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ABSTRACT

This study  has th r e e  o b je c tiv e s :  d e te rm in a tio n  o f  p robab le  phylo­
g e n e t ic  re la t io n s h ip s  o f  a lepocephalo id s; e v a lu a tio n  o f  g e n e ric  groups; 
and  d e te rm in a tio n  o f c h a ra c te r s  f o r  the  id e n t i f i c a t i o n  o f  w estern  N orth 
A t la n t ic  a lep o cep h a lid s  i n  con junction  w ith  re c e n t i n t e r e s t  in  deep -sea  
eco logy . The approach i s  com parative, m ain ly  anatom ical b u t p a r t ly  e co l­
o g ic a l .  Comments a re  p re se n te d  on a lep o cep h a lid  ecology.

Arguments a re  p re se n te d  which in d ic a te  t h a t  th e  crum enal organ may 
n o t  be a  shared , d e riv ed  fe a tu re  b u t ,  r a th e r ,  a  p r im it iv e  e p ib ra n c h ia l 
s t r u c tu r e  r e ta in e d  in  a lep o cep h a lo id  and a rg e n tin o id  f i s h e s .  Conclu­
s io n s  reached h e re in  te n d  to  support id ea s  o f  mosaic e v o lu tio n  and, con­
se q u e n tly , somewhat o ld e r  salmoniform c la s s i f i c a t io n s .

Three fa m ilie s  a re  recogn ized  (S e a rs id a e , L e p to ch ilic h th y id a e  and 
A lep o cep h a lid ae ). The l a t t e r  c o n ta in s  th e  b a th y la c o n id s , a  group p re ­
v io u s ly  considered  a  s e p a ra te  fam ily  o r suborder. Tw enty-four a lepoce­
p h a l id  genera  a re  t e n ta t iv e ly  recogn ized , one o f  which i s  unnamed. 
S e v e ra l  p re v io u s ly  recogn ized  genera  a re  synonymized: Binghamichthvs
w ith  T a lism an ia . Lepogenys w ith  B a th v tro c te s . and T o r ic tu s  w ith  E in a ra . 
Changes a re  made in  th e  nom enclature o f B a th v tro c te s  and Nomoctes.

Five g e n e ric  groups a re  recognized  w ith in  th e  a lep o ce p h a lid s ; th e  
Aulastom atom orpha-group w ith  s ix  genera, th e  B athyprion-group w ith  th re e  
g e n e ra , the  genus A-group w ith  f iv e  genera , th e  B athv laco -group w ith  
f o u r  genera and the  A lepocephalus-group w ith  s ix  genera . The main l in e  
o f  a lep o cep h alo id  e v o lu tio n  i s  p o s tu la te d  to  have occu rred  on o r n e a r  
th e  deep -sea  bottom . A c h a r a c te r i s t i c  o f  t h e i r  e v o lu tio n  has been r e ­
p e a te d  in v as io n s  o f th e  p e la g ic  h a b i ta t .

A minimum o f  25 a le p o c e p h a lid  sp ec ies  a re  known from  th e  w estern  
N o rth  A tla n t ic .  At l e a s t  f iv e ,  and p o ss ib ly  more, a re  a ls o  to  be ex­
p e c te d  in  t h i s  a re a .

A lepocephalids a re  known o r  suspected  over a  dep th  range from  100 
to  5850 m. O ff V irg in ia , fo u r f re q u e n tly  encountered  sp e c ie s  a re  members 
o f  a  lower c o n tin e n ta l  s lo p e  community w hich i s  c h a ra c te r iz e d  by la rg e  
f i s h e s .  A lepocephalid  l i f e  h i s to r ie s  a re  g e n e ra lly  presumed to  be accom­
p l i s h e d  over la rg e  geographic a re a s  and may fre q u e n tly  in c lu d e  reproduc­
t i v e  m ig ra tio n s .
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PRELIMINARY STUDIES ON THE SYSTEMATICS OF 

DEEP-SEA ALEPOCEPHALOIDEA (PISCES: SALMONIFORMES)



INTRODUCTION

The f i r s t  known a lepocephalo id  f i s h ,  A lepocephalus r o s t r a t u s , was 

d e sc r ib e d  i n  1820 from deep w ater i n  the  M editerranean n e a r Nice by 

R isso  (1820:271) who considered  i t  a  member o f  C u v ie r 's  (1817) p ik e  fam­

i l y  and p laced  i t  between th e  genera  Microstome (M icrostoma.. A rgen tin idae) 

and Stom ias (S tom ias, S to m ia tid a e ) , b u t n e a re r  the  l a t t e r .  A d d itio n a l 

sp e c ie s  were n o t d esc rib ed  f o r  58 y e a rs , b u t w ith  th e  beginn ing  o f na­

t i o n a l  oceanographic e x p e d itio n s , new sp e c ie s  and genera  were fre q u e n tly  

d e sc r ib e d . From 1878 to  1899 an a d d it io n a l  42 sp ec ie s  and 13 genus group 

names were p u b lish ed . At th e  end o f  th e  n in e te e n th  cen tu ry , Garraan sum­

m arized  th e  geographic and bathym etric  d i s t r ib u t io n  and sp ecu la ted  on th e  

h a b i t s  and h a b i ta t  o f  th e  fam ily  (Garman, 1899:283-284).

S ince th en , from fo u r to  12 sp ec ie s  names have been p u b lish ed  each 

decade, excep t in  th e  1930 's when 21 names were in tro d u ced . In  a d d itio n  

30 g e n e ric  le v e l  names have been pu b lish ed  t h i s  cen tu ry  and fo u r s u b s t i ­

t u t e  names, so th a t  th e re  a re  now 111 nominal sp ec ie s  and 43 v a l id  names 

f o r  genera  and subgenera.

From Beebe (1933) to  P a rr  (1952b), 20 sp ec ies-g ro u p  names were added 

to  th e  fam ily . In e v ita b ly , sp ec ies-g roups were e x tra c te d  from c a tc h - a l l  

c a te g o r ie s  on th e  b a s is  o f an o f te n  i l l - d e f in e d  uniqueness o r  an e x tra ­

p o la t io n  o f  in f e r r e d  a llo m etry  (P a rr  1951). The s in g le  a ttem pt a t  a  

p h y lo g en e tic  p re s e n ta tio n  o f  th e  fam ily  was s u p e r f ic ia l  and inadequate  

(G regory and Conrad 1936). To d a te , most concern has been w ith  the

2



i d e n t i f i c a t i o n  o f  sp ec ie s  and n o t w ith  e x p l i c i t ,  reasoned suprageneric  

c l a s s i f i c a t io n .

The p re s e n t study  re p re se n ts  a  p re lim in a ry  a ttem p t a t  a  reasoned  

su p rag en e ric  c la s s i f i c a t io n .  S tr e s s  has been p laced  on th e  study o f  

s e le c te d  anatom ical s t ru c tu re s .  I n te r p r e ta t io n  o f  phylogeny and grouping 

o f  genera  h as been based on com parative morphology and, to  a  l e s s e r  ex­

t e n t ,  com parative ecology. Only one s e a r s id ,  Mentodus r o s t r a t u s . was 

examined in  d e ta i l  and th e  in fo rm atio n  ob ta in ed  tended to  support recog­

n i t i o n  o f  th e  S eaxsidae , P a rr  1951. Of f iv e  o th e r  nominal f amily - le v e l  

groups (A lepocephalidae, C uvier and V alenciennes 1846; Aulastomatom orphinae, 

Fow ler 1934; B athy laconidae, P a rr  1948; B athyprion idae , M arshall 1966; and 

L e p to c h ilic h th y id a e , M arshall 1966), p re lim in a ry  re c o g n itio n  i s  g iven  only  

to  A lepocephalidae and L ep to ch ilic h th y id a e .

The sup rageneric  groups w ith in  th e  A lepocephalidae a re  n o t recog­

n iz e d  w ith  form al nom enclature, even though f o r  many a  se n io r  synonym 

e x i s t s .  In s te a d  th ey  a re  r e f e r r e d  to  by th e  genus which forms th e  stem 

o f  th e  o ld e s t  a v a i la b le  fam ily-group name, i f  one e x is t s .  Thus, fo r  

exam ple, re fe re n c e  i s  made to  the  Aulastomatomorpha-group.

F in a lly ,  t h i s  study  was concerned w ith  th e  id e n t i f i c a t io n  o f  North 

A t la n t ic  sp ec ie s  and w ith  a lep o cep h a lid  ecology. P rev ious keys (such as 

P a r r  1951) r e l i e d  h e a v ily  on s c a la t io n ,  jaw d e n t i t io n ,  body and f i n  form, 

and form ulae o f  a llo m e tr ic  growth. Except f o r  th e  l a t t e r ,  th ese  charac­

t e r s  a re  s t i l l  in co rp o ra te d  in to  th e  keys developed h e re in , b u t a re  re ­

in fo rc e d  w ith  a d d it io n a l  c h a ra c te rs  which w i l l  h o p e fu lly  f a c i l i t a t e  

i d e n t i f i c a t i o n  o f  often-dam aged specim ens.



SELECTIVE DESCRIPTIVE ANATOMY

M a te ria l and methods:

Study m a te r ia ls  a re  l i s t e d  in  th e  Appendix. C leared  and s ta in e d  

specimens a re  noted w ith  an  a s te r is k .  Radiographs were taken  o f  most 

m a te r ia l .

Cheek m uscles were examined from specimens subsequen tly  s a c r i f ic e d  

t o  enzyme d ig e s tio n  fo r  s k e l e t a l  p re p a ra tio n . This p rocedure  was used 

b ecause  o f  th e  r a r i ty  o f  m ost species and d id  no t a llo w  reassessm en t o f 

a l l  o r ig in a l  o b se rv a tio n s. When m a te r ia l  was a v a i la b le ,  a d d it io n a l  cheek 

d is s e c t io n s  were made to  con firm  o r ig in a l  drawings and n o te s . Names o f 

m uscles fo llo w  W interbottom (1974a) .

S k e le ta l  p rep a ra tio n  technique fo llo w s Taylor (1967a and b) except 

t h a t  whole f i s h  were seldom  d ig es ted . During th is  s tu d y  i t  was n o tic e d  

t h a t :  (1) many a lepocephalid s are  a v a i la b le  only in  la rg e  s iz e s ,  and

(2 ) o s s i f i c a t io n  i s  sometimes delayed u n t i l  a  m oderately  la rg e  s iz e  i s  

o b ta in ed . When these r e l a t i v e l y  la rg e  f i s h  were d ig e s te d , f in s  and super­

f i c i a l  head bones o ften  d i s a r t i c u la te d  b e fo re  head and a x ia l  t i s s u e  was 

even  m oderate ly  c le a r . To coun ter t h i s  problem specim ens were d is se c te d  

p r i o r  to  d ig e s tio n  in to  5 o r  6 p ieces fo llo w in g , in  g e n e ra l , W eitzraan's 

d is s e c t io n  technique (P ax ton  1972, Weitzman 1974). T h is technique r e s u l t s  

i n  p ieces w ith  approxim ately uniform  amounts o f s o f t  t i s s u e  each o f  which 

c a n  be d i f f e r e n t i a l ly  d ig e s te d . This d is s e c tio n  techn ique  i s  h ig h ly  recom­

mended when th e  circum stances w arran t. Names o f bones fo llo w  Weitzman 

(1974).



. 5
For each anatom ical u n i t  d iscu ssed  below  an a ttem pt i s  made to  id en ­

t i f y  th e  primitive and any d e riv e d  co n d itio n s  w ith in  th e  A lepocephaloidea. 

The m ain purpose o f  th is  rev iew  i s  to  o u t l in e  probable s i s t e r  group r e l a ­

t io n s h ip s  (Hennig 1966) and m onophyletic g roups in  the  sense o f N elson 

(1973 ). A m ajor l im ita t io n  o f  th e  study i s  a  lack  o f o p p o rtu n ity  to  study 

a l l  sp e c ie s  and genera  fo r  a l l  c h a ra c te r  s t a t e s  and a  la c k  o f in t r a s p e c i ­

f i c  com parative m a te r ia l .  Thus, th e  r e s u l t in g  conclusions on phylogeny 

and c l a s s i f i c a t io n  a re  p re lim in a ry  and te n a t iv e .

Cheek m uscles:

The fu n c tio n  o f  the cheek m uscles i s  to  move th e  o p e rc u la r  ap p ara tu s  

d u rin g  r e s p i r a t io n  and open and c lo se  the  mouth ( B a l l in t i jn  and Hughes 

1965, B a l l i n t i j n  1969a and 1969b, and G osline , 1969). T heir p a r t i c u la r  

fu n c t io n s  a re  a s  fo llo w s. The le v a to r  a rc u s  p a la t in i  abducts the  hyoman- 

d ib u la r  r e s u l t in g  in  the  l a t e r a l  expansion o f  th e  buccal c a v ity , jaw s, 

h y o id  and o p e rc le . The a n ta g o n is ts  o f  t h i s  m uscle a re  th e  adductor a rcus 

p a l a t i n i  s e r ie s  and the  adducto r arcus p a l a t i n i  which m ainly  adducts th e  

p a l a t a l  complex. The adductor hyom andibulae, a  d e r iv a tiv e  o f the  l a t e r ,  

a l s o  a c ts  a n ta g o n is t ic a l ly  to  th e  le v a to r  a rc u s  p a la t in i  and adducts th e  

hyom andibular. Three m uscles a c t  on the  o p e rc le . The le v a to r  o p e rc u li 

r a i s e s  th e  p o s te r io r  p o rtio n  and the  d i l a t a t o r  o p e rcu li abducts th e  o p e rc le . 

These a c t  through th e  o th er o p e rc u la r  e lem ents to  e i th e r  th e  ep ih y a l-  

m andibiilar o r e p ih y a l- in te ro p e rc u la r-m a n d ib u la r  ligam ents to  lower th e  

m andib le . The le v a to r  o p e rc u li a s  w ell a s  th e  th ird  o p e rc u la r  m uscle, 

th e  adductor o p e rc u l i ,  a re  p a r t  o f  the adducto r arcus p a la t ln l-a d d u c to r  

hyom andibulae s e r i e s .  The adducto r o p e rc u li c lo se s  th e  o p e rc le .

I n  a lepocephalo ids th e  adducto r m andibulae (A2) i s  i n  a  s tag e  o f  

in c ip ie n t  su b d iv is io n  which becomes r e a l iz e d  in  two genera . The b u lk  o f



t h e  muscle appears to  have two se p a ra te , though probably  coo rd ina ted , 

fu n c tio n s .

The m ost obvious i n s e r t i o n  i s  through an a ttachm ent, u s u a l ly  l ig ­

amentous, to  th e  do rsa l o r l a t e r a l  (L ep to ch ilich th v s) su rfa c e  o f  the 

m a x illa ry . I t  adducts th e  m ax illa ry  in  th e  p ro cess  o f  c lo s in g  the  mouth, 

a lthough  in  c a rp , a t  l e a s t ,  the  fu n c tio n s  a re  more complex ( B a l l in t i jn  e t  

a l , 1972). The m ax illa ry  ligam ent seems to  be c o n tro lle d  by th e  l a t e r a l -  

m ost f ib e r s  w h ile  a  second ligam ent seems c o n tro lle d  by th e  m edial-m ost 

f i b e r s .  In  m ost genera no d i s t in c t io n  can be made between th e  masses o f 

f ib e r s .  In  T alism ania c a r e fu l  d is s e c tio n  w i l l  show se p a ra te  masses o f 

m uscles p a r t i a l l y  or com plete ly  sep a ra ted  by myocoma. In  L ep to ch ilic h th y s  

th e  se p a ra tio n  i s  obvious.

The m edial mass o f  f ib e r s  i n s e r t s  ligam entously  on th e  coronomecke- 

l i a n  (sesam oid a r t i c u la r  o f  G osline 1969, F ig . 2 ). Through t h i s  ligam ent 

th e  adductor mandibulae (A2) adducts th e  m andible during  th e  p ro cess  o f 

c lo s in g  th e  mouth. A d e r iv a t iv e  o f  th e  adductor m andibulae found in  a l l  

a lep o cep h alo id s  i s  s e c tio n  AW which a r is e s  from the  f ib e r s  l a t e r a l  to  th e  

coronom eckelian ligam ent and in s e r t s  in  th e  M eckelian fo s s a  o f  the  d e n ta ry . 

I t  i s  a  th in ,  g en e ra lly  p a r a l l e l  m uscle which a ls o  a c ts  to  r a i s e  o r adduct 

th e  lower jaw .

In  summary the s in g le  A2 muscle mass a c ts  through a  m uscle (AW) 

b ro ad ly  in s e r te d  on th e  low er jaw and a  ligam ent w ith  a  p o in t  in s e r t io n  

on th e  coronomeckelian to  c o n tro l th e  lower jaw. I t  f u r th e r  a c ts  through 

a  ligam ent w ith  a  p o in t in s e r t io n  o r  through a  broad musculous in s e r t io n  

(B athvlaco) to  co n tro l th e  upper jaw . P h y s ica l se p a ra tio n  o f  th e  muscle 

f i b e r s  c o n tro l l in g  the two jaws has been determ ined in  two genera.



F ig . 1

A. N arce te s  s tom ias. USNM 215515, 473 mm SL, cheek m uscles.

B. B a ia c a l ifo m ia  c a lc a r a tu s , UMML 15157, ca . 345 mm SL, cheek 
m u sc les .
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The cheek muscles o f  N arcetes (F ig . 1A) and B a ia c a lifo rn ia  (F ig . IB) 

show a  f a i r l y  p r im itiv e  arrangem ent f o r  a lepocephalo id s. In  N arce te s , f o r  

example, th e  A2 s e c tio n  o f  the  adductor mandibulae o r ig in a te s  on th e  p r e -  

operc le  and hyom andibular and has b o th  a  tendinous in s e r t io n  midway a lo n g  

the  m a x illa ry  and a m usculous in s e r t io n  a n te r ia d  on th e  m ax illa ry  and 

a ls o  on th e  v e n tra l  su rfa c e  o f the  la c rim a l (not shown). The le v a to r  

a rcu s p a l a t i n i  (LAP) in  N arcetes o r ig in a te s  on the  sp h en o tic  and p t e r o t i c  

and i n s e r t s  on the m etap terygo id  and hyom andibular. The muscle f i b e r s  

a re  e s s e n t ia l ly  p a r a l l e l  r a th e r  than  convergent upon a  s in g le  p o in t a s  

i s  the  c a se  in  p in n a te  m uscles (W interbottom  1974b). The d i la ta to r  

o p e rc u li (DO) i s  a  p in n a te  muscle idiose apex p o in ts  p o s te ro v e n tra l ly  and 

which l i e s  m edial to  th e  LAP idiich covers about h a l f  i t s  base. The i n s e r ­

t io n  o f th e  DO i s  on th e  d i l a t a to r  sp ine  o f  the o p e rc le  n e a r the  hyoman­

d ib u la r -  o p e rc le  j o in t .  The le v a to r  o p e rc u li (LO) o r ig in a te s  on th e  

p te r o t ic  and in s e r t s  p o s te r io r ly  on th e  dorsomedial su rfa c e  of the o p e rc le . 

The adducto r a rcus p a l a t i n i  (AAP) shows no evidence o f a  separa te  ad d u c to r 

o p e rc u li (AO) or ad d u cto r hyomandibulae (AH). In  B a ja c a l ifo m ia  an ad ­

duc to r o p e rc u li  p lu s hyomandibulae i s  sep a ra te  from th e  AAP. A lthough 

the  c o n d itio n  in  N arce tes  i s  p robably  p r im itiv e  fo r  a lep o cep h alo id s, i t  

i s  d e riv ed  over the  salm onid co n d itio n  (B a l l in t i jn  and Hughes 1965 and 

p e rso n a l o b se rv a tio n s  o f  an Oncorhvnchus k isu tch ) in  which the le v a to r  

o p e rc u li i s  a lso  a  p a r t  o f  th e  adductor a rcus p a la tin i-a d d u c to r  o p e rc u l i-  

adductor hyomandibulae sh e e t and in  which the  adductor mandibulae i n s e r t s  

on ly  on th e  den tary .

B athvlaco n ig r ic a n s  (F ig . 2A) p robab ly  has one o f  th e  more unusual 

arrangem ents o f cheek m uscles. The arrangem ent i s  due to  the  a n te r io r  

movement o f  the  o r b i t ,  a s so c ia te d  w ith  the  evo lu tion  o f  r o s t r a l  b inoc-



Fig . 2

A. Bat-hylaco n ig r ica n sT USNM 206693, 268 mm SL, cheek m uscles.

B. B a th v tro ctes  m ic r o le p is . USNM 215493, 276 mm SL, ch eek  
m u sc les .
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u l a r i t y ,  and the  in c re a se  in  th e  s iz e  o f  th e  jaw s. Both o f  these  fe a tu re s  

a re  a s so c ia te d  w ith  th e  h a b its  expected o f  a  f a s t  swimming b a th y p e lag ic  

p re d a to r  (N ielsen  and Larsen 1968). The adductor m andibulae (A2) i s  le s s  

p in n a te  than  in  o th e r  genera and has a  musculous in s e r t io n  on the  m ax il­

l a r y .  I t  o r ig in a te s  on the  p re o p e rc le , hyom andibular, and p te r o t ic .  The 

s e c t io n  la b e le d  A2a has f ib e r s  o r ie n te d  a t  a  35° angle to  those in  A2/3 

w ith  which they a re  con tinuous. S ec tio n  A2a i s  an e x te rn a l ly  d ire c te d  

tw is t  o f  s u p e r f ic ia l  la y e rs  o f  A 2/S that o r ig in s  on th e  hyom andibular and 

p t e r o t i c  and in s e r t s  l a t e r a l l y  a d ja ce n t to  A2/9 on the  m a x illa ry . The 

LAP i s  more p in n a te  than  o th e r  genera w ith  th e  apex d i r e c te d  an te ro d o r- 

s a l l y  to  th e  sp h en o tic  and th e  base a r is in g  from the m etap terygo id .

The AAP i s  no t in s e r te d  on th e  o p erc le  and has an i n d i s t i n c t  su b d iv is io n  

w hich m ight be an in c ip ie n t  AH. The DO no longer in s e r t s  on the o p e rc le  

b u t r a th e r  on th e  m edial face  o f  the  hyom andibular. The fu n c tio n a l DO 

i s  th e  a n te r io r  su b d iv is io n  o f  the  le v a to r  o p e rc u li which i s  a  p a r a l l e l  

m uscle a r i s in g  from  th e  p te r o t ic  and hyom andibular and in s e r t in g  b road ly  

on th e  a n te ro v e n tra l  edge o f th e  operc le  th u s e lim in a tin g  th e  need f o r  

th e  d i l a t a t o r  sp ine  which norm ally  re c e iv e s  a  p o in t r a th e r  than  a  broad 

in s e r t io n .  The p o s te r io r  s e c t io n  o f the  LO i s  norm ally s i tu a te d .

B athylaco n ig r ic a n s  a p p a ren tly  re p re se n ts  the  most d e riv ed  s t a t e  

w ith  r e s p e c t  to  cheek m uscles in  th e  genus. In  a  sm all specimen o f 

B athy laco  "specimen" from Dana s t .  1206 I  th e  d i l a t a to r  sp in e  i s  p re s e n t  

on th e  o p e rc le  and th e  d i l a t a t o r  o p e rc u li i n s e r t s  on i t .

In  A lepocephalus a g a s s i z i i . A. b a i r d i . and A. r o s t r a tu s  A2 in s e r t s  

w e ll  fo rw ard  on th e  m ax illa ry  w ith  a  weak sh e e t o f connec tive  t is s u e  

l in k in g  i t  to  the  v e n tr a l  su rfa c e  o f the  la c r im a l. Skin  and we ale con­

n e c tiv e  t i s s u e  a ls o  l in k  th e  m ax illa ry  and a n g u lo -a r t ic u la r .



1 1

T his connective  t is s u e  i s  somewhat s tro n g e r  in  A. r o s t r a tu s  and i s  p re ­

sumably the  ligam ent found by Gosline (1969). The AAP i s  d i s t in c t ly  

su bd iv ided  in  A. a g a s s i z i i . th e re  being a  separa te  LO, AO and AH. In

A. b a i r d i  the adductor o p e rc u li and adducto r hyomandibulae are  n o t v e ry  

d i s t i n c t ,  the  two muscles being  comprised o f  about s ix  se p a ra te  bundles 

w ith  no obviously  d i s t in c t  groups. The b road ly  p a r a l l e l  LAP com pletely 

covers th e  base o f  the p in n a te  DO.

B a th y tro c te s  m icro lep is  (F ig , 2B) d i f f e r s  very  l i t t l e  from 

A lepocephalus. The AAP i s  reduced and n o t v is ib le  in  th e  i l l u s t r a t e d  

view  and th e re  i s  a  th ic k e r  adipose la y e r  between th e  s k in  and m uscles 

o f  B a th y tro c te s .

Xenodermichthys and R ouleina d i f f e r  on ly  s l ig h t ly  from Alepocephalus 

and B a th y tro c te s . The only obvious d if fe re n c e  i s  t h a t  th e  base o f th e  

LAP o n ly  covers about h a lf  o f  the  base o f  the  DO in  Xenodermichthys and 

R o u le in a .

In  E r ic a ra  salmonea and Conocara mcdonaldi (F ig . 3A) the base o f the  

DO i s  exposed. The LAP i s  b a rre l-sh a p e d  in  E r ic a ra . p in n a te  in  Conocara. 

In  b o th  the LO i s  subdivided d i s t a l l y  in to  d i s t in c t  bun d les  and se p a ra te  

AO and AH are p re s e n t .  I  cou ld  f in d  no AAP in  E. salm onea. S ec tion  A2 

i n s e r t s  w ell forw ard on the  m ax illa ry  in  E r ic a ra  and two branches from 

th e  A2 ligam ent i n s e r t  on th e  la c rim a l and grade in to  th e  r e la t iv e ly  

w e ll developed ra a x illo -a n g u lo -a r tic u la r  connective t i s s u e .  In  Conocara 

th e  subdiv ided  A2 ligam ent a tta c h e s  to  th e  m ax illa ry  a t  two p o in ts  

(F ig . 3A).

*n  Leptoderma macrops (F ig . 3B) s e c t io n  A2 grades in to  the broad 

s h e e t - l ik e  m a x i l lo -a r t ic u la r  connective t i s s u e  which i s  somewhat th ickened



Conocara m cdonaldi. USNM 215599, ca . 285 mm SL, cheek m uscles. 

Leptoderma m acrops. USNM 215604, 188 mm SL, cheek m uscles.
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d o r s a l ly  in to  a  th in  ligam en t which subd iv ides and i n s e r t s  on the a r t i c ­

u l a r  knob o f  th e  m ax illa ry  and the  l a t e r a l  ethmoid. The LAP encroaches 

o v e r  the  base  o f  the DO and the  LO i s  n o t  subdivided in to  bundles- O ther­

w ise  the  m uscles are  as i n  Conocara.

E in a ra  eden tu lus (F ig . 4A) and B athyprion danae (F ig . 4B) a re  f a i r l y  

s im i la r  and g en era lized  i n  th e i r  muscle arrangem ent. The LAP only covers 

a  sm all p o r t io n  o f  the DO b ase . The AAP i s  p re se n t i n  b o th , b u t i s  p a r t  

o f  th e  o r b i t a l  f lo o r  on ly  in  E in ara .

In  th e  specimen o f  P h o to s ty lu s pycnopterus th e re  was a  LAP s im ila r  

to  th a t  o f  Leptoderma (F ig . 3B), an A2 se c tio n  o f the  adductor m andibulae 

w hich  in s e r te d  w ell forw ard on the  m a x illa ry , a  p in n a te  DO uncovered by 

th e  LAP, and a  p innate  LO whose apex was d ire c te d  a n te ro d o rsa lly . 1 cou ld  

f i n d  no in d ic a t io n  or rem nants o f an AAP, AH o r  AO. The r e l a t iv e ly  sm all 

s i z e  and d i f f i c u l t y  o f determ ining  th e  presence o f  th ese  m uscles leav es  

th e  q u es tio n  o f  th e i r  p resen ce  unanswered.

Two o f  th e  genera examined, L ep to ch ilich th y s  and T alism an ia , have 

su bd iv ided  adductors m andibulae. In  L ep to ch ilic h th y s  (F ig . 5A) both  

s e c t io n s  A1 and A2 a r is e  alm ost e x c lu s iv e ly  from the  hyom andibular which 

i s  somewhat m odified to  ta k e  over t h i s  fu n c tio n  norm ally  shared  w ith  th e  

p re o p e rc le . S ec tion  A1 i n s e r t s  ligam entously  on th e  l a t e r a l  su rface  

a b o u t midway along the m a x illa ry . S e c tio n  A2 i s  i n d i s t i n c t l y  subdivided 

i n t o  A2a and A2£ . An AAP i s  p re se n t a lthough  n o t ap p aren t in  the  i l l u s ­

t r a t e d  view . The AH i s  se p a ra te  from th e  AAP bu t n o t from th e  AO which 

i s  subd iv ided  in to  bundles d i s t a l l y .  The LAP covers about h a l f  o f  th e  

b a se  o f th e  DO.

The m uscle arrangem ent in  T alism ania  a n tilla ru m  (F ig . 5B), T. aphos. 

and  T. o regon i i s  very  g e n e ra lize d  f o r  a lepocephalo ids except f o r  the



Fig. 4
A. E inara  e d e n tu lu s . NIO uncatalogued , 116 mm SL, cheek m usc les.

B. Bathyprion danae . ISH 1539/71, 252 mm SL, cheek m uscles.
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L e p to ch ilic h th y s  a g a s s i z i i . ISH 916/73, 255 mm SL, cheek 
m uscles.

TflHcnnan-ia a n ti l la ru m . USNM 215560, 140 mm SL, cheek m uscles.
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a d d u c to r  m andibulae. In  t h i s  genus th e  muscle f ib e r s  c o n tro l l in g  the  

m a x il la ry  ligam ent a re  r e l a t iv e ly  d i s t i n c t  from th o se  which in s e r t  on 

th e  coronom eckelian. S ec tio n  A1 i n  T. oregoni d i f f e r s  from th a t  i l l u s ­

t r a t e d  in  T. a n ti l la ru m  (F ig . 5B) s in ce  i t  com plete ly  covers A2 d o rs a lly  

to  th e  top  o f  the  p re o p e rc le . The LAP covers th e  base o f  the  DO in  bo th . 

Gonads and V isc e ra :

T e s te s :

I t  was n o tic e d  e a r ly  in  t h i s  s tudy  and has been observed in  Bathylaco 

(N ie lse n  and Larsen 1968), th a t  th e  t e s te s  o f a lep o cep h a lid s  a re  sometimes 

lo b ed . Males o f a l l  species and genera  have n o t been seen and the  i n t r a ­

s p e c i f ic  v a r ia t io n  in  g ross t e s t i c u l a r  s t ru c tu re  i s  incom plete ly  known. 

However, some in d u c tiv e  g e n e ra liz a tio n s  about t e s t i c u l a r  s t ru c tu re  have 

emerged from th e  p re s e n t  study.

T e s tic u la r  s t ru c tu re  v a r ie s  in t r a g e n e r ic a l ly  and i s  sometimes v a lu ab le  

i n  d is t in g u is h in g  c lo s e ly  r e la te d  sp e c ie s . In  R ou leina . fo r  example, R. 

m aderensis t e s te s  a re  d i s t in c t ,  se p a ra te  lobes jo in e d  on ly  along th e  d o rsa l 

sem in ife ro u s  cana l (F ig . 6A), T es te s  in  th e  c lo s e ly  r e la te d  R. m o llis  

a re  convo lu ted , o f te n  to  the  p o in t o f  s u p e r f ic ia l ly  resem bling lo b es , bu t 

th e r e  a re  never d i s t i n c t ,  sep a ra te  lo b es . A ll s e c tio n s  o f th ese  t e s te s  

a re  jo in e d  as shown in  F igure 6B.

T e s tic u la r  s t ru c tu re  can be c a te g o riz e d  a s  fo llo w s. Simple t e s te s  

a re  b i la t e r a l ly - p a i r e d  organs w ith o u t con v o lu tio n s. The convoluted t e s te s  

a re  a s  d esc rib ed  fo r  _R. m o llis  (F ig . 6B). The lo b a te  t e s t e s  a re  th e  most 

v a r ia b le .  In  any in d iv id u a l the  lo b es  a re  u s u a l ly  b i l a t e r a l l y  sym m etrical 

i n  number and shape. Lobe shape i s  v a r ia b le  and o f te n  s p e c ie s - s p e c if ic .  

T here a re  a s  few a s  two p a ir s  o f  lo b es  in  A lepocephalus b ic o lo r  and as 

many a s  35 p a i r s  in  some Bathylaco n ig r ic a n s  (N ie lsen  and Larsen 1968).



Fig. 6
A. Rouleina m aderensis. USNM 215476, ca . 275 ran SL, t e s te s .

B. Rouleina m o ll is . USNM 215483, 369 mm SL, te s te s .
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The lo b e s  may be o v e rlap p in g , a d ja ce n t and p a r t ly  o v e rlap p in g , o r  a d ja ­

c e n t and  non-overlapp ing . F u r th e r , in d iv id u a l lobes may be convolu ted  

and i n  some in d iv id u a ls  th e  lo b es  and convo lu tions make i t  in p o s s ib le  to  

c a te g o r iz e  th e  s t ru c tu re .

No c h a ra c te r  phylogeny can be proposed f o r  t e s t i c u l a r  s t r u c tu r e .

I f  th e  sim ple t e s te s  a re  presumed p r im it iv e , th en  th e re  i s  no way o f  

d is t in g u is h in g  them from th e  d e riv e d  c o n d itio n  o f a d ja ce n t n o n -overlap ­

p in g  lo b e s  which have been reduced  seco n d a rily  to  one p a i r .

O v a rie s :

O varian  s t ru c tu re ,  in  c o n tr a s t  to  th a t  o f  th e  t e s t e s ,  appears to  

o f f e r  two i n t e l l i g i b l e  p h y le tic  tre n d s . The a le p o cep h a lid  ovary  i s  a  

b i l a t e r a l l y  sym m etrical o rgan , each h a l f  o f  which i s  p r im i t iv e ly  covered 

on i t s  m edial su rface  and v e n tr a l  edge by the  ov arian  tu n ic  (F ig . 7A). 

P o s te r ia d ,  the  tu n ic  i s  con tinuous w ith  th e  peritoneum  d o r s a l ly ,  thus 

fo rm ing  a  common o v id u c t which re c e iv e s  the  p roducts o f b o th  o v a rie s  and 

em p ties  through a  g e n i ta l  pore (d is s e c t io n s  o f  se v e ra l A lepocephalus 

a g a s s i z i i  showed th a t  the  a rc h in ep h ric  duct em ptied through  a  se p a ra te  

p o re  on th e  u r in a ry  p a p i l l a  beh ind  th e  g e n ita l  p o re ) . O varian  s tru c tu re s  

more complex than t h i s  have b a s ic a l ly  tended tow ard e n c lo s in g  th e  ovary. 

T here a r e  two d i f f e r e n t  types o f enclosed a lep o cep h a lid  o v a r ie s .

I n  some members o f  th e  Aulastomatomorpha group, as w e ll  a s in  

Tal i s m a n ia . the  tu n ic  has fused  w ith  th e  peritoneum  along th e  v e n tr a l  

edge o f  th e  ovary. E x tan t sp e c ie s  show d i f f e r e n t  degrees o f  fu s io n .

In  C onocara m acroptera (F ig . 7B) and E r ic a ra  salmonea on ly  th e  a n te r io r  

p o r t io n  h as fused . In  C. mcdonaldi (F ig . 7C) th e  a n te r io r  and most o f  the  

p o s te r io r  edge have fu sed  b u t th e re  i s  a  sm all unfused gap between th e



B a th y tro c te s  m ic ro le p is . UMML uncata logued , 233 mm SL, ovary. 

Conocara m a c ro p te ra . NIO uncatalogued , 316 mm SL, ovary . 

Conocara m cdonaldi. UMML 26713, 293 mm SL, ovary.

Nomoctes m ic h a e ls a rs i . UMML 21628 , 291 mm SL, ovary.
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two a re a s . In  Lentoderma m acrogs, T alism ania  o reg o n i, _T. aphos. and T,. 

a n t i l la ru m  the tu n ic  h a s  fu sed  w ith  th e  peritoneum  along th e  whole le n g th  

o f  th e  ovary and th e re  a re  no unfused  gaps. In  th e se  enclosed  o v a rie s  

th e  ovary i s  f lu s h  a g a in s t th e  p e r i to n e a l  w a ll, a lthough  in  m ature f i s h  

th e r e  i s  a  n o tic e a b le  m edial bu lge and th e  eggs a re  v i s ib le  through the  

tu n ic .

In  the  sp ec ie s  o f  B athvprion . M irognathus. and Nomoctes (F ig . 7D) 

and in  B a th y tro c te s  o l ig o le p is  th e  ovary has a ls o  been enclosed  by th e  

tu n ic .  These o v a rie s  d i f f e r  from th e  p r im itiv e  c o n d itio n  in  the  e x ten t 

to  which the  tu n ic  covers th e  l a t e r a l  su rface  o f  th e  ovary. Compared to  

th e  o th e r  type o f  enclosed  ovary  th ese  forms d i f f e r  in  th a t  the  o v a rie s  

hang from the  m id -d o rsa l coelom ic w a ll and a re  exposed to  coelomic space 

on  th e  l a t e r a l  a s  w e ll as th e  m edial su rfa ce  (F ig . 7 ) .

The phylogeny o f  a lep o cep h alid  o v a rian  s t ru c tu re  can be in te rp re te d  

a s  a  trichotom y o r  a  l in e  w ith  two b ifu rc a t io n s .  I f  the  l a t t e r ,  the  f i r s t  

b i f u r c a t io n  should  be one o r  th e  o th e r  o f  the  enclosed  o v a rie s  s ince  b o th  

s t r u c tu r e s  a re  more e a s i ly  d e riv ed  from th e  sim ple ovary th an  from each 

o th e r .

A lim entary  system  and v is c e ra :

Based on many d is s e c tio n s  o f A lepocephalus a g a s s i z i i ,  I  o f f e r  the  

fo llo w in g  gross d e s c r ip t io n  o f  i t s  a lim en tary  system  which precedes sum­

m ary n o tes  o f in t r a f a m i l i a l  v a r ia t io n  in  some o f  th e  s t ru c tu re s .  The 

a lim en ta ry  system  in  A. a g a s s iz i i  has a  w e ll developed crumenal organ 

(F ig . 8 ) . The bulbous d o rsa l h a l f  o f  th e  organ i s  formed from th e  f i f t h  

e p ib ra n c h ia l , accesso ry  c a r t i l a g e  o f  th e  f i f t h  c e ra to b ra n c h ia l , and muscle 

and connective  t i s s u e  which a re  continuous w ith  th e  esophagus m ed ia lly .

I n  a d d itio n  to  two la y e rs  o f  p e rp e n d icu la r i n t r i n s i c  m uscles, th e  crumenal



A lepocephalus a g a s s i z i i . sem i-d iag ram atic , composite drawing o f  
a lim en ta ry  system  o f  ty p ic a l  350 mm SL, specimen.
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o rg a n  i s  s u b je c t  t o  two se ts  o f  e x t r in s ic  m usc les. The fo u rth  le v a to r  

ex te rm is i n s e r t s  on the expansion o f  the fo u rth  a s  w ell as th e  f i f t h  

e p ib ra n c h ia l, a n d  bo th  in te rn a l  an d  ex te rnal p h a ry n g o c la v ic u la r is  muscles, 

i n s e r t  on the  f i f t h  c e ra to b ra n c h ia l (Fig. 8 ). T hese m uscles, a c t in g  on 

to o th e d  p haryngea l bones (th e  f o u r t h  e p ib ran ch ia l and f i f t h  c e ra to b ra n ­

c h i a l )  , may a s s i s t  in  m anipu lating  food items (N elson , 1967). They a lso  

a c t  on the m ajo r h a rd  po rtions o f  th e  crumenal o rg an  (the f i f t h  ep ib ran ­

c h i a l  and f i f t h  c e ra to b ra n c h ia l)  and , th e re fo re , may a s s i s t  i n  expanding 

an d  c o n tra c tin g  th e  cavity  w ith in  th e  organ.

In  A. a g a s s i z i i  there i s  a  s ip h o n a l stomach (sensu  B e rtin  1958), 

numerous (15 t o  23) pyloric  c a e c a e , a  th in -w a lle d  c o ile d  i n t e s t i n e  and 

t h i c k  walled re c tu m  (Fig. 8 ). A t 300 mm SL th e  le n g th  of th e  i n t e s t i n e  

an d  rectum i s  a ro u n d  115% SL. W ith in  the p o s t e r io r  sec tio n  o f  th e  rectum 

a r e  6 to  10 c i r c u l a r  s h e lf - l ik e  s t ru c tu re s  w hich p ro je c t  in to  th e  lumen. 

T hese are th e  R in g fa lte n  or s o - c a l l e d  " s p ira l  v a lv e s"  which were found in  

A lepocephalus r o s t r a tu s  by C u v ie r and V alenciennes (1846) and a r e  a lso  

fo u n d  in  sa lm on ids, c lupeids, a rg e n t in in s ,  and c h iro c e n tr id s  ( s e e  Cohen 

1 9 58 ), L o n g itu d in a l sections o f  th e  rectum o f  a  315 mm SL A. a p a s s iz i i  

an d  a 490 mm SL N arcetes stcnnias showed th a t th e  form er a lso  h ad  a d d itio n a l 

p ro je c tio n s  i n to  th e  in te s t in e  t h a t  were p e rp e n d ic u la r  to  and lo c a te d  

betw een the T H ngfalten . These may he analogous t o  the  la b y r in th in e  ridges 

d e sc rib e d  by Cohen (1958) in  A-r^ e n t in a  sphyrapna. Although th e  R ing fa lten  

a r e a s  are  no t lo c a te d  in  the same p a r t s  of the  i n t e s t i n e  in  A lepocephalus 

und A rgentina, th e r e  i s  no re a so n  to  suspect d i f f e r e n t fu n c tio n s . I t  

seems c le a r  t h a t  R ingfaltpn and la b y r in th in e  r id g e s  slow the  p assag e  of food 

an d  increase th e  p o te n tia l  a b s o rp t iv e  surface o f  th e  in te s t in e  (Cohen 1958).
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In  m ost a lepocephalids th e  stomach i s  siphonal as  in  A. a e a s s i z i i .

I n  Xenodermichthvs and Asquamiceps i t  i s  s l ig h t ly  c a e c a l. In  B athvlaco, 

B a th v tro c te s . B a ia c a lifo m ia  and N arcetes i t  i s  caeca l. Caecal stomachs 

(sensu B e r tin  1958) appear to  be more common in  large-m outhed sp ec ie s  and 

may be an ad ap ta tio n  f o r  hold ing  la rg e , long prey  such as f i s h .  There i s  

no obvious re la t io n s h ip  between number o f  p y lo r ic  caecae and stomach type.

The number o f  p y lo ric  caecae i s  as  low as 2 in  M irognathus. E ric a ra  and

Leptoderma and as h ig h  as 26 in  B a ia c a l ifo m ia  d ra k e i. There i s  a ls o  no 

r e la t io n s h ip  between in te s t in e  morphology and stomach ty p e . In te s t in e s  

v a ry  from h igh ly  convoluted (F ig . 8) to  s t r a ig h t  tubes. In  g en e ra l, the  

v is c e r a l  anatomy seems p la s t i c  and su b je c t to  a u te c o lo g ic a l v a r ia t io n s . 

Some genera  which a re  obviously  c lo se  r e la t iv e s  and o therw ise  d i f f i c u l t  

t o  d is t in g u is h , such as Bathylaco and H erw igia, have ^ s tr ik in g ly  d i f f e r e n t  

v is c e r a l  morphology (N ielsen  1972).

L iver morphology was no t in te n se ly  surveyed but i t  appears to  have 

p o te n t ia l  taxonomic v a lu e . In  E in a ra  m acrolepis and E. edentu lus th e  

l i v e r  i s  b ilo b ed  and th e  major branches o f th e  h ep a tic  v e in  a re  exposed 

and v i s ib le  on the v e n tr a l  su rface  o f  th e  l iv e r .  No o th e r  genus was seen 

which had exposed h e p a tic  v e in s . A ll a lepocephalo ids la c k  a  swimbladder. 

P ho topho res:

Photophores a re  p re se n t on s ta lk s  on th e  body, and yellow ish  f la p s

o f  t i s s u e  a re  p resen t in  the  g u la r  reg ion  o f  the  b ran ch io steg a l membrane

in  P h o to s ty lu s . I r r e g u la r ly  p a r a l l e l  rows o f  photophores a re  p rse n t in  

genus A. Photophores arranged in  quincunx a re  found in  Xenodflnni chthys 

and some sp ec ie s  o f R ouleina.

Lendenfeld (1887), M atsubara and Iwai (1969), and Best and Bone (1976) 

have examined Xenodermichthvs photophores. The l a t t e r  l i s t  among th e



d if f e re n c e s  w ith  o th e r  te le o s te a n  photophores, the  fo llow ing : absence o f

a  guanine r e f l e c to r ,  s t ru c tu re  o f  pho tocy tes and nervous r e la t io n s h ip ,  and 

s iz e  and d i s t r ib u t io n  on the  body. B est and Bone (1976) f u r th e r  examined 

P h o to s tv lu s  photophores and found them ,rc lo s e ly  s im ila r '1 to  Xenodermichthvs.

Photophores in  genus A sp . nov. (F ig . 40C) a re  to p o g rap h ica lly  more 

p r im it iv e  than  those  in  Xenodermichthvs o r P h o to stv lu s  (B est and Bone .1976 

and p e rso n a l o b se rv a tio n s ) . In  genus A sp . nov. th e  photophores l i e  under 

th e  ep iderm is and under s c a le s  (F ig . 40C). Except fo r  l a t e r a l  l in e  sc a le s  

i n  R ou le ina , no o th e r  a lep o cep h a lid  has b o th  sc a le s  and photophores. In  

R ou leina  m aderensis v e s t ig i a l  photophores a re  p re se n t and appear to  be 

covered  by a  th in  epiderm al la y e r  (F ig , 40D). Photophores a re  ab sen t in  

R. m o l l i s . In  Xenodermichthvs and P h o to s tv lu s  th e  e p i th e l i a l  la y e r  does 

n o t cover th e  photophore which i s  thus exposed (Best and Bone 1976).

Photophores in  genus A sp . nov. (F ig . 40E and F) a re  more complex 

th en  th o se  in  Xenodermichthvs and P h o to s tv lu s  (B est and Bone 1976). In  

genus A sp . nov. th e  core  c e l l s  show an approxim ate r a d ia l  arrangem ent 

p ro x im a lly , and th e re  i s  a  space dem arcating a  d i s t a l  group o f c e l l s .

These c e l l s  a re  a d ja c e n t to  dense b a so p h ilic  s t ru c tu re s  which appear to  

l in e  th e  d i s t a l  su rfa ce  of the  photophore (F ig , 40E and F ). In  

Xenodermichthys and P h o to s tv lu s  the  core  c e l l s  a re  r e l a t iv e ly  la rg e r  

and le s s  numerous and th e  proxim al c e l l s  a re  m odified a s  saucer-shaped  

r e f l e c t o r s  (B est and Bone 1976).

The topography o f  the  photophore in  genus A suggests th a t  i t  rep ­

r e s e n ts  th e  p r im itiv e  c h a ra c te r  s ta te .  The photophore p o s i t io n  in  the  

o th e r  genera  su g g ests  th a t  body photophores have m ig ra ted  d i s t a l l y  to  

become c ircum scribed  by e p i th e l i a l  t is s u e  in  R. m aderensis and to  l i e  

surrounded though p ro je c tin g  through e p i th e l i a l  t i s s u e  in  Xenodermichthvs
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and P h o to s tv lu s . The photophore s ta lk s  o f  P ho to stv lu s can  be conceptua­

l iz e d  as a d d it io n a l  d i s t a l  m ig ra tio n  on e p i th e l i a l  tu b es .

The s t ru c tu re  o f a lepocephalid  photophores suggests a  red u c tio n  in
i

c e l lu l a r  components from genus A to  the  o th e r s ,  in c lu d in g  complete lo s s  

in  R ou leina . C o re lla te d  w ith  red u c tio n  in  number o f c e l l u l a r  components 

i s  an in c rease  i n  sp e c ia liz e d  s tru c tu re s  such as the c e l l u l a r  r e f le c to r s  

o f  Xenodermichthvs and P h o to s tv lu s .

A lepocephalid  lum inescence has only been observed in  genus A by 

J .  R. Paxton (p erso n a l communication) a s  a re a s  o f f a i n t  re d  under u l t r a ­

v i o l e t  l ig h t .  However, th ese  a re a s  d id  n o t correspond to  th e  photophores.

As m entioned above, most a lep o cep h a lid s  w ith  photophores are naked.

I n  Xenodermichthvs and R ouleina  the  integum ent i s  com partm entalized and 

th e  in n e r  and o u te r  lay e rs  a re  sep ara ted  by a  bouyant f l u id  w ith in  th e  

compartments (B est and Bone 1976 and p e rso n a l o b se rv a tio n s ) .

B est and Bone (1976) a ls o  consider th e  P ho to stv lu s integum ent to  

resem ble  th a t  o f Xenodermichthvs. In  th e  p re se n t study  se v e ra l w ell 

p re se rv e d  P h o to s tv lu s  have been examined. No com partm entalized in te g u ­

m ent was seen. However, th e  integum ent r e a d i ly  se p a ra te s  in to  in n e r and 

o u te r  sh e e ts , th e  l a t t e r  b e a rin g  the s ta lk e d  photophores. I t  would be 

rea so n a b le  to  assume th a t  th e  P h o to stv lu s co n d itio n  i s  d e riv e d , th a t  com­

p a rtm en ts  were l o s t ,  and th a t  the  nodulous Xenoderm ichthys-1 ike  photophore 

was r a is e d  on a  s t a lk  composed o f t is s u e  from the o u te r  integum ent la y e r .

EYES:

A lepocephalo id  eyes v a ry  from ra th e r  sm all in  B athyprion  danae to  

r e l a t i v e l y  la rg e  i n  A lepocephalus a g a s s i z i i . There i s ,  v a rio u s ly  d e v e l­

oped , an aphakic ap era tu re  formed by an in c re a se  in  th e  s iz e  o f th e  p u p il
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r e l a t iv e  to  th e  len s . The a p ertu re  i n  B. danae i s  c irc u m le n ta l (Munk and 

F red erik sen  1974), th a t  i s ,  the w id th  o f  the p u p il  be ing  about tw ice th a t  

o f  the  le n s  (M arshall 1966) r e s u l ts  i n  a  wide, c i r c u la r  gap between the  

edge o f  th e  le n s  and th e  edge o f  th e  p u p il .  In  th e  m a jo rity  o f  alepoceph- 

a lo id s  the  aphakic a p e r tu re  i s  c re scen t-sh ap ed  and a n te r ia d  o f th e  le n s .

The r e s u l ta n t  oval shape o f  the  p u p il  c o n tr ib u te s  an e l l i p t i c a l  appearance 

to  many a lepocephalo id  eyes.

A lthough the  s iz e  o f  the eye r e l a t i v e  to  head and body s iz e  i s  im­

p o r ta n t  in  d is t in g u is h in g  some sp e c ie s , eye s iz e  and aphakic a p e rtu re  

ty p e  axe o f  l i t t l e  v a lu e  in  determ ining h ig h er r e la t io n s h ip s .  M irognathus. 

th e  presumed c lo s e s t  r e l a t i v e  o f B a th p rio n . has a  c re scen t-sh ap ed  a p e rtu re

and E r ic a ra  salmonea has a  poorly  developed a p e rtu re  u n lik e  o th e r  members

o f  th e  genus.

The s o -c a l le d  p r e o r b i ta l  l i g h t  organ o f B athylaco (P a rr  1948) has 

been shown to  be the r o s t r a l  p a r t  o f  a  p a lp eb ra l (e y e lid )  fo ld  composed 

o f  m odified  connective  t i s s u e  (Munk 1968). However, a  number o f  s e a rs id s  

do appear to  have o r b i t a l  photophores (P a rr 1960). Some T alism ania  and 

A lepocephalus owstoni have w h itish  s tru c tu re s  on o r n e a r  the  o r b i t .  In  

T, oregoni th e  s tru c tu re  i s  sim ply th ickened  s c le r a l  t i s s u e  w hile  in  T. 

b i f u r c a te  i t  i s  on th e  edge o f the  o r b i t a l  socket and may be luminous.

The o n ly  o r b i ta l  s t ru c tu re s  which might o f f e r  phy logene tic  inform a­

t io n  are th e  muscles o f  th e  eye. W interbottom  (1974a) m entions th a t  t e l e o s t  

eye m uscles a re  r e l a t iv e ly  c o n stan t; th e re  a re  u s u a l ly  s ix .  Munk (1968)

has found o n ly  f iv e  in  Bathylaco n ig r ic a n s . U n fo rtu n a te ly , a  study  o f  eye

m uscles was n o t  included  in  the p re s e n t  work.

A lthough no o r b i ta l  s t ru c tu re s  a re  y e t  known to  prov ide phy logenetic  

in fo rm ation , w ith in  a lep o cep h a lo id s, th e  eyes a re  im p o rtan t in  any
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d is c u s s io n  o f a lep o cep h a lo id  e v o lu tio n . The eye has a p p a re n tly  adapted 

to  low l ig h t  l e v e ls  by an  in c re a se  i n  the  s e n s i t iv i t y  o f th e  r e t in a .  This 

has been achieved through aphakic a p e rtu re s  w hich allow  l i g h t  to  f a l l  d i­

r e c t l y  on the  r e t i n a  (Munk 1966, M arshall 1971) thus in c re a s in g  " th e  S ensi­

t i v i t y  o f  the  eye by in c re a s in g  th e  r e la t iv e  r e t i n a l  i llu m in a tio n  e i th e r  

i n  th e  cauda lly  lo c a te d  a re a  o r fovea  ( in  th o se  w ith  c re scen t-sh ap ed  aper­

tu r e s  o r  a l l  o v e r th e  r e t i n a  ( in  th o se  w ith c irc u m le n ta l a p e r tu re s )"

(Munk and F rederik sen  1974), In  a d d itio n , sh a llo w  s ig h tin g  grooves in  

f r o n t  o f  the  eye and a  tendency f o r  eyes to  be lo c a te d  fair forw ard on the 

sn o u t (Bathylaco) o r  n e a r  th e  d o rsa l o u tlin e  o f  a  sho rtened , narrow  snout 

( Xenodermichthys) a re  s p e c ia liz e d  fe a tu re s  f o r  r o s t r a l  b in o c u la r i ty .  

B inocu lar v is io n  in c re a se s  l ig h t  s e n s i t iv i ty  by  about 10% (Weale 1955).

The advantage o f  two m onocular view s o f the surroundings i s  ap p aren tly  

l o s t  i n  a lep o cep h a lo id s . A t th e  l i g h t  in te n s i ty  o f t h e i r  h a b i t a t  i t  i s  

a p p a re n tly  " b e t t e r  to  be a b le  to  see  a  r e l a t i v e ly  small f i e l d  than n o t to  

see  a  la rg e  one" (Weale 1955),

S u p e r f ic ia l  head bones and hyo id  a rc h :

P a rr  (1951) used th e  number o f su p ra m ax illa r ie s  to  d is t in g u is h  two 

la rg e  groups o f  genera  i n  h i s  key to  the  A lepocephalidae. The number, 

how ever, i s  ap p a ren tly  v a r ia b le  in  Rouleina. (P a r r  1951) a s  w ell a s 

M irognathus and B athyprion since  I f in d  one o r  two su p ra m ax illa rie s  in  

th e  l a t t e r  two genera  in s te a d  o f th e  two re p o r te d  by P a r r  (1951) and Mar­

s h a l l  (1966), The genera w ith  only  one (p o s te r io r )  sup ram ax illa ry , th e  

d e r iv e d  c h a ra c te r  s t a te ,  a re  B athy laco« B athyprion  sometimes, Mirognathus 

som etim es, R ouleina sometimes, Xenodermichthys. E r ic a ra . Conocara. Lepto- 

derm a. Aulastomatomorpha. E in a ra . L e p to c h ilic h th v s . Asquamiceps and
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P hoto  s ty lu s . These p robably  do n o t form a  m onophyletic group; th e  a n te r io r  

supram axillaxy  has been l o s t  more than  once in  the e v o lu tio n  o f th e  group.

The s e r ie s  o f s ix  i n f r a o r b i ta l  bones i s  complete i n  a l l  genera except 

Leptoderm a which has only fo u r . The d o rsa l  and v e n tra l  p o s to rb i ta ls  a re  

m iss in g  in  Leptoderma. le a v in g  a  gap in  th e  p o s te ro v e n tra l  p a r t  o f  the  

s e r i e s .

In  th e  specimens in  which th e  fo llo w in g  bones c o u ld  be seen, th e re  

i s  ty p ic a l ly  a  s u p ra o rb ita l ,  a n to r b i ta l  and n a sa l. The s u p ra o rb ita l  i s  

red u ced  in  E r ic a ra  and ab sen t in  B a thyprion . B a la c a l i f o m ia , A lepocephalus. 

N a rc e te s . R o u le in a . Xenodermichthys. Conocara. and Leptoderm a. The a n to r­

b i t a l  i s  m issing  in  R ou le ina . Conocara. and Leptoderma,

The suboperc le  i s  b ro ad ly  L-shaped to  su b re c ta n g u la r and u s u a l ly  

g iv e s  ven trom ed ia l support to  the  o p e rc le  and o c c a s io n a lly  the p reo p e rc le  

(B a thyp rion  and B athy laco ). I t  i s  reduced to  a  sm all f l a t  spine o r  sub- 

t r i a n g u la r  d a g g e r-lik e  b lad e  in  R ouleina . Xenodernrf c h th v s . E r ic a ra , 

C onocara and Leptoderma.

The hyomandibula u s u a l ly  has a  b road  d o rsa l a r t i c u l a r  su rface  d is ­

t i n c t l y  se p a ra te  from th e  p o s te r io r ly  d ir e c te d  o p e rc u la r  p ro cess . In  

E r ic a r a  (F ig . 9A), Conocara and Leptoderma th e  o p e rc u la r  p rocess i s  l e s s  

d i s t i n c t  and o n ly  b a re ly  se p a ra te  from th e  d o rsa l a r t i c u l a r  su rfa ce . The 

o p e rc u la r  p ro cess  i s  in  th e  upper h a l f  o f  th e  hyomandibula in  a l l  genera 

e x c e p t B athyprion (F ig, 9B) in  which i t  i s  found in  th e  lower th i r d .  The 

p ro c e s s  i s  n e a r th e  half-w ay  p o in t  in  M irognathus.

Near the  hyom andibula-opercle j o in t  th e  opercle  may have a  d o rsa l 

ou tgrow th  (B athylaco n ig r ic a n s  F ig . 9C), a  no tch  s im ila r  to  the osm erid- 

s to m ia to id  n o tch  o f Weitzman (1967, 1974) (TalismflrHg a n t i l la m m . F ig .

9D), o r  a  smooth d o rsa l su rfa c e . On the  l a t e r a l  su rfa c e  n ear th e  jo in t



Fig. 9
A. E r ic a r a  salm onea. UMML 32354, ca, 305 nun SL, hyoid bones, 

m ed ia l view , l e f t  s id e .
B. B athyprion  danae . ISH 1539/71, 252 mm SL, hyoid  bones, m edial 

v iew , l e f t  s id e .
C. B athylaco n ig r ic a n s . USNM 206693, 268 mm SL, hyoid bones, 

m e d ia l view , r ig h t  s id e .
D. T alism an ia  a n ti l la ru m , USNM 215560, 140 mm SL, hyoid bones, 

m ed ia l view, l e f t  s id e .
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a l l  a lepocephalo id  o p e rc le s  (except B athy laco . see above) have a  sp ine  

•which re c e iv e s  the  in s e r t io n  o f  the  d i l a t a t o r  o p e rc u li. The d i l a t a t o r  

sp in e  can be seen in  the  m edial views o f B athyprion (F ig . 9A) and E r ic a ra  

(F ig . 9B).

M cA llis te r (1968) gave 5 to  13 as the  range o f  v a r ia t io n  in  b ran ch io - 

s te g a ls .  M arshall (1966) no ted  th a t  most o f  the  v a r ia t io n  i s  due to  th e  

c e ra to h y a l complement o f ray s  and th a t  a l l  members o f th e  group have o n ly  

3 o r  4 ray s on the  e p ih y a l. The sp ec ie s  w ith  fo u r ep ih y a l ray s a re  

T alism an ia  a n ti l la ru m , T. aphos, T. o re e o n i. B a ja c a l ifo m ia  c a lc a ra tu s . 

M irognathus norm ani, B a th y tro c te s  m ic ro lep is  and L ep to ch ilich th y s  a g a s s i z i i . 

In  a l l  c ases the  a n te r ia d  (fo u rth ) ep ihya l ray  a r t i c u la te s  a t  the  c a r t i -  

lagenous e p ih y a l-c e ra to h y a l ju n c tio n . Most genera  have th re e  ce ra to h y a l 

r a y s . E r ic a r a . Conocara. and Leptoderma u s u a l ly  have two ce ra to h y a l r a y s . 

E in a ra  and M irognathus have fo u r, N arcetes has f iv e ,  Bathylaco has s ix ,  

L ep to c h ilic h th y s  has n in e , and B athyprion has 5, 6 , o r  8 cera to h y a l ra y s .

Pharyngobranchial s t ru c tu re  and d e n t i t io n :

Cruraenal organ:

The crumenal organ i s  a  b i l a t e r a l  pharyngobranchial p a i r  o f pouches 

t h a t  a re  formed from the l a s t  two g i l l  a rches and the  a n te r io r  l im its  o f  

th e  esophagus (Greenwood and Rosen 1971). I t  i s  d is tin g u is h e d  from e p i-  

b ra n c h ia l  organs o f  o th e r  te le o s ts  (Nelson 1967; Bertmar e t  a l ,  1969) by 

i t s  p o s i t io n  l a t e r a l  r a th e r  than  d o rsa l o r d o rs o la te ra l  to  th e  esophagus, 

and by a  unique accessory  c a r t i l a g e  o f the  f i f t h  c e ra to b ra n c h ia l. Green­

wood and Rosen (1971) co n sid er the  crumenal organ a  synapomorphous charac ­

t e r  u n i t in g  th e  A lepocephaloidea and A rgen tino idea .
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The crumenal organ i s ,  th e re fo re , a  p r im itiv e  s t ru c tu r e  o f a lepocepha- 

lo id s .  I t s  fu n c tio n , im plied  by Greenwood and Rosen (1971), i s  analogous 

to  e p ib ra n c h ia l organs and i s  th a t  o f  a  c o l le c t in g  and tem porary s to ra g e  

s t r u c tu r e  f o r  f i l t e r e d  p a r t i c l e s .  In  p a r t i a l  support o f  t h i s ,  s e r i a l  

s e c tio n s  o f  crumenal organs o f A lepocephalus a g a s s i z i i . 295 mm and 315 mm 

SL, showed sm all amounts o f  s i l ic e o u s  m a te r ia l  and a  few diatom  t e s t s .  

However, m acroscop ica lly  b o th  f r e s h  and p reserv ed  specimens u su a lly  show 

copious amounts o f  mucous exuding between the  fo u r th  and f i f t h  a rches and 

no in d ic a t io n  o f food. I f  food s to ra g e  was a ls o  i t s  p r im itiv e  fu n c tio n , 

a  j u s t i f i e d  bu t d eb a tab le  assum ption, th e n  o th e r  b ra n c h ia l s t ru c tu re s  

which would a s s i s t  e f f i c i e n t  f i l t r a t i o n  would have developed w ith th e  organ . 

I t  would be p o in t le s s  to  s to re  f i l t e r e d  p a r t i c l e s  i f  th e re  a re  no p a r t i c l e s  

be ing  f i l t e r e d .  A lthough I  am n o t concerned w ith  which came f i r s t ,  b o th  

th e  crum enal organ and th e  e la b o ra te  f i l t r a t i o n  system found in  Lepto­

c h i l ic h th y s  , Asquamiceps and a  few o th e r  genera  a re  p robab ly  very  c lo se  

to  the  p r im it iv e  s t a t e  f o r  a lep o cep h alo id s .

The p r im it iv e  f i l t r a t i o n  system  o f  a lepocephalo ids probably  was 

based upon in te r d ig i t a t in g  d e n ta te  g i l l  ra lte rs . In  L e p to c h ilic h th y s , 

f o r  exam ple, the  g i l l  rak e rs  on a n te r o - la te r a l  su rfaces  a re  numerous, 

from 24 to  36 on each o f  th e  f i r s t  fo u r a rc h e s , and long, from 2.7 to  

6.5% SL. These i n te r d ig i t a t e  w ith  e q u a lly  numerous b u t s h o r te r  ra k e rs  

on the  m ed ia l su rfa c e s  o f  the  g i l l  a rc h e s . Proceeding p o s te r ia d  th e  l a t ­

e r a l  r a k e r s  decrease  in  s iz e  and the  m edial ra k e rs  in c re a se  in  s iz e  so 

th a t  th e  m edial ra k e rs  o f th e  fo u r th  a rch  a re  u su a lly  as la rg e  as th e  

l a t e r a l  ra k e rs  o f  th e  f i f t h  a rch . Because o f  t h i s ,  the  p o s te r io r  g i l l  

s l i t ,  betw een a rch es fo u r and f iv e ,  appears to  be an e f f e c t iv e  f i n a l  

s ie v e  th rough  which few p a r t i c l e s  and l i t t l e  w ater would p a ss . No



a le p o ce p h a lid  h a s  l o s t  th e  m edial ra k e rs  o f  th e  fo u r th  a rc h  (Table 1 ) , 

and consequently  a l l  p o sse ss  t h i s  type o f  s iev e  in  th e  p o s te r io r  g i l l  s l i t .  

T able 1 fu r th e r  shows t h a t  th e  m edial ra k e rs  o f  th e  f i r s t  th re e  a rches 

have been lo s t  i n  many d iv e rse  genera. C onversely, th e  m edial ra k e rs  are  

r e ta in e d  on the  f i r s t  and second arches o f genera as d is p a ra te  a s  th e  

c lu p e id - l ik e  L e p to ch ilic h th y s  and th e  sa lm on id -like  B athy laco . U nfortu­

n a te ly ,  no th ing  i s  known o f  the  food h a b its  o f  e i th e r  genus. Bathylaco 

i s  presum ably a  f a s t  swimming p re d a to r  (N ielsen  and L arsen  1968) and the 

m ed ia l g i l l  r a k e rs , when p re s e n t , a re  m odified  on th e  a n te r io r  a rch es 

to  sm all to o th  p la te s .  L ep to ch ilic h th y s  w ith  i t s  long g i l l  ra k e rs  and 

c lu p e id - l ik e  mouth i s  presum ably a  w ater s t r a in e r  o r  f i l t e r  feed e r ( th e  

one stomach examined co n ta in ed  no id e n t i f i a b le  rem ains). T herefo re , the  

r e t e n t io n  o f th e  m edial g i l l  ra k e rs  on the  f i r s t  a rch  in  th ese  genera  

would seem n o t to  be due to  common e c o lo g ic a l needs b u t r a th e r  to  re te n ­

t i o n  o f  common p r im itiv e  c h a ra c te rs  which a re  s l ig h t ly  m odified  fo r  

d i f f e r e n t  purposes.

The in te r d ig i t a t in g  ra k e rs  o f  th e  p o s te r io r  g i l l  s l i t  form th e  f lo o r  

o f  a  g e n e ra lly  shallow  channel t h a t  lea d s  to  th e  crumenal organ. The 

w a lls  o f  t h i s  channel a re  formed by th e  fo u r th  and f i f t h  c e ra to b ra n c h ia ls . 

The f i f t h  c e ra to b ra n c h ia l i s  expanded m ed ia lly  and m eets i t s  opposite  

a long  th e  m id line  thus form ing a  r id g e  continuous w ith  th e  b a s ib ra n c h ia l. 

The " in v a riab ly "  e le v a te d  m edial r id g e  o f th e  b a s ib ra n c h ia l to o th  p la te  

(Rosen 1974) i s  ve ry  h ig h  in  L ep to ch ilic h th y s  and a p p a re n tly  se rv es  to  

d i r e c t  f i l t e r e d  p a r t i c l e s  in to  one shallow  channel o r an o th e r and th u s  to  

one crumenal organ o r a n o th e r. In  a l l  o th e r  genera th e  b a s ib ra n c h ia l 

r id g e  i s  s l ig h t  to  n o n -e x is te n t.  In s te a d  th e  b a s ib ra n c h ia ls  a re  s l ig h t ly  

a rch ed  and the  hypo- and c e ra to b ra n c h ia ls  a r t i c u la te  v e n t r o la te r a l ly  to
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T able 1, G il l  a rches p o ssess in g  com plete o r n e a r ly  complete rows o f  g i l l  

r a k e rs  on the  m edial su rface  o f  the  lower limb (+ = p re se n t,

_+ = sometimes p re s e n t ,  b lank  = a b se n t) .

Genus G i l l  a rch  number

1 2 3 4

Asquamiceus + + + +

E in a ra + 4- 4*

E r ic a ra 4* 4- + 4-

Conocara + + 4*

LeDtoderma + 4*

T alism an ia 4* + + 4-

L e o to c h ilic h th v s 4- + + 4-

Nomoctes + + 4-

A lepoceohalus + ± + 4*

B athylaco + + + 4-

B a ia c a l ifo m ia + 4"

N arce tes + 4-

B a th v tro c te s + 4-

R ouleina + 4-

Xeno dermich thvs + 4-

R inoctes + 4*

B athyprion 4-

M irognathus 4-

P h o to s ty lu s 4-
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form  a  s l i g h t l y  rounded r id g e  which i s  accen tuated  by a  m edial fo ld  o f 

sk in . F u rth e r  changes a re  found in  E r ic a ra  salm onea and B athyprion in  

•which th e  to o th  p la te  i s  r e s t r i c te d  t o  the b a s ib ra n c h ia l o f th e  second 

a rc h  on ly  and Conocara mcdonaldi and M irognathus which have no b a s i­

b ra n c h ia l to o th  p la t e .

Once p a r t i c l e s  have been f i l t e r e d  and passed  p o s te r ia d , th ey  e n te r  

a  sim ple b l in d  sac , th e  crumenal o rg an . The o rgan  empties d o r s a l ly  in to  

the  esophagus. The ap p aren t purpose o f  the organ  i s ,  as s ta te d  above, to  

s to re  p a r t i c l e s  u n t i l  a  s u f f ic ie n t ly  la rg e  bo lus i s  formed w hich i s  then  

squeezed in to  th e  esophagus and swallowed. In  A lepocephalus a g a s s iz i i  

th e re  a re  two la y e rs  o f  m uscles around the organ. The in n e r la y e r  i s  

approx im ate ly  p e rp e n d icu la r  to  the fo u r th  and f i f t h  c e ra to b ra n c h ia l and 

th e  o u te r  la y e r  i s  approxim ately  p e rp e n d icu la r  to  th e  in n er la y e r  and 

p a r a l l e l  to  the  g e n e ra l C-shaped cu rv e  o f the a rc h e s . Such a  muscle 

system  cou ld  e a s i ly  c o n s t r ic t  the  b l in d  sac and empty the c o n te n ts  o f 

th e  crum enal organ.

The o steo logy  o f  th e  crumenal o rgan  has been i l l u s t r a t e d  by Green­

wood and Rosen (1971, F ig s . 1, 2 and 3 ) ,  but some im portan t v a r ia t io n s  

have n o t been no ted . The accessory  c a r t i la g e  o f  th e  f i f t h  c e ra to b ra n c h ia l 

i s  a b se n t and rep la c e d  by a  loose ligam en t in  B athy laco . B athyprion 

(F ig . 10A), M irognathus and P h o to s ty lu s  (Fig. 10B). The c a r tila g e n o u s  

f i f t h  e p ib ra n c h ia l i s  l o s t  o r fused  t o  the fo u r th  e p ib ra n c h ia l in  Photo­

s ty lu s  (F ig , 10B) and M irognathus. I n  M irognathus th e  f i f t h  e p ib ra n c h ia l 

i s  i n  th e  same p o s i t io n  m edial to  th e  fo u rth  e p ib ra n c h ia l a s  i t  i s  in  

B athyprion  (F ig . 1GA), except the  two a re  a p p a re n tly  fused . Although 

Greenwood and Rosen (1971) suspected th a t  the crum enal organ g i l l  ra k e rs



B athyprion danae, ISH 1539/71, 252 mm SL, e p ib ra n ch ia l bones, 
l e f t  s id e .

Photo s ty lu s  py cn o p te ru s. USNM 215518, 83 mm SL, e p ib ra n c h ia l 
bones, l e f t  s id e .
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o f  Bathyprion were e d en ta te , they a re  s l ig h t ly  den tigerous and reduced 

(F ig . 1QA). The g i l l  ra k e rs  in  M irognathus are  ap p aren tly  ed en ta te .

From the preceding  paragraph  and Table 1, i t  can be seen th a t  th ree  

o f th e  fou r genera  which la c k  the accesso ry  c a r t i la g e  o f  the  f i f t h  cera­

to b ra n c h ia l a ls o  lack  m edial g i l l  ra k e rs  on the f i r s t  th ree  a rch es . A ll 

fo u r genera a re  b a th y p e lag ic . The c o r r e la t io n  may in d ic a te  th a t  bathy- 

p e la g ic  species g en e ra lly  lo se  the s e le c t iv e  advantage o f f i l t e r  feed ing . 

A pparen tly , th e  secondary development o f  to o th  p la te s  on the  m edial su r­

fa c e s  o f  Bathylaco* s g i l l  arches has been s u f f ic ie n t ly  u se fu l to  prevent 

t h e i r  complete lo s s .  O ther genera w ith  bathypelag ic  a d u lts  such as E in a ra , 

some Ba1 a c a l i f o m ia . and p o ss ib ly  Xenodermichthys may be more rec en t re ­

c r u i t s  to  the bathypelag ic  fauna. L ep to c h ilic h th y s , i f  the  scan t d a ta  a re  

c o r r e c t ,  has ap p aren tly  succeeded as a  f i l t e r  feed ing  bathypelag ic  

a lepocephalo id .

In  L ep toch ilich thys (Greenwood and Rosen 1971, F ig . 3 ) , Rouleina. 

Xenodermichthys, Asquamiceps, and E in a ra  th ere  a re  smal l  autogenous 

p a tc h e s  o f  te e th  loca ted  on the esophogeal l in in g  o f  the  crumenal organ. 

These p la te s  v a ry  from c i r c u la r  w ith one small to o th  to  lo n g itu d in a l w ith  

s e v e ra l  te e th . U sually  th e se  tee th  form  rows which p a r a l le l  th e  rows o f 

p a p i l la e  which c h a r a c te r i s t i c a l ly  l in e  th e  buccopharyngeal c a v ity .

D e n ti t io n :

The b ran c h ia l d e n ti t io n  i s  r e l a t iv e ly  s ta b le  in  the genera  examined. 

The most ex tensive  d e n ti t io n  i s  found i n  Talism ania o regon i. B athv troctes 

m ic ro le p is . L ep to ch ilich th y s  a g a s s iz i i  and Mentodus r o s t r a tu s . In  these 

sp e c ie s  to o th  p la te s  a re  p re se n t on th e  second, th i r d ,  and fo u r th  in f r a -  

pharyngobranch ia ls , fo u rth  ep ib ra n ch ia ls  and the  f i f t h  ce ra to b ran ch ia l.
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A l l  o th e r  sp e c ie s  show a  red u c tio n  o f t h i s  p a t te rn  in  th e  lo s s  o f  te e th  on 

th e  second in frap h a ry n g o b ran ch ia l. B athyprion . M irognathus and Photo s ty lu s  

a re  the  on ly  genera  showing f u r th e r  re d u c tio n  o f  b ra n c h ia l d e n ti t io n . 

B athyprion  danae has on ly  a  few sm all t e e th  on the  f i f t h  c e ra to b ra n c h ia l 

and extrem ely reduced d e n t i t io n  on th e  fo u r th  e p ib ra n c h ia l. P h o to s tv lu s  

pycnop terus has on ly  one sm all oval to o th  p la te  m ainly  on th e  fo u r th  e p i­

b ra n c h ia l .  M irognathus normani i s  t o t a l l y  "without te e th .

None o f  th e  sp ec ie s  examined re g u la r ly  has b a s ih y a l o r b a s ib ra n c h ia l 

t e e th .  However, in  th e  c le a re d  specimen o f  B a la c a l ifo m ia  c a lc a ra tu s  and 

s e v e ra l  o th e rs  from th e  same l o t  (UMML 15157) th e re  a re  u n i s e r ia l  te e th  

a lo n g  th e  ra id line  o f  th e  b a s ih y a l. Some se a rs id s , on th e  o th e r  hand, do 

have m arg inal fa n g - l ik e  b a s ih y a l d e n ti t io n  (Greenwood and Rosen 1971, Rosen 

1974). In  o rd e r to  d e riv e  th e se  two d e n t i t io n  p a t te rn s ,  a  common a n ce s to r  

would have had r a th e r  e x ten s iv e  b a s ih y a l d e n ti t io n .

A lthough Weitzman (1967) re p o rte d  m esopterygoid te e th  in  Xenodermi­

c h th y s , none o f  the  sp e c ie s  I  have examined, in c lu d in g  Xenodermichthys. 

has m esopterygoid o r ec to p te ry g o id  te e th .  However, i n  N arce tes s to miaH 

th e  p a la t in e  to o th  p la t e  sometimes extends onto the  e c to p te ry g o id  and may 

fragm ent to  g ive the  appearance o f  a  se p a ra te  e c to p te ry g o id  to o th  p a tch .

The d e n t i t io n  o f  th e  jaws and p a la te  a re  summarized in  Table 2. In  

m ost a lepocephalo ids th e  prim ary  b i t e  invo lves the  d en ta ry  a c tin g  a g a in s t 

th e  pala to-vom erine te e th  (L e p to c h ilic h th y s . A lepocephalus. and Conocara) 

o r ,  more commonly, a g a in s t  th e  pala to -vom erine  and m a x illa ry  te e th  (Table 

2 ) . In  R ouleina and Xenodermichthys i t  a c ts  a g a in s t th e  p rem ax illa ry  and 

m a x illa ry  o r  m a x illa ry , re s p e c tiv e ly ;  in  AsquamLceps ( ? ) ,  E in a ra  m acro lep is 

and Leptoderma a g a in s t the  p rem ax illa ry ; and in  E in a ra  eden tu lus th e re  i s  

no d e n t i t io n  a n ta g o n is tic  to  th a t  o f the  den ta ry .
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Table 2. D e n tit io n  o f the  jaws and p a la te .  Sources o th e r  than  t h i s  

study  a re  in d ic a te d : (1) V a i l la n t  1888, (2) Alcock 1890,

(3) Ganaan 1899, and (4) N ie lsen  and Larsen 1970. (Presence 

o f  t e e th  in  a l l  examined sp e c ie s  in d ic a te d  by +, absence 

in d ic a te d  by 0 , v a r ia b le  d e n t i t io n  in d ic a te d  by +, no know­

ledge o r  questio n ab le  d e n ti t io n  in d ic a te d  by ? ) .

Premax-
Vomer P a la t in e  D entary i l l a r y  M ax illary

S e a rs id a e :

Mentodus + ? + + +

L e p to c h il ic h th id a e :

Lep to  c h i l ic h th y  s + + + 0  0

A lepocephalidae :

N arce te s + + + + +

Bai a c a l i  fo rn la + + + + +

B athylaco + + + + +

H erw ieia^ + 0 +? +?

R inoctes + + + + +

Nomoctes + + + + +

B e llo c ia ^ ? ? ? + +

Photo s ty lu s ? + + + +

T alism an ia + + + + +

B athyprion 0 + + + +

B a th v tro c te s 0 + + + +

R ouleina 0 0 + + +

Xenodermichthys 0 0 + + 0



39
Table 2 ( c o n t 'd ) .

Premax-
Vomer P a la t in e  Dentary i l l a r y  M ax illa ry

A lepocephalidae :

Asauamiceps 0 0 + ? 0

A nom alopterichthys^ 0 + + + 0

AlenoceDhalus 0 + + + 0
3

B runich thvs ? + + + 0

E r ic a r a 0 + + + 0

Conocara 0 + + + 0

Leptoderma 0 0 + + 0
2Aulastomatomorpha 0? 0? + + 0

E in a ra 0 0 + + 0

genus A 0? 0? + 0? 0

M irognathus 0 0 0 0 0
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U nlike  the  a rg e n tin o id s , co regon ines and C retaceous G uadrvella  which 

have th e  p r imary b i t e  between th e  to o th ed  vomer and tongue, th e  alepocepha­

lo id s  resem ble th e  m yctophiform s, h ig h e r  t e l e o s ts ,  and Cretaceous Humbertia 

w hich have a  p rim ary  grasp ing  b i t e  between th e  to o th e d  jaws and a  secondary 

g u lp in g  b i t e  between th e  pharyngeals (P a tte rso n  1970:265). However, the  

m yctophiform s and o th e r  n e o te le o s ts  possess  a  r e t r a c t o r  arcuum b ranch ia lium  

m uscle (Rosen, 1973), n o t found i n  a lep o cep h a lo id s, and tend to  r e t a in  and 

develop  the  in frap h ary n g o b ran ch ia l d e n ti t io n  ( e s p e c ia l ly  the th i r d )  (Rosen 

1973). In  a lepocephalo ids th e re  i s  a  tendency to  lo s e  the  d e n t i t io n  on the  

second in frapharyngob ranch ia l o r  to  lo se  a l l  b ra n c h ia l  d e n ti t io n  a s  in  

M irognathus. The d e n t i t io n  th e re fo re  in d ic a te s  a  d i s t a n t  r e la t io n s h ip  to  

R o sen 's  (1973) n e o te le o s ts ,  bu t th e  ev o lu tio n ary  tendency of alepocepha­

lo id s  to  m ain tain  th e  s ta tu s  quo o r  lo se  a l l  th e  d e n t i t io n  i s  u n lik e  th a t  

o f  th e  n e o te le o s ts .

V e rte b ra l column and v e r t i c a l  f i n s :

The to ta l  number o f  p re u ra l v e r te b ra e  in  th e  sp e c ie s  examined ranged 

from  37 in  AsQuamlceps in d ie a t io  to  81 in  Leptoderma macrops. The r e l a ­

t io n s h ip  between th e  number o f p re c a a d a l and p re u ra l  caudal c e n tra  was 

q u ite  v a r ia b le  w ith in  th e  superfam ily . At p re se n t i t  does n o t seem pos­

s ib le  to  s ta te  w ith  any degree o f  c e r ta in ty  w hether th e  p rim itiv e  condi­

t io n  invo lved  more p rec au d a l, more caudal o r approx im ately  equal numbers 

o f  p recau d a l and cau d a l v e r te b ra e . However, one o f  th e  e a r l i e s t  t e lo e s t s ,  

L e p to le p is . and some c re tac ea u s  salm oniform s, Ic h th v o tr in e a  (Goody 1969), 

H um bertia and G aud ryella  (P a tte rso n  1970) have a t  l e a s t  seven more precau­

d a l  th an  caudal v e r te b ra e . In  p r im it iv e  members o f  many ex tan t lower 

te le o s te a n  groups, such as E lops. A lb u la  (Lindberg and Legeza 1969), the  

osm erid  S p irln ch u s (Weitzman 1967), th e  salmonids (Norden 1961), R etrop inna .
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the g a la x i id s ,  the ap lo ch ito n id s  (McDowall 1969) and A rgentina (H allid ay  

1969) th e re  a re  seven o r  more p recaudal than caudal v e rte b ra e . I t  th e re ­

fo re  seems reasonable to  speculate  t h a t  the p r im itiv e  a lepocephalo id  a lso  

had more p recauda l than caudal v e r te b ra e . The d e riv ed  c h a rac te r  s t a te s  

would th e r e f o re  be any o th e r  com bination of v e rte b ra e  ( i . e . ,  approxim ately 

equal numbers o f p recau d a l and caudal v e rte b rae , g r e a t ly  in creased  numbers 

o f p recau d a l v e rteb rae , o r  more caudal than p recaudal v e r te b ra e ) . S ince 

i t  would n o t  be prudent to  speculate  on whether th e  a n c e s tra l  alepocepha­

lo id  had many more or o n ly  a  few more precaudal th an  caudal v e r te b ra e , 

only the  c o n d itio n  of s ig n i f ic a n t ly  more caudal th an  precaudal v e rte b ra e  

can rea so n a b ly  be id e n t i f i e d  as a  d e riv ed  s ta te .  C orroborative  evidence 

on the p o s i t io n  o f th e  v e r t i c a l  f in s  s treng thens t h i s  conclusion  (see 

below ).

The fo llow ing  forms have ten  o r more caudal th an  precaudal c e n tra :  

A leoocephalus (H alisau riceps) lo n e ic e p s . Conocara. E in a ra . E r ic a ra . 

Leptoderma. Talisman-ia (excep t I .  aphos) and Xenodermichthys. Aleoocepha- 

lu s  m acrops, Asouamiceps longmani and Bathyprion danae have f iv e  to  n ine  

more cau d a l than p recauda l cen tra . The rem ainder o f  Alepoc ephalus and 

A sou ami n e o s . p lus T allsm ania  aphos. B a th y tro c te s . Nomoctes. R ou leina . and 

R inoctes have approxim ately equal (+ 5 numbers o f  p recaudal and caudal 

cen tra , B a ia c a l jfo m ia . Bathylaco. Herwigia. L ep to c h ilic h th y s . N arcetes 

and P h o t o  s ty lu s  have s ix  o r  more p recauda l than caudal cen tra .

Some, although n o t a l l  of the  members of th e  l a s t  two, presumably 

p r im it iv e , groups have th e  dorsa l f i n  in se r te d  d i s t i n c t ly  in  advance o f  

the  an a l fir*  and lo c a te d  about 60% o f  the  standard  len g th  behind th e  snout. 

In  many, a lthough  again  n o t a l l  o f  th e  members o f  th e  f i r s t ,  presumably 

most d e r iv e d  group, th e  d o rsa l f in  i s  in se r te d  d i s t i n c t ly  behind th e  anal
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f in  and i s  lo ca te d  as much as 77% o f  th e  s tan d ard  le n g th  behind th e  snou t. 

The d o rs a l  f i n  i s  in s e r te d  n e a r  th e  m iddle o f  the  body and d i s t in c t ly  in  

advance o f  the  an a l f i n  in  a l l  th e  f o s s i l  and lower t e le o s ts  m entioned a t  

th e  beg inn ing  o f t h i s  s e c tio n  w ith  th e  excep tion  o f  R etrop inna and the  

g a la x i id s .  T herefo re , as w ith  th e  v e te b ra e , I  co n sid er the  c h a ra c te r  s t a te  

which i s  found in  many u n re la te d  irbasa l"  lower t e le o s ts  to  be the  p r im itiv e  

c o n d itio n . The a n c e s tr a l  a lepocephalo id  probably  had a  d o rsa l f i n  lo c a te d  

around 50 to  60% o f  th e  s tandard  len g th  behind  th e  snout and d i s t in c t ly  in  

advance o f  the  an a l f i n .

In  a l l  specimens examined th e  fused  proxim al and m iddle r a d ia ls  o f 

b o th  th e  d o rsa l and an a l f in s  were a s so c ia te d  w ith  n e u ra l o r  haemal sp ines 

a t  an average r a t i o  o f  about th re e  r a d ia ls  fo r  every two sp in e s . One f i n  

ra y  i s  a s so c ia te d  w ith  each d i s t a l  r a d ia l  except fo r  th e  f i r s t  which i s  

sometimes unsupported  and the  l a s t  two o r  th re e  which a re  sometimes sup­

p o r te d  by one r a d ia l .

P le u ra l  r ib s  b eg in  on th e  second v e r te b r a l  centrum  except in  Bathy­

p r io n  where they b e g in  on th e  th i r d .  E p in eu ra ls  (d o rsa l in te rm u scu la r 

bones) a re  fused to  th e  n e u ra l a rch es , b eg in  on th e  f i r s t  centrum  and, 

l ik e  th e  e p ip le u ra ls  (v e n tra l  in te rm u scu la r b o n es), u s u a lly  end n e a r the  

o r ig in  o f  the  anal f i n  around th e  fo u r th  o r  f i f t h  caudal centrum. E pip leu­

r a l s  a re  u su a lly  fu se d  to  a  parapophysis o r  d i r e c t ly  to  a  centrum  b u t t h e i r  

commencement i s  v a r ia b le .  E p ip le u ra ls  b e g in  on the  second v e r te b ra  in  

T a lism an ia  o reg o n i. B a ia c a l if o m ia , B athy laco . and Asquamiceps: th e  th i r d  

in  R o u le in a . L ep to ch ilich th y s  and T alism ania  a n ti l la ru m : the  fo u r th  in  

B a th y tro c te s  and B athyprion : th e  s ix th  i n  A lepocephalus: the  e ig h th  in  

E r ic a r a : th e  e lev en th  in  Leptoderma: and th e  tw e lf th  in  Conocara and 

Xenoderm ichthys.
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The parapophyses a re  u su a lly  m oderately  developed. In  Conocara and 

Leptoderma th e  parapophyses on th e  f i r s t  centrum  are  e lo n g a ted  in to  dagger­

l ik e  p ro ce sse s  d ire c te d  l a t e r a l ly  i n  the  same p lane  as th e  p le u ra l  r ib s .

The parapophyses o f th e  f i r s t  centrum  of T alism ania  a re  a ls o  w e ll developed 

b u t a re  t r ia n g u la r  and n o t n e a rly  a s  long a s  those  in  Conocara and 

Leptoderm a.

From one to  th i r t e e n  su p ran eu ra ls  a re  found in  a l l  genera  excep t 

th e  fo llo w in g  which have none: Leptoderma. A lepocephalus (excluding

L lo v d ie l l a ) , M irognathus and some sp ec ie s  o f  Asquamiceps. When p re se n t 

su p ra n eu ra ls  l i e  w ith in  th e  ligam entous connec tive  t i s s u e  which jo in s  the  

v e r te b ra e  w ith  th e  s u p ra c a r in a l is  m uscle.

In  Xenoderm ichthys. R ouleina and L ep to ch ilich th y s  th e  f i r s t  su p ra - 

n e u ra l  i s  expanded lo n g itu d in a lly  and b road ly  a r t i c u la te s  w ith  th e  f i r s t  

n e u ra l  a rc h . In  Xenodermichthys th e  f i r s t  centrum  does n o t  possess the  

un fused  h a lv e s  o f th e  f i r s t  n e u ra l spine ty p ic a l  o f o th e r  genera.

Caudal S k e le to n :

The caudal sk e le to n  has been u sed  e x te n s iv e ly  in  p h y lo g en e tic  s tu d ie s  

o f  lower t e le o s ts  (G osline , 1960 and 1969; Greenwood, e t  a l . , 1966; Green­

wood and Rosen, 1971; N ybelin, 1971 and 1973; P a tte rso n , 1968 and 1970; 

Bosen, 1974; Weitzman, 1974 and o th e r s ) .  According to  Greenwood and Rosen 

(1971), a s  m odified by Rosen (1974), the a lepocephalo id  caudal sk e le to n  

i s  c h a ra c te r iz e d  by th e  w ell-developed  tendency to  lo se  lim in a r  bone from 

th e  p o s te r io r  n e u ra l and haemal sp in e s  and th e  less-d ev e lo p ed  tendency to  

fo re s h o r te n  the  f i r s t  u ro n eu ra l. Thus, the  p r im itiv e  a lep o cep h alo id  

c o n d itio n  i s  the  p resen ce  o f laminar bone on th e  p o s te r io r  n eu ra l and 

haemal sp in es  and a  long f i r s t  u ro n e u ra l ex tend ing  to  th e  second p re u ra l
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centrum . A lso , among p r im itiv e  salm oniform s, the  f i r s t  u ro n eu ra l had no 

lam inar bone and the u r a l  c e n tra  were se p a ra te  (Rosen, 1974),

The a lepocephalo id  caudal sk e le to n  re p re se n ts  a  p r im itiv e  te le o s te a n  

g rad e . In  th e  e a r l i e s t  t e l e o s t s ,  o s s i f i c a t io n  of th e  u r a l  and p re u ra l 

c e n t r a  and forw ard ex ten sio n  o f  th e  u ro n e u ra ls  e lim in a ted  th e  oblique 

p la n e  o f  weakness which sep a ra ted  th e  upper caudal sk e le to n  along a  l in e  

t h a t  cou ld  be drawn through the  d i s t a l  ends o f the f i r s t  th re e  p re u ra l 

n e u ra l  sp in es and the proxim al ends o f  th e  ep u ra ls , th e  so -c a lle d  

" chondrostean  hinge1' (P a tte rso n  1968), T his produced a  t a i l  which 

c o u ld  swing about a  v e r t i c a l  r a th e r  th an  an oblique a x is  and which could  

develop  in te r n a l  symmetry (P a tte rso n  1968). At th e  p r im it iv e  alepoceph­

a lo id  l e v e l ,  in te r n a l  symmetry has n o t  been w ell developed, u r a l  c e n tra  

a re  s t i l l  up tu rned  and a d d it io n a l  s t i f f e n e r s  have been a p p lie d  to  the  

fo rm er p lane  o f  the  " chondrostean h in g e " .

The p r im itiv e  a lepocephalo id  grade  i s  probably b e s t  rep re sen ted  in  

Asouamiceps h j o r t i  (F ig . 11A), I t  h a s  a t  l e a s t  th re e  u r a l  c e n tra , a  

p r im i t iv e ,  g e n e ra lly  considered  a b e r r a n t ,  fe a tu re  i n  t e l e o s ts  (see 

N ybelin  1971 and Weitzman 1974 f o r  o th e r  in s tan c es  among t e le o s ts ) .  The 

upperm ost and lowermost u r a l  c e n tra  a re  com pletely o s s i f i e d  r in g s  w hile  

th e  m iddle one i s  o s s i f ie d  on the  r i g h t  s id e  and m ostly  u n o ss if ie d  on th e  

l e f t  s id e  o f  t h i s  specimen. Between u r a l  c e n tra  1 and 2 on the  r ig h t  s id e  

i s  an o th e r sm all o s s i f i c a t io n  com plete ly  hidden by th e  f i r s t  u ro n eu ra l. 

S in ce  i t  i s  n o t p o ss ib le  to  d isc e rn  w hich centrum belongs to  th e  s in g le  

u r a l  n e u ra l a rch  o r i f  th e  a rch  i s  a c tu a l ly  compound, i t  cannot be shown 

th a t  th ese  a re  e i th e r  complete v e r te b ra e  o r a  p a ir  o f  hem icen tra  (Green­

wood, 1970), The uppermost centrum appears to  be homologous w ith  the  

second u r a l  centrum o f  o th e r  a lep o cep h a lo id s . The m iddle one, in  s p i te



Asquamiceps h i o r t i . ISH 2481/71, damaged, ca . 125 mm SL, 
caudal sk e le to n .

L ep to ch ilich th y s  a g a s s i z i i . ISH 916/73, 255 mm SL, caudal 
sk e le to n .
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o f  the f a c t  t h a t  i t  appears to  give p a r t i a l  suppo rt to  the  t h i r d  hypural, 

apparen tly  fu s e d  w ith th e  low er centrum  in  a l l  o th e r  a lepocephalo ids to  

form  a compound f i r s t  u r a l  centrum. A d d itio n a l evidence fo r  a  compound 

o r ig in  can b e  seen in  th e  two v e n tra l  f a c e ts  o f  th e  f i r s t  u r a l  centrum, 

such as in  Conocara m cdonaldi (F ig. 18A). N ybelin (1971 and 1973) has 

suspected  a  compound o r ig in  fo r  the f i r s t  u r a l  centrum  in  th e  f o s s i l  

le p to le p id s  and E lops.

There a r e  fou r u ro n e u ra ls  on th e  r i g h t  s id e , th re e  on th e  l e f t  and 

a  f i f t h  u n p a ire d  o s s i f i c a t io n  (7) d i s t a l l y  (F ig . 11A), There i s  no lam inar 

bone on th e  s t r a p - l ik e  f i r s t  u ro n e u ra l. The f i r s t  u r a l  n e u ra l a rch  i s  

autogenous and has e x te n s iv e  development o f lam inar bone, which has devel­

oped un iquely  i n  a lo n g itu d in a l  a x is  and c ro sse s  th e  top o f  th e  lowermost 

u r a l  c e n tra . I t  i s  no t fu s e d  to  th e  f i r s t  u ro n e u ra l. Laminar bone i s  

p re se n t on th e  f i r s t  fo u r  n e u ra l and f i r s t  haemal p re u ra l sp in es  and the 

p a rah y p u ra l. A s tru c tu re  which may be an o s s i f ie d  v e n tra l  caudal r a d ia l  

i s  c y l in d r ic a l ,  b lun t a t  each  end, c a r t ila g e n o u s  d i s t a l l y  and f re e  from 

i t s  a s so c ia te d  haemal s p in e .

The f i r s t  and second hypura ls  a re  sep a ra te  (F ig . 11A), u n lik e  o th e r 

a lep o cep h a lo id s  in  which th e r e  i s  d i s t a l  fu s io n  o f  the  c a r t i l a g e .  The 

d i s t a l  edge o f  the  lower h y p u ra ls  i s  d i s t i n c t ly  ahead o f the  d i s t a l  edges 

o f  the upper hyp u ra ls  and th e  f i r s t  hypu ra l i s  on ly  s l ig h t ly  deeper than 

th e  second. P a r t  of the  in te r n a l  symmetry th a t  was acquired  w ith  the  lo s s  

o f  the "chondrostean  h inge"' was the  n e a r ly  v e r t i c a l  alignm ent o f the  edges 

o f  the upper and lower h y p u ra ls  (P a tte rso n , 1968). In  a lepocephalo ids 

t h i s  has a p p a re n tly  been ach ieved  by th e  d isp ro p o rtio n a te  growth o f the 

f i r s t  hypura l r e la t iv e  t o  th e  second. This has taken  p lace  through 

leng then ing  and the d i s t a l  v e r t i c a l  expansion o f  th e  f i r s t  h y p u ra l. Thus,
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th e  c o n d itio n  o f  th e  lower hypura ls  i n  Asquamiceps h i o r t i  i s  p r im itiv e  fo r  

a le p o ce p h a lo id s .

The median caudal r a d ia l s  each suppo rt a  f i n  ray . The d o rsa l p rocu r­

r e n t ,  upper p r in c ip a l ,  lower p r in c ip a l  and v e n tra l  p ro c u rre n t numbers o f  

f i n  ray s a re ,  r e s p e c t iv e ly :  9 , 10+9, 8 .

In  L ep to ch ilic h th y s  a g a s s iz i i  (F ig . 11B), as w e ll a s  a l l  o th er a lepo ­

c e p h a lo id s , the  edges o f th e  upper and lower hy p u ra ls  l i e  in  a  v e r t i c a l  

p la n e , o r n e a r ly  so . In  t h i s  specimen th e re  a re  fo u r p a i r s  o f u ro n e u ra ls  

and a  th i r d  and fo u r th  u r a l  centrum a t  th e  bases o f  th e  fo u r th  and f i f t h  

h y p u ra ls , r e s p e c t iv e ly . The l a t t e r  len d s  a d d it io n a l  suppo rt to  N y b e lin 's  

(1971) h y p o th esis  th a t  "each  hypural corresponds to  an o r ig in a l ly  s e p a ra te  

centrum " r a th e r  th an  P a t te r s o n 1 s (1968) a s s e r tio n  th a t  such c e n tra  never 

e x is te d .  Laminar bone on th e  f i r s t  u r a l  n e u ra l a rch  has ap p aren tly  su tu re d  

w ith  th a t  on th e  f i r s t  p re u ra l  n e u ra l a rc h  and th e  s t ru c tu re s  a re  b o th  

su tu re d  to  th e  f i r s t  p r e u ra l  centrum. Laminar bone i s  p re se n t on th e  f i r s t  

f o u r  n e u ra l and th re e  haemal sp in es . The parahypural and f i r s t  haemal 

sp in e  each have a  peg on t h e i r  a n te r io r  su rface  which a b u ts  a  s im ila r  smal­

l e r  s t ru c tu re  on th e  p o s te r io r  su rface  o f  the  p reced ing  sp in e . There i s  

no "peg and socket" jo in t  a s  in  salm onids o r pho lidophorids (P a tte rso n  

1968). The f i r s t  hypural has fused  p rox im ally  w ith  th e  parahypural and 

d i s t a l l y  w ith  th e  second h y p u ra l. A c a r tila g e n o u s  v e n tr a l  caudal r a d i a l  

i s  p re s e n t . I t  i s  a  p r im it iv e  s t ru c tu r e  found in  chondrosteans, g e n e ra l­

iz e d  h o lo stean s (P a tte rso n  1968), E lops and an asso rtm en t o f  lower t e l e o s t s  

(N ybelin  1971). I t  i s  a p p aren tly  l o s t  among some alepocephalo id  l in e a g e s . 

The median caudal r a d ia ls  each support a  f in  ray  and th e  caudal form ula i s  

10, 10+9, 9.

In  N arcetes stom ias (F ig , 12A) th e  second u r a l  centrum  i s  m issin g .



N arcetes s to m ias. USNM 215515, 473 nm SL, caudal sk e le to n .

B a la c a l ifo m la  c a lc a r a tu s . UMML 15157, c a . 345 mm SL, caudal 
sk e le to n .
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Both c e n tra  were p re s e n t  in  4 o f 7 specimens examined. One specimen each 

showed fu s io n  o f  th e  u r a l  c e n tra , f i r s t  p re u ra l  and u r a l  c e n tra , and f i r s t  

th re e  p re u ra l  and u r a l  c e n tra . Laminar bone was v a r io u s ly  developed on 

zero  to  fo u r  n e u ra l sp in es and one to  fo u r  haemal sp in e s . In  fo u r  cases 

th e re  were two e p u ra ls  and in  th re e  c a se s  th e re  were th re e . There are  

th re e  u ro n eu ra ls  in  th e  i l l u s t r a t e d  specimen. T y p ic a lly , th e re  i s  lam inar 

bone on th e  f i r s t  u ro n e u ra l, which i s  a b e r ra n tly  fu sed  to  the  underly ing  

c e n t r a  in  one specimen. Other im portan t fe a tu re s  common to  a l l  specimens 

a re  th e  t a l l  p re u ra l  c e n tra  w ith  la rg e  in te rs p a c e s , lack  o f  u r a l  n eu ra l 

a rc h e s , fu sed  t h i r d  and fo u r th  h y p u ra ls , two v e n tr a l  caudal r a d ia ls  and 

ro b u s t  median caudal r a d ia l s  in  c o n ta c t w ith  each o th e r  which to g e th e r 

su p p o rt th e  te n th  p r in c ip a l  (upper) f i n  ray . The caudal form ula  v a r ie s  

from  12, 10+9, 10 to  15, 10+9, 14.

B a ia c a l ifo m ia  c a lc a ra tu s  (F ig . 12B) shows some advanced fe a tu re s  

o v e r th a t  o f  N arce tes , in c lud ing  fo re sh o rte n in g  o f  the  f i r s t  u roneu ra l 

to  th e  f i r s t  p re u ra l  centrum, fu s io n  o f  th e  u r a l  c e n tra ,  d i s t a l  fu sion  

o f  th e  f i r s t  hypural w ith  both  the parahypu ral and second h y p u ra l, and 

two e p u ra ls . I t  r e t a in s  p r im itiv e  f e a tu r e s  such a s  lam inar bone on 

seven n e u ra l and f iv e  haemal sp in e s , a  u r a l  n e u ra l a rch  which however 

i s  ankylosed to  th e  f i r s t  p re u ra l centrum , and a  s h o r t ,  arched second 

n e u ra l  sp in e . Radiographs confirm  th e  s t a b i l i t y  o f  th e  number o f 

e p u ra ls  and the  sh o r t  second n e u ra l sp ine  in  13, c a lc a ra tu s  and B d ra k e i.

The median caudal r a d ia ls  a re  again  ro b u s t and i n  c o n ta c t b u t each su p p o rts  

a  p r in c ip a l  ra y . The caudal form ula i s  16, 10+9, 14.

The caudal sk e le to n  o f  Bathvlaco n ig r ic a n s  (F ig . 13A) i s  m ostly 

c a r t i l a g e .  Laminar c a r t i l a g e ,  o r a t  l e a s t  a  n o n -a l iz a r in  s ta in in g  

s t r u c tu r e ,  i s  p re s e n t  on two n e u ra l and th ree  haemal sp in es . No u ra l



B athylaco n ig r ic a n s . USNM 206693, 268 ram SL, caudal sk e le to n . 

Mentodus r o s t r a t u s , USNM 215612, ca. 135 ram SL, cauda l ske le ton .
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o r  f i r s t  p re u ra l  arches a re  ev id en t, a lth o u g h  i f  the  l a t t e r  i s  p re s e n t  i t  

h a s  fu sed  w ith  th e  f i r s t  u ro n e u ra l. The second p re u ra l  n e u ra l a rc h  i s  

red u ced , I  presume se co n d a rily . Two o f  th e  th re e  (fo u r? )  ep u ra ls  have 

t h e i r  proxim al ends in s e r te d  between th e  expanded f i r s t  u ro n e u ra ls , an 

a p p a re n t s t i f f e n in g  device a ls o  found in  N arcetes (F ig . 12A.), B athyprion 

(F ig , 14A), and Mentodus. and  se a rs id  (F ig . 13B). There a re  th re e  u ro ­

n e u ra l s ,  the  t h i r d  fused w ith  the  second on the  l e f t  s id e  bu t f r e e  on the 

r i g h t .  The u r a l  and f i r s t  p re u ra l  c e n tra  a re  u n o ss if ie d  and th e  f i r s t  

h y p u ra l has h as fused  an d /o r su tu red  w ith  th e  parahypural and second 

h y p u ra l .  There i s  a  s in g le  v e n tra l  cauda l r a d ia l  and th e  two median 

c a u d a l r a d ia ls  a re  in  c o n ta c t and support th e  te n th  p r in c ip a l  (upper) :f in  

r a y .  The cau d a l formula i s  18 , 10+9, 16.

S im ila r  to  th e  l a s t  f o u r  genera in  se v e ra l re s p e c ts  i s  th e  s e a r s id ,  

Mentodus r o s t r a tu s  (Fig. 13B ). Laminar bone i s  p re s e n t  on f iv e  n e u ra l 

and th re e  haemal sp ines, th e  parahypural and the  f i r s t  u ro n e u ra l. There 

i s  no v i s ib le  u r a l  neural a r c h ,  f i r s t  u r a l  centrum o r  v e n tr a l  caudal 

r a d i a l .  The f i f t h  and s ix th  hypurals a re  fu sed  p ro x im ally . The b a ses  

o f  th e  th i r d  and fo u rth  h y p u ra ls  extend a long  the s id e  o f  the  second u r a l  

centrum  as a  caudal s t i f f e n e r .  This type o f  caudal s t i f f e n e r  may be 

c h a r a c t e r i s t i c  o f  sea rs id s  (Greenwood and Rosen, 1971, F ig . 11B), b u t a  

s im i la r  s t ru c tu r e  i s  a lso  found  in  P h o to s ty lu s  (F ig . 16A). The median 

c au d a l r a d ia l s  a re  small and bo th  support th e  te n th  p r in c ip a l  (upper) f i n  

r a y .  The caudal formula i s  15, 10+9, 13.

With th e  fo llow ing m inor exception , none of th e  rem aining g en era  have 

lam in ar bone on n eu ra l sp in e s  and only a  few have reduced  amounts on the  

haem al sp in es and parahypu ral. B athyprion danae (F ig . 1AA) r e t a in s  a  

sm all amount o f  lam inar bone on the f i r s t  p re u ra l n e u ra l spine and



B athyprion danae. ISH 1539/71, 252 mm SL, caudal sk e le to n . 

M irognathus norm ani. ISH 917/73, 90 nnn SL, caudal sk e le to n .
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p arah y p u ra l. The f i r s t  u ro n eu ra l i s  expanded and the prox im al end o f  th e  

second epura l f i t s  i n  between th e  two u ro n e u ra ls . A v e n tr a l  caudal r a d i a l  

i s  p re s e n t  as a re  two sm all m edian caudal r a d i a l s ,  each supporting  a  sep ­

a r a te  f i n  ray . The caudal fo rm ula  i s  27, 10+9 , 23.

In  th e  specimen o f  M lrognathus normani (F ig . 14B) th e r e  i s  no v e r t e ­

b r a l  o s s i f ic a t io n ,  no lam inar bone except on th e  f i r s t  (and only) u ro n e u ra l, 

and o n ly  one e p u ra l . The s ix th  h y p u ra l i s  m issin g  and th e  pa rahypura l, 

expanded d i s t a l ly ,  i s  la rg e r  th a n  th e  second h y p u ra l. Among alepocephalo ids 

t h i s  ty p e  o f caudal symmetry i s  u n iq u e . There i s  no v e n tr a l  caudal r a d i a l  

and th e re  are  two sm all median cau d a l r a d i a l s ,  each c o n tr ib u tin g  minor 

su p p o rt to  a  f in  ra y . The caudal form ula i s  12, 10+9, 13.

I n  Rouleina m aderensis (Fig. 15A) lam inar bone rem ains on the f i r s t  

u ro n e u ra l ,  o f which th e re  a re  tw o, and th e re  a re  two e p u ra ls . O therwise 

t h i s  caudal looks sim ple and, e x ce p t fo r  th e  la c k  o f  lam in ar bone on th e  

s p in e s ,  p r im itiv e . There i s  no v e n tr a l  caudal r a d ia l  and the  two m edian 

cau d a l r a d ia ls  each  support a  f i n  ra y . The cau d a l form ula i s  13, 10+9, 13.

Xenodermichthvs copei (F ig . 15B) i s  v e ry  s im ila r  to  R ouleina. The 

i l l u s t r a t e d  specimen has fused  f i r s t  u ra l  and p re u ra l c e n t r a  but in  a  sec ­

ond specimen they  a re  se p a ra te . In  both specim ens th e re  a re  th ree  uroneu­

r a l s ,  two e p u ra ls , and no v e n tr a l  o r  median cau d a l r a d i a l s .  The lam inar 

bone on the  f i r s t  u ro n eu ra l i s  c o n s is te n t ly  d ir e c te d  forw ard (Greenwood 

and Rosen, 1971, F ig . 9A). T here a re  no v e n tr a l  or median caudal r a d i a l s .  

The cau d a l form ula i s  12, 10+9, 14.

P ho to sty lu s nvcnopterus (F ig . 16A) has fu se d  u ra l  c e n tr a ,  upper 

h y p u ra ls , lower h y p u ra ls , and u ro n e u ra ls . The f i r s t  u ro n eu ra l has an 

a n te r io r ly - d i r e c te d  sp ine. There i s  no tr a c e  o f  a  s ix th  h ypu ra l. The 

base o f  th e  fused upper hypurals extends down along the  s id e  of the  fu se d



Fig. 15
-4-* R o u le in a  m ad e ren s is . USNM 215473, c a . 230 nun SL, cauda l sk e le to n . 

B. Xenoderm ichthys c o p e i , USNM 215539, 151 mm SL, cau d a l sk e le to n .
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Photos ty  lu s  pycnop te r u s . USNM 215518, 83 nun SL, caudal sk e le to n . 

Talisman!a. o re g o n i. USNM uncatalogued , 265 mm SL, caudal sk e le to n .
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u r a l  c e n tra  and e x te rn a l  to  the  base o f  th e  second h y p u ra l. This would 

appear to  be an e la b o ra tio n  o f the  c o n d itio n  found in  Mentodus (F ig . 13B) 

and a c ts  to  f u r th e r  s t i f f e n  th e  caudal base  along th e  form er p lane  o f  the  

"chondrostean  hinge" .

None o f the  rem aining genera has a  d o rsa l expansion  o f lam inar bone 

on th e  f i r s t  u ro n e u ra l, a l l  possess two u r a l  c e n tra , and only th e  f i r s t  

two genera  have u r a l  n e u ra l a rches. W ith re sp e c t to  th e  f i r s t  two char­

a c t e r s ,  a l l  o f  th ese  genera  a re  p r im i t iv e ,  a lthough  secondary lo s s  o f  

lam in a r bone on the  f i r s t  u roneu ra l i s  p o s s ib le . The lo s s  o f u r a l  n e u ra l 

a rc h e s  i s  a  d e riv ed  f e a tu re .

Talism ania oregoni (F ig . 16B) h as  a  u r a l  n e u ra l a rc h  fused to  th e  

f i r s t  p re u ra l n e u ra l a rc h  and two long  th in  e p u ra ls  (se e  a lso  Greenwood 

and Rosen, 1971, F ig . 8A). There a re  fo u r  p a ir s  o f  u ro n e u ra ls , th e  

upperm ost very  m inute , a  v e n tra l  cau d a l r a d ia l  and two median caudal 

r a d i a l s  each suppo rting  a  f i n  ray . The caudal fo rm ula  i s  16, 10+9, 15.

In  two sp ec ie s  o f th e  Binghamichthys subgenus o f  Talism ania (F ig . 17A), 

th e r e  a re  two e p u ra ls , th re e  u ro n e u ra ls , sep ara te  u r a l  and f i r s t  p re u ra l  

n e u ra l  a rch es , and two median caudal r a d i a l s  ;• su p p o rtin g  f in  ra y s . The 

c au d a l form ula fo r  T. a n t i  l i a r  ium i s  13, 10+9, 13 and f o r  a  specimen o f 

2L* anhos i t  i s  15, 10+9, 13.

E r ic a ra  salmonea (F ig . 17B) r e t a in s  lam inar bone on the  parahypural 

and one haemal sp ine  and r e ta in s  th e  fo u r th  o r p o s s ib ly  f i f t h  p a i r  o f  

m inu te  u ro n eu ra ls . The second u ro n eu ra l i s  forked  on bo th  s id e s . There 

i s  one ep u ra l. There i s  one, p o s s ib ly  a b e rra n t, v e n tr a l  caudal r a d ia l  

and no median caudal r a d ia l s .  The cau d a l form ula i s  16, 10+9, 16.

Conocara m cdonaldi (F ig . ISA) h as a  forked second u roneu ra l on b o th  

s id e s ,  one e p u ra l, no caudal r a d ia ls ,  and lam inar bone on the  p a rah ypu ra l



F ig .  17

A. T alism ania  a n ti l la ru m . USNM 215560, 140 ram SL, cauda l sk e le to n .

B. E ric a ra  salm onea, UMML 32354, ca. 305 mm SL, caudal sk e le to n .
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formed in to  a  peg th a t  f i t s  in  a  so ck e t on th e  p reced ing  haem al sp ine.

The parahypural i s  s im ila r  to  th a t  d escribed  above fo r  L e p to c h ilic h th y s . 

The caudal form ula i s  17, 10+9, 16.

The caudal o f Lentoderma macrons i s  reduced (F ig . 18B). A c o n s is te n t  

f e a tu re  in  two specimens o f L. macrons and th e  one o f  L. lub ricum -comnlex 

examined and in  th e  Lentoderma i l l u s t r a t e d  by Greenwood and Rosen (1971, 

F ig . 9B) i s  th e  accesso ry  p a rah y p u ra l. They a ls o  found an e p u ra l and a  

second u ro n eu ra l which I  d id  n o t f in d .  There i s  no s ix th  h y p u ra l, only 

a  rem nant o f  the  f i f t h ,  and no cauda l r a d ia ls .  The caudal form ula in  

th e  specimen i l l u s t r a t e d  i s  7, 6+7, 6. In  L. lubricum -com plex the  fo r ­

m ula i s  26, 9+10, 23.

E in a ra  eden tu lu s (F ig . 19A) i s  more p r im it iv e  than th e  l a s t  th ree  

genera  in  having two e p u ra ls  and two median caudal r a d ia l s .  I t  i s  more 

advanced in  having on ly  two p a i r s  o f  u ro n e u ra ls ; the  m inute th i r d  one i s  

a  s in g le  median o s s i f ic a t io n .  The caudal fo rm ula  i s  8, 10+9, 8,

B a th v tro c te s  m ic ro lep is  (F ig . 19B) r e ta in s  th e  minute fo u r th  uroneu­

r a l ,  lam inar bone on th re e  haemal sp in es and th e  p a rah y p u ra l, and the 

median and v e n tr a l  caudal r a d i a l s .  The parahypu ral has a  sm all p e g -lik e  

p ro cess  and th e  base o f  the  fused  th i r d  and f o u r th  hypural i s  expanded 

below and along th e  s id e  o f  th e  second u ra l  centrum . The cauda l form ula 

i s  14, 10+9, 12.

A lepoceohalus a g a s s lz i i  (F ig . 20A) has a  p e g - lik e  p ro c e ss  on the 

p a rah y p u ra l and the  base o f  th e  t h i r d  hypural i s  v a rio u s ly  expanded below 

th e  second u r a l  centrum. There i s  one long e p u ra l and a  sm all c i r c u la r  

o s s i f i c a t io n  a n te r ia d , two p a ir s  o f  u ro n eu ra ls  and a  m inute th i r d  o s s i f i ­

c a t io n , th e  rem ains o f a t  l e a s t  one u r a l  n e u ra l a rc h , and b o th  v e n tra l  and 

median caudal r a d ia ls .  The l a t t e r  each support a  f i n  ra y . The caudal f o r ­

m ula i s  15, 10+9, 15.



Conocara m cdonaldi, USNM 215599, ca , 285 mm SL, caudal sk e le to n . 

Leptoderma m arrops. USNM 215605, 195 mm SL, caudal sk e le to n .
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E ln a ra  e d en tu lu s , NIO unca ta logued , 116 ram SL, caudal sk e le to n . 

B a th y tro c te s  ra ic ro le p is . USNM 215493, 276 ram SL, cauda l sk e le to n .
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I n  the  subgenus L lo v d ie lla . rep re sen ted  by a  specimen o f A lepocephalus 

b ic o lo r  (F ig , 20B), th e re  a re  two e p u ra ls , th re e  p a ir s  o f u ro n eu ra ls  and 

th e  u r a l  and f i r s t  p re u ra l neura l a rches have fused. A p e g -lik e  process 

on th e  parahypural i s  p re s e n t  and th e  base o f  the fu sed  th ird  and fo u rth  

h y p u ra ls  produces another p eg -lik e  p rocess \d iich  meets a  s im ila r  s tru c tu re  

from th e  second hypural i n  a  f l a t  c a rtila g e n o u s  jo in t .  No v e n tra l  caudal 

r a d i a l  was found and the  two small median caudal r a d ia ls  each support a 

f i n  ra y . The caudal form ula i s  18, 10+9, 15.

I t  should be apparent from the emphasis i n  some o f  the  preceding 

d e s c r ip t io n s  t h a t  I  co n sid er the e lim in a tio n  o f  the ob lique  p lane  o f f le x ­

ion  o r  frchondrostean hinge" im portan t. P a tte rso n  (1968) has commented on 

th e  fu n c tio n a l s ig n if ic a n c e  of the  e lim in a tio n  of th e  "hinge" and consid­

e red  i t  the  e s s e n t ia l  change in  th e  t a i l  a t  th e  p h o lid o p h o rid /lep to lep id  

t r a n s i t i o n ,  _i.,e. a s  a  d is tin g u is h in g  fe a tu re  o f  the T e le o s te i,

A t the  a lepocephalo id  le v e l f u r th e r  s t i f f e n in g  o f  the  "hinge" has 

o ccu rred . One method has been through the v e n tra l  expansion o f  th e  base 

o f th e  th i r d  o r  th i r d  and fo u r th  h y p u ra ls . T h is has le d  to  a  s tru c tu re  

which e i th e r  p rov ides r i g i d i t y  and support to  the  base o f the second 

h y p u ra l (Mentodus, Fig. 13B, and P h o to s ty lu s . Fig. 16A) or su tu re s  to  a 

s im ila r  b asa l p ro cess  from the second hypural (Alopecephalus. subgenus 

L lo v d ie l la . F ig . 20B). A second s t i f f e n in g  device has involved th e  ex­

panded f i r s t  p a i r  o f u ro n eu ra ls  and one or more epu ra ls  which in s e r t  be­

tween th e  bony p la te s  o f  th e  u roneu ra ls  (N arcetes. F ig . 12A; Bathvloco.

F ig . 13A; Mentodus. Fig. 13B; and B athyprion. F ig. 14A). The l a t t e r  

d ev ice  may be th e  fo r tu ito u s  r e s u l t  o f  two sep ara te  developments. One 

i s  th e  leng then ing  o f e p u ra ls  and p re u ra l n e u ra l sp ines which i s  asso­

c ia te d  w ith  the  lo s s  of th e  Irchondrostean h inge" in  many ea rly  te le o s ts



Fig. 20
A. A lepocephalus ag assx y .ii. USNM 215579, 345 mm SL, caudal sk e le to n ,

B. A lepocephalus (L lo v d ie lla )  b ic o lo r . USNM 215607, caudal 
sk e le to n .
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(P a tte rso n  1968), and th e  o th e r  i s  th e  outgrowth o f  lam inar bone on the  

f i r s t  u ro n e u ra l, an advanced f e a tu r e ,  which i s  a ls o  a s so c ia te d  w ith  

s t i f f e n in g  th e  t a i l .

P e c to ra l g i r d le :

The p e c to ra l  f i n  i s  m oderately  h ig h  on th e  s ide  o f  th e  body in  most 

a le p o ce p h a lo id s . E xceptions a re  Bathvlaco which has reduced f in s  lo c a te d  

r e l a t i v e l y  low on th e  s id e  and L ep to ch ilic h th y s  which has a  v e n tr o la te r a l  

p e c to r a l  base  and f in  ra y s  a lig n e d  h o r iz o n ta l ly .

T y p ica lly  i n  a lep o cep h a lo id s , th e re  i s  a  fo rked  p o s t- tem p o ra l, a  

su p ra c le ith ru m , and no p o s tc le i th r a .  In  L ep to ch ilic h th v s  a g a s s iz i i  

F ig . 21A), a  m esocoracoid i s  p re se n t;  the  c le ith ru m  h as a  s l ig h t  ex­

p an sio n  o f  lam inar bone d o r s o la te r a l  to  th e  scapula; th e  v e n tra l  p ro cess  

o f  th e  co raco id  (VPC) i s  d ire c te d  su b -h o r iz o n ta lly , about p a r a l l e l  to  

th e  p o s te r io r  (v e n tra l)  prim ary r a d i a l ;  and th e re  i s  a  s h e e t- l ik e  l ig a ­

m ent (no t shown) from th e  ven tro -m ed ia l a re a  o f the  c l e i  thrum to  th e  VPC. 

T here a re  n ine  p e c to ra l  ray s  supported  by s ix  c a r tila g e n o u s  d i s t a l  r a d ia ls  

i n  tu r n  supported  by fo u r  o s s i f ie d  proxim al r a d ia ls .  The a n te r io r  (d o rsa l)  

d i s t a l  r a d ia l  has a  proxim al groove which f i t s  over th e  scap u la r c a r t i l a g e  

i n  a  sad d le  jo in t  arrangem ent, a  c o n d itio n  found in  a l l  a le p acep h a lo id s .

The p e c to ra l  g i rd le  o f th e  s e a r s id  Mentodus r o s t r a tu s  (F ig . 21B) i s  

s im ila r  to  th a t  o f  _L. a g a s s i z i i . b u t th e  VPC i s  much sh o r te r  and h as  no 

lig am en t. F u r th e r ,th e  expanded c le ith ru m  in  M. r o s t r a tu s  i s  c re n e l la te d .

In  B a th v tro c te s  m ic ro le p is  and N arce tes stom ias (F ig . 22A & B) 

th e re  i s  l i t t l e  d e p a rtu re  from th e  L ep to ch ilic h th y s  c o n d itio n . N otably , 

th e  v e n tr a l  p rocess o f  th e  co raco id  and a sso c ia te d  ligam ent a re  l i t t l e  

changed, th e re  a re  s t i l l  fo u r proxim al r a d ia ls  and th e  d o rsa l d i s t a l  r a d ia l  

a r t i c u l a t e s  w ith  the  scap u la  by a  saddle j o in t .  They d i f f e r  from



Leptochilichthvs agassizii. ISH 916/73, 255 mm SL, pectoral
girdle, medial view, right side.
Mentodus rostratus. USNM 215612, ca. 135 mm SL, pectoral girdle,
medial view, left side.
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Bgthytroctes microlepis. USNM 215493, 276 ram SL, pectoral
girdle, medial view, left side.
_Narcetes stomias. USNM 215515, 473 ram SL, pectoral girdle,
medial view, right side.
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L ep to ch ilich th y s  i n  the  n o tic e a b ly  expanded c le ith ru m  d o rs o la te ra l  to  th e  

scapu la  and the  th in  s c a le - l ik e  s tru c tu re  t e n t a t i v e ly  id e n t i f ie d  a s  a  

remnant o f  a  d o rsa l p o s tc le ith ru m . In  B a th y tro c te s  m ic ro lep is  th e re  a re  

12 ray s , each  supported by a  sm all d i s t a l  r a d ia l ,  and in  N arcetes stom ias 

th e re  a re  11 rays supported  by 9 d i s t a l  r a d ia ls .

B a ia c a l if o m ia  c a lc a ra tu s  and B athylaco n ig r ic a n s  (F ig . 23A & B) 

b eg in  to  show s p e c ia l iz a t io n s  found in  many o ther g en era . The p o s tc le i ­

thrum  i s  a  sm all remnant on th e  r i g h t  p e c to ra l  and i s  m issing  on th e  l e f t  

p e c to ra l  o f  B,. c a lc a ra tu s  (F ig . 23A), but i s  r e ta in e d  in  13. n ig r ic a n s  

(F ig . 23B). In  b o th , th e  c le ith ru m  i s  p e rfo ra te d  a s  i s  the  scapu la  in

B. c a lc a r a tu s . The v e n tra l  p ro cess  o f  the co raco id  i s  d ire c te d  v e n tr a l ly  

and i s  a lig n e d  alm ost p e rp e n d ic u la r  to  th e  p lane o f  th e  v e n tra l  proxim al 

r a d i a l .  The ligam ent of th e  VPC i s  r e ta in e d  in  B athy laco  and p o s s ib ly  in  

B a ia c a l if o ro ia  b u t th i s  c o u ld  n o t be p o s i t iv e ly  v e r i f i e d .  In  B. c a lc a ra tu s  

th e re  a re  14 rays supported  by 12 d i s t a l  r a d i a l s ,  th e  d o rsa l most a r t i c u ­

l a t in g  w ith  the scapu la  by a  saddle  jo in t .  In  13. n ig r ic a n s  th e re  a re  8 

r a y s , s ix  d i s t a l  r a d ia l s  and only  two proxim al r a d i a l s .  Again th e re  i s  a  

sadd le  j o i n t  between the d o r s a l  d i s t a l  r a d ia l  and th e  scapu la .

In  A lepocephalus r o s t r a tu s  and A. a g a s s iz i i  (F ig . 24A & B ), as w e ll 

a s  A. htH -rdii and A. (L lo v d ie lla )  b ic o lo r , th e  v e n tr a l  p rocess o f  the  

co raco id  i s  la rg e ly  c a r tila g e n o u s . However, the deg ree  o f  o s s i f ic a t io n  

o f  the  VPC appears s iz e  dependent i n  A. a g a s s iz i i  s in c e  i t  i s  t o t a l l y  

c a r t i la g e n o u s  in  an  87.9 mm SL specimen and has j u s t  begun to  o s s ify  i n  a  

142 mm SL specimen. No sh e e t  l ik e  ligam ent could be found a sso c ia te d  

w ith  the VPC in  any A lepocephalus. In s te a d , the space between i t  and th e  

c le ith ru m  i s  b ridged  by t h in  connective  t i s s u e .  The scap u la  in  Alepocepha­

lu s  has a  groove (A. a g a s s iz i i  and A. b a i r d i i )  o r  foram en (A. r o s t r a tu s



Baiacalifomia calcaratus. UMML 15157; ca. 345 mm SL, pectoral
girdle, medial view, left side.
Bathylaco nigricans. USNM 206693, 268 mm SL, pectoral girdle,
medial view, right side.
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Fig. 24
A. A lepocephalus r o s t r a t u s . NIO unca ta logued , 271 mm SL, p e c to ra l  

g i r d le ,  m edial view , l e f t  s id e .

B. A lepocephalus a g a s s i z i i . USNM 215579, 345 mm SL, p e c to r a l  g i r d le ,  
m edial view , l e f t  s id e .



CLEITHRUM

SCAPULA

MESOCORACOID

DISTAL RADIALS

CORACOIDPROXIMAL RADIALS

VENTRAL PROCESS OF CORACOID

DISTAL RADIAL & FIRST FINRAY

SCAPULA

CLEITHRUM

MESOCORACOID

CORACOID

PROXIMAL RADIALS /X :

VENTRAL PROCESS OF CORACOID

B



69
and A. (L lo v d ie lla )  b ic o lo r ) .  The d o rs a l  d i s t a l  r a d ia l  i s  jo in e d  to  the  

scap u la  by a  sadd le  j o in t  a lthough  th e  groove in  th e  r a d ia l  i s  sometimes 

n o t w e ll pronounced. In  th e  specimens examined th e re  were 9 ra y s  on 8 

d i s t a l  r a d ia l s  in  A. r o s t r a tu s  and 11 ra y s  on 10 d i s t a l  r a d ia ls  in  A. 

a g a s s i z i i . A remnant o f  the  p o s tc le ith ru m  was found in  A, b a i r d i i  and

A. (L .) b ic o lo r .

T alism an ia  a n til la ru m  (F ig . 25A), T. aphos. and T. oregoni (F ig . 25B) 

have a  foramen in  the  co raco id  and th e  form er two a ls o  have a  foramen in  

th e  scapu la . On both  s id e s  o f  the  specimen o f  JT. a n til la ru m  th e  v e n tra l  

prox im al r a d i a l  i s  s p l i t  d i s t a l l y .  I n  T. aphos th e re  a re  f iv e  se p a ra te  

proxim al r a d i a l s ,  the  second from  th e  bottom  about tw o -th ird s  th e  len g th  

o f  i t s  n e ig h b o rs . An a d d it io n a l  m inute r a d ia l  (?) i s  p re se n t on bo th  

s id e s  o f  T. a n ti l la ru m . In  T alism ania  oregoni th e re  i s  an o p p o site  t re n d  

to  c o n so lid a te  proxim al r a d ia ls .  On th e  l e f t  s id e  o f  th e  specimen i l l u s ­

t r a t e d  th e  two d o rsa l r a d ia l s  fused  and on th e  r ig h t  s id e  the  two v e n tr a l  

r a d i a l s  fu sed . The d o rsa l d i s t a l  r a d ia l  forms a  sadd le  jo in t  w ith  th e  

scap u la . There are  16 ray s  supported  by  16 d i s t a l  r a d ia l s  in  T. a n t i l l a r u m  

and 13 ra y s  on 12 d i s t a l  r a d ia ls  in  T. o reg o n i.

In  Xenodermichthvs copei and R ouleina m aderensis (F ig . 26A& B) th e re  

i s  a  g en era l re d u c tio n  in  o s s i f ic a t io n .  The c le ith ru m  i s  n o t expanded 

d o r s o la te r a l  to  the  scap u la  and both have reduced numbers o f r a d i a l s .  In  

X. copei th e re  a re  th re e  proxim al r a d i a l s ,  6 d i s t a l  r a d ia ls  (in c lu d in g  

th e  sadd le  j o i n t ) , and 8 ray s . In  R ouleina m aderensis th e re  a re  two 

proxim al r a d i a l s ,  6 d i s t a l  r a d ia l s  (in c lu d in g  th e  sadd le  jo in t )  and 6 

ra y s .

With th e  excep tion  P h o to s tv lu s . none o f th e  rem aining genera  h as a  

m esocoracoid. In  E r ic a ra  salmonea (F ig . 27A), Conocara mcdonaldi (F ig . 27B), 

and Leptoderma macrops (F ig . 28A) th e re  i s  a  t r ia n g u la r  expansion o f  th e



T alism ania  a n t i l la r u m . USNM 215560, 140 mm SL, p e c to ra l  g i r d le ,  
m ed ial view , l e f t  s id e .

Talismania oregoni. USNM uncatalogued, 265 mm SL, pectoral
girdle, medial view, left side.
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Fig. 26
A. Xenodermichthys c o p e i. USNM 215539, 151 mm SL, p e c to r a l  g i r d le ,  

m ed ia l view , l e f t  s id e .

B. R ou leina  m aderensis . USNM 215473, c a . 230 mm SL, p e c to r a l  g i r d le ,  
m edial view , l e f t  s id e .
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Fig. 27
A* E r ic a ra  salm onea, UMML 32354, ca . 305 mm SL, p e c to ra l  g i r d le ,  

m edial view , r i g h t  s id e .

B. Conocara mcdonaldi. USNM 215599, ca. 285 mm SL, pectoral girdle,
medial view, left side.



CLEITHRUM DISTAL RADIAL &
/  FIRST FINRAY

CORACOID

PROXIMAL RADIALS

SCAPULA

SCAPULA

DISTAL RADIALS

PROXMAL RADIALS

CORACOID

CLEITHRUM

VENTRAL PROCESS OF CORACOID



73
c le ith ru m  d o r s o la te ra l  to  the scapu la  and a  r e la t iv e ly  e longate  c a r t i l a ­

genous VPC, There a re  f iv e  o s s i f ie d  proxim al r a d ia ls  on the  r ig h t  s ide  

and fo u r  on the  l e f t  s id e  o f E. salmonea. An u n id e n tif ie d  p iece  o f  c a r­

t i l a g e  (?) l i e s  a t  the  base o f  th e  th i r d  c a r t i la g e  on both  s id e s . In  E. 

salmonea th e re  axe 8 d i s t a l  r a d ia ls  in c lu d in g  the saddle j o in t  and 12 

r a y s . Conocara mcdonaldi has th re e  o s s i f ie d  and one ca rtila g en o u s  p ro x i­

m al r a d i a l ,  7 d i s t a l  r a d ia ls  inc lu d in g  th e  saddle j o in t  and 8 ray s . 

Leptoderma macrops has th ree  o s s i f ie d  proxim al r a d ia ls  (u su a lly  au to ­

genous) , f iv e  d i s t a l  r a d ia ls  and 8 ray s .

E in a ra  eden tu lus (F ig. 28B) lacks lam inar bone on the  c le ith ru m  and 

th e  specimen examined lacks o s s i f ic a t io n  o f  the  co raco id  and scapula . 

There a re  th re e  o s s i f ie d  and g re a t ly  expanded proximal r a d ia ls  which sup­

p o r t  9 f i n  ra y s . Two ca rtila g en o u s  r a d ia ls  are  la b e lle d  d i s t a l  r a d ia ls  

though t h i s  id e n t i f i c a t io n  i s  a rguab le . A specimen o f  E in ara  m acrolepis 

h a s  a  p e c to ra l  g i rd le  very  s im ila r  to  th a t  o f  IS. a t la n t ic u s  in  th a t  i t  

a ls o  lack s  an expanded c le ith ru m  and o s s i f ie d  co raco id  and scapu la  and 

h as  th re e  expanded proxim al r a d ia ls  and a t  l e a s t  two o th er c a rtila g en o u s  

r a d i a l s  ( th e  p re c is e  number could  no t be determ ined).

A specimen o f  Asquamiceps h l o r t i  was examined bu t p e c to ra l  g ird le  

development was incom plete. However, th e  fo llow ing  fe a tu re s  o f  t h i s  

p e c to r a l  were no ted : a  mesocoracoid appeared to  be ab sen t, the  scapula

and co raco id  were u n o ss if ie d , a  VPC was p re s e n t , fo u r o s s if ie d  proxim al 

r a d i a l s  were p re s e n t, two c a rtila g e o u s  d i s t a l  r a d ia ls  o f approxim ately 

e q u a l s iz e  were p re se n t in  a  p o s it io n  as in  JE. edentulous (F ig . 28B) bu t 

u n l ik e  E in a ra , each o f  the  11 o r  12 f in  ra y s  a lso  had a  d i s t a l  r a d ia l .

In  Bathyprion danae (F ig. 29A) and M irognathns normani th e  p e c to ra l 

f i n  i s  reduced and ab sen t, re s p e c tiv e ly . In  B. danae th e re  a re  9 ray s



Leptoderma m acrops, USNM 215605, 195 mm SL, p e c to ra l  g i rd le ,  
m edial view, r i g h t  s id e .

E in a ra  ed en tu lu s. NIO uncatalogued , 116 mm SL, p e c to ra l  g i rd le ,  
m ed ia l view, l e f t  .s id e .
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Fig. 29
A! B athyprion danae, ISH 1539/71, 252 mm SL, p e c to ra l  g i rd le ,  

m edial view , l e f t  s id e .

B. F h o to s ty lu s  pycnop terus. USNM 215518, 83 mm SL, p e c to ra l  
g i r d le ,  m edial view , l e f t  s id e .
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on 8 d i s t a l  r a d ia ls ,  a l l  supported  by one o f  two proxim al r a d ia l s .  L ike 

the  r a d i a l s  the  co raco -scap u la  and VPC a re  c a r t ila g e n o u s . In  M. normani 

(ISH 917/73) no ray s  o r r a d ia l s  were seen , b u t  a  VPC and reduced c a r t i l a ­

genous co raco -scap u la  a re  p re s e n t.

A damaged p e c to ra l  from  a  specimen o f  R inoctes n a su tu s  was d is se c te d  

and s ta in e d . There was no m esocoracoid, b u t th e re  appeared to  be a  rem­

n a n t o f  th e  p o s tc le ith ru m , fo u r  proxim al r a d i a l s ,  and a  w ell developed VPC.

The p e c to ra l  o f  P h o to s ty lu s  pycnopterus (F ig . 29B) d i f f e r s  n o tic e a b ly  

from  a l l  o th e r  a lep o eep h alo id s thus f a r  examined. There a re  no d i s t a l  

r a d i a l s .  The 17 to  20 p e c to ra l  ray s  a re  supported  by th e  two o s s if ie d  

prox im al r a d ia ls  which to g e th e r  form a  n e a r ly  c i r c u la r  a r t i c u l a r  su rface .

A t h i r d  c a r tila g e n o u s  r a d ia l  i s  a ls o  p re s e n t .  The VPC i s  s h o r t ,  n o t d i ­

r e c te d  v e n t r a l ly ,  and to g e th e r  w ith  th e  c a r tila g e n o u s  r a d ia l  appears to  

p ro v id e  d o rso -v e n tra l  suppo rt to  th e  two o s s i f ie d  r a d i a l s .  The mesocora­

c o id , i f  th e  s t ru c tu re  in  JP. pycnopterus i s  homologous, i s  unique among 

t e l e o s t s .  The proxim al end a r i s e s  from  the  co raco -scap u la r c a r t i l a g e .

The s t ru c tu r e  then  a rches towards th e  o s s i f ie d  r a d ia ls  where i t  ends 

u n a tta c h e d .

P e lv ic  f i n  and g i r d le :

A lepoeephaloids can be d iv ided  in to  two grade groups on th e  b a s is  o f 

p e lv ic  s t ru c tu re .  In  the  f i r s t  group (L e p to c h ilic h th y s . A lepocephalus. 

N a rc e te s , B a ia c a l if o m ia . B athy laco . B athyprion . B a th y tro c te s . Nomoctes. 

and, presum ably, H erw igia. B e llo c ia . and B runichthvs) a re  those  genera  

t h a t  have 8(7-9) ray s  p lu s  a  p e lv ic  s p l in t .  The o th e rs  (Mentodus. Photo- 

s t v l u s . R in o c tes . M irognathus. T alism an ia . R ouleina. Xenodermichthvs. 

Ascruamiceps. E r ic a ra . Conocara, Leotoderma. E in a ra . genus A, and presum ably 

A nom alopterlchthys. and Aulastomatomorpha) have 6 (5- 8) ray s and no p e lv ic
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s p l i n t .  The l a t t e r  c o n d itio n  i s  d e riv e d  a lthough  p robab ly  n o t in d ic a t iv e  

o f  common a n ce s try  f o r  the  group, i . e .  the  p e lv ic  s p l i n t  has been l o s t  and 

f i n  ray  numbers have been reduced re p e a te d ly .

T y p ic a lly  each h a l f  o f  th e  p e lv ic  g ird le  c o n s is ts  o f  an e lo n g a te  pub ic  

p ro c e ss  w ith  a  c a r tila g e n o u s  t i p ,  an o s s i f ie d  pubic  p la te  on e i th e r  s id e  

o f  th e  proxim al end o f  the  pub ic  p ro c e ss , a  la rg e  i s c h i a l  c a r t i l a g e  w ith  

a  v a r io u s ly  o s s i f ie d  i s c h ia l  p l a t e ,  a  g e n e ra lly  p o o rly  developed i l i a c  

p ro c e s s , a  median d i s t a l l y  o s s i f ie d  r a d i a l  and zero  to  two a d d it io n a l  

r a d i a l s .  I n  a d d itio n  th e re  a re  sometimes v a rio u s  i s c h ia l  p ro ce sse s  w ith in , 

above and below the p lane  o f  th e  i s c h ia l  p la te .

In  B a th y tro c te s  (F ig . 3QA), A lepocephalus. and N arce tes th e  i s c h ia l  

p ro c e sse s  a re  .well developed. In  sp e c ie s  o f  th ese  genera  a  c a r tila g e n o u s  

d o r s a l  i s c h ia l  p ro cess  i s  d ir e c te d  p o s te r ia d ,  sometimes p a s t  th e  o s s i f ie d  

r a d i a l  (F ig . 30A), and lo c a te d  above th e  p lane  o f  the  i s c h ia l  p l a t e .  There 

i s  a lso  a  c a r tila g e n o u s  v e n tr a l  i s c h ia l  p ro cess  d ire c te d  s l i g h t ly  p o s te ro -  

v e n t r a l ly  which m eets i t s  o p p o site  member a t  th e  m id line  (excep t in  

N a rc e te s ) . In  th ese  genera th e  pubic p la te  i s  expanded and w e ll o s s i f i e d  

m e d ia lly  a s  i s  the  i s c h ia l  p la te  p o s te r io r ly ,  th e re  i s  a  p e lv ic  s p l in t  

and  seven o r  e ig h t r a y s .  There are u s u a l ly  one o r two c a r tila g e n o u s  r a d i ­

a l s  a lthough  in  _B. mi cro l e n ls  (F ig . 30A) the  p o s te r io r  su rfa ce  o f th e  two 

r a d i a l s  i s  o s s if ie d .

B a ia c a lifo rn ia  c a lc a ra tu s  and B athylaco n ig r ic a n s  a re  v e ry  s im ila r  

to  th e  above genera excep t th a t  th e  p o s te ro v e n tra l ly  d i r e c te d  i s c h ia l  

p ro c e ss  which i s  m erely  a  sm all knob. B athylaco has seven and B aia­

c a l i f o m i a  has e ig h t ray s p lu s  a  s p l i n t .  The v e n tra l  h e m itr ic h  o f  the  

innerm ost ra y  i s  r i g id l y  a tta c h e d  to  b u t  n o t fu sed  to  th e  o s s i f ie d  m edial 

r a d i a l  in  B athylaco . s im ila r  to  th e  c o n d itio n  in  A lep isau ru s (G osline , e t  a l ,  

(1966).



Fig. 30
A. B a th y tro c te s  m ic ro le p is . USNM 215493, 276 nun SL, p e lv ic  g i rd le ,  

d o rsa l view, r ig h t  s id e .

B. T alism ania a n ti l la ru m . USNM 215560, 140 mm SL, p e lv ic  g i rd le ,  
d o rsa l view , l e f t  s id e .

C. E ric  ax a  salmonea. UMML 32354, ca . 305 mm SL, p e lv ic  g i r d le ,  
d o r s a l  view , r ig h t  s id e .
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L ep to ch ilich th v s a g a s s iz i i  has n ine  rays p lu s  a  s p l in t .  O therw ise 

i t  d i f f e r s  from th e  above genera only in  th e  c a rtila g en o u s  is c h ia l  p ro ­

c e sse s . The v e n tra l  process i s  m oderately long and broad and meets i t s  

opposite  member a t  th e  m idline as in  B athy troctes (F ig . 30A). However, 

the  d o rsa l p rocess i s  very  broad based and in s te a d  o f  being e longate 

p o s te r ia d , i t  arches away from the raid line  as a  p la te - l ik e  s tru c tu re .

B athprion danae has 8 rays p lu s a  s p l in t ,  bu t u n lik e  the o th e r 

forms w ith  a  s p l in t ,  i t  has no median o s s if ie d  r a d ia l  and no d o rsa l o r  

v e n tra l  i s c h ia l  p ro cesses . The i s c h ia l  c a r t i la g e  i s  expanded m ed ia lly  

and has a  sm all p o s te r io r ly -d ire c te d  p rocess in  the same plane as th e  

i s c h ia l  p la te .  The pubic p la te  i s  sm all. There axe th re e  ca rtilag en o u s

r a d ia ls ,  w ith  th e  p o s te r io r  su rface  o f  th e  outerm ost o s s if ie d .

Mirognathus normani i s  one o f the  few rem aining forms w ithout a

median o s s i f ie d  r a d ia l .  I t  has 5 ray s , no s p l in t ,  and no ra d ia ls .  Like

Bathyprion i t  has a  sm all pubic p la te ,  a  m edially  expanded is c h ia l  c a r ­

t i l a g e  and a  sm all p o s te r io r  i s c h ia l  p ro cess .

Mentodus ro s tr a tu s  has 8 ray s , no s p l in t ,  a  w ell developed pub ic  

p la te  and an i s c h ia l  c a r t i la g e  expanded m edially  where i t  con tacts i t s  

opposite  member. The i s c h ia l  c a r t i la g e  has a  sm all d o rsa l process b u t 

no v e n tra l  p ro cess .

Asquamiceps h j o r t i ,  E inara  ed en tu lu s . Rouleina m o ll i s . R. tnadArensis. 

Xenodermichthys copei and Photo s ty lu s  pycnopterus a re  a l l  c h a rac te rize d  by 

th e i r  sm all pubic p la te s ,  poorly  developed o r absent i l i a c  p rocess, no 

p e lv ic  s p l in t ,  and m edially  expanded i s c h ia l  c a r t i la g e  in  con tac t, o r  

n e a r ly  so , w ith  i t s  opposite  member and sm all p o s te r io r ly -d ire c te d  p ro ­

c e ss . There a re  s ix  rays in  P h o to s tv lu s . Xenodermichthys. Rouleina and 

T o ric tu s and f iv e  in  Asquamiceps.
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With th e  exception  o f  th e  s e a r s id  Mentodus, T alism ania  i s  th e  on ly  

genus w ith o u t p e lv ic  s p l i n t s  th a t  h a s  i s c h ia l  p ro cesses  o u ts id e  th e  p lan e  

o f  the  i s c h i a l  p la te  (F ig . 30B). I n  t h i s  genus th e  pubic p la te  and i l i a c  

p ro c e ss  a re  w e ll developed. The m ed ia lly  expanded i s c h ia l  c a r t i la g e  h as 

b o th  a  p o s te r io r  and a n te r io r  p ro c e ss , the  l a t t e r  o f  which connects to  

th e  a n te r io r  t i p  o f th e  p u b ic  p ro cess  through a  ligam ent. There i s  a  

s h o r t  p o s te r io r ly  d i r e c te d  d o rsa l p ro c e ss  in  th e  subgenus T alism ania  and 

a  fo ld  in  th e  i s c h ia l  c a r t i l a g e  in  th e  subgenus Bingham ichthys. T alism ania 

o regon i has 7 ra y s , T. a n ti l la ru m  h a s  8 and T. aphos has 6 o r  7.

E r ic a ra  salmonea (F ig . 30C) has 6 ray s , no p e lv ic  s p l i n t ,  two r a d ia ls  

in c lu d in g  th e  median o s s i f i e d  one and a  long p o s te r io r  i s c h i a l  p ro ce ss .

I n  Conocara mcdonaldi w hich a ls o  h as 6 rays and no s p l in t ,  th e  pubic 

p ro c e ss  i s  reduced and a lm ost in d is tin g u ish a b le  from th e  pub ic  p la te .

None o f th re e  r a d ia ls  i n  Conocara a re  o s s if ie d .  In  Leptoderma macrops 

w hich has 5 ra y s  and no s p l i n t  th e re  i s  no pub ic  p ro cess , no p o s te r io r ly  

d i r e c te d  i s c h i a l  p ro cess , and only one c a r tila g e n o u s  r a d i a l .  The i l i a c  

p ro c e ss  o f  Leptoderma i s  r e l a t i v e ly  w e ll developed and d ire c te d  d o r s a l ly  

a s  a  sm all knob.



NARRATIVE PHYLOGENY AND OUTLINE CLASSIFICATION

I n te r f a m i l ia l  r e la t io n s h ip s :

A t th e  beginning  o f  t h i s  s tu d y , as can be determ ined in  some p re ­

v io u s  s e c t io n s , I  made th e  a  p r i o r i  assum ption th a t  th e  s i s t e r  group o f 

a lep o cep h alo id s  was th e  a rg e n tin o id s  a s  proposed by Greenwood and Rosen 

(1971). A lthough o th e r  lower t e le o s ts  were examined during  th e  course 

o f  t h i s  study  (A ppendix), t h e i r  r e la t io n s h ip  to  a lepocephalo ids was n o t 

c r i t i c a l l y  review ed. However, the  co rn e rs to n e  o f  th e  a lepocephalo id - 

a rg e n tin o id  r e la t io n s h ip  , th e  crumenal o rgan , re q u ire s  comment. As p re ­

fa c e  to  th e se  comments, i t  should  be no ted  th a t  Greenwood and Rosen (1971) 

adm it t h a t  many o f  th e  s im i l a r i t i e s  between th e  two groups a re  the  r e s u l t  

o f  r e te n t io n  o f p r im itiv e  c h a ra c te r s , to  which l i s t  one can a ls o  add Ring-  

f a l t e n . That they  could  spend se v e ra l pages l i s t i n g  c h a ra c te rs  th a t  a re  

more p r im itiv e  in  one group and more s p e c ia liz e d  in  th e  o th e r  presumably 

in d ic a te s  th e  d is ta n c e  o f th e  proposed r e la t io n s h ip  and th e  d if f e r in g  se ­

l e c t i o n  p re s su re s  on the  two groups. A cceptance o f  th e  crumenal organ as 

in d ic a t iv e  o f common a n c e s try  o f  th e  two groups re q u ire s  one to  b e liev e  

t h a t  th e  s t ru c tu re  i s  complex, th a t  i t  was evolved b u t once, and, by im p li­

c a t io n ,  th a t  o th e r  e p ib ra n c h ia l s t r u c tu re s  o r  th e  la c k  th e re o f  in  o th e r 

f i s h e s  could  n o t , parsim oniously , be d e riv ed  from t h i s  s t ru c tu re .

A ccording to  Greenwood and Rosen (1971:5) " th e  main d is tin g u ish in g  

d e t a i l  i n  th e  crumenal organ i s  an accesso ry  c a r t i la g e  th a t ,  according 

to  N elson (1967), may have a r is e n  by segm entation from the  p o s te r io r  c a r­

t i la g in o u s  a r t i c u l a r  su rfa c e  o f th e  f i f t h  c e ra to b ra n c h ia l,r . Rosen

81
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(1974:274) t r i e d  to  f u r th e r  e s ta b l is h  th e  com plexity  o f  th e  s t ru c tu re  in  

th e  s ta tem en t, " In  a rg e n tin o id s  th e  b a s ib ra n c h ia l to o th  p la te  i s  in v a r i ­

a b ly  e le v a te d  m ed ia lly  in to  a  sharp r i d g e . . . " '  I t  i s  obvious from th e  p a r­

agraph from which the  l a t t e r  was e x tra c te d  th a t  ira rg en tin o id s"  r e f e r s  to  

th e  suborder, n o t j u s t  th e  superfam ily . As shown above, th e  accesso ry  

c a r t i l a g e  i s  n o t p re s e n t  in  a l l  a lep o cep h alid s  and th e  sharp  m edial b a s i ­

b ra n c h ia l  r id g e  i s  v i r t u a l l y  absen t in  every a lep o cep h alid .

The id e a  o f  com plexity  a sso c ia te d  w ith  th e  crumenal organ r e s t s  p r i ­

m a r ily  on th e  assum ption th a t  th e  accesso ry  c a r t i la g e  evolved de novo in  

a  common a n ce s to r  o f th e  two groups. A nother p o s s ib i l i ty  i s  th a t  the  

a cc esso ry  c a r t i la g e  i s  a  p r im itiv e , perhaps salm oniform , c h a ra c te r  which 

h as rem ained, along w ith  many o th e r  c h a ra c te rs , alm ost unchanged in  these  

two groups. Concerning lo s s  o f  e n d o sk e le ta l g i l l - a r c h  e lem ents, Nelson 

(1969:520) w ro te , ,rA norm al sequence o f even ts seems to  be an i n i t i a l  lo s s  

o f  o s s i f i c a t io n ,  r e s u l t in g  in  an independent c a r t i la g in o u s  elem ent, and 

i t s  g radual re d u c tio n  w ith  lo s s  o f  th e  r e s u l t in g  rudim ent o r  i t s  fu s io n  

w ith  th e  c a r t i la g in o u s  a r t i c u l a r  a re a s  o f  an a d ja ce n t o s s i f ie d  elem ent". 

W ith in  a lepocephalid s such a  sequence has r e s u l te d  in  a  B athyprion- 

M iroenathus c o n d itio n  o f  no accessory  c a r t i la g e  p lu s  a  m inute o r fused  

f i f t h  e p ib ra n c h ia l (F ig . 11A) and a  P h o to s tv lu s  c o n d itio n  in  which n e i th e r  

elem ent i s  p re se n t (F ig . 11B). Thus, w ith in  a lep o cep h a lid s  N e lso n 's  re ­

g re s s iv e  sequence i s  con fined  to  some s p e c ia liz e d  b a th y p e lag ic  members. 

These genera  have probab ly  been re s id e n t  in  a  b a th y p e lag ic  h a b i ta t  fo r  a  

long  tim e and thus under s e le c tio n  p re s su re s  which d i f f e r  from th e  b e n th ic /  

engybenth ic h a b i ta t  o f  th e  main l in e  o f  a lepocephalid  ev o lu tio n .

Goody (1969) p re se n ts  a  u se fu l  o u t lin e  o f e a r ly  t e l e o s t  e v o lu tio n  

w hich i s  germain to  th e  p rev io u s s ta tem en t. He p o s tu la te s  th a t :  (1)



i n i t i a l  ev o lu tio n  o f  a  salmoniform  an cesto r was in  fre sh w a te r in  th e  la te  

T r ia s s ic  and e a r ly  J u r a s s ic ;  (2) they  re e n te re d  the seas a t  the  c lo se  o f 

th e  J u r a s s ic ;  (3) they  ra p id ly  d iv e r s i f ie d  in  th e  C retaceous in  th e  more 

p ro d u c tiv e  inshore  and e q u a to r ia l  su rface  w aters o f  th e  ocean; and (4) 

they were su b jec ted  to  s te m  com petition  towards the  c lo se  o f th e  C re ta ­

ceous by beryciform s and th e i r  r e l a t iv e s  which re s u l te d  in  numerous ex­

t in c t io n s  and fo rced  o th e r  salmoniform  lin e a g e s  in to  le s s  fav o rab le  hab­

i t a t s .  Although Goody (1969) m entioned only  th e  deep p e la g ic  h a b i ta t ,  

th e  salm oniform s were fo rced  in to  h igh  la t i tu d e s  as w e ll. The E socoidei 

and Salmonoidea a re  m ainly h igh  la t i tu d e  fresh w a te r groups and th e  Osmer- 

o id ea  a re  h igh  l a t i tu d e  c o a s ta l ,  e s tu a r in e  and fre sh w a te r (Bigelow and 

Schroeder 1963, Rosen 1974). Only the  A rgen tino idea  (Cohen 1964) and 

A lepocephalo idea a re  e x c lu s iv e ly  m arine w ith  b en th ic  o r engybenthic a d u lts . 

M arshall (1963) lo g ic a l ly  assumes th a t  e a r ly  c o lo n iz e rs  o f  deep w ater would 

l iv e  n o t f a r  under th e  p roductive  p h o tic  zone, i . e .  m eso p e lag ica lly . Among 

th e  groups fo rced  in to  le s s  fav o ra b le  h a b i ta t s  by th e  C retaceous b e ry c i­

forms were a lso  th e  s t r u c tu r a l ly  advanced ( r e la t iv e  to  salmoniforms) 

s to m ia to id s  and myctophiforms (Goody 1969). From p re s e n t d is t r ib u t io n s  

i t  can be assumed th a t  these  groups were co m p e titiv e ly  su p e rio r  to  a rg e n t i-  

no ids and a lepocephalo ids in  t h i s  h a b i ta t .  The l a t t e r  ap p aren tly  took up 

deep b e n th ic  re s id en ces  on the  upper and lower s lo p e , r e s p e c tiv e ly . In  

bo th  groups sp e c ia liz e d  lin eag es  subsequen tly  took to  th e  p e la g ic  h a b i ta ts  

s e c o n d a rily . A few, although  n o t a l l ,  o f  th ese  p e la g ic  forms in d ic a te  the  

ease  w ith  which the  accessory  c a r t i l a g e  and crumenal organ can be l o s t  

(see  above).

I f  th e  crumenal organ i s  a  p r im itiv e  salmoniform c h a ra c te r , i t s  ab­

sence in  on ly  a  few o f  the  marine species b u t in  a l l  o f  th e  fre sh -w a te r
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groups may be in d ic a tiv e  o f h a b ita t  r a th e r  than phylogenetic  s im ila r i ty  

among i t s  owners. A n o tic e a b le  d if fe re n c e  between freshw ater, e s p e c ia l ly  

l o t i c ,  and m arine h a b i ta ts  i s  th e  r e la t iv e  lack  o f p lankton  in  th e  form er. 

Even in  e s tu a r ie s  p lan k to n ic  organisms a re  a t  the mercy o f c u rre n ts  and 

sp e c ia liz e d  b eh av io ra l mechanisms a re  needed to  r e t a in  p lank ton ic  forms 

(S a n d ife r , 1975). A f i l t e r i n g  mechanism fo r  p lank ton  could e a s i ly  be 

l o s t  during  ev o lu tio n  in  fresh w ate r, a lthough  some la c u s tr in e  forms might 

be expected to  r e t a in  o r seco n d arily  acqu ire  a  f i l t e r i n g  mechanism.

As a  p re lude  to  fu r th e r  d isc u ss io n , no te  th a t  i t  i s  g e n e ra lly  agreed 

t h a t  e p ib ra n ch ia l organs (analogues o f crumenal organs) are s t r u c tu r a l  

a d a p ta tio n s  independently  evolved in  many microphagus lower te le o s ts  

(Nelson 1967, Bertm ar, Kapoor and M ille r  1969). F u rth e r , the autogenous 

p a tch es  o f  te e th  o r p a p il la e  on the esophogeal l in in g  o f the crumenal 

organ and the  den tigerous g i l l  rak e rs  (Greenwood and Rosen 1971) b e a r  a 

c lo se  resem blance to  the  pharyngeal sac p a p il la e  and g i l l  rakers o f  strom a- 

te o id s  (H aedrich 1967). S trom ateoids have r e la t iv e ly  u n sp e c ia liz ed , perhaps 

o p p o r tu n is tic , d i e t s ,  which inc lude  je l ly f i s h e s  (Haedrich 1967). The few 

a lep o cep h a lid  stomachs examined in  th is  study , as w e ll as some examined 

by T. McLellan (Harvard) and Golovan and Pakhorukov (1975) a lso  in d ic a te  

u n sp e c ia liz e d , o p p o rtu n is tic  feed in g , inc lud ing  freq u e n t consumption of 

c tenophores and j e l l y f i s h .  A ll  o f th is  suggests th a t  an "eco log ica l"  

e x p lan a tio n  o f th e  crumenal organ may be c re d ib le .

Where food i s  a  p o te n t ia l ly  scarce  reso u rce , as  i s  the  case i n  the 

deep -sea  in  g en era l (Dayton and H essle r 1972), a  g en era lized  o p p o rtu n is tic  

feed in g  ,rs t r a te g y r m ight have a  s e le c tiv e  advantage. The f i l t e r i n g  and 

s to ra g e  o f  diatom s and perhaps ra d io la r ia n s  (see above) during th e  course 

o f normal r e s p i ra t io n  might re p re se n t a  sm all a d d itio n a l m etabolic expense



th a t  could  in c re a se  the  p o te n t ia l  food supply o f  th e  species w ith  th is  

a b i l i t y .  I f  th e  crumenal organ i s  used fo r  th is  purpose, i t s  lo ss  w ith in  

s p e c ia liz e d  ba thypelag ic  a lepocephalids must be in te rp re te d  as an in d ic a ­

t io n  th a t  the  m etabolic expense o f  th e  organ outweighed any advantage 

th a t  i t  may have conferred  upon i t s  owner. Conversely, th e  re te n tio n  

o f  th e  organ in  se a rs id s  and i t s  aggrandizement, w ith  a sso c ia te d  s tru c ­

tu r e s ,  in  le p to c h ilic h th y id s  (both ba thypelag ic  groups) must be in te r ­

p re te d  as an in d ic a tio n  th a t  th e  equation  worked the  o th e r way. Thus, 

f o r  example, the  f a c t  th a t  the  ep ib ran ch ia l s t ru c tu re  of Photo s ty lu s  

(F ig . 11B) s tro n g ly  resem bles the  esocoid  (Rosen 1974:Fig. 8 ) lep ido- 

g a la x iid  (Rosen 1974:F ig . 14) ep ib ran ch ia l ske le ton  suggests th a t  the 

s tru c tu re  has undergone s im ila r  reg re ss iv e  ev o lu tio n  in  d i f f e r e n t  l in e ­

ages. Furtherm ore, accessory  s tru c tu re s  such as the  esophogeal p a p illa e  

and te e th  and the  den tigerous g i l l  rak e rs  in  strom ateoids and alepoceph­

a lo id s  suggests th a t  they  a re  the  r e s u l t  o f convergence due to  common 

e c o lo g ic a l needs (microphagy o r om nivory).

I f  the  crumenal organ i s  accepted as a  shared derived  fe a tu re  o f 

a lepocephalo ids and a rg e n tin o id s , one would hope fo r  a d d itio n a l corro­

b o ra tiv e  evidence. To date  I  know o f  no such evidence. I  b e liev e  th e re  

a re  th ree  p o ss ib le  in te rp re ta t io n s  o f th e  crumenal organ: ( 1) i t  i s  a

shared  d erived  fe a tu re  o f  th e  A rg en tin o id e i; (2) i t  i s  a  p r im itiv e  fe a tu re

a t  the  salmoniform le v e l  which has been re ta in e d  in  A rgentinoidea and 

A lepocephaloidea; (3) i t  rep re sen ts  a  g en e tic  p o te n t ia l  which may o r may 

n o t be developed w ith in  a l l  members o f a  m onophyletic group. The l a t t e r  

s ta tem ent im plies the  p o s s ib i l i ty  o f secondary a c q u is itio n . I  favor the  

second in te rp r e ta t io n .

P r io r  to  d iscu ss io n  on the  p o ss ib le  h igher re la tio n s h ip s  o f alepo­

cep h a lo id s, th e  fo llow ing summarizes th e  above anatom ical in fo rm ation  as
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i t  r e l a t e s  to  an h y p o th e tic a l a n c e s tr a l  a lepocephalo id . The fo llow ing  

a re  th e  most advanced f e a tu re s  such an a n ce s to r  could  be expected to  have:

1. The adducto r m andibulae had a  th in  s e c tio n  (AW) which in s e r te d

in  th e  Mecfcelian fo s s a  o f  th e  d en ta ry .

2. P o s te r ia d  o f  AW th e  coronom eckelian rec e iv e d  a  ligam ent which 

p a sse d  m edial to  AW and a ro se  from th e  m edial f ib e r s  o f  th e  adductor man­

d ib u la e .

3 . Through a  ligam ent the  l a t e r a l  f ib e r s  o f  th e  adducto r mandibulae 

in s e r te d  on th e  m a x illa ry .

4 . The le v a to r  o p e rc u li  was a  se p a ra te  m uscle.

5. The adductor a rcu s p a la tin i-a d d u c to r  hyom andibulae-adductor

o p e rc u li  was a  s in g le  und iv ided  m uscle sh e e t.

6 . The o v a rian  tu n ic  covered th e  m edial su rfa ce  o f  th e  ovary on ly .

7. A crum enal organ was p re s e n t .

8 . R in g fa lte n  were p re s e n t.

9 . A swimbladder was ab sen t.

10. There were two su p ra m a x illa r ie s .

11. The hyomandibula had a  d o rsa l a r t i c u l a r  su rface  sep a ra ted  from 

an o p e rc u la r  p ro cess .

12. Tooth p la te s  were p re se n t on th e  second, th i r d  and fo u r th  i n f r a -  

p h a ry n g o b ran ch ia ls , fo u r th  e p ib ra n c h ia ls , and f i f t h  c e ra to b ra n c h ia l.

13. The b a s ih y a l had te e th ,  w ith  a  minimal arrangem ent around th e  

m arg ins and along th e  m id lin e .

14. The b a s ib ra n c h ia l , raesopterygoid, and ec to p te ry g o id  had no te e th .

15. The vomer, p a la t in e ,  d en ta ry , p rem ax illa ry  and m a x illa ry  had 

t e e th .

16. There were more p recaudal than  caudal v e r te b ra e .
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17. The d o rsa l o r ig in  was in  advance o f  the  anal o r ig in  and 50-60% 

SL behind th e  snout.

18. There were probably  two u r a l  c e n tra , th e  f i r s t  most l ik e ly  o f 

compound o r ig in .

19. There were as many as two u r a l  n eu ra l a rch es , fo u r e p u ra ls , four 

u ro n e u ra ls , and s ix  hypu ra ls .

20. Laminar bone was probably p re se n t on th e  p o s te r io r  n eu ra l and 

haemal sp in es.

21. There were 19 p r in c ip a l  caudal ray s .

22. A m esocoracoid was p re se n t.

23. P o s tc le i th ra  were absen t.

24. The co raco id  had a  sm all v e n tra l  p ro cess .

25. The p e lv ic  f i n  had a  s p l in t .

26. In term uscu lar (e p ip le u ra l and ep in eu ra l) bones were p re se n t.

27. The r e t r a c to r  arcuum branchialium  muscle was ab sen t.

Other c h a ra c te rs  mentioned in  the  p rev ious se c tio n  o r  by Gosline 

(1960, 1969), Greenwood, Rosen, Weitzman and Myers (1966), Greenwood and 

Rosen (1971) and Rosen (1973, 1974) a re  o f  debatab le  in form ation  con ten t 

and a re  n o t included  above. Most o f the  above c h a ra c te rs  a re  p rim itiv e . 

Only p o in ts  3 , 4 , 9, 14 and 23 re p re se n t derived  c h a ra c te r  s ta te s  over 

th e  b a sa l salmoniform c o n d itio n  (Greenwood, Rosen, Weitzman and Myers, 

1966 as m odified by Rosen and P a tte rso n , 1969 and Rosen 1973, 1974).

Only th e  in s e r t io n  o f  the  adductor mandibulae on the  m ax illa ry  (p o in t 3) 

i s  a  nonreductiona l c h a ra c te r .

E vo lu tion  o f  adductor mandibulae c o n tro l o f  the  m ax illa ry  probably 

came about through encroachment on the  m axillo-m andibular ligam entous 

sh e e t . This i s  the  type o f m ax illa ry  connection found in  Oncorhvnchus.



88
S a lv e lin u s  and B athysaurus. T his c o n d itio n  appears to  have g iven  r i s e  to  

th re e  d e riv ed  c h a ra c te r  s t a t e s .  In  one group, vfaich in c lu d es  E lops and 

m ost a lep o cep h a lo id s , th e  l a t e r a l  f ib e r s  o f  the  adductor mandibulae tend  

to  converge on a  ligam ent •which has a  p o in t  in s e r t io n  o f  the  m a x illa ry .

In  th e  second group, which in c lu d es  th e  en g ra u lid , Anchoa and B athy laco . 

th e  adductor m andibulae has a  broad musculous in s e r t io n  on th e  m ax illa ry  

which in  Bathylaco has an a n te r o - la te r a l  tw is t  a ls o  in s e r t in g  on th e  

m a x illa ry .

A com plete ly  d i f f e r e n t  type  o f  adducto r m andibulae c o n tro l has evolved 

w ith in  th e  n e o te le o s ts  (see  Rosen 1973). Most au lop ifo rm s, in c lu d in g  

B athysau rus. a p p a ren tly  lac k  such c o n tro l except f o r  what i s  ga ined  through 

encroachm ent on th e  m axillo -m andibu lar ligam entous sh ee th . Among au lo p i­

form s on ly  S au rid a  and Harpadon (Rosen 1973: F ig . 38 and 39, S au rid a  

b r a s i l i e n s i s  a re  known to  have m ax illa ry  c o n tro l . In  th ese  au lopiform s 

th e  m a x illa ry  i s  under the  c o n tro l o f l a t e r a l  adductor m andibulae f ib e r s  

which cou ld  have evolved through an a n te r o - la te r a l  tw is t  s im ila r  to  th a t  

i n  B athy laco . U nlike B athylaco , th ese  genera  do n o t have A2 f ib e r s  in ­

s e r t in g  on th e  m a x illa ry . Rosen (1973) and W interbottom  (1974a) ap p aren tly  

b e lie v e  th a t  th e  A1 s e c tio n  in  n e o te le o s ts  arose  through d o rsa l su b d iv is io n  

o f  an A2 which had encroached upon the  m axillo -m andibu lar ligam ent. Once 

t h i s  occu rred , expansion o f  A2 m edial to  A1 cou ld , i f  th e  A1 in s e r t io n  

became m usculous, produce th e  Saurida-H arpadon c o n fig u ra tio n . Among o th er 

n e o te le o s ts  A2 expansion l a t e r a l  to  A1 could  produce the  common sto m ia to id  

arrangem ent vrtiere th e  muscle c o n tro l l in g  th e  m ax illa ry  i s  u s u a lly  m edial 

to  A2 and i s  c a l le d  A l^ .-A lte rn a tiv e ly , su b d iv is io n  o f  A1 could  preceed  A2 

expansion  between the  r e s u l t in g  two m uscles w ith  the  l a t e r a l  most o f  th ese  

(A la) subsequen tly  l o s t .  Rosen (1973) a p p a ren tly  favored  the  l a t t e r  be­

cause  o f  the  arrangem ent in  A rgyropelecus.
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In  a lepocephalo ids, and e s p e c ia lly  n o tic e a b le  in  those  in  which phy­

s ic a l  su b d iv is io n  o f  th e  adductor mandibulae has occurred  (L ep toch ilich thys 

and T alism ania . F ig . 5 ) ,  the  f ib e r s  c o n tro llin g  the  m ax illa ry  a re  l a t e r a l  

to  A2. The m edial f ib e r s  are  always connected to  th e  coronomeckelian l i g ­

ament and a re  never invo lved  w ith  m ax illa ry . The alepocephalo id  adductor 

m andibulae i s ,  th e re fo re , derived  over bo th  b a sa l salmoniform (sensu Rosen 

1974) and b a sa l n e o te le o s te an  (sensu Rosen 1973) s t a te s .  W ithin salmoni­

forms th e re  i s  a p ro g ress io n  from Osmerus, A rgentina  and Bathvlagus which 

do n o t seem to  have a  m ax illa ry  connection , to  the salmonids which encroach 

upon the  m axillo-m andibular ligam ent, to  alepocephalo ids which have a 

musculous o r  ligam entous in s e r t io n  on th e  m ax illa ry .

This c h a ra c te r , a  derived  fe a tu re  expected in  the  an cesto r, does n o t 

p rov ide convincincing evidence o f  r e la t io n s h ip . Goody (1969:242) b e liev e s  

" se v e ra l o f  the  salmoniform suborders have the  p o te n t ia l ,  l a te n t  o r ex­

p re sse d , to  produce a  more advanced s t r u c tu r a l  complex which in  most cases 

approaches the  myctophiforra (= neo te leost) g rade". S ince they a re  r e l a t iv e ­

ly  p r im itiv e , salmoniform lineages may n o t be e a s i ly  d iscerned . Most seem 

to  be d is tin g u ish e d  by th e  presence o r absence o f  one o r more p rim itiv e  

c h a ra c te rs  sometimes in  com bination w ith  advanced c h a ra c te r  s t a te s ,  i . e .  

mosaic e v o lu tio n  (Goody 1969). Although no form al h igher c la s s i f ic a t io n  

i s  adopted h e re in , the  b e s t  c la s s i f i c a t io n  o f  alepocephalo ids w ith in  th e  

salmoniforms seems, a t  t h i s  tim e, to  be the  l e a s t  s tru c tu re d  c la s s i f i c a t io n  

as exem plified  by Greenwood e t  a l  1966).

S e a rs id a e :

The se a rs id s  form an e a s ily  d efin ed , m onophyletic group c h a rac te rize d  

by the  p resence o f a  p o s t - c le i th r a l  organ. This i s  a  la rg e  round sac lo ­

ca ted  m edial to  the upper p o rtio n  o f the c le ith rum  which d ischarges
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lum inescen t g ranu les through a  b la c k - lin e d  tube  (P a rr 1960, H erring 1972). 

S e a rs id s  d i f f e r  f u r th e r  from th e  r e s t  o f th e  superfaraily  in  th e  presence 

o f  a  r e l a t i v e ly  c h a r a c te r i s t i c  photophore arrangem ent in  some genera  which, 

f u r th e r ,  i s  su b je c t to  on to g en e tic  changes (M atsui and R o sen b la tt 1971). 

A d d itio n a l d is t in g u is h in g  c h a ra c te rs  a re  th e  dermal p i t s  found in  m ost, o r 

a l l  members (P a rr  1960), a  tendency towards th icken ing  o f  the  v e n tr a l  ab­

dominal w a ll ,  a  tendency to  develop h o r iz o n ta l  fo rw ard -d irec ted  tu sk s 

(P a rr  1951), and the  p resence  o f a  sh o r t u n c in a te  p ro cess  on th e  fo u r th  

e p ib ra n c h ia l (Greenwood and Rosen 1971).

W ith re s p e c t  to  the  se v e ra l c h a ra c te rs  examined in  Mentodus during  

t h i s  s tu d y , the  a n c e s tra l  s e a r s id  can be hypo thesized  to  co inc ide  w ith  an 

a n c e s t r a l  le p to c h ilic h th y id -a le p o c e p h a lid . In  an a n c e s tra l  s e a rs id  the  

adducto r m andibulae, d o rsa l  f i n  p o s i t io n ,  p recau d a l-cau d al v e r te b ra l  a r ­

rangem ent, p e c to ra l  g i r d le ,  caudal sk e le to n , o ra l  and pharyngeal d e n ti ­

t io n  cannot be considered  to  have been more advanced th an  in  the  o th e r 

two groups. F u r th e r , none o f  the  d e riv ed  fe a tu re s  c h a r a c te r i s t ic  o f  some 

members o f  th e  l a t t e r  fa m ilie s  could  have been p re se n t in  the  a n c e s tra l  

s e a r s id  s in ce  th e  c o n d itio n  in  Mentodus, a t  l e a s t ,  i s  more p r im itiv e .

For example, th e  adductor m andibulae i s  n o t subdiv ided; the  d o rsa l o r ig in  

i s  a n te r ia d  o f  th e  anal in s e r t io n ;  the  p recaudal v e rte b ra e  outnumber the  

c au d a l; th e  m esocoracoid i s  p re s e n t;  the  v e n tr a l  p ro cess  o f  the  co raco id  

i s  p o o rly  developed; lam inar bone i s  re ta in e d  in  the  cauda l; the  o ra l  

and b ra n c h ia l d e n t i t io n  a re , w ith  the  excep tion  o f q u estio n ab le  p a la ­

t in e  t e e th ,  as ex ten siv e  as the  most p r im itiv e  members o f  th e  o th e r  

f a m ilie s .  Only th e  lo s s  o f  the  p e lv ic  s p l in t  p a r a l le l s  a  derived  fe a tu re  

in  some a lep o cep h a lid s .
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The p re s e n t in d ic a t io n  i s  th a t  s e a r s id s  re p re se n t an e a r ly  in v as io n  

o f  th e  b a th y p e lag ic  h a b i t a t .  They axe w e ll de fin ed  and no th ing  h as been 

found to  a l t e r  the  a  p r i o r i  assum ption th a t  th e  group should be t r e a te d  

a s  any th ing  le s s  than  a  fam ily .

L e p to c h ilic h th y id a e :

L e p to c h ilic h th y s  i s  te n ta t iv e ly  recogn ized  as a  fam ily . I t  i s  d i s ­

t in g u ish e d  by complex su b d iv is io n  o f  th e  adductor m andibulae, lo s s  o f  th e  

b a s ih y a l ,  an ed en ta te  p rem a x illa ry  and m a x illa ry  combined w ith  a  d e n ta te  

vomer and p a la t in e ,  a  h ig h  bony b a s ib ra n c h ia l r id g e  and deep c lu p e o id - lik e  

m a x illa ry  which re c e iv e s  a  l a t e r a l  in s e r t io n  o f  the  adductor m andibular 

(A l) .

The L ep to ch ilic h th y id a e  re p re s e n ts  a  second e a r ly  in v as io n  o f  the  

b a th y p e la g ic  h a b i ta t .  I t  i s  ap p a ren tly  unique as a  b a th y p e lag ic  f i l t e r -  

fee d in g  a lepocephalo id ; i t s  success a p p a ren tly  due to  th e  above s p e c ia l i ­

z a t io n s . Except fo r  th e se  s p e c ia l iz a t io n s ,  L ep to ch ilic h th y s  d isp la y s  a 

v a s t  a r ra y  o f  p r im itiv e  f e a tu re s  and shows none of th e  s p e c ia l iz a t io n s  

found in  some a lep o cep h a lid  o r s e a r s id  groups.

Among th e  p r im itiv e  c h a ra c te r  s t a te s  which a re  d e riv ed  in  some a lepo ­

c e p h a lid s  and s e a r s id s ,  L ep to ch ilic h th y s  r e t a in s  numerous (13) b ranch io - 

s te g a l  r a y s ,  th e  presumed p r im itiv e  g i l l  ra k e r  f i l t r a t i o n  system , p rim i­

t iv e  b ra n c h ia l d e n t i t io n ,  more p recauda l th an  caudal v e r te b ra e , fo u r p a ir s  

o f  u ro n e u ra ls , fo u r u r a l  c e n tra , lam inar caudal bone, a  d o rsa l in s e r t io n  

in  advance o f  the  an a l in s e r t io n ,  a  v e n tr o la te r a l  p e c to ra l  b a se , ho rizon ­

t a l l y  a lig n e d  p e c to ra l  ra y s , a  m esocoracoid and a  p e lv ic  s p l in t .

L ep to ch ilic h th y s  i s  very  l ik e ly  n o t f a r  removed in  most c h a ra c te r  

s t a t e s  from  the a n c e s tra l  c o n d itio n . However, i t  i s  n o t considered  pos­

s ib l e  o r even d e s ira b le  a t  t h i s  tim e to  sp ecu la te  on any supposed se­

quence o f  e a r ly  a lepocephalo id  p h y le t ic  b ifu rc a t io n s . In  f a c t  th e re  i s
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no known reason  why e v o lu tio n  should o r  must proceed by b ifu rc a tio n s  

anyway,

A lepocephalidae:

A lepocephalids do n o t have a  p o s tc le i th r a l  organ, p rem ax illa ry  tu sk s , 

derm al p i t s  o r  a  s e a rs id  photophore arrangem ent. They do n o t have a  com­

p le x  adductor m andibulae and do n o t look l ik e  h e r r in g s .  They can be 

d iagnosed from o th e r  a lepocephalo ids b u t , to  d a te , no d e riv ed  u n ify in g  

c h a ra c te r  s t a t e  i s  known a lthough  many tren d s  a re  ap p a ren t.

Among the  m ost apparen t tren d s  a re : su b d iv is io n  and s p e c ia l iz a t io n

o f  th e  adductor arcus p a la t i n i  s e r ie s ;  development o f  com pletely  enclosed  

o v a r ie s ;  re d u c tio n  in  p y lo r ic  caecae; lo s s  o f  m edial su rfa ce  g i l l  ra k e rs ;  

lo s s  o f  m a x illa ry  and pala to-vom erine d e n ti t io n ;  red u c tio n  in  pharyngeal 

d e n t i t io n ;  in c re a se  in  number o f caudal v e rte b ra e  r e l a t iv e  to  p recaudal 

v e r te b ra e ;  m ig ra tio n  o f  d o rsa l  o r ig in  behind an a l o r ig in ;  red u c tio n  and 

lo s s  o f  lam inar bone from n e u ra l and haemal sp in e s ; a p p lic a tio n  o f  s t i f ­

fen in g  dev ices to  "chondrostean  hinge" in c lu d in g  development o f  lam inar 

bone on th e  f i r s t  u ro n eu ra l; lo ss  o f th e  m esocoracoid; development o f a  

long  v e n tr a l  p ro cess  o f  th e  co raco id ; lo s s  o f th e  p e lv ic  s p l in t ;  red u c tio n  

in  p e lv ic  f in ra y  numbers; in c re a se  in  number and lo s s  o f s c a le s ;  and de­

velopm ent o f photophores.

The main l in e  o f a lepocephalid  e v o lu tio n  appears to  have taken  p lace  

on o r  n e a r  th e  bottom  and m ost l ik e ly  below 1000 m. However, th e re  have 

been rep e a te d  in v as io n s o f  th e  p e la g ic  h a b i ta t  by a d u lts .  Some genera, 

such as B athyprion and B athy laco . c o n ta in  only b a th y p e lag ic  sp e c ie s  and 

a re  presumed to  have been in  th a t  h a b i ta t  a  long tim e. O ther genera, such 

as B a ja c a l if o m ia , c o n ta in  bo th  near-bo ttom  (B. c a lc a ra tu s ) and b a th y p e lag ic  

Ql* d rak e i)  a d u lts  vtfiich a re  presumably more re c e n t m idwater r e c r u i t s .
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G eneric groups a re  d iscu ssed  below. They are  n o t taxonomic equiva­

le n t s .  T heir main v a lu e , I  b e lie v e , i s  as a  s ta r t in g  p o in t  fo r  f u r th e r  

work. In  g en era l th e  o rd e r  o f  arrangem ent i s  from th e  b e s t  d e fin ed  group, 

in c lu d in g  p o ss ib le  r e l a t i v e s  which may n o t be so w ell d e fin e d , to  th e  

most t e n ta t iv e  group.

Aulastomatomorpha group:

A lthough no specim ens were examined, th e  d e s c r ip tio n s  and i l l u s t r a ­

t io n s  (F ig . 35B) o f A ulas tomatomorpha (Alcock 1890 and 1899, Lloyd 1906, 

and I l l u s t r a t i o n s  o f  th e  Zoology o f  the  In v e s t ig a to r  p t .  1) leave  l i t t l e  

doubt t h a t  i t  i s  a  c lo s e  r e la t iv e  o f  E r ic a ra . Conocara and Leptoderma.

The d o rsa l  and anal f i n  p o s i t io n s , sm all non-im brica te  s c a le s ,  and naked 

s t r i p  between the  p e c to ra l  base and g i l l  c a v ity  a re  a l l  f e a tu re s  c o lle c ­

t iv e ly  unique to  th e se  genera. Aulas tomatomorpha i s  th e re fo re  t r e a te d  

w ith  t h i s  group which has had only  one fam ily  le v e l name a p p lie d , A ulas- 

tomatomorphinae Fowler 1934. S ix  genera  a re  included: Asquamiceps.

A ulas tomatomorpha. Conocara. E in a ra , E r ic a ra  and Leptoderma.

The group i s  e a s i ly  diagnosed as a lepocephalid s w ith  no m esocoracoid 

b u t w ith  w ell developed p e c to ra ls ,  one su p ram ax illa ry , no m ax illa ry  o r 

vom erine te e th ,  and c h a ra c te r iz e d  by tre n d s  ( l e a s t ,  i f  a t  a l l ,  developed 

in  some sp e c ie s  o f Asquamiceps and E in a ra ) as fo llo w s: m ig ra tio n  o f  d o rsa l

in s e r t io n  behind  o r ig in  o f  anal which tends to  be e lo n g a te ; tendency to  

reduce s iz e  and in c re a se  number o f  sc a le s  cu lm inating  in  a  naked genus, 

Leptoderm a: red u c tio n  in  number o f  proxim al p e c to ra l r a d ia l s ;  a  tendency 

(n o t un ique) to  lo se  tu b u la r  l a t e r a l  l in e  sc a le s  and p r o l i f e r a t e  sensory  

p a p il la e  on head, body, and caudal f i n ;  lo s s  o f  the  p e lv ic  s p l in t ,  and 

lo s s  o f  caudal r a d ia ls .



None o f  th e  members o f  th is  group p o ssess  lam inar bone on th e  f i r s t  

u ro n e u ra l a s  i s  found in  some o th e r  groups. In  Asquamiceps some lam inar 

bone i s  p r im it iv e ly  re ta in e d  on th e  n e u ra l and haemal sp in e s , Asquamiceps 

and E r ic a r a  a re  p robab ly  c lo se  to  th e  a n c e s tra l  c o n d itio n  w ith  re s p e c t to  

many c h a ra c te r  s t a t e s .  For example: median caudal r a d ia ls  re ta in e d  in

A. h j o r t i ; a  v e n tra l  caudal r a d ia l  i n  E. salmonea: d o rsa l o r ig in s  over o r 

n e a r  a n a l in s e r t io n s  in  bo th  genera; about equal numbers o f  p recaudal and 

cau d a l v e r te b ra e  in  some Asquamiceps: fo u r o r  f iv e  proxim al p e c to ra l  r a d ia ls  

in  b o th  genera; a  r e l a t i v e ly  sim ple ovary in  E. salmonea: a  complete row 

o f  m edial g i l l  r a k e rs  on th e  lower limb o f  the  f i r s t  a rch  in  bo th  genera; 

and an  o v e ra l l  p r im itiv e  caudal in  A, h i o r t i .

A lthough s im ila r  i n  many p r im itiv e  f e a tu re s ,  Asquamiceps and E r ic a ra  

belong  to  two d i f f e r e n t  lin eag es  w ith in  th e  Aulastomatomorpha group. 

Asquamiceps and E in a ra  appear to  form a  m onophyletie group d is tin g u ish e d  

by th e  low er jaw ending behind  th e  p o s te r io r  m argin o f  th e  o r b i t ,  a  sh o r t  

narrow  caudal peduncle, two e p u ra ls , and a  lack  o f  the  tre n d s  apparen t in  

th e  o th e r  fo u r  genera. E in ara  and, p o s s ib ly , some A.qqiiam-i.ceps a re  bathy­

p e la g ic .

E r ic a r a . Conocara. Leptoderma and Aulastomatomorpha a re  p robably  

e q u iv a le n t to  Aqrpiamiceps and E in a ra  a s  m onophyletie groups, A u lasto - :■ 

matomorpha p o ssesses th e  unique c h a ra c te rs  m entioned above p lu s  a  lower 

jaw  which ends b efo re  th e  p o s te r io r  m argin o f  th e  o r b i t  and, according to  

A lcock (1899), a  fo ld  o f  sk in  along th e  d o rsa l m id line  and d o rsa l  and 

v e n tr a l  caudal peduncle. The sk in  fo ld s  a re  ty p ic a l  o f E r ic a ra  and Cono­

c a ra  a s  w e ll .  The sequence E r ic a ra  to  Conocara to  Leptoderma i l l u s t r a t e s  

tre n d s  to  reduce numbers o f  p recaudal and in c re a se  numbers o f  caudal v e r­

te b ra e , reduce o r  e lim in a te  s c a le s , reduce maximum body d ep th , reduce
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e p u ra ls  from one to  none, reduce th e  number o f  u ro n e u ra ls , g e n e ra lly  reduce 

th e  caudal sk e le to n , reduce the  number o f  proxim al p e c to ra l  r a d i a l s ,  d evel­

op an enc lo sed  ovary, and (no t in  th e  above sequence) reduce p y lo r ic  caecae 

number and reduce p e lv ic  r a d ia l  number. In  a d d itio n  these  g enera  a l l  have 

a  t r ia n g u la r  c l e i t h r a l  s h ie ld  above th e  co racoscapu lar c a r t i l a g e ,  a  r e l a ­

t i v e l y  i n d i s t i n c t  o p e rc u la r  p rocess on th e  hyom andibular, and two c e ra to -  

h y a l b ra n c h io s te g a l ra y s . Although l i t t l e  evidence i s  a v a ila b le  fo r  most 

s p e c ie s , th e  commonly encountered sp e c ie s  in  th is  group (IS. salmonea, £ .  

m cdonald i. and L. macrons) a re  b en th ic  o r  engybenthic .

B athyprion  group:

T his i s  an i l l - d e f in e d  group in  which I  te n ta t iv e ly  in c lu d e  Bathy­

p r io n , M irognathus and R in o c tes , These a re  e longate  b a th y p e lag ic  o r abys­

s a l  (p e la g ic ? )  f is h e s  w ith  no m esocoracoid; a  reduced or ab sen t p e c to ra l ;  

a  com plete ovary  o f the  ty p e  exposed to  th e  coelom on bo th  s id e s  and in  

w hich th e  o v a rian  tu n ic  i s  th in ,  c lo s e ly  adherent to  th e  ova and in  which 

th e  whole ovary  i s  s l i g h t ly  convoluted; p rem ax illae  e longa te  a n te r io r ly ;  

th e  f i f t h  e p ib ra n c h ia l on th e  p o ste ro -m ed ia l su rface  o f  the  fo u r th  ep i­

b ra n c h ia l  , fu sed  o r  n o t; and no g i l l  r a k e rs  on th e  m edial su rfa c e s  o f  th e  

low er lim bs o f  the  f i r s t  two (R inoctes) o r  th ree  (B athyprion and Mirogna­

th u s )  a rc h es .

R inoctes i s  t e n ta t iv e ly  a ligned  w ith  th is  group. P a rr  (1952) removed 

R in o ctes  from  B a th y tro c te s  p rim a rily  because o f  i t s  p rem a x illae , "which 

m eet d o r s a l ly  in  a  long , f irm  symphysis so as to  form a  hard  b e a k -lik e  

sn o u t" . The e longate  sn o u ts  o f B athyprion and M irognathus cou ld  reason­

a b ly  be d e riv e d  from R in o ctes  which i s  more p r im itiv e  than  th e  o th e rs  in  

i t s  forw ard d o rsa l f i n  p o s i t io n ,  com plete o ra l  d e n t i t io n ,  and complete
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row o f g i l l  ra k e rs  on th e  median su rfa c e  o f th e  t h i r d  g i l l  a rch . R inoctes 

ag rees  w ith  t h i s  group i n  i t s  lack  o f  a  mesocoracoid. which i s  unknown in  

B a th v tro c te s  and r e la te d  genera.

O varian s tru c tu re  i s  by f a r  th e  m ost u se fu l  c h a ra c te r  w ith  which to  

d e sc rib e  t h i s  group. A lthough only one fem ale o f  each genus has been exam­

in e d , the  o v a r ie s  appear s im ila r  a s  d e sc rib e d  above and agree w ith  B e r te l-  

s e n 's  i l l u s t r a t i o n  o f th e  ovary o f  th e  ho lo type  o f  B. danae (M arshall 1966).

This group may be c lo s e ly  r e la te d  to  th e  A ulas tomatomorpha group and 

shows s e v e ra l  p a r a l le l  o r  convergent developments (depending on recency  o f 

common a n c e s t r y ) . These developments a re : lack  o f  a  m esocoracoid; re ­

s t r i c t i o n  o f  b a s ib ra n c h ia l to o th p la te  to  second a rc h  (E ric a ra  and Bathy­

p r io n )  ; l o s s  o f  b a s ib ra n c h ia l to o th p la te  (Conocara and M irognathus); in ­

c re a s e  in  number o f cau d a l r e la t iv e  to  p recauda l v e r te b ra e  (B athyprion) ; 

re d u c tio n  o f  p y lo r ic  caecae  number to  two (M irognathus). None o f  th ese  

c h a ra c te rs  a re  very  conv incing . However, convergence due to  s im ila r  eco l­

o g ic a l  requ irem en ts can probably  be ig n o red  s ince  t h e i r  h a b i ta t s  a re  

r a th e r  d i f f e r e n t .  A lthough both la c k  a  m esocoracoid th e  p e c to ra l  i s  strong  

and  w ell developed in  th e  Aulastomatnmorpha group and weak o r  ab sen t in  . 

th e  B athyprion group, th u s  emphasizing th a t  th e  lo s s  o f th e  m esocoracoid 

was p robably  n o t due to  s im ila r  p h y s ic a l responses to  e x te rn a l  fo rc e s .

Genus A group:

This group co n ta in s a l l  o f  the  a lep o cep h a lid  genera  which have photo- 

p h o res  in  some o r a l l  o f  t h e i r  sp ec ie s  (A nom alopterichthvs. R ou leina . Xeno- 

derm ich th v s. F h o to s tv lu s . and genus A ). In  a d d itio n  th ese  genera  a re  

c h a ra c te r iz e d  by a  lac k  o f  sca les  and, excep t fo r  some R ou le ina . a re  bathy­

p e la g ic . S in c e  some o f  th e s e  are v e ry  r a r e ,  l i t t l e  can be s a id  about the  

group as a  vdiole.
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The p e c to ra l  and caudal sk e le to n  as w ell as th e  e p ib ra n c h ia l s t ru c tu re  

o f  P h o to s tv lu s  a re  s u b s ta n t ia l ly  d i f f e r e n t  from Xenodermichthys and R ou leina . 

I t  i s  t e n ta t iv e ly  in c lu d ed  in  t h i s  group because o f  the  evidence provided 

by B est and Bone (1976). I t  can be in fe r r e d  from th e i r  work th a t  Photos tv lu s  

photophore s ta lk s  were l ik e ly  d e riv ed  from th e  o u te r  integum ent la y e r  o f  a  

Xenodermichthys- 1 ik e  a n c e s to r . A lthough they  show a  more h ig h ly  organized 

s t r u c tu r e  in  th e  photophore o f  P h o to s ty lu s , they f u r th e r  s t a t e  th a t  i t s  

photophore and th a t  o f  Xenodermichthys a re  c lo s e ly  s im ila r . O therw ise, 

th e re  i s  l i t t l e  anatom ical evidence to  p lace  Photo s ty lu s  in  t h i s  group and 

f u tu r e  work w i l l  l ik e ly  show i t  to  be an e a r ly  independent l in e a g e .

Genus A i s  p robab ly  the  m ost p r im it iv e  member o f  th is  group s in ce  one 

sp e c ie s  p o ssesses s c a le s  and i t s  photophores a re  arranged  in  h o r iz o n ta l 

rows r a th e r  than  in  quincunx. U n fo rtu n a te ly  th e  two known sp ec ie s  are  

re p re se n te d  by a  t o t a l  o f fo u r  sm all specim ens. C onsequently, any obvious 

in fo rm a tio n  about th e  r e la t io n s h ip s  o f  th i s  group must come from th e  more 

s p e c ia l iz e d  Xenoderm ichthys. R ou leina  and P h o to s ty lu s .

These a l l  possess  two e p u ra ls , lam inar bone on the  f i r s t  u roneu ra l 

d i r e c te d  a n te r io r ly  as a  sp in e , no lam inar bone on haemal and n e u ra l sp in e s , 

two o r  th re e  proxim al p e c to ra l  r a d i a l s ,  and no p e lv ic  s p l in t .  Some sp e c ie s , 

such  a s  R. m o ll i s . a re  g ro ss ly  s im ila r  to  A lepocephalus, b u t u n t i l  more 

i s  le a rn e d  o f  genus A and A nom alopterichthys t h i s  i s  n o t ve ry  s ig n i f ic a n t .

B athylaco  group:

The genera  p re s e n tly  p laced  in  t h i s  group a re  B a ia c a l ifo m ia . Bathy­

la c o . Herw igia and N a rc e te s . T his group has many p r im itiv e  c h a r a c te r i s t i c s  

in c lu d in g  more p recauda l than  caudal v e r te b ra e ; a  d o rsa l in s e r te d  in  advance 

o f  th e  an a l in s e r t io n ;  a  c o n s id e ra b le  amount o f  lam inar bone on n e u ra l and
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haemal sp in e s ; v e n tr a l  caudal r a d i a l ( s ) ;  ro b u s t median caudal  r a d ia l s ;  a  

s in g le  und iv ided  adducto r a rc u s  p a la t i n i  (B a ia c a lifo rn ia  w ith  beginning  o f 

ad d u c to r hyomandibulae + o p e rc u l i ) ; a  m esocoracoid; remnant o f a  d o rsa l 

p o s tc le ith ru m ; g e n e ra lly  p o o rly  developed b u t e x te n s iv e ly  o s s i f ie d  v e n tra l  

p ro c e ss  o f  th e  co raco id ; b a s ih y a l te e th  in  B a ia c a l ifo rn ia  c a lc a ra tu s ;  ex­

te n s iv e  o r a l  d e n ti t io n ;  and a  p e lv ic  s p l in t .

The group has on ly  a  few d erived  c h a ra c te rs :  lam inar bone on th e

f i r s t  u ro n e u ra l, a  c o n d itio n  which i t  sh a res  w ith  L e p to ch ilic h th y id a e , 

S e a rs id a e , B athyprion group and genus A group; g e n e ra lly  la rg e  mouths 

w ith  upper and lower jaws ending w ell behind th e  m oderate to  sm all o r b i t ;  

a  t re n d  to  develop a  musculous adductor mandibulae in s e r t io n  a s so c ia te d  

w ith  tre n d s  to  move th e  o r b i t  r o s t r a l l y  and in c re a se  th e  mouth s iz e ;  and 

approx im ate ly  square o r  re c ta n g u la r  v e r te b r a l  c e n tra  sep a ra ted  by broad 

sp aces o f  u n o s s if ie d  chorda.

The B athylaco group may be the  most p r im itiv e  a lep o cep h a lid  group 

o v e r a l l .  N arce tes i s  p robab ly  c lo s e s t  to  th e  b a sa l a lep o cep h a lid . Her- 

w ie ia  and Bathylaco a re  s p e c ia liz e d  b a th y p e lag ic  genera  as a re  some spe­

c i e s  o f  Baj a c a l i f o m ia .

A lepocephalus group:

T his group o f  p r im a r ily  b en th ic  genera  in c lu d es  A lepocephalus. Bathy- 

t r o c t e s . Nomoctes. T alism ania  and p robably  B runichthvs and B e llo c ia . The 

group shows se v e ra l p ro g re ss io n s  from p r im it iv e , u s u a l ly  in  Nomoctes and 

B a th y tro c te s . to  d e riv ed  c h a ra c te rs , u s u a l ly  in  A lepocephalus and T a l is ­

m an ia . These in c lu d e  c h a r a c te r i s t i c s  o f  th e  d o rsa l o r ig in ,  v e r te b ra l  

number, pharyngeal and o r a l  d e n t i t io n ,  adductor m andibulae, p e c to ra l  g ird le  

and p e lv ic  s p l in t .  The ovary in  Nomoctes and one B a th y tro c te s  i s  o f  the
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type  exposed on bo th  su rfa c e s  to  th e  coelom b u t enclosed  by the  tu n ic .

The ovary in  T alism ania  i s  o f  th e  Aulastomatomoroha group ty p e .

T his group seems v e ry  a r t i f i c i a l .  A u n ify in g  fe a tu re  i s  th e  absence 

o f  lam inar bone from th e  f i r s t  u ro n e u ra l, a  c h a ra c te r  a ls o  shared  by the  

A ulas tomatomorpha group. The members o f t h i s  group a re  a  t r a n s i t io n a l  

g rad e  between th e  B athylaco group and bo th  th e  Aulas tomatomorpha and genus 

A groups. Much rem ains equ ivocal.



TAXONOMY

Coverage:

A il  genera a re  included  in  the  fo llow ing  keys and a l l  nominal sp e c ie s  

a re  accounted fo r  in  the  generic  synonymies. The generic  synonymies th e re ­

fo re  serve  bo th  to  e s ta b l is h  the v a lid  genus name and to  l i s t  nominal spe­

c ie s .  Generic names which were used in  th e  p u b lic a tio n  o f  a  nominal spe­

c ie s  names bu t which a re  n o t a v a ila b le  fo r  a  p a r t ic u la r  genus a re  fo llow ed  

by "n o t of" and the  ap p ro p ria te  au tho r. Some species which were no t ex­

amined and which could n o t be c o n fid e n tly  p laced  are  in d ic a te d  w ith ques­

t io n  marks.

For p u re ly  a rb i t r a r y  and convenient reasons only sp e c ie s  known from 

th e  w estern  North A tla n tic  a re  d e f in i te ly  diagnosed. Sm all comparative 

c o l le c t io n s  from o u ts id e  th i s  reg ion  have been examined and xdiere p o ss i­

b le  th e  keys and/or diagnoses w il l  d is t in g u is h  a l l  known sp e c ie s . One 

n o ta b le  excep tion  i s  th e  genus A lepocephalus. the key to  which i s  a p p li­

cab le  on ly  in  the  w estern  North A tla n t ic .

Methods:

S tandard  taxonomic measurements and counts were made (Hubbs and 

L ag ler 1958) w ith  th e  fo llow ing  c la r i f i c a t io n s  and a d d itio n s . The l a s t  

two d o rsa l  o r anal ra y s  may show one o f th re e  s ta te s :  (1) bases d is ­

t i n c t l y  se p a ra te , ( 2) bases ad jacen t y e t  d i s t i n c t ,  and (3 ) a  sin g le  base 

w ith  a  s p l i t  ray . Only in  the  l a t t e r  case  i s  a  ray  counted as one. Cau­

d a l v e rte b ra e  were d is tin g u ish e d  from p recaudal v e rteb rae  by the presence
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o f  a  haemal a rc h  and sp ine  i n  th e  form er. On rad iog raphs th e  p le u ra l  r ib s  

on precaudal v e r te b ra e  a re  a l l  approxim ately p a r a l l e l  as a re  th e  haemal 

sp in e s . U sually  th e re  i s  a  sharp  dem arcation between the two which i s  char­

a c te r iz e d  by a  red u c tio n  in  th e  le n g th  o f the  p le u r a l  r ib  on th e  l a s t  p re ­

caudal v e rte b ra e  and /o r the  ap p aren t in te r s e c t io n  o f  the l a s t  p le u ra l  r ib  

w ith  the  f i r s t  haemal sp in e . The l a s t  caudal v e rte b ra e  counted i s  th a t  

which a r t i c u l a t e s  w ith  th e  p a rah y p u ra l. The one o r more u r a l  c e n tra  are  

v a r ia b le  in te rg e n e r ic a l ly  and sometimes in t r a s p e c i f i c a l ly  and a re  n o t 

coun ted .

Measurements over 100 ram were taken to  th e  n e a re s t  m illim e te r  w ith  

d i a l  c a l ip e r s  o r  d iv id e rs  and th o se  le s s  than  100 mm were tak en  to  the  

n e a r e s t  te n th  o f  a  m illim e te r  w ith  d ia l  c a l ip e r s  o r  a  c a l ib ra te d  o c u la r 

m icrom eter on a  d is s e c tin g  m icroscope. S l ig h t  d e p a rtu res  from standard  

methods were made in  tak in g  o r b i t  d iam eter measurements, which was taken 

a s  th e  d iagonal measurement betw een the  p o in t o f  th e  sphenotic  and th e  

d o r s a l  su rface  o f  th e  c a r t i la g in o u s  p a la t in e  n e a r  the  a n to r b i ta l .  This 

bony measurement i s  the  most p re c is e  o rb i t  measurement.

Most sp e c ie s  a re  s o f t  w ith  a  h ig h  w ater c o n te n t in  t h e i r  f l e s h .  

T ra n s fe r  o f p re se rv e d  specimens to  70% e thano l u s u a l ly  causes a d d it io n a l  

sh rinkage  and dehydra tion  beyond th a t  which occu rs in  10% fo rm alin . This 

p lu s  the  damage i n f l i c t e d  on m ost specimens du rin g  cap tu re  causes a  n o tic e ­

a b le  amount o f  v a r ia t io n  in  m ost measurements o f  a  species o r  even in  

re p e a te d  measurements o f  an in d iv id u a l .  The p re c is io n  o f a lep o cep h a lid  

m orphom etries i s  th e re fo re  r e l a t i v e ly  low. In  a d d it io n  most a lepocephalid  

m orphom etries e x h ib i t  d e f in i te  a llo m etry  (P a rr  1949, 1956 and 1960). Al­

though the  a llo m e try  o f m orphom etries w i l l  e v e n tu a lly  prove u s e fu l  in  de­

s c r ib in g  la rv a e  and sm all ju v e n i le s ,  i t  w i l l  r e q u ire  a  la rg e  amount o f



m a te r ia l .  The a llo m e tr ic  form ulae o f  P a r r  were o f te n  based  on too  few 

specimens so th a t  even th e  d ir e c t io n  o f  a llo m e tr ic  change, such as th e  

head le n g th  in  th e  genus Leptoderma (P a rr  1951), was in c o r re c t ly  s ta te d  

(F ig . 31A). Morphometries and a s so c ia te d  a llo m etry  a re , th e re fo re ,  n o t 

s t r e s s e d  in  the  fo llow ing  keys.



Key to  F am ilies o f  A lepocephaloidea 

(C uvier and V alenciennes 1846)

A luminous sack a t  th e  shou lder g ird le  which e x i t s  through a dark

tube  above th e  p e c to ra l  f i n ................... .................................. ..............................

 ............   S e a rs id a e .

No luminous sack and no dark  tube above p e c to ra l  f i n .  ..........................

 2.

P rem ax illa ry  and m a x illa ry  ed en ta te ; vomer p a la t in e  and d en ta ry  den­

t a t e ;  m ax illa ry  deep , g iv ing  mouth "clupeoid" appearance; b a s ih y a l 

a b sen t; b a s ib ra n c h ia l to o th p la te s  w ith  a  h igh  bony r id g e  down mid­

l in e ;  adductor m andibulae subdiv ided  in to  se c tio n s  A1 and A2, th e

l a t t e r  f u r th e r  subdiv ided  in to  A2 and A 2 B ....................................................

.............   L e p to ch ilic h th y id a e .

P rem ax illa ry  an d /o r m ax illa ry  d e n ta te  o r i f  bo th  e d en ta te  so a ls o  

a re  vomer and p a la t in e ;  b a s ih y a l p re s e n t ,  sometimes reduced; b a s i ­

b ra n c h ia l to o th p la te s  w ith o u t o r w ith  v e ry  s l ig h t  m edial r id g e  o r  

com plete ly  a b sen t; adductor mandibulae subdiv ided  on ly  in  T alism an ia .

b u t s e c tio n  A2 never fu r th e r  subd iv ided ...........................................................

.........................................................................    A lepocephalidae.



Key to  genera  o f  A lepocephalidae

D orsal f i n  o r ig in  d i s t in c t ly  behind a n a l f i n  o r ig in  o r , i f  approxi­

m ately  o p p o s ite , e i th e r  th e  body i s  sca led  and an a re a  o r s t r i p  an- 

t e r i a d  o f th e  p e c to ra l  i s  naked o r th e  l iv e r  h as consp icuously  ex­

posed p o r ta l  v e in s ................................................................... ............................. ..

  2 .

D orsal f i n  o r ig in  d i s t i n c t ly  ahead o f  anal f i n  o r ig in  o r ,  i f  ap­

p rox im ate ly  o p p o site , th e  body and a re a  a n te r ia d  o f  p e c to ra l  bo th  

sca led  o r b o th  naked and th e  l iv e r  i s  w ithou t exposed p o r ta l  v e in s .

.......................................................................................................................................  7.

Body very  e lo n g a te ; com pletely  naked and covered by d a rk ly  pigmented

sk in ; c irc u m o rb ita l bones incom plete ........................................................

........................................................................................................Leptoderma (p. 147).

Body sc a le d ............. ........................................................................................................

............................................................................................................................................... 3.

Snout produced, tu b u la r ; lower jaw ends d i s t in c t ly  befo re  a n te r io r

m argin o f o r b i t ................. ...........................................................................................

...................................................................................  Aulastomatomorpha (p. 120).

Snout n o t produced, n o t tu b u la r ; lower jaw ends under o r beh ind  o r b i t

........................................................    4 .

Lower jaw ends under o r b i t ;  peritoneum  dark ly  pigm ented; p a la t in e

w ith  t e e th ......................................... ...............................................................................

.......................................................................................................................................  5.

Lower jaw ends behind p o s te r io r  m argin o f  o r b i t ;  peritoneum  unpig- 

mented o r  on ly  s l ig h t ly  pigmented; p a la t in e  w ith o u t t e e t h ,  ...........



A complete o r n e a r ly ' com plete row o f  s h o r t ,  stubby g i l l  ra k e rs  on 

the back (m edial su rfa ce )  o f lower lim b o f f i r s t  g i l l  a rch : premax-

i l l a r y  w ith  sharp bony v is o r  p ie rc in g  th e  s k in ............................................

 ....................................................................................................    E r ic a ra  (p .143 ) .

No g i l l  ra k e rs  on m edial su rface  o f  lower limb o f  f i r s t  g i l l  a rch ;

p rem a x illa ry  normal, w ithou t sharp  bony v i s o r ..............................................

................. ......................................................................................  Conocara (p.137 ) .

Area a n te r ia d  of p e c to ra l  base naked; d o rsa l and a n a l approxim ately  

equal and o p p o site , D 15-19, A 15-20; p e c to ra l  w ith  14-18 r a y s . . . . .

   .Asquamiceps (p .117 ) .

P e c to ra l base  and a re a  a n te r ia d  sc a le d ; d o rsa l d i s t i n c t l y  o r  b a re ly  

behind a n a l  vM ch always has more ra y s , D 22-27, A 26-34; p e c to ra l

w ith  9-10 r a y s . .......................................................... ...................................................

..........................................................................................................  .E in a ra  (p .140).

Body naked u su a lly  w ith  g e la tin o u s  covering , some sp e c ie s  w ith  modi­

f ie d  r i n g - l i k e  l a t e r a l  l in e  s c a le s ;  i f  body sc a le d  (one sp ec ie s)

photophores p re s e n t ......................................................................................................

 8 .
Body sc a le d  o r  presumed so , w ithout g e la tin o u s  covering ; never w ith

photophores......................................................................................................................

 12 .
Photophores p re sen t on r a is e d  s ta lk s ;  v e n tra l  o u t l in e  o f  upper jaw 

w ith  ob tuse  angle a t  end o f  p rem ax illa ry ; no pseudobranch; acen tro u s

v e rte b rae  beh ind  head in  a d u lts  causing  some downward f le x u re ...........

................................................................     *.P h o to s ty lu s  (p . 158),

Photophores, i f  p re s e n t, n o t on r a is e d  s ta lk s ;  v e n tr a l  o u tlin e  o f  

p rem ax illa ry  and m a x illa ry  approxim ately  s t r a ig h t ;  pseudobranch p re ­

sen t; a cen tro u s  v e rte b ra e  unknown in  a d u l t s .............................................. 9 .



9a.

9b.

10a .

10b .

11a .

l i b .

12a .

12b .

13 a . 

13b. 

14a.

14b.
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Dorsal and an a l f in s  each w ith 15-23 ra y s ....................................

D orsal and anal f in s  each w ith  25-32 r a y s . . . . . . . .....................

M axillary e d en ta te ; p e lv ic  f i n  w ith  9 ra y s ............. ....................

M axillary  d e n ta te ; p e lv ic  f in  w ith  6-7 r a y s ................................

......................................................................................................R ouleina (p .162).

P elv ic  ray s 6 ; photophores on body arranged in  quincunx.......................

  Xenodermichthvs (p .176).

Pelv ic  ray s 7; photophores on body arranged in  h o r iz o n ta l r o w s . . . . .

......................................................................................................  genus A. (p .112).

Prem axillae e lo n g a te  a n te r io r ly ,  m eeting each o th er b road ly  along

the m id line; no mesocoracoid; ovary  com plete ....................................

.......................................................................................................................................13.

P rem axillae n o t e lo n g a te , only th e  a n te r io r  t i p s  m eeting along mid­

l in e ;  m esocoracoid p resen t; ovary incom plete .. ..

.................................................................................................................................... 15.

D orsal f i n  o r ig in  in  advance o f a n a l f in  o r ig in ;  vomer d e n ta te .........

   R inoctes (p .160),

Dorsal and an a l f i n s  approxim ately opposite ; vomer e d e n ta te ...............

............................................................................................................................................  14.

A ll o ra l and b ra n c h ia l bones e d e n ta te ; p e c to ra ls  absen t o r rudimen­

ta ry ; 2 p y lo r ic  caecae  

 Mlrognathus ( p .152).

C onical, fa n g - l ik e  te e th  p resen t on p a la t in e , p rem ax illa ry , m axil­

la ry  and den tary ; p e c to ra ls  sm all w ith  10-12 ray s ; 7-8 p y lo r ic  

caecae..............   B athyprion (p. 133).



107
15a. One supramaxi 1 la r y ..................... ..................................... ............................................

 16.

15b. Two su p ra m a x illa r ie s ....................... .........................................................................

...................................................................................................................................... 19.

16a. O rig in  o f  d o rsa l f in  i n  advance o f  anal f i n  o r ig in  and c lo s e r  to  the

v e r t i c a l  through the  p e lv ic  f in  in s e r t io n  than  to  the  v e r t i c a l  through

th e  anal f i n  o r ig in ....................................................................................................

............................................................................................................................  17.

16b. O rig in  o f  d o rsa l f in  approxim ately opposite  o r ig in  o f  a n a l f i n ...........

   B runichthys (p. 136).

17a. Teeth p re se n t in  lower jaw........................................................... ...........................

    18.

17b. No te e th  in  lower jaw .................................................................................................

................   H erw ieia (p .146).

18a, Upper jaw ending approxim ately below p o s te r io r  margin o f  o rb i t ;  anus

about midway between in s e r t io n  o f  p e lv ic  f in s  and o r ig in  o f anal f i n  

......................................................................................................  B e llo c ia  (p .135).

18b. Upper jaw ending w ell behind p o s te r io r  margin o f  o r b i t ;  anus ad ja ­

cen t to  a n a l f i n  o r ig in ...........................................................................................

    Bathvlaco (p .123).

19a. O rig in  o f  d o rsa l f i n  d i s t in c t ly  in  advance o f  anal f i n  o r ig in ............

  21.

19b, D orsal and an a l f in s  approxim ately equal and o p p o site .............................

  20.

20a. M axillary  d e n ta te ; a  b lack  w a r t- l ik e  spot n ear base o f  s ix th  d o rsa l

ray  (sometimes abraded); ovary com pletely enclosed in  tu n ic ;  adduc-

. -tor raandibulae subdiv ided .......................................................................................

  Talism ania (p.167 ) ,
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20b. M axillary  ed en ta te ; no b lack  w a r t- l ik e  sp o t on d o rsa l f in ;  ovary

incom plete; adductor mandibulae no subdivided............... .........................

 A lepocephalus (p. 113).

21a. T o ta l p re u ra l v e rte b rae  38-48................................................................................

  22 .

21b. T o ta l p re u ra l v e rte b rae  48-60; den tary  te e th  near symphysis p lu r i -

s e r i a l  o r den tary  w ith  prominent knob d ire c te d  a n te ro -v e n tr a l ly , , . ,  

...................................................................................................................................  23.

22a. Number o f caudal v e rte b rae  22-26; 13-17 an a l f in  ray s ; more than  29

g i l l  rak e rs  on f i r s t  a rch .......................................................................................

............................................................................ ................ B a thy troctes (p. 124)

22b. Number o f caudal v e rte b rae  16-19; 9-11 anal f in  ray s ; le s s  than  31

g i l l  rak e rs  on f i r s t  a rc h .......................................................................................

........................................................................................................ Nomoctes (p . 130).

23a. Teeth in  bo th  jaws u n is e r ia l ;  p y lo r ic  caecae 13-26; u su a lly  7 b ran -

c h io s te g a l ray s ; 22-31 g i l l  rak e rs  on f i r s t  arch ; den ta ry  w ith  prom­

in e n t a n te ro -v e n tra l knob.......................................................................................

.........................................................................................  B a ja c a lifo m ia  (p. 121) .

23b. P rem axillary  and den tary  te e th  p lu r i s e r i a l ;  p y lo r ic  caecae (6?) 8-14;

u su a lly  8 b ran ch io steg a l ray s ; 14-22 g i l l  rak e rs  on f i r s t  a rc h .........

............................................       N arcetes (p . 154).



L ep to ch ilich th y s  Garman 1899
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L e p to c h ilic h th y s  Garman 1899:284 (Type sp e c ie s : L ep to ch ilic h th v s  a g a s s iz i i

Garman 1899 by monotypy). Roule and Angel 1931:6 (macrops)

L ep to ch ilich th y s  a g a s s iz i i  Garman 1899 

Figure 38A

? synonym: L ep to ch ilic h th y s  a g a s s iz i  macrops Roule and Angel 1931.

D iag n o sis :

Monotypic, same as fam ily  in  above key.

Remarks:

Three specimens were examined in  d e t a i l ,  in c lu d in g  Garman's type  (which 

la c k s  p e lv ic s  and from which d o rsa l , a n a l ,  p e c to ra l ,  b ra n c h io s te g a l and 

s c a le  counts could  n o t be r e l i a b ly  ta k e n ) , a  second e a s te rn  P a c if ic  sp e c i­

men, and a  n o r th  A tla n tic  specimen. The A tla n t ic  specimen d i f fe re d  from  

th e  P a c if ic  specimens in  number o f g i l l  ra k e rs  on th e  f i r s t  b u t n o t th e  

subsequent a rch es (11+1+20 v s , 9-10+1+15-16) and in  v e rte b ra e  (29+19=48 

v s .  29-30+20-21=50). The d if fe re n c e s  i n  eye s iz e  and number o f  s c a le s  

above and below th e  l a t e r a l  l in e ,  re p o r te d  to  d i f f e r e n t i a t e  A tla n tic  spe­

cim ens (Roule and Angel 1931 and Fowler 1936) d id  n o t  e x i s t .  The number 

o f  s c a le s  from th e  l a t e r a l  l in e  to  th e  d o rsa l  and a n a l were, r e s p e c t iv e ly , 

(4 ) -5  and (5 )-6 . I f  Roule and A nge l's  specimen has 8 s c a le s  above and 5
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below th e  l a t e r a l  l in e  as rep o rte d  by Fowler (1936), two A tla n t ic  spec ies  

may e x i s t .  The p re se n t m a te r ia l ,  however, p rovides no p o s i t iv e  support o f  

t h i s .

Morphometries o f the  th re e  specimens, 149-255 mm SL, expressed as a  

p e rc e n t SL, were: head len g th  3 8 ,8 -41 .0 , snout len g th  7 .8- 8 .4 ,  snout to

top  o f  opercu lar opening 28 ,8 -31 .9 , p re p e c to ra l len g th  38 .6 -40 .0 , p re p e l-  

v ic  le n g th  5 9 .5 -63 .9 , p rean a l len g th  72 .4 -7 8 .8 , p red o rsa l len g th  63.5- 

6 7 .0 , maximum o r b i t  diam eter 8 .2 -8 .9 , i n te r o r b i t a l  w idth 5 .2 -6 .4 , upper 

jaw le n g th  23 .1 -24 .1 , lower jaw  leng th  24 .6 -25 ,0 , p e c to ra l f i n  leng th  

1 0 ,9 , p e lv ic  f i n  len g th  12 ,8 , d o rsa l base  leng th  11 .8 -13 .2 , an a l base 

le n g th  9 .4 -1 0 ,1 , caudal peduncle depth 7 .4 - 9 .6 , caudal peduncle leng th  

2 5 .3 -2 6 ,4 , maximum body dep th  20 ,2 -21 .8 , sphenotic  w idth o f  sk u ll 11.5- 

1 3 .8 .

In  the  SIO and ISH specimens th e re  were 51-52 l a t e r a l  l in e  s c a le s , 

abou t 4 o f which were on the  caudal f i n ,  and about 19-21 tra n sv e rse  sc a le  

rows above the l a t e r a l  l in e  b efo re  the  d o rsa l. P a r t  o f the  isthm us an­

t e r i a d  o f  the p e c to ra l  synqjhysis i s  sc a le d . M e ris tic  v a r ia t io n  o f the 

m a te r ia l :  D 12-14, A 11, 9-10, P£ 8-9 p lu s  a  s p l in t ,  b r  4+9=13; g i l l

r a k e rs  on second, th i r d  and fo u r th  a rches 12-13+1+20-21, 12-14+1+20-21, 

8-9+1+14-19; g i l l  rak e rs  long , on the  149 mm SL SIO specimen the  leng th  

o f th e  rak e rs  in  th e  angle o f  th e  arch  were 9 .8 , 7 .0 , 5.7 and 4 .0  mm, 

re s p e c t iv e ly ;  g i l l  rak e rs  p re s e n t on th e  m edial su rface  o f a l l  arches, 

about 28 on the lower limb o f  the  f i r s t  a rch ; te e th  p resen t on vomer, 

p a la t in e  and m andible; none bn p rem ax illa ry  o r m ax illa ry ; 10 p y lo r ic  

caecae ; 29-30 + 19-21 = 48-50 v e rte b ra e .

D is tr ib u tio n : Known from the  e a s te rn  P a c if ic  between 01o07fN (Garman 1899)

and 38°24'N (SIO 66-55) and from the e a s te rn  A tla n tic  between 14°11'N and



48°30'N  (ISH re c o rd s ) . Twelve e a s te rn  A tla n t ic  ISH specimens were caught 

i n  m idw ater between 490-3100 m, 11 from below 2000 m, and 9 from below 

2650 m. B athypelag ic,
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Genus "A"

F igure  40 A&B

Aleposomus (no t o f  G i l l  1884), Angel and V e rr ie r  1931: 121 ( sc h m id ti) .

D iag n o sis :

In  key.

Remarks:

P a r r 's  (1951) trea tm en t o f th e  sp e c ie s  i n  the  Xenodermichthys -  

R ou le ina  group h e lp ed  c l a r i f y  a  confusing  l i s t  o f  nom inal sp e c ie s . How­

e v e r, he om itted  th e  Indo P a c if ic  sp e c ie s  Aleposomus schm idti Angel and 

V e r r ie r  (1931), In  P a r r ’ s key A, schm idti would f a l l  somewhere between 

R ou le ina  and Xenoderm ichthys, I  have r e c e n t ly  o b ta in ed  th ree  specimens 

o f  two sp e c ie s , one o f  \d iich  ag rees w ith  Angel and V e r r ie r 1 s (1931) 

d e s c r ip t io n .

The unnamed sp e c ie s  in  t h i s  unnamed genus has t h in  sc a le s  covering  

i t s  re g u la r  rows o f  photophores. I t  would, on t h i s  b a s is  seem to  be more 

p r im it iv e  than  th e  genera  i t  most c lo s e ly  resem bles, Xenoderm ichthys. 

R o u le in a  and A nom alopterich thvs. U n til  more m a te r ia l  becomes a v a ila b le  

th e  in te r r e la t io n s h ip s  o f  th e se  genera  w i l l  be p ro b lem a tica l. However, 

i f  th e  p resence o f  s c a le s  and re g u la r  rows o f  photophores i s  e s ta b lis h e d  

a s  p r im it iv e  fo r  th e  group, th en  the  lo s s  o f  sc a le s  and the  qu incunx ia l 

arrangem ent o f photophores in  Xenodermichthys and some spec ies  o f  R ouleina 

w ould se rve  as a d d it io n a l  f e a tu re s  u n i t in g  th ese  genera . S ince t h i s  genus 

i s  p re s e n tly  known on ly  from th e  In d o -P a c if ic  reg io n , i t  w i l l  n o t  be 

t r e a te d  fu r th e r .
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A lepocephalus R isso  1820

A lepocephalus R isso 1820:270 (Type sp ec ie s  A lepocephalus r o s t r a tu s  R isso  

1820 by  monotypy).

M i tc h i l l in a  Jordan and Evermann 1896:453 (Type sp ec ies  A lepocephalus 

f r a i r d i i  Goode and Bean 1879 by o r ig in a l  d e s ig n a tio n ) .

H a lis a u r ic e p s  Fowler 1934:247 (Type sp ec ies  A lepocephalus long iceps Lloyd 

1909 by o r ig in a l  d e s ig n a tio n ) .

N arce te s  (n o t o f A lcock 1890). Fowler 1934:255 (p a r t ,  garmani o n ly ).

A lc o c k e lla  Fowler 1934: 255 (.Type sp e c ie s  N arce tes garmani Fowler 1934 

by o r ig in a l  d e s ig n a tio n ) .

?Nonnania P a r r  1937:5 (Type sp ec ie s  A lepocephalus anderson i Fowler 1933 

by o r ig in a l  d e s ig n a tio n ) .

?P ro d ito r  W hitley 1940:407 (new name to  re p la c e  Normania P a r r  1937, p re ­

occupied  by Normania Brady 1866, an o s tra co d ; Normania Bowerbank 

1869, a  sponge; and Normania Boeck 1871, an amphipod).

?N oriona S tra n d  1942:401 (new name to  rep la ce  Normania P a r r  1937, th r ic e  

p reo ccu p ied ).

B a th y tro c te s  (not o f Gunther 1878). P a r ro t t  1948:143 (?a n tip o d ia n a ) .

L lo v d ie l la  P a r r  1952:256 (Type sp e c ie s  A lepocephalus b ic o lo r  Wood-Mason 

and A lcock 1891 (n o t Alcock 1892) by o r ig in a l  d e s ig n a tio n ) .

D iag n o sis :

No t e e th  on vomer o r  m ax illa ry ; te e th  p re s e n t  on p rem a x illa ry , p a la ­

t i n e  and d en ta ry ; m esocoracoid p re s e n t;  d o rsa l and anal f i n s  approxim ately

eq u al and o p p o site ; body com pletely sca led .
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Remarks:

The id e n t i f ic a t io n  o f  species o f  Alepocephalus i s  d i f f i c u l t  due to  

poor o r ig in a l  d e sc r ip tio n s  and the  damaged c o n d itio n  o f many specimens.

In  h i s  key to  the  genus P a rr  (1952) recognized th e  im portance o f sca le  

coun ts in  d is tin g u ish in g  sp ec ie s . But, because o f  th e i r  damaged condi­

t io n ,  e sp e c ia l ly  th e  very  freq u en t lo s s  o f s c a le s  on th e  caudal peduncle, 

th e  n u m b e r  o f sc a le s  in  a  lo n g itu d in a l s e r ie s  (P a rr1 s c h a ra c te r)  i s  

a lm ost im possible to  count. Much more fre q u e n tly , one i s  ab le  to  make a  

count o f  tran sv e rse  sc a le  rows (d ire c te d  up and backwards) above the l a t ­

e r a l  l in e  before  th e  d o rsa l . A lso v e r te b ra l  counts are  u s e fu l  in  d i s t in ­

gu ish ing  sp ec ie s . These c h a ra c te rs  a re  th e re fo re  in co rp o ra ted  in to  the  

fo llow ing  p ro v is io n a l key to  known w estern  North A tla n tic  sp ec ie s .

W estern North A tla n tic  D is tr ib u tio n  and comments:

Alepocephalus b a i r d i i  i s  known from the type lo c a l i ty  on the  Grand 

Banks (Goode and Bean 1879) to  w est Greenland (K re ff t 1973) in  the w est­

e rn  North A tla n t ic . A lepocephalus productus i s  known from th re e  specimens 

(K re f f t  1973), two a re  from the w estern  North A tla n tic  a t  39°26I16"N and 

70°02*37"W (G ill 1883) and 28°47’N and 87°50'W (Grey 1958). The specimen 

o f  A. productus rep o rte d  by Haedrich and P o llo n i (1974) i s  n o t th a t  sp e c ie s . 

A lepocephalus a u s t r a l i s  i s  the  name I  te n ta t iv e ly  apply to  Haedrich and 

P o l lo n i 's  specimen, as w ell as to  two specimens from o ff  V irg in ia  and one 

from Oregon I I  s ta t io n  11242 (10°10'N, 76°14'W). A ll fou r specimens as 

w e ll as two from the Gulf o f Guinea (UMML 21680) agree w ith  A. a u s t r a l i s  

in  head s iz e  according to  P a r r1 s (1952) key, A lepocephalus a g a s s iz i i  i s  

th e  most common w estern  A tla n tic  A lepocephalus. K re ff t (1973) re p o rts  i t  

from  Davis S t r a i t  to  15°N in  the  w estern  North A tla n t ic .



Key to  N orth  A tla n tic  Species o f A lepocephalus

Anal f i n  w ith 21-25 rays; t o t a l  v e rteb rae  62-64.........................................

...................................................A lepocephalus b a i r d i i  Goode and Bean 1879.

Anal f i n  w ith l e s s  than 20 ra y s ;  to ta l  v e rte b ra e  50-57..........................

   2 .

T ransverse sc a le  rows above l a t e r a l  l in e  and before d o rsa l f i n  o r i ­

g in  g re a te r  than  40, u su a lly  around 48; p y lo r ic  caecae 15-23; v e r te ­

brae  25-28+26-28=53-55.............................................................................................

........................Alepocephalus a g a s s iz i i  Goode and Bean 1883 (F ig . 39A).

T ransverse  sc a le  rows above l a t e r a l  l in e  and before d o rsa l f i n  o r i ­

g in  l e s s  than 4 0 .......................................................................... ...............................

............................................................................................................................................  3 .

P y lo r ic  caecae 23-24; ju v e n ile s  w ith unpigmented s t r i p  along d o rsa l 

and a n a l f in  b a se s ; m aximum body depth o f  a d u lts  a t  d o rsa l and ana l

f in  o r ig in s ....................................................................................................................

.............................................................................A lep o cep h a lu s  r o s tr a tu s  R isso 1820.

P y lo r ic  caecae 13-16; bases o f  do rsa l and an a l f in s  o f  ju v e n ile s

w ith  same pigm entation  as r e s t  o f  f in s ;  l i t t l e  change in  body depth

from p e c to ra ls  to  do rsa l in  a d u l t s ....................................................................

............................................................................................................................................  4.

T ransverse  sc a le  rows above l a t e r a l  l in e  and before  d o rsa l o r ig in

33-34; v e rteb rae  24+26-28=50-52........................................................... ..............

 ...........................................  A lepocephalus productus G ill  1884.

T ransverse sc a le  rows above l a t e r a l  l in e  and before d o rsa l o r ig in  26;

v e rte b ra e  24-27+28-30=53-57; m ales w ith t r i - l i b e d  t e s t e s ......................

.............................................................. A lepocephalus a u s t r a l i s  Barnard 1923.



A nom alopterichthys W hitley 1940

Anomalopterus V a illa n t  1888:160 (Type sp ec ie s: Anomalopterus p in g u is  by

monotypy),

Anom alopterichthys W hitley 1940:242 (S u b s titu te  name fo r  Anomalopterus 

V a illa n t 1888, preoccupied by Anomalopterus Gray 1855, a  b ird ) .

Remarks:

The gemis i s  monotypic and on ly  known from V a i l la n t 's  61 mm type spe­

cimen. P a rr  (1951) sa id  the  upper jaws were to o th le s s  vdvile V a illa n t  s a id  

the  p rem ax illa ry  and den tary  had very  sm all te e th  and only  the  m ax illa ry  

and p o ss ib ly  vomer were ed en ta te . V a i l l a n t 's  d e n ti t io n  p a t te rn  d is t in g u is h ­

es Anom alopterichthys from a l l  genera  b u t A lepocephalus. E r ic a ra  and Cono- 

caxa  from which i t  d i f f e r s  in  the  in s e r t io n  o f  the  d o rsa l in  advance o f  the  

a n a l. I t  appears most s im ila r  to  genus "A" although i t s  sm all eye i s  un­

l ik e  the  spec ies  o f genus "A". When a d d itio n a l m a te ria l becomes a v a ila b le , 

i t  w i l l  be d e s ira b le  to  consider r e la t io n s h ip s  o f Anom alopterichthys w ith  

genus "A", Xenodermichthys and R ouleina.

The genus and sp ec ie s  a re  known only from the e a s te rn  North A tla n t ic .
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Asquamiceps Zugmayer 1911

F ig u res 34A and 35A

Asquamiceps Zugmayer 1911:2 (Type sp e c ie s : Asquamiceps v e la r is  Zugmayer

1911 by monotypy). Fowler 1934:248 (longm ani). P a rr  1954:1-8 

( in d ag a tio  and p a c i f ic u s ) .

A lepocephalus (no t o f R isso) Koefoed 1927:43 ( in  p a r t ,  h j o r t i  o n ly ). 

M eealepocephalus Fowler 1934:248 (lype sp ec ie s : Asquamiceps longmani

Fowler 1934 by o r ig in a l  d e s ig n a tio n ) .

D iag n o sis :

A lepocephalids w ith  voluminous o p erc les  covering base o f p e c to ra l 

which i s  la rg e  and fa n - l ik e ;  a re a  a n te r ia d  o f  p e c to ra l base naked; p e r i ­

toneum unpigmented o r very  l ig h t ly  pigmented; lower jaw w ith  m inute u n i­

s e r i a l  te e th  and ending behind p o s te r io r  margin o f  o r b i t ;  p a la t in e ,  max­

i l l a r y  and vomer e d en ta te , p rem ax illa ry  w ith  o r w ithout te e th ; g i l l  rak­

e rs  p re se n t on l a t e r a l  and m edial su rfaces o f  f i r s t  fo u r a rch es , a  w ell 

developed f la p  o f  sk in  on the  a n te r io r  su rface  se p a ra tin g  the two s e ts  o f 

r a k e rs ;  body compressed, covered w ith  sc a le s  w ith  o r  w ithout a  l a t e r a l  l in e ;  

head naked, some w ith  r e t ic u la te d  p a t te rn  approxim ating sca le  pockets (A. 

longm ani): d o rsa l and anal approxim ately equal and opposite ; t o t a l  v e r te ­

b rae  37-53, the  number o f  p recaudal about equal to  o r  up to  8 le s s  than 

th e  number o f caudal v e rte b ra e ; A 15-20, D 15-19, P^14-18, b r  5-6.

Remarks:

The genus Asquamiceps i s  now rep resen ted  by th re e  species in  the  

N orth  A t la n t ic . Asquamiceps v e la r is  i s  known only from the holo type taken 

a t  36°06'N and 09°W (Zugmayer 1911). Asquamiceps h j o r t i  i s  known from the
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ho lo type  taken a t  34°59'N and 33°01'W (Koefoed 1927) and se v e ra l o th e r 

specimens taken between 20°N and 20°S in  the e a s te rn  A tla n t ic  (K re ff t, 

p e rso n a l communication), Ascniamicens species A i s  known on ly  from the 

ho lo type  taken in  the  Gulf o f Mexico and i s  the only  member o f the genus 

known from the w estern  A tla n tic . Species o f Asquamiceps a re  ra re  in  c o l­

le c t io n s  (K re fft 1973). The sh o a le s t cap ture  depth i s  1110 m fo r  the 

type o f A. longmani Fowler 1934 bu t most cap tu res a re  from below 2000 ra, 

an In fre q u e n tly  sampled h a b ita t .

Key to  spec ies  o f  A squam iceps 

(adapted  from P a rr , 1954)

l a .  Upper jaw ends w ell in  advance o f  p o s te r io r  margin o f  o r b i t ...............

 2 .
lb .  Upper jaw reaches about to  the  v e r t i c a l  through the  p o s te r io r  m argin

o f  o r b i t ...........................................................................................................................

....................................................................................... ; ............................................ 4.

2a. Four p y lo r ic  caecae; 15-17 g i l l  rak e rs  in  f i r s t  a rch ; l a t e r a l  l in e

i n d i s t i n c t .....................................................................................................................

........................................................................................................................................ 3 .

2b. E igh t p y lo ric  caecae; 25 g i l l  rak e rs  in  f i r s t  arch ; l a t e r a l  l in e

very  d i s t i n c t .................................................................................................................

...................................................................... Asqnam-i ceps p a c if ic u s  P a rr  1954.

3a. Five b ran c h io s teg a l ray s ; more than 70 sc a le s  in  " lo n g itu d in a l s e r ie s "

.....................................................................Asquamiceps v e la r is  Zugmayer 1911.

3b. S ix  b ra n c h io s te g a ls ; about 65 sc a le s  in  " lo n g itu d in a l s e r ie s " ...........

.................................................................................  A souam icens in d ag a tio  P a rr  1954.



Twenty-six caudal v e rte b ra e ; o r b i t  about 20% o f  head len g th ; males

lobed t e s t e s ................................................................................................. ................

................... .  Asquamiceps lo n g m a n i  Fowler 1934.

Twenty-one to  twenty-two caudal v e rte b ra e ; o r b i t  about 14% o f  head

length ; known male w ith  convoluted t e s t e s .....................................................

.....................................................................................................................................  5.

L a te ra l l i n e  p resen t; about 50 tra n sv e rse  sc a le  rows above l a t e r a l  

l in e  to  caudal base; anus midway between p e lv ic  in s e r t io n  and anal

f i n  o r i g i n .  ............................................................................................................

......................................................................  Asquamiceps h j o r t i  Koefoed 1927.

L a te ra l l i n e  absent; about 80 tra n sv e rse  sc a le  rows above l a t e r a l

l in e  to  caudal base; anus ad jacen t to  anal f i n  o r ig in ............................

..................................................   Asquamiceps species A. (F ig . 35A).



Aulas tomatomorpha A lcock 1890

1 2 0

Figure  35B

Aulastomatom arpha Alcock 1890:307 (Type sp e c ie s : Aul as tomatomorpha

phospherops Alcock 1890 by monotypy). Lloyd 1906:308 (c a e ru le ic e p s ) . 

A ulas tomomorpha Alcock 1899:178 ( in c o r re c t  emendation o f  A ulas tomatomorpha 

A lcock 1890), Alcock 1899:178 (phosphorops, in c o r re c t  emendation o f

A. phospherops Alcock 1890).

D ia g n o s is :

In  key.

Remarks:

Two sp e c ie s  known on ly  from th e  In d ian  Ocean.



Bai a c a l i f  o m ia  Townsend and N ichols 1925

Figure 36 A-C

B ath v tro c tes  (no t o f Gunther 1878) Weber 1913:11 ( c a lc a ra tu s ) . Beebe 

1929:6 (d ra k e i) .

B a ia c a l ifo m ia  Townsend and N ichols 1925:8 (Type sp ec ie s : B a ia c a lifo m ia  

b u rrag e i Townsend and N ichols 1925 by o r ig in a l  d e s ig n a tio n ) .

D iag n o sis :

Teeth in  both  jaws u n is e r ia l ,  den tary  n o t expanded l a t e r a l l y  b u t w ith  

a  prom inent knob d ire c te d  a n te ro -v e n tra l ly ;  v e rte b ra e  26-39+18-23=50-60 

w ith  11-18 more p recaudal than  caudal v e rte b ra e ; v e r te b ra l  in te rsp a c e s  n o t 

n o tic e a b ly  en larged; p y lo r ic  caecae 13-26, long; b r u su a lly  7; g i l l  rak e rs  

on f i r s t  a rch  5-7+1+15-23=22-31. Two North A tla n tic  sp e c ie s .

Key to  Species o f Bai a c a l i f  o m ia

l a .  P recaudal v e rte b ra e  26-27; 10 p e lv ic  ray s ; 17 p e c to ra l ra y s .................

.................................... B a ia c a lifo rn ia  b u rrag e i Townsend and N ichols 1925.

lb .  P recaudal v e rte b ra e  31-39; 7-9 p e lv ic  ray s ; 12-15 (16?) p e c to ra l ray s

   2 .

2a. V ertebrae 36-39+20-23=57-60; o rb i t  r e l a t iv e ly  sm all 4.2-10.8% SL o r

55-90% o f snout (n eg a tiv e ly  a l lo m e tr ic ) ............................................................

..........................................................Bai a c a l i f  o m ia  c a lc a ra tu s  (Weber 1913).

2b. V ertebrae 31-32+19-20=50-51; o r b i t  r e la t iv e ly  la rg e  7.2-10.8%  SL o r

90-130% o f snout (n eg a tiv e ly  a l lo m e tr ic ) ..........................................................

...................................................       Bai a c a l i f  o m ia  d rak e i (Beebe 1929).
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B a ia c a lif  o m ia  c a lc a ra tu s  (Weber 1913)

F igure  36B

B a th y tro c te s  c a lc a ra tu s  Weber 1913:11 

Bai a c a l i f  o m ia  c a lc a ra tu s  P a rr  1952:265.

D iag n o sis :

V ertebrae 36-39+20-23=57-60; o r b i t  r e l a t iv e ly  sm all, 4.2-10.8%  SL, 

55-90% o f  snou t, n eg a tiv e  le n e a r  a llom etry  between 75.8 and 345 mm SL. 

Known from fo u r  l o c a l i t i e s  in  the North A t la n t ic ,  a l l  in  th e  Gulf o f 

Guinea from bottom traw ls  in  350-730 m.

Bai a c a l i f  o m ia  d rak e i (Beebe 1929)

F igure 36C

B a th y tro c te s  d rak e i Beebe 1929:6 

Bai a c a l i f  o m ia  d rake i P a rr  1937:25.

D iag n o sis :

V ertebrae 31-32+19-20=50-51; o r b i t  r e la t iv e ly  la rg e , 7.2-10.8%  SL, 

90-130% o f snou t, n e g a tiv e ly  a llo m e tr ic , a lthough  probably n o t l in e a r  be­

tween 28.7 and 223 mm SL; te s te s  ap p aren tly  w ith  only one o r a  few p a ir s  

o f  long lo b es . Ju v e n ile s  le s s  than  90mm SL and la rvae  from midwater traw ls  

known from the  e a s te rn  P a c if ic  between 11°S and 35°S, th e  w estern  A tla n tic  

(Beebe 1929, 1933), and the  e a s te rn  A tla n tic  a t  53°N from n e ts  towed as 

shallow  as 250 m and as deep as 3182 m. Two a d u lts , 180 and 223 mm SL, 

known from bottom traw ls  in  the  w estern  A tla n tic  a t  39°N and 40°N between 

820 and 1425 m.



Bathvlaco Goode ‘and Bean 1896
123

Bathvlaco Goode and Bean 1896:57 (Type species Bathvlaco n ig r ic a n s  Goode 

and Bean 1896 by monotypy).

Macromastax Beebe 1933a:161 (Type spec ies  Macromastax gymnos Beebe 1933a 

by monotypy).

D iag n o sis :

O rb it f a r  forw ard on snout; jaws extending w ell behind p o s te r io r  

m argin o f o r b i t ;  d o rsa l p r o f i le  o f  head r e la t iv e ly  s t r a ig h t  w ith  s l ig h t  

a rch  over snout; t e s te s  lobed; lower jaw den tigerous; m odified g i l l  ra k e rs  

sometimes p re se n t on m edial su rface  o f  f i r s t  g i l l  a rch ; v e rte b rae  26-32(?)+ 

17-19; g i l l  ra k e r  on f i r s t  a rch  3-4+1+7-10^11-17' 4-11; v e r te b ra l  c e n tra

t a l l ,  re c ta n g u la r  w ith  r e l a t iv e ly  wide in te rv e r te b ra l  spaces o f  u n o ss if ie d  

chorda. Two o r th re e  sp e c ie s , one from the  w estern  N orth A tla n t ic .

Bathvlaco n ig r ic a n s  Goode and Bean 1896

Figure  38B

B athvlaco n ig r ic a n s  Goode and Bean 1896:57.

Macromastax gymnos Beebe 1933a:162.

D iag n o sis :

No d i la t a to r  spine on o p e rc le ; A 10-13.

D is t r ib u t io n :

Circumglobal between 40°N and 10°S (N ielsen and Larsen 1970) from 

450-4376 m, u s u a lly  from midwater traw ls  between 1750 and 2200 m (N ielsen  

and Larsen 1968, 1970 and N ielsen  1972).
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C lass if ic a tio n  of B athytroctes and Nomoctes:

K re fft (1970 and personal communication) has expressed reasonable d«b doubt 

about the v a lid ity  o f separate genera fo r  Bathytroctes and Nomoctes as 5̂ 

here r e s t r ic te d . Although more m ateria l i s  needed fo r  some species, fo u r^ fo u r  

charac te rs  appear to o ffe r  some ju s t i f ic a t io n  fo r  m aintaining separate de 

genera. Two charac ters , number o f caudal vertebrae and number o f anal jj. 

ray s , d is tin g u ish  two groups (vertebrae unknown fo r  B. grim aldi. B. m icr^^j.cro- 

l e p i s . B. danae, B. zugmayeri and N. m acrolepis). Two ad d itio n a l ch arac -^^ac- 

t e r s ,  number o f g i l l  rakers on the f i r s t  arch and s tru c tu re  of the ovary ^-ary, 

separate  the two groups except th a t  B, o lig o lep is  f a l l s  in to  the Nomoctesa^ ctes 

group fo r  both charac ters and N. m ichaelsarsi f a l l s  in to  the B athv troctes su ites 

group w ith respect to  number o f g i l l  rakers. Obviously, the c la s s if ic a -  vaca­

t io n  adopted here i s  te n ta tiv e . Furthermore, the diagnoses o f the two go 
genera are s t r i c t l y  applicable only to  the known western North A tlan tic  

species.

B athytroctes Gunther 1878 

B athytroctes Gunther 1878:249 (Type species: B athytroctes m icrolepis

Gunther 1878 by subsequent designation of Jordan 1919:395) Alcock 0  

1890:303 (souamosus) . Zugmayer 1911:1 (g rim ald i). Fowler 1934:250 0^250 

(p a rt, zugmaveri). Parr 1951:12 (p a rt, danae).

Lepogenys Parr 1951:5 (Type species: Bathytroctes souamosus Alcock 1890 05g890

by o rig in a l designation).

Grim atroctes Parr 1952:265 (Type species: B athytroctes grim aldi ZugmayeKt^gypr

1911 by o rig in a l designation). Grey 1958:150 ( b u l l i s i ) . K refft 197O\^jj,970:

40 (o lig o le p is ) .

Nomenclature:

Gunther (1878) introduced the genus B athytroctes to  include (in  o rd ea^ rd er) 

B. m icrolepis and B. ro s tra tu s . He d id  not designate a  type species. Ir*n  In
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his 1887 work, Gunther added an o th e r s p e c ie s , B. m ac ro lep is . and l i s t e d  

i t  f i r s t .

The e a r l i e s t  d e s ig n a tio n  o f  a  type sp e c ie s  fo r  B a th y tro c te s  i s  by 

Goode and Bean (1896:40) who s t a t e ,  "The type o f  t h i s  genus i s  Bathy- 

t r o c te s  m a c ro le p is . G u n th e r , . . ."  S ince 13. m acro lep is was n o t o r ig in a l ­

ly  in c lu d e d  in  G un ther's  genus, t h i s  d e s ig n a tio n  i s  n o t v a l id .  Subse­

q u en tly , Jo rdan  and Evermann (1896:454) l i s t  i n  th e i r  s tan d ard  form at,

11 B a th y tro c te s . Gunther, ihm . Mag. Nat. H i s t . ,  1878, 249, (m ic ro le p is )" . 

B a th y tro c te s  m i c r o l e p i s  h as  s in ce  been recogn ized  as th e  type  'species by 

by Jo rd a n  (1919) and Fow ler (1936a), who in c o r re c t ly  a t t r ib u te d  th e  

d e s ig n a tio n  to  Goode and Bean. P a r r  (p e rso n a l communication) accep ted  

the s ta te m e n t by Goode and Bean (1896) t h a t  th e  type sp ec ie s  o f  Bathv-  

t r o c te s  was B. m a c ro le p is . He th en  e re c te d  a  new genus, G rim atro c tes .

Parr 1952, w ith  type sp e c ie s  B a th y tro c te s  g r im a ld ii Zugmayer 1911, bu t 

co n ta in in g  B a th y tro c tes  m ic ro le p is .

The nom enclature p re s e n t ly  i n  u se , th e re fo re  recogn izes B a th y tro c tes  

Gunther 1878, co n ta in in g  B. m acro lep is Gunther 1887 a s  type sp e c ie s . Of 

the two sp e c ie s  o r ig in a l ly  d e sc rib e d  in  B a th y tro c te s . r o s t r a tu s  Gunther 

1878 i s  a  se a rs  i d  and B. m ic ro le p is  Gunther 1878 has been r e f e r r e d  to  

the genus G rim atro c tes . where i t  i s  a  se n io r  su b je c tiv e  synonym o f  the  

type s p e c ie s .  Thus, n e i th e r  o f  th e  two sp e c ie s  o r ig in a l ly  in c lu d ed  in  

B a th y tro c te s  a re  now co n sid ered  to  be in c lu d ed  w ith in  i t .

A ccording to  a r t i c l e  69 o f  th e  In te rn a t io n a l  Code o f  Z oo log ica l 

Nom enclature, subsequent d e s ig n a tio n  of a  type sp ec ie s  must be from one 

of th e  o r ig in a l ly  in c lu d ed  sp e c ie s ;  th e re fo re , B. m acro lep is i s  n o t 

a v a i la b le ,  B a th y tro c tes  w ith  B. m i c r o l e p i s  a s  i t s  v a l id  type  spec ies  

becomes a  se n io r  synonym o f  G r i m a t r o c t e s  P a rr  1952.
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The o ld e s t  a v a ila b le  genus-group name fo r  B a th y tro c te s  (no t o f  Gunther 1878, 

b u t  o f  P a rr  1952) i s  Nomoctes P a rr  1952 (see  below ).

D ia g n o s is :

Number o f  caudal v e rte b ra e  22-26, t o t a l  44-48; a n a l f i n  ra y s  13-17; 

ovary  incom plete  (except in  B. o l ig o le p is ) ; more than  29 g i l l  ra k e rs  in  

f i r s t  a rc h  (excep t B. o l ig o le p is ) : pa lato-vom erine t e e th  fe e b le  to  ab sen t; 

d o r s a l  p r o f i l e  o f head arched  over eye ( r e la t iv e ly  s t r a ig h t  in  o l ig o le p is ) . 

Two w estern  North A tla n t ic  sp ec ie s ; th re e  A tla n t ic  sp e c ie s , a l l  diagnosed 

below .

Key to  Species o f  B a th y tro c tes

l a .  B ranch iostega l ray s 6 ; 24-26 g i l l  ra k e rs  on f i r s t  a rch , 6 on upper

lim b; u s u a l ly  7 p e lv ic  ra y s ....................................................................................

...............................................     .B a th y tro c te s  o l ig o le p is  (K re ff t 1970).

l b .  B ranch iostega l ray s  7 -8 ; 29-36 g i l l  rak e rs  on f i r s t  a rc h , 8-12 on

upper lim b; u su a lly  8 p e lv ic  r a y s .......................................................................

  2 .

2a. S ca les  p re se n t on cheeks and /o r o p e rc le s ; s c a le s  above l a t e r a l  l in e

approxim ately  same s iz e  as l a t e r a l  l in e  s c a le s ;  48-61 tra n sv e rse  ■ 

sc a le  rows above l a t e r a l  l in e ;  o r b i t  d iam eter 1 . 6- 1 .9  tim es la rg e r

than snout le n g th .  ............................................... ............ .......................

 ................................ ............................. B a th y tro c te s  souamosus Alcock 1890.

2b. S ca les  n o t p re se n t on cheeks o r  o p e rc le s ; s c a le s  above l a t e r a l  l in e

n o tic e a b ly  sm aller th an  l a t e r a l  l in e  s c a le s ;  59-77 tra n sv e rse  sc a le

rows above l a t e r a l  l in e ;  o r b i t  d iam eter 1 . 2- 1 .6  tim es la rg e r  than

snout le n g th ............................................................................................ .......................

............................................................B a th y tro c te s  m ic ro le p is  Gunther 1878.
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Bathytroctes souamosus Alcock 1890

Figure 37 D-F

B ath y tro c tes  souamosus Alcock 1890:303.

B a th y tro c te s  zuemayeri Fowler 1934:250.

Lepogenvs squam osas P a rr  1951:5.

G rim atroctes b u l l i s i  Grey 1958:150 (p a r t ,  see under B. m ic ro le p is ) . 

D iag n o sis :

B ranch io stega ls  7-8 ; 29-34 g i l l  ra k e rs  on f i r s t  a rc h , 8-10 on up­

p e r  lim b; P^ 8 ; s c a le s  p re se n t on cheeks and /o r o p e rc le ; 48-51 l a t e r a l  

l in e  s c a le s ;  sc a le s  above l a t e r a l  l in e  approxim ately same s iz e  as l a t ­

e r a l  l in e  s c a le s ;  48-61 tran sv e rse  sc a le  rows above l a t e r a l  l in e  (Table 

3 ) ;  o r b i t  d iam eter 1 .6 -1 .9  tim es la rg e r  than  snout le n g th , Arabian

S ea , Celebes Sea and w estern  North A tla n t ic .

Remarks:

The tw enty-four a v a ila b le  w estern  N orth A tla n tic  specimens d i f f e r  

from  A lcock 's (1890) d e sc r ip tio n , given in  p a ren th eses: P^ 11-13 (10);

Pg 8 (9 ); anal o r ig in  under l a s t  3 d o rsa l ray s  (under t h i r d  d o rsa l ray , 

a lthough  i l l u s t r a t i o n  shows th e  an a l o r ig in  under th e  l a s t  d o rsa l ra y ) ;  

i n t e s t i n e  w ith  one, u su a lly  two, f l a t  loops ( in te s t in e  c o ile d  in  a  sp i­

r a l ) ;  and p y lo r ic  caecae 10-15 (5 -6 ). A ll  o f these  d if fe re n c e s  could 

in d ic a te  some g e n e tic  d if fe re n c e s  between A rabian Sea and w estern  North 

A t la n t ic  specimens. However, in  view  o f th e  la rg e  amount o f  v a r i a b i l i ty  

in  s c a le  s iz e  and counts found w ith in  w estern  North A tla n t ic  specimens 

(T able 3 ) , th ese  d iffe re n c e s  should be confirm ed through reexam ination o f  

th e  holo type and exam ination o f  more A rabian Sea specimens befo re  they  

a re  a t t r ib u te d  to  d i f f e r e n t  sp ec ie s .
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Figure 37 A-C

B ath y tro c tes  m ic ro lep is  Gunther 1878:249.

B a th y tro c tes  g rim ald i Zugmayer 1911:1.

B a th y tro c tes  danae P a rr  1951:12.

G rim atroctes b u l l i s i  Grey 1958:150 (p a r t ,  see below ).

Nom enclature:

The d e sc r ip tio n s  o f  th e  above sp ec ies  provide no way o f d is tin g u ish in g  

them from each o th e r . B athy troctes g rim ald i was re p o rte d  to  have 11 an a l 

ray s  (Zugmayer 1911), b u t P a rr  (personal communication) reexamined the  ho­

lo ty p e  and found 15 anal ray s in  agreement w ith  th e  observed v a r ia t io n  in  

B. m ic ro le p is .

At l e a s t  one o f  th e  para types o f  G rim atroctes b u l l i s i  ( th e  second 

203 mm SL specimen in  G rey 's (1958) Table 1, a  fem ale) i s  very  l ik e ly  a  

specimen o f  B. souamosus. Although I  cannot confirm  sca le  counts in  any 

o f G rey 's  type m a te r ia l ,  I  b e liev e  I  am ab le  to  see remnants o f  sca le  

p o ck e ts  on th e  upper o p e rc le  in  t h i s  specimen. R ir th e r , h e r sc a le  counts 

( l i s t e d  a s  l a t e r a l  l in e  b u t q u ite  obviously  o f  the  rows above the  l a t e r a l  

l in e )  show the  specimen in  question  to  have about 60 sc a le s  (rows above 

th e  l a t e r a l  l in e )  w hile  the  holotype and two o th er para types have about 

64 s c a le s .  I t  i s  c le a r  w ith  re sp e c t to  th is  c h a ra c te r  th a t  the  specimen 

in  q u es tio n  f a l l s  in  th e  a re a  o f overlap  between B. m ic ro lep is  and B. 

souamosus. The rem aining type m a te r ia l  i s  in  the  low range fo r  _B. m icro­

l e p i s . A lso , the  o r b i t  in  th is  specimen i s  1 .64 tim es a s  la rg e  as the  

snou t (Grey 1958 and ray measurements agree ex ac tly  on t h i s ) .  Thus, w ith  

re s p e c t  to  th e  th re e  known c h a ra c te rs  which separa te  B. m ic ro lep is  and

B. squamosus t h i s  para type  appears to  agree w ith  JB. squamosus.
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D iag n o sis :

B ran ch io steg a ls  7 -8 ; 32-36 g i l l  ra k e rs  on f i r s t  a rc h , 9-12 on upper 

lim b; (7 )—8—9; no s c a le s  p re s e n t  on cheeks o r  o p e rc le ; 47-49 l a t e r a l

l in e  s c a le s ;  s c a le s  above l a t e r a l  l in e  sm a lle r than  l a t e r a l  l in e  s c a le s , 

59-77 tra n s v e rse  sc a le  rows above l a t e r a l  l in e  (Table ) ;  o r b i t  diam eter 

1 .2 -1 .6  tim es la rg e r  th an  snout le n g th . North A t la n t ic ,  South China Sea 

and so u th e a s t P a c if ic .

B a th y tro c te s  o l ig o le p is  (K re ff t 1970)

G rim atroc tes  o l ig o le p is  K re f f t  1970:40.

D ia g n o s is :

B ran ch io steg a ls  6; 2-26 g i l l  ra k e rs  on f i r s t  a rc h , 6 on upper limb;

P2 7 (8 ) ; no sc a le s  p re s e n t  on cheeks o r o p e rc le ; 46-48 l a t e r a l  l in e  sc a le s  

s c a le s  above l a t e r a l  l in e  about same s iz e  as l a t e r a l  l in e  s c a le s  (counts 

u n a v a i la b le ) ;  o r b i t  d iam eter 1 .2 -1 .4  tim es la rg e r  than  snout len g th . Known 

o n ly  from e q u a to r ia l  c e n t r a l  A t la n t ic .

Nomoctes P a rr  1952

B a th y tro c te s  (no t o f Gunther 1878). Gunther 1887: 225 (m acro lep is o n ly ) . 

Gaxman 1899:286-288 (a lv if ro n s  and in sp e c to r  o n ly ) . Koefoed 1927:48 

(m ic h a e ls a rs i ) . P a r r  1951:11 (koefoedi o n ly ) .

N arce tes  (no t o f  Alcock 1890). Fowler 1934:253 (p a r t ,  pappenheimi o n ly ). 

Nomoctes P a r r  1952;266 (Type sp e c ie s : B a th y tro c tes  m-inhapiqa-rgi Koefoed

1927 by o r ig in a l  d e s ig n a tio n ) . See B a th y tro c tes  above fo r  d isc u ss io n  

o f  nom enclature.
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D iagnosis:

Number o f  caudal v e r te b ra e  16-19, to ta l  38-45; A 9-11; ovary com­

p le te ly  enclosed  by o v arian  tu n ic  (known only in  m ic h ae lsa rs i and k o e fo e d i) ; 

g i l l  r a k e rs  19-31 on f i r s t  a rch ; pa la to-vom erine te e th  u su a lly  w e ll d e v e l­

oped; body r e l a t i v e ly  f l a c id ;  d o rsa l p ro f i le  o f  head r e la t iv e ly  s t r a i g h t  

w ith  l i t t l e  c u rv a tu re  over eye. Two w estern N orth A tla n tic  sp e c ie s .

Key to  w estern  North A tla n t ic  Species o f  Nomoctes

la .  P e c to ra l  w ith  16 ra y s ; g i l l  ra k e rs  i n  f i r s t  a rc h  7-9+1+19-21=27-31.

 ........................................................................ N. m ic h a e lsa rs i (Koefoed 1927).

lb . P e c to ra l  w ith  11-12 ra y s ; g i l l  ra k e rs  in  f i r s t  a rch  5-6+1+14-17=21-23. 

  ...................      N. koefoedi (P a rr  1951).

Nomoctes m ic h a e lsa rs i  (Koefoed 1927)

F ig u re  38C

B ath y tro c te s  m ic h a e lsa rs i Koefoed 1927:48.

D iagnosis:

T o ta l v e rte b ra e  38-39; g i l l  ra k e rs  i n  f i r s t  a rch  7-9+1+19-21=27-31;

PL 16.

Remarks:

In  a d d itio n  to  th e  fo u r  specim ens in  the type  s e r ie s ,  N, tH n h a e ls a r s i  

i s  known from  two o th e r  e a s te rn  N orth A tla n tic  specim ens and one w e s te rn  

North A t la n t ic  specimen. I t  has been caught between 2010 and 2933 m, on ly  

in  the  North A tla n t ic .
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Figure 38D

B a th y tro c te s  a lv if ro n s  (n o t o f Garman 1899) Koefoed 1927:45.

B a th y tro c te s  koefoed i P a rr  1951:11.

D iag n o sis :

T o ta l v e rte b ra e  39; g i l l  ra k e rs  i n  f i r s t  a rch  5-6+1+14-17=21-23; 

11- 12.

Remarks:

The ho lo type was c o lle c te d  along w ith  18 o th e r  specim ens southwest o f 

th e  A zores. An a d d it io n a l  specimen from  n e a r  the  type l o c a l i t y  and one 

from  th e  G ulf o f  Mexico a re  a lso  known. I t  has been caugh t between 2865 

and 5850 m.
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Bathvprion Marshall 1966

Bathyprlon M arsh a ll 1966:4 (Type spec ies  B athvprion  danae by  o rig in a l 

d e s ig n a tio n ) .

D iag n o sis :

Vomer e d e n ta te ;  u n is e r ia l ,  c o n ic a l, f a n g - l ik e  te e th  on  p a la tin e , p re -  

m a x illa ry , m a x illa ry , and d en ta ry ; p e c to ra l sm a ll w ith  10-12 ray s ; 7-8 

p y lo r ic  caecae.

Bathvprion danae M arshall 1966 

F ig u re  39B

Morphometric measurements from  two specim ens, one from  th e  North 

A t la n t ic  (378 SL, MMF 22053) and th e  o th er from th e  South A tla n t ic  (252 

SL, ISH 1539/71), expressed as a  p e rcen t SL: head  len g th  25 .0 -25 .4 ,

sn o u t length 9 .1 -1 0 .4 , mayiimnn o r b i t  diam eter 2 .5 , p re p e c to ra l  length 

2 5 .7 , p repe lv ic  len g th  3 8 .9 -4 1 .3 , preanal le n g th  5 4 ,7 -5 7 .5 , p redorsai 

le n g th  54 .3 -57 .9 , in te r o r b i ta l  d is tan c e  6 .5 -6 .8 , upper jaw  le n g th  15.0- 

1 6 .0 , lower jaw len g th  1 6 .3 -17 .1 , sphenotic w id th  o f  sk u ll 7 .5 -8 .0 , dor­

s a l  base le n g th  22 .6-25.0 , a n a l base  len g th  2 3 .4 -2 3 .6  cau d a l peduncle 

d e p th  4 .0 -4 .2 , p o s td o rsa l le n g th  20.3-21.3

M eristic  v a r ia t io n  noted: p y lo r ic  caecae 7 -8 , P^ 10 -12 , 1*2 0

24-25 , A 24- 25, ep ihyal b ran ch io steg a l rays 2 -4 , ce ra to h y a l b ranch io stega l 

r a y s  5-9 (u su a lly  8 -9 ), t o t a l  b ran ch io steg a ls  8 -12  (u su a lly  11-12), ver­

te b r a e  22+30, g i l l  rakers on f i r s t  fou r arches (MMF specimen) 4-1-13, 5-1- 

1 3 , 7-1-13, 4 -1 -1 5 .

D is tr ib u t io n -

In  A tla n tic  from 64°N to  21°S ("W alther Herwigtr d a ta ) .
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Holotype from w est P a c if ic  o f f  A u s tra l ia . Caught in  dep ths o f  1100 to  

2100 m from 600 to  2300 m above th e  bottom. Unknown in  w estern  North 

A tla n t ic  a lth o u g h  n o t unexpected th e re .  B athypelagic.
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Bellocia Parr 1951

B a th y tro c te s  (not o f  Gunther 1878). V a il la n t  1888:155-158 (p a r t ,  d e sc r ip ­

t io n  b u t n o t f ig u re  o f B a th y tro c te s  m elanocephalus) .

B e llo c ia  P a r r  1951:6, 12 (Type s p e c ie s : B e lio c ia  v a i l l a n t i  by monotypy).

Remarks:

The nom inal genus and sp e c ie s  B e llo c ia  v a i l l a n t i  a re  d i f f i c u l t  to  

u n d e rs tan d  from th e  l i t e r a t u r e .  The only  in fo rm a tio n  i s  con ta ined  in  

V a i l l a n t 's  (1888) and P a r r 's  (1951) d e s c r ip tio n s  (see  P a r r  (1960:66) fo r  

a  summary  o f  the  comedy o f  e r ro r s  a s so c ia te d  w ith  d e s c r ip tio n s  o f  th is  

s p e c ie s ) .

I t  i s  my guess based  on th e se  d e s c r ip t io n s , th e re  being no pub lished  

i l l u s t r a t i o n  and no m a te r ia l  p re s e n t ly  a v a i la b le ,  th a t  B e llo c ia  v a i l l a n t i  

i s  c lo s e ly  r e la te d  to  Nomoctes o r  p o ss ib ly  H erw igia. I t  d i f f e r s  from 

known sp e c ie s  o f  Nomoctes in  hav ing  one su p ram ax illa ry  r a th e r  than  two.

I t  i s  p re s e n t ly  known on ly  from th e  e a s te rn  North A tla n t ic .



Brunichthys Parr 1951

A lepocephalus (no t o f  R isso  1820). Garman 1899:291 ( in  p a r t ,  a sp e r if ro n s  

o n ly ) .

B runich thys P a rr  1951:8 (Type sp e c ie s : A lepocephalus a sp e r if ro n s  Garman

1899 by o r ig in a l  d e s ig n a tio n ) .

Remarks:

T his genus was in tro d u ced  w ithou t comment in  P a r r 's  (1951) key. The 

o n ly  known m a te r ia ls  a re  th e  type c o l le c t io n s  which I  have n o t examined., 

The sp e c ie s  was a p p a re n tly  removed from A lepocephalus on th e  b a s is  o f  the  

number o f  s u p ra m a x illa r ie s . In  s p i t e  o f th i s  weak evidence th e  genus i s  

t e n a t iv e ly  recogn ized  on th e  w eight o f  P a r r 's  in d ic a te d  p re fe re n c e . The 

genus must e v e n tu a lly  be c r i t i c a l l y  compared w ith  A lepocephalus.
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Conocara Goode and Bean 1896

A lepocephalus (no t o f  R isso 1820). V a il la n t  1888:150 (p a r t ,  m acropterus 

o n ly ) .  Koefoed 1927:41 (p a r t ,  m urravi o n ly ) .

Conocara Goode and Bean 1896:39 (Type sp e c ie s : Conocara mcdonaldi Goode

and Bean 1896 by subsequent d e s ig n a tio n  o f  Jordan  1919:467.

B enthosohvraena C ockere ll 1919:172 (re fe re n c e  to  sc a le s  o f  Conocara

m acropterus ap p a ren tly  u s in g  a  m anuscrip t name found in  a  j a r ,  see 

Jo rd a n  1920).

D ia g n o s is :

In  key .

Remarks:

Two w estern  N orth  A tla n tic  sp e c ie s , C.. mcdonaldi and m urrav i,

th e  fo rm er found u s u a l ly  sh o a le r  and th e  l a t e r  deeper th an  2000 m.

Key to  Species o f  Conocara

l a .  Four to  5 g i l l  ra k e rs  on upper lim b o f f i r s t  a rch ; 26-27 an a l ray s ;

v e r te b ra e  21-23+31-33=52-56....................................................................................

.............................................. ..Conocara m urravi (Koefoed 1927). (F ig .32C ).

lb .  One o r  two g i l l  rak e rs  on upper lim b o f  f i r s t  a rch ; 35-40 an a l ray s ;

v e r te b ra e  18-21+35-38=54-57.......................... .........................................................

  2 .

2a. O varian tunic d iscon tin u ou s w ith  peritoneum  v e n tr a lly ;  d o rsa l rays

20-21; anal ra y s  36-40; v e rte b ra e  18-19+35-38=54-57................................

 ...................... Conocara mcdonaldi Goode and. Bean 1896.
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2b. O varian tu n ic  continuous w ith  peritoneum  v e n tr o la te r a l ly ,  excep t

f o r  a  sh o rt s e c tio n  a n te r io r ly ;  d o rsa l ray s 19-22; an a l ray s 35-38;

v e rte b ra e  19-21+34-37=54-57....................................................................................

 ................................................................... Conocara m acroptera  V ia lla n t  1888.

Conocara m urrav i (Koefoed 1927)

Only a  s in g le  w estern A t la n t ic  specimen i s  known (Grey 1958). I t  

d i f f e r s  from an e a s te rn  A tla n t ic  ,rD iscovery r specimen from N .I.O . in  the  

fo llo w in g  (N .1.0 . specimen in  p a re n th e se s ) :  vomerine te e th  0 (two groups

o f  f i v e ) ;  v e r te b ra e  23+33 (21+31); and p y lo r ic  caecae 7 (5 ) . Although 

th e s e  d iffe re n c e s  a re  very su g g estiv e  and p o ss ib ly  in d ic a t iv e  o f  g e n e tic  

d i f f e r e n c e s ,  the  r a r i t y  of t h i s  form and th e  f a c t  th a t  the  w estern  A tlan­

t i c  specimen i s  a  ju v e n ile  d issu ad es  me from d e sc rib in g  i t  a s  a  new 

s p e c ie s .

P ro p o rtio n a l measurements expressed  as a  p e rcen t o f  SL fo r  th e  two 

specim ens (151 and 268 mm SL a re :  head le n g th  3 7 .7 -4 1 .0 , snout le n g th

1 2 .6 -1 5 .2 , p re p e lv ic  leng th  5 5 .3 -5 8 .2 , p re a n a l len g th  6 6 .9 -7 0 .9 , p re d o rsa l 

le n g th  7 0 ,2 -76 .5 , maximum d iam ete r o f o r b i t  9 .2 -9 .5 , upper jaw le n g th

1 5 .0 -1 6 .2 , d o rsa l b a se  leng th  1 3 .3 -1 6 .3 , an a l base le n g th  1 8 .0 -2 1 .4 , sphe- 

n o t ic  w id th  of s k u l l  13 .0 -13 .5 . M e ris tic  counts were D 21-22, A 26-27,

8 -9 , Pg 6, b r  6 -7 , g i l l r a k e r s  in  f i r s t  a rc h  4-5+1+15-16, p y lo r ic  cae­

c ae  5 -7 .

Conocara merino a t  d i  Goode and Bean 1896

Conocara m cdonaldi i s  d i f f i c u l t  to  d is t in g u is h  from e a s te rn  A tla n tic

C. m acroptera. As po in ted  ou t i n  th e  above key, the  main d is tin g u is h in g  

f e a tu r e  i s  the s t r u c tu r e  o f  th e  ovary.
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A lthough  _C. m cdonaldi i s  very  common in  the  G ulf o f  Mexico and C arib ­

bean few  preserved  specim ens o f fe r  r e l ia b le  measurements o r sc a le  c o u n ts . 

The fo llo w in g  p ro p o rtio n s expressed as a  percen t o f  S .L . are  from two 

specim ens only: head le n g th  3 0 .4 -3 3 .0 , snout le n g th  9 .4 -1 0 .1 , p re p e lv ic

le n g th  5 2 .1 -5 3 .2 , p re a n a l len g th  63 .7 -6 3 .8 , p re d o rs a l  len g th  7 5 .8 -7 5 .9 , 

maximum diam eter o f o r b i t  9 .4 -1 0 .3 , spheno tis w id th  o f  sk u ll  1 1 .7 -1 3 .1 , 

upper jaw  leng th  1 0 .4 -1 1 .2 , d o rsa l base leng th  1 0 .7 -1 1 .5 , anal base le n g th

2 5 .0 -2 5 .8 , lower jaw le n g th  1 2 .8 -15 .6 . M eristic  v a r i a t io n ,  from as many 

as 20 specim ens, was D 19-22 , A 35-38, 8-9, P2 6 , v e rte b ra e  19-21+34-37,

p y lo r ic  caecae  5-7, and b ra n c h io s te g a l rays ( 4 ) - 5 - ( 6 ) .

K r e f f t  (1973) l i s t s  th e  range o f  C. m acrop tera . (=£* mcdonaldi) in  

the  w e s te rn  A tlan tic  as ex tending from  o ff  B ra z il a t  24°S to  th e  G ulf o f 

Mexico i n  depths o f 865 to  2115 m.
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Elnara P a r r  1951 

F ig u re  34 B-D

A lepocephalus (n o t o f  Risso 1820). Alcock 1892:358 ( p a r t ,  e d en tu lu s  o n ly ) . 

Roule and Angel 1931:5 ( a t l a n t i c u s ) . Koefoed 1927:44 ( p a r t ,  m acrole- 

p is  o n ly ) .

E in a ra  P a rr 1951:10 (Type sp e c ie s : Alepocenhalim m aoro lep is Koefoed 1927

by o r ig in a l  d e s ig n a tio n ) .

Tor ic tu s  P a rr  1951:10 (lype sp e c ie s :  A lepocephalus e d e n tu lu s  A lcock 1892

by o r ig in a l  d e s ig n a tio n ) .

Nom enclature:

P a r r 's  (1951) genus T o ric tu s  was based on exam ination  o f an obviously  

damaged specimen o f  E,. e d e n tu lu s . Alcock (1892) d id  n o t  m ention , h is  a r t -  

t i s t  d id  no t i l l u s t r a t e ,  and I  cannot f in d  in  the specim ens a t  hand (USNM 

200522 and MCZ 49348) any in d ic a t io n  th a t  the " p o s te r io r  p o r t io n  o f  the 

m a x illa ry  {iiiight norm ally  be} tw is te d  alm ost 90 d eg rees"  (P a rr  1951). The 

m ain d iffe re n c e s  th en  between IS. m acro lep is and E. e d e n tu lu s  a re  in  the  

s i z e  o f the  head and degree o f  development o f the  ethm oid and p re m a x illa ry . 

These d if fe re n c e s  a re  s l ig h t  i n  ray opin ion  and in s u f f i c i e n t  to  w arran t 

g e n e r ic  se p a ra tio n  in  view o f  th e  la rg e  number o f  s i m i l a r i t i e s  in d ic a t iv e  

o f  re c e n t conmon a n c e s try .

The o r ig in a l  d e sc r ip tio n s  and f ig u re s  of b o th  A. m acro lep is. Koefoed 

1927 and A. ed en tu lu s  Alcock 1892 a re  adequate. Both h o lo ty p es  a re  e x ta n t 

b u t  s in ce  th a t  o f  A. m acro lep is i s  a cc e ss ib le  to  more d eep -sea  ich th y o lo ­

g i s t s ,  and s in ce  t h a t  of A. ed en tu lu s  was fo r  a  tim e c o n sid e red  l o s t ,  and 

s in c e  E inara  has l i n e  precedence over T o r ic tu s . th e  fo rm er i s  chosen as 

th e  name o f t h i s  genus.
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D ia g n o s is :

Body compressed, r a th e r  e le g a n t, covered  w ith  m oderate to  la rg e  s iz e d  

s c a le s ;  isthm us sc a le d  o r p a r t ly  sc a le d ; p e c to ra l  f a n - l ik e  as in  Asquami- 

ceps b u t p e c to ra l  base and a re a  a n te r ia d  o f  base  sc a le d ; w ith  o r w ithou t 

l a t e r a l  l in e  (one rep o rte d  by Koefoed (1927) in  type o f  E. m ac ro le p is ) : 

c au d a l peduncle very  s le n d e r and s h o r t ,  i t s  h e ig h t le s s  than  5% and i t s  

le n g th  le s s  th an  11% SL; lower jaw  ends behind p o s te r io r  margin o f  o r b i t ;  

peritoneum  unpigm ented; te e th  i n  p rem a x illa ry  and m andible, none on max­

i l l a r y ,  vomer o r p a la t in e ;  most o f  f i r s t  g i l l  a rch  w ith o u t g i l l  lam ellae ; 

a  com plete row o f 10-15 g i l l  ra k e rs  on back o f  lower lim b o f second arch ;

A 26-34, D 22-27, P-j9-10, P2 (5 ) -6 , b r  7 , v e rte b ra e  18-21+29-36=47-55.

Key to  Species o f  E in a ra

A32 o r  more; v e rte b ra e  19-21+33-36=54-55......................................................

 .........................................................................................................E. e d e n tu lu s .

A28 o r  le s s ;  v e r te b ra e  18-19+29=47-48........... ...................................................

     2 .

Anus s l i g h t ly  i n  f ro n t  o f  ana l f i n  and se p a ra ted  by about 2 s c a le s ,  

p£ o r ig in  to  A o r ig in  12.5-15.1%  SL, snou t to  a n a l 59-64% SL, py­

lo r ic  caecae 3 ............................................................................................. . ............ ..
. ............................................................................................................ E . m ac ro lep is .

Anus abou t midway between p e lv ic  base  and anal o r ig in  and se p a ra ted  

from a n a l f in  by about 5 s c a le s ,  P2 o r ig in  to  A o r ig in  21% SL, snou t

to  a n a l about 68% SL, p y lo r ic  caecae 5 .............................................................

..............................................................................................................................E^ s p e c ie s .

There a re  no w estern  North A tla n t ic  rec o rd s  o f E. m acro lep is . E in a ra  

sp e c ie s  i s  from  the In d ian  Ocean (USNM 200465) and may be c o n sp ec ific  w ith

l a .

lb .

2a.
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E. m ac ro lep is . The d if fe re n c e s  noted in  the key may he due to  th e  la rg e r  

s iz e  (217 SL) o r sex (male) o f the In d ia n  Ocean specimen when cong>ared to  

th e  ho lo type  (175 SL) and an eas te rn  A tla n t ic  specimen from 'Discovery* s t .  

7824 #21 (172 SL, fem ale).

There i s  on ly  one w este rn  A tla n tic  specimen o f  _£L. eden tu lus from o f f  

Georges Bank in  490-520 fm s. a t  42° 39*N 63° 58'W (MCZ 49348). I t  i s  

r a th e r  damaged b u t r e l i a b le  m e ris tic  coun ts showed no s ig n if ic a n t  d i f f e r ­

ence w ith  an In d ian  Ocean specimen (USNM 200522), which fo llow  in  paren­

th e s e s :  male (fem ale), p y lo r ic  caecae 6 (6), p̂  9-10 (10-10), P25"6?

( - 5 ) ,  g i l l r a k e r s  on f i r s t  a rc h  7-1-13 (7 -1 -1 4 ), v e r te b ra e  19+36 (19+35), 

s c a le s  from anal o r ig in  up and back to  D base 19 (abou t 18), tra n sv e rse  

s c a le  rows from D o r ig in  to  the  p o in t \d iere the o p e rc le  meets th e  body 

22 (23).
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E r ic a r a  G ill and Townsend 1897 

Figure 32 A&B

A lepocephalus (not o f  R is so  1820). Gunther 1878:248 (n ig e r ) . Lloyd 

1909:146 (part, m ic ro lep is  o n ly ) .

P te r o th r l s s u s  (not o f  H llgendorf 1877). Goode and Bean 1896: F igure

52 o n ly  which i s  o f  E. n ig e r .

E r ic a ra  G i l l  and Townsend 1897:232 (Type species E r ic a ra  salmonea G il l  

and Townsend 1897 by monotypy).

Xenognathus G ilbert 1915:311 (Type s p e c ie s  Xenognathus profundorunt 

G i lb e r t  1915 by monotypy).

W h itlev id ea  Fowler 1934:247 (Type s p e c ie s  A lepocephalus n ig e r  Gunther 

1878 by o r ig in a l  d e s ig n a tio n ) .

D ia g n o sis :

In  Key.

Remarks:

Only one sp e c ie s , E. salmonea. known from th e  w estern  North A tla n t ic .

Key to  Species o f  E r ic a ra

l a .  Two p y lo ric  caecae ; 11 p e c to ra l r a y s ;  17-18 d o rs a l  ray s; 25-27 an a l

r a y s ....................................... ...........................................................................................

..............................................................  E r ic a r a  salmonea G il l  Townsend 1897.

lb . Four to  e ig h t p y lo r ic  caecae; 9 -10  p e c to ra l r a y s ;  19-22 d o rsa l  ra y s ;

27-33 anal r a y s ..............................................................................................................

 2 .

2a. A nal w ith 27 ra y s ;  4 py lo ric  c a e c a e ...................................................................

................................................................................ E r ic a ra  n ig e r  (Gunther 1878).
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2b. Anal w ith  30-33 ray s ; 8 p y lo ric  c aecae ................................................. ..........

....................................................................................................................................... 3 .

3 a . S ix  p e lv ic  r a y s ;  body elongate, h e ig h t  16.8% SL; v e rte b ra e  22+34=56

       E r ic a ra  m ic ro le p is  (Lloyd 1909) .

3b , Seven p e lv ic  ray s ; body s to u t, h e ig h t  about 25.9% SL, ve rteb rae

18+35=53............................................................................................................................

 ............     E r ic a ra  w e m e ri (Nybelin 1946).

E r ic a r a  salmonea G il l  and Townsend 1897 

Xenognathus orofundorum G ilb ert 1915.

Remarks.:

A n te r io r ly , l a t e r a l  lin e  sca les a p p ea r separa ted  from  each o th er by 

body s c a le s ;  p o s te r io r ly  they are n o t . There are  a  t o t a l  o f  50-60 pored 

l a t e r a l  l in e  s c a le s ;  about 50-55 t ra n s v e rs e  rows above th e  l a t e r a l  l in e  

b e fo re  th e  d o rs a l .  D 17-18, A 25-27, P^ 11, (5 )-6 , v e r te b ra e  20-21 +

31-33 = 51-53, g i l l r a k e r s  on f i r s t  a rc h  1-2+1+11, 9-12 g i l l r a k e r s  on back 

o f  low er limb f i r s t  a rch  (16 in  P a c if ic  ho lo type o f  E. salm onea). brH 5, 

p y lo r i c  caecae 2.

The fo llow ing  p roportions from specim ens 266-437 mm SL a re  expressed 

a s  a  p e rc e n t o f SL: head length 3 4 .2 -3 5 .9 , snout le n g th  8 .5 -1 0 .3 , p re p e l-

v ic  le n g th  5 2 .6 -5 3 -2 , p redo rsa l len g th  7 4 .4 -7 6 .5 , p re a n a l  len g th  6 7 .7 -6 8 .6 , 

s n o u t to  anus 6 0 .6 -6 4 .0 , maximum d iam ete r o f o rb i t  1 0 .3 -1 1 .8 , upper jaw  

l e n g th  1 3 .6 -1 4 .5 , low er jaw length 1 6 .3 -1 6 .8 , d o rsa l base  len g th  1 1 .2 -1 5 .0 , 

a n a l  b a se  len g th  1 8 .3 -2 1 .4  sphenotic w id th  o f sk u ll 1 4 .1 -1 6 .8 .

The w estern  A t la n t ic  m aterial i s  from  the A tla n t ic  s id e  o f the A n t i l ­

l e s .  The ho lo types o f  E. salmonea and X. orofimdorum. b o th  from the 

e a s t e r n  P a c if ic  a re  i n  bad condition and d i f f i c u l t  to  d is t in g u is h  from
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A tla n t ic  specimens. The type o f  JE. salmonea has more g i l l r a k e r s  (16) 

on th e  back o f the  lower limb o f  th e  f i r s t  g i l l  a rc h  than the  A tla n t ic  

specim ens. B e tte r  e a s te rn  P a c if ic  m a te ria l must be examined to  d e te r ­

m ine i f  they  a re  no n sp ec ific  w ith  w estern  A tla n t ic  specimens. A t p resen t, 

th e r e  i s  no convincing evidence th a t  A tlan tic  specimens d i f f e r  from  th e ir  

P a c i f i c  c o u n te rp a rts .



Herwigia Nielsen 1972

B athvlaco  (no t o f Goode and Bean 1896) N ie lsen  and L arsen  1970:35. 

H erw igia  N ielsen  1972:30 (Type species B athvlaco k r e f f t i  N ie lsen  and 

Larsen 1970 by o r ig in a l  desig n a tio n ) •

D ia g n o sis :

O rb it forward on sn o u t; jaws ex tend ing  w ell behind  p o s te r io r  m argin 

o f  o r b i t ;  d o rsa l p ro f i le  o f  head w ith m oderate arch from  o rb i t  to  snou t; 

t e s t e s  convoluted but w ith o u t d is t in c t  lo b e s ; lower jaw  ed en ta te ; m odified  

g i l l  ra k e rs  no t p resen t on m edial su rfa ce  o f  f i r s t  two g i l l  arches; v e r­

te b ra e  re p o rte d  as 26-27+20=46-47; g i l l  r a k e rs  on f i r s t  a rch  7+1+13-14=

21-22; 17-18; v e r te b ra l  c e n tra  t a l l ,  re c ta n g u la r  to  h o u r-g lass-shaped

w ith  r e l a t i v e ly  wide in te r v e r te b r a l  spaces o f  u n o ss if ie d  chorda. One 

sp e c ie s  p re s e n tly  known o n ly  from the e a s te r n  North and South A tla n tic  

(N ie lsen  1972).
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Leptoderma V a illa n t  1886

Leptoderma V a illa n t 1886:1239 (Type sp e c ie s : Leptoderma macrops V a il la n t

1886 by m onotypy). V a il la n t  1888:165 (m acrops). Alcock 1899:182 

( a f f i n i s ) . Fow ler 1943:55 ( r e t ro p in n a ) . Mead and Bohlke 1953:265 

(sp r in g e r! )  . Abe, Marumo and Kawaguchi 1965:69 (lub ricum ).

r u a p n o s i s :

D o rsa l o r ig in  d i s t i n c t l y  behind  anal o r ig in ; body s le n d e r , e lo n g a te ,

c o m p le te ly  s c a le le s s ;  lower jaw ends under o r b i t ;  c irc u m o rb ita l bones

in c o m p le te ; peritoneum  pigmented; p y lo r ic  caecae 2, sh o r t  and stubby on 

e i t h e r  s id e  o f p y lo r ic  arm o f  in te s t i n e ;  ovary com plete ly  enclosed  by 

o v a r ia n  tu n ic ;  v e r te b ra e  15-19+48-65=63-84.

Key to  A tla n tic  Species o f  Leptoderma

l a .  Body tap e rs  t o  a  f in e  alm ost s t r in g y  p o in t;  d o rsa l and an a l f in s

continuous w ith  caudal; caudal v e rte b ra e  56-64...........................................

....................................................   Leptoderma macrops V a il la n t  1886.

l b .  D is t in c t  d o rs a l  and anal f i n s ,  each se p a ra ted  from a  u second,r f i n

which i s  composed o f  in c re a sed  numbers o f  leng thened  p ro c u rre n t

caudal ray s ; cau d a l f i n  base w ithou t f in e  ta p e r in g  p o in t ......................

 Leptoderma lubricum  -  complex Abe, Marumo and Kawaguchi 1965.

Remarks.:

There a re  two d i s t i n c t  forms o f  Leptoderma. One, rep re se n te d  by L. 

m acrops and in c lu d in g  th e  nom inal sp e c ie s  L. a f  f i n i s . L. re tro p in n a  and L. 

apr-i n c e r i . has a  body which ta p e rs  to  a  f in e  alm ost s t r in g y  p o in t and has 

s i n g l e  d o rsa l and a n a l  f in s  continuous w ith  the  cauda l (F ig . 33). The 

o th e r  form , L. lu b ricu m . has d i s t i n c t  d o rsa l and an a l f in s ,  each se p a ra ted
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from  a  "second" f in  which i s  composed o f  in c reased  and lengthened  p rocur­

r e n t  caudal ra y s , and has a  le s s  pronounced ta p e r  to  the  caudal f i n  base 

(F ig .3 3 C ). F u rth e r , th e  L. lubricum  form has g e n e ra lly  few er cau d a l ve r­

te b ra e  48-59 than  does th e  L. macrops form, 56-64.

West P a c if ic  specimens o f  th e  L. macrops form, in c lu d in g  th e  holotype 

o f  L. re tro p in n a  bu t n o t th a t  o f  L. a f  f i n i s . were examined f o r  d if fe re n c e s  

w ith  a  la rg e  s e r ie s  o f  w este rn  A tla n t ic  L. m acrops. West P a c if ic  specimens 

have somewhat la rg e r  heads and g e n e ra lly  have l a t e r a l  l in e  can a l segments 

r a t h e r  th an  p a p il la e .  However, a  specimen from o f f  Shiono M isak i, Japan 

(USNM 150073) has can a l segments a n te r io r ly ,  p a p il la e  p o s te r io r ly  and 

b o th  to g e th e r  over th e  m iddle p a r t  o f i t s  l a t e r a l  l in e .  In  a d d it io n , oc­

c a s io n a l  w estern  A tla n t ic  specimens sometimes have a  s o l i t a r y  c a n a l seg­

ment in s te a d  o f  l a t e r a l  l in e  p a p i l la e .  P re se n t m a te r ia l  i s  in s u f f i c i e n t  

to  determ ine th e  s ta tu s  o f  Indo-w est P a c if ic  Leptoderma.

Leptoderma macrops V a il la n t  1886 

F igure  33A 

Leptoderma s p r in g e r!  Mead and Bohlke 1953.

Remarks:

Exam ination o f a  p a ra ty p e  (BMNH 1890-6-16-44), rad iog raphs o f  th ree  

sy n ty p es (MNHN 85-233, 85-234, and 85-235), and T u ck er 's  (1954) specimen 

(BMNH 1963 -3 -6 -S -7 ) o f  L. macrops rev e a le d  no d if fe re n c e s  between them 

and numerous w estern  A tla n t ic  specim ens, a  co n clu sio n  p re v io u s ly  reached 

by K re f f t  (1973).

Leptoderma macrops has a  lo o se , dark  film y  to  sem i-g lossy  b la c k  sk in  

co v erin g  th e  head, body and f i n s .  Numerous sm all da rk  p a p il la e  (about
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0 .3  mm in  a  200 mm SL specimen) a re  re g u la r ly  arranged  along the l a t e r a l  

l i n e ,  ana l f i n  and d o rsa l f i n  b a ses , m id -lin e  o f  the  back and over th e  

head  (F ig . 33Aand B ) .  On th e  specimen i l l u s t r a t e d  th e re  were about 120 

a lo n g  th e  a n a l b a se , about 80 along the  d o rsa l and 97 on th e  l a t e r a l  l i n e  

w hich ended about 20 mm b e fo re  the  caudal b ase . The system  o f l a t e r a l i s  

p o re s  and p a p il la e  on th e  head were as i l l u s t r a t e d  (F ig . ) .

Morphometric measurements were taken from 35 specimens from one l o ­

c a l i t y ,  29°14'N, 87°33'W (USNM 215614). Spot comparison w ith  o th e r n o r th  

A t la n t ic  specimens showed no s ig n if ic a n t  d if fe re n c e s  in  th e  measurements 

ta k e n . As shown in  F igure fo r  head le n g th , th e  v a r ia t io n  o f most meas­

urem ents was g re a t .  The range o f  measurements was as fo llo w s: s ta n d a rd

le n g th , 141-210 mm (subsequent measurements expressed  as a  pe rcen t s ta n d ­

a rd  le n g th ) ;  head len g th , 1 6 .7 -2 0 .8 ; snout le n g th , 3 .8 -5 .3 ;  maximum o r b i t  

d iam ete r 5 .8 -8 .1 ;  bony i n t e r o r b i t a l ,  1 .6 -2 ,5 ; upper jaw le n g th  4 .6 -5 .8 ; 

p re p e lv ic  le n g th , 31 .0 -4 0 .3 ; p re d o rsa l le n g th , 4 7 .3 -5 6 .3 ; p rean a l le n g th ,

3 5 .5 -4 4 .2 . P reana l len g th  (y) was r e la te d  to  p re d o rsa l le n g th  (x) by y = l l .
25 5 + 0 .53x, r= 0 .64 , r  =0,41. Thus, 41% o f  th e  v a r ia t io n  in  p reana l le n g th  

was a s so c ia te d  w ith  th e  p re d o rsa l len g th . M a ris tic  v a r ia t io n  was as f o l ­

low s: b r ( 4 ) r 5 - ( 6 ) ,  p y lo r ic  caecae 2, P ^ (7 )-8 -9 , ? 2 5 -(6 ) , g i l l r a k e r s  on 

f i r s t  a rch , 0-1+11-14, v e rte b ra e  17-19+62-65, D 57-67, A 78-85. The l a s t  

3 -6  d o rsa l and ana l ray s were u su a lly  rudim entary  and w ith o u t b a sa l p te r y -  

g io p h o res .

D is t r ib u t io n :

In  w estern  A tla n t ic  from B ra z il  (25°13 'S , K re f f t  1973), throughout the  

G u lf o f Mexico and Caribbean in  530 to  1200 m. K re ff t  (1973) in d ic a te d  a  

d e p th  range in  th e  North A tla n t ic  o f 650-2330 m w ith  a  d i s t r ib u t io n  c e n te r
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between 1000 and 2000 m. G ulf o f Mexico and C aribbean rec o rd s  o f  th e  R/V 

Oregon c ru is e s  in d ic a te  a  narrow er ran g e  w ith a  d i s t r ib u t io n  c e n te r  be­

tween 700 and 1000 m.

A 194 SL female c au g h t 9 February 1961, 530-585 m, and p a r t  o f  the  

la rg e  lo t-  u sed  in  the morphometric s tu d y  above had th re e  s iz e  c la s s e s  o f  

eggs w ith  d iam ete rs o f a b o u t 0 .6 , 1 .3 ,  and 2.2 mm. There were on ly  41 o f 

th e  la rg e  eggs.

Leptoderma lub ricum  Abe. Marumo, Kawaguchi 1965

As t r e a te d  here  L. lubricum  mav be  a com posite sp e c ie s . In  a d d itio n  

to  the  h o lo ty p e  caught i n  a  la rg e  p lan k to n  n e t from  1300 m in  Suruga Bay, 

Jap an , th e re  a re  now two specimens from  the so u th e a s t P a c if ic  o f f  n o rth e rn  

P eru  in  1815-1860 m (4 °1 0 'S , 81°27'W) and o f f  V a lp a ra iso , C h ile  in  1170- 

1480 m (3 3 °3 9 'S , 72°09,5'rW) as w ell a s  fo u r specim ens from two ’D iscovery ' 

s t a t io n s  n e a r  th e  Azores i n  2283-2287 m. Except f o r  th e  ho lo type  a l l  

specim ens were caught i n  bottom  n e ts .

In  g e n e ra l the m e r is t ic s  from a l l  th ree  a re a s  overlapped . -The h o lo ­

ty p e , however, had more d o rs a l  rays (37 v s . 27-33), an a l ra y s  (51 v s . 

42-47) and cau d a l v e r te b r a l  (59 v s . 48-52) than th e  specimens from th e  

s o u th e a s te rn  P a c if ic  o r  A zores. O ther m e r is t ic s  f o r  a l l  specimens were: 

d o rs a l  p ro c u r re n t  rays 22-25 , v e n tra l  p ro cu rre n t rsy s  20-26, P^7, P 2 (4 )-5 , 

p rec au d a l v e r te b ra e  15-17, b r .  4 -6 , and g i l l  ra k e rs  on f i r s t  a rch  0+1+15- 

16 , Morphometric v a r ia t io n ,  expressed  as a  p e rc e n t SL, o f specimens 109- 

208 SL w ere: head len g th  2 3 .5 -24 .8 , sn o u t len g th  5 .7 -7 .4 , maximum o r b i t

d iam ete r 8 .6 -1 0 .0 , p re p e c to ra l  len g th  26 .5 -27 .8 , p re p e lv ic  le n g th  3 8 .7 - 

4 0 .2 , p re a n a l len g th  4 4 .0 -4 7 .5 , p re d o rs a l  leng th  5 4 .8 -6 1 .4 , upper jaw  

le n g th  7 .4 - 8 .2 ,  lower jaw  le n g th  8 .4 - 9 .2 ,  and sp h en o tic  w id th  o f  s k u ll
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9 .4 -1 1 .6 . The d i s t r ib u t io n  o f pores and p a p il la e  were d escrib ed  by Abe 

e t  a l  (1965) b u t except f o r  th e  l a t e r a l  l in e  p a p il la e  these  cou ld  n o t be 

v e r i f i e d  w ith  the  p re s e n t  m a te r ia l .  The arrangem ent d e sc rib ed  by them i s  

s im i la r  in  many re s p e c ts  to  th a t  i l l u s t r a t e d  fo r  L. m acrops.

D is tr ib u tio n , Unknown in  th e  w este rn  A tla n tic  b u t p re se n t n e a r  the  

A zores I s la n d s  in  th e  e a s te rn  A tla n t ic .  A ll  known c ap tu re  l o c a l i t i e s  are 

n e a r  ocean ic  is la n d s  (Japan , Azores) o r a  c o n tin e n ta l  tren ch  (Peru-C hile  

T ren ch ). W estern A tla n t ic  s i t e s  n ear th e  A n ti l le s  may y ie ld  t h i s  sp e c ie s .
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Mirognathus Parr 1951

M lrognathus P arr 1951:4 (Type spec ies Mirognathus norm ani Parr 1951 by 

o r ig in a l  d e s ig n a t io n ) .

D ia g n o s is :

In  key; monotypic.

M irognathus normani P a r r  1951

M irognathus nonaanii P a rr  1951:4 ( in c o r r e c t  s p e l l in g ) .

M irognathus normani P a r r  1951:10.

D ia g n o s is :

A ll  o ra l  and b ra n c h ia l bones e d e n ta te ;  p e c to ra ls  absen t o r rudimen­

t a r y ;  two p y lo r ic  caecae.

Remarks:

Morphometric measurements from a  fem ale 91.9 mm SL from 42°56'N  13°

2 9 'W (ISH 917 /73), exp ressed  as a  p e rc e n t SL: head le n g th  28.6 , sn o u t

le n g th  1 2 .9 , maximum o r b i t  d iam eter 6 .0 ,  p rep e lv ic  le n g th  46.8, p re a n a l 

le n g th  6 2 .2 , p red o rsa l le n g th  62 ,2 , u p p e r jaw le n g th  1 7 .0 , d o rsa l base  

le n g th  2 2 .1 , an a l base le n g th  19 .8 , c au d a l peduncle d ep th  7 .3 , p o s td o rs a l  

le n g th  19 .4 , sphenotic  s k u l l  w idth 9 .2 . M eris tic s : ^2^* ® ^

8 , g i l l  rak e rs  on f i r s t  fo u r  arches 7 -1 -2 2 , 7-1^20, 6 -1-17 , 6 -1-13 . S ca le - 

l e s s ;  i n  p re se rv a tiv e , body a n te r ia d  o f  p e lv ic  symphysis dark, p o s te r io d  

o f  p e lv ic  synphysis l i g h t ;  stomach and in te s t in e  d a rk  a n te r io r ly ,  l i g h t  

p o s t e r io r ly  a lso .
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D is t r ib u t io n :

Known only  from th e  A tla n t ic  between 58°N ("W alther Herwig'c d a ta ) 

and 48°S (P a rr  1951) from th re e  ISH specimens and th e  h o lo type . Caught 

i n  dep ths o f  1500 to  3100 m from 300 to  2300 m above the  bottom . Un­

known from th e  w estern  North A tla n t ic  a lthough  n o t unexpected. Bathy- 

p e la g ic .

i
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B a th v tro c te s  (no t o f Gunther 1878). G ilb e r t 1890:52 (s to m ia s ) . Garman 

1899:287 (p a r t ,  a lv e a tu s  o n ly ) .

N a rce te s  Alcock 1890:305 (Type sp e c ie s :  N arcetes e rim elas Alcock 1890

by monotypy). Garman 1899:289 ( o l u r i s e r i a l i s ) . Lloyd 1906:308 

( a f f i n i s ) . Fowler 1934:253 ( p a r t ,  l lo y d i  o n ly ). H erre 1935:126 

(w onderi) .

D ia g n o s is :

P rem ax illa ry  and d en ta ry  te e th  (e s p e c ia l ly  n ear symphysis) p l u r i -  

s e r i a l ;  d en ta ry  expanded l a t e r a l ly  and w ith  an eden ta te  gap a t  symphysis; 

v e r te b ra e  26-33+18-25=48-56 w ith  3-14 more p recauda l than  caudal v e rte b ra e ; 

m o d era te ly  la rg e  spaces o f  u n o ss if le d  chorda between c e n tra ; p y lo r ic  cae- 

cae  (67) 8-14, long; b r  u su a lly  8; g i l l  ra k e rs  on f i r s t  a rc h  3-6+1+10-17= 

14 -22 . A s in g le  A tla n t ic  sp ec ie s .

N arce tes  stom ias (G ilb e r t  1890)

F igure 36 D&E

B a th y tro c te s  stom ias G ilb e r t  1890:53.

N arce te s  p l u r i s e r i a l i s  Garman 1899:289.

N om enclature:

The types o f  B. stom ias (USNM 43081) and N. p l u r i s e r i a l i s  (MCZ 28474) 

a re  b o th  from th e  e a s te rn  P a c if ic  and a re  in d is tin g u is h a b le  except f o r  

th e  p a la t in e  te e th .  However, as shown below, p a la t in e  te e th  change from 

b a s ic a l ly  u n i s e r ia l  to  p l u r i s e r i a l  w ith  age. S ince the  type o f B. s to m ia s T 

w hich has u n i s e r ia l  t e e th ,  i s  one o f  th e  sm a lle s t known specimens (283 mm
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S L ), th e  two nominal sp e c ie s  a re  co n sid ered  c o n sp e c if ic . As p o in te d  ou t 

by Grey (1958), N, a f f i n i s  Lloyd 1906 may a ls o  be c o n sp e c if ic  w ith  N. 

s to m ia s . However, the  re p o r te d  number o f  p e c to ra l r a y s ,  13, i s  o u ts id e  

th e  known v a r ia t io n  in  e a s te rn  P a c if ic  and  North A t la n t ic  N. s to m ia s ,

9 -1 1 ,

D ia g n o s is :

Cephalic l a t e r a l i s  p o re s  no t u n u su a lly  numerous; head  covered w ith  

smooth tough sk in , i t s  l a t e r a l i s  pores n o t  ra ise d  and n o t  g iv ing  head  a  

rough  appearance; 9-11; A 14-17.

D e s c r ip tio n :

Body long , compressed, sa lm on-like , g re a te s t  d e p th  about 20% SL a t  

a  p o in t  n ear th e  p e c to ra l  abou t 30% SL from  snout; c a u d a l peduncle 6.0-8.3%  

SL, alm ost re c ta n g u la r  i n  c ro s s  se c tio n  i n  fre sh  and w e ll  p reserved  spe­

cim ens; p rem ax illa ry  and a n te r io r  t r ia n g u la r  p a r t  o f  supraethm oid form  pro­

j e c t i o n  over lower jaw.

Dentary te e th  p l u r i s e r i a l ,  an e d e n ta te  gap a t  sym physis; vomer w ith  

1 -5  p a i r s  o f te e th ;  p rem a x illa ry  p l u r i s e r i a l ;  m ax illa ry  and p a la t in e  u n i-  

to  p l u r i s e r i a l  becoming p l u r i s e r i a l  w ith  in c rease  in  s i z e  and beg inn ing  

a n te r io r ly  on each bone (p a la t in e  u n i s e r i a l  in  a l l  f o u r  specimens l e s s  

th a n  370 mm SL, p l u r i s e r i a l  in  84% o f  th o se  la rg e r  th a n  370 mm SL); b a s i-  

b y a l  ed en ta te .

S cales deciduous, seldom  p resen t e x ce p t on is th m u s, in  f la p  above 

p e c to r a l  and l a t e r a l  l in e ;  l a t e r a l  l in e  s c a le s  ex trem ely  v a r ia b le  53-73 

(co u n ts  based on 10 specim ens w ith a l l  1 . 1 . scales i n t a c t ) ,  a  few sc a le s  

ex ten d  onto cauda l; one m ature  male, 504 mm SL, w ith  two a d d it io n a l  p i t  

s c a le s  above and below u l t im a te  l a t e r a l  l i n e  sca le ; from  30 to  47
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tra n sv e rse  s c a le  rows above l a t e r a l  l in e  b e fo re  d o rsa l;  re p o r te d ly  (Grey 

1958), 100-105 sc a le  rows above l a t e r a l  l in e .

Counts, made in  p a re n th e se s : D 18-20(19), A 14-17(16), 9-11(11)

?2  8-9 (9 ) ,  b r  8-9 , g i l l  ra k e rs  f i r s t  a rch  3-5+1+10-14=14-19, v e r te b ra e

25-28+21-23=47-50,

P y lo r ic  caecae 8-11 (9 ) , long , n o t q u ite  reach ing  to  end o f th ic k -  

w a lle d , p y lo r ic  stomach; in te s t in e  w ith  on ly  two o r few er sm all loops 

p o s te r ia d  of. stomach; ovary  sim ple; t e s te s  w ith  se v e ra l la rg e  lobes on 

each  s ide  com plete ly  s e p a ra te , on ly  jo in e d  d o rs a l ly  by m esentery  and vas 

d e fe re n s .

Five measurements showed s ig n i f ic a n t  n e g a tiv e  a llo m e try  when ex­

p re s se d  as a  p e rc e n t o f  SL and reg re ssed  on SL: maximum head len g th  =

0 .378-0 .0002  SL, r  ( c o e f f ic ie n t  o f  re g re s s io n )  = -0 .8 0 , n=19 (F ig . 31B); 

minimum head le n g th  ( to  top  o f  g i l l  opening) = 0.308-0.00018 SL, r=
•t ^

- 0 .7 4 ,  n=19; snou t le n g th  = 0.112-0.00007 SL, r  = -0 ,7 5 , n=19; spheno tic  

w id th  = 0.142-0.00009 SL, r=  -0 .7 5 , n=16; upper jaw le n g th  = 0.216-0.00012 

SL, r= -0 .6 6 , n=19 (F ig . 31C). Less s ig n i f ic a n t  n e g a tiv e  a llo m etry  was 

found  in  th e  p re p e lv ic  le n g th  = 0.600-0.00009 SL, r= -0 .4 5 , n=16; p re a n a l 

le n g th  = 0 .753-0.00008 SL, r= -0 .4 3 , n=17; p re d o rsa l le n g th  = 0.684-0.00009 

SL, r= -0 ,3 8 , n=17; d o rs a l  base = 0.154-0.00001 SL, r= -0 .0 8 , n=13; and 

a n a l  base = 0 .115-0.00002 SL, r= -0 .2 6 , n=13.

F igu res 31B and 31C a re  m islead in g . The s ig n if ic a n c e  o f  bo th  re g re s ­

s io n s  i s  due to  an a p p a re n tly  sudden change in  the  physiognomy o f th e  sk u ll  

and jaws (F ig . 36 ) .  i n  specimens o f  bo th  sexes la rg e r  th an  410 mm SL the 

v e n t r a l  p r o f i l e  o f th e  upper jaw i s  d i s t in c t ly  concave r a th e r  than  s t r a ig h t  

a s  in  sm a lle r specim ens. At t h i s  s iz e  the  snou t and upper jaw  become 

m arkedly a rch ed  (Fig.36E ) so th a t  th e  s t r a ig h t  l in e  measurements o f  head
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le n g th  and upper jaw  le n g th  become a c tu a l ly ,  and r e l a t i v e ly ,  sm a lle r . 

These changes a re  v e ry  s im ila r  to  th e  secondary sexual changes found in  

spawning salm onids. According to  Davidson (1935 c i te d  in  Vladykov 1962: 

5 2 ) ,  com plete developm ent o f male secondary sexual c h a ra c te rs  in  Oncor-  

hynchus gorbuscha r e q u ire s  on ly  35 to  45 days. Thus the  very  sudden 

change in  p ro p o rtio n s  i n  F igures 32B and 32C probably  r e f l e c t s  a  r e a l  

and  ra p id  m orphological change most l ik e ly  a sso c ia te d  w ith  th e  o n se t o f 

se x u a l m a tu r ity .

Known from th e  A t la n t ic  and e a s te rn  P a c if ic  from 1510 to  2334, w ith  

m ost from 1800 to  2100 m.
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P h o to s ty lu s  Beebe 1933a: 163 (Type sp e c ie s : P h o to s ty lu s  pycnopterus Beebe

1933a by m onotypy).

D iag n o sis :

Acentrous v e r te b ra e  behind head  in  a d u lts ;  head o f te n  fle x e d  downward; 

photophores lo c a te d  on ra is e d  s t a lk s  over head and body; in te rm an d ib u la r 

membrane w ith  b i l a t e r a l  rows o f  luminous (?) f l a p s  (sometimes d i f f i c u l t  

to  s e e ) ; v e n tra l  o u t l in e  o f  u p per jaw  w ith  ob tuse  ang le  a t  end o f  p re ­

m a x illa ry ; no pseudobranch. M onotypic.

Remarks;

Beebe (1933a) im p lica ted  A nom alopterich thys. R ouleina and Xenoder- 

m ichthys as g en era  c lo se ly  r e l a t e d  to  P h o to s tv lu s . Subsequent au tho rs 

(P a r r  1951, Grey 1958, Goodyear 1969 and Quero 1975a) have p laced  Photo­

s ty lu s  in  the  A lepocephalidae w ith o u t comment. P h o to s tv lu s  shares s e v e ra l  

c h a ra c te rs  w ith  two o th e r  p e la g ic  groups, th e  s to m ia to id s  and th e  c e to -  

mimiform m ira p in n a to id  fa m ilie s  M egalomycteridae and E n taen iophoridae.

I t  d i f f e r s  from  b o th  groups by i t s  la c k  o f  a  r e t r a c t o r  arcuum b ran ch ia - 

liu m  muscle (presumed p resen t i n  m egalom ycterids and eu ta en io p h o rid s ,

Rosen 1973:491), and in  i t s  s e p a ra te  f i r s t  p re u ra l  and u r a l  c e n tra  (fu sed  

i n  th e  o th e r  two g roups, Rosen 1973, Weitzman 1974, p e rso n a l o b se rv a tio n s ) .

P ho to stv lu s resem bles th e  s to m ia to id s  in  i t s  la c k  o f a  f i f t h  e p i-  

b ra n c h ia l  and s e p a ra te  f i f t h  pharyngobranchial to o th  p la te  (Fig.lOB ) 

(Weitzman 1974), to o th le s s  second in frap h ary n g o b ran ch ia l and b a s ih y a l, la c k  

o f  a  pseudobranch and lack  o f  o s s i f i c a t io n  o f th e  a n te r io r  v e rte b ra e . A ll  

o f  th ese  a re  lo s s  c h a ra c te rs , p robab ly  convergent. There i s  no synapomor- 

phous c h a ra c te r  by which P h o to s tv lu s  may be p la c e d  in  the s to m ia to id s .
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P h o to s ty lu s  resem bles the  m egalom ycterids and eu taen io p h o rid s  in  

g e n e ra l appearance (F ig .4 lA  ) ,  i n  th e  a n te ro -v e n tra l  ex ten sio n  o f  th e  

t h i r d  hypu ra l and along s ide  th e  u r a l  centrum o f  P h o to s tv lu s  (F ig .l6A  ) 

o r  under th e  u l t im a te  centrum in  th e  m egalom ycterid, A taxo lep is (Rosen 

1973, F ig , 5 7 ), and in  the  rounded lo b a te  p e c to r a ls ,  A damaged p e c to r a l  

from  E utaenionhorous (Dana S t. 3731 XIV) resem bled th e  p e c to ra l  o f  Photo* 

s ty lu s  (F ig . 29B ) i n  having two la rg e  proxim al r a d i a l s  su p p o rtin g  th e  f in  

ra y s  and an a rched  p o r t io n  o f th e  co raco -scap u la  ending b l in d ly  behind  

th e  r a d ia l s .  In  E utaeniophorus th e  a rc h , however, d id  no t co rrespond  to  

a  m esocoracoid b u t r a th e r  to  th e  v e n tr a l  p rocess o f  th e  co raco id . Again, 

th e s e  s i m i l a r i t i e s  appear to  be convergent s p e c ia l iz a t io n s ,  p ro b ab ly  to  

n u tr ie n t- p o o r  e p i and ba thype lag ic  h a b i ta t s .

Photophore h is to lo g y  in d ic a te s  l i t t l e  d if fe re n c e  w ith  th o se  o f  Xeno* 

derm ichthys (B est and Bone, 1976). This i s  th e  m ost p o s i t iv e  ev idence o f 

r e la t io n s h ip  a v a i la b le .

The rea so n ab le  assum ption o f  a  g e la tin o u s  covering  in  Photo s ty lu s  

(Beebe 1933a, Goodyear 1969, B est and Bone 1976) rem ains an assum ption a# 

i t  h as y e t  to  be seen .

Photo s ty lu s  nvcnopterus Beebe 1933 

P h o to s tv lu s  pvcnop terus Beebe 1933a: 163,

D ia g n o sis :

Same as genus.

D is t r ib u t io n :

C ircum global between about 40°N and 35°S, w ith  reco rds from  th e

In d ia n  Ocean, Tasman Sea, C en tra l P a c if ic ,  e a s t  P a c if ic  and b o th  s id e s  o f 

th e  A tla n t ic .
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Rinoctes Parr 1952

B ath y tro c te s  (no t o f Gunther 1878). Koefoed 1927: 50 ( in  p a r t ,  nasu tus

o n ly ) .

R inoctes P a rr  1952: 263 (type  sp ec ie s  B a thy troc tes nasu tus Koefoed 1927 

by o r ig in a l  d e s ig n a tio n ) .

D iag n o sis :

In  key , m onotypic.

R inoctes nasu tu s (Koefoed 1927)

F igu re  39A 

B a th y tro c te s  nasu tu s Koefoed 1927: 50.

D iag n o sis :

D orsal in s e r te d  d i s t i n c t l y  b e fo re  anal in s e r t io n , d i r e c t l y  above or 

S l ig h t ly  in  advance o f  anus; no m esocoracoid; p o ss ib ly  com plete ly  s c a le -  

l e s s ;  te e th  on vomer, p a la t in e ,  p rem a x illa ry , m ax illary  and m andible; 

th o se  on p rem a x illa ry  i n  two rows, th e  o u te r  la rg e r ;  those  n e a r symphysis 

o f  m andible p l u r i s e r i a l  b u t m andible n o t expanded so te e th  sp read  over 

l a t e r a l  su rfa c e  and p r o je c t  ou t l a t e r a l l y ;  ye llow ish  substance  p re se n t in  

m andibu lar can a l o f  bo th  examined specim ens; one acentrous v e r te b ra  be­

h in d  s k u ll .

D e sc r ip tio n :

Morphometric measurement, expressed  as a  percen t SL, from two Gulf o f  

Mexico specimens 69.0 and ca . 122.mm SL (USNM 189010 and USNM 215517): 

head  len g th  c a . 3 2 .0 -3 3 .6 , snout le n g th  ca . 11 .1 -12 .3 , maximum o r b i t  d ia ­

m e te r  ca. 1 0 .0 -  ca. 10 .1 , p re p e c to ra l le n g th  38 .1 , p re p e lv ic  le n g th  ca.
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5 7 .4 -6 0 .9 , p re a n a l le n g th  c a . 7 1 .3 -7 5 .4 , p re d o rsa l le n g th  c a . 6 5 .6 -6 6 .7 , 

sn o u t to  anus c a . 6 1 .5 -6 5 .9 , upper jaw  len g th  c a . 1 6 ,8 -1 9 .1 , low er jaw 

le n g th  ca . 1 7 .0 -1 9 .1 , d o rsa l  base le n g th  ca. 1 4 .2 , an a l base  le n g th  10 ,6 , 

c au d a l peduncle depth  5 .5 -c a . 6 .9 , caudal peduncle le n g th  1 8 .6 .

M e ris tic  v a r ia t io n :  P.  ̂ 8 , P2 7 , D7, A 11, b r  6 -7 , g i l l  r a k e r s  on

f i r s t  a rch  4+1+15-17, 11 g i l l  r a k e rs  on back o f  low er lim b o f  t h i r d  a rc h ,

8 p y lo r ic  caecae , v e r te b ra e  22-24+18-19=41-42,

D is t r ib u t io n :

Known from around th e  Azores (Koefoed 1927) and Cuba (P a rr  1952) as 

w e l l  as two new l o c a l i t i e s  o f f  Y ucatan, 24°42'N 92°18'W and 27°06'N 89°

13*W. R espective  c ap tu re  depths were 2865, 3886, 3658 and 2012-2195 m.

U.S.N.M. 215517 from Oregon s t .  2199, 24 June 1958, 24° 42 'N , 92° 18'W,

3658 m i s  a  m ature male about 122 mm SL. B en th ic .

A ll  specim ens have been re p o r te d  as being  damaged to  some e x te n t.

The ho lo type  had no sc a le s  o r  sk in  y e t  Koefoed (1927) e s tim a te d  t h a t  i t  

h ad  50 l a t e r a l  l in e  s c a le s .  P a rr  (1952) im p lied  th a t  h i s  MCZ specimen 

h ad  sc a le s  which could  n o t be coun ted . Both USNM specim ens have c o lo r le s s  

s k in  which p ro v id es  no in d ic a t io n  o f  sc a le s  o r  s c a le  p o c k e ts . There axe 

s l i g h t  d if f e re n c e s  in  some re p o r te d  p ro p o rtio n s  (sn o u t and o r b i t  le n g th s , 

f i n  base le n g th s  and p o s i t io n s )  and m e r is t ic s  (p y lo r ic  caecae) f o r  which 

no s ig n if ic a n c e  can be a tta c h e d  a t  p re s e n t .
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Rouleina Jordan 1923

B a th y tro c te s  (n o t o f G unther 1878), V a i l la n t  188:158 ( p a r t ,  a t t r i t u s  o n ly ), 

K oehler 1896:517 ( p a r t ,  m o llis  o n ly ) ,  Goode and Bean 1896:44 (p a r t .  

a e o u a to r is  o n ly ), Fow ler 1934:250 (P a r t ,  h a rp e r i  o n ly ). 

Xenoderm ichthys (not o f G unther 1878), A lcock 1892:359 (g u e n th e r i) . Al­

cock 1898:148 (a q u a m ila te ru s) . Fow ler 1943:53 ( fu n e b r is ) .

Aleposomus (n o t o f G ill  1884). Brauer 1908:21 and 22 ( l iv id u s  and nudus).

Tanaka 1909:14 (w a ta se i) .

T a lism an ia  (n o t o f Goode and Bean 1896). Fowler 1934: 250 (p a r t ,  h a rp e r i  

o n ly ) .

R ou leina  Jo rdan  1923:122 (Type sp e c ie s : Aleposomus g u n th e ri = (p u e n th e r i)

Alcock 1892 by o r ig in a l  d e s ig n a tio n ) , W hitley 1940:407, Maul 1948:7 

(m aderensis) .

TAnom alopterus (no t o f V a i l la n t  1888) Beebe 1933a: 159 (m egalops). 

B a thyprop teron  Fowler 1934:256 (Type s p e c ie s :  Aleposomus nudus B rauer

1908 by o r ig in a l  d e s ig n a t io n ) .

C audania Roule 1935:2 (Type sp e c ie s : B a th y tro c te s  m o ll is  K oehler 1896 by

monotypy) .

Auchenalepocep3 Fowler 1943:53 (Type sp e c ie s  Xenodermlchthv.q fu n e b r is  

Fowler 1943 by o r ig in a l  d e s ig n a t io n ) .

D iag n o sis :

Body s c a le le s s ,  excep t f o r  l a t e r a l  l i n e  tube which i s  sometimes sup­

p o r te d  by m od ified  r in g - l ik e  sc a le s  s ta n d in g  on end; sk in  smooth s i lk y  

b la c k ;  the  body w ith  o r w ith o u t nodu lar photophores, w ith  o r w ith o u t p a p il­

l a e ,  and w ith  o r  w ithout a  th ic k  epiderm al g e la tin o u s  la y e r  su ppo rted  by ob­

lo n g  w alled  ,rc e l l s ,r; pho tophores, when p re s e n t ,  approach the  approxim ately
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r e g u la r ,  qu incunx ia l arrangement; D18-22, A 15-23, 6-10, Pg 6-7 ; ve r­

te b ra e  19-24+24-28=44-50; teeth on p re m a x illa ry , m a x illa ry  and den tary , 

none on p a la tin e  o r  vomer.

Remarks:

The a v a ila b le  North A tlantic m a te r ia l  o f R ouleina c o n s is ts  o f  two 

s p e c ie s  te n ta t iv e ly  referred to  R. m o ll i s  and R. m aderensis . B eebe's 

(1933a) Anomal n p te ru s  meealops may re p re s e n t  a  sm all ju v e n ile  o f  one of 

th e s e  sp ec ie s  b u t examination of the  ho lo type  d id  n o t  re so lv e  th e  problem.

Key to  North A tlantic  S pec ies o f R ouleina

l a .  No photophores; testes r ib b o n - lik e  w ith many convo lu tions in  mature 

specimens b u t fo ld s  always connected , never w ith  se p a ra te  lobes; 

l a t e r a l  l i n e  w ith  44-48 m odified r in g - l ik e  s c a le s ,  u n d e tec tab le  in  

specimens l e s s  than 155 mm SL; p re u ra l  v e rte b ra e  19-22+22-26=44-46; 

p a p il la e  on body especially  n e a r  l a t e r a l  l in e ,  along bases o f v e r­

t i c a l  f in s  and along a ll  f in r a y s ,  mature around 250-300 mm SL .. . . . .

  R. m o llis  (Koehler 1896).

l b .  F la t  s u p e r f ic ia l  photophores p r e s e n t ,  commonly abraded; t e s te s  d is ­

c r e te ,  s e p a ra te  lobes even when immature; l a t e r a l  l in e  w ith  50-56 

m odified r in g - l ik e  scales, u n d e te c tab le  a t  131 ram SL; p re u ra l  ve r­

teb rae  20-22+26-28=47-50- p a p i l l a e  r e s t r i c te d  to  f in s  and f i n  bases,

always p e r ip h e ra l  to photophores.........................................................................

...............................................   R. m aderensis Maul 1948.
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R ouleina  m o llis  (K oehler 1896)

F igure  41B

B a th y tro c te s  a t t r i t u s  V a illa n t  1888:158, nomen dubium according  to  Quero 

1975b:437.

B a th y tro c te s  m o llis  K oehler 1896:517.

B a th y tro c te s  a e q u a to r is  Goode and Bean 1896:44.

D ia g n o s is :

T ab le  4 . No photophores; p a p i l l a e  on body, e s p e c ia l ly  n ear l a t e r a l  

l i n e ,  d o r s a l ,  anal and caudal f i n  b a se s , and along f in r a y s  o f d o r s a l ,  a n a l ,  

p e c t o r a l ,  p e lv ic  and caudal f in s ;  l a t e r a l  l in e  a  tube  enclosed  w ith in  th e  

g e la t in o u s  covering o f  th e  sk in  and supported  by 44 to  48 m odified r in g ­

l ik e  s c a le s  s tan d in g  on end (the  l a t e r a l  l in e  s c a le s  and g e la tin o u s  s k in  

co v e rin g  were n o t d e te c ta b le  in  fo u r  w e ll  p reserved  specimens le s s  th a n  

155 mm SL); v e r te b ra e  19-22+22-26=44-46; D 18-21, A 18-21, ?1 6-7 , P 2 6 -7 , 

g i l l  r a k e r s  on f i r s t  a rc h  7-8+1+16-20; te s te s  r ib b o n - lik e  w ith  many con­

v o lu t io n s  in  m ature specimens b u t fo ld s  always connec ted , never w ith  sep ­

a r a te  lo b e s ; upper jaw  15.3-18.0% SL, low er jaw 16.5-20.0%  SL; m odera te ly  

la rg e  sp e c ie s  up to  382 mm SL, m ature around 250-300 mm SL.

D is t r ib u t io n :

I n  th e  e a s te rn  P a c if ic  from 04°10 'S  to  29°29 .5 'S ; w estern  A tla n t ic  

from 09°00 .2 'N  to  39°17 .5 'N ; e a s te rn  A tla n t ic  from Morocco to  Bay o f  B is­

cay and Azores (K re f f t  1973); and one lo c a l i ty  in  th e  In d ian  Ocean a t  21° 

18*S 36°18 'E . A ll  a v a i la b le  specimens a re  from bottom  traw ls  made betw een 

950 and 1960 m. I t  h as  been cap tu red  w ith  i t s  congener, R. m aderensis , 

once i n  th e  w estern  A tla n t ic  and once in  th e  so u th e a s t P a c if ic .
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R ouleina m aderensis Maul 1948:7 

D iag n o sis :

T able 4 . Photophores on body in  approx im ate ly  reg u la r  qu incunx ia l 

arrangem ent; p a p il la e  r e s t r i c t e d  to  d o rsa l, a n a l  and caudal f i n s  and a l ­

ways p e r ip h e ra l  to  photophores; l a t e r a l  l in e  w ith  50-56 m o d ified  r in g ­

l ik e  s c a le s  (U ndetectable a t  131 mm SL); v e r te b ra e  20-22+26- 28=47-50; D 

20-22, A 20-22, P^ 6-7 , 6 -7 , g i l l  rak e rs  on f i r s t  arch 6-7+1+17; te s ­

te s  d i s c r e t e  lobes even when immature; upper jaw s 12.9-18.3% SL, lower 

jaws 14.4-19.8%  SL; m oderately sm all species up to  about 323 mm SL, m ature 

around 230-250 mm SL.

D is t r ib u t io n :

In  th e  so u th easte rn  P a c if ic  a t  24°29.5»S 70°40'W; w estern  A tla n tic  

from 09°05*N -  37°04.4'N ; and in  th e  e a s te rn  A tla n t ic  n ear A zores and 

M adeira. One specimen, the  s m a lle s t  known (8 6 .7  mm SL), was cap tu red  in  

a  Dana m idw ater n e t a t  s t .  1183“̂ . The depth was 3025 m and th e re  was 

4500 m e te rs  w ire ou t. A ll o th e r s  were cap tu red  w ith  bottom tra w ls  between 

595 and 1460 m. S ix  o f the  e ig h t  w estern A t la n t ic  c o lle c t io n s  were made 

in  l e s s  th a n  1000 m o f w ater.
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T ab le  4 . S e lec ted  m e r is t ic  d if fe re n c e s  between Rouleina m o llis  and

R o u le in a  m aderensis ( ‘'" ind ica tes ho lo ty p e  o f  B a thy troc tes  a e q u a to r is :
2

in d ic a te s  paxatypes o f  R. m ad eren s is ).

LATERAL LINE PORES

44 .45 46 47 48 49 50 51 52 53 54 55 56 57

JR. m o ll is  

R. m aderensis

_R. m o llis  

R. m aderensis

_R. m o ll is  

R. m aderensis

1 4  1

1 1 1 l 2 2 l 2

Precaudal
VERTEBRAE

Caudal T o ta l

^ 9  ^ 0  21 22 22 23 24 25 26 27 28 44 45 46 47 48 49 50

4 20 7 2

2 17217

D orsa l 

18 19 20 21 22 

5 9 101 1

3 82 52

12 15 4 12 15 7

192152 3 82222 8 1
FINRAYS

Anal 

18 19 20 21 22 

6 10 91 1

5 62 4
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Talismania Goode and Bean 1896

B a th y tro c te s  (no t o f Gunther 1878). V a il la n t  1888:153 ( in  p a r t ,  homopterus 

o n ly ) . B rauer 1902:277 ( l o n g i f i l i s ) . Fowler 1934:249 ( in  p a r t ,  

h a t a i i  o n ly ) .

T alism an ia  Goode and Bean 1896:41 ( in - p a r t ,  homopterus V a illa n t  1888

and a n ti l la ru m  Goode and Bean 1896 only) (Type sp e c ie s  B a th y tro c tes  

homopterus V a illa n t  1888 by subsequent d e s ig n a tio n  o f Jo rdan  1919:

467. P a r r  1952:269 (o re g o n i) . Su lak  1975:88 (m ekistonem a). Quero 

1975c:439 (g rand isquam is),

N em abathytroctes Fowler 1934:252 (3ype sp e c ie s  B a th y tro c tes  l o n g i f i l i s  

B rauer 1902 by o r ig in a l  d e s ig n a tio n ) . P a rr 1951:10 ( b i f u rc a tu s ) . 

Binghamia P a r r  1937:7 (Type sp ec ie s  Binghamia microphos P a rr  1937 by 

m onotypy).

Bingham ichthys W hitley 1941:4 (nomen novum rep la c in g  Binghamia P a rr  1937 

preoccupied  by Binghamia T u tt 1908, a  b u t te r f ly ) .  Bussing 1965:189
I ,

D ia g n o s is :

A lepocephalids w ith  subd iv ided  adductor m andibulae m uscle; a  b la c k  

w a r t- l ik e  sp o t in  the  v i c in i ty  o f  th e  base o f  the  s ix th  d o rsa l ray  (some­

tim es ab raded); ovary com pletely  enclosed  in  tu n ic ;  t e e th  p re s e n t on p re ­

m a x il la ry , m a x illa ry , p a la t in e ,  m andible, and u su a lly  vomer; d o rsa l and 

a n a l approxim ately  equal and o p p o site  w ith  17-24 ray s ; P2 7 - (8 ) ,  P^ 10-13, 

B r(6 ) , 7 , (8 ) ,  p y lo r ic  caecae 7-11; v e rte b ra e  16-21 + 25-32 = 43-50. 

Composed o f  two e v o lu tio n a ry  l in e a g e s  h e re in  recognized  as th e  subgenera 

T alism an ia  Goode and Bean 1896 w ith  fo u r o r  f iv e  sp e c ie s  and B ingham lchthys 

W hitley 1941 w ith  two sp e c ie s .
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Key to  Species o f T alism ania

l a .  Upper p e c to ra l  ray  e lo n g a te , u su a lly  n o tic ea b ly  th ickened ; diam eter 

o f  o r b i t  l e s s  than  snout len g th ; A1 se c tio n  o f  adductor m andibulae

covers A2 se c tio n  to  top o f  p re o p e rc le ............................................................

subgenus T alism an ia ..............................................................................................  2.

l b .  P e c to ra l ray s  n o t e lo n g a te ; d iam eter o f  o r b i t  g re a te r  th an  snout

len g th ; A1 s e c tio n  o f  adductor mandibulae leav es  exposed most o f  A2

s e c tio n  above bend i n  p re o p e rc le .........................................................................

subgenus Bingham ichthys......................................................................................  5.

2 a . Thick w h itish  a rc s  o f  luminous (?) t is s u e  on the  a n te ro d o rsa l and

po S t e r  oven t r a l  rim s o f the  o r b i t  (n o t to  be confused w ith  th e  w hit­

i s h  th ickened  s c le r a l  t i s s u e  on th e  back o f  th e  ey eb a ll in_T.

o re g o n i) . 17+26=43 v e r te b r a e , ...............................................................................

 ..................................................................................................    T_. b i f u r c a ta .

2b. No a rc s  o f  w h itish  luminous (?) t is s u e  around o r b i t ,  45 o r  more v e r­

teb ra e  ...................................................................................................................... ..

.......................................................................................................................................  3 .

3 a . Head le n g th  40-41% SL, lower jaw len g th  22.7% SL, about 90-100 l a t ­

e r a l  l in e  s c a le s ...........................................................................................................

  T. l o n g i f i l i s .

• 3b . Head le n g th  31-38% SL, lower jaw 14-18% SL, about 46-55 (64?) l a t e r ­

a l  l in e  s c a le s ............................................................................................ ...................

.......................................................................................................................................  4.

4 a . Vomerine d e n ti t io n  reduced to  two sm all w idely se p a ra ted  pa tches

of m inute te e th ;  46-48 l a t e r a l  l in e  s c a le s ;  19+28-29=(46)-48  v e r­

te b ra e ; 7-8 p y lo r ic  caecae ......................................................................................

.....................................................................   T. mekistonema.
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4b . Vomerine d e n t i t io n  s tro n g , on one to o th  p la te ,  forming a  s t r a ig h t

l in e  acro ss a n te r io r  t ip s  o f  p a la t in e  te e th ;  52-55(647) l a t e r a l  l i n e

sc a le s ;  17-19+29-32=47-50 v e r te b ra e ; 10-11 p y lo r ic  c aecae  ...........

.......................................................   T. hom optera -  T. o reg o n i.

5a. P e c to ra l ra y s  15-16, 18-19 tra n sv e rse  sc a le  rows above l a t e r a l  l i n e

b e fo re  d o rs a l ,  16-17+28-31=44-48 v e r te b ra e ......................................................

.......................................................................... ...................................... T. a n t i l la ru m .

5b. P e c to ra l ray s  10-12, .32-37 tra n sv e rse  s c a le  rows above l a t e r a l  l i n e

b e fo re  d o rs a l ,  19-21+25-28=44-48 v e r te b ra e ...........................................

..............................................................................................................................T. aphos.

Remarks:

There are th ree  w este rn  N orth  A tla n t ic  spec ies  o f  T alism ania . T. o re ­

g o n i. T. meUistonema and T. a n t i l la ru m . T alism ania  o regon i may be synony­

mous w ith  T. hom optera. a  problem  which i s  d iscu ssed  f i r s t  in  th e  fo llow ing  

summaries of th e  sp e c ie s .

T alism an ia  hom optera (V a il la n t  1888)

T his sp ec ies  i s  known only  from the damaged ho lo type  cap tu red  in  

1013-1113 m o f f  no rthw est A fr ic a , 22°03'N 17033'W (Bauchot, e t  a l  1971). 

A lthough I  have n o t seen  the  specimen i t  i s  r a th e r  obvious t h a t  i t s  d e ­

s c r ip t io n  in c lu d es some m isin fo rm ation  which may f a l s e ly  d i f f e r e n t i a t e  

t h i s  from  T. o reg o n i.

V a illa n t  (1888) l i s t e d  under the new sp ec ie s  B a th y tro c te s  homopterus 

,rD.19; A. 19+ V.9 ."  Goode and Bean (1896) s ta te d  about B. homopterus *rD .l9 ; 

A. 19+; B .9,r. Sulak  (1975) l i s t e d  fo r  T. homoptera 9 p e lv ic  and  9 b ranch io - 

s te g a l  ra y s . P a r r ,  who examined th e  h o lo ty p e , s ta te d  in  h is  d ia g n o s is  o f  

th e  genus th a t  th e re  a re  6-7 p e lv ic  and 6-8 b ra n c h io s te g a l ra y s  (Parr 1952).
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T h ere fo re , i f  P a rr  i s  c o r re c t  th e  p e lv ic  and b ra n c h io s te g a l counts o f  T. 

hom optera cannot be more than  7 and 8, re s p e c t iv e ly , and may n o t be d i f ­

f e r e n t  from_T. oregoni (see below ). The number o f  d o rsa l ray s seems to  be 

erroneous from V a illa n t  (1888) on. In  th e  d e s c r ip tio n  and i l l u s t r a t i o n  

o f th e  ho lo type  (p i .  X II, f i g .  l )  V a i l la n t  (1888) in d ic a te s  19 d o rsa l r a y s ,  

th e  f i r s t  as  long as th e  second. In  a l l  o th e r  sp e c ie s  o f  T alism ania  th e  

f i r s t  two o r  th ree  ray s  a re  co n sid erab ly  s h o r te r  than  shown, each subse­

quen t ray  being p ro g re s s iv e ly  lo n g er than  i t s  p red ecesso r u n t i l  th e  fo u r th  

o r  f i f t h  ra y . T h ere fo re , n e i th e r  th e  d o rsa l n o x an a l ray  count can be con­

s id e re d  l e s s  than th a t  fo r  T. o reg o n i. A nother supposed m e r is t ic  d if fe re n c e  

betw een T« oregoni and T. hom optera i s  th e  number o f  s c a le s .  V a illa n t  

(1888) n o ted , " E c a i l le s .  6 /64 /14” , which in d ic a te s  6 above and 14 below 

th e  l a t e r a l  l in e  and 64 s c a le s  in  the  l a t e r a l  l in e .  The specimen must 

have been bad ly  damaged f o r  he s ta te s  on th e  n ex t page, " L 'e t a t  de 1 ' in -  

d iv id u  ne perm et pas de de te rm iner exactem ent l a  s i tu a t io n  de l a  lig n e  

l a t e r a l e ” (V a illa n t 1888). Furtherm ore, th e  i l l u s t r a t i o n  only  shows 48 

s c a le s  corresponding to  a  l a t e r a l  l in e  and no more than  18 sc a le s  from 

th e  d o rs a l  to  the p e lv ic s ,  I  th e re fo re  f in d  i t  im possib le  to  accep t any 

p u b lish e d  m e r is t ic  f ig u re  on T. hom optera.

Some morphometries have been used re c e n tly  to  d is t in g u is h  sp ec ies  o f  

T a lism an ia  (Sulak 1975, ta b le  1 ) .  The s in g le  specimen o f  X* homoptera h a s  

produced d i f f e r e n t  m orphom etries, expressed  as a  p e rc e n t o f  SL, by V a i l la n t  

(1888)=V, V a i l l a n t 's  (1888) a r t is t= A , P a rr  (1952)=P and Sulak (1975)=S.

The s ig n i f ic a n t  o b se rv a tio n s  a re  head le n g th  -  32 .3(V ), 32 .4(A ), le s s  than

3 6 .8 ( P ) , and 3 7 .4 (S ); snout le n g th  -  10 .6(V ), 10.7(A ), 1 2 .1 (S ), d iam eter 

o f  eye -  8 .1 (V ), 7 .0 (A ); and d iam eter o f o r b i t  -  9 .3 (S ) . I f  S u lak1 s (1975)



171

measurements are in c o r r e c t ,  as th e  w eight o f  th e  evidence would seem, then  

on ly  P a r r 's  1952) th r e e  key c h a ra c te rs  can se p a ra te  homoptera and o reg o n i. 

One i s  th e  d o rsa l f in r a y  count m entioned above which w i l l  no t work. A nother 

i s  the  d is ta n c e  o f th e  snout to  p e lv ic s  17 p e rc en t o f SL more th a n  the  

snout to  p e c to ra l  d is ta n c e . T his w ill  n o t  se p a ra te  th e  spec ies  e i t h e r  

(see  below ). Only th e  measurement o f th e  le n g th  o f  th e  upper jaw  as two 

p e rcen t o f  SL s h o r te r  than  th e  lower jaw  w i l l  d is t in g u is h  T, hom optera 

from T^ o regon i whose upper jaw  i s  le s s  than  1 p e rc e n t o f SL s h o r te r  than 

th e  lower jaw . I f  th e  specimen i s  as damaged as V a illa n t  (1888) and Goode 

and Bean (1896) in d ic a te ,  then  i t  would n o t be su rp r is in g  i f  th e  v e ry  d e l­

ic a te  p o s te r io r  p a r t  o f  the upper jaw was a lso  damaged, thus e f f e c t iv e ly  

sh o rte n in g  th e  upper jaw.

R eso lu tio n  o f  t h i s  problem must aw ait d i r e c t  exam ination o f  th e  ho lo ­

type o f  T. hom optera. Of i n t e r e s t ,  however, i s  th e  f a c t  th a t  in  an ap­

pendix  to  h i s  r e p o r t ,  V a illa n t (1888 : 386) in c o r r e c t ly  considered  13, 

homopterus a  ju n io r  synonym o f  B. r o s t r a tu s  Gunther.

T alism ania  oregoni P a r r  1952

Numbers of s c a le s  o r s c a le  pockets a re  ve ry  im portan t fo r  th e  easy 

id e n t i f i c a t io n  o f  sp e c ie s  o f  T alism an ia . They a re  deciduous however and 

r a r e ly  i n t a c t .  In  specimens from  which reasonab ly  accu ra te  s c a le  counts 

cou ld  be o b ta in ed  th e re  were 52-55 l a t e r a l  l in e  s c a le s ,  about 10 in  a  

tra n sv e rse  s e r ie s  from  the  l a t e r a l  l in e  to  th e  d o rsa l o r  a n a l, and 22-26 

tra n sv e rse  rows above th e  l a t e r a l  l in e  b e fo re  th e  d o rs a l .  Some body 

sc a le s  have a  t r ia n g u la r  f la p  o f  b lack  sk in  on the  p o s te r io r  edge which
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t o  determ ine the  arrangem ent o f  these sc a le  ty p es . Other m e r is t ic  counts 

w ere  D21-24, A20-24, PjjLl-13, P27, b r 7 -8 . Modal g i l l  ra k e r  counts fo r 

t h e  f i r s t  fo u r  arches were 8 -1 -17 , 10-1-19, 11-1-19, and 5-1-14 . There 

w ere  15 ra k e rs  on th e  back o f  the  lower limb o f  th e  th ir d  a rch . 17-19+29- 

32=47-50 v e r te b ra e ..

Morphometries o f  f iv e  r e la t iv e ly  undamaged specim ens, expressed as 

a  p e rcen t o f  S .L ., were: head  leng th  -3 1 .8 -3 7 .2 , snout le n g th  10 .1-11.8 , 

maximum o r b i t  d iam eter 5 .5 -6 .9 , p rep e c to ra l le n g th  3 3 .4 -3 7 .6 , p repe lv ic  

le n g th  43 .2 -52 .9 , p rean a l le n g th  60 .3 -68 .4 , p red o rsa l le n g th  62.3-67.9 , 

u p p e r  jaw le n g th  14 .7 -17 .3 , lower jaw len g th  1 4 .8 -17 .5 , d o rsa l  base leng th

1 7 .5 -2 0 .0 , an a l base leng th  1 6 .8 -18 .9 , caudal peduncle dep th  6 .2 -7 .3 , p o s t­

d o r s a l  le n g th  20.1-21.3  and sphenotic  w idth o f s k u l l  9 .7 -1 1 .7 .

Sulak (1975) rep o rted  T .̂ oregoni from the w est co ast o f  A frica , the 

w e s te rn  A tla n tic  o f f  Surinam, the  Caribbean and G ulf o f  Mexico. A dd itiona l 

re c o rd s  are  mainly i n  the G ulf o f  Mexico o f f  th e  M iss iss ip p i d e l ta ,  in  th e  

C aribbean o f f  Panama and Colombia, and the  la r g e s t  s in g le  ca tch  o f  18 spec­

im ens on th e  a n t i l le a n  s ide  o f  the  Caribbean a t  17°47'N, 63°09fW. All 

specim ens have been captured  in  bottom n e ts  between 565 and 1690 m. A 

c u rs o ry  exam ination o f  gonadal s ta te s  o f  the l im ite d  m a te r ia l  showed fe ­

m ales  w ith la rg e  orange eggs and males w ith  la rg e  f u l l  t e s te s  from May 

th rough  November.

Talismania. mekistonema Sulak 1975

Tal i.smart-t a grandisauam is Quero 1975.
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Remarks:

Only one r e l i a b le  s e r ie s  o f  sc a le  counts could  be ob ta ined  in  the 

two specimens examined. There were 48 l a t e r a l  l in e  s c a le s ,  about 6 in  

a  tra n s v e rse  s e r ie s  from the l a t e r a l  l in e  to  th e  d o rsa l o r  a n a l, and about 

19 tra n s v e rse  rows above the l a t e r a l  l in e  befo re  the  d o rs a l .  O ther m eris ­

t i c  coun ts were D18-22, A21, P^12, P2 7 -8 , b r  7. Modal g i l l  ra k e r  counts 

f o r  th e  f i r s t  fo u r  a rches were 6 -1-18 , 9 -1 -20 , 10-1-21, 5-1-16. There 

were 15-18 rak e rs  on th e  back o f th e  low er limb o f  the  th i r d  a rc h . 19+ 

28-29=47-48 v e r te b ra e .

M orphom etries, expressed as a  p e rc e n t o f SL, were: head le n g th

3 2 .0 -3 2 .9 , snout le n g th  9 .8 -1 0 .0 , maximum o r b i t  d iam eter 8 .4 -8 .6 , p re­

p e c to ra l  le n g th  3 2 .6 -3 2 .7 , p re p e lv ic  le n g th  4 7 .9 -5 1 .4 , p rean a l len g th

6 1 .5 , p re d o rsa l len g th  6 1 .8 -62 .8 , upper jaw  len g th  14 .7 -1 6 .9 , lower jaw 

le n g th  1 6 .0 -1 6 .8 , d o rsa l base le n g th  1 8 .4 -1 9 ,2 , an a l base  len g th  18.4-

1 9 .6 , caudal peduncle depth  7 .7 , p o s td o rsa l len g th  18 .5 -1 9 .3 , spheno tic  

w id th  o f  s k u l l  1 0 .5 -1 0 .9 .

In  a d d it io n  to  th e  11 specimens rep o rte d  by Sulak (1975), two ad­

d i t io n a l  specimens caught a t  26°53'N, 14°15'W (Quero, 1975c) and 25°51.7 'N , 

16°02.4'W  (N .I.O . specimen) extend th e  known range o f T. meklstonema in  

th e  e a s te rn  A tla n t ic  n o rth  to  26°53’N, With th e  excep tion  of two sp e c i­

mens re p o rte d  by Sulak (1975) a l l  o th e r  specimens have been caught in  

bottom  tra w ls  between 604 and 1518 m.

T alism an ia  a n tilla ru m  (Goode and Bean 1896)

F ig u re  39C 

B a th y tro c te s  h a t a i i  Fowler 1934 

Binghamia microphos P a rr  1937
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Remarks:

R e lia b le  s c a le  counts were 45 l a t e r a l  l in e  s c a le s ,  5 or 6 in  a  t r a n s ­

ve rse  s e r i e s  from the  l a t e r a l  l in e  to  the  d o rsa l o r  a n a l, and 18-19 t r a n s ­

ve rse  rows above th e  l a t e r a l  l in e  b efo re  th e  d o rsa l .  D19-22, A20-22, P^15- 

16, P^7-9 , b r  7. Modal g i l l  rak e r  counts f o r  th e  f i r s t  fo u r  arches were 

8 -1-21 , 9 -1 -21 , 9 -1 -18 , 4 -1-11 . There were 11-13 rak e rs  on th e  back o f  th e  

lower lim b of th e  th i r d  a rch . U n ise r ia l  t e e th  were p re s e n t on the  p rem ax il-  

la ry ,  m a x illa ry , p a la t in e  and m andible. The vomer v a r ie d  from ed en ta te  to  

two se p a ra te  p a tch es o f  0-2  te e th .  E x te rn a l l a t e r a l l y  d ire c te d  p rem a x illa ry  

te e th  a re  sometimes p re s e n t . 16-17+28-31=44-48 v e r te b ra e .

Morphometries expressed  as a  p e rc en t SL were head le n g th  29 .1 -3 4 .4 , 

snout le n g th  7 .1 -9 .7 , maximum diam eter o f  o r b i t  9 .1 -1 1 ,7 , p re p e c to ra l 

le n g th  3 1 .7 -3 5 .0 , p re p e lv ic  len g th  4 4 .6 -4 9 .0 , p rea n a l le n g th  6 1 .7 -6 9 .4 , 

p re d o rs a l  len g th  6 3 .0 -6 8 .7 , upper jaw le n g th  8 ,5 -1 2 .9 , lower jaw le n g th  

1 2 .9 -1 4 .0 , d o rsa l base len g th  1 5 .4 -2 0 ,4 , an a l base len g th  1 5 .8 -2 1 .5 , cau­

d a l peduncle dep th  7 .6 -9 .2 , p o s td o rsa l le n g th  1 9 ,4 -2 3 .2 , sphenotic  w idth  

o f  s k u l l  9 .8 -1 2 .7 .

The above measurements in c lu d e  the  types o f B a th y tro c tes  a n t i ! 1 arum 

and Binghamia m icrophos. P a rr  (1937) was in c o r re c t  about th e  d e n ti t io n  

o f  11. m icrophos: th e re  a re  p a la tin e  te e th  and two te e th  on th e  l e f t  s id e  

may be vomerine a lthough  i t  i s  d i f f i c u l t  to  say w ith  c e r ta in ty .  At any 

r a te  th e  specimen i s  in d is tin g u is h a b le  from o th e r  specimens of_T. a n t i l ­

larum .

Two N .1 .0 . specimens and two USNM l o t s  ex tend th e  known range o f  

th i s  sp e c ie s  to  th e  e a s te rn  A tla n tic  o f f  Spanish  Sahara and the  G ulf o f  

Guinea, O ther m a te r ia l  i s  from the  w estern  A tla n t ic  o f f  Surinam, th e  

Caribbean from Colombia to  N icaragua, the  a n t i l le a n  C aribbean, th e  G ulf 

o f  Mexico o f f  th e  M iss is s ip p i d e l t a  and th e  Bahamas. A ll  A tla n t ic
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specimens have been caught i n  bottom  n e ts  between 455 and 958 m. Females 

w ith  la rg e  2 mm eggs have been caught i n  October and November. A female 

caught i n  May a lso  had  some la rg e  s iz e  eggs, though she appeared to  have 

more sm a lle r  eggs ( l e s s  than  1 mm) th an  th e  ones cap tu red  in  the  f a l l .

Bussing (1965) re p o rte d  a  ju v e n ile ,  as B. m icrophos, in  th e  sou th­

e a s te rn  P a c if ic  o f f  C h ile . An a d d it io n a l  specimen (USNM 201160) from 

23°29 'S , 70°53'W confirm s th e  p resence  o f  T. a n til la ru m  in  th e  so u th e as te rn  

P a c i f ic .  An a d d it io n a l  specimen (USNM 200521) extends th e  known range to  

th e  In d ian  Ocean, 1 0 ° 0 l 'S , 64°19 'E . The nominal P h il l ip p in e  sp e c ie s , 

B a th y tro c te s  h a ta i i  Fowler 1934, a ls o  belongs to  the  subgenus Binghami- 

c h th y s . A f te r  cu rso ry  exam ination o f  th e  type s e r ie s  (USNM 92331, 93390, 

93389) and a  'DANA1 specimen from 3°40 .5 'N , 137°53’E, I  am unable  to  d is ­

t in g u is h  th e se  from T,. a n ti l la ru m . The so u th e as te rn  P a c if ic  specimen 

showed th e  g r e a te s t  v a r ia t io n  from th e  A tla n t ic  m a te r ia l .  I t  had 9 r a th e r  

th a n  7-8 p e lv ic  ra y s , 48 r a th e r  than  44-46 v e rte b ra e  and an upper jaw 

eq u a l to  8 .5  r a th e r  th an  10 .9 -12 .9  p e rc e n t SL. A nalysis o f  p o p u la tio n  

d if fe re n c e s  must aw ait more and b e t t e r  m a te r ia l  from a l l  oceans.
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Xenodermichthys Gunther 1878

Xenodermichthys Gunther 1878, p . 250 (Type sp e c ie s : Xenodermichthys

nodulosus Gunther 1878 by monotypy).

Aleposomus G i l l  1884, p . 433 (Type sp e c ie s : Aleposomus co p ei G ill  1884 

by m onotypy).

D ia g n o s is :

Body s c a le le s s ,  covered  w ith  an a d h eren t, t ra n s p a re n t g e la tin o u s  

sh e a th  which supports photophores and p a p il la e ;  photophores on body a r ­

ran g ed  in  approxim ately p a r a l l e l  rows running d iag o n a lly  backward from  

d o r s a l  to  v e n tr a l  m id lin e ; d o rsa l  and a n a l f in s  long w ith  27-32 ra y s ; 

v e r te b ra e  16-19+30-32=47-50; te e th  on p rem a x illa ry  and d e n ta ry , hone on 

m a x i l la ry , p a la tin e  o r  vomer.

Remarks:

Two s p e c ie s , X. nodulosus and X. c o p e i. a re  recogn ized . The form er 

i s  known from the h o lo ty p e , a  Dana specimen from th e  P h ilip p in e  Sea and 

2 specim ens rep o rted  by M atsubara and Iw ai (1969). The l a t t e r  i s  known 

from  many A tla n tic  specim ens as w e ll a s  one from the Southw est P a c if ic  

and one from th e  Ind ian  Ocean. Xenodermichthys copei has 27-31 d o rsa l  

and 26-30 an a l f in ra y s , 46-50 v e rte b ra e  and an u n r e s t r ic te d  g i l l  opening, 

Xenoderm-fchthys nodulosus has 32-33 d o rsa l  and a n a l ra y s , 50 v e rte b ra e  

(18+32), and a  d o rs a lly  r e s t r i c t e d  g i l l  opening which b eg in s  a t  the  up­

p e r  base  o f  th e  p e c to ra l .  P a rr  (1951) d is tin g u is h e d  Xenodermichthvs and 

R o u le in a  p r im a r ily  on th e  b a s is  o f  d o rsa l  and an a l f in  ray  counts. A l­

though th e  d iffe re n c e s  a re  n o t  w e ll understood , the  two g en era  are  c lo s e ly  

r e l a t e d .  The species o f  Xenodermichthys appear raonophyletic and a re  

t e n t a t i v e ly  accepted a s  a  g en eric  group.
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Xenodermichthys copei (Gill 1884)

F igu re  41D 

Aleposomus copei G il l  1884:433.

Xenodermichthys s o c ia l i s  V a illa n t  1886:1239, nomen nudum.

Xenodermichthys s o c ia l i s  V a il la n t  1889:162.

Aleposomus cyaneus Zugmayer 1914:1.

N om enclature:

The name Aleposomus copei G il l  1884 was in tro d u ced  in  a  p re lim in a ry  

n o te  w ith  th e  fo llow ing  d e s c r ip t io n , "A nother in te r e s t in g  f i s h ,  from th e  

same c o l le c t io n ,  i s  an a lep o cep h a lid , w ith  th e  body as w ell as heads 

c a le le s s  ( ty p o g rap h ica l e r r o r  -  should  rea d , head s c a le le s s ) ,  which I  

s h a l l  d e sc rib e  as Aleposomus copei"  (p a re n th e t ic a l  sta tem en t m ine). T h is 

in ad eq u ate  sta tem en t in tro d u ced  a  new genus and sp e c ie s  name bo th  o f  which 

w ere considered  a v a ila b le  by Goode and Bean (1896) who p ub lished  the  f i r s t  

d e ta i l e d  d e s c r ip tio n  o f  G i l l ’ s ho lo ty p e  (USNM 33551) as w ell a s  by m ost 

subsequen t workers (Jordan  and Evermann. 1896, Jo rdan  1923, P a r r  1937 and 

o th e r s ) .  K re f f t  (1973), however, has considered  A. copei G il l  1884 a.. 

nomen nudum, b u t t h i s  seems d eb a tab le  on two p o in ts .  G i l l ’s (1884) sen­

te n c e  c le a r ly  r e f e r s  to  an a lepocephalid  w ith  a  naked head and body, and 

i n  1884 th a t  was a  s u f f i c i e n t  amount o f  in fo rm a tio n  to  c le a r ly  d is t in g u is h

A. copei from  a l l  known a lep o cep h a lid s  w ith  th e  p o s s ib le  excep tion  o f  X. 

no d u lo su s. In  G un ther's  (1878) d e s c r ip t io n  o f  Xenodermichthys he no ted  

"m in u te , rud im entary , s c a le - l ik e  p ro d u c tio n s a re  imbedded in  th e  sk in , 

e s p e c ia l ly  on th e  tru n k " . A lthough I  have seen  one e x c e lle n t  specimen o f  

X. nodu losus. I  cannot say  w ith  any confidence what Gunther was d e sc r ib ­

in g . There c e r ta in ly  a re  no s c a le s  on Xenoderminhthvs. Thus, G un ther's
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m islead ing  sta tem en t would have p rov ided  s u f f ic ie n t  d e ta i l  to  ( in c o r re c t ly )  

d is t in g u is h  X. nodulosus from A. copei in  1884.

D e sc r ip tio n :

The fo llow ing  d e s c r ip t io n  i s  based  p r im a r ily  on a  157 mm SL fem ale

specimen from  Dana s t a t i o n  12961 as w e ll as 14 o th e r  e a s te rn  A tla n t ic

Dana specim ens, 25 w este rn  A tla n tic  specim ens, axe In d ian  Ocean specimen
XX(MCZ 45287), and one southw est P a c if ic  specimen from Dana s ta t io n  3630 

Head and body com pressed; d o rsa l and a n a l f in s  lo c a te d  on p o s te r io r  

h a l f  o f  body, about equal and o p p o site ; caudal peduncle about tw ice as 

lo n g  as deep , p ro c u rre n t caudal ray s w e ll developed. O rb it la rg e , su r­

rounded by w h it is h  s c l e r a l  t is s u e ;  ap h ak ii space p re s e n t;  i n te r o r b i t a l  

narrow ; sn o u t sm all. Lower jaw m oderate ex tending  beyond m idpoint o f 

o r b i t ,  the  symphysis w ith  an a n te ro v e n tra l ly  d ire c te d  p o in t;  upper jaw 

s h o r te r  ex tend ing  to  m idpoin t o f o r b i t .

Body and b ra n c h io s te g a l membranes dark  brown o r  b lack ; f in s  l ig h t  

brown, t h e i r  bases w ith  l i g h t  gray m argin; p e c to ra l  f i n  base w ith  an un- 

pigm ented s t r i p  connecting  i t  to  unpigmented g i l l  c a v ity ;  head l ig h t ly  

pigm ented. Tw enty-three rows o f body photophores from p e c to ra l  to  caudal 

b a se ; two i l l - d e f in e d  rows o f  photophores on d o rs a l ,  anal and p e lv ic  f i n s ,  

one on p e c to ra l  f i n ,  th e  proxim al row on th e  a n a l, p e lv ic  and p e c to ra l  

f i n  normal s iz e d , o th e rs  sm a lle r; fo u r  photophores i n  v e r t i c a l  row a t  

cau d a l b ase ; one along m id line  between anus and an a l o r ig in ;  many smal­

l e r  photophores o r p h o to p h o re-lik e  s t r u c tu r e s  on th e  prim ary caudal ra y s , 

e s p e c ia l ly  th e  ou term ost, none on th e  p ro c u rre n t ra y s . Small sensory  

p a p i l la e  l in in g  prim ary  caudal ra y s , e s p e c ia l ly  dense on innerm ost ray s ; 

p a p il la e  i r r e g u la r ly  s c a t te r e d  over body, two rows along d o rsa l m id lin e
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most n o tic e a b le ;  a  compact group o f p a p il la e  lo c a te d  on a  r a is e d  p o r t io n  

o f  g e la tin o u s  membrane a d ja ce n t to  d o rs a l  o r ig in . Photophores on head 

lo c a te d  n e a r t i p  o f  each b ran c h io s te g a l ra y , in  a  group on each b ran ch io - 

s te g a l  membrance n e a r  where they  o v e rla p , and in  th e  fo llow ing  s e r ie s :  

o p e rcu lar-m and ibu lar (9 ) , p reopercu la r-m and ibu la r (9 ) , adductor m andibular 

(4 ) ,  c irc u m o rb ita l (7 ) ,  and o p e rcu la r (7 ) . Rows o f  p a p il la e  along same 

s e r i e s  as w e ll a s in  an in te r ru p te d  sup ra tem poral, a  su p ra o rb ita l  and l a ­

c rim a l s e r i e s .  Pores along p reo p ercu la r-m an d ib u la r, c irc u m o rb ita l and 

s u p ra o rb i ta l  s e r ie s .

S e le c te d  morphometric measurements o f  22 N orth  A tla n t ic  Specimens 

84 .0  to  170 mm SL, expressed  as a  p e rc e n t SL: head len g th  20 .2 -25 .4 , o r b i t  

d iam ete r 6 .4 -9 .0 ,  p re d o rsa l le n g th  5 5 .1 -6 3 .9 , p re a n a l le n g th  58 .4 -6 5 .1 , 

p re p e lv ic  le n g th  4 7 .7 -5 2 .7 , d o rsa l base  len g th  25 .3 , maximum body dep th

1 5 .0 -1 9 .4 , and spheno tic  s k u l l  w idth 7 .3 -9 .2 .

M e ris tic  v a r ia t io n  in  genus shown in  Table 5 as w e ll as the  f o l ­

low ing: P^ 7-8 , Pg 6, p y lo r ic  caecae 4 -7 , g i l l  ra k e rs  f i r s t  a rch  6-8+1+

16-18.

Gonads. The t e s te s  a re  lobed , each lobe c o n ic a l and resem bling 

stubby  p y lo r ic  caecae . O varies a re  sim ple , the  o v a rian  tu n ic  i s  incom­

p le t e  except a n te r io r ly  where i t  i s  continuous w ith  the perito reum  as 

in  Conocara m acroutera  (F ig . 7 ) Markle and Wenner ( in  p re p .)  have r e ­

c e n t ly  p re se n te d  evidence th a t  X. copei i s  m esopelagic f o r  on ly  p a r t  o f  

i t s  l i f e .  T heir evidence suggests  t h a t  r ip e  a d u lts  m igra te  to  o r very  

n e a r  to  th e  bottom to  spawn in  the f a l l .
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Table 5. S e lec te d  counts from ra d io  graphs o f Xenodermichthvs.

D RAYS

X. copei 27 28 29 30 31 32

w este rn  A tla n tic 7 4 4

e a s te rn  A tla n tic 3 3 3 2 1

In d ian 1

southw est P a c if ic 1

X. nodulosus

P h il ip p in e  Sea 1

A RAYS

X. copei 26 27 28 29 30 31 32

w este rn  A tla n tic 1 3 10 2 I

e a s te rn  A tla n tic 5 3 2

In d ian 1

southw est P a c if ic 1

X. nodulosus

P h il ip p in e  Sea 1

X. copei

w estern  A tla n tic  

e a s te rn  A tla n tic  

In d ian

sou thw est P a c if ic  

X, nodulosus

P recaudal
VERTEBRAE

Caudal
16 17 18 19 30 31 32

1 4 11 4 4 15 1

6 8 3 8 3

1 1 

1 1

T o ta l 
47 48 49 50

2 4 11 3

7 6 1

1

1

P h il ip p in e  Sea



Fig. 31
A. R e la tio n sh ip  between head le n g th , exp ressed  as a  f ra c tio n  o f  

s tan d ard  le n g th , and s ta n d a rd  le n g th  i n  w estern  N orth  A tla n t ic  
Lentoderm a. m acrops. Dashed l in e s  a re  l im i ts  o f  v a r ia t io n  a s  
g iv e n  by P a r r  (1951), l e s s  than (3 0 -0 .5  SL) p e rc e n t o f SL and 
more than (2 5 -0 .5  SL) p e rc e n t o f SL. R egression  equation f i t s  
observed p o in ts .

B. R e la tio n sh ip  between head len g th , exp ressed  as a  f ra c tio n  o f  
s ta n d a rd  le n g th , and s ta n d a rd  len g th  i n  N arcetes stom ias. 
B rackets denote groups o f  p o in ts  showing l i t t l e  o r  no a llo m etry  
above and below  400 mm SL, a sso c ia te d  w ith  sh o rte n in g  and 
a rch in g  o f th e  snout and upper jaw.

C. R e la tio n sh ip  between upper jaw le n g th , expressed  a s  a  f r a c t io n  
o f  s tan d ard  le n g th , and s tandard  le n g th  in  N arce te s  stom ias. 
B rackets as in  F ig . 31B.
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Fig. 32
A. E r ic a ra  salm onea, UMML 32360 , 266 mm SL.

B. E r ic a ra  m ic ro le p is . U3NM 215601, 268 mm SL.

C. Conocara m uxravi. NIO, D iscovery s t .  7424, 268 ram SL,

D. Conocara m uxravi. EMNH 64071, 151 mm SL.
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Fig. 33
A. Leptoderma m acrops. USNM 215614, 194 mm SL.

B. Same as A, showing d e t a i l  o f  c e p h a lic  l a t e r a l i s  pores and 
p a p il la e .

C. Leptoderma lttbricum . . NIO, D iscovery s t .  7423, 165 mm SL.



'\ \ ' ' ' 
!l 
""i 

. · 
: 

., : • • .. •••• • 0 _, .. -::.... .... ·o i_ 
.... ~. : : :: ~. • ........... ,.. ;0 . .. .. . ... - ' ~ 

~. 

.. . 



F ig . 34

A. Asquamiceps in d a g a tio . SIO 64-11, 97.5 ram SL.

B. E in a ra  raa c ro le p ls . NIO, D iscovery s t .  7824 #21, 172 ram SL.

C. E in a ra  s p . . USNM 200465, 217 ram SL.

D. E in a ra  e d en tu lu s . USNM 200522, 132 nm SL.
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Fig. 35
A* Asquamiceps sp . A, USNM 214938, 315 mm SL.

B. Aulastomatomorpha phospherops. re p r in te d  from " I l l u s t r a t i o n s  o f  
th e  Zoology o f  th e  In v e s t ig a to r ,  F ishes11, p t .  1 , p i . 5 , 1892.
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F ig . 36

A. B a ia c a l ifo m ia  b u r ra g e i . USNM 215610, 112 mm SL.

B. B a ia c a l ifo m ia  c a lc a r a tu s . USNM 215506, 312 mm SL.

C. B a ia c a l ifo m ia  d ra k e i . USNM 215504, 223 mm SL.

D. N arcetes s to m ias . USNM 215513, 428 mm SL, showing s t r a ig h t  jaw s.

E. N arcetes s to m ias . USNM 215513, 504 mm SL, showing arched jaw s.
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Fig. 37
B athy troctes m ic ro le p is - XJSNM 215496, 263 mm SL.

B ath y tro c tes  m ic ro le p is . IJSNM 215492, 260 ram SL, showing snout 
v a r ia t io n .

B a th y tro c te s  m ic ro le p is . USNM 215492, 278 nm SL, showing snout 
v a r ia t io n .

B a th y tro c tes  squamosus. UMML uncatalogued , s t .  C I-160, 186 mm SL

B ath y tro c tes  squamosus. same as D above, showing norm al cheek 
s c a la t io n .

B a th y tro c tes  squamosus. UMML 30957, 168 mm SL, showing reduced 
cheek s c a la t io n .
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Fig, 38
L ep to ch ilich th y s  a g a o s iz i i . SIO 66-55, 149 mm SL. 

B athylaco n ig r ic a n s « USNM 206694, 233 nan SL. 

Nomoctes m ic h a e ls a rs i . USNM 215501, 244 mm SL. 

Nomoctes k o e fo e d i, MCZ 36636, 132 mm SL.
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Fig. 39
A. R in o c tes  n a su tu s . USNM 215517, 122 mm SL.

B. B athvprlon  danae. ISH 1539/71, 252 ran SL,

C. Tfl-llsmania a n ti l  1 antm . NIO, D iscovery s t .  7845, 143 ran. SL.

D. A leoocephalus a g a s s i z i i ,  USNM 215571, 510 mm SLV ( f r e s h ) .
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F ig . 40

A. Genus A. sp . n o v ., uncatalogued .

B. Genus A (sc h m id ti) . uncatalogued .

C. E, and F. Cross s e c tio n s  o f  body photophores from Genus A, sp.
nov. showing p o s i t io n  beneath  ep iderm is and g ro ss  s t r u c tu r e ;
5 m icron s e c t io n s , H a rris  haem atoxy lin -eosin  s ta in .

D. Cross s e c t io n  o f body photophore from  R ouleina m aderensis; 5 
m icron s e c t io n s ,  H a rr is  haem otoxy lin -eosin .
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Fig. 41
A. P h o to s tv lu s  p y cn o p te ru s . Dana 4007V II> 103 ran SL.

B. R ou leina  m o l l i s . USNM 215479 , 285 mm SL.
T

C. Xenodexmichthvs nodu losus. Dana 3722 , 157 ran SL.

D. Xenodermichthvs c o p e i. Dana 4 1 5 7 ^ , 136 mm SL.
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ECOLOGY

This s e c t io n  summarizes some r a th e r  fragm entary  a u te c o lo g ic a l d a ta . 

The purpose i s  to  t r y  to  re a c h  some g e n e ra liz a tio n s  abou t a lepocephalid  

l i f e  h i s to r i e s .  The m ajor source o f most new in fo rm a tio n  p resen ted  h e re ­

i n  was a  traw l survey from 1973 to  1976 on the  c o n tin e n ta l  slope  o f f  

V irg in ia .

Food and fe e d in g :

The food h a b i t s  o f  A lepocephalus a g a s s iz i i  were n o t  in te n s iv e ly  

s tu d ie d  bu t some d a ta  were o b ta in ed . As p rev io u s ly  m entioned, the  c ru -  

m enal organ su g g ests  f i l t e r  fee d in g , b u t deep subm ersib le  o b se rv a tio n s 

made thus f a r  do n o t support an a c t iv e ly  swimming, f i l t e r  feed ing  h a b i t  

and  s e r i a l  s e c tio n s  o f crumenal organs re v e a l only a  few diatom  t e s t s .

Out o f  many A. a g a s s iz i i  stomachs examined from the  c o n tin e n ta l  slope  

o f f  V irg in ia , id e n t i f i a b le  co n ten ts  from 20 can be re p o r te d . These had 

mud in  60%, ctenophores in  40%, monogenetic trem atodes i n  30%, and one 

stom ach each w ith  th ree  p lan k to n ic  ca lan o id  copepods, a  la rv a l  form o f  

th e  m acruran c ru s ta c e a n  S te re o m a s tis . p a r t s  o f  u rc h in  t e s t s  and p a r t  o f  

a  p o ly ch ae te . A lthough mud e s p e c ia l ly  may have been in g e s te d  in  th e  tra w l, 

th e  in d ic a t io n  i s  th a t  A. a g a ss ig iii i s  an o p p o r tu n is tic  o r  g en e ra lize d  

fe e d e r  n ear th e  bottom  but may f re q u e n tly  feed  in  th e  w a te r column on 

ctenophores and copepods. However, an exam ination o f  number o f  in d iv i ­

d u a ls  caught over a  composite 24 hour p e rio d  o f f  V irg in ia  does no t in ­

d ic a te  any re g u la r  d ie l  m ig ra tio n  o f f  th e  bottom (F ig . 43A ). These
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r e s u l t s  a re  i n  basic  agreem ent w ith  food h a b its  o f  A. b a i r d i i  rep o rted  by 

Golovan and Pakhorukov (1975).

Among s t r i c t l y  p e la g ic  a d u lts ,  on ly  one B a la c a l ifo ra ia  d rak e i was 

found w ith  food , a la rg e  c a rid e a n  shrimp A canthephvra p u rp u rea . N ie lsen  

and L arsen  (1968) examined 10 empty stomachs o f  an o th e r ba thypelag ic  form , 

B athvlaco n ig r ic a n s . and concluded from i t s  morphology th a t  i t  i s  a  f a s t  

swimming p re d a to r .

On th e  b a s is  o f th e  g r e a t  v a r ia t io n  in  mouth s iz e  and d e n ti t io n  p a t ­

te r n ,  i t  i s  d e f in i te ly  n o t  p ruden t to  make in d u c tiv e  g e n e ra liz a tio n s  

about an a lepocephalid  fe e d in g  type. A lthough i t  would no t be su rp r is in g  

i f  most sp e c ie s  were b a s ic a l ly  g e n e ra liz e d , i t  i s  apparen t th a t  feed ing  

s p e c ia l i z a t io n  must have o ccu rred  a t  l e a s t  in  th e  tubular-m outhed forms o f  

Aul astomatomorpha and th e  ed en ta te  M irognathus.

R e p ro d u c tio n :

D uring in te n s iv e  tra w lin g  on the s lo p e  o f f  V irg in ia , 1973-1976, no 

a le p o c e p h a lid  species cou ld  be shown to  have a  seasonal rep ro d u c tiv e  

cy c le . T h is was p r im a rily  due to  a  la c k  o f  m a te r ia l .  For example, run­

ning  r ip e  m ales of N arcetes stom ias were caught in  January , A p ril and 

November and a  female w ith  ova up to  4 .0  mm was caught in  June. Mature 

R ouleina m o ll is  (ova up to  3 .2  mm) were on ly  caught in  September and No­

vember h u t  on ly  19 f i s h  w ere caught du ring  the  th re e  y e a r survey. A 

c o n s id e ra b le  number, 229, o f  A lepocephalus a g a s s iz i i  were caught during 

the  su rvey  b u t only fo u r w ere judged m ature . These were th re e  m ales, 

473-497 mm SL, caught i n  Jan u a ry  and June and a  m aturing  fem ale (ova up 

to  2.8 mm), 642 mm SL, caugh t in  September.
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Using m a te r ia l  from v a rio u s  North A tla n tic  sou rces, Markle and 

Wenner (ms subm itted) p re se n t evidence which suggests seasonal reproduc­

t io n  in  the  m esopelagic Xenodermichthvs c o p e i. They p o s tu la te  n ear­

bottom  autumn spawning in  X. c o p e i.

P a r t o f  t h e i r  reasoning  i s  based on the  f a c t  th a t  a lepocephalids 

i n  genera l have few, la rg e  eggs. In  the  fo llow ing  the  t o t a l  number in  

th e  la rg e s t  egg s iz e  c la s s  i s  given fo r  se v e ra l spec ies  examined in  

t h i s  study and from the l i t e r a t u r e :  156 mm SL X. copei (151 eggs up to

2 .7  mm), 415 mm SL JJ. stom ias (estim ated  546 eggs up to  4 .0  mm), 268 and 

317 mm SL Bathvlaco n ig r ic a n s  (estim ated  450 and 1000 eggs up to  2.9 mm, 

N ie lsen  and Larsen 1968), and a  642 mm SL A. a g a s s iz i i  (es tim ated  9150 

eggs up to  2 .8  mm). Golovan and Pakhorukov (1975) rep o rte d  115,000- 

160,000 eggs in  A. b a i r d i i  bu t i t  i s  n o t c le a r  whether they  r e f e r  to  a l l  

eggs o r ju s t  the  la rg e r  (4 .0 -4 .5  mm) eggs. I  presume th e  form er. From 

th e  fo regoing  i s  e s ta b lish e d  th a t  a t  l e a s t  some o f  th e  ba thypelag ic  and 

n e a r  bottom a lepocephalid s have la rg e  eggs and low fecu n d ity .

Depth d i s t r ib u t io n :

A lepocephalids in h a b it  a  depth range from 100 m (X. co p e i. K re ff t  

1973) p o ss ib ly  to  5850 m Nomoctes koefoed i. MCZ36636J1. The l a t t e r ,  how­

e v e r , could have been cap tu red  in  midwater. Most a lepocephalid s seem

to  l iv e  between 1000 and 2000 m, though some species and genera a re  ex-
■

c lu s iv e ly  deeper.

During the  in te n s iv e  traw l survey o f f  V irg in ia  (36°34 '-37°10lN) 

m entioned above, th re e  fe a tu re s  o f  a lepocephalid  d is t r ib u t io n  were noted: 

(1) approximate concordance o f  minimum depth  o f  cap tu re  among d i f f e r e n t  

s p e c ie s ;  (2) suggestions o f  in te r s p e c i f ic  and in tr a s p e c i f ic  s iz e -d e p th
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re la t io n s h ip s ;  a n d  (3) u n iv e r s a l ly  incom plete le n g th  frequency d is t r ib u ­

t io n s . Each o f  "these i s  t r e a te d  se p a ra te ly  below.

Minimum d e p th :  E xclusive o f  presumed midwater c a p tu re s  o f _X. copei 

and sp e c ie s  c a p tu r e d  le ss  th an  tw ice, a l l  near bottom  a lepocephalid  spe­

c ie s  showed an in o rd in a te  amount o f re g a rd  for th e  1500 m (+ 100m) depth  

con tou r. The d i s t r ib u t i o n  o f  m ost began a t  or n e a r  t h i s  contour. Thus, 

th i r t e e n  _B. m ic ro le p is  were cap tu red  a t  8 s ta tio n s  w ith  average depths 

from 1441-1763 m ;  nineteen R. m o llis  w ere  captured a t  5 s ta t io n s  w ith  

average depths firom  1403-1803 m; ten  N. stomias were cap tu red  a t  8 s t a ­

tio n s  w ith  a v e r a g e  depths from  1678-237 5 m; and 229 A. a g a s s iz i i  were 

caught from 655- 2400 m, b u t a l l  specim ens larger th an  325 mm and le s s  than 

150 mm SL were c a u g h t deeper th an  1408 m (see F ig . 43B, below ).

An obvious f e a tu r e  o f th e  traw l d a t a  during th e  su rv ey  was a  ten ­

dency f o r  la rg e  an im als to  be caught in  deeper w a te r. Irt p relim inary  

an a ly ses o f  d a ta  from two o f  th e  c ru is e s  (June 1973 and November 1974 w ith 

a  45' o t t e r  tra w l-  and a J u ly  1975 c ru ise  with a  30* o t t e r  traw l) ' Wenner 

(ms, and F igure  4-2) has found a  break n e a r  1500 m i n  th e  average w eight of 

f i s h  traw led . E w en at th ese  dep ths, 1400-1600 m, i t  i s  d i f f i c u l t  to  main­

t a i n  a  r e la t iv e ly "  constant d ep th  during th e  traw l. Seven of the 8 traw ls  

in  th is  dep th  ra r rg e  in F igu re  42 exceeded 50 m o f dep th  v a r ia t io n  during 

the  30 m inute t r a ^ r l  and f iv e  o f  the  t r a w ls  had a  range o f  depth v a r ia t io n  

from 120-335 m! Thus, th i s  b reak  in  average weight must be  considered 

about as sharp a  "break as th e  sampling technique and th e  lo c a l  physio­

graphy can d i s c e r n .  I f ,  f o r  convenience, the slope from 1500 to  3000 m 

i s  r e f e r r e d  to  a s  the big f i s h  h a b ita t ,  i t  is  c le a r  t h a t  th e  four most 

f re q u e n tly  encoun."tered a lepocephalid s a r e  members o f  t h i s  h a b ita t .



Fig. 42
R e la tio n sh ip  between mean w eigh t, in  gm, o f  in d iv id u a l f i s h  and 
mean d ep th  o f  traw l on c o n tin e n ta l  s lo p e  o f f  V irg in ia . Dots ( . )  
in d ic a te  s ta t io n s  made w ith  a  45' o t t e r  traw l and X 's  in d ic a te  
s t a t i o n s  made w ith  a  30 ' o t t e r  traw l.
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S ize-d ep th : A suggestion  o f an in te r s p e c i f i c ,  in tra g e n e r ic  s iz e -

dep th  re la t io n s h ip  was ob tained  from a l l  examined specimens 6 f w estern  

N orth A tla n tic  R ouleina. The sm aller o f  the  two sp e c ie s , R. m aderensis, 

has been caught between 595 and 1460 m in  th e  w estern  N orth A tla n t ic .

Seven o f  e ig h t cap tu res  were in  depths le s s  than  1070 m. The la rg e r  spe­

c ie s ,  R. m o ll is ,  has been caught from 1020 to  1960 m. F if te e n  o f s ix te e n  

c a p tu re s  were in  depths g re a te r  than 1100 m. Since these  d a ta  were from 

a  la rg e  a re a  o f  the  w estern  North A tla n t ic  and since  i t  cannot be s ta te d  

a t  t h i s  tim e whether o r  n o t th e  minimum depth  o f th e  b ig  f i s h  h a b ita t  

changes o r w hether o r  n o t i t  even e x is ts  everywhere, i t  cannot be p o s i­

t i v e l y  s ta te d  th a t  one o f  these  i s  a  b ig  f i s h  h a b ita t  sp ec ie s  and one i s  

n o t .  However, o f f  V irg in ia  R. m o llis  i s  in  the  b ig  f i s h  h a b ita t  and the 

s in g le  cap tu red  specimen o f  R. m aderensis was n o t.

Only Alepocephalus a g a s s iz i i  was p re se n t in  s u f f ic ie n t  q u a n ti t ie s  

to  determ ine in t r a s p e c i f ic  s iz e -d e p th  re la t io n s h ip s  o f f  V irg in ia . No 

seaso n a l d if fe re n c e s  in  s iz e -d e p th  r e la t io n s h ip s  were d iscerned . F igure 

43B i s  a  composite o f  fo u r  seasonal c ru is e s  in  June 1973, November 1974, 

September 1975 and January  1976.

During th is  survey no id e n t i f ia b le  a lepocephalid  la rv a e  were caught. 

The sm a lle s t specimens o f  A. a g a s s iz i i  (75 to  150 mm SL) were caught f a i r l y  

deep , 1488 to  1823 m, w hile  in te rm ed ia te  s ized  specimens (150 to  300 mm SL) 

were caught over the  sp e c ie s  depth ran g e , 655 to  2400 m (F ig . 43B). In d i­

v id u a ls  la rg e r  than  300 mm SL were caught between 1408 and 2100 m. There 

was no sim ple re la t io n s h ip  between s iz e  and depth  o f c ap tu re . F igure 43B 

su g g ests  th a t  ju v e n ile s  f i r s t  appear in  r e la t iv e ly  deep w ater, then  d is ­

p e rse  over the  t o t a l  bathym etric  range b efo re  becoming r e la t iv e ly  s ten o - 

b a th y a l when over 300 mm SL.



Fig. 43
A, R e la tio n sh ip  between number o f  Alepocephalus a g a s s iz i i  caught 

over a  composite 24 hour p e rio d  from fo u r  seasonal c ru is e s  on 
th e  c o n tin e n ta l s lo p e  o f f  V irg in ia .

B. R e la tio n sh ip  between number o f  A lepocephalus a g a s s iz i i  caught 
and the  dep th  range o f the tra w l from fo u r  seasonal c ru is e s  on 
th e  c o n tin e n ta l s lo p e  o f f  V irg in ia .
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B u llis  and S tru h sak er (1970) found a  p o s i t iv e  l i n e a r  c o r r e la t io n  

betw een mean s iz e  and dep th  in  f i f t e e n  upper slope  f i s h e s .  That r e l a ­

t io n s h ip  can a ls o  be seen  in  th e  A. a g a s s iz i i  d a ta  in  F igure  43B. I t  

i s  somewhat m islead ing  because a l l  o f  th e  sm a lle s t ju v e n ile s  were caught 

a t  th e  deep end o f  th e  dep th  range , in te rm e d ia te  s iz e d  (150-300 mm SL) 

in d iv id u a ls  were caught throughout th e  dep th  range, and 43% o f  th e  i n te r ­

m ed ia te s  were caught o u ts id e  the  dep th  range o f la r g e r  in d iv id u a ls .

B eebe 's (1933b) la r v a l  d i s t r ib u t io n  d a ta  on the  b a th y p e lag ic  B aia- 

c a l i f o m i a  d rak e i has le d  to  th e  rea so n a b le , a lb e i t  in d u c tiv e , conclusions 

t h a t  a lep o cep h a lid  la rv a e  a re  b a th y p e lag ic  (Mead, _et a l  1964) and develop 

d i r e c t l y  (G osline 1969). The p re se n t d a ta  on A. a g a s s iz i i  do n o t prov ide 

good evidence f o r  o r a g a in s t  a  b a th y p e lag ic  la r v a l  o r  ju v e n ile  s ta g e . The 

ju v e n i le s  75-150 mm, f o r  example, i f  p e la g ic , would have been expected as 

in c id e n ta l  c ap tu res  in  a l l  a re a s  below a  c e r ta in  minimum depth . T his i s  

because  the  bottom  traw l f is h e s  o b liq u e ly  through m idw ater during  descen t 

and r e t r i e v a l  and, th u s , would spend about the  same amount o f tim e in  any 

m idw ater zone above th e  bottom . In s te a d  sm alle r ju v e n ile s  were encountered 

i n  a  r e l a t i v e ly  narrow  zone, 1488 to  1823 m.

Study o f  th e  numerous Dana c o l le c t io n s  o f m idwater a lep o cep h a lid  l a r ­

vae shows th a t  alm ost a l l  id e n t i f i a b le  la rv a e  are  o f  meso- and b a th y p e lag ic  

g e n e ra  and sp ec ie s  (Xenoderm ichthvs. B athy laco . P h o to s tv lu s . Bai a c a l i f o r a ia  

d r a k e i . E in a ra  e d e n tu lu s . T alism ania  a n ti l la ru m . and genus A ). Only two 

specim ens o f  Conocara, a  b e n th ic  genus, have been id e n t i f i e d  in  th ese  mid­

w a te r c o l le c t io n s .  This la c k  o f  l a r v a l  forms o f bottom  f i s h  i s  a ls o  char­

a c t e r i s t i c  o f m acrourids (M arshall 1973) and the  abundant m orid, Antimora 

(Cohen, p e rso n a l comm unication). M arshall (1973) f u r th e r  no tes th a t  l a r ­

v a l  development i s  ra p id  in  some bottom  forms and t h i s  presum ably p reven ts 

t h e i r  e x p a tr ia t io n  from th e  narrow  slo p e  h a b ita t .
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Length freq u en c ie s : The fo u r f re q u e n tly  encountered  species o f f

V irg in ia  were g en era lly  r e s t r i c t e d  in  t h e i r  s iz e  ran g es . The th i r te e n  B,. 

m ic ro lep is  were a l l  between 227 and 296 ram SL, the  n in e te e n  R. m o llis  

were between 220 and 378 mm SL, and the te n  N. stom ias were between 389 

and 490 mm SL. The len g th  frequency  d i s t r ib u t io n  o f A. a g a s s iz i i  i s  

shown in  F igu re  44A fo r  fo u r  c ru is e s . A gain  no seaso n a l d iffe re n c e s  were 

a p p a ren t, p o s s ib ly  because o f  th e  sm all sample s iz e .

These d a ta  in d ica te  th a t  e ith e r  the gear i s  s e le c t in g  larger s p e c i ­

mens, th at ju v e n ile s  o f th e se  sp ec ie s  are n o t present in  the sampling 

a rea  or that ju v e n ile  growth r a te  i s  very  rap id . S in ce  some small a le p o ­

ce p h a lid s , R. m aderensis and X. co p e i. and o th er sm a ller  f is h e s  were cap ­

tu red  by the g ea r , the second exp lan ation  i s  more p robab le.

A g en era lized  a lepocephalid  l i f e  h is to r y :

Only a few  o f  the s lo p e  f is h e s  o f f  V ir g in ia  have a  len gth  frequency  

d is tr ib u t io n  w hich, w ith in  th e  l im it s  o f  th e  gear s e l e c t i v i t y ,  in c lu d es  

more ju v e n ile s  than a d u lts . The macrourid, Coelorhvnchus c . carminatus 

(F ig . 44B) i s  one such s p e c ie s .  In  November 1974 i t  was caught between  

169 and 864 m and showed a  f a i r l y  normal le n g th  frequency d is tr ib u tio n  

w ith  3 or 4 d if f e r e n t  s iz e  c la s s e s .  With th e excep tion  o f  the c la s s  

around 47 mm head len g th , each  s iz e  c la s s  was p r o g r e ss iv e ly  le s s  numerous 

than  i t s  p red ecessor. Thus, one can reasonab ly  assume, s in c e  the maximum 

known s iz e  i s  73 mm HL (M arshall and Iwamoto 1973), th a t  m ost, i f  n o t a l l ,  

o f  th e  s p e c ie s ' l i f e  h is to r y  can take p la c e  w ith in  the co n fin es  o f  a  r e l a ­

t i v e l y  sm all a rea  o f  i t s  t o t a l  geographic range.

Most o th er  sp ec ie s  on th e  s lo p e , even th ose  w ith in  th e  depth ra n g e  o f

C. c .  carm inatus, such as the h o g fish , Mvxine g lu tin o sa  (F ig . 44C), have



Fig. 44
A .. L eng th  frequency d i s t r ib u t io n  o f  Alepoceiph a lu s  a g a s s iz i i  

c a u g h t during fo u r  seasonal c ru is e s  on th e  c o n tin e n ta l  slope  
o f f  V irg in ia .

B. L eng th  frequency d i s t r ib u t io n  o f  Coelorhvnchus c. carm inatus 
from  th e  c o n tin e n ta l  slope o f f  V irg in ia , November 1974.

C. Length frequency d i s t r ib u t io n  o f  Mvxine p lu t in o s a  from th e  
c o n tin e n ta l  s lo p e  o f f  V irg in ia , November 1974.
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a  com pletely d i f f e r e n t  len g th  frequency d is t r ib u t io n .  These specimens, 

a ls o  from th e  November 1974 c ru is e , were caught between 195 and 675 m. 

A lthough a d u lts  o f  M. g lu tin o s a , inc lud ing  ovigerous fem ales, were q u ite  

common, post-m et amorphic ju v e n ile s  and subadu lts le s s  th an  30 cm were 

v i r t u a l l y  n o n -e x is te n t in  th e  sam ples. The p o s s ib i l i ty  o f  escape by smal­

l e r  in d iv id u a ls  i s  minimal in  view o f  cap tu res o f sma l l  e e ls ,  Synaphobran- 

chus a f f in i s  e lv e rs  72-105 mm t o t a l  len g th  (Wenner 1975) and Pisodonophis 

c r u e n t i f e r  19-40 cm to ta l  le n g th  (Wenner 1976) in  the same o r sm alle r 

g e a r  w ith  id e n t ic a l ,  0 .5  in ch  s tre tc h e d  mesh cod end l in e r s .

As w ith  the  fo u r  a lep o cep h a lid s , ju v e n ile s  of_M. g lu tin o sa  and many 

o th e r  dominant slope  f is h e s  (Antimora r o s t r a t a ,  Coryphaenoides armatus and 

H alosau ropsis m acroch ir. f o r  example) are  n o t found a t  a l l  o r n o t in  quan­

t i t i e s  s u f f ic ie n t ly  la rg e  enough to  account f o r  the numbers in  the  la rg e r  

s iz e  c la s s e s .  R ecruitm ent from o th e r  areas i s  probably  involved.

I t  i s  in te r e s t in g  to  n o te  th a t  G rassle  and Sanders (1973) surveyed 

le n g th  frequency d a ta  in  many deep-sea in v e r te b ra te s  and found a  h igh  

p ro p o r tio n  o f a d u lts  a lso . T heir conclusions were la rg e ly  n eg a tiv e  since  

th e y  d iscussed  what the  d a ta  d id n 't  show. But more re c e n tly  (Turekian e t  

a l  1975), they have found evidence o f  extrem ely slow growth r a te s  (8 mm 

p e r  100 y ears) and long delayed sexual m a tu rity  (gonadal development beg in ­

n in g  a t  age 50 to  60 y ears) i n  the sm all b iv a lv e , T in d a ria  c a l l i s t i f o r m is .

Among deep-sea  f is h e s  slow  growth ra te  and lo n g ev ity  may a lso  ex p la in  

th e  lack  o f  ju v e n ile s . Species w ith  la rg e  eggs and low fec u n d ity , such 

as a lepocephalid s , a re  u su a lly  considered  to  be making an evo lu tionary  

response  to  achieve a  r e la t iv e ly  la rg e  s iz e  e a r ly  in  l i f e  (Calow 1973), 

presum ably to  avoid p red a tio n  and in c re a se  the  range o f  s iz e  o f  p o te n t ia l
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prey . I f  growth r a t e  i s  slow, a  la rg e  s iz e  a t  h a tch in g  i s  th e  only  way to  

achieve some s iz e  e a r ly  in  l i f e .

R e la tiv e ly  la rg e  body s iz e ,  as exem plified  by a lep o cep h a lid s  and t h e i r  

a s s o c ia te s  i n  th e  b ig  f i s h  h a b i t a t ,  has s e v e ra l advantages and d isad v an ta ­

ges (Southwood e t  a l  1974, T h ie l 1975). Among the  d isadvan tages i s  a  m eta-
0 7b o l ic  r a t e  u s u a l ly  equal to  W ' , where W i s  body w eight (B o u rlie re  1957, 

Hughes 1965). T his r a te  may be low er in  deep se a  f i s h e s ,  such as a lep o ­

c e p h a lid s , i n  which a  h ig h e r  percen tage  o f  body w eight i s  due to  w ater 

(C h ild re ss  and Nygaard 1973). Thus, la rg e  s iz e  may have been achieved  

w h ile  one o f  i t s  d isadvan tages in  a  n u tr ie n t-p o o r  h a b i ta t  has been m in i­

m ized. A t th e  same tim e, la rg e  anim als a re  u s u a l ly  a b le  to  move f a s t e r  

and cover a  la r g e r  a re a , thus ab le  to  take advantage o f  la rg e  food f a l l s  

and clumped p rey  (Dayton aind H ess le r 1972). F in a l ly ,  la rg e  anim als u s ­

u a l ly  l iv e  lo n g e r , those  w ith  low fec u n d ity  a re  sometimes ite ro p a ro u s  

(b reed  more th an  once) and a l l  a re  ab le  to  undertake  r e l a t i v e ly  long re p ro ­

d u c tiv e  m ig ra tio n s , v i r t u a l l y  im possib le  in  sm a lle r  anim als (Calow 1973, 

Southwood e t  a l  1974).

A re c e n t  th eo ry  on av ian  d iv e r s i ty  in  th e  t ro p ic s  (K lopfer e t  a l  

1974) suggested  th a t  in  s ta b le  environm ents w ith  an e s s e n t ia l ly  uniform  

y e a r ly  food supp ly , th e  a d u lts  o f  a l l  sp ec ie s  would expand to  the  upper 

l im i t s  o f  a v a i la b le  re so u rc e s . W ithout the  tem poral in c re a se  in  d a i ly  

p r o d u c t iv i ty  i n  th e  sp rin g  and e a r ly  summer c h a r a c te r i s t i c  o f  tem perate 

a r e a s ,  t r o p ic a l  b i rd s  would be req u ire d  to  have a  p ro longed developm ental 

p e r io d  f o r  t h e i r  young, as i s  a p p aren tly  commonly observed. As a  conse­

quence, m ig ra to ry  b i r d s ,  p re se n t in  the  t ro p ic s  only  when food re so u rce s  

were se a so n a lly  reduced in  tem perate  a re a s , would be unable to  b reed  in  

th e  t r o p ic s  due to  t h e i r  more ra p id  developm ental r a te s  adap ted  to  th e
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se a so n a lly  r ic h e r  tem perate p ro d u c tiv ity . F u r th e r , th ey  showed th a t  w ith ­

ou t p re d a tio n  th e  young o f th e  most common sp e c ie s  ( th e  b e s t  com petito r) 

would g e t  most o f  th e  a v a ila b le  reso u rces  and a  d isp ro p o r tio n a te ly  la rg e r  

p o r t io n  would be r e c ru i te d  to  th e  a d u lt  p o p u la tio n . They then  s t ip u la te d  

th a t  i f  p re d a tio n  removed a  d isp ro p o r tio n a te  number o f  young o f / th e  domi­

n an t sp e c ie s  th e re  would be an in c re a se  in  re c ru itm e n t r a t e  o f  com petito r 

sp e c ie s  and an in c re a se  in  community sp e c ie s  d iv e r s i ty .

Some o f  th ese  id e a s , which have been developed through numerous s tu ­

d ie s  o f  b ird s  (Thompson 1975) a re  worthy o f  c o n s id e ra tio n  w ith  re s p e c t to  

f i s h e s ,  which, l ik e  b ird s  a re  m o tile  in h a b ita n ts  o f th ree -d im en sio n a l 

sp ace . For example, in  th e  b ig  f i s h  h a b i ta t  below 1500 m th e  food supply 

i s  g e n e ra lly  b e lie v e d  to  be low and r e l a t i v e ly  c o n s ta n t on a  seasonal tim e 

s c a le .  One can assume th a t  th e  a d u lts  o f  a l l  sp e c ie s  have expanded (numer­

i c a l l y )  to  th e  l im i ts  o f  a v a ila b le  re so u rc e s . D eep-sea b a ite d  camera pho­

to g rap h s  suggest th a t  m o t i l i ty  i s  advantageous in  lo c a tin g  w idely  se p a ra ted  

f a l l s  o f  la rg e  food item s (Dayton and H ess le r 1972) and food h a b it  s tu d ie s  

(P earcy  and Ambler 1974, H aedrich and Henderson 1974) suggest t h a t  la rg e  

g e n e ra liz e d  fe e d e rs , capable o f  wide rang ing  feed ing  movements o f f  the  

bo ttom , a re  m ajor resou rce  e x p lo i te r s  in  th e  deep sea .

Under th e se  c o n d itio n s  th e  b ig  f i s h  h a b i t a t  o f f e r s  l i t t l e  com fort to  

eggs o r  la rv a e . A lthough b ig  f i s h  tend  to  e a t  b ig  food item s (Pearcy and 

Ambler 1974), i n  a  food-poor environm ent be ing  a b le  to  take  the  l a r g e s t  

p o s s ib le  meal d o e s n 't  negate  e a tin g  copepods (M arshall 1960). The b ird  

s c e n a r io  o f  K lofper e t  a l  (1974) o f f e r s  two p o s s i b i l i t i e s :  a l t e r a t io n  o f

l a r v a l  development and rep ro d u c tiv e  m ig ra tio n . L i t t l e  i s  known o f  la rv a l  

developm ent in  deep se a  f i s h e s ,  b u t in  th e  b ig  f i s h  h a b i ta t  immediate 

la rg e  s iz e  would seem to  be n ecessa ry  to  compete f o r  food and avoid
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p re d a tio n . Large egg s iz e  and ra p id  la r v a l  development would be p re d ic te d . 

M arsh a ll (1973) no ted  th a t  newly ha tched  m acrourids were la r g e r  th an  n e a r ly  

a l l  gadids (bo th  groups in  th e  Gadiformes) and th a t  i n  one sp e c ie s , Macrourus 

b e rg la x , newly ha tched  la rv a e  must be around 10 mm. In  bo th  m acrourids and 

a lep o cep h a lid s  la rg e  eggs a re  ap p a ren tly  u n iv e rs a l .  M arshall (1973) f u r th e r  

n o te d  f a s t  development o f  p e la g ic  la rv a e  o f  some engybenthic b u t n o t bathy­

p e la g ic  m acrourids.

Evidence f o r  rep ro d u c tiv e  m ig ra tio n s  i s  e s s e n t ia l ly  ab sen t f o r  deep- 

s e a  f i s h e s .  A lthough running r ip e  male a lepocephalid s have been found in  

th e  survey o f f  V irg in ia , no r ip e  fem ales a re  known. R eproductive m igra­

t io n s  w i l l  be d i f f i c u l t  to  prove in  deep se a  f i s h e s .  I f  th e  prupose o f  

m ig ra tio n s  i s  to  g e t  eggs and la rv a e  o u t o f  th e  b ig  f i s h  h a b i ta t ,  m igra­

t io n s  could  be in to  shallow er w a te r, in to  deeper w a ter, in to  m id-w ater, to  

a  g eo g rap h ica l s i t e  such as the  Sargasso  Sea, o r  m erely to  the  c e n te r  o f 

a  deep bottom  c u rre n t  moving c u t o f  th e  h a b i ta t .  Before m ig ra tio n s can be 

in v e s t ig a te d ,  th e  som atic d i s t r ib u t io n  must be determ ined. V e r if ie d  cap­

tu r e s  o f  rep ro d u c tiv e  specimens o u ts id e  the  som atic h a b i ta t  w i l l  th en  o f f e r  

m inim al evidence o f  m ig ra tio n .

The above in d ic a te s  th e  p o te n t ia l  p i t f a l l s  o f  l i f e  h is to r y  s tu d ie s  o f 

a le p o ce p h a lid s  when based on on ly  a  lo c a l  o r  m oderately  ex ten siv e  sam p lin g  

program . Q uite  p robab ly  th e  l i f e  h i s to r y  o f  an in d iv id u a l invo lves la rg e  

geograph ic  a re a s  and th e  in s id io u s  e f f e c ts  o f c u rre n ts  a s  w e ll as th e  r e ­

p ro d u c tiv e  s t r a te g y  o f  th e  sp e c ie s . The p o s s ib i l i ty  o f  la rg e -s c a le  re p ro ­

d u c tiv e  m ig ra tio n s  in  a lep o ce p h a lid s , an advantage o f la rg e  s iz e ,  m ust be 

c o n s id e re d  e s p e c ia l ly  s in c e  m inor v e r t i c a l  rep ro d u c tiv e  m ig ra tio n s a re  

su sp ec ted  in  a  r e l a t i v e ly  sm all member o f  the  fam ily , X. copei (Markle and 

Wenner, ms su b m itted ).



There i s  l i t t l e  more a v a i la b le  d a ta  re le v a n t to  a lepocephalid  l i f e  

h i s t o r i e s .  The m ost v a lu a b le  in fo rm a tio n , on l i f e  ta b le s  and reproduc­

t io n  a t  l e a s t ,  w i l l  come from a n a ly s is  o f  world-wide o r ocean-wide d a ta  

s o u rc e s . In fo rm ation  on ageing  must come from methods independent o f 

se a so n a l assum ptions such a s  th e  p re lim in a ry  work by Turekian e t  a l  (1975). 

F in a l ly ,  a lthough  i t  was on ly  touched upon, th e re  i s  probably  much to  

g a in  from  av ian  ecology. The hypo theses , ta u to lo g ie s  and an a lo g ies  a re  

as a p p lic a b le , i f  n o t more so , to  f is h e s  than  those  o f  b en th ic  in v e r te ­

b r a te  ecology. The p e rp lex in g  problem s o f  th ree -d im ensiona l m o ti l i ty ,  

v i r t u a l l y  ignored  in  b e n th ic  eco logy , a re  paramount in  av ian  and f i s h  

eco logy  and much b e t t e r  unders tood  in  th e  form er.



207

APPENDIX

L is t  o f  M a te ria l Examined:

The fo llow ing  l i s t  o f  m a te r ia l  g ives only  museum o r  o th e r  c o lle c ­

t io n  numbers and th e  number o f  specimens in  p a re n th eses . L o c a lity  d a ta  

a re  i n  th e  hands o f  the  au tho r and th e  a p p ro p ria te  museums. Specimens 

s u b je c te d  to  muscle d is s e c t io n  and s k e le ta l  p re p a ra tio n  a re  in d ic a te d  

w ith  an a s te r i s k .  Museum and c o l le c t io n  ab b re v ia tio n s  a re  as fo llow s: 

A lpha H e lix  sp rin g  1975 c ru is e  (AH),

American Museum o f  N atu ra l H is to ry  (AMNH), New York C ity ,

B r i t i s h  Museum (N atu ra l H is to ry ) (EMNH), London,

C a l i f o r n ia  Academy o f  S ciences (CAS), San F ranc isco ,

Dana Oceanographic C o lle c tio n s  (DANA), Copenhagen,

F ie ld  Museum o f N a tu ra l H is to ry  (FMNH), Chicago,

I n s t i t u t f u r  S e e f is c h e re i Hamburg (ISH ), Hamburg,

Museum o f  Comparative Zoology, (MCZ), Harvard,

Museu M unicipal do Funchal (MMF), M adeira,

Museum N atio n a l d 'H is to i r e  N a tu re lle  (MNHN), P a r is  

N a tio n a l I n s t i t u t e  o f  Oceanography, (NIO), England,

Peabody Museum o f  N atu ra l H is to ry , c o l le c t io n  o f  Bingham Oceanographic 

C o lle c tio n  (BOC), Y ale,

U n ited  S ta te s  Museum o f N a tu ra l H isto ry  (USNM), Washington D. C ., 

U n iv e rs i ty  o f  Miami Marine L aboratory  (UMML), Miami
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V irg in ia  I n s t i t u t e  o f Marine Science  (VIMS), G loucester P t . ,  

Woods Hole Oceanographic I n s t i tu t i o n  (WHOI), Woods H ole, 

S c r ip p s  I n s t i t u t i o n  o f  Oceanography (SIO), L aJo lla .

A lepocephalidae

A lepocephalus a g a s s iz i i  -  w estern  N orth A t la n t ic ,  more th an  300 specimens, 
in c lu d in g  USNM 215571 ( l ) ,  USNM 215572 (8 ) , USNM 215573 (2 ) , USNM 
215574 (1 ) , USNM 215575 (2 ) , USNM 215576 (3 ), USNM 215577 (1 ) , USNM 
215578 (1 0 ), USNM 215579 (1 )* , VIMS uncatalogued  (2 )* , MNHN 1976-11 
( 7 ) ,  AMNH 35399 (9 ) , BMNH u n c a t. (6 ) , FMNH 80468 (2 ) . e a s te rn  North 
A t l a n t i c ,  ISH 186/73 (2 ) , NIO u n ca t. (1 ) .

A lepocephalus a u s t r a l i s  -  w estern  North A t la n t ic ,  USNM 215583 (1 ) , USNM 
215584 ( 1 ) ,  USNM 215585 ( l ) , USNM 215586 (1 ) , USNM 215587 (2 ) , USNM 
215588 (2 ) , WHOI u n c a t. (1 ) , UMML 21680 (2 ), FMNH 66650 (1 ) .

A lepocephalus b a i r d i i  -  North A t la n t ic ,  USNM 22468 (1 , h o lo ty p e ) , USNM 
215590 (4 ) , USNM 215589 ( l ) * ,  ISH 838/64.

A lepocephalus b ic o lo r  -  Ind ian  Ocean, USNM 215607 (1 )* , USNM 215608 (12), 
USNM 215609 (2 ).

A lepocephalus produotus -  w estern  N orth A t la n t ic ,  USNM 33341 (1 , h o lo ty p e ), 
FMNH 64069 (1 ) , FMNH 64070 ( l ) .

A lepocephalus owstoni7 -  e a s te rn  P a c if ic ,  USNM 215592 (1 ) , USNM 215593
(1 ) , USNM 215594 (2 ) ,  USNM 215595 (19 ).

A lepocephalus r o s t r a tu s  -  e a s te rn  North A t la n t ic ,  NIO u n c a t. (5 ) , NIO 
u n c a t. (2 )* .

A lepocephalus teneb rosus -  e a s te rn  P a c if ic ,  USNM 125331 (1 , h o lo ty p e ),
USNM 215580 (1 ) , USNM 215581 (1 ) , USNM 215582 (8 ) , MCZ 51960 (1 ).

A nom alopterus megalops -  w estern  North A t la n t ic ,  USNM 170957 (1 , ho lo ­
ty p e ) .

Asquamiceps longmani -  In d o -P a c if ic , USNM 92325 ( l ) .

Asquamiceps h i o r t i  -  e a s te rn  N orth  A t la n t ic ,  ISH 486/71.

Asquamiceps sp . -  w estern  North A t la n t ic ,  USNM 214938.

B a ia c a l i f o m ia  b u rreg e i -  e a s te rn  P a c if ic ,  USNM 87553 (1 , h o lo ty p e ) ,
USNM 215610 (2 ).
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B a -ja ca llfo m ia  d ra k e i -  N orth A t la n t ic ,  USNM 215504 ( l ) ,  USNM ? (1 , h o lo ­
type).* MCZ 40654 (1 ) , BOC 3722 (1 ) , NIO u n c a t. (4 , 7 , 6 , 7 ) , DANA 
4402m  (1 ) ,  DANA. 1208XI11 ( l ) ,  DANA 3978VI1 (1 ) , e a s te rn  P a c if ic ,
USNM 215504 (1 ) , MCZ 49352 ( l ) ,  MCZ 49356 (2 ) .

B a ia c a l i f o m ia  c a lc a ra tu s  -  e a s te rn  N orth A t la n t ic ,  USNM 215505 (1 ) , USNM 
215506 (2 ) , USNM 215507 (1 ) , UMML 15157 (9 )* . In d o -P a c if ic , USNM 
137612 (1 ) , MCZ 45299.

B athvlaco  n ig r ic a n s  -  Indo P a c i f ic ,  USNM 206693 (1 )* , USNM 206694 (1 ) , USNM 
200468 C l), USNM 215519 (1 ) .

XB athvlaco  ,rspeciraen,r -  e a s te rn  P a c i f ic ,  DANA. 1206 ( l ) .

B a th y tro c te s  m ic ro le p is  -  w estern  N orth A t la n t ic ,  USNM 159331 (1, ho lo ty p e  
o f  G. b u l l i s i ) ,  FMNH 64073 (3, p a ra ty p es o f  G. b u l l i s i ) . USNM 33325
( 1 ) ,  USNM 215491 (1) ,USNM 215492 (2 ) , USNM 215493 (1 )* , USNM 215494
( 2 ) ,USNM 215495 ( l ) ,  USNM 215496 (1) ,USNM 215497 (3 ) , VIMS 3537 (3 ) , 
CAS u n c a t. ( 2 ) ,  EMNH u n c a t. (1),UMML u n c a t. (1 ) . e a s te rn  Noeth A tlan ­
t i c ,  MCZ 40599 (1 ) . e a s te rn  P a c i f i c ,  USNM 215498 (1 ) .

B a th y tro c te s  squamosus -  Indo P a c i f ic ,  USNM 137753 (1 ) . w este rn  North
A t la n t ic ,  UMML 30879 ( l ) , UMML 30957 (1 ) , UMML 30894 (2 ) , UMML 30927 
( 1 ) ,  USNM 215499 ( l ) ,  USNM 215500 (1 ) , UMML u n c a t. (2 , 1 , 2, 1 , 1 , 1 
2 , 3 , 1, 1 , 1 , 1, 1)* .

B a th y tro c te s  o l ig o le p is  -  N orth  A t la n t ic ,  ISH 2482/71 (2 )* .

B athyprion  danae -  A t la n t ic ,  MMF 22053 (1 ) , ISH 1539/71 (1 )* .

Conocara m acrop te ra  -  e a s te rn  North A t la n t ic ,  NIO u n c a t. (1 ) .

Conocara m cdonaldi -  w estern  N orth A t la n t ic ,  USNM 215596 (1 ) , USNM 215597 
(6 ) ,  USNM 215598 (11 ), USNM 215599 ( l ) * ,  USNM 215600 (9 ) ,  USNM 39482 
(1 , h o lo ty p e ) , FMNH 80469 (3 ) , MCZ 49351 ( l ) ,  MCZ 39351 (1 ) , UMML 
27058 (1 ) , UMML 26713 ( l ) ,  UMML 27059 (1 ).

Conocara m urrayi -  N orth A t la n t ic ,  FMNH 64071 ( 1 ) ,  NIO u n c a t. ( l ) ,  DANA
1186-U (1 ) .

y v t t tE in a ra  ed en tu lu s  -  A t la n t ic ,  DANA 4201 (1 ) ,  NIO u n c a t. ( l ) ,  MCZ
49348 (1 ) . In d ia n , USNM 200522 (1 ) ,  MCZ 45300 (1 ).

E in a ra  m acro lep is  -  e a s te rn  N orth  A t la n t ic ,  NIO u n c a t. (1 ) .

E in a ra  sp . -  In d ia n , USNM 200465.

E r ic a ra  m ic ro le p is  -  In d ian , USNM 215601 (1 ).

E r ic a ra  salmonea -  e a s te rn  P a c i f ic ,  USNM 48769 (1 , h o lo ty p e ) , USNM 75826 
(1 , ho lo type  o f  X. profundorum ). w estern  A t la n t ic ,  UMML 32360 (3 ) , 
UMML 31749 (1 ) , UMML 32354 (1 )* , UMML 31750 (1 ) .
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E ric a ra  w em eri -  A t la n t ic ,  rad io g rap h  o f  ho lo type .

Leptoderma lubricum  -  conq>lex, N orth  A t la n t ic ,  NIO u n c a t . (2 , 2 )* . e a s t ­
e rn  P a c i f ic ,  USNM 215602 (1 ) ,  USNM 215603 (1 ).

Leptoderma macrops -  N orth A t la n t ic ,  USNM 163280 ( l ,  h o lo type  o f  L. sp r in -  
g e r i ) . BMNH 1890-6-16-44 (1 , p a ra ty p e ) , MNHN 85-233-235 (3 , p a ra ty p e s , 
rad io g rap h s on ly ) , USNM 215604 (35 ), USNM 215605 (2 )*  , USNM 186069
(3 ) ,  USNM 189013 (1 ) , USNM 215606 (4 ) ,  FMNH 65730 (2 ) , FMNH 65735 (7 ) , 
BMNH 65731 (6 ) , FMNH 66143 (2 ) , ISH 1896/68 a -c  (3 ) .

M irognathus normani -  e a s te rn  N orth  A t la n t ic ,  ISH 917/73 (1)* .

N arce tes  a lv e a tu s  -  e a s te rn  P a c i f i c ,  MCZ 28477 ( l ,  h o lo ty p e ) .

N arce tes l lo v d i  -  In d o -P a c if ic , USNM 92335 (1 , h o lo ty p e ) , USNM 161457 (1 ) , 
USNM 215508 ( 1 ) ,  BMNH 75809 (1 ) .

N arce tes stom ias -  e a s te rn  P a c i f i c ,  USNM 43081 (1, h o lo ty p e ) , MCZ 28474 (1 , 
ho lo ty p e  o f  N. n lm i s e r i a l  i s -) , USNM 215516 ( l ) . w este rn  N orth  A tlan ­
t i c ,  USNM 215515 (1 )* , USNM 215514 ( 2 ) ,  USNM 215513 (2 ) , USNM 215512 
(1 ) ,  USNM 215509 (6 ) , USNM 215510 (1 ) ,  USNM 215511 (2 ) , UMML 27049 (1 ) , 
FMNH 64073 (2 ) ,  CAS 36300 (1 ) ,  VIMS 3538 (1 ).

Nomoctes a lv if ro n s  -  e a s te rn  P a c i f i c ,  MCZ 28478 (1, h o lo ty p e ) .

Nomoctes in sp e c to r  -  e a s te rn  P a c i f i c ,  MCZ 28475 ( l ,  sy n ty p e ).

Nomoctes koefoedi -  N orth  A t la n t ic ,  USNM 215502 (1 ) , MCZ 36636 (1 ) .

Nomoctes m ic h a e lsa rs i  -  North A t la n t ic ,  USNM 215501 ( l ) , UMML 21628 ( l ) ,
NIO u n c a t. (1 ) .

Nomoctes pappenheimi -  w estern  P a c i f ic ,  USNM 92336 (1 , h o lo ty p e ) .

Photo s ty lu s  pycnopterus -  North A t la n t ic ,  NIO uncat. ( 1 ) ,  FMNH 65651 (1 ) , 
FMNH 71740 (1 ) , UMML 27429 ( 1 ) ,  DANA 4 0 0 7 ^  (1 ) , DANA 1370X1. 
e a s te rn  P a c i f ic ,  DANA 1208X1-^1 (2 ) . In d o -P ac if i c , USNM 215518 (1 ) , 
DANA 39171 ( i ) ,  DANA 391711 (D » DANA 3656i r ( i ) .

R inoctes  n asu tu s -  w este rn  N orth A t la n t ic ,  USNM 189010 ( l ) ,  USNM 215517
(1 ) .

R ou le ina  h a rp e r i  -  In d o -P a c if ic , USNM 92333 (1 , h o lo ty p e ) .

R ou le ina  fu n e b ris  -  Indo P a c i f ic ,  USNM 99534 (1 , h o lo ty p e ).

R ou le ina  m aderensis -  w estern  N orth  A t la n t ic ,  USNM 215478 ( l ) , USNM.215474
(5 ) ,  USNM 215475 (1 ) , USNM 215473 ( l ) * ,  USNM 215472 (1 ) , USNM 215471
(6 ) ,  USNM 215476 (10 ), MCZ 39349 (2 ) , DANA 11831 ( l ) ,  VIMS 3541 (2 ) . 
e a s te rn  North A t la n t ic ,  MMF 50 (1, p a ra ty p e ) , MMF 2395 (1 , p a ra ty p e ) , 
MMF 2396 (1, p a ra ty p e ) , MMF 2933 (1 ) , NIO uncat. (1 , 1, 1 ) .
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R o u le in a  m o llis  -  w estern  N orth A tla n t ic ,  USNM 44085 (1 , holo type o f 
B a th y tro c te s  a e q u a to r is )  USNM 215484 (2 ) ,  USNM 215481 (3 ) , USNM 
215482 (4 ) , USNM 215479 (9 ) . USNM 215483 (1 ) , USNM 215485 (3 ) ,
USNM 215486 (2 ) , USNM 215480 (1 )* , VIMS 3542 (1 ) , VIMS 3540 (1 ) ,
UMML 22353 ( 2 ) , FMNH 65711 (1 ) ,  .VIMS .3539 C l), CAS u n c a t. (2 ) ,
MCZ 40609 (1 ) . e a s te rn  N orth A t la n t ic ,  NIO u n c a t. (1 ) , sou theast-.*  
e m  P a c if ic ,  USNM 215487 (1 ) ,  USNM 215488 (1 ) , USNM 4085 (1 ) .
In d ia n , USNM 215489 (1 ) .

T a lism an ia  a n tillax u m  -  w estern  N orth A t la n t ic ,  USNM 43739 (1 , ho lo ­
ty p e ) ,  BOG 3724 (1 , ho lo type  o f  B. m icrophos), USNM 21558 ( l ) ,
USNM 215555 (1 ) , USNM 215552 (1 ) , USNM 215557 (4 ) , USNM 215554
(1 ) , USNM 215553 (3 ) , USNM 215556 (1 0 ), USNM 215560 (1 )* , MNHN 
1976-10 (2 ) , MCZ 51957 (3 ) , MCZ 51958 ( l ) .  e a s te rn  N orth At­
l a n t i c ,  NIO u n c a t. (2 ) , USNM 215551 ( l ) , USNM 215550 (1 ) . Indo- 
P a c i f i c ,  USNM 201160 (1 ) , USNM 200521 (1 ) , USNM 215559 (1 ).
USNM 92331, 93390 and 93389 (syntypes o f  B. h a t a i i ) .

T a lism an ia  aphos -  so u th e a s t P a c if ic ,  USNM 215540 (1 2 ), USNM 215541 
(1 5 ), USNM 215542 (18 ), USNM 215543 (7 ) , USNM 215544 (4 ) , USNM
215545 (2 ) , USNM 215546 (3 ) , USNM 215547 (4 ) , USNM 215548 (1 ) ,
USNM 215549 (1 )* , CAS 36294 (8 ) , CAS 36295 (13 ), CAS 36296 (13 ),
FMNH 80465 (2 ) , FMNH 80466 (2 ) ,  BMNH 1976-5-10-5 ( 1 ) ,  MCZ 51939 
(5 ) ,  MCZ 49350 (2 ) .

T a lism an ia  b i f u r c a ta  -  e a s te rn  P a c if ic ,  USNM 215570 ( l )

T a lism an ia  l o n g i f i l i s  -  e a s te rn  A tla n t ic ,  UMML 31256 (1 ) .

T a lism an ia  mekistonema -  w estern  North A t la n t ic ,  UMML 15544 (1 ) . e a s t ­
e rn  N orth A t la n t ic ,  NIO u n c a t. ( l ) .

T a lism an ia  oregoni -  w estern  N orth  A t la n t ic ,  USNM 160482 (1 , h o lo ty p e ) ,
USNM 215561 (1 , p a ra ty p e ) , USNM 215562 (2 ) , USNM 215563 ( l ) , USNM 
215564 (8 ) , USNM 215565 ( l ) ,  USNM 215566 (3 ) , USNM 215567 (9 ) ,
USNM 215568 (5 ) , USNM 215569 (2 ) , FMNH 71744 (1 ) , FMNH 65727 (2 ) ,
FMNH 66650 (1 ) , FMNH 47910 (2 ) , BMNH 1976 .5 .10 .6 -10  (5 ) , CAS 
36298 (2 ) , CAS 36299 (1 ) , MCZ 51959 (6 ) , AMNH 35398 (1 5 ), UMML 
22613 (1 ) ,  USNM u n c a t. (1 )* .

Xenoderm ichthys copei -  w estern  N orth A t la n t ic ,  USNM 33551 (1. h o lo ty p e ). 
USNM 215523 (7 5 ), USNM 215522 (43 ), USNM 215524 (1 0 ), USNM 215525 
(9 ) , USNM 215526 (8 ) ,  USNM 215527 (8 ) , USNM 215528 (1 7 ), USNM 215529
(2 ) , USNM 215530 (1 ) ,  USNM 215531 ( l ) ,  USNM 215532 ( l ) ,  USNM 215533
(1 ) , USNM 215534 (1 ) ,  USNM 215535 (1 ) , USNM 215536 (3 ) , USNM 215537
(1 ) , USNM 215538 ( l ) * ,  USNM 215539 (1 )* , VBC u n c a t. (3 ) , AMNH 35397
(1 ) , CAS 36293 (1 ) ,  CAS 36292 ( l ) ,  CAS 36291 (1 ) , FMNH 65733 (2 ) ,
FMNH 45340 (1 ) , FMNH 65736 ( l ) ,  MNHN 1976-9 (2 ) , MCZ 51938 (3 ) , BMNH 
19 7 6 .5 .1 0 .1 -4  (4 ) , DANA 12961 ( i ) ( hanA 1257* ( l ) ,  DANA 12931 (2)
DANA 1270Vix (1) # DANA 119S1 ( l ) , DANA 1274JJ (1 ) , DANA 128lXT (1 ) ,
DANA 669U  (1 ) , DANA 1217V (1 ) , DANA 1239XIV ( l )  DANA l l8 3 m  ( l l ,
DANA 1196 ( l ) VTTe a s te m  N orth A t la n t ic ,  DANA 4014 (5 ) , DANA 4157
(4 ) ,  DANA 4 1 5 8 ^  (2 ) , DANA 415711 (1 ) , DANA 4158VI (1 ) , DANA 42061 
(1 ) ,  DANA 4158 (1 ) , DANA 13861 (1) DANA (Thor 234 ( l ) ) ,  DANA Thor
36 ( 1 ) ) ,  USNM 215521 (2 ) , NIO u n ca t. (2 ) . Indo P a c i f ic ,  MCZ 45287 (1 ) , 
DANA 3630 (1 ) .
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Xenodermichthys nodulosus -  P h ilip p in e  Sea, DANA. 3722^ (1 ) .

Genus A spp, -  In d o -P a c if  i c , AH 26, MWT 11 (1 ) , AH 142 (1 ) .

L ep to c h i  l ic h th y id a e

L e p to c h ilic h th y s  a g a s s iz i i  -  e a s te rn  N orth  A t la n t ic ,  ISH 916/73 (1 )* . 
P a c i f i c ,  MCZ 28479 (1 , h o lo ty p e ) , SIO 66-55 ( l ) .

S e a rs id ae

Mentodus r o s t r a tu s  -  w estern  N orth  A t la n t ic ,  USNM 215612 (1 )* , VIMS 3472 
( 1) •

A rg e n tin id ae

A rg e n tin a  s t r i a t a  -  w estern  N orth A t la n t ic ,  Vims 1747 (1 )* .

B athy lag idae

B athylagus beryco ides -  w estern  North A t la n t ic ,  Vims 4087 (1 )* .

E socidae

Umbra pygmaea -  V irg in ia , VIMS 500 ( l ) * .

Osmeridae

M ailo tu s  v i l lo s u s  -  w estern  N orth  A t la n t ic ,  VI&E 1231 ( l ) * .

S alm onidae

S a lv e lin u s  f o n t in a l i s  -  V irg in ia , VIMS 633 ( l ) * .

Oncorhynchus k is u tc h  -  w estern  North A t la n t ic ,  VIMS 2473 (1 ) .

E ng rau lidae

Anchoa h ep se tu s -  w estern  N orth A t la n t ic ,  VIMS 2516 (98 ),

B a th y  s a u rid ae

B athysaurus a g a s s iz i i  -  w estern  N orth A t la n t ic ,  VIMS u n c a t. (1 ) .

Synodontidae

S a u r id a  b r a s i l i e n s i s  -  w estern  N orth A t la n t ic ,  VIMS 2557 (1 ) .
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