are considerably smaller mostly between 130 and 200 mm SL. The unique holotype of T. 
melampeplus is calculated at about 220 mm SL measured from the photograph provided by ZSI. Morphometric 
measurements have not shown to be very effective for species diagnoses. Standard measures relating to predorsal 
(mostly 15–20% SL), prepectoral (14–19% SL) and preanal (26–33% SL) lengths are all within very narrow ranges 
and only in few instances have shown to be of differential diagnostic value. Eye diameter is generally between 1 
and 2% SL, snout length mostly between 4.5 and 6.0% SL and upper jaw length between 8 and 11% SL and very 
variable. Reliable measurements of fin lengths (pectoral and pelvic fins) are too rare to be of practical use, and body 
depth and width measurements show too high degrees of variability and measuring uncertainty. This leaves the rela-
tive head length and depth as the only widely attributable and distinctive characters of use in this group of fishes 
(see above to head morphology).

FIguRe 5. Live figures from ROv dives. 5A–B, putative long-nosed Porogadus specimen; photo taken on 23.03.2017 
during Okeanos EX 1703, dive 17 at 4°22’31”S, 172°59’52”W at 5856.8 m. 5C, putative short-nosed Tenuicephalus specimen; 
photo taken on 20.09.2015 during Okeanos EX 1504, leg 4, dive 7 at 15°12’N, 168°03’W, maximal depth of dive 1950.7 m. 
Photographs courtesy of the NOAA Office of Ocean Exploration and Research.

5. Dentition of vomer, palatines and basibranchials. Porogadus and Tenuicephalus n. gen. have uniform very 
small villiform teeth on dentary, premaxilla, vomer, palatines and basibranchial tooth patches. The vomer is v-
shaped, diverse in size and width and intensity of dentition. Porogadus species have 1 to 5 rows of teeth on the 
vomer, except for P. guentheri that has only few teeth anteriorly. Tenuicephalus species have no or very few teeth 
on the vomer, and this is subject to intraspecific variability. Dentation on the palatines range from only 1 or 2 rows 
on very narrow palatines as found in Tenuicephalus to 3 to 6 or more rows on wide palatines found in Porogadus. 
Width of vomer and palatines and number of teeth rows is somewhat variable in the species of Porogadus but nev-
ertheless constitutes useful diagnostic characters. We interpret low dentition patterns as a derived character. Both 
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genera usually show a single, variably long and wide basibranchial tooth patch. The narrowest basibranchial tooth 
patches with a single or two rows of teeth is found in Tenuicephalus, and T. silus is the only species in this study to 
occasionally have no basibranchial tooth patch altogether. It is not uncommon in certain species of Porogadus to 
show a small lateral tooth patch in addition to the elongate central basibranchial tooth patch, and in rare instances 
a pair of small lateral patches. These appear to represent an unusual degree of variability of this character, which in 
other genera like Holcomycteronus or Dicrolene appears to be an important and reliable character (Nielsen et al., 
1999). Only Porogadus solomonensis n. sp. appears to have consistently a long central basibranchial tooth patch 
flanked by a pair of small lateral tooth patches.

6. Coloration (Fig. 5). Little is known about the life coloration of Porogadus and Tenuicephalus species. Few life 
photoshots exist of putative Porogadus specimens from the Okeanos Explorer (Bell et al. 2016, Raineault et al. 
2018) that seem to represent each a long-snouted (Fig. 5 A–B) and a short-snouted (Fig. 5 C) species, which show 
uniform dark grey or brownish colors. The long-snouted specimen was photographed during Okeanos Excursion 
1703, dive 16 (Kennedy et al. 2017), on 23.03.2017 at 04°22’31”S and 172°59’52”W at 5856.8 m by Bruce Mundy 
and therewith would represent the deepest observation of a Porogadus (see also: Ocean Networks Canada, SeaTube 
Pro 2017). It is also slightly off the studied records of Porogadus but within the geographic reach of P. aff. miles (see 
below). The short-snouted specimens was photographed during Okeanos Excursion 1504, leg 4, dive 7 (Kennedy et 
al. 2019), on 20.09.2015 at about 15°12’N and 168°03’W at a maximum depth of 1950 m. This record would be off 
the currently observed distribution of both Porogadus and Tenuicephalus. When preserved, the body color ranges 
from light brown to almost black. There appears to be some consistency in most species of the Porogadus miles, 
P. gracilis and P. catena groups to exhibit a light to medium brown uniform head and body color, whereas several 
species of the Porogadus trichiurus group and P. melanocephalus of the P. gracilis group show a black head and a 
paler body color. Tenuicephalus specimens tend to show a uniformly black body color except for T. melampeplus 
which appears to be paler judging from the photograph provided by ZSI.

7. Otoliths (Fig. 6). Otoliths represent an important additional character for taxonomic studies. Otoliths are avail-
able from all species of Porogadus and Tenuicephalus n. gen. except Tenuicephalus silus. The first and most ob-
vious character for a characterization is the presence of two separated colliculi in the sulcus of the otolith or of a 
single, fused colliculum extending across the entire sulcus. In Porogadus guentheri that usually has a single fused 
colliculum, specimens occur where a faint distinction into ostial and caudal colliculi can be recognized. Conversely, 
Porogadus longiceps contains specimens where the otolith shows clearly distinct ostial and caudal colliculi and 
specimens where the colliculi are fused, but this species is currently insufficiently defined. Generally, the pres-
ence of a single, fused colliculum is considered a derived character, which however has occurred in many paral-
lel lineages within the Ophidiiformes (Schwarzhans, 1981) indicating a functional morphological background for 
this development. Separated colliculi are known from Porogadus miles, P. nudus, P. longiceps and P. turgidus n. 
sp. A very large specimen of P. longiceps has fused colliculi, but also a small, tentatively assigned specimen (see 
above). Useful otolith morphometrics are the ratio OL:OH, ranging from 0.9 to 2.2, the ratio OH:OT ranging from 
about 2.0 to 4.0 and the ratio OL:TCL ranging from 1.6 to 3.2. It should be noted though that the relative size of 
otoliths in comparison to the head length may not always be a reliable character. Wilson (1985) has shown depth 
related changes in otoliths sizes in six species of macrourids. Wilson also noted size differences in otoliths of the 
same species and same standard length from different ocean basins. In ophidiiforms, size differences of otoliths 
from specimens of Glyptophidium argenteum Alcock, 1889 have been observed by Nielsen & Machida (1988) 
and in this case apparently relate to geographic differences. However, it has also been observed that deep living 
fishes, which generally live at or below the Calcite compensation depth (CCD) tend to have only small otoliths 
with a simplified morphology (Schwarzhans, 2010: p. 87). This may also be the case for several of the species 
in Porogadus like in P. abyssalis and P. gracilis, but in other instances distinctive differences of relative otolith 
sizes are interpreted here as genuine distinctive characters, e.g., Tenuicephalus multitrabs n. sp. and T. squamila-
brus n. sp. The otolith outline and the shape of the sulcus offer relatively few additional characters of use in the 
genera Porogadus and Tenuicephalus except for Porogadus miles exhibiting a distinct predorsal lobe which is 
considered to represent a plesiomorphic character in this context. We also note that the otoliths of many of the spe-
cies of the genus Porogadus exhibit a stronger degree of variability than usually observed in ophidiiform otoliths.
 Meristics, morphometrics and key characters of dentition, coloration, head spine development, head squama-
tion and otolith morphology and morphometrics are summarized on Tables 1 to 7.
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FIguRe 6. Schematic otolith drawings depicting morphological terminology (example from Porogadus miles); upper figure 
right otolith from inner face, lower figure ventral vie of right otolith. Abbreviations used: OCL = ostial colliculum length, CCL 
= caudal colliculum length.



SCHWARZHANS & MØLLER16  ·  Zootaxa 5029 (1) © 2021 Magnolia Press

TA
B

L
e

 1
. M

er
is

tic
 c

ha
ra

ct
er

s 1
 (p

re
ca

ud
al

 v
er

te
br

ae
, l

oi
n 

ve
rte

br
ae

 w
ith

ou
t r

ib
s, 

pe
ct

or
al

 fi
n 

ra
ys

, 1
st

 d
or

sa
l f

in
 ra

y 
ab

ov
e 

ve
rte

br
a,

 1
st

 a
na

l f
in

 ra
y 

be
lo

w
 d

or
sa

l f
in

 ra
y)

; c
ol

or
 

co
de

d 
fo

r s
pe

ci
es

 g
ro

up
s a

nd
 g

en
er

a;
 n

um
be

rs
 re

fe
r t

o 
in

di
vi

du
al

 c
ou

nt
s o

f s
pe

ci
m

en
s.

Ta
bl

e 
1

14
15

16
17

18
19

0
1

2
3

4
5

6
7

8
9

10
15

16
17

18
19

20
21

22
23

3
4

5
6

7
21

22
23

24
25

26
27

28
29

30
 a

tr
ip

ec
tu

s
21

2
3

15
4

1
1

3
8

8
4

11
8

4
2

2
7

3
8

1

 c
ab

ov
er

de
ns

is
1

3
2

2
2

4
2

1
3

1
1

1
1

1

 d
ra

co
ce

ph
al

us
2

4
1

5
1

3
3

2
3

1
2

2
1

1

 lo
ng

ic
ep

s
2

2
2

2
4

1
1

2
2

1
3

2
1

1
2

2

 m
en

da
x

2
2

2
2

1
1

 m
ile

s
4

11
2

2
12

1
1

5
7

5
2

5
11

1
3

3
2

1
4

3
1

af
f. 

m
ile

s
1

1
1

1
1

 tu
rg

id
us

1
1

1
1

1
1

1
1

1
1

 g
ue

nt
he

ri
3

6
3

7
2

6
4

3
7

1
1

1
4

3

 la
cr

im
at

us
3

2
1

2
1

2
1

1
1

1

 s
ol

om
on

en
si

s
2

1
2

1
2

1
1

2
1

1
1

 tr
ic

hi
ur

us
1

5
4

1
8

1
2

3
4

2
5

3
5

1
1

3

 a
by

ss
al

is
1

2
3

1
2

1
3

1
2

 g
ra

ci
lis

1
2

1
4

2
2

1
2

1
1

2

 m
el

an
oc

ep
ha

lu
s

26
7

11
12

2
5

10
7

1
11

2
1

2
9

2

 c
at

en
a

7
17

3
19

2
3

13
15

5
9

14
1

1
4

5
5

6
3

 p
ro

m
el

as
2

9
1

10
6

7
1

6
5

1
4

1
2

2
1

 m
el

am
pe

pl
us

1
1

2
2

1

 m
ul

tit
ra

bs
4

5
2

3
6

2
5

6
1

7
4

2
2

2
3

2

 s
ilu

s
1

3
2

1
1

1
3

1
1

3
1

2
1

 s
qu

am
ila

br
us

2
5

1
5

1
5

4
2

6
1

3
4

pe
ct

or
al

-fi
n 

ra
ys

D
/V

D
/A

Tenuicephalus

th
er

eo
f l

oi
n 

ve
rte

br
ae

miles Group trichiurus 
Group

gracilis
Group

catena
Group

Porogadus
pr

ec
au

da
l v

er
te

br
ae



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  17

TA
B

L
e

 2
. M

er
is

tic
 c

ha
ra

ct
er

s 
2 

(n
um

be
r o

f l
on

g 
gi

ll 
ra

ke
rs

 o
n 

fir
st

 g
ill

 a
rc

h,
 n

um
be

r o
f u

pp
er

 la
te

ra
l l

in
e 

po
re

s, 
nu

m
be

r o
f l

ow
er

 la
te

ra
l l

in
e 

po
re

s 
un

til
 b

eg
in

ni
ng

 o
f a

na
l f

in
); 

co
lo

r c
od

ed
 fo

r s
pe

ci
es

 g
ro

up
s a

nd
 g

en
er

a;
 n

um
be

rs
 re

fe
r t

o 
in

di
vi

du
al

 c
ou

nt
s o

f s
pe

ci
m

en
s.

Ta
bl

e 
2

11
12

13
14

15
16

17
18

19
20

21
7

8
9

10
11

12
13

14
15

16
22

15
16

17
18

19
20

21
22

23
24

25
26

27
 a

tr
ip

ec
tu

s
7

14
5

1
3

1
3

1
2

1
2

1

 c
ab

ov
er

de
ns

is
3

6
1

2
1

1
2

2
1

 d
ra

co
ce

ph
al

us
1

2
4

1*
*

1
1

2
1

2
2

1

 lo
ng

ic
ep

s
3

2
2

3
2

2
3

1

 m
en

da
x

1
1

1
1

1
1

 m
ile

s
3

5
7

3
1

3
4

3
4

3
1

1
1

af
f. 

m
ile

s
1

1
1

 tu
rg

id
us

1
1

1
1

1
1

 g
ue

nt
he

ri
2

8
1

1
1

 la
cr

im
at

us
1

1
1

1

 s
ol

om
on

en
si

s
1

2
1

 tr
ic

hi
ur

us
2

7
1

1
1

 a
by

ss
al

is
1

2
1

 g
ra

ci
lis

1
1

1
1

1
1

 m
el

an
oc

ep
ha

lu
s

3
4

12
7

1
1

 c
at

en
a

8
14

8
4

1
1

1

 p
ro

m
el

as
2

4
4

4
1

2

Tenuicephalus
lo

ng
 g

ill
 ra

ke
rs

 o
n 

fir
st

 g
ill

 a
rc

h
up

pe
r l

at
er

al
 li

ne
 p

or
es

lo
w

er
 la

te
ra

l l
in

e 
po

re
s 

un
til

 b
eg

in
ni

ng
 o

f a
na

l f
in

Porogadus

miles Group trichiurus 
Group

gracilis
Group

catena
Group

 m
el

am
pe

pl
us

1
1

1

 m
ul

tit
ra

bs
8

2
2

1

 s
ilu

s
*

2
2

*

 s
qu

am
ila

br
us

2
4

4
1

* 
fro

m
 li

te
ra

tu
re

**
 te

nt
at

iv
el

y 
as

si
gn

ed
 s

pe
ci

m
en

Tenuicephalus



SCHWARZHANS & MØLLER18  ·  Zootaxa 5029 (1) © 2021 Magnolia Press

TA
B

L
e

 3
. S

el
ec

te
d 

m
or

ph
om

et
ric

s 1
 (m

ax
im

al
 b

od
y 

le
ng

th
 a

s m
m

 S
L,

 h
ea

d 
le

ng
th

 to
 h

ea
d 

de
pt

h,
 h

ea
d 

le
ng

th
 a

s p
er

ce
nt

ag
e 

of
 S

L)
; c

ol
or

 c
od

ed
 fo

r s
pe

ci
es

 g
ro

up
s a

nd
 g

en
er

a;
 

nu
m

be
rs

 re
fe

r t
o 

in
di

vi
du

al
 c

ou
nt

s o
f s

pe
ci

m
en

s.

Ta
bl

e 
3

<1
50

<2
00

<3
00

<4
00

<5
00

>1
.3

5
>1

.4
0

>1
.4

5
>1

.5
0

>1
.5

5
>1

.6
0

>1
.6

5
>1

.7
0

>1
.7

5
>1

.8
0

>1
.8

5
>1

.9
0

>1
.9

5
>2

.0
0

>2
.0

5
>1

3.
5

>1
4.

0
>1

4.
5

>1
5.

0
>1

5.
5

>1
6.

0
>1

6.
5

>1
7.

0
>1

7.
5

>1
8.

0
 a

tr
ip

ec
tu

s
2

2
6

5
5

3
2

5
5

8
1

3

 c
ab

ov
er

de
ns

is
1

3
1

2
1

1
5

2

 d
ra

co
ce

ph
al

us
3

1
1

2
1

 lo
ng

ic
ep

s
1*

2
1

2
1

2
1

3

 m
en

da
x

1
1

1
1

 m
ile

s
2

1
3

7
1

3
4

1
4

1

af
f. 

m
ile

s

 tu
rg

id
us

2
1

1

 g
ue

nt
he

ri
8

1
3

4
3

 la
cr

im
at

us
1

2
1

2

 s
ol

om
on

en
si

s
2

1
1

1
1

 tr
ic

hi
ur

us
1

2
3

1
2

1
2

1
1

 a
by

ss
al

is
1

1
2

 g
ra

ci
lis

1
1

1
1

1
1

1
1

1
1

 m
el

an
oc

ep
ha

lu
s

1
3

7
3

1
2

4
4

4
2

 c
at

en
a

4
3

2
4

5
3

3
5

8
1

3

 p
ro

m
el

as
1

3
1

2
2

1
1

2
2

2
1

1

Tenuicephalus

m
ax

 b
od

y 
le

ng
th

 (m
m

 S
L)

H
L 

: H
D

H
L 

in
 %

 o
f S

L
Porogadus

miles Group trichiurus 
Group

gracilis
Group

catena
Group

 m
el

am
pe

pl
us

1
1

1
2

1

 m
ul

tit
ra

bs
2

1
1

4
1

1
1

2
3

3

 s
ilu

s
2

2
1

1

 s
qu

am
ila

br
us

3
1

1
1

2
1

1

Tenuicephalus



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  19

TA
B

L
e

 4
. S

el
ec

te
d 

m
or

ph
om

et
ric

s 
2 

(p
re

do
rs

al
 le

ng
th

 a
s 

pe
rc

en
ta

ge
 o

f S
L,

 p
re

an
al

 le
ng

th
 a

s 
pe

rc
en

ta
ge

 o
f S

L)
; c

ol
or

 c
od

ed
 fo

r s
pe

ci
es

 g
ro

up
s 

an
d 

ge
ne

ra
; n

um
be

rs
 re

fe
r t

o 
in

di
vi

du
al

 c
ou

nt
s o

f s
pe

ci
m

en
s.

Ta
bl

e 
4

>1
3.

5
>1

4.
0

>1
4.

5
>1

5.
0

>1
5.

5
>1

6.
0

>1
6.

5
>1

7.
0

>1
7.

5
>1

8.
0

>1
8.

5
>1

9.
0

>1
9.

5
>2

0.
0

>2
6.

5
>2

7.
0

>2
7.

5
>2

8.
0

>2
8.

5
>2

9.
0

>2
9.

5
>3

0.
0

>3
0.

5
>3

1.
0

>3
1.

5
>3

2.
0

>3
2.

5
>3

3.
0

>3
3,

5
>3

4.
0

>3
4.

5
>3

5.
0

>3
5.

5
>3

6.
0

>3
6.

5
 a

tr
ip

ec
tu

s
1

3
1

3
3

4
1

7
1

4
5

5
3

1
2

1
2

 c
ab

ov
er

de
ns

is
2

2
3

1
1

2
1

1
1

1
1

1

 d
ra

co
ce

ph
al

us
1

1
2

1
1

2
1

1

 lo
ng

ic
ep

s
3

2
2

1
2

1

 m
en

da
x

1
1

1
1

 m
ile

s
1

5
4

3
2

1
1

1
1

1
3

1
1

1
1

2
1

af
f. 

m
ile

s

 tu
rg

id
us

2
1

1

 g
ue

nt
he

ri
4

3
3

1
1

2
1

1

 la
cr

im
at

us
1

2
1

1
1

 s
ol

om
on

en
si

s
1

2
3

 tr
ic

hi
ur

us
2

1
1

1
1

1
1

1
1

 a
by

ss
al

is
1

1
1

1

 g
ra

ci
lis

1
3

1
2

 m
el

an
oc

ep
ha

lu
s

3
4

6
2

1
2

3
2

4
3

 c
at

en
a

4
3

4
5

1
2

1
2

1
3

1
4

3
4

1
3

1

 p
ro

m
el

as
1

4
1

1
1

1
1

1
1

2
3

Tenuicephalus

pr
ed

or
sa

l l
en

gt
h 

in
 %

 o
f S

L
pr

ea
na

l l
en

gt
h 

in
 %

 o
f S

L
Porogadus

miles Group trichiurus 
Group

gracilis
Group

catena
Group

 m
el

am
pe

pl
us

1
1

1
2

 m
ul

tit
ra

bs
1

1
5

1
2

1
1

2
2

1
1

 s
ilu

s
1

1
2

1
1

1
1

1
1

 s
qu

am
ila

br
us

1
3

1
2

1
2

Tenuicephalus



SCHWARZHANS & MØLLER20  ·  Zootaxa 5029 (1) © 2021 Magnolia Press

TA
B

L
e

 5
. D

en
tit

io
n 

(b
as

ib
ra

nc
hi

al
 to

ot
h 

pa
tc

h,
 v

om
er

, p
al

at
in

es
) a

nd
 c

ol
or

at
io

n 
(p

re
se

rv
ed

; c
ol

or
 c

od
ed

 fo
r s

pe
ci

es
 g

ro
up

s a
nd

 g
en

er
a.

Ta
bl

e 
5

absent

1 short

1 long

1 narrow

1 + pair

naked

few teeth

1 row

2 rows

3 rows

4 rows

5+ rows

1 row

2 rows

3 rows

4 rows

5 rows

6 rows

many 
rows

all brown

head
black

all black

 a
tr

ip
ec

tu
s

 c
ab

ov
er

de
ns

is

 d
ra

co
ce

ph
al

us

 lo
ng

ic
ep

s
*

*
*

*
*

*
*

 m
en

da
x

 m
ile

s

af
f. 

m
ile

s

 tu
rg

id
us

 g
ue

nt
he

ri

 la
cr

im
at

us

 s
ol

om
on

en
si

s

 tr
ic

hi
ur

us

 a
by

ss
al

is

 g
ra

ci
lis

 m
el

an
oc

ep
ha

lu
s

 c
at

en
a

 p
ro

m
el

as

Tenuicephalus

vo
m

er
 d

en
tit

io
n

ba
si

br
an

ch
ia

l t
oo

th
 p

at
ch

pa
la

tin
es

 d
en

tit
io

n
co

lo
r

Porogadus

miles Group trichiurus 
Group

gracilis
Group

catena
Group

 m
el

am
pe

pl
us

?

 m
ul

tit
ra

bs

 s
ilu

s

 s
qu

am
ila

br
us

* 
in

 s
pe

ci
m

en
s 

<2
60

 m
m

 S
L

Tenuicephalus



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  21

TA
B

L
e

 6
. D

ev
el

op
m

en
t o

f h
ea

d 
sp

in
es

, o
pe

rc
ul

ar
 fl

ap
 a

nd
 h

ea
d 

sq
ua

m
at

io
n;

 c
ol

or
 c

od
ed

 fo
r s

pe
ci

es
 g

ro
up

s a
nd

 g
en

er
a.

Ta
bl

e 
6

prefrontal

interorbital

supraorbital

sphenoticH
ea

d 
sp

in
es

op
er

cu
la

r 
fla

p

H
ea

d 
sq

ua
m

at
io

n

snout + frontal

occiput

around eye

cheek

opercle

m
ax

ill
a

5th infraorbital

supratemporal

po
stt

em
po

ral

pre
op

erc
ula

r

op
er

cu
la

r 
sp

in
e

la
cr

im
al

ethmoidal

rid
ge

sp
in

es
in

ne
r

ou
te

r
in

ne
r

ou
te

r
fla

t
sh

ar
p

la
rg

e
sm

al
l

re
ar

lin
e

 a
tr

ip
ec

tu
s

*

 c
ab

ov
er

de
ns

is

 d
ra

co
ce

ph
al

us
**

 lo
ng

ic
ep

s
**

*
**

*
**

*
**

*
**

*
**

*

 m
en

da
x

*

 m
ile

s
*

af
f. 

m
ile

s
?

 tu
rg

id
us

 g
ue

nt
he

ri

 la
cr

im
at

us

 s
ol

om
on

en
si

s

 tr
ic

hi
ur

us

 a
by

ss
al

is
w

w

 g
ra

ci
lis

w
w

w
w

w
w

 m
el

an
oc

ep
ha

lu
s

w
w

w
w

w
w

 c
at

en
a

w
w

w
w

 p
ro

m
el

as
w

w
w

w

Tenuicephalus

prefrontal

interorbital

supraorbital

sphenotic

Porogadus

miles Group trichiurus 
Group

gracilis
Group

catena
Group

op
er

cu
la

r 
fla

p

snout + frontal

occiput

around eye

cheek

opercle

m
ax

ill
a

5th infraorbital

supratemporal

po
stt

em
po

ral

pre
op

erc
ula

r

op
er

cu
la

r 
sp

in
e

la
cr

im
al

ethmoidal

 m
el

am
pe

pl
us

?
?

?
?

?
?

?

 m
ul

tit
ra

bs
w

w
w

w

 s
ilu

s
?

?
?

?
?

?
?

 s
qu

am
ila

br
us

w
w

* 
in

 s
om

e 
sp

ec
im

en
s

**
 o

nl
y 

in
 la

rg
e 

sp
ec

im
en

s
**

* 
on

ly
 in

 s
m

al
l s

pe
ci

m
en

s
w

 =
 w

ea
kl

y 
de

ve
lo

pe
d

? 
= 

sp
ec

im
en

s 
to

o 
po

or
ly

 p
re

se
rv

ed
 fo

r a
ss

es
sm

en
t o

f t
hi

s 
ch

ar
ac

te
r

Tenuicephalus



SCHWARZHANS & MØLLER22  ·  Zootaxa 5029 (1) © 2021 Magnolia Press

TA
B

L
e

 7
. O

to
lit

h 
st

at
us

 (1
 c

ol
lic

ul
um

 o
r 2

 c
ol

lic
ul

i) 
an

d 
se

le
ct

ed
 o

to
lit

h 
m

or
ph

om
et

ric
s (

ot
ol

ith
 le

ng
th

 to
 o

to
lit

h 
he

ig
ht

, o
to

lit
h 

he
ig

ht
 to

 o
to

lit
h 

th
ic

kn
es

s, 
ot

ol
ith

 le
ng

th
 to

 to
ta

l 
co

lli
cu

li 
le

ng
th

); 
co

lo
r c

od
ed

 fo
r s

pe
ci

es
 g

ro
up

s a
nd

 g
en

er
a;

 n
um

be
rs

 re
fe

r t
o 

in
di

vi
du

al
 c

ou
nt

s o
f s

pe
ci

m
en

s.

Ta
bl

e 
7

≥0
.9

5
≥1

.0
≥1

.1
≥1

.2
≥1

.3
≥1

.4
≥1

.5
≥1

.6
≥1

.7
≥1

.8
≥1

.9
≥2

.0
≥1

.7
≥2

.0
≥2

.5
≥3

.0
≥3

.5
≥1

.5
≥1

.6
≥1

.7
≥1

.8
≥1

.9
≥2

.0
≥2

.1
≥2

.2
≥2

.3
≥2

.4
≥2

.5
≥2

.6
≥2

.7
≥2

.8
≥2

.9
≥3

.0
≥3

.1
≥3

.2
 a

tr
ip

ec
tu

s
1

1
1

 c
ab

ov
er

de
ns

is
1*

1*
1

2
1

1
4

1
3

1
1

1

 d
ra

co
ce

ph
al

us
2

1
1

1

 lo
ng

ic
ep

s
1*

*
1

1
1

1
2

3
1

 m
en

da
x

1
1

2
1

1

 m
ile

s
1*

1*
4

3
6

4
2

1
5

6
4

3

af
f. 

m
ile

s
1

1
1

1
1

 tu
rg

id
us

1
1

1
1

1
1

 g
ue

nt
he

ri
1

3
1

2
2

1
1

1

 la
cr

im
at

us
1

1
1

 s
ol

om
on

en
si

s
2

1
2

2
1

 tr
ic

hi
ur

us
1

3
2

2
2

2
2

3
1

1

 a
by

ss
al

is
1

1
1

 g
ra

ci
lis

1
1

1

 m
el

an
oc

ep
ha

lu
s

1
1

1

 c
at

en
a

4
7

1
2

2
2

3
5

1
1

 p
ro

m
el

as
1

1
1

1
2

1
2

co
lli

cu
li

O
L 

: O
H

O
H

 : 
O

T

Tenuicephalus
O

L 
: T

C
L

Porogadus

miles Group trichiurus 
Group

gracilis
Group

catena
Group

separated

fused

 m
el

am
pe

pl
us

1
1

1

 m
ul

tit
ra

bs
3

2
1

1
1

2
2

 s
ilu

s

 s
qu

am
ila

br
us

3
1

2
1

1
1

1

* 
in

 s
m

al
l s

pe
ci

m
en

s
**

 in
 la

rg
es

t s
pe

ci
m

en

Tenuicephalus



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  23

Taxonomy

Order Ophidiiformes Berg, 1937

Suborder Ophidioidei Berg, 1937

Family Ophidiidae Rafinesque, 1810

Subfamily Neobythitinae Radcliffe, 1913

genus Porogadus goode & Bean, 1885

Porogadus Goode & Bean, 1885: 602, type species by monotypy Porogadus miles Goode & Bean, 1885.
Dermatorus Alcock, 1890: 298, type species by monotypy Dermatorus trichiurus Alcock, 1890.
Celema Goode & Bean, 1896: 329, type species by subsequent designation Porogadus nudus vaillant, 1888.
Moebia Goode & Bean, 1896: 331, type species by monotypy Bathynectes gracilis Günther, 1878.
Porogadus: Cohen & Nielsen, 1978; Nielsen, Cohen, Markle & Robins, 1999.

Diagnosis (adopted and altered from Nielsen et al., 1999). A genus of the subfamily Neobythitinae characterized 
by the following combination of characters: Body long and slender; depth at anus more than 10 times in standard 
length, prominent mucous cavities and large pores along the infraorbital and mandibular-preopercular canal sys-
tems; spines on head variably developed but at least containing ethmoidal spine; upper jaw ends well behind eye; 1 
median basibranchial tooth patch, rarely 1 pair of small lateral basibranchial tooth patches in addition; lateral line 
represented by 3 rows of circular organs variously developed from one species to another and by a row of easily 
shed modified scales; developed gill rakers 11 to 21; pectoral-fin rays 15 to 23; precaudal vertebrae 16 to 19; ratio 
HL:HD 1.5 to 2.1; vomer with 1 to 7 rows small villiform teeth (except P. guentheri with only few teeth); palatine 
with 2 to more than 6 rows small villiform teeth.
 Similarity. Porogadus shares with Alcockia Goode & Bean, 1896, Bathyonus Goode & Bean, 1885, Penopus 
Goode & Bean, 1896 and Tenuicephalus n. gen. described in the following the slender body and mucous cavities 
on the head. These genera were considered to be interrelated by Cohen & Nielsen (1978) with whom we agree. 
Alcockia further shares with Porogadus the presence of sharp spines on the head, but differs in the presence of 2 
median basibranchial tooth patches (vs 1, occasionally flanked by a small pair of tooth patches), 7 developed rakers 
on the first gill arch (vs 11 to 21), and the upper jaw terminating beyond eye (vs well behind eye). Alcockia is further 
characterized by a doubled infraorbital canal system below the eye, underlain by a bony ridge towards the upper jaw, 
a much widened and serrated preopercle and specialized scales on certain positions of the head (Fig. 2). Bathyonus 
differs from Porogadus in the large head (HL about ½ preanal length and c. 20% of SL vs 14–18.5% of SL), absence 
of prominent spines on head and lower rays of pectoral fin free. Bathyonus is further characterized by a broad head 
with numerous small sensory papillae along the mandible and three small papillae on the opercle (Fig. 2). Penopus 
shares with Porogadus also the lateral line system and the upper jaw terminating far beyond the eye but differs in the 
anteriorly very depressed head with the snout long and projecting over mouth, the absence of head spines except for 
a strong opercular spine and 4 to 5 spines at the lower angle of the preopercle, the very small non-imbricate scales 
on the head (Fig. 2) and the 8 to 10 developed gill rakers on the first gill arch (vs 11 to 21). For differentiation from 
the new genus Tenuicephalus see below.
 Species. We consider 10 of the previously described 15 species as valid for Porogadus and describe 6 new 
species in the following: Porogadus abyssalis Nybelin, 1957 from the deep Atlantic Ocean, P. atripectus Garman, 
1899 from the East Pacific, P. caboverdensis n. sp. from the East Atlantic, P. catena (Goode & Bean, 1885) from 
the Atlantic, P. dracocephalus n. sp. from the Indo-West Pacific, P. gracilis (Günther, 1878) from the Indo-West Pa-
cific, P. guentheri Jordan & Fowler, 1902 from the North-West Pacific off Japan, P. lacrimatus n. sp. from the West 
Pacific, P. longiceps Garman, 1899 from the East Pacific, P. melanocephalus Alcock, 1891 from the Indian Ocean, 
chiefly the Gulf of Bengal, P. mendax n. sp. from the East Atlantic, P. miles Goode & Bean, 1885 worldwide under 
tropical to temperate seas except the East Pacific, P. promelas Gilbert, 1892 from the East Pacific, P. solomonensis 
n. sp. from the West Pacific, P. trichiurus (Alcock, 1890) from the Indo-West Pacific and P. turgidus n. sp. from the 
East Atlantic.
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 Species groups. The head proportion in combination with shape of the snout and the presence and intensity 
of spines on the head represent the best means to visually identify species groups. We recognize 4 species groups 
within Porogadus, but follow Nybelin (1957) in not assigning formal subgeneric ranking to them at this stage. Even 
though nominal generic names are available for three of the four species groups, we believe that a more extensive 
phylogenetic analysis is required before further taxonomic division can be justified. The four species groups are as 
follows.

1.  Porogadus miles Group. The species of the Porogadus miles group are characterized by the combination of a 
long head with a slender snout and abundant and strong head armature. It comprises the largest group and in-
cludes P. atripectus, P. caboverdensis n. sp., P. dracocephalus n. sp., P. longiceps, P. mendax n. sp. P. miles and 
P. turgidus n. sp. However, the two species P. atripectus and P. turgidus n. sp. are intermediate in many char-
acters with the following group in respect to the head proportions but have the slender snout of the Porogadus 
miles Group.

2.  Porogadus trichiurus Group. Specimens of the Porogadus trichiurus group have a short head with intense head 
armature and a broad snout. It comprises the second largest group with four species: P. guentheri, P. lacrimatus 
n. sp., P. solomonensis n. sp. and P. trichiurus.

3.  Porogadus gracilis Group. This species group is characterized by a slender head and snout with weak spines 
and comprises the species P. abyssalis, P. gracilis and P. melanocephalus.

4.  Porogadus catena Group. This group contains only two species with a short head and snout and weak spines: 
P. catena and P. promelas.

Key to the species of Porogadus
(see also tables 1 to 7)

1 Well developed spines on different positions of the head  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
- No or weak spines on the head except for ethmoidal and occasionally infraorbital spines . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2 HL:HD = 1.81–2.08 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
- HL:HD = 1.52–1.80 (rarely 1.82) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3 Lower lateral line pores until beginning of anal fin 22–26  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
- Lower lateral line pores until beginning of anal fin 16–21  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4	 Long	gill	rakers	≤13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
-	 Long	gill	rakers	≥14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
5 Predorsal >19% of SL; small opercular flap; sulcus of otolith with divided colliculi  . . . . . . . . . . . . . . . . Porogadus	longiceps
- Predorsal 17–18% of SL; large opercular flap with radial ridges; sulcus of otolith with undivided colliculi . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	mendax	n. sp.
6 Maxilla with scales on rear portion; sulcus of otolith with divided colliculi; otolith length to total colliculi length <2.0  . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Porogadus	miles
- Maxilla without scales; sulcus of otolith with undivided colliculum; otolith length to total colliculum length >2.1 . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	mendax	n. sp.
7 vomer narrow, with 1–3 rarely 4 rows of teeth; sulcus of otolith with undivided colliculum . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
- vomer wide, with 4–5 rows of teeth; sulcus of otolith with divided colliculum . . . . . . . . . . . . . . . . 	Porogadus	turgidus n. sp.
8 Palatines narrow, with 2–5 rows of teeth; maxilla with no or single line of scales along upper rim; otolith length to total colliculi 

length <2.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Porogadus	dracocephalus n. sp.
- Palatines wide, with 4–9 rows of teeth; maxilla with scales on rear portion; otolith length to total colliculi length >2.1  . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	caboverdensis n. sp.
9 vomer naked or with few teeth or 1–2 rows of teeth; opercular spine sharp, free . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
- vomer with 2–5 rows of teeth (rarely 1 row in P. trichiurus); opercular spine flap like . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
10 HL:HD = 1.52–1.60; predorsal = 15.4–16.3; gill rakers not bladed  . . . . . . . . . . . . . . . . . . . . . . .  Porogadus	lacrimatus	n. sp.
- HL:HD = 1.71–1.80; predorsal = 13.7–14.7; gill rakers bladed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Porogadus	guentheri
11 Developed gill rakers 18–21, with no or very few intermittent plates; palatines with 2–4 rows of teeth; OL:OH = 1.1–1.3  . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	trichiurus
- Developed gill rakers 15–17 (rarely 18), with many and regularly occurring plates in between; palatines with 5 or more rows of 

teeth; OL:OH = 1.5–1.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
12 Spines along inner rim of preopercle; small scales around eye; median basibranchial without lateral pair (single rarely 

present)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Porogadus	atripectus
- No spines along inner rim of preopercle; no scales around eye; median basibranchial and paired basibranchial  . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Porogadus	solomonensis n. sp.
13 HL:HD = 1.73 (rarely 1.70)–2.09, with long slender snout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
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- HL:HD = 1.50–1.70 (rarely 1.73), with short, stubby snout  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
14 Precaudal vertebrae 19; pectoral fin rays 20–23  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	abyssalis
- Precaudal vertebrae 16–18; pectoral fin rays 15–19  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
15 Head black; palatine with 5–7 rows of teeth; otolith length to total colliculum length = 3.3  . . . . . Porogadus	melanocephalus
- Head brown like body; palatine with 3–5 rows of teeth; otolith length to total colliculum length = 2.5. . . . .Porogadus	gracilis
16 Supratemporal and postemporal spines weak; scales on cheeks and opercle equally large; OH:OT = 1.1–1.2; dorsal rim of oto-

lith regularly rounded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	catena
- No supratemporal and postemporal spines; scales on cheeks larger than scales on opercle OH:OT = 1.25–1.5; dorsal rim of 

otolith anteriorly expanded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Porogadus	promelas

Porogadus	miles	group

Porogadus	atripectus garman, 1899
Figs. 7–8, 44, 49, Tab. 1–7

Porogadus atripectus Garman, 1899: 154, pl. 37, fig. 3; Nielsen et al. 1999: 86; Castellanos-Galindo et al. 2006:198.

Material examined (30 specimens): MCZ 28657 (lectotype), 253 mm SL, off Pacific Panama, 05°30’N 86°45’W, 
1951 m, R/v Albatross, large beam trawl, 27 February 1891; MCZ 28656 (paralectotype), Gulf of Panama, 
07°05’30”N 79°40’W, 2322 m, R/v Albatross, large beam trawl, 10 March 1891; MCZ 28658 (paralectotype), 
193 mm SL, off Mexico, 16°34’N 100°03’W, 1229 m, R/v Albatross, small beam trawl, 11 April 1891; LACM 
36550-5 (3 specimens), 233–258 mm SL, off California, R/v velero Iv, IKMT Isaacs-Kidd Midwater Trawl, 26 
January 1977; SIO 61-175 (3 specimens), 130–268 mm SL, Cabo San Lorenzo, 23°07’N 113°15’W, 3515 m, 10-ft 
beam trawl, Rv Spencer F Baird, collected by Mr. Parker, 3 May 1961; SIO 68-82 (5 specimens), 110–225 mm 
SL, Guaymas Basin, 27°12’N 111°25’W, 1875 m, R/v Thomas Washington, sta. Mv 68-I-49, 41-ft ballon trawl, 
collected by Carl L. Hubbs & party, 15–16 January 1968 ; SIO 70-248 (2 specimens), 198–216 mm SL, Guaymas 
Basin, 27°16’N 111°25’W, 1880 m, Operation Blind Spot, 25-ft otter trawl, collected by R. McConnaughey, 14 Jun 
1970; SIO 70-249 (2 specimens), 185+ and 227 mm SL, Guaymas Basin, 27°17’N 111°26’W, 1875 m, Operation 
Blind Spot, 25-ft otter trawl, collected by R. McConnaughey, 15 Jun 1970; SIO 81-148 (2 specimens), 260 mm 
SL, Panama Basin, 5°10.5‘N 81°40.8‘W, 3900–4000 m, R/v Melville, 40-ft otter trawl, collected by R. Wilson, 3 
October 1931; SIO 89-108 (1 specimen), 225 mm SL, San Clemente Basin, 32°36’N 118°10’W, 1500–1940 m, R/v 
Robert Gordon Sproul, collected by R. Kaufman, 12 September 1989; USNM 405735 (9 specimens), 169–277 mm 
SL, 04°17’S 81°44’W, 1815–1860 m, R/v Anton Bruun, Cruise 18B, Sta. 766, 72 ft shrimp trawl, collected by L.W. 
Knapp, 9 September 1966.
 Diagnosis. Precaudal vertebrae 17–18; long gill rakers on first gill arch 15–18; HL:HD 1.6–1.8 (rarely 1.52–
1.6); head spines strong on ethmoidal, sphenotic, outer posttemporal, inner preopercular rim, weak on lacrimal, 
prefrontal, interorbital, 5th infraorbital, absent on supraorbital, supratemporal, and outer preopercular rim; opercular 
spine flat, weak; lower lateral line pores until beginning of anal fin 17–20; vomer with broad dentition patch (2–4 
rows); palatines with broad dentition patch (5–7 rows); otolith with single colliculum and step at collum; OL:OH = 
1.45–1.65.
 Description. Meristics: precaudal vertebrae 18 (17–18), 0 (0–2) last vertebrae without ribs; pectoral-fin rays 20 
(16–20); D/v = 5 (5–7); D/A = 28 (24–29); v/A = 19 (18–20); long gill rakers on lower gill arch 16 (15–18). Gill 
rakers in a paralectotype (MCZ 28658) on lower first gill arch with seven plate-shaped rakers, followed by a series 
of 17 long rakers. The lower 13 of those intercepted by single plate shaped rakers. Upper gill arch with a series of 
three five plate shaped rakers intercepted by three slightly longer rakers.
 Morphometrics: in % of SL: HL 15.8 (14.7–17.6); maximal HD 9.2 (8.8–10.6); HD through center of eye 
5.8 (5.6–7.3); bony interorbital width 3.9 (3.0–4.1); snout length 5.3 (4.7–5.7); upper jaw length 9.4 (8.6–10.9); 
predorsal 17.2 (15.5–19.1); preanal 31.2 (30.3–35.4); prepelvic 13.4 (11.3–14.5); prepectoral 15.6 (15.0–17.6); 
pectoral length 7.4 (7.4–10.4). Relations: HL:HD = 1.71 (1.61–1.80, rarely down to 1.52); HL to snout length 2.96 
(2.78–3.25); preanal to predorsal 1.82 (1.65–2.01); predorsal to prepectoral 1.10 (1.03–1.16).
 Slender fish with long tapering tail and moderately pointed snout. Maximal size of fishes investigated 277 mm 
SL. Head moderately long and slender, with straight or slightly concave dorsal profile, with mostly weak spines as 
follows: 1 strong spine on ethmoidal, 2–3 strong spines along sphenotic, 1–2 strong spines on outer posttemporal, 
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3–4 spines along inner preopercular rim, narrow ridge on lacrimal, 1 weak spine on prefrontal, 2 weak spines on 
interorbital, no or 1 spine on 5th infraorbital, no spines on supraorbital, supratemporal, and along outer preopercu-
lar rim. Opercle with flat, weak, poorly extruding spine. Eye small located in strongly asymmetric orbit. Maxilla 
extending far beyond eye, strongly widened posteriorly and with distinct supramaxilla. Infra-/postorbital and man-
dibular-preopercular pores wide, pores on occiput in front of nape. Head squamation on opercle, cheeks and occiput, 
small scales surrounding eye, no scales on snout and maxilla (Garman 1899 shows scales on maxilla). Opercle with 
two distinct large neuromasts behind preopercular edge; opercular flap small, with or without radial ridges, com-
pletely covered with scales. All three lateral line rows well visible. Upper lateral line row with 9–12 pores; lower 
lateral line row with 17–20 pores until beginning of anal fin; central lateral line row long, lower and central lateral 
line rows fading behind beginning of anal fin.

FIguRe 7. Porogadus atripectus Garman, 1899; LACM 36550-5, off California; 7A–B, 258 mm SL; 7C, 233 mm SL.
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FIguRe 8. Porogadus atripectus Garman, 1899; 8A–B, SIO 89-108, 225 mm SL, 32°36’N, 118°10’W, 1500–1940 m, head 
drawings; 8C–D, USNM 405735, 236 mm SL, 04°17’S, 81°44’W, 1815–1860 m, head drawings; 8e–F, MCZ 28657, lectotype, 
253 mm SL,05°30’N, 86°45’W, 1951 m, otolith (E inner face, F ventral view).

 Dentition. All teeth tiny and cone-shaped. vomer with a v-shaped dentition patch with 2–4 rows of teeth anteri-
orly; palatines with a long and moderately wide dentition patch with 5–7 rows. Premaxilla tooth patches not fused 
anteriorly; ca. four teeth rows anteriorly and 1–2 rows posteriorly. Dentary tooth patches not fused anteriorly; ca. 
four teeth rows anteriorly and one row posteriorly. Median basibranchial tooth patch short to moderately long and 
wide, rarely with single tiny lateral patch.
 Otolith morphology (n = 2). Size up to 4.4 mm in length; OL:OH = 1.45–1.65; OH:OT c. 2.5. Thin, oval, mod-
erately elongate otolith, anteriorly rounded, posteriorly slightly tapering. Dorsal rim with obtuse angle in front of 
middle; ventral rim shallow, regularly curving. All rims smooth. Inner face nearly flat, smooth, with short, centrally 
positioned sulcus; OL:TCL = 2.4. Sulcus with shallow, undivided colliculum showing step in shape along ventral 
margin at collum.
 Coloration. Live coloration not known. Color of preserved specimens light to medium brown; pectoral fin 
slightly darker; head darker than body, particularly opercle.
 Discussion. Porogadus atripectus differs from all other species of the Porogadus miles Group in the less slen-
der	head	(HL:HD	≤	1.8	vs	>	1.8),	and	the	flat	and	weak	opercular	spine.	Also,	the	head	spines	are	generally	less	and	
weaker in many cases than in other species of the Porogadus miles Group. Because of the less slender head shape, 
P. atripectus resembles fishes of the Porogadus trichiurus Group but differs from them in the lower number of 
long gill rakers (15–17, rarely 18 vs 18–21, except 16–17 in P. solomonensis n. sp.), the longer preanal (30.3–35.4 
vs 26.7–30.0), and the presence of scales on frontal, occiput and around eye (vs no scales on frontal, occiput and 
around eye, except on occiput in P. trichiurus). Because its relatively weak head spines P. atripectus also resem-
bles the species of the Porogadus gracilis Group but differs in the presence of spines along the inner margin of the 
preopercle (vs absent), the scales around the eye (vs absent), and the larger and more elongate otolith (OL:OH = 
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1.45–1.65 vs 1.15–1.25). It thus appears that P. atripectus stands somewhat isolated from the other members of the 
Porogadus miles Group and morphologically somewhat intermittent to the Porogadus trichiurus and Porogadus 
gracilis groups.
 Distribution. Porogadus atripectus is endemic to the East Pacific off the shores of America from 32°N to at 
least 04°S (Fig. 44). It has been caught mostly between 1800 and 4000 m, rarely up to 1200 m on the lower reaches 
or the base of the continental slopes. There does not appear to be a relationship of fish sizes with depth of occur-
rence. Porogadus atripectus does not appear to venture away from the slope for more than about 500 km (Fig. 50).

Porogadus	caboverdensis n. sp.
Figs. 9–10, 44, 49, Tab. 1–7

Material examined (10 specimens): Holotype BMNH 1991.7.9.826, 330 mm SL, 22°08’N 21°48’W (Cape verde 
Basin), 4527–4630 m, R.R.S. Discovery Cruise, collected by N. Merrett, 02 September 1990; paratypes BMNH 
1995.11.22.1-3 (3 specimens), 160–262 mm SL, 20°55’N 31°11’W (Cape verde Basin), 4500–4610 m, R.R.S. 
Discovery Cruise semi-balloon otter trawl, collected by N. Merrett, 16 October 1993; BMNH 1995.11.22.12-14, 
122–290 mm SL, 20°53’N 31°13’W (Cape verde Basin), 4480–4565 m, R.R.S. Discovery Cruise semi-balloon 
otter trawl, collected by N. Merrett, 4 October 1993; BMNH 1995.10.31.9, 274 mm SL, 20°53’N 31°13’W (Cape 
verde Basin), 4000+ m (no depth recorded), R.R.S. Discovery Cruise semi-balloon otter trawl, collected by N. Mer-
rett, 1 October 1993; BMNH 1998.8.9.9525-9526, 100+ and 225 mm SL, 20°08’N 24°49’W(Cape verde Plateau), 
4500–4600 m, R.R.S. Discovery Cruise semi-balloon otter trawl, collected by N. Merrett, 24 September 1990.
 Diagnosis. Precaudal vertebrae 17–18; long gill rakers on first gill arch 13–14; HL:HD 1.8–2.0; all head spines 
strong, present on ethmoidal, lacrimal, prefrontal, interorbital, supraorbital, sphenotic, 5th infraorbital, supratem-
poral, inner and outer posttemporal, inner preopercular rim, absent along outer preopercular rim; opercular spine 
sharp, strong, extruding; lower lateral line pores until beginning of anal fin 16–18; vomer with narrow dentition 
patch (1–3, rarely 4 rows of teeth); palatines with broad dentition patch (4–9 rows of teeth); otolith with single, 
uniform colliculum; OL:OH = 1.3–1.5 (1.05–1.2 in specimens <200 mm SL); OL:TCL = 2.1–2.45.
 Description. Meristics: precaudal vertebrae 18 (17–18), 1 (1–2) last vertebrae without ribs; pectoral-fin rays 
19 (17–20); D/v = 6 (5–6); D/A = 28 (25–28); v/A = 20 (18–20); long gill rakers 13 (13–14). Gill rakers on lower 
first gill arch with five plate-shaped rakers, followed by a series of 13 long rakers in holotype (13–14). The lower 
seven of those intercepted by single plate shaped rakers. Upper gill arch with a series of five plate shaped rakers 
intercepted by three slightly longer rakers.
 Morphometrics: in % of SL: HL 15.7 (15.7–17.5); maximal HD 8.2 (8.2–9.3); HD through center of eye 5.5 
(5.0–6.0); bony interorbital width 3.2 (3.0–3.5); snout length 5.6 (5.6–6.2); upper jaw length (9.5–10.7); predor-
sal 17.0 (17.0–19.8); preanal 30.0 (30.0–35.3); prepelvic 12.8 (12.8–14.7); prepectoral 15.7 (14.5–17.7); pectoral 
length 8.8 (8.8–11.8). Relations: HL:HD = 1.90 (1.79–1.98); HL to snout length 2.78 (2.74–2.96); preanal to pre-
dorsal 1.76 (1.61–1.80); predorsal to prepectoral 1.08 (1.06–1.12).
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 330 mm SL. 
Head long and slender, with straight or slightly convex dorsal profile, with strong spines as follows: ethmoidal (1), 
lacrimal (ridge with up to 4 spines), prefrontal (1), interorbital (2), supraorbital (1–2), sphenotic (3–4), 5th infraor-
bital (2–4), supratemporal (1), inner and outer posttemporal (4–5), inner preopercular rim (5, the upper 3 being the 
most prominent); no spines along outer preopercular rim. Opercle with sharp, strong, extruding spine. Eye moder-
ately small located in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly 
and with distinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide, several pores on occiput 
along inner edges of temporal and sphenotic spines. Head squamation on opercle, cheeks and occiput, rear portion 
of maxilla and in front of eyes and extending partly on snout. Opercle with three distinct large neuromasts behind 
preopercular edge; opercular flap large, with radial ridges along lower margin, rear part of opercle may be without 
scales. All three lateral line rows well visible. Upper lateral line row with 8–10 pores; lower lateral line row with 
16–19 pores until beginning of anal fin; central lateral line row long, lower and central lateral line rows fading be-
hind beginning of anal fin.
 Dentition. All teeth tiny and cone-shaped. vomer with a v-shaped dentition patch with 1–3 (rarely 4) rows of 
teeth anteriorly; palatines with a long and moderately wide dentition patch with 4–9 rows. Premaxilla tooth patches 
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not fused anteriorly; ca. seven teeth rows anteriorly and 2–3 rows posteriorly. Dentary tooth patches not fused ante-
riorly; ca. five teeth rows anteriorly and 1–2 rows posteriorly. Median basibranchial tooth patch long and wide.
 Otolith morphology (n = 7). Size up to 3.65 mm in length (holotype); OL:OH = 1.05–1.5, increasing with size 
(1.05–1.2 in specimens <200 mm SL, 1.3–1.5 in specimens >200 mm SL); OH:OT = 2.4–3.6. Thin, oval, moder-
ately elongate otolith, anteriorly rounded, posteriorly slightly pointed or rounded. Dorsal rim with obtuse predorsal 
angle; ventral rim regularly curving. All rims smooth. Inner face nearly flat, smooth, with short, centrally positioned 
sulcus; OL:TCL = 2.1–2.45. Sulcus with shallow, undivided, rather uniform colliculum showing ventral indentation 
towards posterior tip marking ostial-caudal joint. Dorsal field with broad, indistinct depression; ventral field with 
broad, half moon shaped ventral furrow. Outer face smooth, with moderate central umbo.

FIguRe 9. Porogadus caboverdensis n. sp.; 9A, BMNH 1995.11.22.1, paratype, 160 mm SL 20°55’N, 31°11’W, 4500–4610 
m; 9B, BMNH 1991.7.9.826, holotype, 330 mm SL, 22°08’N, 21°48’W, 4527–4630 m; 9C, BMNH 1998.8.9.9525, paratype, 
225 mm SL, 20°08’N, 24°49’W, 4500–4600 m.

 Coloration. Live coloration not known. Color of preserved specimens medium brown; head and belly darker 
than body, particularly opercle.
 Discussion. Porogadus caboverdensis is a typical member of the Porogadus miles Group and resembles P. 
miles, P. longiceps, P. mendax n. sp., P. dracocephalus n. sp., and P. turgidus n. sp. in the long and slender head 
(HL:HD >1.75) and the many and intense spines on the head. It differs from P. miles, P. longiceps and P. mendax 
in the lower number of lower lateral line pores until the beginning of the anal fin (16–19 vs 21–26), the narrow 
dentition on the vomer (1–3 rows, rarely 4 vs 3–7 rows, rarely 2) and the compressed otolith (OL:OH = 1.05–1.5 
vs 1.7–2.0, rarely 1.6). Porogadus caboverdensis differ from P. turgidus in the narrow vomer (1–3, rarely 4 rows of 
teeth vs 4–7 rows) and in the single, uniform colliculum in the sulcus (vs separated colliculi). From P. dracocepha-
lus it differs in the wide palatines with 4–9 rows of teeth (vs 2–5 rows), the mostly higher preanal ratio (30.0–35.3 
vs 28.6–30.6 % of SL) and the higher ratio OL:TCL of >2.1 (vs <2.0).
 Distribution. Porogadus caboverdensis is a deep-water species that has only been caught below 4480 m in 
the Cape verde Basin off northwestern Africa, where it occurs together with two other deep-water species, i.e., P. 
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mendax and P. turgidus. 
 etymology. Named after the deep water Cape verde Basin (Cabo verde in local Portuguese language), from 
where this species so far is exclusively recorded.

FIguRe 10. Porogadus caboverdensis n. sp.; 10A–B, BMNH 1991.7.9.826, holotype, 330 mm SL, 22°08’N, 21°48’W, 
4527–4630 m, head drawings; 10C–e, BMNH 1995.11.22.3, paratype, 258 mm SL, 20°55’N, 31°11’W, 4500–4610 m, otolith 
(C anterior view, D inner face, E ventral view); 10F–g, BMNH 1991.7.9-826, holotype, 330 mm SL, 22°08’N, 21°48’W, 
4527–4630 m, otolith (F inner face, G ventral view); 10H, BMNH 1995.11.22.12, 290 mm SL, 20°53’N, 31°13’W, 4480–4565 
m, otolith; 10I–J, BMNH 1998.8.9.9525, 225 mm SL, 20°08’N, 24°49’W, 4500–4600 m, otolith (I inner face, J ventral view); 
10K–L, BMNH 1995.11.22.13, 165 mm SL, 20°53’N, 31°13’W, 4480–4565 m, otolith (K inner face, L ventral view); 10M–N, 
BMNH 1995.11.22.14, 122 mm SL, 20°53’N, 31°13’W, 4480–4565 m, otolith (M inner face, N ventral view).

Porogadus	dracocephalus n. sp.
Figs. 3, 11–12, 44, 49, Tab. 1–7

Porogadus trichiurus (not Alcock, 1890): Norman 1939: 77.
?Porogadus miles (not Goode & Bean, 1885): Machida & Amaoka 1990: 66, fig. 3.
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Material examined (8 specimens): Holotype: MNHN 2002-3875, 144 mm SL, 09°00’S 159°49’E, 1169–1203 m, 
Solomon 1 expedition, Sta. cpl1754, 26 September 2001; paratypes: BMNH 1939.5.24.1453, 131 mm SL, John 
Murray Expedition station 1933-34, sta. 26, Gulf of Aden, 12°29’N 50°51’E, 2312 m, 11 October 1933; BMNH 
1939.5.24.1455, 130 mm SL, John Murray Expedition 1933-34, sta. 118, off Zanzibar, 04°05-17’S 41°10-11’E, 
1789 m, 17 January 1934; MNHN F-470, Madagascar exp. sta. 126, 153 mm SL, off Madagascar, 17°50’S 43°07’E, 
1475–1530 m, collected by Dr. A. Crosnier, 16 January 1975; MNHN 2021-0161 (ex MNHN 2002-3875), 122+ 
mm SL,same data as for Holotype; NSMT-P 63890, 133 mm SL, Okinawa Trough, 25°25’N 124°57’E, 2133 m, 3 
m ORE Beam Trawl, 25 April 2002; NSMT-P 98894, 320 mm SL, collected by S. Kojima, 4 m ORE Beam Trawl, 
North slope of Ryukyu Trench, 24°51’N 127°25’E, 4466–4634 m, 18 May 2005; tentatively assigned specimen: 
BMNH 1939.5.24.1454, 177 mm SL, John Murray Expedition 1933-34, sta. 62, Arabian Sea, 22°53-56’N 64°56’E, 
1893 m, 18 November 1933.
 Diagnosis. Precaudal vertebrae 17–18; long gill rakers on first gill arch 13–15; HL:HD 1.97–2.08; distance of 
pelvic base to beginning of anal fin 0.72–0.98 times head length; all head spines strong, present on ethmoidal, lac-
rimal, prefrontal, interorbital, supraorbital, sphenotic, 5th infraorbital, supratemporal, inner and outer posttemporal, 
inner and outer preopercular rims; opercular spine sharp, strong, extruding; maxilla without scales or a single line of 
scales along upper margin; lower lateral line pores until beginning of anal fin 19–21; vomer with narrow dentition 
patch (1–2 rows of teeth); palatines with narrow dentition patch (2–5 rows of teeth); otolith with single, uniform 
colliculum; OL:OH = 1.4–1.5; OL:TCL = 1.9–2.0.
 Description. Meristics: precaudal vertebrae 18 (17–18), 1 (0–1) last vertebrae without ribs; pectoral-fin rays 
18 (16–18); D/v = 5 (5–7); D/A = 24 (24–28); v/A = 18 (17–20); long gill rakers on first lower gill arch 13 (13–15, 
19 in tentatively assigned specimen). Gill rakers in holotype on lower first gill arch with seven plate-shaped rakers, 
followed by a series of 13 long rakers. The lower five of those intercepted by single plate shaped rakers. Upper gill 
arch with a plate shaped rakers followed by three short rakers intercepted by plate shaped rakers and then additional 
two plate shaped rakers.
 Morphometrics: in % of SL: HL 16.5 (16.5–17.6); maximal HD 8.3 (8.1–8.9); HD through center of eye 5.7 
(5.2–5.7); bony interorbital width 4.3 (3.4–4.3); snout length 5.5 (5.5–5.9); upper jaw length 9.5 (9.5–10.1); predor-
sal 16.5 (16.5–18.2); preanal 28.6 (28.6–30.6); prepelvic 13.1 (13.1–14.9); prepectoral 17.2 (16.1–17.8); pectoral 
length (9.0–10.1). Relations: HL:HD = 1.97 (1.97–2.08); HL to snout length 3.01 (2.87–3.02); preanal to predorsal 
1.73 (1.60–1.76); predorsal to prepectoral 0.96 (0.96–1.08).
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 320 mm SL. 
Head long and very slender, with flat dorsal profile, with strong spines as follows: ethmoidal (1), lacrimal (1–3 
spines, increasing with fish size), prefrontal (1), interorbital (3), supraorbital (2–3), sphenotic (3–4), 5th infraorbital 
(1–3), supratemporal (2), inner and outer posttemporal (4–5), inner preopercular rim (3–4), outer preopercular rim 
(1–4, variable in strength). Opercle with sharp, strong, extruding spine. Eye small located in strongly asymmetric 
orbit. Maxilla extending far beyond eye, strongly widened posteriorly and with distinct supramaxilla. Infra-/postor-
bital and mandibular-preopercular pores wide, no or up to 2 pores on occiput along inner edges of temporal spines. 
Head squamation on opercle, cheeks, occiput, frontal, snout, and in front of eyes, maxilla without scales or, in the 
largest specimen (Fig. 12A) with single, short row of scales along upper margin of maxilla in front of supramaxilla. 
The largest specimen (NSMT 98894) is remarkable for a complete preservation of body scales, which were used for 
Fig. 3. Opercle with two to three distinct large neuromasts behind preopercular edge; opercular flap small, with few 
radial ridges along lower margin in largest specimen. All three lateral line rows well visible. Upper lateral line row 
with 10–13 pores; lower lateral line row with 18–21 pores until beginning of anal fin; central lateral line row long, 
lower and central lateral line rows fading behind beginning of anal fin.
 Dentition. All teeth tiny and cone-shaped. vomer with a v-shaped dentition patch with 1–2 rows of teeth anteri-
orly; palatines with a long and narrow patch with 2–5 rows of teeth in the middle part. Premaxilla tooth patches not 
fused anteriorly; ca. 4 teeth rows anteriorly and 1–2 rows posteriorly. Dentary tooth patches not fused anteriorly; ca. 
3 teeth rows anteriorly and 1–2 rows posteriorly. Median basibranchial tooth patch short, moderately wide, in one 
case with pair of tiny lateral tooth patches.
 Otolith morphology (n = 2). Size up to 4.35 mm in length (NSMT 98894); OL:OH = 1.4–1.5; OH:OT c.2.6. 
Thin, oval, moderately elongate otolith, anteriorly and posteriorly rounded. Dorsal and ventral rims regularly curv-
ing. All rims smooth. Inner face nearly flat, smooth, with short, centrally positioned sulcus; OL:TCL = 1.9–2.0. 
Sulcus with shallow, undivided, uniform, oval colliculum. Dorsal field with broad, indistinct depression; ventral 
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field with faint ventral furrow. Outer face smooth, with weak central umbo.
 Coloration. Live coloration not known. Color of preserved specimens medium to reddish brown; head slightly 
darker than body, opercle distinctly darker.

FIguRe 11. Porogadus dracocephalus n. sp.; 11A–B, NSMT-P 98894, paratype, 320 mm SL, 24°51’N, 127°25’E, 4466–4634 
m; 11C–e, MNHN 2002-3875, holotype, 144 mm SL, 09°00’S 159°49’E, 1169–1203 m.

 Discussion. Porogadus dracocephalus is similar to P. miles with which it may geographically overlap off Ja-
pan and elsewhere in the western Pacific. A single specimen from the John Murray Expedition from the Arabian 
Sea (BMNH 1939.5.24.1454) is only tentatively placed in P. dracocephalus because of its unusually high number 
of long rakers on the first gill arch (19 vs 13–15), which nevertheless could be just within the expected range of 
variability. In all other characters, this specimen resembles the type-series well. A single large specimen from the 
Ryukyu Trench of southern Japan (NSMT-P 98894) differs from the other type specimens in the larger size (320 
mm SL vs 130–170 mm SL) and the complete preservation of body squamation. It thus represents a rare instance 
where head and body squamation can be studied in full extend. Unfortunately, it has an open mouth which prohibits 
certain measurements, e.g., head length and predorsal and preanal lengths. However, the spines on the head, the 
restricted squamation on the maxilla, the number of lower lateral line pores, vomer and palatine dentition and last 
but not least the otolith morphology confirms the attribution to P. dracocephalus. In this respect it needs to be noted 
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that not all specimens of P. miles recorded from off Japan by Machida & Amaoka (1990) were available for review, 
in particular not the southernmost specimen from the Ryukyu back arch basin (ZUMT 54316) and the unusual deep 
catch of ZUMT 54315. The very detailed head drawing of ZUMT 54316 shows complete squamation on cheeks, 
opercle and top of head, but no scales on the maxilla, which would be consistent with P. dracocephalus but not P. 
miles. It is therefore possible that Machida & Amaoka (1990) also contain records of P. dracocephalus which were 
then regarded as representatives of P. miles.

FIguRe 12. Porogadus dracocephalus n. sp.; 12A–B, NSMT-P 98894, paratype, 320 mm SL, 24°51’N, 127°25’E, 4466–
4634 m, head drawing; 12C, BMNH 1939.5.24.1453, paratype, 131 mm SL, 12°29'N, 50°51'E, 2312 m, head drawing; 12D–e, 
MNHN 2002-3875, holotype, 144 mm SL, 09°00’S 159°49’E, 1169–1203 m, head drawing; 12F–g, NSMT-P 63890, paratype, 
133 mm SL, 25°25’N, 124°57’E, 2133 m, head drawing; 12H–I, NSMT-P 98894, paratype, 320 mm SL, 24°51’N, 127°25’E, 
4466–4634 m, otolith (H inner face, I ventral view); 12J, BMNH 1939.5.24.1453, paratype, 131 mm SL, 12°29'N, 50°51'E, 
2312 m, otolith (inner face).

 Porogadus dracocephalus differs from all other species of Porogadus in the distance from the pelvic fin base 
to the beginning of the anal fin being shorter than the head length (ratio 0.72–0.98) whereas it is of equal or con-
siderable larger length in all other species (ratio 0.98–1.31). However, this is often a difficult character to reliably 
measure, particularly in fishes with open mouth. The external differences of P. dracocephalus to P. miles are all 
subtle or overlapping, e.g., number of lower lateral pores until beginning of anal fin 18–21 (vs 23–26), pectoral-fin 
rays 16–18 (vs 18–21), preanal 28.6–30.6 % of SL (vs 30.0–36.0), vomer with 1–2 rows of teeth (vs 2–5 rows), 
and palatines with 2–5 rows of teeth (vs >5 rows). The most reliable and secure character for distinction therefore 
is the otolith, when preserved, which in P. dracocephalus is relatively compressed (OL:OH = 1.4–1.5) and bears a 
short, undivided colliculum while in P. miles it is more elongate (OL:OH = 1.55–1.9) and always shows two, clearly 
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separated ostial and caudal colliculi. Porogadus dracocephalus differs from P. longiceps and P. mendax n. sp. in 
the lower number of lower lateral pores until the beginning of the anal fin of 18–21 (vs 22–24), the preanal length 
(28.6–30.6 % of SL vs 30.6–37.0 %), the narrow vomer with 1–2 rows of teeth (vs wide with 3–9 rows, rarely 2 
rows in specimens of P. longiceps <150 mm SL), the narrow palatines (2–5 rows of teeth vs 5–11 rows, except 2–5 
in specimens of P. longiceps <260 mm SL). From P. longiceps it differs additionally in the otolith showing a uniform 
colliculum (vs two separate colliculi or at least a v-shaped indentation at the collum). Porogadus dracocephalus 
differs from P. trugidus in the dentition of the vomer (narrow with 1–2 rows of teeth vs wide with 4–5 rows) and the 
palatines (2–5 rows of teeth vs 5–6 rows), the more intense spines along the inner and outer rims of the preopercle, 
the reduced squamation on the maxilla (no scales or a single short row along the upper margin of the maxilla in front 
of the supramaxilla vs rear part of the maxilla with many scales represented as scale pockets in the specimens stud-
ied), and the sulcus of the otolith with a single, undivided colliculum (vs two distinctly separated ostial and caudal 
colliculi). For distinction from P. caboverdensis see above.
 Distribution. Porogadus dracocephalus is widely distributed in the Indian Ocean from the Arabian Sea to the 
Mozambique Channel, but further south is replaced by P. miles. There are no records (yet) from the eastern Indian 
Ocean. Several records from off southern Japan (Ryukyu Chain) and off the Solomon Islands result in an apparent 
disjunctive distribution pattern. Porogadus dracocephalus may potentially overlap in geographic distribution with 
P. miles along the outer reaches of its distribution, particularly in the western Pacific. Most specimens studied of P. 
dracocephalus of sizes from 130–170 mm SL are from relatively shallow depths from about 1200 to 2300 m. The 
only confirmed large specimen (320 mm SL; NSMT-P 98894) was caught significantly deeper at 4466–4634 m. 
This depth is deeper than any of the confirmed occurrences of P. miles and could indicate that P. dracocephalus is 
migrating into great depth when growing older.
 etymology. Name composed of draconis (Latin) = dragon and cephalus (Latin) = head, referring to the dragon-
head shape of the heads of this species.

Porogadus	longiceps garman, 1899
Figs. 3, 13–14, 44, 49, Tab. 1–7

Porogadus longiceps Garman, 1899: 153, pl. F, fig. 2, pl. 76, fig. 1; Nielsen et al. 1999: 86; Castellanos-Galindo et al. 
2006:199.

Material examined (7 specimens): Lectotype MCZ 28660, 405 mm SL, off Panama, 04°56’N 80°52’W, 3240 m, 
R/v Albatross, large beam trawl, 6 March 1891; paralectotypes: MCZ 28661, 258 mm SL, off Panama, 07°15’N 
79°36’W, 1865 m, R/v Albatross, large beam trawl, 10 March 1891; MCZ 28662, 130 mm SL, 05°36’N 86°56’W, 
245 m, R/v Albatross, 28 February 1891; non-types: SIO 89-30, 476 mm SL, R/v Thomas Washington, sta. 69, 
dredge, collected by Mr. R. Comer, 10°20’N 103°39’W, 2644 m, 29 February 1988; SIO 72-108-61, 410 mm SL, 
R/v Thomas Washington, 00°48’N 86°09’W, caught at surface with dipnet, collected by Mr. M. Elston & party, 26 
June 1972; CAS (SU) 68833, 198 mm SL, 60 miles south of Isla del Coco, 04°50’N 87°00’W, collected by William 
Beebe and John Tee-van, no depth information, 30 May 1925; tentatively assigned specimen (syntype): MCZ 
28659, 465 mm SL, off Panama, 06°21’N 80°41’W, 3279 m, large beam trawl, 7 March 1891.
 Diagnosis. Precaudal vertebrae 17–19; long gill rakers on lower first gill arch 11–13; pectoral-fin rays 19–22; 
HL:HD 1.81–2.08; head spines strong in small specimens, short and poorly extruding in large specimens, present on 
ethmoidal, lacrimal, prefrontal (weak), interorbital (weak), supraorbital (weak in large specimens), sphenotic, 5th 
infraorbital, supratemporal (absent in large specimens), inner and outer posttemporal (absent in large specimens), 
inner and outer preopercular rims (absent in large specimens); opercular spine sharp, strong, extruding; maxilla with 
no or few scales at rear; lower lateral line pores until beginning of anal fin 22–24; vomer with broad dentition patch 
(3–9 rows of teeth); palatines with broad dentition patch (2–11 rows of teeth); otolith with separate ostial and caudal 
colliculi indicated by ventral incision; OL:OH = 1.75–2.1; OL:TCL = 1.8–1.9.
 Description. Meristics: precaudal vertebrae 19 (17–19), 1 (0–1) last vertebrae without ribs; pectoral-fin rays 
20 (19–22, 17–18 in tentatively assigned specimen); D/v = 6 (5–7); D/A = 28 (25–28); v/A = 20 (19–21); long gill 
rakers on lower gill arch 11 (11–13). Gill rakers in lectotype on lower first gill arch with eight plate-shaped rakers, 
followed by a series of 11 long rakers. The lower seven of those intercepted by single plate shaped rakers. Upper 
gill raker with a series of three plate shaped and three slightly longer rakers intercepted.
 Morphometrics: in % of SL: HL 17.5 (16.9–18.5); maximal HD 10.0 (8.1–10.1); HD through center of eye 
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6.7 (5.3–6.7); bony interorbital width 3.7 (3.3–3.9); snout length 5.8 (5.2–6.9); upper jaw length 10.1 (9.8–11.0); 
predorsal 19.4 (17.7–19.4); preanal 33.5 (33.0–37.0); prepelvic 15.0 (14.2–16.3); prepectoral 19.0 (17.3–20.2); 
pectoral length 10.1 (9.7–11.4). Relations: HL:HD = 1.81 (1.81–2.08, 1.72 in tentatively assigned specimen); HL to 
snout length 3.12 (2.93–3.52); preanal to predorsal 1.73 (1.73–2.01); predorsal to prepectoral 1.02 (0.97–1.11).
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 476 mm SL. 
Head long and slender, with flat dorsal profile, with strong spines in small specimens (<200 mm SL) and decreasing 
in length and strength or absent in large specimens (>400 mm SL) as follows: ethmoidal (1), lacrimal (ridge with 1 
spine), prefrontal (1 weak), interorbital (2–3, weak in large specimens), supraorbital (2, absent in large specimens), 
sphenotic (2–3), 5th infraorbital (2), supratemporal (2, absent in large specimens), inner and outer posttemporal 
(3–5, 1 in large specimens), inner preopercular rim (3, none in large specimens), outer preopercular rim (3–4, absent 
in large specimens). Opercle with sharp, strong, extruding spine. Eye small located in strongly asymmetric orbit. 
Maxilla extending far beyond eye, strongly widened posteriorly and with distinct supramaxilla. Infra-/postorbital 
and mandibular-preopercular pores wide, 1 or 2 pores on occiput along inner edges of temporal spines. Head squa-
mation on opercle, cheeks, occiput, frontal, snout (in small specimens), small scales in around eyes, maxilla without 
scales in large specimens, with small scales on rear part in small specimens. Opercle with one to three distinct large 
neuromasts behind preopercular edge; opercular flap very small, fully covered by scales, without radial ridges. All 
three lateral line rows well visible. The lectotype (MCZ 28660) is particularly remarkable for a good exposure of 
the lateral line pores, which is used for Fig. 3. Upper lateral line row with 10–11 pores (Garman 1899 figures many 
more pores); lower lateral line row with 22–24 pores until beginning of anal fin (22 in figure of Garman 1899); 
central lateral line row long, lower and central lateral line rows fading behind beginning of anal fin.
 Dentition. All teeth tiny and cone-shaped or flattened. vomer with a broad dentition patch with 5–9 rows of 
teeth anteriorly in specimens >400 mm SL and 3–4 rows in specimens <250 mm SL; palatines with broad denti-
tion patch with 7–11 rows of teeth throughout in specimens >400 mm SL and 2–5 rows in specimens <260 mm SL. 
Premaxilla tooth patches not fused anteriorly; up to 14 teeth rows anteriorly and 4–5 rows posteriorly. Dentary tooth 
patches not fused anteriorly; up to 10 teeth rows anteriorly and 3–4 rows posteriorly. Median basibranchial tooth 
patch long and wide.
 Otolith morphology (n = 4). Size up to 7.2 mm in length (lectotype); OL:OH = 1.75–2.1 (1.45 in tentatively as-
signed specimen; Fig. 14H); OH:OT c.2.6. Thin, elongate otolith, anteriorly rounded, posteriorly slightly expanded. 
Dorsal with broadly rounded predorsal lobe, ventral rims regularly curving. All rims smooth. Inner face slightly 
convex, smooth, with moderately long, centrally positioned sulcus; OL:TCL = 1.8–1.9. Sulcus with shallow, poorly 
divided colliculi (fused in tentatively assigned specimen; Fig. 14H), but separation into ostium and cauda always 
marked by indentation of ventral margin. Dorsal and ventral fields rather smooth. Outer face smooth, with weak 
central umbo.
 Coloration. Live coloration not known. Color of preserved specimens medium to reddish brown; head slightly 
darker than body, opercle distinctly darker.
 Variability and ontogeny. A large syntype (MCZ 28659) is only tentatively placed in P. longiceps because 
it somewhat differs from the other specimens in the shorter head expressed in a lower HL:HD ratio of 1.72 (vs 
1.81–2.08), the lower number of pectoral-fin rays (17–18 vs 19–22), and the compressed, rather thick otolith (OL:
OH = 1.45 vs 1.75–2.1) with fused colliculi and no predorsal lobe (Fig. 14H–J). MCZ 28659 is a large specimen 
and it is possible that all the observed differences may still fall within the variability of P. longiceps but this would 
considerably stretch the diagnosis. It is also possible that some of the differences represent pathological deforma-
tions, for instance in the otolith morphology. In any case and before further specimens have become available for 
study we consider MCZ 28659 as tentatively assigned only.
 Porogadus longiceps is also known for a distinctive and large degree of late ontogenetic changes. Garman 
(1899) noted that small specimens had much more intense spines on the head than large ones even to the extent 
that some spines totally disappear in large specimens. We confirm Garman’s observation (see above description of 
spines) and further observe that the otolith of small specimen of 258 mm SL (MCZ 28661; not figured) is consid-
erably more elongate than those of the larger specimens (MCZ 28660 and SIO 89-30; Figs. 14E–G) (OL:OH 2.1 
vs 1.75–1.85). Other aspects affected in late ontogeny are the rows of teeth on vomer, palatines and premaxilla. 
Specimens larger than 400 mm SL have 5–9 rows of teeth on the vomer, 7–11 rows on the palatines and 11–14 rows 
on the premaxilla, while specimens smaller than 260 mm SL show 2–4 rows of teeth on the vomer, 2–5 rows on 
the palatines and 4–8 rows on the premaxilla. The number of teeth on the dentary ranges from 3 to 10 rows of teeth 



SCHWARZHANS & MØLLER36  ·  Zootaxa 5029 (1) © 2021 Magnolia Press

FIguRe 13. Porogadus longiceps Garman, 1899; 13A–C, MCZ 28660, lectotype, 405 mm SL, 04°56’N, 80°52’W, 3240 m; 
13D, MCZ 28661, paralectotype, 258 mm SL, 07°15’N, 79°36’W, 1865 m.
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FIguRe 14. Porogadus longiceps Garman, 1899; 14A–B, MCZ 28660, lectotype, 405 mm SL, 04°56’N, 80°52’W, 3240 
m, head drawing; 14C–D, MCZ 28661, paralectotype, 258 mm SL, 07°15’N, 79°36’W, 1865 m, head drawing; 14e–F, MCZ 
28660, lectotype, 405 mm SL, 04°56’N, 80°52’W, 3240 m, otolith (E inner face, F ventral view); 14g, SIO 89-30, 476 mm SL, 
10°20’N, 103°39’W, 2644 m, otolith (inner face); 14H–J, MCZ 28659, tentatively assigned specimen (syntype), 465 mm SL 
06°21’N, 80°41’W, 3279 m, otolith (H inner face, I anterior view, J ventral view).
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and also appears to be increasing with size, but with a less clear trend. No comparable late ontogenetic changes have 
been observed in any of the other Porogadus species including the similarly large growing P. miles.
 Discussion. MCZ 28660 was selected as lectotype on the basis that it is the best preserved of the large syntypes 
and that it likely represents the specimen figured by Garman (1899; plate F, Fig. 2). Porogadus longiceps is the larg-
est growing species of all Porogadus species together with P. miles and is very similar to P. miles differing mainly 
in the lower number of long gill rakers (11–13 vs 14–18) and the reduced intensity of spines on the head in large 
specimens. It differs from all other species of the Porogadus miles Group except P. mendax n. sp. and P. miles in the 
higher number of lower lateral line pores until the beginning of the anal fin (22–24 vs 16–21) and, except P. turgidus 
in the distinction of ostium and cauda of the sulcus. From P. mendax it differs further in the small opercular flap 
without ridges (vs large with ridges) and from P. turgidus further in the predorsal length (17.7–19.4 vs 15.7) and the 
preanal length (33.0–37.0 vs 29.6–30.5). We assume that P. longiceps has derived from a stock of the widespread P. 
miles that became isolated in the tropical eastern Pacific at some time.
 Distribution. Porogadus longiceps is geographically restricted to a relatively small area off the tropical eastern 
Pacific chiefly between 10°N and the equator, and ventures out for about 800 km from the continental break. It oc-
curs at depth primarily between 1800 and 3300 m but two specimens are caught in very shallow water at 245m or 
near the surface. No other species of Porogadus has been caught substantially shallower than 1000 m. The reason 
for the unusual shallow catches of this otherwise deep dwelling species are not known.

Porogadus	mendax n. sp.
Figs. 15–16, 44, 49, Tab. 1–7

Material examined (2 specimens): Holotype BMNH 1996.2.14.31, 290+ mm SL, 31°18’N 16°47’W, 4435–4457 
m, R.R.S. Discovery Cruise semi-balloon otter trawl, 07 October 1995, collected by N. Merrett; paratype BMNH 
1995.11.22.4, 287 mm SL, 20°55’N 31°11’W, 4500–4610 m, R.R.S. Discovery Cruise semi-balloon otter trawl, 16 
October 1993, collected by N. Merrett.
 Diagnosis. Precaudal vertebrae 18; long gill rakers on first gill arch 13–14; HL:HD 1.89–1.92; all head spines 
strong, present on ethmoidal, lacrimal, prefrontal, interorbital, supraorbital, sphenotic, 5th infraorbital, supratem-
poral, inner and outer posttemporal, inner and outer preopercular rims; opercular spine sharp, strong, extruding; 
additional (3rd) postorbital pore, many cavities and/or pores on top of head; maxilla without scales; large opercular 
flap with ridges; lower lateral line pores until beginning of anal fin 22–23; vomer with broad dentition patch (5–7 
rows of teeth); palatines with broad dentition patch (9 rows of teeth); otolith with single, uniform colliculum; OL:
OH = 1.85–2.05; OL:TCL = 2.15–2.3.
 Description. Meristics: precaudal vertebrae 18 (18), 1 (1) last vertebrae without ribs; pectoral-fin rays 18 (18); 
D/v = 5 (5); D/A = 24 (24–25); v/A = 19 (19); long gill rakers on first gill arch 13 (13–14). Gill rakers in Holotype 
on lower first gill arch with nine plate-shaped rakers, followed by a series of 13 long rakers. The lower seven of 
those intercepted by single plate shaped rakers. Upper gill raker with a series of two plate shaped and three slightly 
longer rakers intercepted, followed by two slightly longer rakers and two short rakers.
 Morphometrics: in % of SL: HL 15.5 (15.5–15.7); maximal HD 8.1 (8.1–8.3); HD through center of eye 5.1 
(5.1–5.7); bony interorbital width 2.7 (2.7); snout length 4.7 (4.7–5.3); upper jaw length 8.6 (8.5–8.6); predor-
sal 17.8 (17.4–17.8); preanal 31.1 (30.6–31.1); prepelvic 12.5 (12.5–13.0); prepectoral 15.8 (15.8–16.3); pectoral 
length 10.2 (10.1–10.2). Relations: HL:HD = 1.92 (1.89–1.92); HL to snout length 3.29 (2.96–3.29); preanal to 
predorsal 1.75 (1.75–1.76); predorsal to prepectoral 1.13 (1.06–1.13).
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 290+ mm SL. 
Head long and slender, with slightly concave dorsal profile, with strong spines as follows: ethmoidal (1), lacrimal 
(ridge with 1 spine or up to 4 individual spines), prefrontal (1), interorbital (3), supraorbital (1–2), sphenotic (2–3), 
5th infraorbital (2), supratemporal (1–2), inner and outer posttemporal (3–4), inner preopercular rim (3–5), outer pr-
eopercular rim (1–3, variable in strength). Opercle with sharp, strong, extruding spine. Eye small located in strongly 
asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly and with distinct supramaxilla. 
Infra-/postorbital and mandibular-preopercular pores wide, postorbital with 3 pores, the 3rd uppermost one being 
small, head top with 3 pores on occiput along inner edges of temporal spines in front of nape and cavernous system 
extending between squamation of occiput and sphenotic and supraorbital spines and thin skin cover apparently eas-
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ily affected by fish recovery and then giving impression of open pores (Fig. 16D). Head squamation on opercle, 
cheeks, occiput, frontal, and in front of and above eyes, area behind eyes, snout and maxilla without scales. Opercle 
with two to three distinct large neuromasts behind preopercular edge; opercular flap very large, with radial ridges 
along lower margin. All three lateral line rows reasonably well visible. Upper lateral line row with 7–8 pores; lower 
lateral line row with 22–23 pores until beginning of anal fin; central lateral line row long, lower and central lateral 
line rows fading behind beginning of anal fin.

FIguRe 15. Porogadus mendax n. sp., BMNH 1996.2.14.31, holotype, 290+ mm SL, 31°18’N, 16°47’W, 4435–4457 m.

 Dentition. All teeth tiny and cone-shaped or flattened. vomer with a broad dentition patch with 5–7 rows of 
teeth; palatines with wide dentition patches with nine rows of teeth. Premaxilla tooth patches, narrow, not fused an-
teriorly; ca. eight teeth rows anteriorly and very narrow with 1–2 rows posteriorly. Dentary tooth patches not fused 
anteriorly; ca. 5 teeth rows anteriorly and 1–2 rows posteriorly. Median basibranchial tooth patch short, anteriorly 
widened.
 Otolith morphology (n = 2). Size up to 6.5 mm in length (holotype); OL:OH = 1.85–2.05; OH:OT = 2.1–2.4. 
Thin, elongate otolith, anteriorly and posteriorly rounded, posteriorly slightly expanded. Dorsal rim with broadly 
rounded predorsal lobe, ventral rim shallow, regularly curved. All rims smooth. Inner face slightly convex, smooth, 
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with short, centrally positioned sulcus; OL:TCL = 2.15–2.3. Sulcus with shallow, undivided, uniform, oval collicu-
lum. Dorsal field with small, indistinct depression; ventral field with faint ventral furrow close to otolith rim in cen-
tral portion, anteriorly and posteriorly turning upwards to near terminations of sulcus. Outer face smooth, relatively 
flat.
 Coloration. Live coloration not known. Color of preserved specimens medium brown; head slightly darker than 
body, opercle distinctly darker.

FIguRe 16. Porogadus mendax n. sp.; 16A–B, BMNH 1996.2.14.31, holotype, 290+ mm SL, 31°18’N, 16°47’W, 4435–4457 
m, head drawing; 16C–D, BMNH 1995.11.22.4, paratype, 287 mm SL 20°55’N, 31°11’W, 4500–4610 m, head drawing; 16e–F, 
BMNH 1996.2.14.31, holotype, 290+ mm SL, 31°18’N, 16°47’W, 4435–4457 m, otolith (E inner face, F ventral view); 16g–H, 
BMNH 1995.11.22.4, paratype, 287 mm SL, 20°55’N, 31°11’W, 4500–4610 m, otolith (G inner face, H ventral view).

 Discussion. Porogadus mendax is similar to P. miles and the co-occurring P. caboverdensis and P. turgidus. 
The external differences to P. miles are subtle and depending on good preservation (see also to P. miles). Porogadus 
mendax has no scales on the maxilla (vs scales on the rear part of the maxilla), has 3 postorbital pores (vs 2), and 
an extensive cavernous system on the top of the head that P. miles does not show. The most reliable and secure 
character for distinction is the otolith, when preserved, which in P. mendax shows an undivided, relatively short col-
liculum (OL:TCL = 2.15–2.3), while P. miles always shows clearly distinguished ostial and caudal colliculi and a 
relatively long sulcus (OL:TCL = 1.7–1.9). Porogadus mendax differs from P. caboverdensis and P. turgidus in the 
higher number of lower lateral line pores until the beginning of the anal fin (22–23 vs 16–20), the absence of scales 
on the maxilla, and the otolith, which in P. caboverdensis is considerably more compressed (OL:OH = 1.85–2.05 in 
P. mendax vs 1.05–1.5 in P. caboverdensis) and in P. turgidus shows a clear separation of ostial and caudal colliculi. 
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From P. caboverdensis it differs further in the broad vomer with 5–7 rows of teeth (vs narrow with 1–3, rarely 4 
rows).
 Distribution. Porogadus mendax is one of three deepwater species of the genus occurring in the Cape verde 
and adjacent Canary Basins of the northeastern Atlantic (the other two being P. caboverdensis and P. turgidus). It 
has been caught at depths between 4435 and 4610 m.
 etymology. From mendax (Latin) = liar, narrator, referring to its close similarity to the common P. miles, 
which, however, does not seem to occur at depth exceeding 4000 m.

FIguRe 17. Porogadus miles Goode & Bean, 1885; 17A,C, ZMUC P77588, 322 mm SL, 37°03’N, 74°07’W, 2150 m; 17B,D, 
ZMUC P2397222, 274 mm SL, 25°07’S, 36°49’E, 2140–2230 m; 17e–F, MCZ 167870, 39°37’N, 69°31’W, micro-CT scan; 
17g, x-ray photograph of USNM 35625, holotype, 145 mm SL, 38°45’N, 73°03’W, 2136 m,; 17H, x-ray photograph of MNHN 
86-537, holotype of P. nudus, 198 mm SL, 20°30’N, 16°32’W, 2321 m.
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Porogadus	miles goode & Bean, 1885
Figs. 1–2, 4, 6, 17–19, 44, 49, Tab. 1–7

Porogadus miles Goode & Bean 1885: 602; Günther 1887: 113; Goode & Bean 1895: 334, fig. 292; Jordan & Evermann 1898: 
2520; Grey 1956: 211 (see there for further citations); Grey 1958: 175; Shcherbachev 1980: 89, figs. 19–20; Nolf 1980: 
91, pl. 11 fig. 7 (otolith); Schwarzhans 1981: 94, fig. 91 (otolith); Carter 1984: 2–183; Carter & Sulak 1984: 376, fig. 6c; 
Machida & Amaoka 1990: 64, fig. 2, 3(?); Nielsen et al. 1999: 86, fig. 83; Fahay 2007: 692, figs. p. 693 A–C; Mincarone 
et al. 2008: 55, fig. 3S; Shinohara et al. 2009: 707.

Porogadus nudus vaillant 1888: 262, pl. 24, figs. 2–2b; Nybelin 1957: 291, textfig. 21; Machida & Amaoka 1990: 67, Fig. 4; 
Nielsen et al. 1999: 86.

Porogadus sp.: Prokofiev 2005: 116, figs. 7–8.
?Porogadus sp. 2: Shcherbachev 1980: 88, fig. 18 (described here as Porogadus aff. miles).

Material examined (34 specimens): Holotype USNM 35625, 145 mm SL, 38°45’N 73°03’W, 2136 m, Albatross 
Expedition 1883-1900, Sta. D 2230, large beam trawl, 12 September 1884; holotype of P. nudus MNHN 86-537, 198 
mm SL, 20°30’N 16°32’W, 2321 m, R/v Talisman, 1883; paratype of P. nudus MNHN 86-536, 136 mm SL, 16°N 
24°W, 3200 m, R/v Talisman, 1883; BMNH 2017.5.11.83, 272 mm SL, 15°04’N 18°34’W, 2970–2990 m, R.R.S. 
Discovery Cruise semi-balloon otter trawl, collected by Institute of Oceanographic Sciences, 06 August 1983; BSKU 
35715, 354 mm SL, 38°44-46’N 143°11-12’E, 1950–1960 m, R/v Tansei-Maru, 3 m beam trawl, coll. Okamura, 25 
July 1981; BSKU 98881, 167 mm SL, 01°59’S 157°12’E, 1610 m, R/v Hakuho-maru, 3 m beam trawl, 4 Jan. 1968; 
BSKU 116117-120 (1 of 5 specimens), 276 mm SL, 34°52’N 139°27-30’E, 1525–1685 m, R/v Tansei-maru, beam 
trawl, 17 Dec. 1982; BSKU 127724 (otolith only), 38°47-48’N 143°13-14’E, 2090–2120 m, R/v Hakuho-maru, 
beam trawl, 13 Aug. 1967; Dimitry Mendeleev (otolith only), 234 mm SL, St. 1542; FAKU 47604, 233 mm SL, 
21°10’N 176°28’E, 1281 m; MCZ 57618 (otolith only), 38°58’N 69°50’W, 2903 m, R/v Oceanus 093, 41’ GMT, 
collected by Richard L. Haedrich, 31 March 1981; MCZ 59143, 340 mm SL, 38°41’N 70°49’W, 2960–2980 m, 
R/v Oceanus 043, 41’ GMT, collected by Richard L. Haedrich, 15 April 1978; MCZ 146877, 275 mm SL, 39°35’N 
70°32’W, 2290–2300 m, R/v Atlantis II 086, 41’ GMT, collected by Richard L. Haedrich, 18 March 1975; MCZ 
167870 (otolith only), 39°37’N 69°31’W, R/v Delaware II 08-04, 30 March 2008; MNHN 1976-0059, 132 mm SL, 
00°45’N 08°27’E, 2231 m, Walda Expedition, Sta. 32cy23, collected by J. Charcot, 02 August 1971; MNHN 2004-
1327, 282 mm SL, 05°49’S 09°42’E, 3172–3193 m, R/v Atalante, Biozaire 3 Expedition, Sta. cp16, 28 December 
2003; USNM 135626, 343 mm SL, Albatross, ND; USNM 316573 (otolith only), 38°45’N 72°39’W, 2110–2160 m, 
R/v Oceanus, Aslar Expedition, Cruise Ma-5, Sta. 4, 04 August 1985; ZMUC P2397222-223, R/v vityaz 2639 (2 
specimens), 257–274 mm SL, 25°07’S 36°49’E, 2140–2230 m, 26 November 1988; ZMUC P2397224, R/v vityaz 
sta. 2673, 265 mm SL, 32°45’S 45°31’E, 2100–2400 m, 9 December 1988; ZMUC P2397225, R/v vityaz sta. 2772, 
185 mm SL, 31°59’S 45°11’E, 1950–2050 m, 25 December 1988; ZMUC P2397226, R/v vityaz 2779, 165 mm 
SL, 30°30’S 46°53’E, 2580–2680 m, 26 December 1988; ZMMGU 14411, 298 mm SL, R/v Zvezda Kryma, Cruse 
6, trawl 52, 34°08’S 44°12’E, 1500–1560 m, 21 July 1976; ZMUC P77587, 182 mm SL, 38°50’N 72°34’W, 2196 
m, 16 May 1974; ZMUC P77588, 322 mm SL, 37°03’N 74°07’W, 2150 m; ZMUC P77595, 214 mm SL, 39°33’N 
70°43’W, 2379–2416 m, 10 July 1975; ZMUC P2397155, 229 mm SL, Galathea 2 expedition, sta.474, ST 300 – 3 
m wide sledge trawl, , Sunda Trench, 09°49’S 114°13’E, 3810–3840 m, 11 September 1951; ZMUC P2397156-57, 
(2 specimens), 205+ and 259 mm SL, Galathea2 expedition, sta.299, herring otter trawl, Bay of Bengal, 17°10’N 
84°30’E, 2820 m, herring otter trawl, 24 April 1951; Porogadus aff. miles: MNHN 1995-0948, 387 mm SL, 14°49’S 
167°15’E, 1360 m R/v Alis, Musorstom 8 Expedition, Sta. cp1110, 08 October 1994; ZMMGU 15171 (otolith 
only), 312 mm SL, R/v Prof. Mesyatzev, Cruse 7, trawl 45,16°55’S 114°53’E, 1600–1700 m, 24 April 1979.
 Diagnosis. Precaudal vertebrae 17–19; long gill rakers on first gill arch 14–18; HL:HD 1.81–2.03; all head 
spines strong, present on ethmoidal, lacrimal, prefrontal, interorbital, supraorbital, sphenotic, 5th infraorbital, su-
pratemporal, inner and outer posttemporal, inner and outer preopercular rims; opercular spine sharp, strong, extrud-
ing; maxilla with scales; small opercular flap with ridges; lower lateral line pores until beginning of anal fin 23–26; 
vomer with broad dentition patch (3–5 rows of teeth); palatines with broad dentition patch (4–9 rows of teeth); 
otolith with separate ostial and caudal colliculi; OL:OH = 1.55–1.9; OL:TCL = 1.7–1.9.
 Description. Meristics: precaudal vertebrae 18 (17–19), 1 (0–2) last vertebrae without ribs; pectoral-fin rays 18 
(17–21); D/v = 6 (5–7); D/A = 26 (24–30); v/A = 19 (18–21); long gill rakers on lower first gill arch 15 (14–18; 11 
in Porogadus aff. miles, MNHN 1995-0948). Gill rakers in a typical specimen (MCZ 59143) on lower first gill arch 
with eight plate-shaped rakers, followed by a series of 17 long rakers. The lower 12 of those intercepted by single 



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  43

plate shaped rakers, broad and placed right between the long rakers. Upper gill arch with a serie of six plate shaped 
and three semi-long rakers intercepted.
 Morphometrics: in % of SL: HL 15.9 (15.6–17.6); maximal HD 8.1 (8.1–9.5); HD through center of eye (5.4–
6.3); bony interorbital width (2.8–4.1); snout length 4.8 (4.8–6.4); upper jaw length 9.4 (9.4–10.2); predorsal 16.6 
(16.6–20.3); preanal 29.9 (29.9–36.0); prepelvic (12.7–15.6); prepectoral (16.4–18.5); pectoral length (7.4–11.0). 
Relations: HL:HD = 1.95 (1.81–2.03); HL to snout length 3.29 (2.68–3.29); preanal to predorsal 1.81 (1.62–1.89); 
predorsal to prepectoral (0.99–1.16).
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 387 mm SL. 
Head long and slender, with flat dorsal profile, with strong spines as follows: ethmoidal (1), lacrimal (ridge or up 
to 3 individual spines), prefrontal (1), interorbital (3–4), supraorbital (2–3), sphenotic (2–4), 5th infraorbital (1–3), 
supratemporal (1–2), inner and outer posttemporal (2–4), inner preopercular rim (3–5), outer preopercular rim (1–3, 
variable in strength). Opercle with sharp, strong, extruding spine. Eye moderately sized located in strongly asym-
metric orbit. Maxilla extending far beyond eye, strongly widened posteriorly and with distinct supramaxilla. Infra-
/postorbital and mandibular-preopercular pores wide, postorbital with 2 pores, head top with 1–2 pores on occiput 
along inner edges of temporal spines in front of nape. Head squamation on opercle, cheeks, occiput, frontal, snout, 
around eyes, and rear part of maxilla. However squamation on anterior part of head and on maxilla often indiscern-
ible or lacking because of deciduous nature or preservation (see Figs. 18C–D, F). Opercle with two to three distinct 
large neuromasts behind preopercular edge; opercular flap small to mederately large, with radial ridges along lower 
margin. All three lateral line rows reasonably well visible. Upper lateral line row with 9–11 pores, sometimes ex-
panded and then up to 16 pores; lower lateral line row with 23–26 pores until beginning of anal fin; central lateral 
line row long, lower and central lateral line rows fading behind beginning of anal fin.
 Dentition. All teeth tiny and cone-shaped or flattened. vomer with a narrow dentition patch in the entire length 
with 3–5 rows of teeth anteriorly; palatines with moderately broad to broad dentition patch with 4–9 rows of teeth in 
the middle part. Premaxilla tooth patches not fused anteriorly; 8–12 teeth rows anteriorly and 4–5 rows posteriorly. 
Dentary tooth patches not fused anteriorly; 4–7 teeth rows anteriorly and 1–2 rows posteriorly. Median basibranchi-
al tooth patch short to moderately long, wide.
 Otolith morphology (n = 18). Size up to 8.4 mm in length (in Porogadus aff. miles, MNHN 1995-0948); OL:
OH = 1.55–1.9; OH:OT = 3.0–3.7. Thin, elongate otolith, anteriorly with inferior rounded projection and posteriorly 
rounded and expanded. Dorsal rim with broadly rounded predorsal lobe, ventral rim shallow, regularly curved. All 
rims smooth or dorsal rim slightly undulating. Inner face slightly convex, smooth, with moderately long, centrally 
positioned sulcus; OL:TCL = 1.7–2.1. Sulcus with shallow, distinctly separated ostial and caudal colliculi; length 
ostial to caudal colliculum very variable, ranging from 1.4 to 2.1. Dorsal field with indistinct depression; ventral 
field with faint ventral furrow close to otolith rim. Outer face smooth, relatively flat to slightly convex. 
 Coloration. Live coloration not known. Color of preserved specimens medium brown; snout slightly darker 
than body, opercle and pectoral fin distinctly darker.
 Variability. Despite some remaining uncertainties in the delimitation of the species, the abundance of speci-
mens and data of P. miles allows for a reasonable analysis of the intraspecific variability. Characters which are here 
considered useful for differentiation of species and showing a narrow range of variability are: precaudal vertebrae 
(17–18), pectoral-fin rays (18–21), HL in % of SL (15.9–17.6), HL:HD (1.81–2.03), the number of lower lateral line 
pores until the beginning of the anal fin (23–26), the occurrence of most head spine patches and lateral head pores, 
and the status of the colliculi in the sulcus of the otolith. Characters with a moderate range of variability (not con-
sidering the two aff. specimens) are: long gill rakers (14–18), expression of head spines and exact numbers, width 
of vomer and palatine, snout (4.8–6.4 % SL) and upper jaw lengths (9.3–10.2 % SL), predorsal (17.3–20.3 % SL) 
and preanal lengths (29.9–36.0 % SL), the ratio OL:OH (mostly 1.79–1.98 but with specific excursions, see below), 
and the ratio OL:TCL (1.7–2.1). These variability ranges may serve as bench marks for assessments of less com-
mon species in the Porogadus miles Group. Other useful characters such as head squamation, pectoral fin length, or 
number of pores on the top of the head require particularly good preservation of specimens. This restricts both its 
values for identification as well as recognition of variability ranges.
 Comparison with previously published counts and measurements. Certain counts and measurements have 
been published, which we are not able to verify. Carter & Sulak (1984) gave a range of 14 to 16 pectoral-fin rays 
(16 for the holotype) based on 18 specimens. Our recount of the pectoral-fin rays of the holotype was 18 and we 
counted a range of 17 to 21 pectoral-fin rays based on 20 specimens. This is in line with the counts published by 
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Shcherbachev (1980; 19–20), Machida & Amaoka (1990; 17–19), and Prokofiev (2005; as Porogadus sp.; 17–18), 
but not Grey (1958; 16). The type specimens of P. nudus were counted with 20 and 21 pelvic-fin rays. Ranges of 
pectoral-fin rays given by Carter & Sulak (1984) for syntypes of P. longiceps (19–20) and P. catena (15–17) are 
in line with our counts, but for syntypes of P. atripectus (16–18 vs 17–20), holotype of P. gracilis (14 vs 16) and 
holotype of P. abyssalis (18 vs 19 in Nybelin, 1957) are not and suggest a systematic difference in the method of 
counting. The preservation of the pectoral fins is often poor. We found high resolution x-rays to be of much help also 
for counting pectoral-fin rays.
 The count of long gill rakers on the first gill arch is in line with counts given by Grey (1958; 15), Shcherbachev 
(1980; 14–15), Carter & Sulak (1984; 15), Machida & Amaoka (1990; 13–17), and Prokofiev (2005; as Porogadus 
sp.; 16), but shows a larger variability than mostly recorded (14–18). The number of precaudal vertebrae (17–19) is 
in good agreement throughout literature.

FIguRe 18. Porogadus miles Goode & Bean, 1885, head drawings; 18A–B, MCZ 146877, 257 mm SL, 39°35’N, 70°32’W, 
2290–2300 m; 18C–D, MNHN 2004-1327, 282 mm SL, 05°49’S, 09°42’E, 3172–3193 m; 18e, ZMUC P2397222, 274 mm SL, 
25°07’S, 36°49’E, 2140–2230 m; 18F, MNHN 86-537, holotype of P. nudus, 198 mm SL, 20°30’N, 16°32’W, 2321 m.

 Measurements are given by Carter & Sulak (1984) in % of GPL, which we found less indicative than in % 
of SL, even though this method somewhat restricts the number of usable measurements. Measurements given by 
Machida & Amaoka (1990) for the type specimen of P. miles and one other specimen also studied here are well 
aligned. The same is apparently true for selected measurements given by Shcherbachev (1980) and Prokofiev (2005; 
for Porogadus sp.). 
 Discussion. Porogadus miles is the most commonly recorded and apparently most widely distributed species 
of the genus. It has been recorded throughout the tropical and subtropical Atlantic Ocean, from certain regions 
of the Indian Ocean and from the western Pacific off Japan and as far east as the Necker Ridge and the Emperor 
Seamounts west of Hawaii. The delimitation of P. miles however still remains somewhat uncertain. Porogadus miles 
was first described by Goode & Bean (1885) based on a single, relatively small specimen (145 mm SL) from the 
northwestern Atlantic. vaillant (1888) described P. nudus from the northeastern Atlantic based on two specimens 
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(the holotype being 198 mm SL and the paratype 136 mm). vaillant noted only a few differences. e.g., in the range 
of lateral pores, pectoral fin length and head length, which he regarded as not very important and easily affected 
by preservation of the specimens concerned. The key character in his assessment to distinguish P. nudus from P. 
miles was the distance of the pelvic fin base to the anus being one fourth longer than the head length (vs being of 
equal length in P. miles). We found that the ratio of the distance of the pelvic base to the beginning of the anal fin 
compared to the head length varies considerably within most well-defined species between just slightly under 1.0 to 
slightly over 1.3. We therefore consider this character to be of diagnostic value only in very few instances, i.e., in P. 
dracocephalus where it is the lowest measured and ranges from 0.72 to 0.98. Grey (1958) commented that “P. nudus 
is closely related to P. miles and may prove to be the same species.” She considered the complete absence of lateral 
lines in P. nudus as the principal difference, which we cannot confirm after having reviewed both type specimens. 
Discernibility of the lateral line on the body in the Porogadus miles Group is often a matter of preservation. Machida 
& Amaoka (1990) reinvestigated the situation again and also studied the holotype of P. nudus. They concluded that 
the holotype of P. nudus does not show distinct lachrymal spines like the specimens of P. miles which they studied 
and considered this as the main distinctive character of the two species. Our study of several specimens of P. miles 
and P. nudus including the type series of both nominal species confirms that the holotype of P. nudus has a lachrymal 
ridge and no lachrymal spines (the paratype is too poorly preserved in that respect), while all other studied speci-
mens indeed show 2 to 3 strong lachrymal spines. However, we also noted in several other species of the Porogadus 
miles Group that the status of the lachrymal may change from a ridge-like shape to a spinous appearance as part 
of an intraspecific variation and therefore do not regard this character as sufficient for distinguishing species on a 
stand-alone basis. Consequently, we propose here to regard P. nudus as junior synonymy of P. miles.
 Porogadus miles generally shows a relatively large morphological diversity, which was also recognized by 
Machida & Amaoka (1990) and which they considered as reflecting geographical variations of this widespread 
species. Shcherbachev (1980) described two large specimens (312 and 412 mm SL) from off Western Australia 
(16°55’S, 114°53’E) as Porogadus sp. 2, which he considered different from P. miles because of the lower number 
of (developed) gill rakers (12–13 vs 14–18), the different form of the stomach and the different contour of the su-
pramaxilla. His drawing shows a concave dorsal head profile, which is also not seen in P. miles. These specimens 
were not reinvestigated in detail for this study (except for a poorly preserved otolith with a high dorsal rim) and 
could indeed represent a different species. They seem to be similar to the large specimen from off vanuatu (MNHN 
1995-0948), which also has an unusually low gill raker count (11), a much longer extending upper lateral line row 
with 15–16 pores, a divergent otolith shape with a high dorsal rim and no distinct predorsal lobe, and a narrow sul-
cus (Fig. 19J–K). All three specimens are listed here as P. aff. miles.
 Prokofiev (2005) described a large specimen of 364 mm SL from the Emperor Seamounts as Porogadus sp. 
concluding that it apparently represents an undescribed species. The morphometric measurements of this specimen 
all fall into the lower end of the variability here observed. Prokofiev considered the main differences to P. miles to 
be the count of the developed gill rakers (quote: 16 vs 14–15), the presence of a fundal projection of the stomach 
and the absence of pyloric caeca, 16 precaudal vertebrae (vs quote: 17–18), a wider tooth plate of the vomer and 
details in the head spines. We consider the number of gill rakers and the width of the vomer to fall well within the 
variations observed in P. miles while the number of precaudal vertebrae is indeed outside the variability observed by 
us. His description of the head spines does not give a proper indication of a specific difference. With only a single 
specimen being recorded by Prokofiev, the number of precaudal vertebrae being the only notable difference, and a 
specimen from the Necker Ridge (FAKU 47604) not differing significantly from other specimens of P. miles, we 
regard the specimen from the Emperor Seamounts also to represent P. miles.
 We further observed that specimens from the southern Indian Ocean (ZMUC P2397224 and 2397226 from 
30°–32°S and 45°–46°E; Figs. 19H–I) and the southern eastern Atlantic (MNHN 2004-1327 from 05°S and 09°E; 
Figs. 19L–M) show a relatively more compressed otolith than other specimens (OL:OH = 1.55–1.65 vs 1.75–1.9), 
but further specimens from the southern Indian Ocean (ZMUC P2397222 at 25°S and 36°E, Figs. 19F–G, and ZM-
MGU 14411 from 34°S and 44°E) exhibit the typical, more elongate otolith shape. The observed differences in oto-
lith shape are not supported by other morphological features and therefore are considered to represent intraspecific 
variability or some specific environmental effect. However, the observed variability of the specimens of P. miles 
is so large that pertinent diagnostic characters for distinction from other species of the Porogadus miles Group are 
often rather subtle in nature (see above and below).



SCHWARZHANS & MØLLER46  ·  Zootaxa 5029 (1) © 2021 Magnolia Press

FIguRe 19. Porogadus miles Goode & Bean, 1885, otoliths; 19A–B, BSKU 35715, 38°44’N, 143°11’E, 1950–1960 m, 354 
mm SL (A inner face, B ventral view); 19C–D, USNM 316573, 38°45’N, 72°39’W, 2110–2160 m, (C inner face, D ventral 
view); 19e, ZMUC P77588, 322 mm SL, 37°03’N, 74°07’W, 2150 m, (inner face); 19F–g, ZMUC P2397222, 274 mm SL, 
25°07’S, 36°49’E, 2140–2230 m, (F inner face, G ventral view); 19H, ZMUC P2397226, 165 mm SL, 30°30’S, 48°53’E, (inner 
face); 19I, ZMUC P2397224, 265 mm SL, 32°45’S, 45°31’E, (inner face); 19L–M, MNHN 2004-1327, 282 mm SL, 05°49’S, 
09°43’E, 3172–3193 m, (L inner face, M ventral view). 19J–K, Porogadus aff. miles, MNHN 1995-948, 387 mm SL, 14°49’S, 
167°15’E, 1360 m, (J inner face, K ventral view).

 Porogadus miles differs from all other species of the Porogadus miles Group except P. longiceps and P. mendax 
in the higher number of lower lateral line pores until the beginning of the anal fin (23–26 vs 16–21), and except for 
P. longiceps and P. turgidus in separated ostial and caudal colliculi of the sulcus of the otolith. From P. longiceps it 
differs additionally in the higher number of long gill rakers (14–18 vs 11–13) and from P. mendax in the presence of 
scales on the maxilla (vs absent) and 2 postorbital pores (vs 3). From P. turgidus it differs additionally in the lower 
index OL:TCL of 1.7–2.1 (vs 2.4–2.9).

Porogadus	turgidus n. sp.
Figs. 20, 44, 49, Tab. 1–7

Material examined (2 specimens): Holotype BMNH 1995.11.22.6, 295 mm SL, 20°55’N 31°11’W, 4500–4610 
m, R.R.S. Discovery Cruise semi-balloon otter trawl, 16 October 1993, collected by N. Merrett; paratype BMNH 
1995.11.22.5, 282 mm SL, 20°55’N 31°11’W, 4500–4610 m, R.R.S. Discovery Cruise semi-balloon otter trawl, 16 
October 1993, collected by N. Merrett.
 Diagnosis. Precaudal vertebrae 17–18; long gill rakers on first gill arch 11–15; HL:HD 1.82–1.85; all head 
spines strong, present on ethmoidal, lacrimal, prefrontal, interorbital, supraorbital, sphenotic, 5th infraorbital, su-
pratemporal, inner and outer posttemporal, inner preopercular rim, absent along outer preopercular rim; opercular 
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spine sharp, strong, extruding; additional (3rd) postorbital pore, pores on top of head in front of nape; large opercu-
lar flap without ridges; lower lateral line pores until beginning of anal fin 18–21; vomer with broad dentition patch 
(4–7 rows of teeth); palatines with broad dentition patch (6 rows of teeth); otolith with clearly separated ostial and 
caudal colliculi; OL:OH = 1.6; OL:TCL = 2.45–2.85.
 Description. Meristics: precaudal vertebrae 17 (17–18), 1 (1–2) last vertebrae without ribs; pectoral-fin rays 16 
(16–18); D/v = 4 (4–5); D/A = 26 (24–26); v/A = 18 (18). Gill rakers in holotype on lower first gill arch with nine 
plate-shaped rakers, followed by a series of 11 long rakers. The lower four of those intercept by single plate shaped 
rakers. Upper gill raker with a series of three plate shaped and three slightly longer rakers intercepted, followed by 
two plate shaped rakers; total long rakers 11 (11–15).
 Morphometrics: in % of SL: HL 16.0 (15.3–16.0); maximal HD 9.0 (8.0–9.0); HD through center of eye 6.5 
(5.2–6.5); bony interorbital width 2.6 (2.6–3.0); snout length 5.4 (5.0–5.4); upper jaw length 9.3 (9.2–9.3); predorsal 
15.7 (15.7); preanal 30.5 (29.6–30.5); prepelvic 13.8 (13.0–13.8); prepectoral 16.6 (16.1–16.6); pectoral length 9.5 
(9.5–9.7). Relations: HL:HD = 1.82 (1.82–1.85); HL to snout length 2.95 (2.95–3.07); preanal to predorsal 1.95 
(1.88–1.95); predorsal to prepectoral 0.94 (0.94–0.97).
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 295 mm SL. 
Head long and slender, with flat dorsal profile, with strong spines as follows: ethmoidal (1), lacrimal (2), prefrontal 
(1), interorbital (3), supraorbital (1), sphenotic (2–3), 5th infraorbital (1), supratemporal (1), inner and outer post-
temporal (3–5), inner preopercular rim (3–4), no spines along outer preopercular rim. Opercle with sharp, strong, 
extruding spine. Eye small located in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened 
posteriorly and with distinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide, postorbital 
with 3 pores, the 3rd uppermost one being small, head top with 3 pores on occiput in front of nape and cavernous 
system extending between squamation of occiput and sphenotic and supraorbital spines. Head squamation on oper-
cle, cheeks, occiput, frontal, around eyes, and possibly on rear of maxilla (indications of scale-pockets). Opercle 
with three distinct large neuromasts behind preopercular edge; opercular flap large, without radial ridges. All three 
lateral line rows reasonably well visible. Upper lateral line row with 8–9 pores; lower lateral line row with 18–21 
pores until beginning of anal fin; central lateral line row long, lower and central lateral line rows fading behind be-
ginning of anal fin.
 Dentition. All teeth tiny and cone-shaped. vomer with a broad dentition patch with 4–7 rows of teeth anteriorly; 
palatines with broad dentition patch with 6 rows of teeth throughout. Premaxilla tooth patches not fused anteriorly; 
ca. 7 teeth rows anteriorly and 3–4 rows posteriorly. Dentary tooth patches fused anteriorly; ca. 6 teeth rows anteri-
orly and 2–3 rows posteriorly. Median basibranchial tooth patch short, sometimes anteriorly widened.
 Otolith morphology (n = 2). Size up to 4.9 mm in length (holotype); OL:OH = 1.6; OH:OT = 2.2–2.6. Moder-
ately thick and moderately elongate otolith, anteriorly broadly rounded, posteriorly slightly expanded and somewhat 
tapering. Dorsal rim with marked, broadly rounded predorsal lobe, ventral rim regularly curved. All rims smooth. 
Inner face slightly convex, smooth, with very short, centrally positioned sulcus; OL:TCL = 2.45–2.85. Sulcus with 
shallow, clearly separated ostial and caudal colliculi; ostial colliculum nearly twice as long and wide as caudal col-
liculum; OCL:CCL = 1.85–1.90. Dorsal field with indistinct depression; ventral field smooth, without ventral fur-
row. Outer face smooth, with mild umbo opposite to ostium on inner face.
 Coloration. Live coloration not known. Color of preserved specimens medium brown; belly and frontal part of 
head top slightly darker than body, opercle distinctly darker.
 Discussion. Porogadus turgidus is similar to P. miles and the co-occurring P. caboverdensis and P. mendax. 
External differences are subtle and depending on good preservation (see also discussion to P. miles). Porogadus 
turgidus differs from P. miles and P. mendax in the lesser pores of the lower lateral line until the beginning of the 
anal fin of 18–21 (vs 22–27). Its predorsal length is the shortest in this group (<16 % of SL vs 17–20 %). From P. 
caboverdensis it differs in the broader vomer (4–7 rows of teeth vs 1–3, rarely 4). It shares with P. caboverdensis the 
lack of spines along the outer preopercular rim (vs present in P. mendax and P. miles). It may further differ from P. 
mendax in the presence of scales on the rear part of the maxilla (scale-pockets; vs no scales on the maxilla). Another 
useful character to distinguish these four species is the otolith, when preserved. The otoliths of P. turgidus share with 
those of P. caboverdensis the compressed shape (OL:OH = 1.05–1.6 vs 1.8–2.05 for P. mendax). Also, most otoliths 
of P. miles are more elongate (OL:OH = 1.7–2.0, rarely 1.55–1.65, see above). With the otoliths of P. miles it shares 
the clearly separated colliculi (vs a single, joined colliculum in P. caboverdensis and P. mendax). The otoliths of P. 
turgidus differ from those of P. miles in the very short sulcus as expressed in the ration OL:TCL of 2.45–2.85 (vs 
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1.7–2.05).
 Distribution. Porogadus turgidus is one of three deepwater species of the genus occurring in the Cape verde 
Basin of the northeastern Atlantic (the other two being P. caboverdensis and P. mendax). It has been caught at depths 
between 4500 to 4610 m.

FIguRe 20. Porogadus turgidus n. sp.; 20A–F, BMNH 1995.11.22.6, holotype, 295 mm SL, 20°55’N, 31°11’W, 4500–4610 
m, (A–B photographs, C–D head drawings, E otolith inner face, F otolith ventral view); 20g–H, BMNH 1995.11.22.5, paratype, 
282 mm SL, 20°55’N, 31°11’W, 4500–4610 m, otolith (G inner face, H ventral view).
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 etymology. From turgidus (Latin) = inflated, referring to the large otolith size compared to its small sulcus 
size.

Porogadus	trichiurus group

Porogadus	guentheri Jordan & Fowler, 1902
Figs. 21–22, 45, 50, Tab. 1–7

Porogadus guentheri Jordan & Fowler 1902: 762, fig. 6; Machida 1982: 27; Machida in Masuda et al. 1984: 101, pl. 85J; Mac-
hida in Okamura & Kitajima 1984: 261, 375; Nielsen et al. 1999: 86; Shinohara et al. 2005: 414. 

Material examined (13 specimens): BSKU 43444, 257 mm SL, 32°21’N 132°27’E to 32°23’N 132°28’E, 1642–
1651 m, R/v Tansei-maru, 3 m beam trawl, collcted by Okamura, 2 Nov. 1986; BSKU 47928 (otolith only), 32°26’N 
133°50’E to 32°28’N 133°54’E, 1316–1542 m, R/v Tansei-maru, 3 m beam trawl, 2 Sept. 1990; BSKU 86818, 251 
mm SL, 32°24’N 132°16’E to 32°25’N 132°17E, 1501–1561 m, R/v Tansei-maru, 3 m beam trawl, coll. Endo and 
Nagatomo, 16 Dec. 1999; BSKU 86819, 86832 (2 specimens), 248–255 mm SL, 1678–1690 m, 32°18’N 132°21’E 
to 32°17’N 132°20’E, R/v Tansei-maru, 3 m beam trawl, coll. Endo and Nagatomo, 16 Dec. 1999; CAS SU 7124, 
paratypes, 137–210 mm SL, 34°97’90N, 139°61’46S, Sagami Sea, Japan no depth information, year 1900 (date un-
known); NSMT P.66377 (2 specimens), 170–199 mm SL, 961 m, 26°14’N 125°16’E; NSMT 101668 (2 specimens), 
110–120 mm SL, 1276–1319 m, 27°59’N 127°34’E; SIO 53-366 (2 specimens), 226–235 mm SL, R/v Spencer F 
Baird, sta. 8, dredge, collected by T.J. Walker, Honshu Island, Kii Strait, S of Kobe, 33°21’N 134°54’E, 1298 m, 23 
October 1953.
 Diagnosis. Precaudal vertebrae 16–17; long gill rakers on first gill arch 18–21, broad, bladed; HL:HD 1.71–
1.79; most head spines strong: on ethmoidal, prefrontal, interorbital, supraorbital, sphenotic, supratemporal, inner 
and outer posttemporal, inner preopercular rim, lacrimal with ridge, weak on outer preopercular rim, absent on 5th 
infraorbital; opercular spine sharp, extruding; maxilla with single row of scales along upper margin in front of su-
pramaxilla; large opercular flap with ridges; lower lateral line pores until beginning of anal fin 16; vomer with nar-
row dentition patch with few or 1–2 (rarely 3) rows of teeth; palatines with moderately broad dentition patch (3–6 
rows of teeth); otolith with single colliculum but indentation at ventral margin and rarely separate colliculi; OL:OH 
= 1.45–1.64; OL:TCL = 1.87–2.52.
 Description (based on non-types). Meristics: precaudal vertebrae 16–17, 1–2 last vertebrae without ribs; pec-
toral-fin rays 15–17; D/v = 4–5; D/A = 23–27; v/A = 18; long gill rakers on lower gill arch 18–21, broad, bladed. 
Gill rakers in a typical specimen (BSKU 86819) on lower first gill arch with six short rakers, followed by a series 
of 21 long rakers. The lower 11 of those intercept by plate shaped rakers. These are smaller than in most species an 
placed mostly on the inner part of the gill arch. The long rakers are blade shaped, broader than in most other species 
and armed with spinules. Upper gill arch with two plate shaped rakers, followed by a series of three semi-long rakers 
and two plate-like rakers intercepted, followed again by two plate shaped rakers. 
 Morphometrics: in % of SL: HL 13.9–15.0; maximal HD 7.9–8.6; HD through center of eye 5.7–6.6; bony 
interorbital width 3.4–4.1; snout length 4.7–5.5; upper jaw length 8.2–9.4; predorsal 13.7–14.7; preanal 26.8–29.3; 
prepelvic 11.2–12.5; prepectoral 14.6–15.9; pectoral length 8.1–9.8. Relations: HL:HD = 1.71–1.79; HL to snout 
length 2.66–3.04; preanal to predorsal 1.86–2.05; predorsal to prepectoral 0.90–1.00.
 Slender fish with long tapering tail and moderately long snout. Maximal size of fishes investigated 257 mm SL. 
Head moderately long and moderately slender, with slightly convex dorsal profile, with strong spines and ridges 
as follows: ethmoidal (1), lacrimal (1 ridge), prefrontal (1), interorbital (3), supraorbital (1–2), sphenotic (2–4), 
supratemporal (2), inner and outer posttemporal (3–4), inner preopercular rim (5–6), outer preopercular rim (2–3 
short and weak), no spines on 5th infraorbital. Opercle with sharp, extruding spine. Eye moderately large, located 
in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly and with distinct su-
pramaxilla. Infra-/postorbital and mandibular-preopercular pores wide, head top with cavernous system extending 
between occiput and sphenotic and supraorbital spines and on occiput in front of nape, sometimes opening in up to 
7 bilateral symmetrical openings (pores or damaged thin skin cover?). Head squamation on opercle, cheeks, and sin-
gle row along upper margin of maxilla in front of supramaxilla, absent on occiput, frontal, and around eyes. Opercle 
with three distinct large neuromasts behind preopercular edge; opercular flap large, with radial ridges. Lateral line 
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rows rarely well visible and therefore number of pores countable only in rare instances. Lower lateral line row with 
16 pores until beginning of anal fin in one specimen.
 Dentition. All teeth tiny and cone-shaped. vomer narrow, anteriorly naked or with short dentition patch with 
1–2 (rarely 3) rows of teeth anteriorly, naked posteriorly; palatines with a short and narrow dentition patch with 3–6 
rows of teeth in middle part. Premaxilla tooth patches not fused anteriorly; ca. 6 teeth rows anteriorly and 2–3 rows 
posteriorly. Dentary tooth patches not fused anteriorly; ca. 6 teeth rows anteriorly and 2 rows posteriorly. Median 
basibranchial tooth patch short.

FIguRe 21. Porogadus guentheri Jordan & Fowler, 1902; 21A–B, BSKU 86819, 248 mm SL, 32°18’N, 132°21’E, 1678–
1690 m; 21C, NSMT P.101668, 110 mm SL, 27°59’N, 127°34’E, 1276–1319 m.

 Otolith morphology (n = 5). Size up to 4.1 mm in length; OL:OH = 1.45–1.64; OH:OT = 2.4–2.9. Relatively 
thin and moderately elongate otoliths, anteriorly broadly rounded, posteriorly slightly expanded, somewhat less 
rounded than anterior tip. Dorsal rim with broad, rounded pre- to mediodorsal lobe, ventral rim regularly curved. All 
rims smooth. Inner face nearly flat, smooth, with short, centrally positioned sulcus; OL:TCL = 1.87–2.52. Sulcus 
with shallow, usually undivided sulcus, but with indentation of ventral margin at junction (collum) between ostium 
and cauda, rarely with indistinctly separated colliculi; OCL:CCL = 3.5 in the event of distinctive colliculi (Fig. 
22C). Dorsal field with large indistinct depression; ventral field smooth, without ventral furrow. Outer face smooth, 
with mild, anteriorly positioned umbo.
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FIguRe 22. Porogadus guentheri Jordan & Fowler, 1902; 22A–B, BSKU 86832, 255 mm SL, 32°18’N, 132°21’E, 1678–1690 
m , head drawing; 22C–D, BSKU 47928, 32°26’N, 133°50’E, 1316–1542 m, otolith (C inner face, D ventral view); 22e–F, 
BSKU 86818, 251 mm SL, 32°24'N, 132°16'E, 1501–1516 m, otolith (E inner face, F ventral view); 22g, BSKU 86819, 248 
mm SL, 32°18'N, 132°21'E, 1678–1690 m, otolith (inner face); 22H, BSKU 43444, 257 mm SL, 32°21'N, 132°27'E, 1642–1651 
m, otolith (Inner face).

 Coloration. Live coloration not known. Color of preserved specimens light brown on body; belly darker and 
head distinctly darker than body, opercle black.
 Discussion. Within the Porogadus trichiurus group, P. guentheri is characterized by an unusual short predorsal 
length (13.7–14.7 vs 14.5–18.2). It shares with P. trichiurus the bladed nature of the long gill rakers but has many 
intermittent plates (vs none or very few). It further differs from P. trichiurus in the presence of a sharp and free 
opercular spine (vs flat and weak), lesser teeth on the vomer, which is often partially naked, the lack of scales on 
the occiput and around the eye (vs present) and the presence of scales on the maxilla (vs absent), and a much more 
elongate otolith (OL:OH = 1.45–1.64 vs 1.04–1.27). It differs from P. solomonensis additionally to the predorsal 
length in the number of long gill rakers (18–20 vs 16–17), the head length (HL = 13.6–15.0 vs 15.3–16.2), the feeble 
dentition on vomer (naked up to 1–2 rows of teeth vs 4 and more rows of teeth), the absence of paired basibranchial 
tooth patches (vs present), and stronger head spines, particularly along the inner rim of the preopercle. Porogadus 
guentheri shares the sharp and extruding spine with P. lacrimatus but differs additionally to the predorsal length in 
the ratio HL:HD (1.71–1.79 vs 1.52–1.59), and the bladed gill rakers (vs not bladed). Porogadus guentheri is re-
markable for a rather large variability in its otolith morphology, which is greater than in other species of the genus, 
particularly in respect to the degree of separation (or fusion) of ostium and cauda and the range in relative sulcus 
length (OL:TCL = 1.87–2.52).
 Distribution. Porogadus guentheri appears to be endemic to the southern shores of Japan from the Sagami Bay 
southwards and along the back arc of the Ryukyu Island Chain at moderate depth (900–1700 m) and not venturing 
away from the shelf break for more than 100 km. Prokofiev (2005) described a single specimen from the Emperor 
Seamount as Porogadus sp. cf. guentheri and noted that it differed (among others) in the lower number of long gill 
rakers on the first arch (16 vs 19 in the holotype of P. guentheri). We have not studied this specimen, but judging 
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from the range observed in Japanese specimens in respect to gill raker counts we would indeed assume, that the 
specimen from the Emperor Seamount might represent a different species.

Porogadus	lacrimatus n. sp.
Figs. 23–24, 45, 50, Tab. 1–7

Material examined (3 specimens): Holotype ZMUC P77845, 204 mm SL, BIOCAL exp. Sta. 05, off New Caledo-
nia, 21°16’S 166°43’E, 2340 m, 11 August 1985; paratypes BSKU 82357, 194 mm SL and BSKU 82358, 161 mm 
SL, 01°59’S 157°12’E, 1610 m, R/v Hakuho-maru, 3 m beam trawl, 9 Feb. 1990.
 Diagnosis. Precaudal vertebrae 16; long gill rakers on first gill arch 18–20; HL:HD 1.52–1.59; moderately 
strong head spines: on ethmoidal, prefrontal, interorbital, supraorbital, sphenotic, supratemporal, inner and outer 
posttemporal, weak along inner preopercular rim, on lacrimal with ridge, absent on outer preopercular rim and 5th 
infraorbital; opercular spine sharp, extruding; maxilla without scales; small opercular flap; lower lateral line pores 
until beginning of anal fin 18; vomer with narrow dentition patch with few teeth; palatines with moderately broad 
dentition patch (3–4 rows of teeth); otolith with single colliculum; OL:OH = 1.44; OL:TCL = 2.37.
 Description. Meristics: precaudal vertebrae 16, 2 (1–2) last vertebrae without ribs; pectoral-fin rays 16 (16–
17); D/v = 5 (5–6); D/A = 21 (21–24); v/A = 16 (16–17); long gill rakers 19–20 (18–20). Gill rakers in holotype on 
lower first gill arch with four short rakers, followed by a series of 20 long rakers. The lower seven of those intercept 
by short rakers. These are smaller than in most species and placed on the inner part of the gill arch. Upper gill arch 
with a series of six very short rakers and four semi long rakers intercepted. 
 Morphometrics: in % of SL: HL 14.9 (13.7–14.0); maximal HD 9.3 (8.7–9.6); HD through center of eye 6.7 
(6.4–6.7); bony interorbital width 3.8 (3.1–3.8); snout length 4.6 (4.4–4.6); upper jaw length 9.3 (8.6–9.3); predor-
sal 16.3 (15.4–16.3); preanal 28.7 (26.7–28.7); prepelvic 12.2 (11.3–12.2); prepectoral 15.5 (14.1–15.2); pectoral 
length no measurable. Relations: HL:HD = 1.59 (1.52–1.59); HL to snout length 3.26 (3.03–3.34); preanal to pre-
dorsal 1.76 (1.73–1.76); predorsal to prepectoral 1.05 (1.05–1.10).
 Slender fish with long tapering tail and short, rounded snout. Maximal size of fishes investigated 204 mm SL. 
Head relatively short and compact, with flat to slightly convex dorsal profile, with strong spines and ridges as fol-
lows: ethmoidal (1), prefrontal (1), interorbital (2–3), supraorbital (1–2), sphenotic (2), supratemporal (2), inner and 
outer posttemporal (2–3); weak spines as follows: inner preopercular rim (2–4), lacrimal (1 short ridge); no spines 
along outer preopercular rim and on 5th infraorbital. Opercle with sharp, extruding spine. Eye moderately large, 
located in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly and with dis-
tinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide, head top with cavernous system ex-
tending between occiput and sphenotic and supraorbital spines, sometimes opening in up to 4 bilateral symmetrical 
openings (pores or damaged thin skin cover?). Head squamation on opercle, and cheeks, absent on maxilla, occiput, 
frontal, and around eyes. Opercle with two moderately sized neuromasts behind preopercular edge; opercular flap 
small. Lateral line rows rarely well visible and therefore number of pores countable only in rare instances. Lower 
lateral line row with 18 pores until beginning of anal fin in one specimen.
 Dentition. All teeth tiny and cone-shaped. vomer without or with only few teeth anteriorly and with a single row 
posteriorly; palatines with a short and narrow dentition patch with 3–4 rows of teeth in middle part. Premaxilla tooth 
patches narrow, not fused anteriorly; ca. 3 teeth rows anteriorly and 1–2 rows posteriorly. Dentary tooth patches not 
fused anteriorly; ca. 5 teeth rows anteriorly and 2 rows posteriorly. Median basibranchial tooth patch short.
 Otolith morphology (n = 1; holotype). Size 3.6 mm in length; OL:OH = 1.44; OH:OT = 2.8. Relatively thin and 
moderately elongate otoliths with tear-drop shape, anteriorly broadly rounded, posteriorly slightly expanded and 
pointed. Dorsal rim with broad, rounded predorsal lobe, ventral rim regularly curved. All rims smooth. Inner face 
nearly flat, smooth, with short, centrally positioned sulcus; OL:TCL = 2.37. Sulcus shallow, undivided, with broad 
and shallow colliculum. Dorsal field with indistinct depression; ventral field smooth, with faint ventral furrow ante-
riorly joining ventral rim of otolith below anterior part of sulcus. Outer face smooth, with mild, anteriorly positioned 
umbo.
 Coloration. Live coloration not known. Color of preserved specimens light to medium brown throughout except 
for dark opercle.
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FIguRe 23. Porogadus lacrimatus n. sp., ZMUC P77845, holotype, 204 mm SL, 21°16’S, 166°43’E, 2340 m, (A–B 
photography, C x-ray photograph).

 Discussion. Porogadus lacrimatus differs from other members of the Porogadus trichiurus group in the short 
and compact head (HL:HD = 1.52–1.59 vs 1.71–1.81) and the head being more light colored (in preserved speci-
mens) than in the other species.
 Distribution. Porogadus lacrimatus is known from few specimens from the tropical West-Pacific from the 
Solomon and New Hebrides seas, where it occurs at moderate depth between 1600 and 2340 m and apparently can 
venture out from the shelf break for a considerable distance to about 500 km.
 etymology. From lacrima (Latin) = tear, referring to the tear-drop shape of the otolith.
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FIguRe 24. Porogadus lacrimatus n. sp.; 24A–B, ZMUC P77845, holotype, 204 mm SL, 21°16’S, 166°43’E, 2340 m, head 
drawing; 24C–D, BSKU 82358, paratype, 161 mm SL, 01°59’S, 157°12’E, 1610 m; 24e–F, ZMUC P77845, holotype, 204 mm 
SL, 21°16’S, 166°43’E, 2340 m, otolith (E inner face, F ventral view).

Porogadus	solomonensis n. sp.
Figs. 4, 25–26, 45, 50, Tab. 1–7

Porogadus sp: Nielsen & Møller 2007: 33, fig. 18. 

Material examined (3 specimens): Holotype ZMUC P771579, 175+ mm SL, Galathea 3 expedition, R/v vaed-
deren, sta. 061219-05, collected by Jørgen G. Nielsen and Tammes Menne, Solomon Sea, 13°45’S 156°41’E, 2255-
2283 m, 19 Dec. 2006; paratypes ZMUC P771578, 173+ mm SL and ZMUC P771581, 175 mm SL, same data as 
holotype.
 Diagnosis. Precaudal vertebrae 17–18; long gill rakers on first gill arch 16–17; HL:HD 1.71–1.79; relatively 
few and moderately strong head spines: on ethmoidal, interorbital, supraorbital, sphenotic, supratemporal, inner 
and outer posttemporal; weak lacrimal ridge; absent on prefrontal, along inner and outer preopercular rim and 5th 
infraorbital; opercular spine weak, flat; maxilla without scales; small opercular flap; lower lateral line pores until 
beginning of anal fin 19; basibranchial tooth patches consisting of single median and pair of small lateral patches; 
vomer with broad dentition patch with 4 rows of teeth; palatines with broad dentition patch (5–7 rows of teeth); 
otolith with single colliculum; OL:OH = 1.42–1.60; OL:TCL = 2.24–2.34.
 Description. Meristics: precaudal vertebrae 17 (17–18), 2 (1–2) last vertebrae without ribs; pectoral-fin rays 18 
(17–18); D/v = 7 (6–7); D/A = 23 (23–27); v/A = 18 (18–19); long gill rakers on lower first gill arch 17 (16–17). 
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Gill rakers in the holotype on lower first gill arch with seven short rakers, followed by a series of 17 long rakers. 
The lower seven of those intercept by small plate shaped rakers. The long rakers are blade shaped and armed with 
spinules on the inner rim. Upper gill arch with a series of five semi long rakers and five plate like rakers intercept-
ed. 
 Morphometrics: in % of SL: HL 16.2 (15.3–16.2); maximal HD 9.0 (8.9–9.1); HD through center of eye 6.3 
(5.9–6.3); bony interorbital width 3.6 (3.1–3.6); snout length 5.0 (4.7–5.4); upper jaw length 9.8 (9.0–9.8); predor-
sal 18.2 (17.2–18.2); preanal 30.0 (29.6–30.0); prepelvic 13.5 (12.3–13.5); prepectoral 16.6 (15.6–16.6); pectoral 
length no measurable. Relations: HL:HD = 1.79 (1.71–1.79); HL to snout length 3.21 (2.81–3.33); preanal to pre-
dorsal 1.65 (1.65–1.72); predorsal to prepectoral 1.09 (1.09–1.13).

FIguRe 25. Porogadus solomonensis n. sp.; 25A–B, ZMUC P771579, holotype, 175+ mm SL, 13°45’S, 156°41’E, 2255–
2283 m; 25C, ZMUC P771578, paratype, 173+ mm SL, 13°45’S, 156°41’E, 2255–2283 m.
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 Slender fish with long tapering tail and moderately long snout. Maximal size of fishes investigated 175 mm 
SL. Head moderately long and moderately slender, with flat dorsal profile, with few strong spines and ridges as fol-
lows: ethmoidal (1), interorbital (1), supraorbital (1), sphenotic (2), supratemporal (2), inner and outer posttemporal 
(2–3); weak lacrimal ridge; no spines on prefrontal, along inner and outer preopercular rims and on 5th infraorbital. 
Opercle with weak, flat spine. Eye small, located in strongly asymmetric orbit. Maxilla extending far beyond eye, 
strongly widened posteriorly and with distinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores 
wide, head top with cavernous system extending from prefrontal to between occiput and sphenotic and supraorbital 
spines and on occiput in front of nape with up to 5 bilateral symmetrical openings (pores or damaged thin skin 
cover?). Head squamation on opercle, and cheeks, absent on maxilla, occiput, frontal, and around eyes. Opercle 
with three moderately sized neuromasts behind preopercular edge; opercular flap small. Lateral line rows rarely 
well visible and therefore number of pores countable only in rare instances. Lower lateral line row with 19 pores 
until beginning of anal fin in one specimen.
 Dentition. All teeth tiny and cone-shaped. vomer with a short dentition patch with 4 rows of teeth anteriorly, 
naked or with few teeth posteriorly; palatines with a broad dentition patch with 5–7 rows of teeth in middle part. 
Premaxilla tooth patches not fused anteriorly; ca. 7 teeth rows anteriorly and 1–2 rows posteriorly. Dentary tooth 
patches narrow, not fused anteriorly; ca. 4 teeth rows anteriorly and a single row posteriorly. Basibranchial tooth 
patches consisting of single, long median and pair of small lateral patches
 Otolith morphology (n = 3). Size up to 3.3 mm in length (holotype 2.8 mm); OL:OH = 1.42–1.60; OH:OT = 
2.7–2.9. Relatively thin and moderately elongate otoliths with irregular, subtriangular shape, anteriorly and poste-
riorly inferiorly rounded, posteriorly slightly expanded. Dorsal rim with broad, rounded pre- to mediodorsal angle, 
ventral rim shallow, nearly flat. All rims smooth, somewhat irregular. Inner face nearly flat, smooth, with short, 
centrally positioned sulcus; OL:TCL = 2.24–2.34. Sulcus shallow, undivided, with broad and shallow colliculum, 
but somewhat narrowed posteriorly. Dorsal field with large indistinct depression; ventral field smooth, with faint 
ventral furrow anteriorly joining ventral rim of otolith below anterior part of sulcus. Outer face smooth, with mild, 
anteriorly positioned umbo.

FIguRe 26. Porogadus solomonensis n. sp.; 26A–B, ZMUC P771579, holotype, 175+ mm SL, 13°45’S, 156°41’E, 2255–
2283 m, head drawings; 26C–D, ZMUC P771578, paratype, 173+ mm SL, 13°45’S, 156°41’E, 2255–2283 m, otolith (C inner 
face, D ventral view); 26e–F, ZMUC P771579, holotype, 175+ mm SL, 13°45’S, 156°41’E, 2255–2283 m, otolith (E inner 
face, F ventral view); 26g, ZMUC P771581, 175 mm SL, paratype, 13°45’S, 156°41’E, 2255–2283 m, otolith (inner face).
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 Coloration. Fresh dead color with light brown body and dark, almost black head and opercle, but head top 
lighter; belly dusty grey. Color of preserved specimens similar, but darkness of head and opercle somewhat faded.
 Discussion. Porogadus solomonensis is the only species with a regularly occurring pair of basibranchial tooth 
patches in addition to the long central patch. It differs from other members of the Porogadus trichiurus group also 
in the low number of long gill rakers on the first gill arch (16–17 vs 18–21), the high predorsal length (17.2–18.2 vs 
13.7–16.3, rarely 17.0), and the broad tooth patches on vomer and palatines.
 Distribution. Porogadus solomonensis is only known from the type locality in the Solomon Sea, where it oc-
curs at moderate depth between 2255–2283 m and about 350 km off the shelf break.
 etymology. Named after the type location, the Solomon Sea.

Porogadus	trichiurus (Alcock, 1890)
Figs. 27–28, 45, 50, Tab. 1–7

Dermatorus trichiurus Alcock 1890: 298; Alcock 1892: pl. 1, fig. 1.
Porogadus trichiurus: Nielsen et al. 1999: 86. 
Porogadus (Dermatorus) trichiurus: Nolf 1980: 91: pl. 11 fig. 10 (otolith).

Material examined (9 specimens): AMS I.36456-009 (2 specimens), 162 and 172 mm SL, Philippines, Lagonoy 
Gulf, 13°21’19’’N 124°12’E, 1037–1100 m, 30 m otter trawl, collected by Dr. J. Paxton, 24. September 1995; CAS 
83066 (2 specimens), 230 and 144 mm SL, (probably same location as AMS I.36456-009); MNHN 1994-0760 (4 
specimens), 95–160 mm SL, 22°06’S 166°27’E, 1850 m, Biocal Expedition, Sta. cp27, collected by J. Charcot, 28 
August 1985; SIO 03-157, 158 mm SL, 23°01’N 66°01’E, Indian Ocean, off Karachi, trawl, 1677–1713 m, 14 Oc-
tober 2003; USNM 150720, 232 mm SL, off Omai Saki Light, Japan, 34°08’N 137°98’E, 1211 m, R/v Albatross, 
sta. D5082, 20 December 1906. 
 Diagnosis. Precaudal vertebrae 15–17; long gill rakers on first gill arch 18–21, with very few intermittent 
patches; HL:HD 1.73–1.81; strong head spines: on ethmoidal, lacrimal, prefrontal, interorbital, supraorbital, sphe-
notic, supratemporal, inner and outer posttemporal, inner and outer preopercular rims, and 5th infraorbital; opercu-
lar spine weak, flat; maxilla without scales; small opercular flap with ridges on lower part; lower lateral line pores 
until beginning of anal fin 15; vomer with moderately broad dentition patch with 1–3 rows of teeth; palatines with 
moderately broad dentition patch 2–4 rows of teeth; otolith with single colliculum; OL:OH = 1.04–1.27; OL:TCL = 
1.50–2.14.
 Description (based on non-types). Meristics: precaudal vertebrae 15–17, 0–1 last vertebrae without ribs; pecto-
ral-fin rays 16–18; D/v = 4–6; D/A = 22–26; v/A = 17–19; long gill rakers on lower first gill arch 18–21. Gill rakers 
in a typical specimen (USNM 150720) from off Japan, on lower first gill arch with five short rakers, followed by a 
series of 19 long rakers. The lower 9 of those intercept by plate shaped rakers. These are placed on the inner part of 
the gill arch and not directly between the long rakers. The long rakers are blade shaped, and armed with spinules. 
Upper gill arch with two plate shaped rakers, followed by a semi-long raker, a plate like raker, two semi-long rakers 
and two plate shaped rakers. 
 Morphometrics: in % of SL: HL 14.5–16.8; maximal HD 8.1–9.4; HD through center of eye 5.5–6.8; bony in-
terorbital width 3.5–3.9; snout length 4.9–6.0; upper jaw length 8.9–10.6; predorsal 15.3–17.0; preanal 27.5–29.6; 
prepelvic 11.6–12.3; prepectoral 15.2–17.5; pectoral length 9.4 (single specimen). Relations: HL:HD = 1.73–1.81; 
HL to snout length 2.60–2.98; preanal to predorsal 1.71.187; predorsal to prepectoral 0.97–1.09.
 Slender fish with long tapering tail and moderately long snout. Maximal size of fishes investigated 172 mm SL. 
Head moderately long and moderately slender, with flat to slightly convex dorsal profile, with few strong spines and 
ridges as follows: ethmoidal (1), lacrimal (ridge and 1 spine), prefrontal (1 weak), interorbital (1–3), supraorbital 
(2–3), sphenotic (2), supratemporal (1–2), inner and outer posttemporal (2–3), inner preopercular rim (4–5), outer 
preopercular rim (2–3 weak), and on 5th infraorbital (1–3). Opercle with short, weak spine and flat base. Eye rela-
tively large, located in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly 
and with distinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide, head top with cavernous 
system between occiput and sphenotic and supraorbital spines and on occiput in front of nape, the latter with 1 or 2 
bilateral symmetrical openings (pores or damaged thin skin cover?). Head squamation on opercle, cheeks, and oc-
ciput, few scales around eye, scales absent on maxilla and frontal. Opercle with two to three moderately sized neu-
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romasts behind preopercular edge; opercular flap small, with radial ridges on lower third. Lateral line rows rarely 
well visible and therefore number of pores countable only in rare instances. Upper lateral apparently very long with 
22 pores, and lower lateral line row with 15 pores until beginning of anal fin in one specimen.

FIguRe 27. Porogadus trichiurus (Alcock, 1890), AMS I.36456-009, 162 mm SL, 13°21’N, 124°12’E, 1037–1100 m, (A–B 
photographs, C x-ray photograph).

 Dentition. All teeth tiny and cone-shaped. vomer with a narrow and short dentition patch with 1–3 rows of teeth 
anteriorly, naked posteriorly; palatines with a short and narrow dentition patch with 2–4 rows of teeth in middle part. 
Premaxilla tooth patches not fused anteriorly; ca. 5 teeth rows anteriorly and 2–3 rows posteriorly. Dentary tooth 
patches not fused anteriorly; 3–4 teeth rows anteriorly and a single row posteriorly. Median basibranchial tooth 
patch short.
 Otolith morphology (n = 6). Size up to 2.5 mm in length; OL:OH = 1.04–1.27; OH:OT = 2.2–3.5. variably 
thick and relatively compressed otoliths with roundish to oval outline. Anterior and posterior rims blunt, rounded. 
Dorsal rim high, rounded, ventral rim moderately deep, somewhat irregularly rounded. All rims smooth. Inner face 
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nearly flat, smooth, with long, centrally positioned sulcus reaching relatively close to anterior and posterior rims of 
otolith; OL:TCL = 1.50–2.14. Sulcus shallow, undivided, with broad and shallow colliculum. Dorsal field with large 
indistinct depression; ventral field smooth, sometimes with faint ventral furrow close to ventral rim of otolith. Outer 
face smooth, with mild, anteriorly positioned umbo.
 Coloration. Live coloration not known. Color of preserved specimens with light brown body and dark brown 
head, and opercle particularly dark.

FIguRe 28. Porogadus trichiurus (Alcock, 1890); 28A–B, CAS 83066, 230 mm SL, Philippines, Lagonoy Gulf, 1037–1100 
m, head drawing; 28C–D, AMS I.36456-009, 162 mm SL,13°21’N, 124°12’E, 1037–1100 m, head drawing; 28e, SIO 03-157, 
158 mm SL, 23°01'N, 66°01'E, 1677–1713 m, head drawing; 28F–g, CAS 83066, 230 mm SL, Philippines, Lagonoy Gulf, 
1037–1100 m, otolith (F inner face, G ventral view); 28H–I, SIO 03-157, 158 mm SL, 23°01'N, 66°01'E, 1677–1713 m, otolith 
(H inner face, I ventral view); 28L–M, AMS I.36456-009, 162 mm SL, 13°21’N, 124°12’E, 1037–1100 m, otolith (L inner face, 
M ventral view); 28N–O, MNHN 1994-0760, 160 mm SL, 22°06’S, 166°27’E, 1850 m, otolith (N inner face, O ventral view).

 Discussion. Alcock (1890) described Porogadus trichiurus based on a unique type housed at ZSI which was 
not available for review. His description is not very detailed, but the long gill raker count (20), pectoral fin count 
(16) and proportion of the head deduced from his detailed drawing (Alcock 1892) of a ratio of HL:HD of about 1.7 
support the observations made with the specimens here described as P. trichiurus. Specimens described by Norman 
(1939) from the northeastern Indian Ocean as P. trichiurus have fewer long gill rakers (15) and a more slender head 
(HL:HD of nearly 2.0) and are here placed in Porogadus dracocephalus (see above).
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 Within the Porogadus trichiurus group, P. trichiurus shares with P. guentheri the relatively intense and many 
spines on the head and the head proportions, but differs in the larger predorsal length (15.3–17.0 vs 13.7–14.7), the 
presence of scales on occiput and around the eye and lack of scales on maxilla, and the distinctly more compressed 
otolith (OL:OH = 1.04–1.27 vs 1.45–1.64). It differs from most other Porogadus species by the position of the in-
termittent plates between the long gill rakers close to the inner side and not directly between the long rakers. This 
organization is probably a common trait for the Porogadus trichiurus group except for P. solomonensis. 
 Distribution. Porogadus trichiurus apparently is widely distributed in the western Pacific and has here been 
identified from southern Japan, eastern Philippines and off New Caledonia. The type specimen and one specimen 
described here stem from the northern Indian Ocean off the western coast of India. It occurs in moderate depth be-
tween 1037 and 1850 m and seems to stay close to the shelf break, i.e., not further away than 100 km.

Porogadus	gracilis group

Porogadus	abyssalis Nybelin, 1957
Figs. 29, 46, 49, Tab. 1–7

Porogadus abyssalis Nybelin, 1957: 288, figs. 19–20, pl.6 figs. 2–4; Nielsen et al. 1999: 86. 

Material examined (3 specimens): MNHN 1979-0239, 105 mm SL, 10°58’N 43°13’W, 5100 m, Biovema Expedi-
tion, Sta. a6/cp01, collected by J. Charcot, 13 November 1977; MNHN 1979-0240, 160 mm SL, 10°58’N 43°13’W, 
5100 m, Biovema Expedition, Sta. a6/cp01, collected by J. Charcot, 13 November 1977; MNHN 1992-1231, 158 mm 
SL, 10°24’N 46°43’W, 4830 m, Demeraby Expedition, Sta. cp14, collected by J. Charcot, 28 September 1980.
 Diagnosis. Precaudal vertebrae 18–19; long gill rakers on lower part of first gill arch 13–14; pectoral-fin rays 
19–23; HL:HD 1.85–2.09; most head spines moderately strong or weak, present on ethmoidal, prefrontal, interor-
bital, supraorbital, sphenotic, inner preopercular rim; absent on lacrimal, 5th infraorbital, supratemporal, inner and 
outer posttemporal, outer preopercular rim; opercular spine sharp, extruding; opercular flap small; lower lateral line 
pores until beginning of anal fin 23; vomer with moderately broad dentition patch with 2–3 rows of teeth; palatines 
with moderately broad dentition patch 2–4 rows of teeth; otolith with single colliculum; OL:OH = 1.17; OL:TCL = 
2.3.
 Description (based on non-types and holotype data from Nybelin 1957). Meristics: precaudal vertebrae 18–19, 
1 last vertebrae without ribs; pectoral-fin rays 19 (19–23); D/v = 6; D/A = 24–27; v/A = 19–21; long gill rakers on 
lower gill arch 14 (13–14). Gill rakers in a typical specimen (MNHN 1979-0240) on lower first gill arch with six 
short rakers, followed by a series of 16 long rakers. The lower 8 of those intercept by narrow plate shaped rakers. 
These are smaller than in most species. Upper gill raker with a series of three semi long rakers and three plate like 
rakers intercepted, followed by two very short rakers. 
 Morphometrics: in % of SL: HL 16.5 (16.5–17.0); maximal HD 8.2–9.0; HD through center of eye 5.2–6.1; 
bony interorbital width 3.4–3.6; snout length 6.1; upper jaw length 9.7–10.1; predorsal 17.4–18.4; preanal 33.9 
(29.3–33.9); prepelvic 12.2–13.4; prepectoral 16.6–17.4; pectoral length 10.4. Relations: HL:HD = 1.85–2.09; HL 
to snout length 2.72–2.77; preanal to predorsal 1.68–1.69; predorsal to prepectoral 1.05–1.06.
 Slender fish with long tapering tail and long, pointed snout. Maximal size of fishes investigated 209 mm SL 
(holotype). Head long and very slender, with flat dorsal profile, with moderate to weak spines as follows: ethmoidal 
(1), prefrontal (1 weak), interorbital (3), supraorbital (2 weak), sphenotic (2–3), inner preopercular rim (3–4); no 
spines on lacrimal, 5th infraorbital, supratemporal, inner and outer posttemporal, outer preopercular rim. Opercle 
with sharp, short spine. Eye small located in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly 
widened posteriorly and with distinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide, 1 
pore on occiput in front of nape. Head squamation on opercle, cheeks and occiput; absent on frontal, around eyes, 
and on maxilla. Opercle with two distinct large neuromasts behind preopercular edge; opercular flap small, with few 
radial ridges along lower margin. Lateral line rows rarely well visible and therefore number of pores countable only 
in rare instances. Lower lateral line row with 23 pores until beginning of anal fin in one specimen.
 Dentition. All teeth tiny and needle like. vomer with a narrow dentition patch with 2–3 rows of teeth anteriorly; 
palatines with a narrow dentition patch with 2–4 rows of teeth in middle part. Premaxilla tooth patches not fused 



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  61

anteriorly; ca. 4 teeth rows anteriorly and 2–3 rows posteriorly. Dentary tooth patches not fused anteriorly; ca. 4 
teeth rows anteriorly and a single row posteriorly. Median basibranchial tooth patch very short.
 Otolith morphology (n = 1). Size 1.8 mm in length (MNHN 1979-0240); OL:OH = 1.17; OH:OT 2.8. Thin, 
small, compressed, roundish otolith. All rims regularly rounded and smooth. Inner face flat, smooth, with short, 
centrally positioned sulcus; OL:TCL = 2.3. Sulcus with shallow, undivided, uniform, oval, wide colliculum. Dorsal 
field with indistinct depression; ventral field with faint ventral furrow. Outer face smooth, without umbo.
 Coloration. Color of preserved specimens light brown; belly slightly darker, opercle distinctly darker. Live 
coloration somewhat darker according to Nybelin (1957).

FIguRe 29. Porogadus abyssalis Nybelin, 1957; 29A–B, D–g, MNHN 1979-0240, 160 mm SL, 10°58’N, 43°13’W, 5100 
m, (A–B photographs, D–E head drawings, F otolith inner face, G otolith ventral view); 29C, MNHN 1992–1231, 158 mm SL, 
10°24’N, 46°43’W, 4830 m.

 Discussion. Porogadus abyssalis was described based on a unique holotype by Nybelin (1957) caught at 5250–
5300 m in the central Atlantic, which then was the deepest catch of any Porogadus specimen which hitherto were 
caught shallower than 3300 m. The weak head ossification and armature and the small, morphologically simple 
otolith may reflect adaptation to a deep sea habitat below the CCD. Within the Porogadus gracilis group, Porogadus 
abyssalis is best recognized by its unusual high number of pectoral-fin rays (19–23 vs 15–18) and some relatively 
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strong spines on the head. With its slender and elongate head and the high number of lower lateral line pores until 
the beginning of the anal fin P. abyssalis resembles several species of the Porogadus miles group, but differs in the 
generally much weaker head armature, weaker head ossification and the very small and compressed otoliths.
 Distribution. The specimens described here are the only other specimens beside the unique holotype described 
by Nybelin (1957). They confirm the deep sea dwelling of the species in the tropical Atlantic and far away from any 
shelf break (700–1000 km, Fig. 49) on the abyssal plane near to the middle Atlantic ridge.

Porogadus	gracilis (günther, 1878)
Figs. 30–31, 46, 49, Tab. 1–7

Bathynectes gracilis Günther, 1878: 21; Günther 1887: 112, pl. 16 fig. B. 
Porogadus gracilis: Nybelin 1957: 288, pl. 6 figs. 5–6; Nielsen et al. 1999: 86; Fricke et al. 2014: 33. 

Material examined (5 specimens): Holotype BMNH 1887.12.7.52, 185+ mm SL, 12°08’S 145°10’E, 2560 m, 
H.M.S. Challenger Expedition, trawl, 29 August 1874; ZMUC P2397227, 147 mm SL, R/v vityaz 2615, 15°07’S 
42°10’E, 3000–3130 m, 17 November 1988; ZMUC P2397158, 165 mm SL, Galathea 2 expedition, St. 575, 30 m 
wide shrimp otter trawl, Tasman Sea, 40°11’S 163°35’E, 3710 m, 19 December 1951; tentatively assigned speci-
mens: ZMUC P2397159-60, 181 and 195 mm SL, Galathea 2 expedition, Sta. 235 (2 specimens), 32 m wide herring 
otter trawl, 04°47’S 46°19’E, 4810 m, 11 March 1951.
 Diagnosis. Precaudal vertebrae 16–18; long gill rakers on first gill arch 13–17; pectoral-fin rays 16–18; HL:HD 
1.73–2.01; most head spines weak, present on ethmoidal, lacrimal (ridge), prefrontal, interorbital, sphenotic, outer 
posttemporal, inner preopercular rim; absent on supraorbital, 5th infraorbital, supratemporal, inner posttemporal, 
outer preopercular rim; opercular spine sharp, extruding; opercular flap small; lower lateral line pores until begin-
ning of anal fin 23; vomer with moderately broad dentition patch with 2–5 rows of teeth; palatines with moderately 
broad dentition patch 3–5 rows of teeth; otolith with single colliculum; OL:OH = 1.3; OL:TCL = 2.45.
 Description. Meristics: precaudal vertebrae 16 (16–18), 1 (1) last vertebrae without ribs; pectoral-fin rays 16 
(16–18); D/v = 5 (5–6); D/A = 27 (26–27); v/A = 18 (18–19); long gill rakers on lower gill arch 17 (13–17). Gill 
rakers in holotype on lower first gill arch with seven plate-shaped rakers, followed by a serie of 17 long rakers. The 
lower seven of those intercept by single plate shaped rakers. Upper gill arch with three short rakers intercepted by 
four plate shaped rakers. 
 Morphometrics: in % of SL: HL 15.0 (15.0–16.6); maximal HD 8.7 (7.8–9.0); HD through center of eye 5.6 
(5.3–6.6); bony interorbital width 2.7 (2.2–3.4); snout length 4.7 (4.7–5.6); upper jaw length 9.0 (8.4–9.8); predor-
sal 18.2 (17.0–18.3); preanal 30.4 (28.2–30.4); prepelvic 11.8 (11.8–14.2); prepectoral 15.1 (15.1–17.3); pectoral 
length 9.8–10.8. Relations: HL:HD = 1.73 (1.73–2.01); HL to snout length 3.14 (2.93–3.14); preanal to predorsal 
1.67 (1.64–1.78); predorsal to prepectoral 1.21 (0.99–1.21).
 Slender fish with long tapering tail and moderately long snout. Maximal size of fishes investigated 195 mm 
SL (holotype 185+ mm). Head long and slender, with flat dorsal profile, with weak spines as follows: ethmoidal 
(1), lacrimal (ridge), prefrontal (1), interorbital (1), sphenotic (2), supratemporal (1), outer posttemporal (1–3), in-
ner preopercular rim (3–4); no spines on supraorbital, 5th infraorbital, inner posttemporal, outer preopercular rim. 
Opercle with sharp, extruding spine. Eye moderately small located in strongly asymmetric orbit. Maxilla extending 
far beyond eye, strongly widened posteriorly and with distinct supramaxilla. Infra-/postorbital and mandibular-pre-
opercular pores wide, 1 pore on occiput in front of nape. Head squamation on opercle, cheeks and occiput; absent on 
frontal, around eyes, and on maxilla. Opercle with one or two distinct large neuromasts behind preopercular edge; 
opercular flap small, without ridges. Lateral line rows rarely well visible and therefore number of pores countable 
only in rare instances. Lower lateral line row with 23 pores until beginning of anal fin in one specimen.
 Dentition. All teeth tiny and cone-shaped. vomer with a moderately broad dentition patch with 2–5 rows of 
teeth anteriorly; palatines with a narrow dentition patch with 3–5 rows of teeth in the middle part, tapering to one 
row posteriorly and three rows anteriorly. Premaxilla tooth patches not fused anteriorly; ca. 10 rows of very tiny 
teeth in middle part. Dentary tooth patches fused anteriorly; ca. 5 rows anteriorly and 3 rows posteriorly. Median 
basibranchial tooth patch long.
 Otolith morphology (n = 1). Size 2.0 mm in length (ZMUC P2397227, ); OL:OH = 1.3; OH:OT 2.8. Thin, 
small, compressed, roundish otolith. All rims regularly rounded and smooth. Inner face flat, smooth, with short, 
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centrally positioned sulcus; OL:TCL = 2.45. Sulcus with shallow, undivided, uniform, oval, relatively narrow col-
liculum. Dorsal field with indistinct small depression; ventral field smooth. Outer face smooth, with low relief 
central umbo.
 Coloration. Live coloration not known. Color of preserved specimens light brown throughout; opercle some-
what darker. 

FIguRe 30. Porogadus gracilis (Günther, 1878); 30A–B, BMNH 1887.12.7-52, holotype, 185+ mm SL, 12°08’S, 145°10’E, 
2560 m; 30C–D, ZMUC P2397158, 165 mm SL, 40°11’S, 163°35’E, 3710 m.
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FIguRe 31. Porogadus gracilis (Günther, 1878); 31A–B, BMNH 1887.12.7-52, holotype, 185+ mm SL, 12°08’S, 145°10’E, 
2560 m, head drawings; 31C–D, tentatively assigned, ZMUC P2397160, 281 mm SL, 04°47’S, 46°19’E, 4810 m, head draw-
ing; 31e–g, ZMUC P2397227, 147 mm SL, 15°07’S, 42°10’E, 3000–3130 m, otolith (E inner face, F anterior view, G ventral 
view).

 Discussion. Two of the five specimens studied of P. gracilis are only tentatively allocated because of the rela-
tively low number of long gill rakers (13–14 vs 15–17). Porogadus gracilis closely resembles P. abyssalis in the 
slender head and the weak head armature, but differs in the lower number of pectoral-fin rays (16–18 vs 19–23), the 
lower number of precaudal vertebrae (16–17, possibly 18 vs 18–19), and the even lesser and weaker head spines. 
Porogadus gracilis and P. abyssalis likely represent an vicariant species pair.
 Distribution. Porogadus gracilis was originally described based on a single specimen from the deep water of 
the Coral Sea, off Raine Island, Queensland, Australia. A second specimen from off Madang, Papua New Guinea, 
has been listed in Fricke et al. (2014) but was not reviewed here. We have now also identified P. gracilis from the 
Tasman Sea and from off East Africa indicating that it is a widely distributed species in the southern Indian and 
West-Pacific oceans at depth of 2560 to 4810 m. It is found offshore at about 100 to 700 km off the shelf break.

Porogadus	melanocephalus (Alcock, 1891)
Figs. 32–33, 46, 49, Tab. 1–7

Dermatorus melanocephalus Alcock, 1891: 32; Alcock 1898: pl. 21 fig. 4. 
Porogadus melanocephalus: Nielsen et al. 1999: 86. 

Material examined (48 specimens): Syntype BMNH 1896.9.11.6, 183 mm SL, 11°58’N 88°52’E, 3197 m; BSKU 
65559, 175 mm SL, 13°05’N 90°39’E to 13°03’N 90°37’E, 2967–2978 m, R/v Hakuho-maru, 3 m beam trawl, 9 
Feb. 1990; ZMUC P2397161, 161 mm SL, Galathea 2 expedition, Sta. 282, 32 m wide herring otter trawl, 05°32’N 
78°41’E, 4040 m, 11 April 1951; ZMUC P2397162-206, (45 specimens), 86–172 mm SL, Galathea 2 expedition, 
Sta. 299, 32 m wide herring otter trawl, Bay of Bengal, 17°10’N 84°30’E, 2820 m, 24 April 1951.
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 Diagnosis. Precaudal vertebrae 16–17; long gill rakers on first gill arch 12–15; pectoral-fin rays 15–18; HL:
HD 1.71–1.88; most head spines weak, present on ethmoidal, prefrontal, interorbital, sphenotic, outer posttemporal; 
absent on lacrimal, supraorbital, 5th infraorbital, supratemporal, inner posttemporal, inner and outer preopercular 
rim; opercular spine weak, flat; opercular flap small; lower lateral line pores until beginning of anal fin 17; vomer 
with narrow dentition patch with 1–2 rows of teeth; palatines with broad dentition patch with 5–8 rows of teeth; 
otolith with single colliculum; OL:OH = 1.15; OL:TCL = 3.25.

FIguRe 32. Porogadus melanocephalus (Alcock, 1891); 33A, BSKU 65559, 175 mm SL, 13°05'N, 90°39'E, 2967–2978 m; 
32B–C, ZMUC P2397166, 168 mm SL, 17°10'N, 84°30'E, 2820 m; 32D, ZMUC P2397162, 152 mm SL, 17°10'N, 84°30'E, 
2820 m.
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 Description (based on non-types and syntype with dissected head top). Meristics: precaudal vertebrae 16 (16–
17), 1 (1–2) last vertebrae without ribs; pectoral-fin rays 18 (15–18); D/v = 5 (4–6); D/A = 24 (23–26); v/A = 17 
(17–18); long gill rakers on first lower gill arch 12 (12–15), blade like. Gill rakers in a syntype (BMNH 1896.9.11.6) 
on lower first gill arch with seven short rakers, followed by a series of 12 long rakers. The lower four of those in-
tercept by narrow plate shaped rakers. These are smaller than in most species and placed toward the inner margin. 
Upper gill raker with a serie of three semi long rakers and three plate like rakers intercepted, followed by two very 
short rakers. 
 Morphometrics: in % of SL: HL 17.3 (15.4–17.3); maximal HD 8.3–9.8; HD through center of eye 5.4–6.5; 
bony interorbital width 2.4–3.1; snout length 5.1–6.1; upper jaw length 10.5 (9.1–10.6); predorsal 17.2–18.5; pre-
anal 33.2 (29.9–33.2); prepelvic 13.8 (12.9–13.9); prepectoral 16.0–17.7; pectoral length 9.9–11.4. Relations: HL:
HD = 1.70–1.84; HL to snout length 2.76 (2.64–3.07); preanal to predorsal 1.74 (1.72–1.87); predorsal to prepecto-
ral 1.01 (0.99–1.07).
 Slender fish with long tapering tail and moderately long snout. Maximal size of fishes investigated 183 mm 
SL (syntype). Head moderately long and slender, with flat to slightly concave dorsal profile, with weak spines as 
follows: ethmoidal (1 broad), prefrontal (1), interorbital (1–2), sphenotic (2–3), supratemporal (2), outer posttem-
poral (1–2); no spines on lacrimal, supraorbital, 5th infraorbital, inner posttemporal, inner and outer preopercular 
rim. Opercle with weak, flat spine. Eye moderately small located in strongly asymmetric orbit. Maxilla extending 
far beyond eye, strongly widened posteriorly and with distinct supramaxilla. Infra-/postorbital and mandibular-pre-
opercular pores wide. Head squamation only discernable on opercle on any of the specimens. Opercle with one 
moderately sized neuromast behind preopercular edge; opercular flap small. Lateral line rows rarely well visible 
and therefore number of pores countable only in rare instances. Upper lateral line row with 8 pores and lower lateral 
line row with 17 pores until beginning of anal fin in one specimen.

FIguRe 33. Porogadus melanocephalus (Alcock, 1891); 33A–B, BSKU 65559, 175 mm SL, 13°05'N, 90°39'E, 2967–2978 
m, head drawing; 33C–D, ZMUC P2397174, 166 mm SL, 17°10'N, 84°30'E, 2820 m, head drawing; 33e–F, BSKU 65559, 175 
mm SL, 13°05’N, 90°39’E, 2967–2978 m, otolith (E inner face, F ventral view).
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 Dentition All teeth tiny and cone-shaped. vomer dentition almost absent, with 1–2 rows of tiny teeth anteriorly; 
palatines with very broad dentition patch with 5–8 rows of teeth in the middle part. Premaxilla tooth patches very 
narrow and not fused anteriorly; ca. 1–2 rows of very tiny teeth in middle part. Dentary tooth patches not fused 
anteriorly; ca. 4 rows anteriorly and 3 rows posteriorly. Median basibranchial tooth patch short, moderately wide.
 Otolith morphology (n = 1). Size 2.2 mm in length (BSKU 65559); OL:OH = 1.15; OH:OT = 2.35. Moderately 
thick, small, compressed, roundish otolith. All rims regularly rounded and smooth; dorsal rim somewhat expanded 
middorsally. Inner face flat, smooth, with short, centrally positioned sulcus; OL:TCL = 3.25. Sulcus with shallow, 
undivided, uniform, very small, oval colliculum. Dorsal field with indistinct depression; ventral field with broad, 
indistinct ventral furrow. Outer face smooth, with central umbo.
 Coloration. Live coloration not known. Color of preserved specimens light to pinkish brown; entire head dis-
tinctly darker, almost black. 
 Discussion. Porogadus melanocephalus differs from the other two species in the Porogadus gracilis group in 
the weak nature of all head spines, the very dark, nearly black head (which however may fade in old specimens), 
the broad palatines with 5–8 teeth rows (vs 2–4 rows of teeth), the weak, flat opercular spine (vs sharp and pointed), 
and the very small colliculum in the sulcus of the otolith (OL:TCL = 3.25 vs 2.3–2.5).
 Distribution. Porogadus melanocephalus belongs to the relatively deep living species of the genus having 
been caught between 2820–4040 m. It appears to be endemic to the Bay of Bengal in the northeastern Indian Ocean. 
Alcock (1891) based his description of the species on two syntypes, one kept at BMNH and unfortunately not suit-
able as holotype and one at ZSI, which was not studied. A trawl in the Bay of Bengal during the Galatea 2 expedi-
tion (station 299, 17°10’N 84°30’E, 2820 m) has yielded 45 specimens of P. melanocephalus, which represents the 
single largest catch of Porogadus specimens and indicates that P. melanocephalus (and possible other species) may 
not be as rare as could be perceived from the relatively few specimens in institutional collections.

Porogadus	catena	group

Porogadus	catena (goode & Bean, 1885)
Figs. 34–35, 47, 50, Tab. 1–7

Bathyonus catena Goode & Bean, 1885: 603, pl. 11 fig. A.
Bassozetus catena: Goode & Bean 1896: 323, fig. 286; Jordan & Evermann 1898: 2509; Jordan & Evermann 1900: pl. 356, 

figs. 876, 876a.
Porogadus catena: Norman 1939: 87; Carter 1984: 2–183; Carter & Sulak 1984: 374, fig. 6b; Nielsen et al. 1999: 86; Mincarone 

et al 2007: 55, fig. 3R. 
Porogadus subarmatus vaillant, 1888: 265, pl. 24 figs. 3–3c; Nybelin 1957: 288, textfig. 20, pl. 6 fig. 7; Nielsen et al. 1999: 

86.
Celema subarmata: Goode & Bean 1896: 330.
Porogadus (Dermatorus) subarmatus: Nolf 1980: 91, pl. 11 fig. 9 (otolith).

Material examined (39 specimens): Specimens labeled as P. catena: Lectotype and paralectotype USNM 37341, 
214 and 220 mm SL, 28°00’N 87°70’W, 2683 m, Albatross Expedition 1883–1900, Sta. D 2379, large beam trawl, 2 
March 1885; NMP 1873 (4 specimens), 152–170 mm SL, NMP 1874, 130+ mm SL, NMP 1871, 133 mm SL, NMP 
1878 (4 specimens), 138–170 mm SL, Portiguar, Brazil, 2000m; USNM 405732, 140+ mm SL, 28°23’N 88°21’W, 
1829 m, R/v Oregon, Cruise 68, Sta. 2820, 15 Jul 1960; ZMMGU 16653 (4 of 9 specimens), 152–170 mm SL, R/v 
Acad. Kurchatov, Cruse 1, station 2,14°45’N 18°21’W, 2880 m, 08 January 1967. Specimens labeled as P. subarma-
tus: Holotype MNHN 86-530, off Cape verde Islands, 3200 m, R/v Talisman, 1883; paratype BMNH 1939.2.20.1, 
off Cape verde Islands 3200 m; BMNH 2013.8.1.38-43, 103–193 mm SL, 20°52’N 18°17’W (Cape verde Pla-
teau), 2010–2180 m, R.R.S. Discovery Cruise, collected by the Institute of Oceanographic Sciences, 06 July 1987; 
MNHN 2004-1330, 136 mm SL, 05°46’S 09°42’E, 3113–3159 m, R/v Atalante, Biozaire 3 Expedition, Sta. cp22, 
03 January 2004; MNHN 2004-1333 (2 specimens) 140–174 mm SL, 05°55’S 09°39’E, 3230 m, R/v Atalante, 
Biozaire 3 Expedition, Sta. cp24, 04 January 2004; MNHN 2004-1348, 204 mm SL, 05°48’S 09°42’E, 3142–3163 
m, R/v Atalante, Biozaire 3 Expedition, Sta. cp18, 30 December 2003; MNHN 2004-1349 (2 specimens), 188 mm 
SL, 05°48’S 09°42’E, 3156–3172 m, R/v Atalante, Biozaire 3 Expedition, Sta. cp17, 30 December 2003; MNHN 
2004-1350, 162 mm SL, 05°47’S 09°42’E, 3113–3159 m, R/v Atalante, Biozaire 3 Expedition, Sta. cp20, 02 Janu-
ary 2004; MNHN 2004-1352, 165 mm SL, 05°49’S 09°42’S, 3172–3193 m, R/v Atalante, Biozaire 3 Expedition, 
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Sta. cp16, 28 December 2003; ZMUC P771459, 180 mm SL, 05°48’S 09°43’E, 3156 m; ZMUC P2397207-208, 
(2 specimens), 176–191 mm SL, Galathea 2 expedition, Sta. 52, 01°49’N 07°51’E, 2620 m, 30 November 1950; 
ZMUC P2397209-210, (2 specimens), 137 and 195+ mm SL, Galathea 2 expedition, Sta. 65, off Gabon, 02°17’S 
08°10’E, 2840 m, 4 December 1950; ZMUC P2397211, 183 mm SL, collected by Mr. Frank, off Rabat, Morocco, 
16 September 1897, 2000 m. 
 Diagnosis. Precaudal vertebrae 16–17; long gill rakers on first gill arch 15–18; pectoral-fin rays 15–18; HL:HD 
1.49–1.73; few and mostly weak head spines, present on ethmoidal, supraorbital, sphenotic, supratemporal, outer 
posttemporal, inner preopercular rim; absent on lacrimal, prefrontal, interorbital, 5th infraorbital, inner posttempo-
ral, outer preopercular rim; opercular spine weak, flat; opercular flap small; lower lateral line pores until beginning 
of anal fin 15–17; vomer with narrow dentition patch with 1–2 rows of teeth; palatines with moderately broad denti-
tion patch with 3–4 rows of teeth; otolith with single colliculum; OL:OH = 1.0–1.2; OL:TCL = 1.8–2.2.
 Description (holotype values refer to P. catena). Meristics: precaudal vertebrae 17 (16–17), 1 (0–2) last ver-
tebrae without ribs; pectoral-fin rays 16 (15–18); D/v = 6 (5–7); D/A = 25 (21–26); v/A = 18 (17–18); long gill 
rakers on lower gill arch 16 (15–18). Gill rakers in a non-type (ZMUC P771459) on lower first gill arch with nine 
short rakers, followed by a series of 17 long rakers. The lower eight of those intercept by narrow plate shaped rakers, 
placed toward the inner margin. Upper gill raker with a series of two plate-like rakers followed by four semi-long 
and plate-like rakers intercepted, followed by two very short rakers.
 Morphometrics: in % of SL: HL 14.5–16.4; maximal HD 8.5–10.7; HD through center of eye 5.8–7.5; bony 
interorbital width 2.8–3.5; snout length 4.0–5.3; upper jaw length 8.7–10.4; predorsal 15.8–19.6; preanal 28.0–33.3; 
prepelvic 11.7–13.4; prepectoral 15.0–17.6; pectoral length 7.5–9.5. Relations: HL:HD = 1.59 (1.49–1.73); HL to 
snout length 2.77–3.28; preanal to predorsal 1.64–1.88; predorsal to prepectoral 1.0–1.13.
 Slender fish with long tapering tail and relatively short head and snout. Maximal size of fishes investigated 
220 mm SL (paralectotype). Head relatively short and compressed, with mostly flat dorsal profile, and mostly weak 
spines as follows: ethmoidal (1 sharp), supraorbital (1 weak), sphenotic (1–2 weak), supratemporal (1–2 weak), 
outer posttemporal (1–2 weak), inner preopercular rim (1–3); no spines on lacrimal, prefrontal, interorbital, 5th in-
fraorbital, inner posttemporal, outer preopercular rim. Opercle with weak, flat spine. Eye moderately small located 
in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly and with distinct 
supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide; extensive cavernous system on head top 
in front of occiput and nape, sometimes open (pores or damaged thin skin?). Head squamation only discernable on 
opercle and cheeks on few specimens. Opercle with two or three moderately sized neuromast behind preopercular 
edge; opercular flap small. Lateral line rows rarely well visible and therefore number of pores countable only in rare 
instances. Lower lateral line row with 15–17 pores until beginning of anal.
 Dentition. All teeth small and cone-shaped. vomer v-shaped usually with 3 rows of teeth anteriorly and one 
row posteriorly; palatines with a moderately broad dentition patch with 3–5 rows of teeth; premaxilla tooth patches 
narrow and not fused anteriorly; 5–8 rows of teeth anteriorly and 1–3 posteriorly; dentary tooth patches not fused 
anteriorly; ca. 4–7 rows anteriorly and 1–4 rows posteriorly. Median basibranchial tooth patch long and narrow
 Otolith morphology (n = 12). Size 2.0 mm in length; OL:OH = 1.02–1.21; OH:OT = 2.0–2.7. Moderately thick, 
small, compressed, roundish otolith. All rims rounded and smooth. Inner face flat, with short, deepened, centrally 
positioned sulcus; OL:TCL = 1.83–2.24. Sulcus with undivided, uniform, sometimes deepened, oval colliculum. 
Dorsal field with indistinct depression; ventral field smooth. Outer face smooth, with prominent central umbo.
 Coloration. Live coloration not known. Color of preserved specimens light to medium brown; entire head 
darker, opercle distinctly darker, almost black. 
 Discussion. Porogadus catena belongs to the Porogadus catena group further containing P. promelas and 
as a group is characterized by weak head spines and a compressed, relatively short head. Porogadus catena was 
originally described from the western Atlantic and has been considered as senior synonym of P. breviceps and P. 
promelas from the eastern Pacific by Carter & Sulak (1984). However, we found certain consistent differences 
between Atlantic and East-Pacific specimens with the Atlantic ones (P. catena) showing weak supratemporal and 
inner preopercular spines (vs absent), scales on cheeks and opercle equally large (vs scales on cheeks larger than on 
opercle), narrower palatines (with 3–4 rows of teeth vs 4–9 rows), and a distinctly more compressed otolith (OL:
OH = 1.02–1.21 vs 1.25–1.51), indicating that two vicariant species exist in the respective seas. We therefore regard 
both P. catena and P. promelas (the latter with P. breviceps as junior synonym) as valid. In contrast we were unable 
to find consistent differences between the specimens from the West-Atlantic commonly placed in P. catena and from 
the East-Atlantic usually identified as P. subarmatus and therefore place the latter as junior synonym of the former.
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FIguRe 34. Porogadus catena (Goode & Bean, 1885); 34A,C, NPM 1878, 170 mm SL, off Portiguar, Brazil, 2000 m; 34B, 
ZMUC P771459, 180 mm SL, 05°48'S, 09°43'E, 3156 m; 34D, NPM 1878, 145 mm SL, off Portiguar, Brazil, 2000 m.
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FIguRe 35. Porogadus catena (Goode & Bean, 1885); 35A, USNM 37341, paralectotype, 220 mm SL, 28°00’N 87°70’W, 
2683 m, head drawing; 35B, MNHN 86-530, holotype of Porogadus subarmatus, Cape verde Islands, 3200 m, head drawing; 
35C–D, ZMUC P771459, 180 mm SL, 05°48’S, 09°43’E, 3156 m, head drawings; 35e–F, NPM 1878, 170 mm SL, off Porti-
guar, Brazil, 2000 m, head drawings; 35g–H, NPM 1873-0021994, 150+ mm SL off Portiguar, Brazil; otolith (G inner face, H 
ventral view); 35I, NPM 1878, 170 mm SL, off Portiguar, Brazil, 2000 m, otolith (inner face); 35J, NPM 1874, NPM 1878, 170 
mm SL, 130+ mm SL, off Portiguar, Brazil, 2000 m, otolith (inner face); 35K, NPM 1873-0021919, 142 mm SL, off Portiguar, 
Brazil; otolith (inner face); 35L,P,Q, MNHN 2004-1349, (2 specimens), 188 mm SL, 05°48’S, 09°43’E, 3156 m, otoliths (L,P 
inner faces, Q ventral view); 35M–O, BMNH 1939.2.20.1, Cape verde Islands, 3200 m, otolith (M inner face, N dorsal view, 
O anterior view); 35R–S, MNHN 2004-1352, 165 mm SL, 05°49’S, 09°42’E, 3172 –3193 m, otolith (R inner face, S ventral 
view).
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 Distribution. Porogadus catena is relatively common on both sides of the tropical to subtropical Atlantic from 
about 30°N to 12°S in the West-Atlantic and about 35°N to 10°S in the East-Atlantic. It has been caught at depths 
mostly between 1800 and 3200 m and one specimen between 4500 and 4600 m from the East-Atlantic where it ap-
pears to be residing somewhat deeper than the West-Atlantic. Also, it appears to be staying relatively close to the 
continental slope and has not been caught further away from the shelf break than 700 km.

Porogadus	promelas gilbert, 1892
Figs. 36–37, 47, 50, Tab. 1–7

Porogadus promelas Gilbert, 1892: 546; Hanke et al. 2015: 74, fig. 6.
Porogadus breviceps Garman, 1899: 155.
Porogadus catena (not Goode & Bean, 1885): Carter & Sulak 1984: 374 (part).
Porogadus (Moebia) promelas: Nolf 1980: 91, pl. 11, fig. 11 (otolith).
Porogadus (Moebia) sp.: Schwarzhans 1981: 94, fig. 92 (otolith).

Material examined (14 specimens): Specimens labeled as P. promelas: Lectotype and paralectotype USNM 48265, 
237 and 125 mm SL, 27°39’N 111°42’W, 1838 m, Albatross Expedition 1883-1900, Sta. D 3010, large beam trawl, 
20 March 1889; paralectotype USNM 125002, 218 mm SL, 27°39’N 111°42’W, 1838 m, Albatross Expedition 
1883-1900, Sta. D 3010, large beam trawl, 20 March 1889; ZMUC P2397228, R/v Ak. Kurtshatov 239A, 205 
mm SL, 23°21’S 71°00’W, 3960 m; CAS SU 7, 197 mm SL, Baja California Sur, 1838 m; RBCM 010-00342-001, 
280 mm SL, 51°25’N 130°40-41’W, 1967 m; ZMUC P2397212-213, 154 and 243 mm SL, Galathea 2 expedition, 
Sta. 726, 32 m wide herring otter trawl, Gulf of Panama, 05°49’N 78°52’W, 3270–3670 m, 13 May 1952 ; ZMUC 
P2397214-218 (5 specimens), 110+ to 160 mm SL, Galathea 2 expedition, Sta. 716, 32 m wide herring otter trawl, 
off Acapulco, Panama, 09°23’N 89°32’W, 3570 m, 6 May 1952. Specimens labeled as P. breviceps: Lectotype MCZ 
28654, 245 mm SL, Gulf of California, 26°48’N 110°45’W, 1571 m, R/v Albatross, small beam trawl, 22 April 
1891.
 Diagnosis. Precaudal vertebrae 16–17; long gill rakers on first gill arch 15–18; pectoral-fin rays 17–18; HL:
HD 1.50–1.72; few and mostly weak head spines, present on ethmoidal, interorbital, supraorbital, sphenotic, 
outer posttemporal; absent on lacrimal, prefrontal, 5th infraorbital, supratemporal, inner posttemporal, inner and 
outer preopercular rim; opercular spine weak, flat; opercular flap small; lower lateral line pores until beginning 
of anal fin 16–18; vomer with narrow dentition patch with 2–4 rows of teeth; palatines with moderately broad 
dentition patch with 4–9 rows of teeth; otolith with single colliculum; OL:OH = 1.25–1.5; OL:TCL = 2.0–2.1.
 Description (holotype values refer to P. promelas). Meristics: precaudal vertebrae 16–17, 0–1 last vertebrae 
without ribs; pectoral-fin rays 18 (17–18); D/v = 5–6; D/A = 24–29; v/A = 18–19; long gill rakers on first gill arch 
18 (15–18). Gill rakers in paralectotype (USNM 125002) on lower first gill arch with five plate like rakers, followed 
by a series of 15 long rakers. The lower 10 of those intercept by broad plate shaped rakers, placed between the long 
rakers. Upper gill raker with a series of four semi long rakers and five plate like rakers intercepted. 
 Morphometrics: in % of SL: HL 15.1 (14.4–16.6); maximal HD 9.9 (8.8–11.5); HD through center of eye 
6.1–7.8; bony interorbital width 2.4–3.5; snout length 4.8 (4.5–5.8); upper jaw length 9.0 (8.7–10.5); predorsal 
16.8 (15.6–19.1); preanal 31.7 (29.0–32.0); prepelvic 11.7–13.2; prepectoral 15.1–16.9; pectoral length 8.3–9.8. 
Relations: HL:HD = 1.53 (1.50–1.72); HL to snout length 3.18 (2.81–3.18); preanal to predorsal 1.88 (1.67–2.05); 
predorsal to prepectoral 0.96–1.13.
 Slender fish with long tapering tail and relatively short head and snout. Maximal size of fishes investigated 280 
mm SL (RBCM 010-00342-001). Head relatively short and compressed, with mostly flat dorsal profile, and mostly 
weak spines as follows: ethmoidal (1 small), interorbital (1–2 weak), supraorbital (1 weak), sphenotic (2–3 weak), 
outer posttemporal (1–2 weak); no spines on lacrimal, prefrontal, 5th infraorbital, supratemporal, inner posttempo-
ral, inner and outer preopercular rim (rare up to 2 denticles on inner preopercular rim). Opercle with weak, flat spine. 
Eye moderately small located in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened 
posteriorly and with distinct supramaxilla. Infra-/postorbital and mandibular-preopercular pores wide; extensive 
cavernous system on head top in front and lateral of occiput. Head squamation only discernable on opercle, cheeks 
and occiput; those on cheeks larger than those on opercle or occiput. Opercle with two moderately sized neuromast 
behind preopercular edge; opercular flap small. Lateral line rows rarely well visible and therefore number of pores 
countable only in rare instances. Lower lateral line row with 16–18 pores until beginning of anal.
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FIguRe 36. Porogadus promelas Gilbert, 1892; 36A,C,e, CAS SU 7, 197 mm SL, Baja California Sur, 1838 m; 36B,D, MCZ 
28654, lectotype of Porogadus breviceps, 245 mm SL, 26°48’N, 110°45W, 1571 m; 36e, USNM 48265, paralectotype, 125 mm 
SL, 27°39’N, 111°42’W, 1838 m.
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FIguRe 37. Porogadus promelas Gilbert, 1892; 37A, USNM 48265, lectotype, 237 mm SL, 27°39’N, 111°42’W, 1838 m, 
head drawing; 37B, RBCM 010-00342-001, 280 mm SL, 51°25’N, 130°40-41’W, 1967 m, head drawing; 37C–D, MCZ 28654, 
lectotype of Porogadus breviceps, 245 mm SL, 26°48’N, 110°45W, 1571 m, head drawing; 37e–F, USNM 125002, paralecto-
type, 218 mm SL, 27°39’N, 111°42’W, 1838 m, otolith (E inner face, F ventral view); 37g, PZMUC P2397228, 205 mm SL, 
23°21’S, 71°00’W, 3960 m, otolith (inner face); 37H–I, MCZ 28654, lectotype of Porogadus breviceps, 245 mm SL, 26°48’N, 
110°45W, 1571 m, otolith (H inner face, I ventral view).

 Dentition. All teeth tiny and cone-shaped. vomer with shout dentition patches with 2–4 rows of tiny teeth an-
teriorly and 1–2 rows posteriorly; palatines with a broad dentition patch with 4–9 rows of teeth in the middle part. 
Premaxilla tooth patches broad and not fused anteriorly; ca. 10 rows of teeth in middle part. Dentary tooth patches 
fused anteriorly; ca. 6 rows in the middle part. Basibranchial tooth patches consisting of long, narrow median patch 
sometimes accompanied by small single lateral patch and in case of one syntype of P. breviceps (MCZ 28654) with 
pair of lateral patches.
 Otolith morphology (n = 3). Size 2.6 mm in length; OL:OH = 1.25–1.51; OH:OT = 1.75–2.5. Moderately thick 
to thick, small, moderately compressed otolith. Dorsal rim with mostly prominent predorsal lobe or rounded pre-
dorsal angle; ventral rim shallower than dorsal rim. All rims smooth. Inner face flat, with short, centrally positioned 
sulcus; OL:TCL = 2.06–2.12. Sulcus with undivided, uniform, sometimes deepened, oval, narrow colliculum. Dor-
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sal field with broad, sometimes distinct depression; ventral field with faint ventral furrow close to ventral rim of 
otolith. Outer face smooth, with prominent umbo in front of center.
 Coloration. Live coloration not known. Color of preserved specimens light to medium brown; only opercle 
distinctly darker. 
 Discussion. Porogadus promelas was considered a synonym of P. catena from the West-Atlantic by Carter & 
Sulak (1984), but we found a number of mostly subtle differences, with the otolith being the most obvious one, to 
distinguish both species (see above).
 Distribution. Porogadus promelas is widely distributed along the deep continental slopes of the central East-
Pacific from about 51°N to 23°S and has been caught between 1500 and nearly 4000 m.

genus Tenuicephalus n. gen.

Type species: Porogadus silus Carter & Sulak, 1984

Diagnosis. A genus of the subfamily Neobythitinae characterized by the following combination of characters: Body 
long and slender; depth at anus more than 10 times in standard length, prominent mucous cavities and large pores 
along the infraorbital and mandibular-preopercular canal systems; spines on head very few and weak or absent; up-
per jaw ends well behind eye; head very weakly ossified and head bones very thin and flexible; 1 narrow median 
basibranchial tooth patch (except sometimes missing in T. silus), no lateral basibranchial tooth patches; lateral line 
not discernable; developed gill rakers 14 to 21; pectoral-fin rays 16 to 19; precaudal vertebrae 14 to 17; ratio HL:
HD 1.35 to 1.6; vomer naked or with few singular teeth or with 1 to 2, rarely 3 rows small villiform teeth anteriorly; 
palatine narrow with 2 to 3 rows small villiform teeth. Body color uniformly black or purple-black, but may fade to 
medium brown after long term preservation.
 Similarity. Tenuicephalus is most remarkable for its weakly ossified head bones and the short and stubby head 
and snout. It differs from Porogadus, where its species have been placed in the past, additionally in the absence of 
discernable lateral line systems on the trunk, no or very weak and few head spines and a much reduced dentition on 
vomer, palatines and basibranchial tooth patches. All these characters are considered derived in the group contain-
ing the genera Porogadus, Alcockia, Bathyonus and Penopus and might be related to a live above the ground and 
feeding on very small crustaceans, as suggested by Carter (1984). These characters are probably autapomorphic in 
the context of this group of genera and we therefore assume that Tenuicephalus may represent a clade as sistergroup 
to the other four genera of the lineage.
 ethymology. From tenuis (Latin = thin, weak) and cephalus (Latin = head), referring to the delicate and weak 
nature of the head ossification which results in often damaged specimens recovered from deep-water trawls.
 Species. We consider four species in Tenuicephalus two of which are replaced from a former position in Po-
rogadus and two are newly described here: Tenuicephalus melampeplus (Alcock, 1896) from the western Indian 
Ocean and the Solomon Sea, Tenuicephalus multitrabs n. sp. from the Indian Ocean and the West-Pacific, Tenu-
icephalus silus (Carter & Sulak, 1984) from the Caribbean, and Tenuicephalus squamilabrus n. sp. known disjunc-
tive from the southwestern Indian Ocean and the West-Pacific.
 Remarks. Fishes of the genus Tenuicephalus are exceptionally fragile. We have found only very few specimens 
in the collections that are well enough preserved to allow for an assessment of characters other than meristics, basic 
morphometrics, and otoliths (when not eroded by formalin). Particularly squamation, head pore systems and head 
morphometrics are only rarely identifiable or measurable. Hence the following key, diagnoses and descriptions rely 
on few specimens for those characters.

Key to the species of Tenuicephalus

1 Long gill rakers 14–16 (up to 18 in T. silus); HL in % SL 16.4–17.6; no head spines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
- Long gill rakers 17–21; HL in % SL 14.4–16.2; weak ethmoidal and interorbital spines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2 Loin vertebrae 3; opercular spine sharp; OL:OH < 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Tenuicephalus	melampeplus
- Loin vertebrae 8–10; opercular spine flat; otolith not known  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tenuicephalus	silus
3 Head squamation on occiput, cheeks, opercle and maxilla (but rarely preserved); maximal HD:HD through eye 1.75–1.90; OL 

in % HL 5.0–6.5; OL:TCL 1.94–2.30. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tenuicephalus	squamilabrus n. sp.



REvISION OF PoRoGADUS (OPHIDIIDAE) Zootaxa 5029 (1) © 2021 Magnolia Press  ·  75

- Head naked except scales on cheeks; maximal HD:HD through eye 1.35–1.70; OL in % HL 11.5–14.5; OL:TCL 2.46–2.92  . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tenuicephalus	multitrabs	n. sp.

Tenuicephalus melampeplus (Alcock, 1896)
Figs. 38, 48, 51, Tab. 1–7

Dermatorus melampeplus Alcock, 1896: 65; Alcock 1897: pl. 17 fig. 3. 
Porogadus melampeplus: Nielsen et al. 1999: 86; non Shcherbachev 1980: 92. 
Porogadus sp.: Nielsen & Møller 2007: 33 (pars, not figured).

Material examined (2 specimens and photograph and selected data of holotype): Holotype ZSI F60/1, 218 mm SL 
(calculated from photograph), 15°11’N 72°28’E, 1702 m; ZMMGU 15103, 177+ mm SL, R/v Fiolent, Cruse 9, 
trawl 51, 01 September 1977, 09°48’S 60°42’E; ZMUC P771580, 135 mm SL, 13°45’S 156°41’E, 2255–2283 m.
 Diagnosis. Precaudal vertebrae 14–16, 3 loin vertebrae (last precaudal vertebrae without ribs); long gill rakers 
on first gill arch 14–16; pectoral-fin rays 16–17; HL:HD 1.40–1.48; no head spines; opercular spine sharp, extrud-
ing; opercular flap small; vomer narrow, naked or with few teeth; palatines narrow with 2–3 rows of teeth; basi-
branchial tooth patch very small with 1–2 rows of teeth; otolith with single colliculum; OL:OH = 0.95; OL:TCL = 
1.87.
 Description. Meristics: precaudal vertebrae 14–16, 3 last vertebrae without ribs; pectoral-fin rays 16 (16–17); 
D/v not discernable; D/A not discernable; v/A = 15; long gill rakers on lower gill arch 16 (14–16). Gill rakers in a 
non-type (ZMMGU 15103) on lower first gill arch with nine short rakers, followed by a series of 15 long rakers. The 
lower nine of those intercepted by short spiny rakers directed inwards. Upper gill arch with five semi-long rakers 
intercepted by five short rakers.
 Morphometrics: in % of SL (values for holotype calculated from photograph): HL 16.4 (16.4–17.2); maxi-
mal HD 11.6 (11.6–12.1); HD through center of eye 7.4; bony interorbital width not measurable; snout length 4.6 
(4.6–5.8); upper jaw length 9.8 (9.8–11.9); predorsal 16.3 (16.0–16.3); preanal 32.2 (30.0–32.6); prepelvic and 
prepectoral not measurable; pectoral length not measurable. Relations: HL:HD = 1.42 (1.40–1.48); maximal HD:
HD through center of eye 1.50–1.63; HL to snout length 3,58 (2.95–3.58); preanal to predorsal 1.97 (1.97–2.04); 
predorsal to prepectoral not measurable.
 Overall slender fish with long tapering tail, relatively stout head and moderately long snout. Maximal size of 
fishes investigated 218 mm SL (holotype, calculated from photograph). Head with flat or slightly concave dorsal 
profile, without spines except opercle with small but sharp, extruding spine. Eye moderately small located in strong-
ly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly; supramaxilla not discernable. 
Infra-/postorbital and mandibular-preopercular pores wide. No head squamation discernable. Opercular flap small, 
without ridges. Lateral line not discernable.
 Dentition. All teeth tiny and cone-shaped. vomer naked or with few sharp teeth posteriorly (in ZMUC P771580, 
Fig. 38D); palatines with a narrow dentition patch with 1–3 rows of teeth only anteriorly. Premaxilla tooth patches 
not fused anteriorly; 5 rows of teeth in middle part. Dentary tooth patches not fused anteriorly; ca. 8 rows anteriorly 
and 2 rows posteriorly. Median basibranchial tooth patch very small and narrow with 1–2 rows of teeth.
 Otolith morphology (n = 1). Size 2.65 mm in length (ZMMGU 15103); OL:OH = 0.95; OH:OT = 2.9. Otolith 
distinctly higher than long, moderately thick. All rims regularly curved and smooth, preventral and postdorsal re-
gions expanded. Inner face more or less flat, with short, distinctly inframedian sulcus; OL:TCL = 1.85. Sulcus with 
shallow, undivided, uniform, oval, moderately narrow colliculum. Dorsal field very wide, without distinct depres-
sion; ventral field smooth. Outer face smooth, with low relief inferior umbo.
 Coloration. Live coloration not known. Color of preserved holotype medium brown throughout (from photo-
graph) but described by Alcock (1896) as uniform purple-black. The color change may be due to the extended period 
of preservation. The two more recently caught specimens are indeed nearly black and thus supporting Alcock’s 
description.
 Discussion. Alcock (1896) described Dermatorus melampeplus based on a single specimen which he noted as 
too much damaged for description but noted that it would be “at once distinguished from Dermatorus trichiurus and 
melanocephalus (1) by the complete absence of teeth on the vomer, and (2) by its uniform purple-black color.” His 
drawing (Alcock 1897) is consistent with the photograph thankfully provided by ZSI. The characters mentioned by 
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Alcock as diagnostic for T. melampeplus, however, are now consider prime diagnostic features for the new genus 
Tenuicephalus.
 Tenuicephalus melampeplus is recognized by a relatively large head (HL in % of SL = 16.4–17.2) and a low 
number of long gill rakers (14–16), while the co-occurring species T. multitrabs n. sp. and T. squamilabrus n. sp. 
have smaller heads (HL in % of SL = 14.4–1.6.2) and more long gill rakers (17–21). Also, both species exhibit a few 
weak head spines. Tenuicephalus melampeplus shares the absence of head spines with T. silus from the Caribbean, 
and the head size and number of gill rakers overlap as well, but it differs in having 3 loin vertebrae (vs 8–10) and 
a sharp opercular spine (vs flat). Tenuicephalus melampeplus further is unique for its otoliths which is higher than 
long, a unique observation in the entire Porogadus lineage, but however otoliths are not known from T. silus.
 We were not able to investigate the unique holotype, but thankfully received photographs from ZSI (Kolkata, 
see acknowledgements) and also certain counts such as long gill rakers and pectoral fin-rays. Most of the specimens 
of the records of Porogadus melampeplus by Shcherbachev (1980) from the Indian Ocean held at ZMMGU were 
investigated and except for one are now interpreted to represent T. multitrabs n. sp. The two newly recognized 
specimens of T. melampeplus unfortunately are poorly preserved and therefore a number of deemed important char-
acters could not be sufficiently investigated or verified.
 Distribution. Tenuicephalus melampeplus is based on only three verified specimens, two of which, including 
the holotype, stem from the western Indian Ocean and one from the Solomon Sea in the western Pacific.

FIguRe 38. Tenuicephalus melampeplus (Alcock, 1896); 38A, ZSI F60/1, holotype, 218 mm SL, 15°11’N, 72°28’E, 1702 
m, (no scale given, calculated from photograph); 38B–D, ZMUC P771580, 135 mm SL, 13°45’S, 156°41’E, 2255–2283 m, 
B–C head drawings, D drawing of vomer and tooth bearing anterior part of palatines; 38e–g, ZMMGU 15103, 177+ mm SL, 
09°48’S, 60°42’E, otolith (E inner face, F ventral view, G anterior view).
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Tenuicephalus multitrabs	n. sp.
Figs. 4, 39–40, 48, 51, Tab. 1–7

Porogadus sp: Shcherbachev 1980: 92. 

Material examined (13 specimens): Holotype CAS 83066-3, 153+ mm SL, R/v Fishery Researcher 1, Philippines, 
Lagonoy Gulf, 13°20’30”N, 124°16’30”E, 30 m otter trawl, 1037–1100 m, collected by Tomio Iwamoto and party, 
24 September 1995; paratypes: CAS 83066-2, 156 mm SL, same data as holotype; MNHN 1994-0761, 202 mm 
SL, 22°06’S 166°27’E, 1920–2040 m, R/v Coriolis, Biogeocal Expedition, Sta. co273, 20 Apr 1987; MNHN 1997-
0381, 133 mm SL, 14°52’S 167°18’E, 1550–1620 m, R/v Alis, Musorstom 8 Expedition, Sta. cp1109, 08 October 
1994; ZMMGU 15104, 176 mm SL, R/v Fiolent, Cruise 9, trawl 22, 13 June 1977, 11°24’S 88°50’E, 1650 mm,; 
ZMMGU 15105, 180 mm SL, R/v Fiolent, Cruise 9, trawl 25, 11°36S 87°50’E, 1800–2000 m, 19 June 1977; ZM-
MGU 15172, 202 mm SL, R/v Prof. Mesyatzev, Cruise 7, trawl 15, 11°31’S 88°55’E, 1600–1700 m, 18 March 
1979; ZMMGU 15173, 175 mm SL, R/v Prof. Mesyatzev, Cruise 7, 14°30’S 88°12’E, 1820–1880 m, 18 March 
1979; ZMMGU 15174, 175–195 mm SL (3 specimens), R/v Prof. Mesyatzev, Cruise 7, trawl 11,14°51S 86°49’E, 
1760 m, 19 March 1979; ZMMGU 15175, 156–182 mm SL (3 specimens), R/v Prof. Mesyatzev, Cruise 7, trawl 
12, 14°42’S 86°49’E, 1760 m, 19 March 1979; ZMUC P2397219, 188 mm SL, R/v vityaz sta.17-2666, 27°49’S 
44°34’E, 1870–1880 m, 6 December 1988.
 Diagnosis. Precaudal vertebrae 14–16, 3–5 loin vertebrae (last precaudal vertebrae without ribs); long gill 
rakers on first gill arch 18–21; pectoral-fin rays 16–18; HL:HD 1.38–1.63; maximal HD:HD through center of eye 
1.35–1.70; weak head spines on ethmoidal, interorbital and 5th infraorbital; opercular spine sharp, extruding; oper-
cular flap moderately large; vomer narrow, naked or with few teeth or one row of teeth; palatines narrow with 1–3 
rows of teeth; basibranchial tooth patch small, narrow with 1–3 rows of teeth; otolith large, 11.5–14.5 % in HL, with 
single colliculum; OL:OH = 1.22–1.34; OL:TCL = 2.46–2.92.
 Description. Meristics: precaudal vertebrae 14–16, last 3–5 vertebrae without ribs; pectoral-fin rays 18 (16–
18); D/v = 5 (4–5); D/A = 23 (21–25); v/A = 16 (15–17); long gill rakers on lower gill arch 20 (18–21). Gill rakers 
in holotype on lower first gill arch with five short rakers, followed by a series of 20 long rakers. The lower nine of 
those intercepted by narrow plate shaped rakers with a single spine pointing inward. Upper gill arch with four short 
rakers intercepted by four semi long rakers.
 Morphometrics: in % of SL: HL 14.4–16.0; maximal HD 9.0–11.2; HD through center of eye 5.9–6.9; bony 
interorbital width 2.6–3.7; snout length 4.7–5.5; upper jaw length 9.5–10.7; predorsal 16.3–18.1; preanal 28.6–31.7; 
prepelvic 10.8–12.6; prepectoral 15.4–16.4; pectoral length not measurable. Relations: HL:HD = 1.38–1.63; maxi-
mal HD:HD through center of eye 1.35–1.70; HL to snout length 2.78–3.30; preanal to predorsal 1.68–1.94; predor-
sal to prepectoral 1.00–1.11.
 Overall slender fish with long tapering tail, but stout head and moderately long snout. Maximal size of fishes 
investigated 202 mm SL (holotype 153+ mm). Head with flat or slightly concave dorsal profile, with few weak 
spines such as ethmoidal, interorbital and 5th infraorbital except; outer preopercular rim sometimes with few broad 
spines; opercle with small but sharp, extruding spine. Eye moderately small located in strongly asymmetric orbit. 
Maxilla extending far beyond eye, strongly widened posteriorly; supramaxilla very narrow. Infra-/postorbital and 
mandibular-preopercular pores very wide. Head with few scales on cheeks only. Opercular flap moderately large, 
sometimes with ridges. Lateral line not discernable.
 Dentition. All teeth tiny and cone-shaped. vomer v-shaped naked or with up to 3 teeth rows anteriorly; palatines 
with a narrow dentition patch with 1–3 rows of teeth. Premaxilla tooth patches not fused anteriorly; 5–6 rows. Den-
tary tooth patches not fused anteriorly; with 6–8 rows. Median basibranchial tooth patch small and narrow with 1–3 
rows of teeth.
 Otolith morphology (n = 5). Size up to 4.65 mm in length (MNHN 1994-0761) (holotype 2.9 mm); OL in % 
HL = 11.5–14.5; OL:OH = 1.22–1.34; OH:OT = 2.45–2.75. Otolith oval in shape with all rims regularly curved 
and smooth and without angles. Inner face flat, with very short sulcus positioned at center of inner face; OL:TCL = 
2.46–2.92. Sulcus with shallow, undivided, uniform, oval, small colliculum. Dorsal field very wide, without distinct 
depression; ventral field smooth. Outer face smooth, convex, with low relief central umbo.
 Coloration. Live coloration not known. Color of preserved uniformly black.
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FIguRe 39. Tenuicephalus multitrabs n. sp., holotype, 153+ mm SL, CAS 83066, Laganoy Gulf, Philippines, 1037–1100 m.

 Discussion. Tenuicephalus multitrabs differs from T. melampeplus in the smaller head expressed in a lower 
ratio of HL in % of 14.4–16.0 (vs 16.4–17.2), more long gill rakers (18–21 vs 14–16), presence of week ethmoidal, 
interorbital, 5th infraorbital and outer preopercular spines (vs no spines) and the large otolith (OL in % HL = 11.5–
14.5 vs 8.5) with a small sulcus (OL:TCL = 2.46–2.92 vs 1.87). It differs from T. squamilabrus n. sp. in the lack of 
scales on the occiput, opercle and maxilla (vs present), the ratio maximal HD:HD through center of eye of 1.35–1.70 
(vs 1.75–1.90), the ratio OL in % HL of 11.5–14.5 (vs 5.0–6.5) and the ratio OL:TCL of 2.46–2.92 (vs 1.94–2.30). 
Otolith sizes have been shown to vary with living depth and ocean basin (Wilson 1985), but here all three species 
share the same distribution and depth range and T. multitrabs and T. squamilabrus n. sp. have even been collected 
in very close vicinity in the Lagonoy Gulf of the Philippines. Therefore we regard the relatively large size of the 
otoliths in T. multitrabs in comparison to the two other species as a valid morphological signal and in deed the most 
secure one to distinguish it from T. squamilabrus n. sp. (see below).
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FIguRe 40. Tenuicephalus multitrabs n. sp.; 40A–B, holotype, 153+ mm SL, CAS 83066, Laganoy Gulf, Philippines, 1037–
1100 m, head drawings; 40C–D, ZMMGU 15174, 195 mm SL, paratype, 11°31’S, 88°55’E, 1600–1700 m, head drawings; 
40e–g, MNHN 1994-0761, paratype, 202 mm SL, 22°06’S, 166°27’E, 1920 –2040 m, otolith (E inner face, F ventral view, G 
anterior view); 40H–I, CAS 83066, paratype, 156 mm SL, Laganoy Gulf, Philippines, 1037–1100 m, otolith (H inner face, I 
ventral view); 40J, holotype, 153+ mm SL, CAS 83066, Laganoy Gulf, Philippines, 1037–1100 m, otolith (inner face).

 Distribution. Tenuicephalus multitrabs is widely distributed in the Indian Ocean (except for its northern part) 
and the western Pacific. It occurs at depth between 1000 and 2000 m and has been caught at great distance from the 
nearest shelf areas in the central Indian Ocean (nearly 2000 km, Fig. 51) above the Ninety-East Ridge. In fact the 
largest number of specimens have been caught over the Ninety-East Ridge, and well above the sea bottom indicating 
that these fishes might obtain a bathypelagic rather than a benthopelagic life style.
 etymology. From multi (Latin) = many, multi, and trabs (Latin) = club, spar, referring to the many long rakers 
in this species as compared to T. melampeplus.
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Tenuicephalus	silus	(Carter & Sulak, 1984)
Figs. 41, 48, 51, Tab. 1–7

Porogadus silus Carter & Sulak, 1984: 361, figs. 1–5, 6a, 7–8, 10–17; Nielsen et al. 1999: 86.

Material examined (5 specimens): Holotype USNM 238801, 139 mm SL, 24°16’N 76°16’W, 1962 m, R/v Co-
lumbus Iselin, Cruise 7511, Sta. 387, collected by Robins, Staiger and Sulak, 29 August 1975,; paratypes: USNM 
238802, 112–141 mm SL (two specimens), 24°21’N 76°04’W, 1761 m, R/v Columbus Iselin, Cruise 7511, Sta. 378, 
collected by Robins, Staiger and Sulak, 29 August 1975; ZMUC P77729-77730, 95–130 mm SL (two specimens), 
Same data as holotype.

FIguRe 41. Tenuicephalus silus (Carter & Sulak, 1984); 41A–B, USNM 238802, paratype, 141 mm SL, 24°21’N, 76°04’W, 
1761 m; 41C–e, USNM 238801, holotype, 139 mm SL, 24°16’N, 76°16’W, 1962 m, C–D head drawings, E radiograph.
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 Diagnosis (new). Precaudal vertebrae 16–17, 8–10 loin vertebrae (last precaudal vertebrae without ribs); long 
gill rakers on first gill arch 15–18; pectoral-fin rays 17–19; HL:HD 1.35–1.45 (head depth 65–70% of head length 
in Carter & Sulak); no head spines; opercular spine flat, extruding; opercular flap small; vomer narrow, anteriorly 
naked, with few teeth posteriorly; palatines narrow with 1–2 rows of teeth; basibranchial tooth patch very small or 
absent. Addition from Carter & Sulak: lateral line scales to level of vent 14–20; first dorsal fin pterygiophore origi-
nating between second and third neural spine.
 Description. Meristics: precaudal vertebrae 16–17, last 8–10 vertebrae without ribs; pectoral-fin rays 18 (17–
19); D/v = 5 (3–4); D/A = 23 (22–25); v/A = 18 (17–19); long gill rakers on lower gill arch 17 (15–18). Gill rakers 
in a paratype (ZMUC P77730) on lower first gill arch with five relatively short rakers, followed by a series of 12 
long rakers. The lower ten of those intercepted by narrow plate shaped rakers with a few spines pointing inward. 
Upper gill arch with five short rakers intercepted by three semi long rakers.
 Morphometrics: in % of SL: HL 14.8–17.6; maximal HD 10.3–12.8; HD through center of eye 7.4–8.6; bony 
interorbital width 3.5–3.7; snout length 4.6–5.6; upper jaw length 10.5–11.6; predorsal 16.0–17.1; preanal 28.3–
32.3; prepelvic 11.8–12.0; prepectoral 16.1–17.7; pectoral length not measurable. Relations: HL:HD = 1.35–1.45; 
maximal HD:HD through center of eye 1.40–1.54; HL to snout length 2.88–3.30; preanal to predorsal 1.75–1.88; 
predorsal to prepectoral 0.93–1.04.
 Overall slender fish with long tapering tail, but stout head and snout. Maximal size of fishes investigated 141 
mm SL (holotype 139 mm). Head with flat or slightly concave dorsal profile, without head spines except opercle 
with small, flat, extruding spine. Eye moderately small located in strongly asymmetric orbit. Maxilla extending far 
beyond eye, strongly widened posteriorly; supramaxilla small. Infra-/postorbital and mandibular-preopercular pores 
wide, usually no single pores discernable. Scales on head absent or not discernable. Opercular flap small. Lateral 
line not discernable.
 Dentition. All teeth tiny and cone-shaped. vomer naked anteriorly and with 2–5 fang-like teeth posteriorly; 
palatines with a narrow dentition patch with 1–2 rows of teeth. Premaxilla tooth patches, broad, not fused anteriorly, 
4–10 rows of teeth in middle part. Dentary tooth patches broad, not fused anteriorly, 5– 10 rows in middle part. No 
basibranchial tooth patch or single very small median tooth patch.
 Otoliths not known.
 Coloration. Live coloration not known. Color of preserved dark brown to uniformly black.
 Discussion. Tenuicephalus silus shows the probably most advanced morphology characterized by the complete 
absence of head spines except for a flat opercular spine, a short head (HL:HD = 1.35–1.45), the last 8–10 precaudal 
vertebrae without ribs and a much reduced dentition on vomer, palatines and basibranchial, the latter often without 
tooth patch. Carter & Sulak (1984) have undertaken a detailed osteological study of T. silus, the only one of its kind 
in the Porogadus lineage.
 Distribution. Tenuicephalus silus is the only species of the genus occurring in the Atlantic Ocean, in a relatively 
restricted region within the Caribbean at depth of about 1750 to 2000 m and not venturing far from the shelf break.

Tenuicephalus squamilabrus n. sp.
Figs. 2, 42–43, 48, 51, Tab. 1–7

Material examined (11 specimens): Holotype: AMS I36456-007, 175 mm SL, 13°21’N 124°12’E, 1037–1100 m; 
paratypes: CAS 50160, 127–140 mm SL (2 specimens), R/v Anton Bruun, Cruise 8, 21°18’S 36°18’E, 1510–1600 
m, 2 October 1964; MNHN uncat., 138–167 mm SL (3 specimens), Sta. CH 128, off Madagascar, 18°05’S 42°53’E, 
1930 m, collected by A. Crosnier, 16 January 1975; BSKU 82353-56, 106–173 mm SL (4 specimens), 01°59’S 
157°12’E, 1610 m R/v Hakuho-maru, 3 m beam trawl, 04 January 1968; BSKU 98880, 174 mm SL, 01°59’S 
157°12’E, 1610 m, R/v Hakuho-maru, 3 m beam trawl, 4 January 1968.
 Diagnosis. Precaudal vertebrae 15–16, 2–4 loin vertebrae (last precaudal vertebrae without ribs); long gill 
rakers on first gill arch 17–21; pectoral-fin rays 16–18; HL:HD 1.37–1.55; maximal HD:HD through center of eye 
1.75–1.90; weak head spines on ethmoidal and interorbital; opercular spine sharp, extruding; opercular flap small; 
scales on occiput, cheeks, opercle and maxilla; vomer narrow, naked or with few teeth or one row of teeth; palatines 
narrow with 2–3 rows of teeth; basibranchial tooth patch small, narrow with 2 rows of teeth; otolith small, 5.0–6.5 
% in HL, with single colliculum; OL:OH = 1.14–1.20; OL:TCL = 1.94–2.30.
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 Description. Meristics: precaudal vertebrae 15–16, last 2–4 vertebrae without ribs; pectoral-fin rays 16 (16–
18); D/v = 5 (5–6); D/A = 23 (22–23); v/A = 15 (15–17); long gill rakers on lower gill arch 18 (17–21). Gill rak-
ers in holotype on lower first gill arch with six short rakers, followed by a series of 18 long rakers. The lower ten 
of those intercepted by single plate shaped rakers. Upper gill arch with three short rakers intercepted by five plate 
shaped rakers.

FIguRe 42. Tenuicephalus squamilabrus n. sp., holotype, AMS I.36456-007, 175 mm SL, 13°21’N, 124°12’E, 1037–1100 
m.

 Morphometrics: in % of SL: HL 14.7–16.2; maximal HD 9.5–11.7; HD through center of eye 5.0–6.4; bony 
interorbital width 2.3–3.7; snout length 4.9–5.5; upper jaw length 10.0–11.1; predorsal 16.5–17.4; preanal 28.9–
30.8; prepelvic 12.2–13.3; prepectoral 15.8–17.7; pectoral length not measurable. Relations: HL:HD = 1.37–1.55; 
maximal HD:HD through center of eye 1.75–1.90; HL to snout length 2.64–3.28; preanal to predorsal 1.69–1.84; 
predorsal to prepectoral 0.95–1.08.
 Overall slender fish with long tapering tail, but stout, short head and moderately long snout. Maximal size 
of fishes investigated 175 mm SL (holotype). Head with distinctly concave dorsal profile, with few weak spines 
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such as ethmoidal and interorbital; opercle with small but sharp, extruding spine. Eye moderately small located 
in strongly asymmetric orbit. Maxilla extending far beyond eye, strongly widened posteriorly; supramaxilla very 
narrow. Infra-/postorbital and mandibular-preopercular pores very wide. Head with many scales (preserved only in 
holotype) on cheeks and opercle, few scales on occiput, and many small scales on rear part of maxilla and very small 
scales on supramaxilla. Opercular flap moderately small. Lateral line not discernable.

FIguRe 43. Tenuicephalus squamilabrus n. sp.; 43A–B, holotype, AMS I.36456-007, 13°21’N, 175 mm SL, 124°12’E, 
1037–1100 m, head drawings; 43C–D, CAS 50160, paratype, 140 mm SL, 21°18’S, 36°18’E, 1510-1600, otolith (C inner face, 
D ventral view); 43e–F, holotype, AMS I.36456-007, 175 mm SL, 13°21’N, 124°12’E, 1037–1100 m, otolith (E inner face, F 
ventral view).

FIguRe 44. Geographic distribution of the species of the Porogadus miles group.
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 Dentition. All teeth tiny and cone-shaped. vomer naked or with a very narrow dentition patch with 1–2 rows of 
few teeth anteriorly, naked posteriorly; palatines with a narrow dentition patch with 2–3 rows of teeth. Premaxilla 
tooth patches not fused anteriorly; 5 rows of teeth in middle part. Dentary tooth patches fused anteriorly; ca. 5 rows 
anteriorly and 2 rows posteriorly. Median basibranchial tooth patch small and narrow with 2 rows of teeth.
 Otolith morphology (n = 4). Size up to 1.35 mm in length (CAS 83066) (holotype 1.35 mm); OL in % HL = 
5.0–6.5; OL:OH = 1.14–1.20; OH:OT = 2.00–2.23. Otolith nearly round in shape with all rims regularly curved 
and smooth and without angles. Inner face flat, with short sulcus positioned near center of inner face; OL:TCL = 
1.94–2.30. Sulcus with shallow, undivided, uniform, oval, moderately wide colliculum. Dorsal field wide, without 
distinct depression; ventral field smooth. Outer face smooth, convex, with anteriorly shifted umbo.
 Coloration. Live coloration not known. Color of preserved dark brown or uniformly black.
 Discussion. Tenuicephalus squamilabrus is characterized by extensive head squamation including the maxilla 
and supramaxilla, which however is only reasonably preserved in the holotype, and the small otolith (OL in % HL 
of 5.0–6.5), but otoliths are preserved only in about one-third of the specimens. In the absence of these two prime 
diagnostic features, the distinctly concave dorsal head profile and the resulting high ratio of the maximal HD to 
the HD through the center of the eye of 1.75–1.90 (vs 1.35–1.65, rarely 1.70) is the most distinctive character. For 
further differentiation see above discussion to T. melampeplus and T. multitrabs.

FIguRe 45. Geographic distribution of the species of the Porogadus trichiurus group.
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FIguRe 46. Geographic distribution of the species of the Porogadus gracilis group.

FIguRe 47. Geographic distribution of the species of the Porogadus catena group.
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FIguRe 48. Geographic distribution of the species of the genus Tenuicephalus.

 Distribution. The distribution of Tenuicephalus squamilabrus overlaps with that of T. multitrabs in the 
western Pacific and both species have been caught in close vicinity in the Lagonoy Gulf of the Philippines. Else, T. 
squamilabrus had been caught in the Madagascar Channel. Tenuicephalus squamilabrus does not seem to venture 
far away from the continental slopes and for instance has not been caught along the Ninety-East Ridge like T. 
multitrabs.
 etymology. From squama (Latin) = scale and labrum (Latin) = lip, referring to the many small scales on maxilla 
and supramaxilla.

ecology and biogeography

Porogadus and Tenuicephalus are widely distributed beneath the oligotrophic tropical and subtropical seas of 
the world and in some regions reach into the temperate zone. Their live-style is benthopelagic below the oxygen 
minimum zone and to the best of our knowledge all catches were made by deep-sea bottom trawls. OTSB hauls (Otter 
Trawl Semi-Balloon) appear to have yielded the best results for catching larger benthopelagic fish at great depth. 
For instance many of the Porogadus specimens represented in the BMNH collection from off Cabo verde Islands 
and Mauretania below 3000 m depth have been caught with this method (e.g., Merrett in Partridge 2000). While 
Porogadus specimens are generally few in individual hauls they can locally become quite abundant as exemplified 
by a Galathea II trawl in the Bay of Bengal that yielded 45 specimens of P. melanocephalus, as yet the highest record 
of a Porogadus species in any individual trawl.
 The majority of Porogadus species and all species of Tenuicephalus occurs bathyal at depths between c. 1000 
and 3500 m but there are specimens of primarily bathyal species that have occasionally been caught at depth 
greater than 3500 m, i.e., P. atripectus, P. dracocephalus, P. miles and P. promelas (Figs. 49–51). In addition there 
appears to be some depth segregation in the diversity within certain groups indicated by species having been caught 
regularly or exclusively at great depths. These are Porogadus gracilis and P. melanocephalus below 3000 m; P. 
caboverdensis, P. mendax and P. turgidus below 4000 m; and P. abyssalis below 5000 m. In addition there is a live 
photograph of a putative Porogadus specimen taken by a ROv of the NOAA ship Okeanos Explorer at 5856.8 m on 
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the abyssal plain of the central Pacific near Phoenix Islands (Fig. 5) which would represent the deepest record for 
the genus. These species are amongst the deepest dwelling teleost fishes and they recruit only from the Porogadus 
miles and Porogadus gracilis groups, the latter being entirely restricted to below 3000 m water depth (Fig. 49). 
Interestingly, the three abyssal species of the Porogadus miles group so far have only been found in a relatively 
confined area on the abyssal plains off NW-Africa. This is an unusual diversity center but would be in line with 
observations made by Merrett & Marshall (1981) that the species diversity off NW-Africa was considerably higher 
than off NE-America (for bathyal fish communities), but dominated by smaller species, which they related to the 
higher primary productivity related to the Mauretanian upwelling system even at considerable distance from shore. 
The reason, however, for the unusual diversity of Porogadus in the abyssal zone off NW-Africa remains elusive. 
Watling et al. (2013) do not show a specific abyssal bioprovince in the NE-Atlantic. We are uncertain whether this 
feature represents a genuine diversification event in the region, which we cannot readily explain or if it is a product 
of sampling bias in which case the same or other abyssal Porogadus species might be expected in other ocean basins. 
The abyssal regions of the world oceans are still severely undersampled, even though the use of deep-sea remotely 
operated vehicles (ROv) for scientific purposes have greatly increased our knowledge in recent years (Chave & 
Mundy 1994; Linley et al. 2017; Mundy et al. 2018; Bell et al. 2012, 2016, 2107; Raineault et al. 2018, 2019, 2020) 
and abyssal biogeography of fishes therefore has remained largely elusive (Priede et al. 2020). The abyssal region 
discussed here off NW-Africa is located south of the warm, high salinity Mediterranean outflow zone that reaches 
down to about 2000 m (Potter & Lozier 2004; Filipelli 2014) and far off from the coastal upwelling system in the 
Mauretanian Sea (Pelegrí et al. 2017). Seamounts in the vicinity have recently become known for large deep-sea 
sponge populations (Ramiro-Sánchez et al. 2019). Two of the three deep-water species of the Porogadus gracilis 
group occur in the Indian Ocean (P. gracilis and P. melanocephalus) and one of them in the southwestern Pacific 
Oceans (P. gracilis). This is a remarkable under-representation compared to the deep Atlantic and it is not entirely 
clear, if and how sampling bias may play a role in this discrepancy. The third abyssal species of the Porogadus 
gracilis group, P. abyssalis lives on the central Atlantic abyssal plains and represents the deepest dwelling species 
of the entire genus.
 The Porogadus gracilis group is noticeable for a reduced ossification, reduced otolith size and low level head 
armature. We hypothesize that these features reflect an adaptation of the fishes for living at great (abyssal) depth 
generally below the carbonate compensation depth (CCD). In contrast to this group the three abyssal species of 
the Porogadus miles group, i.e. P. caboverdensis, P. mendax and P. turgidus do not show a reduced ossification or 
reduced otolith size or even reduced head armature. This in our view would indicate a less advanced adaptation to 
the abyssal zone compared to the species of the Porogadus gracilis group, which in turn might be a result from them 
having settled at great depth in more recent times.
 Not surprisingly, the deep-water species mentioned above which live on the abyssal plains can occur far out 
from the continental breaks, but some of the bathyal species can also occur at great distance from the nearest 
continent (Figs. 49–51). Porogadus miles holds the record with over 2500 km away from the nearest continental 
mass on the Emperor Seamount Chain (Fig. 49). Tenuicephalus multitrabs also occurs off the continental breaks by 
1000 to 2000 km on the Ninety East Ridge (Fig. 51). Other species have been found regionally restricted and on or 
close to continental slopes, which is a pattern found in all groups of both genera (Figs. 49–51).
 A recent study by Agusti et al. (2015) revealed the ubiquitous presence of healthy photosynthetic cells, 
dominated by diatoms, down to 4,000 m, which together with fecal pellets probably represent the basis for the 
deep-water food chain. Deep-sea fishes are the top predators in this short trophic sequence. Carter (1984) studied 
the feeding strategy and functional morphology of several deep-sea ophidiids at great detail including Porogadus 
miles, P. catena and T. silus. The species of both genera are remarkable for their tiny, uniform, cone-shaped teeth 
on dentary, premaxilla and vomer, which in the genus Porogadus are usually distributed on many rows with 
the outermost one(s) on the dentary sometimes bent outwards, whereas the number of teeth rows are reduced in 
Tenuicephalus. The many developed rakers on the first gill arch support filter function, sometimes additionally 
enhanced by their bladed structure (e.g. in P. guentheri). The mouth is terminal or slightly inferior with a wide gape. 
In Carter’s (1984) assessment of the stomach content of the investigated ophidiids, substantial differences were 
observed in composition and diversity of the food as well as the content of sediment in the intestines the latter being 
indicative for infaunal feeding. The two Porogadus and the Tenuicephalus species studied showed no or negligible 
amounts of sediment inside and a high dependency on a prime food source. T. silus stomach content was mostly 
filled by calanoid copepods plus mysadaceans while in P. catena the diet contained primarily calanoid copepods 
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plus substantial amounts of cumaceans. In P. miles the prime diet consisted of gammarideans. Carter (1984: 160) 
studied a total of twelve deep-sea ophidiids for their feeding strategy and grouped P. catena, P. miles, T. silus and 
Penopus macdonaldi in a group morphologically characterized by, among others: “a slender and highly attenuate 
body, narrow and short pectoral fins with low aspect ratios, moderate to large gape, slightly reduced upper jaw 
protrusibility, moderate to large eye, greater number of gill rakers on the anterior arch with high filtering capacity 
of the branchial sieve and similar configuration and shape of bony elements of the feeding apparatus” (Carter 1984: 
82–83). Porogadus catena and Tenuicephalus species are further characterized by a short, terminal snout and a 
reduction of head ossification (moderate in P. catena, very strong in Tenuicephalus spp.). Carter (1984) concluded 
that these functional morphological traits combined with the selective pelagic copepod diet of P. catena and T. silus 
point to a “hovering, passive (not far) off-bottom foraging and facultative benthopelagic feeding strategy”. The much 
more robust, anteriorly depressed head and subterminal mouth of P. miles and Penopus spp. would suggest bottom 
or near bottom feeding (Carter 1984). Other typical features observed in Porogadus and Tenuicephalus species is the 
often lacking or rejuvenated tip of the whip-like tail, which probably represents an escape mechanism against larger 
predators. The highly deciduous nature of the body scales may serve a similar purpose. The very strongly reduced 
head ossification in Tenuicephalus likely supports a live-style predominantly off the sea-bottom, while the heavily 
armored, spinous heads of the “dragon-head” Porogadus species may represent a defensive mechanism against food 
competitors or larger predators that may be foraging on or near the bottom.
 Porogadus and Tenuicephalus species show varied geographic distribution patterns (Figs. 44–48). Some species 
are widely distributed beneath the tropical and subtropical oceans but there appears to be none with a circum-global 
distribution. Other species are rather restricted geographically. The most widespread species is P. miles known from 
the western and eastern Atlantic, throughout the Indian Ocean and the western Pacific as far east as the Emperor 
Seamounts but absent from the eastern Pacific (Fig. 45), where the closely related P. longiceps is represented. A 
number of species are known from the Indo-West Pacific but are missing from the Atlantic or eastern Pacific, e.g., P. 
dracocephalus, P. gracilis, P. trichiurus, T. multitrabs and T. squamilabrus (Figs. 44–48). Few species are seemingly 
restricted to the Atlantic, e.g., P. abyssalis and P. catena (Figs. 46–47). Finally, there are several species restricted to 
rather small geographic areas although in some instances their actual distribution pattern might be vague because of 
rather few catches. The more common regionally restricted species are P. atripectus, P. longiceps and P. promelas in 
the eastern Pacific, P. guentheri off southern Japan, P. lacrimatus and P. solomonensis chiefly in the Solomon Sea, 
P. melanocephalus in the Bay of Bengal, P. caboverdensis, P. mendax and P. turgidus off NW-Africa, and T. silus 
in the Caribbean. The most widely distributed species (P. miles and T. multitrabs) inhabit bathyal terrain and not 
surprisingly are also the ones capable of venturing furthest away from the continental masses. The abyssal species 
of the Porogadus gracilis group and the three deep NE-Atlantic species P. caboverdensis, P. mendax and P. turgidus 
show a rather restricted distribution pattern to few abyssal plain regions but in this case we are not certain about 
possible sampling biases. The narrow distribution areas of P. guentheri (off southern Japan), P. melanocephalus 
(Bay of Bengal) and T. silus (Caribbean) are based on many specimens caught in different cruises over some time 
and therefore appear to be genuine.
 Another interesting aspect in the distribution pattern of Porogadus and Tenuicephalus species is the occurrence 
of morphologically similar and putatively closely related species pairs. One such pair is composed of P. miles 
(Atlantic to West Pacific) and P. longiceps (East Pacific), another of P. catena (Atlantic) and P. promelas (East 
Pacific). Both species pairs probably resulted from allopatric speciation that occurred after the rise of the Isthmus 
of Panama and the separation of the adjacent deep-sea of the tropical Atlantic and tropical East Pacific. Following 
current consensus, the final separation of the tropical West Atlantic from the East Pacific occurred between 4.7 
to 3.0 Ma during the early to middle Pliocene, but shoaling and separation at bathyal depth may have occurred 
as early as 13 Ma during the Middle Miocene Climate Transition (MMCT) (e.g., Burton et al. 1997; Jackson & 
O’Dea 2013). However, pelagic larval stages of bathyal fishes like in Porogadus may have facilitated exchange of 
populations for a considerable time into the gateway shoaling process. In the case of the separation of populations 
that may have given rise to P. miles and P. longiceps another barrier of exchange must have occurred in the Central 
Pacific. We speculate that the drivers for separation there may be related to the cool water regime established 
along the North Pacific rim latest with the initiation of the northern hemisphere glaciation that started at about 
3.0–2.5 Ma (Anderson Dahl 2009), while the wide Central Pacific deep-water gap is a much older permanent 
feature. Warm pulses that could have facilitated some exchange of warm-water biota along the North Pacific 
rim could potentially have occurred as late as 5.0–3.5 Ma that culminated in the mid-Pliocene Climate Optimum
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FIguRe 49. Depth versus distance from shelf plots for specimens of the Porogadus miles group (upper panel) and the Poro-
gadus gracilis group (lower panel).
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FIguRe 50. Depth versus distance from shelf plots for specimens of the Porogadus trichiurus group (upper panel) and the 
Porogadus catena group (lower panel).
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(e.g., Morley & Dworetzky 1991; Gladenkov 1994; Tsuchi 2002). The closing process of the adjacent East Pacific 
and Caribbean basins apparently also led to an increase of the upwelling in the East Tropical Pacific that induced an 
expansion of the oxygen minimum zone in the intermediate ocean layer, i.e. the modern oceanographic conditions 
from about 4.2 Ma (Kamikuri et al. 2009). This is supported by the first occurrence of endemic East Pacific 
mesopelagic fishes in deep-sea sediments on the Pacific coast of Panama from about 2.5 Ma (Schwarzhans & 
Aguilera 2013). While low oxygen zones will act as an effective barrier to most deep-water taxa, it has been 
observed that some ophidiids can tolerate remarkable low concentrations (Gallo et al. 2018). Whether this is the 
case for species of Porogadus (or Tenuicephalus) is unknown. In conclusion, a series of plate tectonic events and 
oceanographic and climatic changes during the time interval from about 4.5 to about 2.5 Ma is thought to be 
responsible for an effective isolation of the tropical East Pacific deep-sea fish fauna both from the West Pacific 
as well as the West Atlantic. Consequently, we assume that phylogenetic divergence of the assumed species pairs 
mentioned above took place during this time interval.

FIguRe 51. Depth versus distance from shelf plots for specimens of the genus Tenuicephalus.

 Following our synonymization of P. nudus with P. miles, and P. subarmatus with P. catena we do not recognize 
an allopatric separation of species across the Atlantic. However, we postulate P. miles and P. mendax to form a 
species pair in the subtropical NE-Atlantic that has resulted from sympatric depth segregation. The interrelationships 
of two other abyssal species in the Cabo verde and Canaries basins, P. caboverdensis and P. turgidus, within the 
Porogadus miles group are less clear. The isolating mechanism for the NE-Atlantic abyssal species is elusive (see 
above) and hence we are unable to identify potential causes and timing. Aspects that could potentially be linked 
to speciation events in the deep-sea of the region are the origination and development of the warm, high salinity, 
high-density Mediterranean outflow zone in intermediate depths of the adjacent NE-Atlantic (Potter & Lozier 2004, 
Filipelli 2014) and the coastal upwelling system in the Mauretanian Sea (Pelegrí et al. 2017). The Mediterranean 
outflow zone was established sometime after the reconnection of the Mediterranean with the NE-Atlantic after the 
Messinian Salinity Crisis. Filipelli (2014) concluded that from 4.5 to 3.5 Ma the flow was weak and assumed its 
full extend only after 3.2 Ma. The timing of the formation of the coastal upwelling system in the Mauretanian Sea 
is still incompletely known. Diester-Haass & Schrader (1979) found indications of coastal upwelling as early as 
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early Miocene in the DSDP well 369A off the Canary Islands, which however diminished towards late Miocene. 
This is consistent with observations made by Schwarzhans (1993) who described early Pliocene sciaenid otoliths 
from northern Morocco of taxa that today are only found southwards of the Mauretanian upwelling zone in tropical 
West Africa. These findings indicate a weakening or intermission of the Mauretanian upwelling which would allow 
marine tropical West African fishes to expand northwards at the time. In any case, given the close morphological 
similarity of P. miles and P. mendax (see above) we would assume a young dichotomy, possibly younger than 5.0 to 
4.5 Ma.
 Other potential species pairs are the abyssal P. abyssalis in the Central Atlantic and P. gracilis in the Indo-West 
Pacific and the bathyal P. trichiurus on the continental rise in the Indo-West Pacific and P. guentheri off southern 
Japan. Timing and mechanism that led to the separation of the species in these two pairs is unknown to us, however 
in the case of P. guentheri it coincides with an abundance of endemic fish species offshore southern Japan and 
Taiwan in shallow and deep water (e.g., Masuda et al. 1984, Schwarzhans & Møller 2008, Schwarzhans & Prokofiev 
2017). Porogadus guentheri and P. trichiurus are unique amongst Porogadus species in their specialization of the 
developed gill rakers on the first gill arch likely enhancing their filter function. In P. guentheri the elongate gill 
rakers are blade-like extended while in P. trichiurus they are very narrowly placed without many intermittent short 
plates. For the remainder of the Porogadus species and all of the Tenuicephalus species close interrelationships that 
could be interpreted as ‘species pairs’ are not obvious. 
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