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Abstract Morphology-based phylogenetic studies of the lanternfishes (family
Myctophidae) are reviewed the synapomorphies used to define traditionally—recog-

nized subfamilies and tribes being surveyed. Re—analyses of 63 previously-re-
ported characters indicated monophyly of the following taxa supported by unam-
biguous synapomorphies: subfamilies Myctophinae and Lampanyctinae and tribes
Gymnoscopelini and Gonichthyini. Other tribes either failed to form clades (Myc-
tophini, Electronini, Lampanyctini) or did so, but without the support by unam-
biguous synapomorphies (Diaphini). For evaluation of the monophyly of these
clades, the following aspects are important: (1) character survey at species’ level;
and (2) assessment of homologies at the species’ level between myctophids and
neoscopelids. In addition, because reconstruction of the evolutionary processes of
morphological characters, based on the “morphology-based tree”, involves circu-
Jar logic, molecular phylogenetic approaches are now seen as indispensable. A ro-
bust molecular phylogenetic tree may contribute to a better understanding of the

evolutionary patterns and processes of morphological characters.
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¥ H A7 B IZE L (Rosen, 1973; Stiassny,
1996), ZOHIZ2BRTEREBICEINLIBLL
240F& A5 & LTV B (Paxton, 1979; Becker, 1983;
Moser et al., 1984). AR 0 AR LT
Y —E R xRS © FRE
i F THEFR O < 4 L (Becker, 1983), 4+
VER S KBGO RER (KRB LT
200~1000m) ICBWVWTIIZVERL AT VER
FrlbICESEBT AT - R AL EEEO
12&%->TWwW5a (JIIE, 1974; Marshall, 1979:
Gieseter and Kawaguchi, 1980). /% 71 4 7 ¥ FHL
HIZF7, %< DbDODEATHERED 3-10cm 2
B LS, Mo/ N BRI A S, KD

FIoAFTIIEHEHAELEDIC, BKOD
HETTIy 7 by ed s by ORRICET AV
frois brELTHRESHFONDL ZENE N
(Marshall, 1979). & 512, HAEhEHFIZL LE
DIRRIC L ) EBAEET A, KL HEME
T A2ENZVI L THHMEN T WA (Clarke
and Wagner, 1976: Badcock and Merrett. 1976; Pearcy
et al,, 1977). MEEERIIBNT, NTHAT Y
RAKII A AT VEREDEW T T V7 b Y D
gL LT D IRROBEEYHEIRS PE
w52, FECAYE - v s OER EORBESE
R A, B, BRE, HEOEBEMEEY
& 72 5 T\ A (Fitch and Brownell, 1968: Jouventin et
al., 1994; /NSEIT 20, 1969; i3, 1960). {HI%IC
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1. 23456 12345

A A
Oa AO Op

Fig. 1. Schematic representation of photophores and luminous gland arrangements in myctophid
fishes (after Paxton, 1972). Ant, antorbital organ; AQ, anal organ; AOa, anterior anal organs; AOp,
posterior and organs; Br, brachiostegal organs; Bu, buccal organ; CP, cheek photophores; Dn, dor-
sonasal organ; INGL, infracaudal luminous gland; Op, opercular organs; PLO, suprapectoral organ;
PO, pectoral organl Pol, postero-lateral organ; Prc, precaudal organs; PVO. subpectoral luminous
gland; SAO, supraanal organs; So, suborbital organ; Sue, supraorbital organ; SUGL, supracaudal lu-
minous gland; VLO, supraventral organ; Vn, ventronasal organ; VO, ventral organs.

£ o TIIHEHEL, FEHIBER, $555%h, &
ERZEIZOWTERHICHEINLTEY (Paxton,
1967; Clarke, 1973; Kawaguchi and Mauchline, 1982;
Gartner et al., 1987; Karnella, 1987), 4= HE2A4%1
BT AERN AR OV TR I ER S
HESRAIES).

NG AT REBHEO RERRFE L, &
HORTHEE B TERICHVONTEA B
BIREEDIIH, BHRERNIZE SN S 5K (pho-
tophores) X7 JG### (luminous tissues) DEL{E /S &
v (Fig. 1), TLCEMEMRBITHOIERERL &
&, AREBEIIHFEMN AR EICESWTHbRT
& 72 (Fraser-Brunner, 1949; Moser and Ahlstrom,
1970, 1972, 1974; Paxton, 1972; Ahlstrom et al.,
1976; Moser et al., 1984). TN 5 DIFFEIZHBWT,
FA LR & AL E ORI 30 SR (-
SN T &7, HEMAHETIR, RSO
ME L 2B REDEMI R ENL L DOD, 18R
SNIRBEPED L) BB ERETHESN
DPEHRE NG, Z Do 7L, HEimy
(R S M CBEF O RMIRELIZ DV T, b A

5 EDNARARENE D72, —F, DIEZEORE
2E D BRWIREATINC D C RHEEEATE R L
22 ET, MMRBEIBRFEORETFT— v 2 A7 2
CENRII R 03 TR L, BEITFDI
RIIEAT OS2 H S 212 L7 LCHi7- g

NRETE S L) Il o72. DS IHEHEEE
DER L LN IZEB L 7-# D. E. Rosen i+ E g
NVHETH--2L DY), BHEARFTERE
BRI H7o TIOFENBRL D SRHAEIATE
72 (#Frk, 1988; G.J. Nelson, 1972; HF:, 1999).
INE T AT URHBEEIZ B TRIC S F AR
W& 4T o 72D L Paxton et al. (1984) ThH-o7-. 5
EREEFAOREYIERL, BMORKEGES
DFHETET DL &1, EREEOE A%
MEIFTLEAIRERLESRL. UL, i
LOWRLEF— %754 asVYa—% .70y
TLEHOCTHBNT AL, X TRENTVES
T B SN2 EABHS 2% 5 77 (Sti-
assny, 1996). T Z &1, Paxton et al. (1984) DR
LI R b D TR G h o722 L &,
LI TRENTFIEFEOEZFEAVLT L b HE
RETEIZE > THBOUT SN bDTIEhh -
TRZEERRELTWE, TlE, BENY AT
HATREDOEN TV ADIEEED S &, HERER
HIZL o THARBS LS 203 wFhoy
I #EZ D7E5 9 A9

KEaTIE, NFH AT REHEOREFZIE
BT AEEORRA 25T 5 & L 412, Paxton
et al. (1984) & Stiassny (1996) M2/ L 7- B &
T 8 B DIER RN L, [ZRAICRE SR
TEPEHO B RGN X HT s EHFRELE
PHEETA2ON LD EHELIZL LD &5t
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Acanthomorpha

Ctenosquamata

Eurypterygii
Neoteleostei

Fig. 2. Cladogram showing interrelationships of the
major neoteleostean lineages proposed by Rosen
(1973).

A7z T, BREMAEBLTEHS G - 2RE
HebERAT, 4B MONEREEIIOVTY
Baf L7, &8, ABTHOVLREERFE L0
REIE, FELTEIED (1991) &EF (1992) (12 X B3R
B, BIXUZEH (197 IE-7z. 72, HBL O
TN LD EROFERED LRI Rosen (1973) 12HE
VB ROEFRIZDOWTIE FEF (1975) B L UYH
H (1991) 2&& |2 L. ffEEORTIE, FHIR
WCHERHL R34, BRUTIEEZLTERLE. K
FmlC A BRI, FEEHE (Neoteleostei) RFEFITD
NI AT VHDRKIMEDT, BLUONS A
1T ROWHKETH L EEZZLNTWELY A
VAT CREHOEM O RHAREZ DV TR
5.

NTh4T7V 8

Rosen (1973) 28I 0 FE I L > TIEE B H
(Euteleostei) DR IELEIR D K% E o 5 RS
TRETHLHE, NTH 472 H (Myctophi-
formes) (ZFHTETIZ & X B (Aulopiformes) 28 ® 5
NTW5EEF (& A%} [Aulopodidae], T/ F} [Syn-
odontidae], 7 # X I.*/F} [Chlorophthalmidae], 7
7' # [Notosudidae], 7 * L/ &} [Scopelarchi-
dae], /% 7/ TV #} [Paralepididac], Y ') TV F}
[Evermannelidae], ¥/3/)% %%l [Omosudidae], 3
X7+ ¥ < 2 F [Anotopteridae], I X7 4
[Alepisauridae]) = &L SRS IZE A BT
& o 7z (R. K. Johnson, 1982; Okiyama, 1984a;
1984b). BfE, NFAATIHEINTHA TR
(Myctophidae) &/ b4 1) 4 7 2 &} (Neoscopelidae)
NOLLERMEL L CGREBSNTEBY, ZHF

A9 (L BRAESA (Acanthomorpha) D LR EE |2 AL & 5
5N TS (Figs. 2, 3). COKRRITHBEREE
D Rosen B FIZ & o TEHMAS T IFo N D
® (Rosen, 1985), IIEETIIAFEERTIZIZTa &
CHANRHEON TR ERBZBLTIVESLS
(Rosen, 1982; Lauder and Liem, 1983; G. D. Johnson,
1992; J. S. Nelson, 1994; Stiassny, 1996). /%71 1
7 2 B + BREEE O3 I (I8 5E (Ctenosquamata)
EMFIEN TV B (Fig. 2). MO B Rt L Hr
$AHIFIRERE & L TRosen (1973) 1Z 10 DTZE
(Table 1) % &\F72%%, G. D. Johnson (1992) |2 & -
TEDETIZOWTHEA»EH SN/, G D.
Johnson (1992) (X Rosen (1973) A 1T 7 10 DFLE
DB EFRETZEE LT, 55 LIHGE
FHRRATHR T DL L DIZEINEHOHET S
EWV)E &R L7 (Table 1). % 72, Stiassny
(1996) 1X G. D. Johnson (1992) DIZ 252 DH 7=
RIEE MR, 6 2D E i OLAIRE
HE L& 272 (Table 1).

NTHATIREEE Y M)A T VREED
TARPEIBAFEATIZIL < R 5T & 725 (Gregory
and Conard, 1936; Fraser-Brunner, 1949; Paxton,
1972; Stiassny, 1996), F¥EREFLELRRT ST
& THjH O HRMMEATR & 7z DL LB Fealr
Z & T#H5. Rosen(1973) 13V M4+ 47 T EHE N
THATIRDORENTHAT S HOEHREE R
DI hb 6T, FESEOLFRELE %
REGo12DTHAL. NTH47 L HOERME
M XFTHEFRELE O TRLIZDIER.
K. Johnson (1982) C, {RIIABAEIHEOLEFIRETR
HELTTIODRERE % T/ (Table 2). L7
L, HiEEHR, REFXLELBOFE, BROE
BEHHIIBITA5E4B L0 s LIREBGHEKOM
FITEICRE§ 2 887 &, R. K. Johnson (1982) A%7R~
LIREDE L, NTh AT Y BO*RERER
BT AHIZIEHEDE D - 72 (G. D. Johnson, 1992;
Stiassny, 1996). —75, Stiassny (1986) | ¥H &R 7
DHERL (buccal ligament systems), fiXFEZE D% IHE
F 3 & ffi 538 (occipital and ethmoid regions of neu-
rocranium), 7% 6 NIZIEBIZEE & £5EE OREEED
(posttemporal/neurocranial association) ¢ £ #ll 7 &
BIEDX, 40DF R AERERE Z 51T,
BixtRIZ, SNHD) H2D (YETRET S E
EFRE—AT EFAE WA RO P ECET S,
% 1M B oo IR TRENCZEH L o
) IS 4o A, sre DD REF
E % 7~ L 7= (Stiassny, 1996) (Table 2).
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Table 1.

List of synapomorphies for monophyly of the Ctenosquamata presented

by three cladistic studies

Rosen (1973)

(1) Reduction of posterior UP dentition and formation of a hinge between 4th TP and toothed sur-

face of 3rd PBR
(2) Reduction of cartilaginous 4th PBR

(3) Development of a separate internal division of the RAB muscle inserted onto 3rd PBR

(4) Formation of a hinge-joint between a TP of 2nd EBR and toothed surface of 2nd PBR

(5)  Further reduction of second preural neural spine in caudal skelton to a low crest and growth of
first epural forward and downward over the latter

(6) Formation of dorsal fin-spines

(7) Formation of weak opercular spines
(8) Formation of subocular shelf

(9) Formation of ctenoid scales

(10) Formation of spinous procurrent caudal fin-rays

G. D. Johnson (1992)

Absence of 5th UPTP and associated 3rd LI muscles

Stiassny (1996)

(1) Absence of Sth UP TPs and associated 3rd LI muscles'

(2) Two posterior ceratohyal branchiostegel rays

(3) Loss of craniotemporalis muscle

(4) Loss of supraorbital bones of circumorbital series
(5) Presence of a discrete interoperculohyoid ligament
(6) Neural arches of first vertebra fused into a single unit

EBR, epibranchial; LI, levator interni; PBR, pharyngobranchial; RAB, retractor arcuum branchialium; TP, tooth-

plate; UP, upper pharyngeal.
' Same character described by G. D. Johnson (1992).

BEIIHRESNINT AT BOEFIRER
HDH) b, [51HEROIEMANZ SR 0RO REZeik
A, TEAOMERIIHERIER o iy - T4
% | &‘«")ﬂ"ﬁﬁ , L OMETRHAFIOILE
REFE & i:ﬁ? SN T 5 (G. D. Johnson,
1992; Stiassny, 1986, 1996). #% T, Miyashita and
Fujita (2000) 13 [V F+ YA TSR ENTHL TS
FHIFHE I 2GR A2 5 | L #E L7275,
SHENT AT VBERHEOERFKEYEZ 5 L
THEREVWEE THA. %8B, Stiassny (1986) T
MR (fig. 8d) SNz FAVA TR FF 1) AT
& (Neoscopelus) DREZEHEIIHEA il F T LT
WbH L) IZRZ 5%, Miyashita and Fujita (2000)
A (fig. 1) LB ICHmELLFEDY MY A7
¥ (Neoscopelus mac;olepidorus) DE 1 MR o
ZERTIEZ @iﬁf‘ﬁ IREEIIFED b E, B
DIEZERIIHAS P IZHEL TS, L72dT > T,
55 1HEAR Ik & CHSEIROMER 22 5] &
VO TREIKEEIZ E b2, [ EADOBEESREI MR
i ETERT AT AREICET TEETS] &

VO TREIREILZ OV TIIHERF ORI S 5.

.Y

YV hANATUR

NEHAALTIREEDIINT I 4T BEER
T2V M) A7 FHE3E6TED 5 % B (Nafpak-
titis, 1977). FOE EFOHIT TG, WHEET
HENTHA TR ERBELTELL AR, 318
ELY M4 ) AT V& (Neoscopelus) (£ b A1)
A7 REEHOPTIEIROERLS L. Vb
178 E L TIEIRBEDAD R KEE LD, 710
T4 V& (Scopelengys) (132 AE £ 114 (But-
ler and Ahlstrom, 1976). "~\¥h A7 BEEE L

TIIREDADMER {7272 > (Marshall, 1960). So-
livomer J& (L HLEIE FFE Solivomer arenidens O & h3
IS (Miller, 1947), FEIERIRE S N7 1
V¥ BRI E DI S o ERIE R, $ 7,
VEAVAT R TERETOAFELI TSN T
V724 (Okiyama, 1984a).

HiEEC NS 47 BORKIZET 2 —ED
wEmllHoT, YVIMEIATIRHIITEALEH
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Table 2. List of synapomorphies for monophyly of the order Myctophiformes
presented by three cladistic studies

R. K. Johnson (1982)
(1) Peritonial pigment sections absent in larvae
(2) BR fewer (6 to 12, usually 7 to 11), with 4+X pattern', but with only two BR on epihyal
(3) Number of vertebrae, 35 to 41
(4) Suborbitals absent
(5) Only one UP TP present (assumed to be 5th UPTP)
(6) RAB divided, with distinct medial (smaller, inserted onto 3rd PBR) and lateral (larger, inserted
onto 4th PBR and associated TP, here assumed to be 5th UPTP) bundles
(7) Photophores present

Stiassny (1986)
(1) Median maxillo-premaxillary ligaments crossed over
(2) Median process of maxilla is notched in region of premaxillary condyle
(3) Solid, cone-like, ventrally projecting parapophysis on first vertebrae meeting ventrally in mid-
line
(4) The ethmo-maxillary ligament inserted onto maxillary flange

Stiassny (1996)
(1) Presence of median dorsal keel on mesethmoid
(2) Median maxillo-premaxillary ligaments inserted onto contralateral buccal elements’
(3) Presence of a large TP fused to proximal face of fourth ceratobranchial
(4) First levator externus muscle reduced or absent
(5) Enlarged conelike parapophyses on first vertebral centrum meeting in ventral midline?
(6) Adipose fin support ventrally inserted into supracarinalis posterior muscle mass

BR, branchiostegal rays; PBR, pharyngobranchial; RAB, retractor arcuum branchialium; TP, toothplate; UP, upper
pharyngeal.

! sensu McAllister (1968).

2 Originally described by Stiassny (1986). Character 1 in this table.

3 Originally described by Stiassny (1986). Character 3 in this table.

Table 3. List of synapomorphies for monophyly of the family Neoscopelidae
presented by three cladistic studies

R. K. Johnson (1982)
(1) Number of vertebrae, 28 to 34
(2) Sclerotic bones absent
(3) Gap in ossification between skull and first centrum with reduction in size of first centrum rela-
tive to succeeding centra

Stiassny (1986)
(1) A trilobate rostral cartilage present
(2) An enlarged bony protuberance on the median process of the maxilla
(3) Maxillo-rostroid ligament is broad and strap-like and bifurcates on contacting rostral cartilage

Stiassny (1996)
(1) Presence of an elaborate and extensive cervical gap'
(2) Presence of trilobate rostral cartilage ligamentously attached to maxillae and premaxillae’

! Originally described by R. K. Johnson (1982). Character 3 in this table.
2 Originally described by Stiassny (1986). Character | in this table.
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B OGN o7 ERETH S, Paxton (1972) IZR
TER (subocular shelf) 25722 & R E & 1
%= B ¥ (premaxillary—palatine ligament) A% % =
ERE, VIEFIATIRENT LT IR AKX
T BIDDEEHIFTD (k). R K
Johnson (1982) (3 b4 1) 4 7 LRI OAFIRETE
ELT3DDRE %Wbtffﬁﬂ%kb,;ﬂ%
D) LEHEE L BIEE w&wozom’W
d,vb%U%V&ﬂ@ﬂﬁmiﬂ ok
> (Stiassny, 1996). Stiassny (1986) iSOODﬂ’/ x
VI ATOROEEREREE L TURLED
(Table 3), SNHD9H) 52D (F FFEE I et |
DIER L7-BREHR ; Itggﬁ’—fuﬂﬁk”ﬂ'iﬂ?ﬁﬁ\ﬁlgfﬂ
CHRTH Y, YBEIZHET 2586 Tolk) (38
NTREIREIZZE N Booh, V)47
MOLEBEREFLE L THIZEME?H D 2 LA
BH L7z (Stiassny. 1996). Stiassny (1996) (&, i # A3
1986 FEIZHE LR ) D1 DORE (£ L5HE &
A EZEF ICHF L o TORd B = LAW#kE)
& R. K. Johnson (1982) #°&F7:3 2DED ) &
D12 (RIE &5 VEERORDORERAYL  #iE D
BHE) 2V b A VA T OHOEFREEEE LT
2L THRR L 72 (Table 3).

BB O RAR BRI D T, Fraser-Brunner
(1949) 1L F BI B9 12 (Neoscopelus (Scopelengys, So-
livomer)) L HETE L7z, 723, Fraser-Brunner (1949)
XINB3EZ Y A1) A7 L HE (Neoscopelinae)
IZEED, T AT L HE (Myctophinae) & & b
WNTH AT FE LTS, Paxton (1972) 11
Y hA YA T RO TIE Scopelengys & DILE Ik
REDNT AT ORBEERO RS D LR
DD, IBEDRTUER DV TIE A %
o7z, —7F, Stiassny (1996) i<, Neoscopelus@
& Solivomer BH 3 DDIRETLE (W HERT )12
4K -4 [four supraneurals anterior to the dor-
sal fin]; AR D | E##EH [hatchet-shaped first
supraneurals]; {H £ L 72 BARIZZ L L 7280 AT
EHEE EIZEE [gill rakers modified into elongate
toothplates arrayed along the first epibranchial]) % 3t
BYAILe@EL, VAU AT7HIBMO
DA & 527 L 72 (Fig. 3).

ING DA TR DB RS R

ING T AT RO BRI OV TEE ) e E
W hholzh, BERIICHFRERLEN RSN
L) DIIHBIIEED Z & TH D (Sti-
assny, 1996). Paxton (1972) AV N4+ 1) A4 7 % &

p— S COpElENGYS
—E Neoscopelus
Solivomer
Myctophinae
—E Myctophidae
Lampanyctinae

ACANTHOMORPHA

Neoscopelidae

Fig. 3. Cladogram showing interrelationships of the
major ctenosquamate lineages proposed by Stiassny
(1996). Solid line indicates order Myctophiformes.

NTHALT LR EXNT 900G % HiTF7-2
i A NN 7]‘ INHLDOREIIENFRORD
HHEIREZEE L CRREB SN DT TId R h o7,
Lﬁt,amﬁﬂ LoTINBIDDEEDH b
3DNIDWTUIRBIEIREE (NF A 72 BT
THNEDOIEIKEE) 2TiE SN, ZoOFEE,
AT VROREIRETEIKESHS 21k -
72. F9R. K. Johnson (1982) i%, R T EIR %1 2
BILLELRIEHA LW EDINT AL TS
MOKXEFREEE LR, VEF) AT
BrE v X H EDIEIZE D WTEHE L7, KIZSti-
assny (1986) 13, OFEF-M LABH T LM 2\
WREGNT AT O ROKFIRELE 2B L
TR L7

R. K. Johnson (1982) & Stiassny (1986) I&, Pax-
ton (1972) D LELE S EHT, #hEh4DL s

DORFIRETLE Z 58 L 72 (Table 4). TN 55
9ODLEIZER (L% 1A%, R. K. Johnson (1982)
DILED - L3 LGRS V& v REIR
RE%, Stiassny (1996) 1 INFH A TR 2BEE DS
L AAFNT A EE (Myctophinae) DL H IR £ T
BELTHMRELTWA, 7% B Stiassny (1986) 13,
NG AT VR ORFIRELEZARLHTIESD
HIFTBIZH20b5T, FIEXKETII4D LD
RLTOVRWD, ZOBEIZOVWTIIRETSH S,
IR ETREN D> 2R EIX, EThaxO
ET A LA T EMRAALEVITRETHA.

Stiassny (1996) (X & 512 so@ﬁﬁméﬁﬁ%n
TAAT RBEOERGEMEE XY AE
TRl Zomxe Stiassny (1986) TE#E Lf:
KHREREEIDTHIZIDICTELZND, FO
B IRREDRE IR lii”}ﬁf)‘ab&bbh%. 53R
HERETOBEERKIZOWVT, Stiassny (1986)
Cii_ﬁ‘jé‘ﬁfiﬂm J:’D’Cgéﬁ<ﬂ!f @—% tﬂ‘/\ NG
HATIRDIBTHDARAFNT HIE (Mycto-
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phum) TZOEFDHELITHHIZL > TRHEAEL T
WL KT MR LT\ 5 (Stiassny, 1986; fig. 7b).
— 75 Stiassny (1996) TiE, ¥ THET 5 DI
TETLEREE (T H A 7 VRIS O 3R TR
SNBWEIRFE) THY, NyH AT U RIEHT
HLTHETALERLN, ZNZPIRLTVA
(Stiassny, 1996; figs. 20C-G).

ko Xk iz, BIEDDEMAEVLELEED
HOHH, NTHATIREEO RGN [TE
RRFEDHD D) 5L [an enviable situation for
any morphological systematist] | (Stiassny, 1996) (3 &
WEHORAREFE I L > THESNIH L
IEEHEVW LWL ) TH B,

NG AT U BADRAFIRER
LD E IS, NTHATIRADR
FEFRERICOWTE, FRERArLELONT

SFEERMEEACCEEShTEL. FARE
HERARED S &4 BONIRRKFUILE

ok xR B REOIEER O AN (TRik),
NG H AT RDIRE 2 0D#LRT (evolution-
ary lineages) °H % % &) DII—H LI-ABETH
h, &4 AAXx/)N¥HHEE (Myctophinae) (Fig. 4 D
Lineage A) & b > #7) 2/~ ¥ 71 BiE} (Lampanyctinae)
(Fig. 4 O Lineage B) (27748 & 11T & 72 (Moser and
Ahlstrom. 1970, 1974; Moser et al., 1984; Paxton,
1972; Paxton et al., 1984; Stiassny, 1996). HFt & L
THEIN TN 200ELLRFNE, BHADK
B L CIdAE B 1E B (extrascapular elements)
D, ESEE TR (cleithrum shelf) DA, B EERT
ZE96# (Pre; Fig. 1) OB A EI2 ko TREBll S5 2
212X (Paxton, 1972), F/AFAOIEL LTI
AAFNTHEHTIZIROLIKIT LA ET T
OREIZ BT TIRTIC 0 Nz il
0L, AT HEREETIINET
a0 4 FBABA VW EWVIBIEEREY»D DX
B X417 (Moser and Ahlstrom, 1970, 1974). Ll
DIE L, TLE S N B ERAT EIRREA RS

il

Table 4. List of synapomorphies for the monophyly of the family Myctophidae
presented by three cladistic studies

R. K. Johnson (1982)
(1) Subocular shelf present
(2) 3rd EBR TP absent

(3) 2nd EBR uncinate process not extending to a point dorsomedial to dorsolateral border of 3rd

PBR
(4) Second ural centrum absent
Stiassny (1986)

(1) Firm ligamentous attachment of a bony overlap of 3rd HBRs on either side of URH bone
(2) Strong ligament passing between dorsal limb of posttemporal and first neural spine
(3) Strong ligamentous connection between opercular bones of either side wide with each other and

with parasphenoid

(4) Cartilaginous supporting plate below adipose fin

(5) Absence of plato-premaxillary ligament

Stiassny (1996)

(1) Subdivision of first levator interni muscle into two heads, each inserted independently onto 2nd

PBR element
(2) Reduction of dorsal hypohyal element

(3) Presence of a distinct gap between epihyal branchiostegals and first two ceratohyal branchioste-

gal

(4) Presence of a cylindrical median rostral cartilage firmly bound to mesethmoid and only loosely

attached to buccal jaws

(5) Medial row of serially arranged TP arrayed along length of the first branchial arch

(6) Presence of a simple Alﬁ‘ muscle component for maxillary controll

(7) Bony connection between descending process of 3rd HBR element with the URH

(8) Bony articulation between URH and second, or second and third, basibranchial element

EBR. epibranchial; HBR, hypobranchial; PBR, pharyngobranchial; TP, toothplate; URH, urohyal.
!'This is a part of the adductor mandibulae (sensu Rosen, 1973; see also Stiassny 1986).
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Fig. 4. Phylogenetic diagram of myctophid genera
proposed by Paxton (1972). Circled A and B indicate
subfamilies Myctophinae and Lampanyctinae, respec-
tively.

SNFIHEH LNV TOLFREREERD S 5
TEAREED AR TH 57247, Paxton etal. (1984) |2
LoTLULEDRE L ELEISOBED (L’Olﬂf
GREE (v MU AT DR OREIRIEN W] S A2
e > 72 (Tables 5. 6). F7z, Stiassny (1996) (35
BROTFHROLBIEICESE, 22X Ny hHF
(DWW TID ([LEREIC) REA L7483 EENE iR
% X < [loss of fused third epibranchial toothplate]),
PEAINTAERIONT2D (R L2
B & [elongation of the second basibranchial ele-
ment]; MR L7ZRBEEF EORHISE & EWE L0
FE & I 38 1L [urohyal with elongate anterior process
and reduced articulation facet]) FDEFIRELE %
EBMLTWS

BIEDERTIE, NFHATIRITES(C
DEARTNHS SN, & 413K (tribe) DT > 7
W2 SN T A (Moser et al., 1984; Paxton et al.,
1984). Paxton (1972) (A 2 ¥\ 7 #i £} (Lineage
A) 213 Myctophini & & Gonichthyini &%, > 7
') /N % 71 B %} (Lineage B) |2 I Notolychnini f& ,
Diaphini /%, Gymnoscopelinif%, £ & 0" Lampa-
nyctinifk & & 4 W2 ® 7 (Fig. 4). ThHD9H B,
Notolychnini J& (3 1 B 1 #& 7 7 /N ¥ /1 (Notolychnus
valdiviae) DAL b ERBENXETH L. 0
Notolychnini J& % & < 5#E% Paxton (1972) I3F5 &

Krefttichthys
Protor tophum . .
e Electronini

Electrona
Meielectrona

Myctophum
Symbolophorus
Loweina
Tarletonbeania . P
Gonicthys Gonichthyini
Centrobranchus

Notolychnini

Idiolychnus
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|

Diaphini
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Gymnoscopelus
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Notoscopelus Gymnoscopelini
Scopelopsis
@ Lampichthys
—E Lampadena
Taaningichthys

Bolinichthys
E Ceratoscopelus
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Stenobrachius

Lampanyctini
Triphoturus
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Lampanyctus

Fig. 5. Cladogram of the myctophid genera pro-
posed by Paxton et al. (1984), estimated using 59 char-
acters listed in Table 6 (except for the numbers 27-30)
and rooted by Neoscopelidae (outgroup).

MICHRMIETHE EEZTED, S#{LRTI%
FHOTARELZTIEL TS, LrL, #h5
DIEIEFIRELE CE L HIITEEE LTS
FonTEh, RHEEFER (Fig 4) FERIC
e ST b,. —7, Paxton etal. (1984) (3£
EfFf @ﬁ”*’*%ﬂﬂb‘fﬁ‘lﬂiﬁﬁfr%ﬁb‘, Z DR
BoNZHEMIIEDEFH /- EREREL
(Fig. 5). RL NV TOEALRTIOZEIZDO VT,
Z DS E Paxton (1972) DIERTRECEL B KA
1322 %. —IZ, Paxton et al. (1984) I3 Paxton
(1972) D1k 5 T Myctophini % (Fig. 4) I2&® 5
NTW722)8 & & &5 48 (Electrona, Protomycto-
phum, Krefftichthys, Metelectrona) % 3 7212 Electron-
inifg & L CTH &7 (Fig. 5). Electronini J& %
Wisner (1963) 2 %7 /& #1FE Metelectrona ahlstromi
FEEUCE L CRRL LT A 7 LR TIIRAIC
XL ENTHETH - 72H%, Paxton (1972) I3 A ME &
Myctophini I & TN % 8 Z BHEIZIX BT 555
AR WEELVWE LT, METTFLDHT
Myctophinifk& L7=DTH 5. 7:75L, Paxton
(1972) 135787 > 2 # 52 2o 727213 T, Elec-
tronini fRIZE ENDIE (4EFE Protomyctophum &
Electrona D2JE) NERAKTH D EHFE L Tz
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B Notolychnini
L Lampanyctini
T
Lobianchia ‘ .
iaphini
Diaphus l Diaph
Hintonia
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Fig. 6. Phylogenetic diagram of genera in subfamily
Lampanyctinae, inferred from larval morphological
characters (A; Moser and Ahlstrom, 1972) and 20 lar-
val and adult characters (B: Ahlstrom et al., 1976).

(Fig. 4). Paxton (1972) & Paxton et al. (1984) T4
BETOSEIE, BIEIE Notolychnini &A™k & 4
DN HERORE TR D DI FBE L 72RET
HHERELTODIIX L (Fig. 4), REIEIZD
FRL ANV TORBIAHTHSLE LTAAEN
5" 71 #A} (Fig. 5D Clade A), » > #)NT 77 #E
(Fig. 5@ Clade B), 7% & U2 Notolychnini 1& 74 A f#
RO=ZFIEEEE L TWHEIETHE.
LLEDRIETIE, HAOEE, H5VI3HAL
FaOEE % KAV TRIHEE TN, —
%, fFHEIE DM (Moser and Ahlstrom, 1972), &
BWVIIFAEILE % £1K (Ahlstrom et al., 1976) (23
FEEINI by HINFHEREEORFTRGIL
BIRIZ BT A OFER A Paxton (1972) X° Paxton et
al. (1984) LIZKECELR L= b DTH-
7> (Fig. 6). Moser and Ahlstrom (1972) {& ~ >~ 747")
NTHBERHIEENLL COBEY, (1) BFEFEEL
B3 s U EOEHEMICHET BT b2 2
L QEEEERABICHETIEREEERR Y
J—ZX% L5228, BIU@) 1202208 BFK
S FEICHEETAZ L, LWI3ODRER:
HES B LR I, (1) OREHEDOFHEBIR

FEAZOWTIERENICADDINY 2300, T
DIy VDR LI E THA ) LHREL
T, Moser and Ahlstrom (1972) 1 21 b DAF
BILEICESE P HINTHEFIIBT S B
D ZAEER % Fig. 6A D £ ) 1w L7z, 2R
K512 5D ¢ R ZTlE, Paxton (1972) A’ 8@ = &
% 7= Lampanyctini £ (Fig. 4) 2*3 DA% 5 7% 2/
K NV—T &% BH—7T, Paxton (1972) fﬁ6)§
L 7 & 7 A - 72 Gymnoscopelini [& (Fig. 4) (2
HHLDEEZEDOTVA. MMWmaMUWQ@H
BOREICMA THADTEELEZEEL T A
A 7“77@1*—%@7{&%%?%151,?“ FITRENTA
HlE, BHOZRKERICETOEE;EDLN
BElEwvz (72, Lampanyctus EDOHEEIZSNLH
Z & D% H o 72 Parvilux [Paxton, 1979] #° Lampa-
nyctus & DUTIRIE & LCH b oTw5), B
O L~V TORIE & 12 O Rt B #k 13 Moser and
Ahlstrom (1972) LA TH o7z, EHLHLDHZET
b Notolychnini &I b ¥ 7)) /NF HHEFTHR D 1)
HICIE L 7- R TH DB EHEES ﬂTb‘
Ahlstrom et al. (1976) & FE#kI2FfA - RARE

[ W THERE & 1172 Paxton et al. (1984) D53 llli.

BUFA M H)NTHEE OB (Fig. 5 Clade
mﬁiFg6K%Lt%ﬁﬁk@k@u£&é:
CATBBRIE,

PEDEHZ, NTHATVRBEOBHE DR
FERIZOVTIIEENS L OMENH L. £ <
I, Paxton etal. (1984) 1%, R THRIET 2 &
DNEETH -7 FNT TOIELITELD, 59
DIED T —F 4 > 7 &AT > THIFENI R
EXATV, WEAE TR %272 b CRHMMFzFRE L
f:,'.ﬁ’(“% CEHMmiEnA. LaL, HSoRFGHEE
ZIZEH S 2 RS o 72 D T (Stiassny, 1996),
% IR (HERE & BR) OB R ESTRT A3E
REFELIERLETLENH L. £ T, Pax-
tmaau%wﬂ%w’wmquQ#TL#%

B7— 5 BRI L, &4 07EROBRREE
TETHIBFRELEOHTREAAL. B, 7
DI 5 1E 1A 5 % 5 Notolychnini & (22T
i3, ERLANVTORBEZFET A HARELE
IZEB L.

DI BRAT & X

AU IEHTIE (1) Paxton et al. (1984) DEFSITE,

B L U8 (2) Stiassny (1996) 2 rc#k L7-4 E 212

7Ete3E F H VT E 41T 272 (Table 5). ZNb
DOREGIEa—F 1 v TEATH-7728, Mac-
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Table 5. Character diagnoses*
1. Relative jaw length. 0=long; | =moderate; | =raised.
2=short 33.  Arrangement of PO; with PO;. 0=level;
2. Extrascapulars. 0=1 from fusion; [=2; 2=1 | =narrow.
from loss. 34. Relative position of VO;. 0=level; 1 =raised.
3. Cleithral shelf. 0=absent; 1 =present. 35. Relative position of PVO photophores. 0=hori-
4. Hooked teeth in posterior dentary. 0=absent; zontal; 1 =angled; 2=vertical.
1 =present. 36. Relative position of AOa,. 0=level; 1=raised.
5. Number of procurrent ventral rays. 0=5-10; 37. Relative arrangement of Pol photophores.
1=9-15. O=angled; [ =horizontal.
6. Supramaxillary. 0=present; 1 =absent. 38. Relative position of VO,. 0=Ilevel; | =elevated.
7. Shape of pubic plate. 0=narrow; 1 =wide. 39.  Secondary photophores. 0=absent; 1 =present.
8. Enlarged teeth in dentary. O=absent; | =pre- 40. Number of Pol photophores. 0=0; 1=1; 2=2-3.
sent. 41.  Arrangement of SAO photophores. 0=weakly
9. Number of vertebrae. 0=28-41; 1=41-45. angled; 1 =strongly angled.
10.  Enlarged dentigerous area on anterior premaxil- 42, Arrangement of PLO with PVO,. 0=level with
lary. 0=absent; 1=present. PVO,; I=above PVO,.
1. Hooked teeth in posterior dentary. O=absent; 43.  Number and Relative position of SAO pho-
I =present. tophores. 0=2 and close to VO and AO series;
12. Position of hyomandibular foramen. 0=behind 1=2-3 and above VO and AO series.
anterior head; | =in anterior head. 44.  Relative position of PLO photophore with pec-
13. Procurrent ventral rays. 0=without hooks; toral base. 0=far above upper, 1 =below;
1 =with hooks. 2=opposite or proximate.
14.  Procurrent dorsal rays. 0=without hooks; 45.  Dn photophore. 0=present; | =absent.
1 =with hooks. 46. Caudal luminous organs. 0=present; 1 =absent.
15. Crescent of white tissue on posterior iris. 0=ab- 47. Sexual dimorphism in caudal luminous organs?
sent; 1 =present. O=yes; 1=no.
16.  Dorsal process of opercular head of hy- 48.  Accessory luminous tissue. 0=absent; 1 =pre-
omandibula. 0=absent; 1 =present. sent.
17. Mouth opening. 0=terminal; 1 =subterminal. 49.  Structure of caudal luminous organ. 0=any
18.  Width of antorbital. 0=broad; 1=thin. other state; 1 =homogeneous and translucent.
19.  Shape of lower pharyngeal teeth. 0=conical; 50. Shape of larval eyes. 0=round: | =narrow.
1 =pegs or plates. 51. Relative gut length of larvae. 0=moderate;
20. Nasal trough. 0=shaped; I =convex. I =initially short; 2=long.
21. Shape of gill rakers. 0=lathe-like; | =tooth 52.  Larval trunk myoseptal pigment. 0=absent;
plates. | =present.
22.  Number of dorsal hypurals. 0=4; 1=3-2; 2=1. 53.  Larval photophores (except Br,). 0=absent;
23.  Coracoid fenestra. 0=present; | =absent. l=present.
24.  Premaxillary teeth. 0=conical; | =flattened. 54.  Size of larval eyes. 0=moderate; 1 =very large.
25.  Number of ossified distal pectoral radials. 0=0; 55.  Size of larval pectoral fin. 0=moderate;
1=1-7. 1=large.
26. COs keel or ridge. 0=absent; | =present. 56. Size of larval fin fold. 0=small; 1 =extensive.
27.  Fused third epibranchial toothplate. 0=present; 57.  Elongation of larval lower pectoral ray. 0=not
I =absent. elongate; 1 =elongate.
28. Elongated second basibranchial element. 0=ab- 58.  Double row of isthmus pigment in larvae.
sent; 1 =present. O=absent; 1 =present.
29.  Urohyal with elongated anterior process and re- 59. Larval pectoral base. 0=fan-shaped; 1 =wing-
duced articulation facet. 0=absent; | =present. shaped.
30. Dorsally projecting metapterygoid strut. 0=ab- 60. Larval head pigment. 0=present; 1 =absent.
sent; 1 =present. 61. Larval choroid tissue. 0=absent; 1 =present.
31.  Number of Prc photophores. 0=1-2; [ =3-9. 62. Larval body width. 0=moderate; 1 =thin.
32. Relative position of PO, photophore. 0=level; 63. Larval gut. 0=uniform; | =bipartite.

* Character set and codings based on those of Paxton et al. (1984) and Stiassny (1996). All unknown character
states coded as “?”. These characters were coded as “9” (Paxton et al., 1984), “?” and/or “0 and 1” (Stiassny, 1996)
in the original character matrices.
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Clade ver. 3.06 (Maddison and Maddison, 1992) T
T YA ERER LR, VA UATCR3E
(Neoscopelus, Scopelengys, Solivomer) & 4+ HE & L
T, PAUP ver. 4.0b2a (Swofford, 1999) {2 & ) K
MRETOB 2 HEE L. B, T—9175ITOR
BOREMEAMICRETE (BEES 1-30), %

Table 6.

e (31-44), FHLME (45-49), BXUOHFARE
(50-63) DNEIZELH LCTdH D (Table 6), FEFHLT
RENTTEOBYERF & (5% 7% 5. Stiassny
(1996) H’F 7 1Zie i L 2 E I3 E 27-30 D42
ECd 5 (Tables 5, 6).
FTRTOBE I EE ORIV RRAETH S &

Character matrix' need in the present analyses

Characters2

Genera I )

3 4 5 6

123456789 0123456789 0123456789 0123456789 0123456789 0123456789 0123

Neoscopelus
Solivomer
Scopelengys
Krefftichthys
Protomyctophum
Electrona
Metelectrona
Benthosema
Diogenichthys
Hygophum
Myctophum
Symbolophorus
Loweing
Tarletonbeania
Gonicthys
Centrobranchus
Notolychnus
Lobianchia
Diaphus
Idiolychnus
Lampanyctodes
Gymnoscopelus
Scopelopsis

210001070

070001000

201001170

001010001

Lampichthys

Notoscopelus 001010010
Hintonia 001012010
Lampadena 001101010
Taaningichthys 101101000
Ceratoscopelus

Lepidophanes

Bolinichthys 201101000
Triphoturus
Stenobrachius
Parvilux

Lampanyctus

001101000

200000000 0000000000 0000000000 0????22220 ??2?211000 0000010000 0000
000000000 0000000000 0000000000 0???????2?20 ?2??2?211000 ????2222227 2222
000000000 0000000000 0000000000 0????????0 ?2?2?11000 0000010000 0000
210001000 0010000000 0000000??? 2000000000 0000100100 1000000000 1100
210001000 0010000000 0000070100 0000000000 0001120100 1100000000 1000
210001000 0010000000 0000070100 0000010000 0211100100 1100000000 0?00
210001000 0010000000 0000010??? 0000010010 2111100100 1000001010 0011
210001000 0010000000 0000010100 0000000010 1711070100 1201000000 0?00
210101000 0010000000 0010110100 0000000010 1011000100 1001000000 0000
210001000 0010000000 0000010100 0000010000 2211000100 1000000010 0???
210001000 0010000007 00?00?0100 0000010000 1011000100 1707007000 0100
0010000000 00000?0??? 0000010000 1111000100 1000010001 0100
120001010 0010000110 0010010222 0000010000 1011200100 1200011100 0010
110001000 0010000110 0011000??? 0000010000 1011200100 1200011100 0110
110001000 0010000111 1010000100 0000010000 1011200100 1000011000 0110
110001000 0010000111 1120010100 1000010000 1011200100 1000011000 0110
0000000000 0020007011 1070010010 2001000100 ?100000000 0000
001001100 0010000000 0020011011 1110110010 2011000100 2011010000 1700
0020000000 0070012011 2110117010 2011001070 0001000000 1000
001001000 0010000000 00?001???2 2110111010 2011000100 ???2222227 2222
001010100 0000000000 0000001??? 1101100010 1011000010 0001000000 0000
0020007000 0020001011 1100021000 2011001010 0001000000 0000
001010000 0110001000 0000001??? 1100020171 2011000110 0001000000 0000
001010000 0010001000 0000001??? 1100020101 2011000010 0001000000 0000
1110001000 0000001011 1100020100 2011000110 0111000000 0000
0100000000 00000007?? 1100020711 2011001010 ???2222227 2229
1000000000 0000000011 1170020000 1011010021 0001000000 0000
1000010000 0000000??? 1100020000 1011010001 0000000000 0000
101101000 0011100000 0000000011 1100020000 2011010010 0001000000 0000
001101000 0011001000 0000010011 1110020010 2111010010 0001000000 0000
1010010000 0000001227 1110020017 2011010010 0001100000 0000
001101000 0000000000 0000000??? 1110020010 2111010000 1000000000 0100
0000007000 00270000011 1
001101000 0000001000 0000000727
001101000 0000001000 0070000011

110020000 1011010000 0010000000 0000
110020000 2011010000 0000100000 0000
1100200727 2111010020 0010770000 0000

! Characters from Paxton et al. (1984) and Stiassny (1996). Character diagnoses are presented in the Table 5.
?Number from 1 to 30=adult characters; 31-44=photophore characters; 45-49=luminous tissues; 50-63=larval
characters. This order of the characters is not identical to the original character matrix in Paxton et al. (1984) and
Stiassny (1996). Four characters presented by Stiassny (1996) correspond to characters 27-30 in this table.





