EE Zootaxa 4020 (3): 517-532 ISSN 1175-5326 (print edition)

WWWw.mapress.com/zootaxa/ Article ZOOTAXA

Copyright © 2015 Magnolia Press ISSN 1175-5334 (online edition)

http://dx.doi.org/10.11646/zootaxa.4020.3.6
http://zoobank.org/urn:1sid:zoobank.org:pub:13C4AF61-8BC8-44D5-B448-194AEEBCCFCC

A new species of pencil smelt Nansenia boreacrassicauda (Microstomatidae,
Argentiniformes) from the North Atlantic Ocean

JAN YDE POULSEN"?

'"Department of Fish and Shellfish, Greenland Institute of Natural Resources, Kiviog 2, PB 570, 3900 Nuuk, Greenland.
E-mail: JaPo@natur.gl
’Fish Section, Australian Museum, 6 College Street, Sydney NSW 2010, Australia

Abstract

A new microstomatid oceanic species, Nansenia boreacrassicauda spec. nov., is described from the temperate and sub-
arctic Atlantic Ocean. The new species is part of the “stubby caudal peduncle” group and includes the northernmost record
of any Nansenia species close to the Arctic Circle. The new species is putatively most similar to the Mediterranean Nanse-
nia iberica, distinguished by a smaller caudal peduncle length/depth ratio, a smaller predorsal distance, more gill rakers,
a different lateral line scale type and distribution. Extended Nansenia species distributions and specimens that show ex-
tralimital characters in relation to previous works are presented, addressing the current problematic taxonomic issues prev-
alent in pencil smelts and closely related genera. The new species is described due to increased collecting and taxonomic
efforts off Greenland and is not necessarily related to ocean temperature changes.

Key words: oceanic, coastal, subarctic, North Atlantic, taxonomy, mitogenome, climate change

Introduction

Sixteen species prior to this study are currently included in the pencil-smelt genus Nansenia (Jordan & Evermann
1896) of the family Microstomatidae (Kobyliansky 1992). They are all small-mouthed elongated fishes separated
primarily on continuous characters and usually found in the mesopelagic realm between 200 and 1000 m. Some
species of Nansenia were separated into a new genus Bathylagichthys by Kobyliansky (1986), based on the
presence of a system of dermal trunk channels, multicusped dentary teeth, a mesocoracoid, tripartite postcleithrum
and a urodermal bone all present in the latter genus. However, Bathylagichthys is currently a genus within the
family Bathylagidae and relationships of groups within these families are unclear at present (Kobyliansky 1985;
1986; 1990a; 1990b). In fact, Bathylagidae and Microstomatidae have no characters defining the two families, a
testament to the taxonomic and phylogenetic problems with these fishes at present (Kawaguchi & Butler 1984).
Certainly, Nansenia and Bathylagichthys show many similar traits, such as general body form, presence of an
adipose fin, opercular bones, and small mouths with dentition on the dentary and vomer (Lloris & Rucabado 1985).
The classification separating the two genera, also into different families, by Kobyliansky (1986) was controversial;
later Kobyliansky (1990b), Johnson & Patterson (1996) and Nelson (2006) included bathylagids within the
Microstomatidae. However, the classification presented by the latter studies showing Bathylaginae as a subfamily
within the Microstomatidae has not generally been adopted in later literature. Regardless, the classification of
Bathylagichthys within the Bathylaginae, a genus that shows many similarities to Nansenia in the
Microstomatinae, remains problematic concerning taxonomy of bathylagid and microstomatid fishes.

Species of Nansenia can be divided into subgroups based on several different morphological characters and
distributions. However, the value of these divisions is questionable concerning phylogenetic relationships, as
several trends related to continuous characters seem to cross the different subgroups. Unfortunately, almost no
molecular data (associated with voucher specimen data) are present at this time, characters likely to shed some light
on problematic species delimitations. Recent materials are few, as many species of Nansenia are rare and not
commonly caught from an exclusively pelagic and often oceanic distribution. The revision of Nansenia by
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Kawaguchi & Butler (1984) is the most important contribution to date, although as they noted, it is preliminary and
new species are to be described. The best diagnostic characters for species within the genus Nansenia were noted
by Matallanas (1986a) as pertaining to the opercular bones, the lateral line scales and the crumenal organ, the latter
previously considered a synapomorphy for the argentiniform and alepocephaliform fishes (Greenwood & Rosen
1971). However, that result is not supported from both early developmental characters (Ahlstrom et al. 1984) and
extensive molecular data (Poulsen et al. 2009; Betancur-R et al. 2013). Despite the problematic status of the
crumenal organ in designating otocephalan and euteleostean relationships, Matallanas (1986a) noted two types of
crumenal organs within Nansenia, a feature largely unstudied at present.

The distributions of Nansenia species are generally wide, although they are based on few specimens for most
species. Microstomatid fishes are few and far between in the subarctic province north of the sub-polar front (SPF)
between 48° and 54°N, an important species barrier from both topographic and water currents in the Atlantic
Ocean (Vecchione et al. 2010; Sutton et al. 2013). However, wide ranging meso- or epi-pelagic oceanic taxa such
as Nansenia are not necessarily affected by such barriers. The few species found in subarctic Atlantic Ocean
waters, Nansenia groenlandica (Reinhardt 1840), Nansenia oblita (Facciola 1887), and Nansenia tenera
(Kawaguchi & Butler 1984), have also been observed in the temperate Atlantic but show patchy distributions, and
misidentifications are present. There are massive gaps in our knowledge concerning species diversity in subarctic
north Atlantic waters, from both taxonomic and sampling difficulties, and it is often difficult to establish the cause
of new species records (Poulsen 2015).

Material and methods

Materials. The holotype of Nansenia boreacrassicauda sp. n. was caught by R/V Pdmiut, Greenland Institute of
Natural Resources (GINR), September 3, 2008, leg 5, haul 15, during a standard Greenland halibut survey, with a
non-closing Alfredo III bottom trawl with a mesh size of 140 mm and cod-end mesh-liner of 30 mm. It was
deposited at the Zoological Museum University of Copenhagen (ZMUC) as P192172 from an original tissue/field
number #8086. Catch locality between Greenland and Iceland (Denmark Strait) was 65°32'N, 30°57'W. Coll./ID by
J.Y. Poulsen. The bottom and fishing depth was 382—400 m with a bottom temperature of 3.19°C. The five
paratypes of N. boreacrassicauda sp. n. were provided from the Zoological Museum in Hamburg (ZMH).
Additional comparative materials were provided also by the ZMH, section Unidad de Zoologia at the Universitat
Autonoma de Barcelona (UAB), Museum of Comparative Zoology (MCZ), Department of Biology, Faculty of
Science Kochi University (BSKU) and the Australian Museum (AMS) fish collection. All specimens were digitally
x-rayed at the AMS, examined under a stereomicroscope, and morphological measurements done with a digital
caliper to the nearest 0.1 mm or 0.01 mm for CPL and CPD. Vertebral counts include the posterior urostyle and the
most anterior “half-vertebra” connecting the vertebral column to the cranium. Other methods of counts and
measurements, terminology, and abbreviations follow Kawaguchi & Butler (1984) or are explained in Table 1.
Number of gill rakers often varies on the cerato- and epibranchial bones from one side to the other although the
total number is mostly identical.

Several specimens examined during the course of this study show characters outside the ranges previously
reported (e.g. Kawaguchi & Butler 1984). The extralimital characters are taxonomically important compared to
ranges previously described, precluding simple expansions of the morphometric ranges for the taxa involved
(specimens discussed below). I have noted these specimens in the following section as “cf.” including the
extralimital characters in parentheses. Specimens included as comparative materials cover all species in the North
Atlantic as well as all species in the “stubby caudal peduncle” subgroup (1.0-1.5 CPL/CPD ratio), with the
exception of the Pacific distributed Nansenia ahistromi (Kawaguchi & Butler 1984).

Nansenia boreacrassicauda Poulsen, new species
Figs. 1A-D; Table 1

Type materials. Holotype. ZMUC P192172, 232.0 mm SL (65°32'N, 30°57'W).
Paratypes. ZMH 122532 (ISH 174-1986), 197.2 mm SL (57°46'N, 18°5'W); ZMH 120802 (ISH 968-1982),
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265.2 mm SL (49°48'N, 25°54'W); ZMH 122530 (ISH 264-1986), 226.0 mm SL (57°34'N, 18°12'W); ZMH
122553 (ISH 201-1986), 230.8 mm SL (57°43'N, 17°40'W); ZMH 120833 (ISH 967-1982), 268.0 mm SL
(43°42'N, 28°27'W).

Comparative materials. Nansenia ardesiaca. AMS 1.22817-025, 129.3 mm SL (Indian Ocean, off the
Australian Northwest Shelf); BSKU 28403, 134.5 mm SL (Okinawa Through, Okinawa, Japan).

Nansenia cf. ardesiaca (adipose fin not pigmented). AMS 1.22817-025, 124.2 mm SL (Indian Ocean, off the
Australian Northwest Shelf); BSKU 13127, 155.0 mm SL (Northwestern Pacific Ocean, off Kochi, Japan); MCZ
159274, 82.6 mm SL (31°26'N, 16°28'W).

Nansenia atlantica. ZMH 103928 (ISH 335-1966), 90.8 mm SL (10°46'N, 23°54'W); ZMH 105441 (ISH 457-
1968), 110.8 mm SL (16°14'N, 22°24'E); ZMH 105453 (ISH 686-1968), 152.0 mm SL (08°21'N, 24°10'W); ZMH
105485 (ISH 1311-1968), 169.0 mm SL (16°08'N, 22°22'W); AMS 1.20066-072, 81.1 mm SL (off Brush Island,
New South Wales, Australia).

Nansenia iberica (paratype). UAB 1985.6.14, 237.0 mm SL (Northwestern Mediterranean Ocean, off Blanes,
Spain).

Nansenia oblita. MCZ 66132(2), 43.6 and 77.3 mm SL (37°01'N, 00°05'W); MCZ 66134, 87.8 mm SL
(39°57'N, 06°43'E).

Nansenia cf. oblita (adipose base pigmented). MCZ 66133, 59.3 mm SL (14°30'N, 21°47'W).

Nansenia cf. pelagica (vertebrae 46). ZMH 120958 (ISH 465-1982), 106.5 mm SL (45°24'N, 27°41'W).

Nansenia tenera. MCZ 66016, 96.4 mm SL (49°53'N, 39°18'W).

The complete mitochondrial DNA sequences (mitogenomes), except a part of the control region, were
determined for the holotype of N. boreacrassicauda sp. n. as well as a southeast Greenland specimen (64°57'N,
34°27'W) of Argentina silus (ZMUC P192172 and P192171, respectively). They were determined using
conventional lab-methods employing DNA extraction (Qiagen Puregene kit), long-amplification (LA) PCR of the
entire mitochondrial genome (Cheng et al. 1994), nested short PCR using the LA PCR product as template, direct
cycle-sequencing with dye-labeled terminators and Sanger Sequencing on automated DNA sequencers (Applied
Biosystems). Lab-work and sequencing were carried out at the Ocean Research Institute (ORI), University of
Tokyo, and at the Biodiversity Laboratory and Sequencing Facility at the University of Bergen (UIB). Universal
fish primers covering a range of teleost fishes were employed (e.g. Miya & Nishida 1999; Byrkjedal ez al. 2011).

Results

Diagnosis (Table 1). Nansenia boreacrassicauda: a “stubby caudal species” with PCL/PCD ratio 1.20-1.31;
predorsal length less than 50% SL; dentition extensive, falling into high-number teeth group, often noted for the
dentary resembling a closely-spaced picket fence; vomerine teeth curved; eye large, approximately 40% of HL;
large crescent of white tissue on posterior half of eye; large circumorbitals present; concave indentation in posterior
margin of operculum present (opercular tube), somewhat variable between type materials (Figs. 2A-B); large
ventral strip of bioluminescent tissue associated with large scales, running from isthmus to vent, appearing dark in
preservative; large patches of distinct whitish, fatty tissue present on anterior and posterior parts of preorbital bone,
elongated patch bordering all opercular bones, long strip dorsally separating cranial bones from nape, all patches
fading in preservative; lateral-line scales large and modified, showing two pointed projections at posterolateral
margins below adipose fin (Fig. 2C), extending several scales onto caudal fin rays; crumenal organ with relatively
small accessory cartilage between fifth cerato- and epibranchial, fourth epibranchial with uncinate process (Fig.
2D), gill rakers on accessory cartilage 6-—7, on fifth ceratobranchial 9-10 (total 16), epibranchial-5 +
ceratobranchial-4 with 16 gill rakers in total; adipose fin large, proximal part heavily pigmented; large pineal
window present between eyes; aphakic gap present, acorn- or oval shaped; pseudobranch filaments 15-21; otoliths
lanceolate, approximately 7.0 mm (3.0% SL) assembled (each broken into two), rostrum long, ventral margin
denticles broad and deep, appearing highly convoluted; body color golden-brownish, scales strongly iridescent
when freshly caught, dull brown after preservation in alcohol/formaldehyde (Fig. 1). The new species was LSID
registered in ZooBank, the online registration system for the ICZN, and can be located at: http://zoobank.org/
urn:lsid:zoobank.org:act:C71E330B-D48A-4665-9D09-C9A03F83E1C3
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FIGURE 1. Nansenia boreacrassicauda sp. n. Holotype (ZMUC P192172). (A) newly caught off southeast Greenland 2008.
(B) radiograph image. (C) formalin-fixed and alcohol preserved specimen (D) illustration of holotype.

Etymology. Nansenia boreacrassicauda. Species derivative originating from Latin “boreas” (Subarctic or to
the north) referring to distribution of type materials, from Latin “crassus” (fat, stout) and Latin “cauda” (tail)
referring to the stubby caudal peduncle. Suggested vernacular name: northern fat-tail (pencil smelt).

Distribution. Nansenia boreacrassicauda is a temperate and Subarctic Atlantic species found across the SPF
(Fig. 3). The latitudinal range from this study is between 43°42'N and 65°32'N, within a narrow longitudinal band
at present ranging from 17°40'W to 30°57'W. It is oceanic although possibly associated with topographic structures
such as the Mid-Atlantic Ridge system.

Morphometrics of comparative materials examined in the present study are presented in Table 2.
Morphological character ranges and distributions are presented for all 17 species of Nansenia in Table 3 with data
compiled from Kawaguchi & Butler (1984), Matallanas (1986b), Kobyliansky (1992), Merella et al. (1997), and
this study (Table 1-2).
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FIGURE 2. Morphological characters of Nansenia boreacrassicauda sp. n. (A) opercular tube of the holotype. (B) opercular
tube of the paratype (ZMH 122530). Note the less concave, differently angled and wider indentation in the opercular bone as
compared to the holotype. (C) lateral line scales below adipose fin of the holotype and one paratype (ZMH 122532). (D)
crumenal organ of the holotype. Black denotes cartilage.

The mitochondrial (mt) genome of Nansenia boreacrassicauda shows the canonical mt gene order found in
most vertebrates (Poulsen et al. 2013). This gene order was also found in the argentinid taxon Argentina silus,
determined in this study, as well as in other argentiniform fishes (Ishiguro et a/. 2003). The mitogenomic DNA
sequences were deposited in DDBJ, EMBL and GenBank, holotype labeled according to GenSeq (Chakrabarty et
al. 2013), and included as part of the Greenland Fishes barcoding project as GLF242 and GLF021
(www.barcodinglife.org, Ratnasingham & Hebert 2007) for N. boreacrassicauda and A. silus, respectively.

Nansenia boreacrassicauda. GenBank/GenSeq: AP012955/genseq-1 mitogenome.

Argentina silus. GenBank: AP012952.

Discussion

Taxonomic relationships and characters. Nansenia boreacrassicauda is putatively closely related to the
Mediterranean N. iberica, separated from it by a much more stubby caudal peduncle, shorter predorsal length, more
gill rakers (overlap at 37), a modified lateral line scale, and a North Atlantic distribution in colder waters (Table 1—
2). Both species are “robust”, although whether this body morph has any value concerning delimitation of species
groups within Nansenia is unknown. Both otoliths from the holotype of N. boreacrassicauda were broken into two,
although the general outline of the otolith appears similar to N. iberica (Matallana, 1986b). However, deep
convolutions of especially the ventral margin are present and the rostrum is strongly elongated. The latter study
figured a large ventral indent in the otolith of N. iberica, corresponding to the position of breakage in both otoliths
in the holotype of N. boreacrassicauda.

The lateral line scales below the adipose fin in N. boreacrassicauda are reminiscent of N. iberica in overall
shape (Matallanas 1986a), although the posterior margin is somewhat irregular, with the posterolateral margins
elongated and sharply pointed (Fig. 2C). This is a unique lateral line scale configuration, found in the holotype and
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in one paratype (ZMH 122532). The lateral line scales below the adipose fin have been lost in the remaining type
materials. Structure of the scales supports a close relationship to N. iberica, and shows this character taxonomic
informative, similar to for example species rich genera within the rattail family Macrouridae (Cohen ef al. 1990).

The opercular tube and crumenal organ in N. boreacrassicauda both show a different configuration as
compared to N. iberica, although these structures are not uniform across specimens and variation is present within
species (Fig. 2; Matallanas 1986a).
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FIGURE 3. Distributions of the 17 valid species listed according to CPL/CPD subgroups of Nansenia. Dashed lines denote the
Sub-Polar Front (SPF) ranging between approximately 48°N and 54°N, usually an important transition zone and faunal barrier
in the North Atlantic concerning species distributions. Map modified from free vector maps (http://freevectormaps.com).

The concave indent in the posterior margin of the operculum (opercular tube) is large and deep in the holotype
of N. boreacrassicauda and is situated above the pectoral base, i.e., no overlap is present in the vertical plane (Figs.
1D, 2A). A similar configuration seems to be present in one paratype (ZMH 122532), although the specimen is
somewhat damaged in this region. The other four paratypes show clear overlaps, and the indent is somewhat less
deep although wider (Fig. 2B). This opercular tube is distinct and present in all species of Nansenia though
apparently showing intraspecific variability. Matallanas (1986a) and Merella et al. (1997) showed its variability
between taxa, possibly showing some taxonomic information. However, the indent is in fact tube-shaped, with a
convex arch visible in the opercular bone in front of the indent, connecting the gill chamber with the external
environment at all times. This is likely an adaptation to a continuous swimming behavior allowing a small outflow
of water during moderate active swimming. Similar outlets are found in the genus Bathylagichthys (pers. obs.) and
seem intuitively functional more than taxonomical. However, differences in shape and position relative to the
pectoral fin are present between taxa, although in the type materials of N. boreacrassicauda, the configurations of
the opercular tube are reminiscent of several species examined during this study as well as illustrations by
Matallanas (1986a). Considering the variation observed in the type materials of N. boreacrassicauda from this
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study, I am reluctant to include this character at present in designating North Atlantic species. However, the
opercular tube is a distinct feature of microstomatid fishes, although its significance as a taxonomic character is
possibly not intraspecific. Comparisons of the opercular tube of N. iberica and most paratypes of N.
boreacrassicauda show virtually no differences present.

The crumenal organ, a structure involving the fourth and fifth gill arches in combination with the anterior part
of the esophagus (Nelson 1967; Greenwood & Rosen 1971), was previously considered an argentiniform and
alepocephaliform synaphomorphic character, although the association of the two lineages has subsequently been
shown artificial based on developmental and molecular characters. An accessory cartilage is present between the
ceratobranchial and epibranchial bones on the fifth gill arch, the latter connecting with the epibranchial on the
fourth gill arch. All the bones possess tooth-less gill rakers. The structure is distinct, not to be confused with the
epibranchial organ present in other otocephalans (Nelson 1967), and shows variation between taxa in both lineages
of fishes. It is most certainly involved in the processing of prey, as various food items are occasionally found
retained by the gill rakers involved (pers. obs.). However, it is presently not possible to establish the amount of
taxonomic information related to this structure, although the accessory cartilage and the connection of the two
epibranchials clearly vary between these fishes (Greenwood & Rosen 1971). Two types of crumenal organs were
noted by Matallanas (1986a) within six species of Nansenia examined; N. oblita and N. crassa (Lavenberg 1965)
show a configuration presented by Greenwood & Rosen (1971), lacking an uncinate process on the fourth
epibranchial, whereas the uncinate process is present in N. iberica, N. atlantica (Blache & Rossignol 1962), N.
ardesiaca (Jordan & Thompson 1914) and N. fenera. Of the two species lacking the uncinate process, N. crassa
shows an accessory cartilage bigger than in N. oblita, although more crumenal gill rakers are present in the latter.
Nansenia boreacrassicauda shows the uncinate process present and quite distinct, although the configuration of
this process is most similar to N. atlantica for this character. The accessory cartilage is relatively small compared to
N. iberica (Fig. 2D), a configuration reminiscent of N. ardesiaca (Matallanas 1986a). The epibranchial overlap of
the accessory cartilage is large and is somewhat less arching compared to the dorsal part of the epibranchial in V.
iberica. The ligament connecting the two epibranchials is large. I have found no clear taxonomic information
within Nansenia concerning the crumenal organ, or in the number of gill rakers present on the bones or cartilages
that makes up this structure. This is supported by N. oblita and N. crassa, both species lacking the uncinate process,
having no other characters present that supports a close relationship. In fact, the two species clearly belongs within
different Nansenia subgroups based on for example dentition and the latter appearing robust (Table 3).

Nansenia boreacrassicauda is likely a North Atlantic endemic whereas N. iberica is a Mediterranean endemic.
The two species differ based on several continuous characters, such as the CPL/CPD ratio and the predorsal length
— both of these features are symptomatic and important in species separation of Nansenia taxa - and one of several
reasons why taxonomy continues to present problems with these fishes. Matallanas (1986b) noted a CPL/CPD ratio
of 1.7 for the holotype and 1.9 for the paratype of N. iberica. Merella et al. (1997) noted 1.80 and 1.81 for two
additional Mediterranean specimens. Considerable shrinkage has occurred (250 vs. 237 mm SL) in the newly
examined paratype (UAB 1985.6.14) compared to the species description by Matallanas (1986b), although
measurements of % SL and ratios remain highly similar (Table 2). The close relationship suggested of N.
boreacrassicauda and N. iberica is, however, tentative, and is mostly based on the robust body shape and the
lateral line scales, despite the CPL/CPD ratio being much bigger for similar sized adult N. iberica specimens. The
CPL/CPD ratio was noted as the most important morphological feature in distinguishing species groups by
Kawaguchi & Butler (1984), although they do not necessarily represent natural groups. Comparisons of similar-
sized specimens are extremely important for Nansenia taxonomy. Nansenia iberica shows many characters close to
or within the ranges observed in N. crassa, a Northeast Pacific endemic species. Nansenia boreacrassicauda
appears “robust”, or somewhat compact, compared to N. atlantica; this is a trait also found in other Nansenia taxa:
N. ardesiaca, N. iberica, N. candida and N. crassa. Whether robustness constitutes a natural species group
character remains unknown, although it is presently not supported by the usual employed characters such as for
example the CPL/CPD ratio (Table 3).

The crescent of white tissue on the posterior half of the eye is large in N. boreacrassicauda, similar to any
other species of Nansenia, although it is apparently absent in N. candida (Cohen, 1958). It fades with preservation,
and I have found no taxonomic information in this character for the purpose of this study. Species of Nansenia have
many pseudobranch filaments present, ranging from 15-21 in type materials of N. boreacrassicauda, although
clearly no taxonomic information is present across species for this character (Table 1-2).
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Nansenia boreacrassicauda shows similarities also to N. atlantica, with which it shares a stubby caudal
peduncle with a CPL/CPD ratio less than 1.5, although separated from it by a shorter predorsal length, more
vertebrae, more gill rakers and a much more robust body (Tables 1-3).

Some confusion existed prior to this study concerning N. atlantica, caused by Kawaguchi & Butler (1984), as
they noted that the origin of the dorsal fin base was in front of the center of the body, contrary to their own
measurements showing the predorsal length extending posterior to the middle of the body, i.e., more than 50% SL.
Nansenia atlantica was described by Blache & Rossignol (1962) who noted the dorsal fin “elle est insérée un peu
en avant du milieu du corps”, although based on only two juveniles 15 and 16 mm SL, syntypes now lost
(Eschmeyer 2014). Kawaguchi & Butler (1984) noted predorsal lengths of 51.9-56.9% SL in their examined
materials consisting of tropical Atlantic adults. These measurements have been used in all three subsequent valid
species descriptions without re-examination (Matallanas 1986b; Kobyliansky 1992; Usachev & Kobyliansky
1992). The specimens of V. atlantica examined in this study show a predorsal length ranging from 48.1-54.1% SL,
and the range for this character is hereby extended for this taxon (Table 2). However, clear allometric growth
changes are present in this species, as smaller specimens show greater predorsal lengths (above 50% SL) and larger
specimens show considerably shorter predorsal lengths (below 50% SL). Disregarding the allometric growth
changes found in juveniles, predorsal length in adults remains an important trait within the genus Nansenia, as
adults of all species show distinct predorsal ranges (Table 3). The predorsal length is likely correlated with other
continuous characters, such as the CPL/CPD ratio and other measurements related to elongation of the body.

One 81.5 mm SL specimen (AMS 1. 20066-072) off southeastern Australia is here identified as N. atlantica
(Table 2), extending the distribution of this species considerably, as it was previously considered a tropical Atlantic
Ocean endemic as mentioned above (Fig. 3). However, a large amount of variation is present within specimens
identified as V. atlantica at present (pers. obs.), including considerable allometric growth, and a taxonomic study
for this issue is needed. The Australian specimen shows an uncharacteristic stubby caudal peduncle (CPL/CPD
ratio 1.17) compared to other N. atlantica (Table 2), and is likely representing a Pacific population or even a
distinct species as compared to the tropical Atlantic N. atlantica.

Nansenia boreacrassicauda shows many similarities with N. ardesiaca (Jordan & Thompson 1914), although
separated from it by a smaller PCL/PCD ratio and in having many more dentary and vomerine teeth (Table 1-3).
Mitogenomic data of N. ardesiaca by Ishiguro et al. (2003), the only other species of Nansenia with the
mitogenome determined (AP004106), show an average distance of 5% sequence variation compared to M.
boreacrassicauda depending on gene sequences compared (data not shown). Re-examination for confirmation of
identification of this specimen was not possible. However, indications are that mitogenomic data are useful for
species delimitation within closely related species of Nansenia, although rarity of specimens precludes a thorough
molecular comparison at present.

Another 106.5 mm SL specimen (ZMH 120958) noted here as Nansenia cf. pelagica, caught at 45°24'N,
27°41'W, shows a combination of characters that is not congruent with any other species (Table 2). More materials
from the temperate Atlantic are needed for comparisons with this specimen.

Additional materials for various taxa would improve the present study. However, the differences observed in a
number of newly examined specimens are far outside ranges previously reported for several species, and inclusion
of materials covering all ambiguous species identifications is beyond this study. I have chosen a conservative
approach: describing one new species only and including data for several other specimens showing characters that
do not fit into existing work. In addition, molecular data (mitogenome) adequate for clade delimitation on multiple
taxonomic levels (Avise ef al. 1987) are included for future comparisons with the holotype of N. boreacrassicauda.

Multiple taxonomic issues are present for Nanmsenia at present not necessarily related to gradients of
continuous characters or distributional gaps. For example, Kobyliansky (1992) described two new species from the
Indian Ocean, N. indica and N. obscura, without considering the previously described species Nansenia macrolepis
(Gilchrist 1922) distributed in the same area. The latter species was synonymized with N. ardesiaca by Kawaguchi
& Butler (1984) and characters separating N. indica from N. ardesiaca are not present (Table 3). Nansenia
ardesiaca was noted by Kobyliansky (1992) to have the adipose fin base pigmented (proximal pigmentation),
although Kawaguchi & Butler (1984) stated that the tip (distal part) was pigmented for this species. The matter is
unresolved at present as specimens of N. ardesiaca newly examined in this study, e.g., AMS 1.22817-025 materials
from the Indian Ocean, show the adipose fin distally pigmented in some specimens with no pigmentation in others.
Lack of adipose fin pigmentation is the most common for N. ardesiaca (pers. obs.). However, this contradicts the
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description by Kawaguchi & Butler (1984) and change due to preservation is a possibility. The specimen described
as N. macrolepis by Gilchrist (1922) was distinctly figured without adipose fin pigmentation although not
discussed. Indications are that variation of pigmentation in the adipose fin is present for N. ardesiaca, slightly
worrying concerning the wide use of this character in Nansenia taxonomy (Table 3). Alternatively, sympatric V.
ardesiaca forms are present, separated by the adipose fin pigmentation, although no other characters support this at
present (Table 2—3). Therefore, the observation of N. ardesiaca with a distally pigmented adipose fin, as also noted
by Kawaguchi & Butler (1984) as designating this species, shows the species Nansenia indica (Kobyliansky 1992)
a synonym of Nansenia ardesiaca (Jordan & Thompson, 1914).

The best characters for discriminating between adult species of Nansenia are: predorsal length, CPL/CPD
ratio, number of vertebrae, number of gill rakers, number of teeth, morphology of lateral-line scales (below adipose
fin), adipose fin pigmentation and possibly a “robust” vs. non-robust body form. Morphology of the opercular tube
and crumenal organ varies between and within taxa and is taxonomically ambiguous at this point. Except for a
unique low number of vertebrae in Nansenia ahlstromi, all characters employed for species discrimination in
Nansenia must be used in combination for accurate species identification (Table 3). Juveniles remain problematic
for identification and allometric growth is to be expected for most species.

Identification of Nansenia taxa can be initiated using a variety of characters, although the taxonomic
information denoting natural clades concerning these characters are not clear at present. Identification of valid
species is done via a combination of characters, although specimens showing extralimital characters (Table 2) are
making the identification of some species trivial at present (Table 3). The taxonomy of Nansenia is in need of 1)
recognition of extralimital characters in specimens available, 2) molecular data and 3) new materials as many
oceanic species are represented by very few specimens. Traditionally, branchiostegal rays have been used to
separate two species groups. However, these plate-like rays are often damaged and quite difficult to distinguish in
some specimens, and not included in the following key. This is in line with Kawaguchi & Butler (1984) who noted
that natural groups could not be defined by branchiostegal rays.

Identification key to species of Nansenia with a “stubby caudal peduncle” (CPL/CPD ratio 1.0-1.5)

la. Dentary teeth 80 OF MOTE. . . . .. ..ot e e e e e e e 2
1b. Dentary teeth 60 O 1€5S. . . . . oottt ettt e e e e e e e e 4
2a. Predorsal length less than 48% SL; vertebrae 4648 . ... ... ... ... .. ... . ... ..., Nansenia boreacrassicauda sp.n
2b. Predorsal length more than 48% SL; vertebrae 35—44 . . . ... 3
3a. Gill rakers 40; vertebrae 35-36. . . ... ... . Nansenia ahlstromi
3b. Gill rakers 30-36; vertebrae 4144 . . . . .. . Nansenia atlantica
4a. Dentary teeth approx. 30; adipose fin w/o pigmentation; vertebrae 42—45 .. ... ... ... ... .. ... .. ... ... Nansenia oblita
4b. Dentary teeth approx. 60; adipose fin proximally pigmented; vertebrae 38-39 ...................... Nansenia pelagica

Distribution and ecology. Nansenia boreacrassicauda is the fourth species in the genus Nansenia from
Subarctic Atlantic waters, although specimens are rare and likely non-abundant on any measure along its entire
longitudinal range. The catch locality between southeastern Greenland and Iceland in the Denmark Strait of the
holotype in 2008, close to the Arctic Circle at 66°33'N, shows it to be the most northern record of any Nansenia
species to date. It is likely oceanic along many other rare Nansenia taxa (Table 3). No additional specimens of N.
boreacrassicauda have been observed since 2008 despite extensive yearly surveys off Greenland (pers. obs.).
Although the holotype was caught on the border between the Arctic and Subarctic provinces in 2008, being the
most northern record of all the type materials, the existence of the paratypes in Subarctic and temperate waters,
caught in 1982 and 1986, indicates this species present for many years. The new species described is therefore
based on an increased taxonomical effort and not necessarily associated with possible changing ocean
temperatures, a very important notion concerning faunal changes in the Subarctic and Arctic provinces, as cold-
water chemistry (including acidification) is relative strongly affected by temperature (IGBP, IOC, SCOR 2013).
This must, however, always be considered in the context of the pelagic realm at Subarctic latitudes being poorly
explored or showing taxonomic issues present (Maller et al. 2010; Poulsen 2015). The distributions of surface-
associated taxa in Subarctic latitudes are further complicated by recent years of increased temperatures in boreal
summers (Donlon et al. 2010), bringing for example valuable Bluefin tuna into southeastern Greenland waters
(MacKenzie et al. 2014). However, it is currently not possible to evaluate whether new species distributions
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observed in the Subarctic Atlantic are true range expansions, or they are common examples of increased interest
and more resolved taxonomy for commercial important species (Byrkjedal er al. 2004). Kawaguchi & Butler
(1984) noted a cold-water group including N. groemnlandica and N. tenera, and now also including N.
boreacrassicauda. Cohen (1984) noted N. oblita off western Ireland, expanding its distribution outside the
Mediterranean, although no specimen information was given and confirmation of identity not possible. Nansenia
oblita was recently included in the Subarctic fauna by Jonsson & Pélsson (2013) although specimens could not be
verified. The specimen recorded by Meller et al. (2010) as N. oblita (ZMUC P191778), in an annotated checklist of
Greenland fishes, is a misidentification being a species within the genus Bathylagichthys as currently recognized
by Kobyliansky (1986; 1990a) (pers. obs., ongoing works).

Since most Nansenia taxa have been caught in upper meso- or epipelagic layers, temperature is clearly an
important parameter for these fishes, corroborated by relative distinct distribution patterns (Fig. 3). The holotype of
N. boreacrassicauda was caught over a bottom depth of 382—400 m at a temperature of 3.19°C close to the Arctic
Circle in boreal summer. Considering the temperate and Subarctic distribution of type materials of N.
boreacrassicauda (Fig. 3), indications are that North Atlantic cold surface water temperatures are the important
parameter concerning the presence of this oceanic species. This is corroborated by the findings of all paratypes
along a narrow longitudinal band along the mid-Atlantic ridge (Fig. 3). No temperature data are available for the
few specimens present of N. iberica from the western Mediterranean or the North Atlantic paratypes of N.
boreacrassicauda. However, the mesopelagic layers of the Mediterranean are temperature homogenous and never
drop below 13°C in the western parts (Lejeusne et al. 2010), and the presence of N. boreacrassicauda in southern
temperate Atlantic waters could possibly occur more frequently in boreal winters. The complicated vicarious
events that have formed the present day Mediterranean Ocean, including the Messinian Salinity Crisis 5—7 million
years ago and the subsequent Pliocene opening to the Atlantic (Bianchi & Morri, 2000), could possibly be involved
in the separation of warm-water endemics, such as N. iberica. However, shallow-, slope- and deep-water benthic
and demersal gadiforms have recently been shown highly similar to Atlantic populations previously considered
separate species (Bafion er al. 2013; Francisco et al. 2014). Fish species distributions are to be evaluated
individually in the context of the Mediterranean being a distinct Atlantic Province, although an oceanic
mesopelagic habitat as found in N. boreacrassicauda seems to restrict expansion into coastal areas.

The new species shows large and numerous gill rakers adapt for retaining smaller pelagic crustaceans, and is
likely hunting by vision in well-lit surface waters, corroborated by the large eye being approximately 40% HL
(Table 1). This is similar to other Nansenia species believed to congregate in high productivity upper pelagic areas
(Kawaguchi & Butler 1984). It is currently difficult to assess whether species such as N. boreacrassicauda and N.
iberica are truly rare occurrences, or are simply rarely caught due to their fast swimming abilities and exclusively
pelagic habitats being infrequently sampled.
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