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The lanternfish fam ily Myctophidae is th e  m ost speciose and widespread family of m id -w ate r fishes in 
the world ocean. As presently  recognized i t  contains about 30 genera and 300 nominal species. Their 
larvae are highly prom inent in the p lankton and m ake up about 50% of all larvae taken  in open-ocean 
p lankton tows.

Our studies of myctophid larvae, on a  worldwide basis, have dem onstrated th a t  characters of the 
larval stages of lantem fishes a re  of g rea t u tility  in  system atic analysis. The genera and species can be 
recognized on the basis of eye and body shape, th e  shape and length of th e  gut, and pigm ent p a tte rn  and 
by th e  sequence of photophore development. In th is paper the larvae of 55 species representing  24 
genera are  illustrated  and used to dem onstrate th e  usefulness of larvae in understanding th e  relation­
ships of species w ithin genera.

Characters o f th e  larvae provide insigh t into generic affinities of lanternfish, allowing us to construct 
an evolutionary scheme of tribes and subfam ilies th a t  differs in  some aspects from those proposed on 
the basis of adu lt characters. The concept of using  larval characters in combination w ith  adult 
characters to delineate phylogenetic lines in  m yctophids is discussed, as is our view of evolutionary 
strategy in the family.

A major facet of comprehensive system atic inves­
tigations is the search for functionally unrelated  
characters. W hether the independence of these 
characters is actual or merely apparent, they con­
stitu te  useful elements in  the analysis of system a­
tic relationships. Ample evidence of th is is the 
h igher classification of teleosts (Greenwood e t al., 
1966) generated by the synthesis of a diverse 
array  of classical taxonomic characters. The re ­
cent surge of serological and biochemical studies 
on fish has placed a fresh group of characters in  the 
hands of system atic ichthyologists (De Ligny, 
1969). Likewise, recent advances in fish cytogene­
tics (e.g., Ohno, 1970; Benirschke and Hsu, 1971; 
Ebeling, A tkin, and Setzer, 1971) are providing 
another group of taxonomic characters. I t  is likely 
th a t  behavioral science will be still another source 
of taxonomic characters, as exemplified by the 
growing body of inform ation on the acoustic be­
havior of fishes (Fish and Mowbray, 1970).

One group of well known taxonomic characters, 
those of the embryonic and larval stages, has re­
ceived scant attention  from all bu t a few system a­
tic ichthyologists. Characters of the  larvae have
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played a large role in the taxonomy of anguil- 
liform fishes (Castle, 1969) partly  because of the 
conspicuousness of eel leptocephali and partly  be­
cause of the unavailability  of adults of m any of the 
fam ilies. B e r te ls e n i  (1951) tre a tm e n t of the 
ceratioid fishes is a superb example of the value of 
utilizing larval stages in a system atic revision of a 
large group of teleosts. A part from these two 
groups, it  is the larvae of myctophiform fishes 
which have received the most a tten tion  from tax ­
onomists. Ege (1953, 1957) relied heavily on la r­
v a l s tag es  in  h is  e x ten s iv e  w orks on the  
Paralepididae. Johnson (1971) employed larval 
ch arac ters  in  defining species and  genera  of 
Scopelarchidae. Bertelsen, M arshall, and Krefft 
(pers. commun.) have used larval stages exten­
sively in  the ir revision of the Scopelosauridae. 
O ur studies on the fam ily Myctophidae itse lf 
(Moser and Ahlstrom, 1970, 1972) indicated th a t 
larval characters can aid significantly in  differen­
tia ting  taxa and defining evolutionary lineages 
w ithin th is  family.

The lanternfish family Myctophidae is the  most 
speciose and  w idespread fam ily of m id -w ater 
fishes in the world ocean. As presently recognized 
i t  contains about 30 genera and 300 nom inal 
species. T heir larvae are highly prom inent in the 
plankton and m ake up about 50% of all larvae 
taken  in  open-ocean plankton tows.
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Our studies of the larvae of th is family have 
included m aterial from all oceans. We have been 
able to identify larvae from all recognized genera 
except Hintonia and Dorsadena. Larval evidence 
supports giving generic sta tu s to Metelectrona and 
Parvilux. Including these, we have developmental 
series for 29 myctophid genera and for m any gen­
era we have series for all known species. This has 
afforded a more comprehensive view of the range 
and variability  of larval characters, and we are 
increasingly impressed w ith th e  functional inde­
pendence of the larval and ad u lt characters. I t  is 
apparent th a t the world of the larvae and the 
w orld of th e  a d u lts  a re  tw o q u ite  sep a ra te  
evo lu tionary  th e a te rs . O ur s tu d ies  of la rv a l 
lanternfishes have disclosed a fu ll range of charac­
ters, from generalized to specialized and from con­
servative to labile, equal in scope to those of the 
a d u lts . T hese c h a ra c te rs  fa ll  in to  sev era l 
categories. An im portant group is the shape of 
various structures such as the  eye, head, trunk , 
guts, and fins, especially the pectoral fins. Another 
group is the sequence of appearance and the posi­
tio n  of fins, photophores, and  bony elem ents. 
Another is the size of the larvae when fins and 
other features appear and the size of the  larvae 
w hen they transform  into juveniles. Pigm entation 
provides an im portant group of characters based 
on the position, number, and shape of melano- 
phores. F inally , there  are the  h igh ly  special­
ized larval characters such as volum inous fin 
folds, elongated and modified fin rays, chin b ar­
bels, preopercular spines, etc. It is our purpose 
here  to point out some of these characters and 
dem onstrate how they can be of advantage in 
defining tax a  and estab lish in g  phylogenetic 
lineages.

THE SUBFAMILY MYCTOPHINAE

The most trenchan t character of larval myc- 
tophids is eye shape. O ur stu d ies  show th a t  
lanternfish larvae fall naturally  into two groups 
on the  basis of eye shape—those w ith narrow ellip­
tical eyes and those w ith round or nearly round 
eyes (Moser and Ahlstrom, 1970). The species 
composition of these two groups agrees closely 
w ith  th a t of the two subfamilies, Myctophinae and 
Lam panyctinae, established by Paxton (1972) on 
the  basis of osteological and photophore charac­
te rs  of adults. Larvae of the Myctophinae have 
elliptical eyes; some species have ven tra l pro­

longations of choroid tissue and some have the 
eyes on stalks. Paxton recognized 11 genera in 
the subfam ily M yctophinae and distributed them  
into two tribes, the Myctophini and the Gonich- 
thyini. Larvae of the  species in each of these 
genera generally conform to a particu lar morph 
based  on form , p igm ent, and  developm ental 
p a ttern  and, although these morphs are rem ark­
ably diverse, we can find no character or set of 
characters th a t  would divide the  genera into 
tribes. W ithin each genus of the subfamily, how­
ever, the larval characters are indispensible in 
delineating groups of related  species or subgenera. 
This is best illustra ted  by exam ining the impor­
ta n t genera of the Myctophinae.

Protomyctophum  larvae have a slender shape 
(Figure 1). For all species except P. anderssoni, the 
gut is short during most of the larval period and 
characteristically there  is a m arked interspace 
between the anus and the  origin of the anal fin 
(Figure 1A-D). The gut elongates dram atically in 
la te  larvae, to fill the interspace. Gut development 
is completely dissim ilar in P. anderssoni, where 
the gu t is long a t all larval sizes, in fact longer 
th an  in most other lanternfish larvae (Figure IE). 
Series of ventral tail melanophores are formed in 
som e species of bo th  recogn ized  su b g en era  
(Heirops and Protomyctophum  sensu stricto), for 
example in P. Protomyctophum normani (Figure 
1A) and P. Heirops thompsoni (Moser and Ahl­
strom, 1970). Larvae of the  subgenera can be sepa­
rated , however, on the basis of eye shape, the eyes 
of Heirops (Figure 1C, D) being characteristically 
narrow er than  those of Protomyctophum  sensu 
stricto (Figure IA, B). Choroid tissue is absent 
from the ventral surface of the eye in all species of 
the genus except P. anderssoni, which has a well- 
developed "teardrop” (Figure IE). Larvae of P. 
anderssoni are so m arkedly different from those of 
a ll o th e r  species of P rotom yctophum , which 
otherwise form a ra th er cohesive group, th a t  this 
species should be placed in a separate subgenus or 
perhaps even in a distinct genus. This suggestion 
is supported by the unique placem ent of certain 
photophores and by the  s tru c tu re  of the  sup- 
racaudal luminous tissue in  adults of th is  species.

L a rv ae  of th e  genus E lectrona  a re  a less 
homogeneous group but are united by a common­
ality  of body shape and especially gu t shape (Fig­
ure 2). A marked interspace is present between 
the end of the gut and the origin of the anal fin. 
This space is closed only a t the term ination of the
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F i g u r e  1.—Larvae of Protomyctophum. A .P . Protomyctophum normani, 15.2 mm; B. P. Protomyctophum teni­
soni, 14.5 m m ;C .P. H ier ops subparallelum, 15.2 mm; D.P. Hierops chilensis, 11.0mm; E .P . anderssoni, 15.7 mm.
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F ig u re  2.—Larvae of Electrona and Metelectrona. A. E . antarctica, 12.7 mm; B. E. carlsbergi, 11.1 mm; C. E.
subaspera, 10.5 mm; D. M. ahlstromi, 10.3 mm.
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larval period. None of the species forms photo­
phores during the larval period other than  the Br2 
pair.

The characters th a t  most clearly separate the 
th ree  developmental lines in Electrona are eye 
shape and the am ount of choroid tissue developed 
under the eye. Electrona antarctica has an elon­
gate choroid m ass uniquely divided into two n a r­
row eyes (Figure 2A). Also, E. antarctica larvae 
a tta in  a large size (20 mm), are the deepest-bodied 
of all Electrona larvae, and have the heaviest pig­
m entation. The two species in  the second de­
velopm ental line transform  a t a sm all size (ca. 10 
mm in  E. rissoi and 12-13 mm in E. carlsbergi), 
have a  sm all choroid m ass under a moderately 
narrow eye, and develop scant pigment (Figure 
2B). In  the th ird  line, consisting of E. subaspera 
and E. paucirastra, the eye is the least narrow, 
h as  no choroid tissue, and the larvae a tta in  a large 
size (20 mm) (Figure 2C).

The larva of the species described as Metelec­
trona ahlstromi (Wisner, 1963) is illustrated  in 
F igure 2D. I t is more laterally  compressed than  
any species of Electrona and has no interspace 
between the anus and  origin of the  anal fin. In 
som e fe a tu re s  i t  re sem b les  th e  la rv a e  of 
Hygophum-, i t  has a late-forming dorsal fin and the 
gu t is shaped very sim ilarly to th a t in H. taaningi 
and H . macrochir. Its pigment is unique and the 
eye is distinct, w ith  the ventral edge of the scleral 
envelope characteristically squared off. Also, in 
late-stage larvae, in addition to the Br2, a second 
p a ir of photophores (P 05) develops, a feature 
found in  neither Hygophum  nor Electrona. Paxton 
(1972) synonymized Metelectrona w ith Electrona 
and suggested th a tM . ahlstromi and B. ventralis

are  synonyms, however, the  uniqueness of the 
la rv a  s tro n g ly  su g g es ts  th e  re su rre c tio n  of 
Metelectrona as a valid genus.

The genus Benthosema  is th e  least cohesive of 
any  genus in  the subfamily M yctophinae, from the 
viewpoint of larval structure  (Figure 3). We can 
find only four types of larvae in  the  world ocean, 
a lth o u g h  N a fp a k tit is  (1973) recognizes five 
species on adu lt characters. We cannot d istin­
gu ish  larvae of B. pterota  an d  B. panam ense  
a lthough N afpaktitis has listed a num ber of con­
vincing characters th a t distinguish  the adults of 
the  two species. We find two highly divergent 
species pairs. One is composed of B. glaciale and 
B. suborbitale w ith a narrow  eye subtended by a 
lunate  choroid mass and w ith a pronounced in ter­
space between the anus and the anal fin origin, 
rem iniscent of Protomyctophum  and Electrona 
(Figure 3A-C). In the other pair, consisting of B. 
panamense-pterota and B. fibulatum , the eye is 
wider, is subtended by a  mere sliver of choroid 
tissue and the  gut, of m oderate length, lacks a 
postanal interspace (Figure 3D, E).

The one feature held in common by the four 
species is the development of some photophores in 
addition to the  Br2 during the la rva l period. The 
only o ther myctophine genera th a t  develop photo­
phores in  addition to the  ubiquitous Br2 during the 
la rva l period are Diogenichthys, Myctophum, 
and Metelectrona. This feature is much more pre­
valen t among genera of the Lam panyctinae and is 
helpful in defining groups of re la ted  genera there 
(Moser and Ahlstrom, 1972).

In  B. panamense-pterota and B. fibulatum  the 
Dn p a ir is formed soon after the Br2 a t  about 
5.0-6.0 mm. The P 0 5 pair is the th ird  to appear in

T a b l e  1 .— Sequence of photophore formation in  larvae of th ree species of Benthosema.

S p e c i e s

S iz e
la rv a
(m m ) P h o to p h o r e s

N o . of 
p h o to p h o r e  

p a i r s

S m a l le s t
ju v e n i le

(m m )

B . f ib u la tu m c a .  4 .0 Br2 1 1 3 .2
5 .4 B t2 D n 2
6 .0 B f2 D n  PO 5 3
6 .4 B r2 D n  P O s P O i 4
7 .3 B r2 D n  P O s P O , A O a i 5

7 .7 -8 .7 B r2 D n  P O s P O i A O a . P 0 2 6
c a .  10 .0 B r2 D n  P O s P O i A O a i P O 2 O p 2 V LO 8

B . p te r o ta
(p a n a m e n s e ) 4 .0 B r2 1 11 .8

5 .0 B r2 D n 2
6 .0 B r2 D n  PO s 3

c a . 7 .0 B r2 D n  P O s P V O 1 4
7.1 B r2 D n  P O s P V O 1 O p 2 5
7 .5 B r2 D n  P O s P V O 1 O p 2 V O 1 PV O z 7
8 .0 B r2 D n  P O s P V O , O p 2 V O . P V O 2 P O , A O a , 9

B . s u b o r b i ta le 4.1 Br2 1 1 0 .7
8 .3 -9 .2 B r2 P O , P O 2 3

9 .4 B r2 P O , P O 2 B r, B rs  O p 2 6
11 .5 B r2 P O , P O 2 B r , B r3 O p 2 P O 3 P O , P O s  A O a , A O az 11
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B

C

F i g u r e  3.—Larvae of Benthosema. A. B. glaciale, 7.2 mm; B. B. glaciale, 10.5 mm; C. B. suborbitale, 9.2 
mm; D. B. pterota, 8.5 mm; E .B . fibulatum, 8.7 mm.

396



M O S E R  a n d  A H L S T R O M :  R O L E  O F  L A R V A E  I N  S Y S T E M A T i C S

larvae about 6.0 mm long. Thereafter the pattern  
diverges as shown in Table 1, bu t both species 
gradually add about a dozen pairs during the la r­
val period. Specimens of B. pterota from the P er­
sian G ulf off India, formed photophores a t some­
w hat la rger sizes th an  larvae of B. panamense, 
bu t in the same sequence. Transform ation occurs 
a t a sm all size, 10-12 mm in B . panamense-pterota 
and 11-13 mm in B. fibulatum.

Photophores appear relatively la te  in larvae of 
B. suborbitale and B. glaciale, however, the  Brx, 
Br2 , Op2 , and PO series appear in late- larvae of 
both species (Table 1). Transform ation occurs a t 
about 9-11 mm in both species. The larvae of B. 
panamense-pterota and B. fibulatum  are close to 
the larvae oí Diogenichthys in  several characters 
including body shape, gut shape, and early  ap­
pearance of photophores.

As in  Benthosem a, the la rv a l charac ters of 
Hygophum  suggest some divergence w ithin the 
genus, although all species have a highly charac­
teristic series of isthm al melanophores, form the 
dorsal fin la te  in the larval period, and develop no 
photophores other th an  the Br2 , as larvae (Figure 
4). The genus contains three divergent types of 
larvae. The most unusual of these are the ex­
trem ely elongate larvae of H. reinhardti and H. 
atratum, which have very narrow eyes th a t are 
underlain  by prom inent choroid tissue and are 
borne on short stalks (Figure 4A). The am ount of 
pigm entation along the gut and ta il and on the 
myosepta and fin fold increases throughout the 
larval period.

A second larval type is rep resen ted  by the 
la rg e s t num ber of species, H . prox im um , H. 
hygomi, and H. bruuni, all illu stra ted  (Figure 
4B-D), as well as H. benoiti, H. hanseni, and an 
undescribed form in our collection. These larvae 
are only m oderately slender and have unstalked 
eyes of moderate width, subtended by prom inent 
choroid tissue. Melanophores are located chiefly 
on the head and gut, however some species have 
pigm ent on the myosepta and fin fold. The trend  in 
th is group of species is for the early larval stages 
to have the heaviest pigment and for melano­
phores to be lost as development proceeds.

A th ird  type of larva is exhibited by H. mac­
rochir, H. taaningi, and an undescribed form in 
our collection (Figure 4E, F). These are relatively 
deep-bodied, have large, relatively wide eyes with 
little  or no choroid tissue, and lack ta il pigment. 
Also, the  gu t has a highly distinctive form; the 
anterior h a lf has a very sm all diam eter and opens

dorsally into a prom inent enlarged posterior sec­
tion. In  H. macrochir th is  enlarged section is 
covered w ith large m elanophores. Larvae of this 
group occur only in the A tlantic.

The genus Hygophum  affords an excellent ex­
ample of the taxonomic u tility  o f larval stages. 
The juveniles and ad u lts  of some species are  
notoriously difficult to identify. In  contrast, the 
larvae of these species are highly distinct and can 
be readily identified. We have 11 such distinct 
larval types, whereas only 9 species are currently  
known for the adults. Search for adults of the two 
rem aining larval types has led to the  discovery of 
two undescribed species. In  addition, characters of 
the adults of th is  genus reveal little  about the 
re la tionsh ips of th e  m em ber species (Becker, 
1965). A study of the larvae, however, shows th a t 
there  are th ree highly distinct subgeneric groups, 
each containing from two to six closely related 
species. Such an  independent view of the  complete 
species complement of a genus is an  invaluable 
tool in the formal revision of th a t  genus.

Larvae of the species of Symbolophorus are 
perhaps the most cohesive of all myctophine gen­
era (Figure 5A). In all species known to us the 
pectoral fin is large and is supported by an elon­
gate aliform base. Also, the  pelvic fins are  large 
and develop earlier th an  in  any other lanternfish 
genus. The narrow eyes have choroid tissue and 
are borne on short stalks. The am ount of pigmen­
tation  decreases towards the end of the  larval 
period. Most species a tta in  a large size—up to 24 
mm. The species differ principally in  the size at 
which various larval structures appear.

The closely related genus, Myctophum, has a 
diversity of larval form unm atched in  the  family 
(Figures 5, 6, 7). Before tak ing  up the  bulk of the 
species in th is genus we m ust first exam ine the 
most aberran t of all lanternfish  larvae, th a t  of M. 
aurolaternatum  (Figure 5B). In  this rem arkable 
larva the eyes are borne on long stalks and the free 
tra iling  section of the gu t is almost as long as the 
fish itself. The dorsal fin forms a t  the m argin  of the 
fin fold. These characters are so bizarre th a t it 
would seem  preposte rous to iden tify  i t  as a 
lanternfish larva, m uch less th a t ofM. aurolater­
natum. Nonetheless, Â. Vedel Tâning first sug­
gested the true identity of th is  larva (E. Bertelsen, 
pers. commun.) which we can now confirm since 
recen tly  receiv ing  th e  c ritic a l tran sfo rm in g  
specim ens th ro u g h  th e  co u rtesy  of W arren  
Freihofer (California Academy of Science). The 
uniqueness of th is  larva would certainly suggest
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F i g u r e  4.—L arvae o í Hygophum. A. H. reinhardti, 12.8 mm; B. H. proxim um , 8.9 mm; C. H. hygomi, 8.1 
mm; D. H . brunni, 9.7 mm; E. H. macrochir, 7.3 mm; F. H. taaningi, 6.8 mm.
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F i g u r e  5.—Larvae of Symbolophorus and Myctophum. A. S. californiense, 9.6 mm; B. M. aurolater­
natum , 26.0 mm; C. M. punctatum , 13.6 mm; D. M. nitidulum , 8.2 mm; E. M. phengodes, 9.8 mm.
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the creation of a distinct genus for M. aurolater­
natum  and it  is highly probable th a t corroborative 
characters will appear after careful reexam ina­
tion of the adults.

With the  removal ofM. aurolaternatum , the re­
m aining larvae of Myctophum  form a diverse, yet 
recognizable, group. All have large broad pectoral 
fins supported on a highly characteristic  fan­
shaped base. The species may be divided into two 
groups, those which form only the  Br2  photophores 
and those which develop additional photophores 
during the  larval period. In the first group the 
elongate larva of M. punctatum  (Figure 5C) has 
stalked eyes and a slightly aliform pectoral fin 
base, rem iniscent of Symbolophorus larvae, and 
may be the closest relative of th a t genus among 
the  species of M yctophum . A closely re la ted  
species, M. nitidulum , is also stalk-eyed, bu t is 
deeper-bodied, more heavily pigmented, and has a 
more fan-shaped pectoral fin base (Figure 5D). It is 
obvious from our studies th a t M. nitidulum  is one 
member of a complex, th a t includes M. affine (not 
illustrated) and several other species. The lightly 
pigmented larva  of M. phengodes has only a sug­
gestion of stalked eyes bu t is sim ilar in  body shape 
toM. nitidulum  (Figure 5E). The larval characters 
substan tia te  Paxton’s (1972) decision to abolish 
the  genus Ctenoscopelus, estab lished  for th is  
species by Fraser-B runner (1949).

The other major group of Myctophum  is charac­
terized by the appearance of the Dn photophore 
anterior to the eye, usually early in the larval 
period. These species fall into th ree ra th e r distinct 
species groups on the basis of body and eye shape. 
The first is a group of four rotund broad-headed 
species, which have large unstalked eyes sub­
tended by a short mass of choroid tissue. Of these, 
the larvae of M. asperum  are the most heavily 
pigmented, particu larly  on the body (Figure 6A). 
P igm ent is confined to the head in  M. obtusirostre, 
is heavy under the posterior p a rt of the  gu t in

Myctophum  sp. (possibly brachygnathum ) and is 
developed on the jaws, branchistegal membrane 
and lower p a r t  of the pectoral fin base in Myc­
tophum  sp. (possibly fissunovi) as seen in  Figure 
6B-D. The la t te r  th ree species form the  PLO 
photophores on the pectoral fin base soon after the 
appearance of the Dn organs (Table 2).

N a fp a k titis  (1973) has lis ted  a num ber of 
c h a ra c te rs  for d is tin g u ish in g  a d u lt  M. ob­
tusirostre from M. brachygnathum. He showed 
th a t M. pristilepis is a synonym of M. brachyg­
nathum . The sta tus of M. imperceptum  Bekker 
and Borodulina has yet to be determined.

A second la rv a l type is represen ted  by M. 
selenops (Figure 7A) and a closely related species 
restricted to the  Indian Ocean and Persian Gulf 
for which we can find no adu lt (Figure 7B). In 
these rotund species, the head is relatively longer 
and narrow er th an  in the previous group and the 
slightly stalked eyes are narrow er and bear more 
elongate choroid tissue. The two species differ in 
th a t  the  eyes of the unnam ed larva are more 
definitely stalked than  in M. selenops. Also the 
pigm ent p a tte rn  is m arkedly different, as is the 
size a t which photophores appear. We have care­
fully exam ined larvae of M. selenops from the A t­
lantic, Indian, and Pacific Oceans, find them  to be 
identical in all th ree  oceans, and seriously ques­
tion  W isner’s (1971) allocation of the Hawaiian 
population as a distinct species, based on slight 
differences in relative eye size and SAO photo­
phore orientation.

The th ird  type of larvae th a t  develop the Dn 
pho tophores is rep re sen ted  by M. sp inosum  
(Figure 7C) andM. lychnobium  (Figure 7D). These 
are elongate fusiform larvae w ith moderately n a r­
row unstalked eyes, underlain by a pronounced 
choroid mass. M. spinosum  is the more slender of 
the two and is extremely heavily pigmented, espe­
cially in  older larvae. Pigm entation in M. lych­
nobium  is confined to th a t  in  the  illu s tra ted

T a b l e  2 .—Sequence of photophore form ation in species of Myctophum  th a t form two or more pairs
during the larval stage.

S iz e  r a n g e  S iz e  a t  f i r s t  f o r m a t io n  S iz e  a t
S p e c i e s  (m m ) (m m ) t r a n s f o r m a t io n

B r2 D n  P L O  P O i  (m m )

M . a s p e ru m c a .  3 .0 -9 .8 4.2 4 .6 9 .8 _ E a r ly  t r a n s f .  1 1 .4
M . o b tu s ir o s t r e c a .  3 .0 -8 .9 3 .8 4 .0 c a .  7.1 8.9 L a te  t r a n s f .  12 .5
M .  s p .  (p o s s ib ly  

f is s u n o v i) c a .  3 .0 -7 .1 4.1 4.1 7.1
M .  s p .  (p o s s ib ly  

b r a c h y g n a th u m ) 6 .0 -1 1 .4 6 .0 6 .0 c a .  9 .0 c a .  9 .0 L a te  t r a n s f .  1 3 .8
M . ly c h n o b iu m 3.5 -12 .1 c a .  6 .0 6 .3 12.1 — L a te  t r a n s f .  14 .2
M . s p in o s u m 3 .5 -1 3 .7 c a .  5 .5 7 .2 13 .7 — L a te  t r a n s f .  1 4 .5
M . s e le n o p s 3 .5 -7 .5 5.1 5.1 6 .2 7 .5 L a te  t r a n s f .  1 1 .4
M .  s p . 4 .0-9 .1 c a .  7 .0 9.1 — — —
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F ig u re  6.—Larvae of Myctophum. A. M. asperum, 6.8 mm; B. M. obtusirostre, 7.6 mm; C. M. sp. 
(possibly brachygnathum), 7.5 mm; D. M. sp. (possibly fissunovi), 7.4 mm.
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B

F ig u re  7 - L a r v a e  of Myctophum. A. M. selenops, 7.8 mm; B. M. sp., 9.1 mm; C. M. spinosum, 9.0 mm;
D. M. lychnobium, 9.5 mm.
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specimen. Only larvae of M. lychnobium  have 
been taken  in the  eastern Pacific, w hereas both 
species have been taken  in the central and west­
ern  Pacific and in  the Indian Ocean. Taxonomists 
dealing with adult characters only, have placed M. 
lychnobium  in synonymy w ith M. spinosum  bu t 
the  distinctiveness of the larvae suggests th a t the 
adult characters should be reexam ined.

The larvae of M. spinosum  and M. lychnobium, 
although clearly developing the Dn pair of photo­
phores, resem ble the larvae of M. punctatum  in  
body shape and pigm entation, a species which 
does not develop the Dn as larvae. A ctually, there 
are some common characters of pigm entation and 
eye structure which appear in all of the groups of 
Myctophum, species described above. W hat we ap­
pear to be dealing w ith is a mosaic of larval 
characters in a highly complex genus. The tax ­
onomy of Myctophum  presently is confused; our 
work on the larvae should help define the num ber 
of species in the genus and, perhaps, adu lt charac­
ters will emerge th a t can be combined w ith larval 
characters to define the phyletic lines w ithin the 
genus.

Larvae of the four genera known collectively as 
the slendertailed myctophids are shown in Figure 
8. Quite obviously there are two highly divergent 
generic pairs. Loweina  and Tarletonbeania are 
characterized by large oval eyes, posterior place­
m ent of median fins to accommodate the  immense 
fin fold, and elongated lower pectoral rays bearing 
spatulate processes. Gonichthys and Centrobran­
chus are characterized by a deep bu t m arkedly 
compressed head and body and sm all narrow eyes 
w ith extremely elongate choroid tissue. As stated 
earlier, the larval characters suggest strongly 
th a t the two generic pairs are not closely related 
and should no t be grouped in to  a tribe. The 
Gonichthys-Centrobranchus pair is sim ilar in eye 
shape and gut shape to some species of Myc­
tophum, however no species of Myctophum  even 
approaches this pair in body shape. The characters 
of the other pa ir are so divergent as to give no 
clue of th e ir  a ffin ities w ith in  th e  subfam ily  
Myctophinae.

THE SUBFAMILY 
LAMPANYCTINAE

The subfamily Lam panyctinae is considerably 
larger th an  the Myctophinae; i t  contains about 19 
genera and 200-250 species compared w ith 12

genera and about 75 species in th e  Myctophinae. 
Paxton (1972) divided the genera into four tribes 
on the basis of a combination of osteological fea­
tu res  and characters of the photophores. In a pre­
vious paper (Moser and Ahlstrom , 1972) we dis­
cussed P axton’s placem ent of genera  in  these 
tribes and indicated th a t  the la rva l characters 
suggested a som ewhat different distribution of 
genera among the  four tribes. For the purposes of 
th is  discussion the  tribes referred to here are those 
suggested by the  larval characters.

In general, the  larvae of the Lam panyctinae are 
m uch less d iv e rse  in  la rv a l  c h a ra c te rs  and  
specializations th an  are the larvae of the Myc­
tophinae, although exceptions to th is  may be 
found in two of the  lam panyctine tribes, the  
D iaphini and the Lampanyctini.

The tribe D iaphini is made up of two genera 
—Diaphus contains about 50 species and Lobian­
chia has 3 species. Both genera develop photo­
phores, in addition to the Br2, during  the larval 
period; in fact more are developed in Diaphus 
th an  in any other lanternfish genus.

There are two basic larval types in Diaphus 
(Figure 9A, B). One has a slender body, small 
head, and a series of persistent melanophores on 
the  ventral m idline of the tail. The o ther type has 
a deeper body, bulbous head, and a single persis­
ten t ventral ta il melanophore, or none. I t  is excep­
tional for larvae of either type to develop pigment 
on the  head and i t  never occurs between the eyes, 
as is common in  Lampanyctus. Both types do form 
embedded m elanophores a t  the base of the caudal 
fin rays.

The slender type is restricted to the species th a t 
develop a su b o rb ita l p h o tophore  as a d u lts  
CDiaphus sensu stricto of Fraser-B runner, 1949) 
and is represented in Figure 9A by D. theta. The 
stubby type is represented by D. pacificus (Figure 
9B). The specimens illustrated  for the two species 
are ra th er early larval stages which have not yet 
formed their larval photophores, other than  the 
Br2. The first additional pa ir to form in  both types 
is the  POs and then  the POi (Table 3). The large 
genus Diaphus, except for the A tlantic species 
ably reviewed by N afpaktitis (1968), is in  a state of 
taxonomic confusion. Various workers (Fraser- 
B runner, 1949; Bolin, 1959) have attem pted to 
sp lit the genus into sm aller, more cohesive groups; 
the larval evidence would suggest th a t a t least two 
divergent groups are present.

The larvae of the  th ree species ofLobianchia are
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F i g u r e  8.—Larvae of Gonichthyini. A. Loweina rara, 17.6 mm; B. Tarletonbeania 
crenularis, 18.9 mm; C. G onichthys tenu icu lus, 7.7 mm; D. C entrobranchus  
choerocephalus, 7.3 mm.
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F ig u r e  9.—L arv ae  of Diaphus a n d  Lobianchia. A .D . theta, 6.9 m m ; B. D. pacificus, 5.2 m m ; 
C. L. urolampus, 7.2 m m ; D. L. gemellari, 6.7 m m ; E. L. dofleini, 8.2 m m .
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T a b l e  3 .—Sequence of photophore form ation in larvae of two species of Diaphus.

S p e c ie s

S iz e
la rv a
(m m ) P h o to p h o r e s

N o . of 
p h o to p h o r e  

p a ir s

S m a l le s t
ju v e n i le

(m m )

D. th e la 6 .2 B ra P O s 2 c a .  12 .0
7 .6 B ra P O s P O i 3
8 .2 B ra P O s P O . V O 1 4
8 .6 B ra P O s P O , V O , P O a O pa 6
9 .0 B ra P O s P O , V O , V O , PO a O p a P O a PO „ V O s 9
9 .2 B ra P O s P O , V O , P O a O p a PO a PO., V O s V LO 10

D . p a c i f ic u s 5 .7 B ra P O s P O , 3 9 .8
6 .2 B ra P O s  P O , P O a  P V O , 5
6 .5 B ra P O s P O , P O a P V O , P O a 6
7 .5 B ra P O s  P O , P O a P V O , P O s  V O , 7

deep-bodied, have large broad heads, and are eas­
ily identified by the ir unique wing-shaped pec­
toral fins (Figure 9C-E). The larvae of all three 
species are heavily  pigm ented and develop the  
Br2, POi, and P 0 5 photophores sequentially. In  L. 
urolampus (Figure 9C) and L. gemellari (Figure 
9D) the  eyes are large and nearly  round and the 
lower pectoral rays are delayed in  developing. In 
L. dofleini the  lower pectoral rays develop along 
w ith the produced upper rays and the eye is com­
pletely different (Figure 9E). W ith its narrow el­
liptical shape and  unique squarish mass of choroid 
tissue, it  is the  single obvious exception to the ru le 
of narrow eyes in  the  subfamily Myctophinae and 
rounded eyes in the  Lampanyctinae. All other la r­
val characters identify th is species as a Lobian­
chia, and we conclude th a t the  narrowing of the 
eye in th is species occurred independently as a 
secondary adaptation.

In our view the tribe Lam panyctini contains the 
g en e ra  L a m p a n yc tu s , T r ip h o tu ru s , S ten o ­
brachius, and Parvilux. As recently as Fraser- 
B ru n n e r’s (1949) review  of th e  fam ily Myc­
tophidae, Lampanyctus was still a catchall genus 
w ith a num ber of disparate subgenera. Since then 
the subgenera Stenobrachius, Triphoturus, and 
Lepidophanes have been rem oved from L a m ­
panyctus and afforded generic status. Lepido­
phanes has been fu rther sp lit into the genera 
L ep idophanes  and  B o lin ich th ys . A ll of th e  
separated genera have distinctive larval morphs. 
W ith the ir removal, the species of Lampanyctus 
form a more coherent assem blage of 40-50 species, 
and despite the  diversity of larval specializations 
encountered in  the  genus, there  is a central morph 
and p a tte rn  of larval development.

L a m p a n yc tu s  la rv a e  a re  deep-bodied and  
bigheaded. In  oldér larvae characteristic pigm ent 
can develop a t  a  variety  of locations such as the tip 
of the lower jaw , between the  eyes, the back of the 
head, the  side of the head, the  adipose fin, the

p ecto ra l fin, in te rn a lly  in  th e  reg io n  of the  
cleithra, and along the  myosepta. The pigm ent 
patterns are of prim e importance in identifying 
the larvae to  species.

There are several ra th er distinct larval types in 
Lampanyctus. One of these consists of a group of 
species whose adults are characterized by having 
the pectoral fins much reduced or even absent, and 
has been separated recently as a distinct genus 
Paralam panyctus  by K otthaus (1972) w ith  P. 
niger as type. Previously, G ünther (1887) had 
proposed the generic nam e Nannobrachium  for 
this species and th is has priority over Paralam­
panyctus (John Paxton, pers. commun.). There is a 
rem arkable trend of jaw specialization in  the  la r­
vae of th is group (Figure 10). The larva of L. ritteri 
has jaws of moderate length and the other species 
shown have progressively longer jaw s w ith more 
prom inent tee th , p articu larly  anteriorly . This 
trend culm inates in the larva of Lampanyctus sp. 
(possibly achirus) which somewhat resembles a 
larval billfish. This species will lack the pectoral 
fin in  juveniles and adults, even though i t  is well 
developed in  the  larvae. The pectoral fins are also 
large in L. regalis and L. niger larvae, bu t will be 
small and weakly developed in  adults. This dis­
parity  is even more apparent in another eastern 
Pacific species, which lacks pectoral fins as an 
adult, bu t whose larvae have the largest pectoral 
fins w ith the h ighest num ber of rays th a t we have 
encountered among Lampanyctus larvae. Other 
less spectacular specializations appear in  the 
other subgroups of Lampanyctus, bu t it  appears 
th a t  th e  la rva l charac ters  will be helpfu l in 
defining the species composition of the  several 
subgenera.

Representatives of other genera of Lampanyc­
tini, Triphoturus, Stenobrachius, and Parvilux are 
illu s tra ted  in F igure 11A-C. Sm all la rvae  of 
Triphoturus and  Stenobrachius have a row of 
melanophores along the  ventral m argin of the tail
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F ig u re  10.—Larvae of Lampanyctus. A. L . ritteri, 10.1 mm; B. L. regalis, 9.1 mm; C. L. niger, 8.7 mm; D. L. sp.
(possibly achirus), 13.4 mm.
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F ig u re  11.—Larvae of Lam panyctini and Gymnoscopelini. A. Triphoturus mexicanus, 10.5 mm; B. 
Stenobrachius leucopsarus, 10.4 mm; C. Parvilux ingens, 14.4 mm; D. Bolinichthys supralateralis, 9.4 
mm; E. Ceratoscopelus townsendi, 16.6 mm.
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but these coalesce into one or two spots in mid­
stage larvae. Triphoturus  larvae are character­
ized further by th e ir  distinctive head shape and by 
the series of melanophores along the ventral mid­
line below the gut. Stenobrachius larvae add con­
siderable pigm ent late in the larval period, par­
ticularly  along the dorsum and on the myosepta 
of the trunk . The larvae of Parvilux are distinct 
in shape and pigm entation. Paxton (1972) placed 
this genus in Lam panyctus based on osteological 
characters. In certain  photophore arrangem ents, 
however, particularly  in the posterior placement 
of the VLO and the nonangulate arrangem ent of 
the SAO, the genus appears to us to be more 
closely related to Stenobrachius th an  to L am ­
panyctus. These characters in addition to the dis­
tinctness of the larvae would suggest th a t the va­
lidity of Parvilux should be reconsidered.

The tribe Gymnoscopelini judged from larval 
and/or adult characters contains a dozen genera 
(Notoscopelus, Lampichthys, Scopelopsis, Cerato­
scopelus, Lepidophanes, Bolinichthys, Lampadena, 
T aaning ich thys, D orsadena, L am panyctodes, 
G ym noscopelus, an d  H in to n ia ). T he  la rv ae  
of these genera are united by a group of common 
ch a ra c te rs , in c lu d in g  a d is tin c tiv e , u su a lly  
slender, body outline, a series of melanophores 
on the dorsal and ven tral m idlines of the ta il 
(in m ost genera), and  th e  developm ent of a 
group of photophores during the larval period, 
most notably the POs, PLO, and Vn. The larvae of 
th is tribe were trea ted  extensively in a previous 
paper w ith representative larvae illu stra ted  for 10 
of the 12 genera (Moser and Ahlstrom , 1972). Ad­
ditional species of Bolinichthys (B. supralateralis, 
Figure 1 ID ),Ceratoscopelus (C. townsendi, Figure 
11E), Lam padena (L. lum inosa, F igure 12B), 
Lepidophanes (L. gaussi, Figure 12C) are illus­
tra ted  herein. Illustra tions of Notoscopelus re­
splendens (Figure 12A) and Scopelopsis m u l­
tipunctatus (Figure 12D) are included for com­
parative purposes. I t  need only be m entioned here 
th a t the clusters of closely related  genera w ithin 
this tribe are readily apparent from exam ining 
the larval characters, especially the sequence of 
photophore development, and these groupings 
agree closely w ith those established on the basis of 
adult characters.

The species Notolychnus valdiviae has so many 
unique adult characters th a t Paxton (1972) as­
signed it  to the  monotypic tribe Notolychnini. 
Likewise the la rv a  h as  a num ber of unusual 
characters (Figure 12E). The shape of the eye is

variable from specimen to specimen; it  can be n ar­
row and elliptical or nearly  round, bu t most typi­
cally would be classified as irregular in shape. The 
shape of the head, body, and gu t is unusual and 
distinctive. The larval characters are of little  help 
in elucidating the  affinities of th is species w ithin 
the  Myctophidae and, when added to the list of 
unique adu lt characters, only magnify the prob­
lem. I t would seem to m ake ju st as much sense to 
establish a separate subfamily for Notolychnus as 
to place it  in a monotypic tribe in  the subfamily 
Lampanyctinae.

The larvae illu stra ted  in th is  paper comprise 55 
species representing 24 genera. Illustrations are 
included for larvae of 11 of the 12 genera in the 
subfamily Myctophinae; not included are illu stra ­
tions of Diogenichthys (see Moser and Ahlstrom, 
1970 for D. laternatus and D. atlanticus). In  the 
subfamily Lam panyctinae larvae are illustrated  
for 13 of the 19 genera. The omitted genera (.Lam­
pichthys, Lampanyctodes, Gymnoscopelus, and 
Tanningichthys), all from the tribe Gymnoscope­
lini, are illustra ted  in Moser and Ahlstrom  (1972). 
Larvae of H intonia  and Dorsadena have not yet 
been identified.

SOME EVOLUTIONARY  
CONSIDERATIONS

W ith th is  b rief review of lanternfish larvae 
completed, le t us now tu rn  to an  in teresting prob­
lem of myctophid evolution to which study of the 
larvae may contribute im portantly—the evolu­
tion of photophore pattern . W ith a single excep­
tion, a ll adu lt myctophids have two conspicuous 
rows of photophores th a t extend the length of the 
body on each side of the ventral midline. The 
photophores a re  grouped and positioned in a 
defin ite  an d  o ften  d iag n o stic  p a tte rn . Also, 
lanternfishes have a specific pa ttern  of photo­
phores on the sides of the  body, below the  lateral 
line, and on the ventral aspect of the head. The 
exception is Taaningichthys paurolychnus, which 
appears to lack body photophores entirely. In ad­
dition to these photophores, some lanternfish gen­
era  havè photophores positioned in a pa ttern  
above the la te ra l line and some have sm all "sec­
ondary” photophores d istributed  more generally 
over regions of the body and head. Another type of 
luminous structure  present on most myctophids 
are discrete glands located a t the caudal peduncle. 
Typically, these are sexually dimorphic in charac­
te r and, doubtless, play some part in courtship
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F i g u r e  12.—Larvae of Gymnoscopelini and Notolychnini. A. Notoscopelus resplendens, 11.2 mm; B. 
Lampadena luminosa, 12.8 mm; C. Lepidophanes gaussi, 13.5 mm; D. Scopelopsis multipunctatus, 17.5 
mm; E. Notolychnus valdiviae, 9.2 mm.
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behavior. F inally, some myctophids have small 
patches of soft w hitish, apparently luminous, tis­
sue located a t various regions of the body.

The most popular speculation as to the possible 
function of the patterns of photophores and lum in­
ous scales is th a t  they function in species recogni­
tion (see M cAllister, 1967). An explanation for the 
universality of the two ventral rows was postu­
lated by Clarke (1963). His suggestion th a t these 
downward directed rows em it a continuous light of 
am bient wavelength, which conceals the fish from 
deeper-living predators by countershading, has 
much appeal.

We have long been interested in the mechanism 
by which such patterns of photophores could have 
evolved and believe we have gained some insight 
into th is  m echanism  through our studies of the 
larval stages. O ur proposal, as expressed in an 
earlier paper (Moser and Ahlstrom, 1972), is th a t 
ancestral myctophids had  a generalized arrange­
m ent of unspecialized photophores, one a t the 
posterior m argin  of each scale pocket, and a group 
of sim ilar photophores on the head. We further 
proposed th a t the specific photophore patterns of 
contemporary myctophids evolved through pro­
gressive enlargem ent and specialization of certain 
photophores of the  generalized pattern  and con­
current dim inution or loss of the unspecialized 
photophores. This idea came to us upon discover­
ing the rem arkable transform ing specimens of 
Scopelopsis m ultipunctatus, the adults of which 
have a sm all photophore a t each scale pocket and a 
group of photophores on the head. In the adults, 
the "prim ary” organs can be distinguished only by 
th e ir  modified lens-bearing scales, bu t in the 
transform ing specimens (Figure 11D) the  prim ary 
photophores stand out clearly as enlarged mem ­
bers of the m eristic series of light organs. I t  struck 
us th a t a sim ilar arrangem ent of photophores 
m ight have existed in the adults of an ancestral 
species, and led to the development of our ideas on 
the evolution of photophore pattern. Our theory 
was fu rther strengthened by neurological findings 
and by w hat we feei are inherent weaknesses in 
Bolin’s (1939) and Fraser-B runner’s'(1949) theory 
th a t photophore patterns evolved by the upward 
m igration of organs from ventral rows of photo­
phores.

Viewed from the  standpoint of our theory the 
subfam ily  M yctophinae w ould be considered 
highly specialized, since it  is here th a t diminution 
of secondary photophores has reached its highest 
degree; they are to tally  lacking in the subfamily.

The individual "prim ary” photophores are typi­
cally highly developed and concentrated ventrally  
on th e  body. The ventral location of photophores in 
M yctophinae is probably re la ted  to th e ir  habitat. 
T h a t is, they are generally shallow-living active 
fishes th a t have well-developed gas bladders and 
it  is plausible th a t concentration of photophores 
ventrally  on the body evolved as an  adaptation  for 
countershading and protection from deeper-living 
predators. This view of the M yctophinae is com­
pletely contrary to those previously held for this 
subfamily. On the basis of the  "upw ard m igration” 
theory of photophore evolution, myctophines were 
though t to be prim itive unspecialized forms. For­
m erly, we too subscribed to th is  view, and con­
tra s tin g  the th en  supposed prim itive features 
such as low photophore position and short jaw s of 
the  adults with the highly specialized and diverse 
fea tu re s  of the larvae, we proposed th a t  the 
evolutionary pace had differed in  the  larval and 
adu lt stages of the subfamily. O ur altered opinion 
would view both larvae and adults of the Myc­
tophinae as highly advanced and would in terp re t 
the  low photophores, p rom inent gas bladders, 
short jaws, and often narrow caudal peduncles as 
specialized adaptations of active surface-dwelling 
fishes.

O ur view of the Lampanyctinae m ust also be 
revamped. Formerly we considered the diverse 
and often dorsally oriented pa tte rn  of photophores 
an d  accessary  lum inous tis su e  to be h igh ly  
specia lized  fea tu res . Possibly, th e  lum inous 
sc a le lik e  p a tch es  and  lu m in o u s g la n d s  a re  
specialized adaptations, bu t we feei th a t the pres­
ence of sm all secondary photophores and the dor­
sal positioning of prim ary photophores in many of 
the  genera, indicate a retention of the ancestral 
condition. The L am panyctinae are  genera lly  
deeper-living th an  the M yctophinae and many 
genera are lethargic fishes th a t rest vertically in 
the  w ater column (Barham , 1970). In  deeper- 
living fishes w ith such a behavior pa ttern  there 
would be little  evolutionary advantage in having 
ventrally  concentrated photophores, and the fat- 
invested swim bladders and long jaw s typical of 
m any genera could have evolved in  relation to 
h ab ita t and activity pattern. I t  is in teresting  th a t 
the m ost obvious exception in the subfamily, the 
D iaphini, are active, often surface-dwelling fishes 
w ith relatively short jaw s and ventrally concen­
tra te d  photophores. It is obvious from the present 
paper th a t the larvae of Lam panyctinae exhibit 
much less diversity th an  the Myctophinae, bu t we
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no longer view the adult myctophines as being 
more "prim itive” than  the adult lam panyctines. 
We feei th a t  the adults of both subfamilies are 
equally specialized and th a t these specializations 
are basically related to their particular habita t.

In sum m ary, thorough study of the larvae of a 
teleost family such as the Myctophidae can be 
most helpful in species validation, in analyzing 
affinities a t  all taxon levels, and in assessing 
phylogenetic lineages. Also, the above discussion 
would indicate th a t larval studies can provide in ­
teresting  insights into the major directions of 
evolution w ithin a family of fish.
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