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, WEHKEXRHL LD, BLUOBEETEL

%) @liﬁ' BARFEDAFERE (equivocal; 77— 57TT§|JEP
TIE[?): Table 6) & LT o7z, F7, Rinlaz
BEVWE (AEVES-IEARER L) &
FRAT 7> B R\ 7z

T = ZATHIEFE AR L (heuristic search) (2 &
DIEHT L7z, AT FIRIELL T O@ Y TH5 ;5 (1) i
M3 %0TUDIER% 7 > & LRI/ L TR
NERAF N (K OTU RN & stepwise addition) : (2)
£ OTU DM INAE T L 72EP% T TBRi% (tree bisec-
tion—reconnection) (= & V) 43 #% 38 #f4 (branch swap-
ping). TREBEDR&HEILIZ, DELTRANIZIZ% <
DEED & - THEBRN LIRSS 55655 BT
EAREC L ARBE(LEIT) LA EVEEDN
TWwabZehn (=H, 1997), ACCTRAN TDHA
To72. ZOFEEX 10T LT, REMIIER
SNTRANAT Y 7°’§i®’73\l“§@] TR EiAR & L 7z,

UE, 2200057 —-%+%y ]\ 2 & B I AT L
THRONTE 4 DFIER 7% WIEE 4 o — 15(
}8 % (consistency index: CI k ci), PEFFRE (reten-
tion index: RI & 1i), B L UMEIE—3I5% (rescaled
consistency index: RC & rc) #5158 L 7=,
SIZE 1 Paxton et al. (1984) OFEDH %
W EEMT (T 59 FAE)

FERIRFEZ 10EHIT LoHER, &4 0HfT
TEELRENREIFE—CTho7:. Thbb,
BRI131 AT v TOREOB A 16 KIEFR SN,
CI=0.44, RI=0.75, RC=038TdH > 7. TN 5 16
K OREHKI  HVERL L 72 5% & B (strict con-
sensus tree) & Figure 717K L7z, RN THL I
745 R 1X, Stiassny (1996) A5 U7 — 7 175 v
THRIHEREIIME (14027 v 7), BIUEEN
\ 2B\ T Lampichthys J& & Lampanyctodes J& DL i
BANEDL A TR/ BRICEL T £
MIEREEILVREZ SO THRITL72GEI—

L7z, (Lampichthys |& & Lampanyctodes J& D %
MM ENANE DL S 2BERIEW 52 Th W)

Z DFE TR RN 2 T b N7 5 ORI
Stiassny [1996] 2%k L 7243 &lkﬂ Thot:
DT, AT THEITIZH VT — 275 AN ]
Xf)%of:kl;t%ibﬂiw. Lo T, B4
WHELLT A Z & A5, Stiassny A3 I K D5 K] % {4
e ARICIAT - IAL-DbDEREbNRE.)
ZDFT—= 772D < &, Paxton et al. (1984)
TR SN (Fig. 5) (3R 151 A7 v 7L L
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Fig. 7. A strict consensus tree of 16 equally most
parsimonious (MP) trees generated by ten heuristic
searches using 59 characters presented by Paxton et al.
(1984), with Neoscopelidae as an outgroup. MP tree
statistics as follows: tree length (TL)=131, consistency
index (CI)=0.44, rescaled consistency index (RI)=
0.75, retention index (RI)=0.38. Character change par-
titions show only unambiguous synapomorphies (ci=
1.0, ri=1.0, rc=1.0) except for characters 6 and 31.
State “0” of character 6 was shared only by genera in-
cluded in tribe Gymnoscopelini (branch number 9)
(family Myctophidae). However, this character state
was identical with the three outgroup genera (Neo-
scopelidae). Thus, if character 6 is recognized as a
synapomorphy for tribe Gymnoscopelini, a single re-
versal (indicated by “r” in the synapomorphies listed
below) on branch 9 must be accepted. Character 31
suggests the monophyly of Notolvchnus+Myctophinae
(branch 1), although the state of that character was un-
determined in the outgroup. Each numbered branch is
supported by symapomorphies as follows; Branch 1,
31 (1); branch 2, 2 (0—1); branch 3, 17 (0—1), 18
(0—1); branch 4, 57 (0—1); branch 5, 19 (0—1), 20
(0—1); branch 6, 3 (0—1), 31 (0); branch 7, 49
(0—1); branch 8, 13 (0—1); branch 9, 5 (0—1), 6r
(1—0); branch 10, 37 (0—1).

té:@.(H—O44IU—O72RC:03ka‘ AT

, BEEE TE& L \V0DIL, Paxton et al. (1984)
T Notolychmm EDRFEIMNELSAEETH D Z
Lk B,
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SIER 2 : Stiassny (1996) D
#r (FT631E)

BREFETI0RRIT LAHER, &4 00T
TEHE L - REOBIEIR—Th o 7. a‘f‘*b%
BR 138 A7 v 7OREIB AT 264 KIFEER
C1=0.44, RI=0.77, RC=0.34 &£ %z o 7=, ;h%zw
KOTEFIE O IER L 7o 8B & B % Figure 8
2R L7z, KRBT THELNAHEREIL, Stiassny
u%@ﬁ%%#%tiﬁﬁﬂ%%%vf)ﬁ%&
5500, FESBEMOBIII—F L. TE-TEUD
A—ES, némla%ﬁ%a F e W & IEATIC
7> Diaphus |& DIE 30 % Stlassny (1996) & Hff
[0& 1] & LTHMT L&l —5 L. 2o7—
FATHNIZ & B &, Paxton et al. (1984) T/R & L7245
Iz [ (Fig. 5) ¥ & 156 257 v 7L E & &Y
CI1=0.44, R1=0.74, RC=0.33 & 7z > 7=

DEBESHINA TR

DIZR & HBMEFE

KIEN OB I ERT 5 EEIRERLE
rRHETIEICHY, DM ETEEDEL SO
Lt RAEFARLZEEFHWMIZIZ LTV ARV, F2T,
EITICH VTR TOREO#EIL 78 & 2 % 531
M ECHETASZ L9, wix - ko s
WHEIREEE (ci=1.0. ri=1.0. rc=1.0) LT
ZLIZHEE L. FORKE, BT TIIENI3IEE
(%Ez 3,5, 13, 17-20, 31. 37, 49, 57, 58), f##r2

IFET19E (BE 2, 3, 5, 13, 17-20. 27-29, 31,
37, 44, 48, 49, 54, 57, 58) H5iE - WATHELO R
BEE LCEESnA. 72, 5o E (BE9,
14, 21, 23, 24, 33, 43, 59, 63) (ZEFIREFLE (ci=
1.0, ri=0, rc=0) TH 1, ﬁ?*ﬁ/)’%ﬁffb‘f:. Do
EEEBRLE, BEEDRIEHDOEHIIZLLT 0@
N THot: . BT, c1=0.20—0.67, 1i=0.25-0.92,
1c=0.10-0.56 ; f&HT 2, ci=0.20-0.50, ri=0.25-0.92,
rc=0.06-0.46.

20D 7T = FTHID 5B LN BT, 200
FHEHIZHARRE L LTE L F 572, Notolychnini
BOZMIMEI T 2R L, SEOHEF LNV
T O IE E Paxton et al. (1984) D4FIE[X (Fig. 5) &
—H L7z, AAFNYHHEFOE RN (Clade A)
B2 (BEALCTIoIl o729 EHE) 12X -
THFEEN. AZAFNTHEROBZEMEIIE
B27 (AhaE L7283 REBEwRRER ) 12E-Th
FEENI B, AREORLIREIAAF NS
HERDSETRIFTH S (Table 6). —F, b

) NG T RO B A (Clade B) 13T2E 3 (i
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Fig. 8. A strict consensus tree of 264 equally most
parsimonious (MP) trees generated by ten heuristic
searches using 63 characters (59 reported by Paxton et

I. (1984) and 4 by Stiassny (1996), with Neoscopeli-
dae as an outgroup. The MP tree statistics are as fol-
lows: TL=138, CI=0.44, R1=0.77, RI=0.34. Charac-
ter change partitions show only unambiguous
synapomorphies (ci=1.0, ri=1.0, rc=1.0), except for
character 30 (indicated by asterisk in the synapomor-
phies listed below). State “1” of the character 30 was
not only shared by all of the genera within subfamily
Lampanyctinae and Notolvchnus (branch 8), but was
also found in Centrobranchus (in myctophines). If
character 30 is recognized as a synapomorphy for the
clade Lampanyctinae+ Notolychnus, a single reversal
(marked by “r” below) must be accepted on branch 7.
Each numbered branch is supported by symapomor-
phies as follows; Branch 1, 2 (0—1), 27 (0—1);
branch 2, 44 (0—1); branch 3, 44 (0—1); branch 4,
17 (0—1), 18 (0—>1), 44 (0—2): branch 5, 57 (0—1);
branch 6, 19 (0—1). 20 (0—1): branch 7. 30r (0—1):
branch 8, 28 (0—1), 29 (0—1), 30* (0—1); branch
9, 3 (0>1), 31 (0—>1); branch 10, 5 (0—>1), 6r
(1-0), 48 (0—1); branch 11, 37 (0—1); branch 12,
48 (0—1); branch 13, 49 (0—1); branch 14, 13
(0—1),48 (0>1).

M Notolychnini

Gymnoscopelini

Lampanyctini

SHERDVHAH) 2L > THIFSN/, LE3 (Pre
BHEOBH3 2L L) TR L XL ToHH ﬁf}f(
ETEEER D D AH, RIREEINEOREIKE
THTH 5.

THRD) LEAFHEL LTI LIS DIEAARF
INF 71 HELD Gonichthyini 1R, &5 TNZ M A1)
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5 71 EEL® Gymnoscopelini % & Diaphini & ? & T
&1, Electroninif&, Myctophinif&, # & U°Lam-
panyctini FRIZE RFAFE LI L 5L h 572, F7-No-
tolychnini f& D RAAIILLE DT b 2 D D AT T
7% 72 (Figs. 7, 8). Gonichthyini & DB A LI
B 17 (Wi TICHAOT50) LE 18 GV aliR
TE) 2L o TEZFEN, Gymnoscopelini & D H.
R ES (THRENEEL DA o-15K)
12 & o THFFS N7z (Figs. 7, 8). Gymnoscopelini
BEOBRAZAMGMEITEE6 (EEEFHFTZ D) 124 -
THXFEIND B0, RILEDOWEIREL Hinto-
nia B CTAPETH B ) 2, FOWEIKEIIHEE L I
HINTw5, 3E% & Diaphini FE I ZFEHT TILE
FHELLTELESbDD, TOERKEE
XEHETAHLEFREVEX RN T I LI TE LD
7-.

Notolychnini & & A A F /N & 77 # B} Ol ik BE R 45
(Fig. 7) 13T E 312 L o TOATFHEEIN LD, BEIC
ARSI, KRR FEDOTEIRED AT
H5. —7F, NotolychninifE& b > #) N HHE
DIHFEERI R (L (Fig. 8) TR E 28 £ 2912 X » TH ¥
N, INLOREIIARAXFNTHEFOSE
ERNYHINTHERO G TG IREADARIHT
# % (Table 6). H2E 30 % Notolychnini fE+ + >4
‘} N HEFHOEFRETLZE L 2D ) 505, K

BOWERESAAINTHHEROIEE b oA
DN HBEHO2ETHRERENAITH D
(Table 6), AAFNTHHED Centrobranchus & T
1 [a5#E: LT\ 5 (Fig. 8).

BB SUROHBRATLE & B R

S E DB OFERIAS DNk o T2 AAF NS S

FE, LZOS5WIZ by AN R OREIRER
(BAE2LHE3) 13& B2, Paxton (I 972)

JZ > CHEDF ﬁ/ ELTREBESINEE
%% yhbzﬂ ZOWTIIA DT E m%#
B S A Cififi b , & DHEFED BRI & L
?ﬁﬁ'éﬂﬂﬁ@#ﬁ(ﬁi?ﬁ EWRBEAS. —F,
TERBER L ANLVOBHEEL LTEER SN TE
7= Pre Q7'!:%.’5@ ¥ OPE31) L7/ @HE@ﬁ/U' (?F/
B 50) (X, MEIINFEOREIRENHS T
Z &, 1% (I Notolychnini 1% & Lobianchia }E@ﬂ%
BRI RIETH D) 2, b ANy HER
D Triphoturus & T IR DFEENH B Z & b,
EA4FROXERELE L L CIIRED RS, 7
721, EE 31122 T, Notolychnini JEAT A A
INTHEREZORERETHEFTLHDT

(Table 6), #+EEATNotolychnini JE + A A /N ¥ B
BREREIREZ AL TWIUL, Mo INSTH
MR OBE A R T AFIRELE L 25, E
5012200V TiE, IRITIHFADIHENZVY b
F 1) AT ED Solivomeri&, ™Y AT IEDIA-
iolychnus |& & Hintonia |& DIFBEN & A RIE S N5
ZENE FN A, Stiassny (1996) 2 HEL O A IR
i% ELTHITE (BE?27-30) 1, 1EO

WA SNAVEI0 ZBRTIE, FIEKEEE
f‘_E SANZTFEN R, LA L, FOEMRKIE,
ﬂ&é% REPHROEN T b‘u?E@ﬁ/ IREEDSHR &

%5 F TR T & 7%

1 E—: %5 Notolychnini ExE6RIZD
W, EIREREIZL > THERFEESZF SN
72 1Z Gonichthyini ﬁf’z & Gymnoscopelini f& D 2 T D

A TdH > 7:. Gonichthyini fEDBERMIEITE 17
(@?TW%CZEﬁDTéD) & 18 (AVETIR T E)

2L o TEFH SN, Gymnoscopelini ﬁ%@i?‘ﬁ']ijﬁ
Ciﬁ’m’r (TERREERIESL DEATO N5 15K) |
& O’Ci?ﬁéﬂé. L7 L, Gymnoscopelini 739&0)
L SIZDWTIE, Lampanyctus D —EHDOTE (i
ZIEL. acanzhmus’(“(i9—llzﬁ ; Wisner. 1976) T[A
HOBEEIRENTROONLDT, HEIREL RE
TLENH LD LN\, Gymnoscopelini FRD
BAHMHIEE (EELHEEEZMRS) I2L-
THFFEINHI L. LorL, KEEIAED Hin-
tonia JE CIZEIRENIRIETH L) 2, TDORE
RAEI L EE SN TWAE I EH S, Gymno-
scopelini RO ILAHIRELE & LT IZI3ESD
@t Tl oMER 2 B 2T LR 52w
Notolychnini fe DFEFL L NIV TOIFIE | ’Ob‘fli
Sz bhho/zhy, SEAVREEIZ
X, Kk (Ff) BDARAZINTAER, HEH0IE }\ v
)N HMFONETIRE L72R# TdH 5 1] FE
PRV D LB b b, Notolychnini ik & A A F
A&ﬁﬁﬂwﬁ%ﬁ@H%T%Téﬂ 311 Prc
EHEHEDHE V) FBIZETSH Y (Table 5), &
REOREIZHRAEPWFTE 2 BENLTET
»5. L»L, Notolychnini fE?D Prc DEE /ST
DN AT S REFETIIARE SN R VAR
(i) EAZLOTHY, [#] L) REIREDOA
TIOREFHETAI L, SHILEIARBENA
% Notolychnini & & A A F ¥ 7 s £ O ik B R
BRERTEGIREFZELTHZLIEIEHRTHS).
—7J, Notolychninifk & b > 77 /N5 7 BEL Ofitk
HRRZRIZ T 2T E 28 L 29 X FHRILETH
EREOGLREIZ OV THMBEII VL) IZER
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SNEA, MREL D ICHEREVSRIEDED
14/2 b & 5 (Table 6).

LIk, M O#ERS S N3 IERNIEED ik
BHOLGRELEOHEZREIZLY, ITNETONIE
TIRRENTE/2HF 6 1% (+Notolychnini &) O
)L, FIEFEMICEFSIND GEHIRERES
Lo THRFEIZHEIND) SHEEFIZAAF N
FHER, b AYNTHHEE, Gymnoscopelini
%, Gonichthyini TEDOFI4HDOATH D, DT
V=TIV TIERIT TR ERFEE L L TETL S
N % Diaphini lE % 1T 1E, HAIRELED &= CH
ZHEELHO AT LW LA L7z, 72 No-
tolychnini FE D FEL L~V TORAFKNIFE 2DV T
LKA TH L. LLTTIE, EEEEZHW
NG B AT LR A E DA 7 D 7
, 2O0BAPLHERT .

MR ED 1 Bl ZOTU & LICRIRERT

INFTHLETELLIE, NFAATURA
H OO RMFEMZILEZ OTU & LTThNTE
7. LoL, BOL) eERpHEELZOTUL L7
RAEATICIE, UTIZmRS &9 2 o0l#ED
HoHrEZONDL, F—PHREDOI—T1 2712
M4 AT, $£I30TU L LTIRIIT A5EK5
HEEORRFEICETAMETH 5.

AR OFFEHTIZH V727 — Z 175 (Table 6) * 2%
&, WEIZL > TIRERE? RRE (77— 71T
FIFTIE) DL0hdHb. INLREEDTE
REEIZIZ22o0 51 7HH D, 12 3FDBOE
NEHBEINTORWVEDIIAHE L > TS L0,
b 123 Z2DRONH THEBDOILEKENRTE
LTEHEINLLDOTH L., BEIREIRKIED
Stiassny (1996) @ 4T2E (2 E 27-30) 13 7i1%& OBl
THHH, ZOHEIERLEEL ULEREL
FETEL V., =7, REOREEIL DT
EUEXOTUETHARVBHROLLID%E L,
Table 6 CTIREIRFERIE L SN2 DDE AT
DAL TORETHSH. BEFIE LT, £9 Lo-
bianchia B DOHFBOIROTLIK JEE S50) LIRT Do
U4 NHBOFE (RE61) 2 HTA. Lo-
bianchia J&\213 Lobianchia gemellarii & L. dofleini )
2FEATHN & 4L (Nafpaktitis, 1968, 1978; Moser et al.,
1984), WM& LD IHFADEEIHRESIN TS
(Moser and Ahlstrom, 1974:; Moser et al., 1984). Lo-
bianchia B & > ) /N7 # HF} O Diaphini 15 (28
T 555, BEERIENZ &2, L dofleini D FILIEL]

IZAAFNT HEROFEOREHE NS [F5
Mcanof Fl#Em2Z5R] 22 s. &2
BH, KEDL ) —HDOETH 5 L. gemellarii DIF
BORZIFEAEAETCIO A FHRED 2L, b
PHUNY R ICEIE S N B TEIRRE % fif
2 5. IROFARIHELFEAE EES0TE 4’
BkfEo L 1), IRTICao 4 FEBEHR 2V
filizs (BHE6l TEAREIREOL L) v,
& & DE D22 DOFEIRE X [F)8E D2 A 2
TWwWh7®H, KETIEIING2BEDHERED
—BEJICRE TE &\ (Table 6). FERIZ, Hygo-
phum 213 5 4 TOFEIEDO LR, F A A
CIRDOFRAE L ke, 5[, 1ZIZMEBLELR
5128 » AP 5§ (Moser and Ahlstrom, 1974;
Moser et al., 1984; Yamaguchi et al., 2000), ENERES
BOREKOIKIE 1], $abb [ &L T—
FEENTWA (Table 6). 2D K912, BERODEF
#OTUILT A&, ETHEOI—T1 7L
TRIEHDH L 5.

B OERSEROBRFMEICET 5 HEILX
F o THMIT 5. Figure 90 EERDOFIRNIL, 4
J& (A-D) 71 (a—g) 7> & 7% A ARAENY % 73 EEEE O R
HOIEERE R L TWA, DI ONEREIZE D
Aol E (1-5) 1%, FoUERE OB RGN % 3
THEBREETHAD., ZOFEHEILH4DD
OTU % % A THULFMT L 7R oflz 22, TER
2R L7z, FEOFI (Fig. 9-1) T, 4BDK 4 D5
| ONEELEEATHTEBNZ L TWAE, 2
DA, &4 OFIETEO BRI IGIRERE
WCE o TFERLCHBENE, —F, GDOB (Fig.
92) TIXOTUDH > 7)) v V% B TITo T\ 5.
O, BEACEADEOHZMMIITLE 21
roTEEHEENE, Larl, BEIIZL-THR
HHDPTHENDEABRCEESIZL o TR
HDIE, BIUIHOADLLLCERE LTI
(912, BB XM R#EE (paraphyletic group) TH 5
ZEND, BEIOKAREBRIZOWVTINENE
TONKOREIRESFETE 2 (BEIIEE
3k b enilick, BHE2L3ZLOHAN LR
5)., CONHEORFEIRELEZ & ) mEICKRL
ThE[2F7:13243] THY, REIOHER R
HEHWIIERARDL2O0D0TU (fickd %, A2l
FHRFEEL TR FLEDOTVEI LT 5.
Thbb, FEEMNICRT, BEICEEBWLTT
FEARILA 70\,

EROGHET v 7 IELN SV — T e iE
HFER D9 HIZ [HRHHE] ThLLELLONATLE
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Genera

Species a b

/

1) Species tree 2) Generic tree
a ¢ e g @™ ©® 17 @
5 5
1 3+4 1 4
2 <« 20r2+3

Fig. 9. Two examples of taxon sampling; cladogram
comprises seven species (a—g) included in four genera
(A-D). In case 1, sampled at species’ level, taxon
sampling is successful because all internal nodes are
defined by distinctive synapomorphies. In contrast,
case 2, which represents generic level taxon sampling,
is problematic because it includes a “paraphyletic”
group genus B. Clade B+C+D is defined by character
2. However, because genus B including two species in
which character 3 is present or absent, the synapomor-
phy representing clade B+C+D should be noted as “2
or 2+3”, which fails to provide a sufficiently objective
basis for the clade.

VEED S B8, [BAKEE] LI3AREREIC
Lo TFBERCBEIND SV —T 23T, il
EEDED, NI AATRBHEOEE LA
HERERIZ, BE LTRMEINE 7V — 713
DIFFRBEIED CPEFNIFRIZ L - TRIL S
N7z, EZAW, NTHATTRNIIE, Myclo-
phum B IE S N5 L9 1T ADTERNE#AY
BETHHFAEEIELISHRILLTBY, FEE
BIZEDC EBBOENRTIDFENRE I NS
X9 LENH B (Moser and Ahlstrom, 1974; Moser
etal, 1984). LT, ZDL) ZEDOERAFKIES
BEET B HF5EIE, 5 FREMATIC L o T Hygo-
phum B O B2 % 58 { SLHFT B AER % 1577 Ya-
maguchi et al. (2000) Zfr&, TNEFTHEZAIT
bhTwiewv, ZOHE RN % LT 21 (3t
FiRETZE) 5Lk, B%OTU & L7zt

DY 7)) SIS NICHENS LA ).
DETHITz2o0MEHIL, X OTUIZT S
Z L THERTE D, Lobianchia B1FH DORE % 412
L72REDI— T4 » 7 OREIX, L. dofleini & L.
gemellarii D& A IZOWTRE I —F1 7 +h
v F72, BEOMBEIIEATOTU THNIL
FE 212 & 5T (Fig. 9-1), fEd2°OTU THNITF
H2L312LoT, BL£OEIFETNLDEOH
AT ERTHIEDETHE. BLENE
) RERGEHEALE OTUICT 2D THNIE, OTU
ET BERG IR OB RN BRIIRE S
TR 6 %0,

MERED2 MEMERM : NTH1TVER

NEHNATIRBEOBERGORE Y ~ 13
COGEBOEIDHMERTEE L TERS
n, Fo#A7TOLRZIZ220RENH B, —
77 1% Moser and Ahlstrom (1972) A28 L 724K T
H5H. EODRFTIE, KERBEOELBOBEE
NG 13, Scopelopsis multipunctatus \ZBIE S 5
L9 AR EICHBA/NIOREREZENEARAR
CERETLIRELFETERESE L, BH0EL
ek Lo DR HEIERT L L L DI,
Bo 2B tmn RELT 52 ik o TH#fL L
bOLIEESNT VD, NFH AT EHIIL Figure
HNIRL72 &) —REREDOMIZ, ZREE
EMFIEN BRI DFEEEERRIZE OEAT S,
TRENBEMAATEII N T)NTHEEIO
AHBTHI DS (F2E39). Moser and Ahlstrom
(1972 FAAFNST HEREI DS M H )T H
RO FAREWITH L BE L7,

b ) —HORFHIE, EENIE L DRSLEH B
TAHRBEEZBIBZEREL L, IASEMIES
LTEE LEIZZDONL O L ) EH~ER
Y52 L THEDERE Y v ERI N L1
ET 5 DTH A (Fraser-Brunner, 1949; Paxton,
1972). Rk 7% 2 DRFEOFEEFEIREIR, =
E RIS AT SROMKEETH B L
ALNTELY M4 AT TROREEHHEMEI
EPLTERINTAILEZRMELTEY, &7
AT VRHIB W TR B ES L CRET
51E% % & Electronini TEOB T 5 A AF NG
HERD S HAINTHEES LD HARFETH
%L #EZ LN TEz. Paxtonetal. (1984) 2 (D
DOFENXGDORE/ XY > OREIREIZOWT, E
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1 Photophores absent
] Photophores present
E= equivocal

Acanthomorpha

Q

Ty S

;\(*

Myctophidae

AN

Neoscopelus

Solivomer

\i

Scopelengys

Fig. 10. Evolution of photophores in the order Myctophiformes based on two criteria for parsi-
mony. The derived condition “black (photophore present)” reconstructed based on the “Dollo parsi-
mony (A)” and the “unordered parsimony (known as Fitch parsimony) (B)” (see Felsenstein, 1983 for
each criterion). Hypothesis A assumes a restrictive model of evolution where in a photophore (evolu-
tion from “white” to “black”) occurs only once, whereas photohore loss occurs more than once (twice
in this case). As a result, at least two (two independent losses), or three steps (one gain and two inde-
pendent losses) are required. Hypothsis B reqires only two steps, being two independent gains of a
photophore. The cladistic relationship for three neoscopelid genera follows Stiassny (1996) (Fig. 3).
Both reconstructions were done using MacClade ver. 3.06 (Maddison and Maddison, 1992).

BA 5 B TEM (FA) 123t&E B § 5 IK0E
FIREFLEIRRE L L7z (FPHE 32, 34, 36, 38).

U ETHlR720DREIE, TIEDGNT AT
SHBEHORAGORE Y Ol H LT
[N HATRDORMAE] TER LD L,
BEEIVEFVATIRENT AT RO
wa [HRZEE] THH v )R it s
WEIRDERT LA WETKRELCRRSL, VAL
TR ENTH AT IROENEFOMEEIZ DWW
TIE TN T TIZOEERIAT D 72T & 7277 (Paxton et
al., 1984; Stiassny, 1996), HNeDERE V) M4 )
AT IREENT AT DROREER AR (N5 A
7 HOB RGNS xR THAIRERE L LZR.
K. Johnson (1982) @ & 9 |2 (Table 2), ZEARIYICIE
HEZZECTH AL LGN TEL. LAiL, E
BUZIZY b YA RBED ) BELET R
% D13 Neoscopelus ED3TEIZT &, hD2)E3

fHIZZ G2 & i 2 2\, Stiassny (1996) A3 HERE L
ey i 47 HOSIER (Fig 2) LD &,
Neoscopelus BBIAENT I A7 L RHBEOR i
NEAPAIENN LR ET T —Th L REN
REETAHLELH TS, ZOHIIDONTE)
DLERETS.

Figure 10122 2D EFERIZEOCTHEE L
BRI T AR L. SIERIZBW
THIRE ORI IHEEZ M R VREE, BEHVOD
iz zefiiz 222 nm L, FHROBUIEIR
BEARETERVWIEERL TS, Mo TE
DFIEH TIEFEREZOE(LL 7O RT [ FOOkK
filik JEFL (Dollo parsimony)] IZEDWTHETL I
7z (Fig. 10A). ZOEHTIX, £FIREVEDT
NTHAREFICRET L2 ExERL (FIRER
BIIRHE EC—E LB L), Ihoondt
HIREFEILEETE 55, —fimd 5 & ZF
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ELENERN G (L7727 TIHATEYICIRET
Bll%bZ Eide\v) EIRET 5 (Felsenstein,
1983; B, 1992). 2%, MELRIZL->THR
FNT B % 4% (Ray, 1950; Barnes and Case, 1974;
Herring, 1982) D & ) ZAF B L2 B (L0 o 7210584L
TAHLDOTIE Y, —FEIL L 72%T kRIS
KONBLILEHLERETHDITTHL. D
REWZED L, NFH AT HDR K #HIEEAH
BHEOLBHETIIT TIESE IR TV, v
NE) AT IRD2IE (Solivomer & Scopelengys) T
20\, I L TERbNZEHEE SN D (Fig. 10A).
Neoscopelus J& £ N5 71 4 77 2 B D3N8 D[R4
X, MBEBOEKGNIOL) 7O A THALL
T E I RAEE NS,

—7, AOFERTIE [FFIREE DR E
¥ (unordered parsimony)], HBWI[ 71 vFD
B B9 R 2 (Fitch parsimony) | & I 5 5 i 4y 5
BIZESWTELHO#EIL T O L 22 ET L -
(Fig. 10B). ZOEHTIITREDOMELD o142
LCHl#D 7% <, WEITEGRISERT S22 L7
T&5. 2%, FUODKHEREEEILHIZ, 3
Tt DL ) LREEDPOBEMLREE TH-TH, £
DX LEBEOEREIL EAF L S IEES I
L5 2 EREST L. ZOREIZED ETTI,
FENERENY B AT DR L Neoscopelus i& T2 [,
MR SN2 EATREN TV S (Fig. 10B).
BB ZDL) LT O ATHELLZZBA,
5714 7 L FL & Neoscopelus J& DIEFd5 13T A#5E T
WSAZEAL LR ET T —TH B BN,
FRBETIZH D Z EIIEMENE LT B, &
FHAMII BT FRE R O TS AT
(AL L T2 5% (Hastings, 1983; Herring, 1987). L
72hioT, Whwd [FEiRA] A5t 2 #Ismic
EBETAILEIEFNEEB LWV ETIELRL
(McAllister, 1967), /N% 71 4 77 & & Neoscopelus
B THENAEDVEATHE L ARt D T 12E 2 5
NA. EAGICEHLZ4EORE (LY 31-44)
EFFAMICEA LS DOE 4549) D) b, %
FEDBLE/ Sy >~ BT AR I3IEE (31-38,
40-44) DIEIREEDSY b A ) 4 7 RO 3 Tl
RPFFEL > TWDHH (Table 6), Zhix, BEIE
REOREIBELTY M)A TR ENT AT
UHOREN GBI TE o2 L ER
BLTWAEEHIZEBbNE, vV b+) LT3 FC
BOTUREKE R E SN T AR )06 2E (F
39, 45-49) 3 &4 DHEBEOFEIZM LREIR
BTH), INLEMAZNY MY T IHOD3

BTRIEENIIRERENSFZONTWEIZTE
v, BEBNTESED, TH0o7-EHELL D
M 3 FERE ] D FESegF DM FE I DV TIL R A7
HEDLEZ I\,
ETHERRIENZHZOENT T RIZET S 20
DIRFDH B, FODREHEEIZED R
MR EIRES—ENICHETET, BET5H
FREREIZL>T227y 7 ([ RBERHY | %
HERERELT25HE), F/E3A7 97
(IFte 2 L) 2R EREL T L5E) 24
BETD. Lal, HBEOMKETHL L 2 H

) BRFENIE MR DTESR RN L s 5
TR E b O b DI K 5), HEREIKEL
[ L EEZDHNELTHL, ZDkH
WIRET AL, FODREAFEIEIZED e
DHELRFNL 7 1 v FORETEIRIZED RS
(Neoscopelus & &N 9 4 77 2 BHCHSTIZF G4
NEREIN) IDVOIRATy TELNLELT AT
0, REFEFIZEDCRY HEI L) ERIK
HTHDEMMIToNTLEY. LA LERIC
&, NI4T CRBE_ERTENY) LS,
RIS s r koo b BB s 5 /&
(Taaningichthys paurolychnus; Davy, 1972), & 5 \»
133 L <Rt 2 B U T\ 55 (Lampadena anom-
ala; Nafpaktitis and Paxton, 1968) " fF £+ 5 = &
&, FOOREMEFEEIZES (RHLEENTH
N, ZOMED [REOFEE] OMMIEDNTILIF
RTELNWZ EEZIRIEL TV 5. Neoscopelus &1,
HENT AT HBRORECHEDHEMEIZE
AR, Vv MA ) AT ORHEEO RS R R
HHIHATITHO 2R B L) bITTlER (,
N A DMAIEE N L - 7 FIF Ny R HERFR
D IRBISE L I L A5 BAN RS LE -
HAH. ZITIEELHEEHICEEOMEMEIZ DOV
Tam L7z, MFEMOREZ IR 72 E I TEERN
IZIEMBICO HBIETTHY, EEOREIIH:-
TIEZOMEZ 2RIZATIZBCLESH 5725

).
SEDOMERE

SREICE 2 W THIERI /R L, oG54
HLZmER 2 A REREICL > TERTAL S
RIS, FOSIRR L TREATIZH W
WE DAL T 5 2 L I35 BRI ORI EA
H5bH (=, 1997). [ L ERHTIERBREEHEET S
DN TEEZD, [ R EICEE SRS
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AT EOELBRETETTLAIZ L] 16D L
FThUE, FO L) BREE AV CHEE S N2RIT
BECTFNSOEALT O A ETRDE Z & IZHmH
BESHLDITEHBTH L. S TIREN R
AT ICEHICEATE S L) Il o LHETIE,
FEETLE 0L 70 & A5 TRk 12DV T
XN LETHA D (Larson, 1991; =H,
1997, THH, 1999). LLE%5F 27T, 4%M
FHIREFELUT TS,
¥4, B OTU L LREDI—T1 > 7 &fT
) WE NP A . Zahuranec (1980) X Oliver and
Beckley (1997) 1% Lampanyctus J& 7% E DILED 3 —
FA T EEERNBIAToTVEY, TOL)%
KADS, & AHRBED B DNLE (Myctophum
BEVIZOWTH R ENERETHL. ZHEWAT
LT ﬁfﬁfﬁ%&ﬁ¢&§féé5.lﬂi
CHWONRTEERIZPERELGDORE/ N Y
. FEREELREEBRAET AL LB, AL
‘?Vﬂ@irﬁ:t E, INFTIRBIE SN TI a7
FEOBENLEEING, T/, dEEL TRt
23D CRRERE O RMENFM S BTN EE
EHEDIDOTHH.

BRI BT ARG OMEEZ S 5
ZEBWETHAH. LI, Neoscopelus I L
NTH AT RBEOF A ORENEE IS 512
FTLILE, N AT HAEORELZZOEL
AT A IR THRITCTHLZLDTELVER
f‘ﬁ%ﬁf‘&;é ZFegs I3 AT L L 72R]

RN H D, F0 L) BILEOMHRMEICE T 5
fﬂﬁli, BEOGVRMEICEIE, ST
B DREDOFMIRFT INDL ZEHEEN
% (Wake and Larson, 1987; Wake, 1991; Wake and
Marks, 1993).

Bl [32
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Paxton [ (4 — A b7 ) THMAE) 2513, (A7
R L L IAToTCELNT I AT IR
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v hEWZEFE L. 72, G.S. Hardy X
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