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Ichthyologists, n a tu ra l-h is to ry  a rtis ts , and tropical-fish aq u a ris ts  have described, illu s tra ted , or photographed colour 
p a tte rn s  in  ad u lt m arine  fishes for cen turies, b u t colour p a tte rn s  in  m arine  fish la rvae have largely  been neglected. 
Yet the  pelagic la rva l stages of m any  m arine  fishes exhibit subtle to strik ing , ephem eral p a tte rn s  of chrom atophores 
th a t  w a rra n t investigation  in to  th e ir  po ten tia l taxonom ic and phylogenetic significance. Colour p a tte rn s  in  la rvae of 
over 200 species of m arine  te leosts, p rim arily  from the  w estern  C aribbean, w ere exam ined from  digital colour 
photographs, and th e ir  po ten tia l u tility  in  e lucidating  evolutionary  re la tionsh ips a t  various taxonom ic levels was 
assessed. L arvae of re la tive ly  few basal m arine  teleosts exhibit ery throphores, xanthophores, or iridophores (i.e. 
nonm elan istic chrom atophores), b u t one or m ore of those types of chrom atophores are visible in  la rvae  of m any  basal 
m arine  neoteleosts and  nearly  all m arine  percom orphs. W hether or no t th e  presence of nonm elan istic chrom ato­
phores in  pelagic m arine  la rvae  diagnoses any  m ajor te leost taxonom ic group cannot be determ ined  based  on the 
p relim inary  survey conducted, b u t th e re  is a tren d  tow ard  increased  colour from  elopom orphs to percom orphs. W ithin 
percom orphs, p a tte rn s  of nonm elan istic chrom atophores m ay help  resolve or contribu te evidence to existing 
hypotheses of re la tionsh ips a t  m ultip le  levels of classification. M ugilid and  some beloniform  larvae share  a un ique 
ontogenetic transfo rm ation  of colour p a tte rn  th a t  lends suppo rt to th e  hypothesis of a close re la tionsh ip  betw een 
them . L arvae of some tetraodontiform s and  lophiiform s are s trik ing ly  s im ilar in  hav ing  th e  tru n k  enclosed in  an  
in fla ted  sac covered w ith  xanthophores, a ch arac ter th a t  m ay help  resolve th e  re la tionsh ips of these  enigm atic taxa. 
Colour p a tte rn s  in  percom orph la rvae also appear to diagnose certa in  groups a t  the  in te rfam ilial, fam ilial, 
in tergeneric , and  generic levels. S light differences in  generic colour p a tte rn s , including w h e th e r th e  p a tte rn  
com prises xanthophores or ery throphores, often d istingu ish  species. The homology, ontogeny, and possible functional 
significance of colour p a tte rn s  in  la rvae are discussed. C onsiderably m ore investigation  of la rva l colour p a tte rn s  in  
m arine  teleosts is needed to assess fully th e ir  value in  phylogenetic reconstruction .
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INTRODUCTION

T he pelagic la rv a l s tag es of m ost m a rin e  fishes 
in h a b it a n  ev o lu tionary  a re n a  d is tin c t from  th a t  o f 
ad u lts , an d  m orphological specia liza tions th a t  p re ­
sum ab ly  en h an ce  su rv iv a l in  th e  p lan k to n ic  rea lm
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have evolved in  n u m ero u s te leo s t g roups (Moser, 
1981; M oser e t al., 1984). In  a  few cases, m a rin e  fish 
la rv a e  an d  ad u lts  a re  so d iffe ren t m orphologically  
th a t  th e y  w ere  in itia lly  classified  as  se p a ra te  g en e ra  
or fam ilies (Cohen, 1984; Jo h n so n  et al., 2009). D is­
tin c tiv e  p ig m en t p a t te rn s  a re  am ong th e  t ra n s ie n t  
fea tu re s  th a t  ch a rac te rize  th e  pelagic la rv a l p h ase  
of m a rin e  fishes (M oser et a l., 1984), an d  K endall, 
A h lstrom  & M oser (1984) inc luded  p ig m en t p a tte rn s  
in  th e ir  lis t of ch a ra c te rs  o f e a rly  life -h is to ry  stages 
com m only u tilized  in  taxonom ic an d  system atic
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stu d ies  of fishes. A lthough  p ig m en t p a t te rn s  w ere 
no ted  by  K enda ll e ta l .  (1984) to  be am ong th e  m ost 
u se fu l la rv a l ch a ra c te rs  a t  specific an d  generic  levels, 
only  m elanophores , n o t o th e r  types o f ch rom ato ­
phores, w ere  d iscussed . C h rom atophores of poikilo- 
th e rm ic  v e r te b ra te s  a re  d erm a l p ig m en t u n its  th a t  
com prise lig h t-abso rb ing  e ry th ro p h o res  (red /orange 
p igm ent), x an th o p h o res  (yellow p igm ent), an d  
m elanophores (d a rk  brow n/b lack  p igm ent), a s  w ell as 
ligh t-reflecting  ir idophores (s tru c tu ra l colour, often  
silver/b lue b u t m a n y  colours possible) -  e.g. B a g n a ra  
& H ad ley  (1973), G re ther, K o llu ru  & N ers iss ian  
(2004). Colour p a t te rn s  in  a d u lt m a rin e  fishes a re  
w ell docum ented , p a r tic u la r ly  th o se  of trop ica l re e f  
fishes, b u t p ig m en t o th e r  th a n  m e lan in  in  m a rin e  fish 
la rv a e  h a s  received lit tle  a tte n tio n . T h is is n o t su r ­
p ris in g  because e ry th ro p h o res  an d  x an th o p h o res  fade 
upon  conven tional p re se rv a tio n  (m elanophores gen e r­
ally  do not), an d  p la n k to n  sam p les a re  typ ically  p re ­
served  soon a f te r  cap tu re . O nly w h en  la rv a e  have 
been  observed, illu s tra te d , or pho to g rap h ed  p rio r to 
p re se rv a tio n  h as  colour in  m a rin e  te leo s t la rv a e  been  
rep o rted  in  th e  scientific l i te ra tu re  (e.g. B row nell, 
1979; B aldw in  & S m ith , 2003; Y asir & Qin, 2007; 
B aldw in  et a l., 2009a; 2011; M iller, 2009; W ittenrich , 
B aldw in  & T uringan , 2010).

T he tr a n s ie n t  colour p a t te rn s  in  m a rin e  fish  la rv a e  
g en e ra lly  b e a r  lit tle  resem blance  to  those  of a d u lts  
an d  m ay  re su lt  from  d iffe ren t on togenetic  (larval an d  
ad u lt)  popu la tions o f ch rom atophores (N a k am u ra  
et al., 2010). T he on togeny  o f p ig m en t p a t te rn s  in  
m a rin e  fishes is poorly understo o d  re la tiv e  to  th a t  
o f m a n y  fre sh w a te r  fishes, especially  zebrafishes 
{Danio spp.), w h ich  h av e  b een  s tu d ied  ex tensively  (e.g. 
Jo h n so n  et al., 1995; P a rich y  e t al., 2000; Parichy, 
2003, 2006; K elsh , 2004; B udi, P a tte rso n  & Parichy,
2011). In  D anio, th e  colour p a t te rn  of th e  recen tly  
h a tch e d  fish  tran sfo rm s  d irec tly  in to  th e  a d u lt colour 
p a t te rn  th ro u g h  inco rpo ra tion  of em bryonic ch rom ato ­
p ho res an d  d iffe ren tia tio n  of new  ch rom atophores 
from  stem  cells a t  m e tam orphosis  (Parichy, 2003, 
2006). T h ere  is no pelagic la rv a l s tag e  in  D anio  an d  
m ost o th e r  fre sh w a te r  fishes com parab le  to  th a t  in  
m ost m a rin e  fishes, an d  th e re  is no accom panying 
d is tin c tiv e  p ig m en t p h ase  b e tw een  th e  recen tly  
h a tch e d  an d  a d u lt s tag es (B agenal & N ellen , 1980; 
K enda ll et a l., 1984). Colour v a r ia tio n  in  th is  ‘e x tra ’ 
p ig m en t p h ase  in  m a rin e  fish  la rv a e  w as th e  focus of 
th is  study. T he p resence o f a  specia lized  la rv a l s tage  
in  c e r ta in  fre sh w a te r  fishes th a t  a re  evo lu tionarily  
derived  from  m a rin e  fishes co rrobora tes th e  d is tin c ­
tio n  b e tw een  ea rly  life s tag es of m ost m a rin e  an d  
fre sh w a te r  fishes. F or exam ple, la rv a e  of b a sa l fre sh ­
w a te r  percoids typ ically  lack  th e  h ea d  sp in a tio n  ch a r­
ac te ris tic  o f pelagic la rv a e  of b asa l m a rin e  percoids, 
b u t young  L a tes  from  L ake T an g an y ik a  re ta in  h ead

sp in a tio n  th a t  evolved in  th e ir  m arin e , Indo-Pacific 
an ces to rs  (K inosh ita  & T sh ibangu , 1997).

Colour p a t te rn s  in  th e  young  of som e fre sh w a te r  
fishes a re  h igh ly  conserved  an d  th u s  of lit tle  p o ten tia l 
phylogenetic value . F or exam ple , Q uigley  e t al. (2004) 
n o ted  th a t  th e  young  of severa l D anio  species have 
v ir tu a lly  in d is tin g u ish a b le  p igm en t p a tte rn s , an d  
K elsh  (2004) no ted  th e  sam e for five D anio  species 
an d  T an ich thys albonubes. In  co n tra s t, B aldw in  & 
S m ith  (2003) an d  B aldw in  et al. (2009a, 2011) h ig h ­
ligh ted  th e  u til i ty  o f p a t te rn s  of ery th ro p h o res  
an d  x an th o p h o res  in  species iden tifica tion  of la rv a l 
G obiidae an d  A pogonidae, an d  B aldw in  et al. (2011) 
suggested  th a t  ch rom atophore  p a t te rn s  m ay  be of 
v a lue  in  reso lv ing  th e  generic  c lassification  of w este rn  
A tlan tic  A pogonidae. T he p o te n tia l u til i ty  o f la rv a l 
colour p a t te rn s  a t  h ig h e r taxonom ic levels h a s  not 
b een  p roperly  in v estig a ted . K endall et al. (1984) 
n o ted  th a t  p igm en t (m elanophore) p a t te rn s  in  fish 
la rv a e  a re  o f lim ited  u se  in  sy stem a tic  s tu d ies  in  p a r t  
because  convergence h a s  re su lte d  in  th e  occurrence 
o f s tr ik in g ly  s im ila r p a t te rn s  in  u n re la te d  groups. 
C onvergen t evolu tion  can  be d e tec ted  if  p igm en t ch a r­
ac te rs  a re  exam ined  in  a  phylogenetic contex t. A 
phylogenetic tre e  th a t  includes clades com posed p r i­
m a rily  o f m a rin e  te leo s ts  w as u sed  h e re in  to  exam ine 
th e  d is tr ib u tio n  of n o n m elan is tic  ch rom atophores in  
la rv a e  am ong  m ajor g roups of m a rin e  te leosts . The 
exclusion of clades of f re sh w a te r  fishes ren d e rs  th e  
tre e  b u t a  p a r tia l  view  of te leo s t phylogeny, b u t in  th is  
f irs t a t te m p t to  prov ide com parative  in fo rm ation  on 
colour p a t te rn s  am ong m a rin e  te leos t la rv ae , i t  is 
d es irab le  to  con tem pla te  th e  re su lts  from  b o th  b road  
an d  m ore focused phylogenetic  perspectives. N u m er­
ous rec en t hypo theses o f phylogenetic re la tio n sh ip s  
am ong various g roups o f te leo s ts  w ere  u tilized  for 
com parisons a t  low er taxonom ic levels. T he purposes 
o f th is  p ap e r w ere  to describe th e  d is tr ib u tio n  of 
n on m elan is tic  ch rom atophores am ong a  b ro ad  spec­
tru m  o f m a rin e  te leo s t la rv a e  an d  com m ent on th e  
p o te n tia l o f se lected  ch rom atophore  p a t te rn s  to 
inform  phylogeny.

MATERIAL AND M ETHODS

T his s tu d y  w as b ased  la rge ly  on colour ph o to g rap h s of 
fish la rv a e  collected off Belize, C e n tra l A m erica. 
L arv ae  w ere  collected in  a  p la n k to n  n e t o f 505 pm  
m esh  fitted  onto a  0.5 x 1 m  re c ta n g u la r  fram e an d  
deployed from  a  dock a t  C a rrie  Bow C ay (16°48.5'N , 
88°05'W ). S pecim ens w ere  subm erged  in  a  photo 
ta n k , pho to g rap h ed  w ith  a  N ikon  D1 or F u ji F in eP ix  
S3 d ig ita l cam era , an d  th e n  tis su e  sam p led  for DNA 
an a ly sis  p rio r to  p rese rv a tio n . Species iden tifica tion  
o f la rv a e  w as accom plished by m a tch in g  cytochrom e 
oxidase-c su b u n it I (COI) sequences (DNA barcodes)
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of la rv a e  to  th o se  o f know n a d u lts  (W eigt e t al., 2012). 
To d a te  th is  protocol h as  re su lte d  in  th e  iden tifica tion  
of la rv a e  of app rox im ate ly  170 C arib b ean  fish species. 
A few la rv a e  h a d  no species-level m a tch es in  th e  
S m ith so n ian  DNA d a ta b a se  or th e  B arcode of Life 
D a ta b ase  (BOLD; h ttp ://w w w .boldsystem s.org/view s/ 
login .php) an d  a re  iden tified  only  to  genus in  th e  
figure legends. Taxonom ic coverage w as inc reased  
by exam in ing  im ages of m a rin e  fish  la rv a e  from  
specim ens collected off th e  e a s t coast of S o u th  Africa, 
F lo rid a  S tra its , H aw aii, an d  Cozum el, as w ell as 
severa l Indo-Pacific species re a re d  from  aq u a riu m  
specim ens. C onnell’s (2007) w ebsite  o f e a rly  life- 
h is to ry  s tag es  o f S o u th  A frican  m a rin e  fishes is 
im pressive  in  scope, an d  a lth o u g h  few of h is  im ages 
a re  rep roduced  here , n u m ero u s references to  h is  
s ite  an d  un ifo rm  resou rce  locators (URLs) to  specific 
pages a re  p rovided h ere in . All photo ed itin g  w as 
ca rrie d  ou t by  th e  au tho r. Im ages of m ost la rv a e  w ere 
cu t from  th e ir  o rig ina l pho tog raph ic  b ackg rounds and  
placed  on a  un ifo rm  backg round  u s in g  th e  M askP ro  4 
p lug-in  for Adobe P hotoshop  w ith  th e  a id  of a  Wacom 
ta b le  an d  sty lu s. In  m a n y  cases, th e  t r a n s p a re n t  fins 
of la rv a e  w ere  difficult to  see, an d  sh ap es of fins m ay  
be app rox im ations. P hoto  c red its  a re  p rovided in  
figure legends, an d  affilia tions for co n trib u to rs  o ther 
th a n  th e  a u th o r  a re  as follows: A llan  C onnell, S ou th  
A frican  In s t i tu te  o f A quatic  Biology; D onald  G risw old, 
fo rm erly  S m ith so n ian  In s titu tio n ; C edric G uigand, 
U n iv ers ity  of M iam i, R osenste il School o f M arine  
Science; J o s h u a  L am bus, J .  L am bus P hotography, 
H aw aii; M ichael M iller, T he U n iv ersity  o f Tokyo; 
Ju lie  M ounts, fo rm erly  S m ith so n ian  In s titu tio n ; 
C h ris to p h er P ap aro , T he Long Is lan d  A quarium ; 
D avid  S m ith , S m ith so n ian  In s titu tio n ; Lee W eigt, 
S m ith so n ian  In s titu tio n ; an d  M atth ew  W itten rich , 
U n iv ers ity  o f F lo rida. No pro fessional affilia tions are  
ava ilab le  for tw o ad d itio n a l con tribu to rs , M a tth ew  
D’A vella an d  D onald  H ughes. L ocalities from  w hich  
specim ens w ere  collected or p h o tog raphed  a re  p ro ­
vided  in  figure legends: BLZ refers  to  Belize, an d  it  is 
followed by  a  four- or five-digit n u m b e r th a t  re p re ­
se n ts  th e  S m ith so n ian  DNA num ber. DNA barcodes of 
B elizean  fish la rv a e  a re  publicly  ava ilab le  on  BOLD 
u n d e r th e  pro ject nam es APG, BATHY, BZLWA, 
BZLWB, BZLWC, BZLWD, BZLW E, CORY, PHA E, 
an d  RYP. G enB ank  accession n u m b e rs  for COI 
sequences a re  as  lis ted  in  B aldw in  et al. (2009a, 
2009b, 2011), T ornabene et al. (2010), B aldw in  & 
W eigt (2012), an d  W eigt et al. (2012). N ot a ll im ages 
exam ined  w ere  rep roduced  in  th is  paper. A com plete 
lis t o f la rva l-fish  im ages exam ined  for colour p a tte rn s  
is g iven  in  A ppendix, w h ich  also  inc ludes U RLs for 
som e of th e  su p p le m e n ta ry  im ages exam ined .

In  th e  descrip tions of n o n m elan is tic  ch rom atophore  
p a tte rn s , ‘yellow  p ig m en t’ an d  ‘x an th o p h o re s’ have

been  used  in terchangeab ly , as h av e  ‘o range  p ig m en t’ 
(or ‘red  p ig m en t’) an d  ‘e ry th ro p h o res’. T he p resence or 
absence of yellow  an d  o range  p igm en t w as eq u a ted  
w ith  th e  p resence or absence o f x an th o p h o res  an d  
e ry th ro p h o res , respectively, an d  th e  p resence or 
absence of ligh t-reflecting  p igm en t w as eq u a te d  w ith  
th e  p resence or absence of iridophores. A ssessm en ts 
of types of n on m elan is tic  ch rom atophores w ere  based  
solely on  ex am in a tio n  of fre sh  specim ens an d  colour 
pho tog raphs, n o t h isto log ical exam ina tion .

T he classification  o f W iley & Jo h n so n  (2009) w as 
se lected  for u se  in  th is  study. T his c lassification  w as 
chosen  over o th e r  m ore com m only used  fish classifi­
ca tions because  it  is a  L in n a ean  c lassification  based  
on m onophyletic g roups. I t  w as e sse n tia l in  th is  w ork  
to  exam ine th e  d is trib u tio n  of non m elan is tic  chro­
m a tophores  in  fish la rv a e  am ong  m ajo r te leo s t groups 
from  a n  ev o lu tionary  perspective , an d  co n s tru c tin g  a 
te leos t phylogeny from  th e  W iley & Jo h n so n  (2009) 
synapom orphy-based  c lassification  w as easily  accom ­
p lished  (Fig. 1).

RESULTS
D is t r ib u t io n  o f  n o n m e l a n is t ic  c h r o m a t o p h o r e s

IN BASAL MARINE TELEOSTS AND 
NEOTELEOSTS (FlO. 1)

L arv ae  o f m ost b a sa l te leo s ts  -  elopiform s, albuli- 
form s, angu illifo rm s, an d  clupeiform s -  do n o t exh ib it 
x an th o p h o res , e ry th ro p h o res , o r ir idophores (Figs 2, 
3). E xceptions occur w ith in  th e  angu illifo rm  fam ilies 
O ph ich th idae , M u raen idae , C ongridae, an d  N e tta s to ­
m a tid ae . M iller, D ’A vella & T sukam oto  (2010: figs 1, 
2) described  x an th o p h o res  along  th e  bodies o f two 
un id en tified  oph ich th id  lep tocephalus la rv a e  v ide­
o taped  sw im m ing  a t  n ig h t off H aw aii (Fig. 4A, B). A n 
im age of th e  oph ich th id  N eenchelys  (M iller, 2009: 
fig. 57A) h a s  yellow  p ig m en t on th e  snou t, an te r io r  
p o rtion  of th e  oesophagus, an d  on th e  g u t sw ellings 
(Fig. 5A). A no ther oph ich th id  lep tocephalus, M yrich ­
thys breviceps, c a p tu red  off Belize b ea rs  s im ila r con­
spicuous x an th o p h o res  on th e  g u t sw ellings (Fig. 4C). 
Taw a e t al. (2012: fig. 2) pu b lish ed  a  colour im age o f a 
m u rae n id  lep tocephalu s (S tro p h id o n  ui) th a t  exh ib its  
x an th o p h o res  in  fron t o f an d  beh in d  th e  eye, an d  
M iller (2009) prov ided  im ages (Fig. 5B, E, F  h ere in ) o f 
m u rae n id  lep tocephali w ith  s im ila r yellow  p igm en t 
ad jacen t to  th e  eye (and  in  one case also sc a tte red  
on th e  head). M iller (2009) no ted  th e  p resence of 
yellow  p ig m en t on th e  d o rsa l su rface  of th e  eye in  
som e congrids an d  oph ich th id s (Fig. 5D) an d  yellow  
p ig m en t on th e  sn o u t an d  a n te rio r  p o rtion  of th e  
oesophagus in  th e  n e tta s to m a tid  Saurenchelys  
(Fig. 5C). Iden tifica tion  of m ore angu illifo rm  la rv ae  
is needed  to  d e te rm in e  th e  taxonom ic d is tr ib u tio n  of
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F igu re 1. Teleost phylogeny based on the classification of Wiley & Johnson (2009). Only m arine taxa for which colour in 
larvae was examined are included. The num ber of squares associated w ith each teleost order is equivalent to the num ber 
of species examined. Open squares indicate the absence of xanthophores, erythrophores, and iridophores. Yellow squares 
indicate the presence of one or more of these types of chromatophores. The shaded rectangle denotes Johnson & 
P atterson’s (1993) Euacanthopterygii.
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D

F igu re 2. Elopomorpa. A, Elops saurus, 31 mm S tandard Length (SL), BLZ 8327. B, Albula vulpes, 54 mm SL, BLZ 8420. 
C, Megalops atlanticus, 23 mm SL, BLZ 5457. D, Myrophis punctatus, 58 mm SL, Belize. E, Aprognathodon platyventris, 
75 mm SL, BLZ 5322. F, Myrophis platyrhynchus, 67 mm SL, BLZ 8392. G, Ahlia egmontis, 70 mm TL, BLZ 7174. H, 
Gymnothorax moringa, 71 mm SL, BLZ 8469. Photos A, C, F by Lee Weigt and Carole Baldwin; B, G, H by Julie Mounts 
and David Smith; D, E by Julie Mounts and Carole Baldwin.
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F ig u re  3. Otomorpha (Clupeiformes). A, Anchoa sp., 26 mm S tandard Length (SL), BLZ 7162. B, Harengula clupeola, 
15 mm SL, BLZ 8419. C, Jenkensia lamprotaenia, 15 mm SL, BLZ 8417. Note: the red coloration behind the head in 
J. lamprotaenia is associated w ith the circulatory system, not chromatophores. Photos by Julie Mounts and David Smith.

x an th o p h o res , b u t th e  p resence of yellow  p ig m en t on 
g u t sw ellings in  oph ich th ids, on th e  sn o u t an d  a n te ­
rio r oesophagus in  oph ich th id s an d  n e tta s to m a tid s , in  
fro n t o f an d  b eh ind  th e  eye in  m u rae n id s , an d  do rsa l 
to  th e  eye in  congrids an d  oph ich th id s m ig h t re p re ­
se n t d iagnostic  p a t te rn s  an d  th e re fo re  w a r ra n t  add i­
tio n a l study. M ost lep tocephali collected off Belize 
lack  yellow  p igm ent, y e t m a n y  a re  m em bers o f fam i­
lies d iscussed  above th a t  have  it. A nguilliform  lep to­
cephali from  Belize th a t  lack  yellow  p ig m en t (Fig. 2) 
inc lude G ym nothorax m oringa  (M uraen idae), M o rin ­
g u a  edw ardsi (M oringuidae), C hilo rh inus seunsoni 
(C hlopsidae), an d  A h lia  egm ontis, A prognathodon  
p la ty ve n tr is , M yroph is p u n c ta tu s , an d  M yroph is p la ­
ty rh yn ch u s  (O phich th idae). B ased  on th e  absence of 
x an th o p h o res  in  la rv a l albu lifo rm s an d  elopiform s, it 
is  rea so n ab le  to  assu m e th a t  th e ir  absence is ances­
tr a l  for anguillifo rm s. T he absence o f yellow  p igm en t 
in  lep tocephali o f M oringua  edw ardsi an d  S ynapho­
b ran c h id ae  (M iller, 2009) provides corroborative evi­
dence b ased  on th e  b a sa l positions of M oringu idae 
a n d  S y n ap h o b ran ch id ae  in  th e  m olecu lar an g u illi­
form  phylogeny of T ang  & F ie litz  (2012). A nguilliform  
ta x a  th a t  exh ib it yellow  p ig m en t in  th e  lep tocephalus

s tag e  -  som e C ongridae, N e tta s to m a tid ae , O ph ich th i­
dae, an d  m u rae n in e  M u raen id ae  -  occupy m ore d is ta l 
phylogenetic positions in  th e  o rd er (Tang & F ielitz , 
2012), b u t th e y  do n o t co n s titu te  a  m onophyletic 
assem blage. I t  seem s likely  th a t  x an th o p h o res  in  
la rv a e  evolved in d ep en d en tly  w ith in  th e  v ario u s fam i­
lies o f A nguilliform es th a t  exh ib it them .

L ittle  in fo rm ation  is ava ilab le  on th e  p resence or 
absence of non m elan is tic  ch rom atophores in  la rv a e  of 
b a sa l m a rin e  neo te leosts  (Fig. 1). R ecen tly  ha tch ed  
la rv a e  of one phosich thy id  stom ia tifo rm  from  off 
S o u th  A frica lack  ery th ro p h o res  an d  xan th o p h o res , 
w h ereas  a  preflexion la rv a  of a  m elan o sto m ia tid  
h a s  yellow  p igm en t on th e  h ea d  an d  body (Connell, 
2007; see links to  im ages in  A ppendix). Two aulopi- 
form  fam ilies (Synodontidae an d  G ig an tu rid ae) also 
h ave la rv a e  th a t  lack  o range  or yellow  coloration  
(Figs 6A -C , 7A), b u t a n  un id en tified  au lopiform  la rv a  
h a s  v ib ra n t e ry th ro p h o res  an d  x an th o p h o res  on 
en la rg ed  pec to ra l fins as w ell as  on th e  do rsa l an d  
cau d al fins (Fig. 7B). A preflexion m yctophiform  la rv a  
from  off S o u th  A frica h a s  yellow  p ig m en t on th e  h ead  
an d  body, b u t yellow  p ig m en t is no t as  ev id en t in  
a  la rg e r  preflexion la rv a  (Connell, 2007; A ppendix). A
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F igu re 4. Elopomorpha. A, B, in situ  images of an ophichthid leptocephalus off Hawaii captured from video by M atthew 
DAvella, Kona, Hawaii (B previously published in Miller et ál., 2010, reproduced here w ith permission of the copyright 
holder). C, M yrichthys breviceps, 116 mm S tandard Length, BLZ 8467, photo by Julie Mounts and David Smith.

postflexion la rv a l m yctophiform  from  th e  F lo rida  
S tra its  lacks e ry th ro p h o res  an d  x an th o p h o res  
(Fig. 7C). In  gadiform s, p reflexion la rv a e  of a n  u n i­
den tified  gad id  from  S o u th  A frica h av e  nu m ero u s 
x an th o p h o res  on th e  h ea d  an d  body (Connell, 2007; 
A ppendix), w h ereas  th e  b regm acero tid  Brem aceros  
from  B elize lacks o range  an d  yellow  p igm ent 
(Fig. 6D). B o th  lam prid ifo rm  la rv a e  exam ined  (a tra -  
ch ip te rid  an d  L a m p ris)  h ave n e a r ly  th e  e n tire  body 
an d  som e fins covered w ith  e ry th ro p h o res  (Fig. 8). 
T he single s tephanoberyc ifo rm  la rv a  exam ined , th e  
b iz a rre  ‘m ira p in n id ’ la rv a  of th e  w halefish  fam ily  
C etom im idae (Johnson  et al., 2009), h a s  yellow  
p ig m en t on th e  body an d  fins (Fig. 9), an d  th e  single 
zeiform  exam ined , Z eus fa b er  (Connell, 2007; A ppen­
dix), also h a s  a  sm all b it o f yellow  p ig m en t in  bo th  
pre- an d  postflexion s tag es  th a t  is m ixed  w ith  and  
la rg e ly  occluded by m elanophores . All preflexion and  
postflexion beryciform  la rv a e  have ery th ro p h o res , 
xan th o p h o res , iridophores, or som e com bination  of 
those  ch rom atophores (Fig. 10).

To su m m arize  th e  com parative  in fo rm atio n  for 
b a sa l m a rin e  te leo s ts  an d  neo teleosts, severa l b asa l 
neo te leost o rders a re  s im ila r to angu illifo rm s in  
h av in g  som e la rv a e  th a t  exh ib it non m elan is tic  chro­
m a tophores  an d  o th e rs  th a t  do no t. X an thophores a re  
th e  only  types o f ch rom atophores observed in  la rv a l 
angu illifo rm s an d  in  th e  sing le la rv a l stom iatifo rm  
exam ined  th a t  h a s  non m elan is tic  ch rom atophores. 
X an thophores a re  lack ing  in  la rv a l elopiform s, albu- 
liform s, an d  th e  few m a rin e  clupeiform s exam ined . 
X an thophores a re  no t lack ing  in  all o tom orphs, 
how ever, a s  th e y  h av e  b een  docum ented  in  fre sh w a te r  
C yprin idae (e.g. Jo h n so n  et a l., 1995; P a rich y  et al., 
2000; Parichy, 2003). E ry th ro p h o res  a re  firs t observed 
phy logenetica lly  in  m a rin e  fish la rv a e  in  au lopiform s 
an d  a re  p ro m in e n t in  lam prid ifo rm s an d  som e bery- 
ciform s. Possib ly  e ry th ro p h o res  in  la rv a e  a re  phylo­
genetically  s ign ifican t a t  th e  level o f E u ry p te ry g ia  
(Aulopiform es an d  above, F ig. 1). Iridophores firs t 
a p p e a r  phy logenetica lly  in  la rv a l beryciform s and  
could provide corrobora tive evidence for Jo h n so n  &
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0.2 mm

F igu re 5. Elopomorpha. A, Neenchelys sp. (Ophichthidae). B, E, F, M uraenidae. C, Saurenchelys sp. (Nettastomatidae). 
D, Ophichthidae. Modified from Miller (2009) w ith the permission of the copyright holder.

P a tte rso n ’s (1993) E u ac an th o p te ry g ii (Beryciform es 
an d  above, sh ad ed  rec tan g le  in  Fig. 1). Iridophores 
a re  lack ing  in  la rv a e  of th e  m a rin e  elopom orphs, 
o tom orphs, an d  o th e r  b a sa l neo te leosts  exam ined; 
how ever, th e y  a re  p re se n t in  som e recen tly  h a tch e d

fre sh w a te r  O tom orpha (e.g. D anio  -  Jo h n so n  et al., 
1995; P arich y  et al., 2000; Parichy, 2003). As d is­
cussed  below, a n  on togenetic  tra n s itio n  involving 
iridophores in  a th e rin ifo rm s, beloniform s, gas te ro ste i-  
form s, an d  m ugiliform s, w h ich  a re  m em bers of th e
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F igu re 6. Neoteleostei (Aulopiformes, Myctophiformes) and Acanthom orphata (Gadiformes). A, Synodus synodus, 39 mm 
S tandard Length (SL), Belize. B, Saurida  sp., 26 mm SL, BLZ 8329. C, Saurida  sp., 32 mm SL, BLZ 8398. D, Bregmaceros 
sp., 12 mm SL, BLZ 4242. Note: the red coloration on the head and body in the Bregmaceros image appears to be 
associated w ith the circulatory system, not dermal pigment. Photo A by Julie Mounts and Carole Baldwin; B Lee Weigt 
and Carole Baldwin; C Julie Mounts and David Smith; D Lee Weigt and David Smith.

percom orph  se ries  S m eg m am o rp h aria , m ay  help  d iag ­
nose th a t  group. W ith in  percom orphs (M ugiliform es 
an d  above, Fig. 1), e ry th ro p h o res , xan th o p h o res , i r i­
dophores, o r som e com bination  of th e m  are  p re se n t in  
la rv a e  o f every  group  an d  in  a lm ost every  species 
exam ined , an d  th e  re m a in d e r o f th is  p ap e r is devoted 
to  descrip tions of percom orph  colour p a t te rn s  and

d iscussions of th e ir  p o te n tia l phylogenetic signifi­
cance a t  v ario u s taxonom ic levels.

P er c o m o r ph a c ea  -  S m eg m a m o r ph a r ia  
J ohnson  & P a tte rso n ’s (1993) S m egm am orpha 
com prise seven  o rd ers  o f percom orph  fishes, b u t th e

© 2013 The Linnean Society of London, Zoological Journal of the Linnean Society, 2013, 168, 496-563
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F igu re 7. Neoteleostei (Aulopiformes, Myctophiformes) A, Gigantura sp., Florida S traits, photo by Cedric Guigand 
(previously published in Pineda, Hare & Sponaugle, 2007). B, unknown aulopiform, Hawaii, photo by Joshua Lambus. C, 
unknown myctophiform, Florida S traits, photo by Cedric Guigand.

m onophyly  of th e  g roup  h a s  b een  questioned . F or 
exam ple , S p rin g e r & O rre ll (2004) d id  n o t find 
su p p o rt for i t  b ased  on ex tensive  an a ly sis  o f th e  
g ill-a rch  m u sc u la tu re  an d  skeleton . S m egm am orph  
o rd ers  for w h ich  la rv a e  w ere  exam ined  in  th is  s tu d y  
a re  A therin ifo rm es, B eloniform es, G asteroste ifo rm es, 
an d  M ugiliform es. L arv a l m ugilids an d  exocoetids 
exam ined  sh a re  a  s tr ik in g  on togenetic  tra n s itio n  in  
colour p a t te rn . S m all la rv a e  a re  covered w ith  pale  
orange/yellow  p ig m en t an d  m elanophores b u t also 
b e a r  som e conspicuous ir idophores (Fig. 11A, B). 
In  la rg e r  la rv a l specim ens, th e  o range colour is no 
longer p resen t, an d  th e  fishes a re  silvery  an d  covered 
a lm ost e n tire ly  w ith  ir idophores (Fig. 11C, D). This 
on togenetic  tra n s itio n  w as n o t observed  in  an y  non- 
sm egm am orph  fishes an d  w ould  a p p e a r  to  provide 
co rrobora tive evidence for a  close re la tio n sh ip  
b e tw een  M ugiliform es an d  A therinom orpha , w hich 
com prises A therin ifo rm es an d  B eloniform es. S tiassn y  
(1990, 1993) proposed a  sis te r-g ro u p  re la tio n sh ip  
b e tw een  m ugilifo rm s an d  a th e rin o m o rp h s  d esp ite  
s tro n g  evidence also  sug g estin g  th a t  m ugilids a re  
closely re la te d  to  perciform s. T his sam e colour t r a n ­
sitio n  occurs in  h e m irh am p h id s  an d  belonids b u t 
a p p a re n tly  a t  a  la te r  s tag e  of developm ent. L arvae  
o f Platybelone  an d  H em irh a m p h u s  a re  covered w ith  
e ry th ro p h o res  an d  x an th o p h o res , respectively, an d  
b e a r  sc a tte re d  ir idophores (Fig. 12A, B, F). A ju v en ile  
H em irh a m p h u s  s till b ea rs  xan th o p h o res , b u t th e  
abdom inal reg ion  is silvery  (Fig. 12C), an d  a d u lts  of 
b o th  g en e ra  a re  e n tire ly  silver. L arv a l gas tero ste i- 
form s also have yellow /orange ch rom atophores an d

m elanophores covering m ost o f th e  body as in  young  
m ugilids an d  beloniform s (Fig. 12D, E), an d  a lth o u g h  
th e y  nev e r undergo  th e  tra n s itio n  to a  silvery  body, 
a t  le a s t som e g as tero ste ifo rm  la rv a e  h av e  silvery  
p igm en t on  th e  abdom en (Fig. 12E, G). O th e r  g a s te r­
osteiform  la rv a e  know n only from  e a rly  preflexion 
s tag es -  F istu la ria , A u lo sto m u s, A eoliscus -  also 
exh ib it n u m ero u s x an th o p h o res  m ixed w ith  m elano­
phores (Connell, 2007; A ppendix), b u t la te r  la rv a l 
s tag es a re  needed  to  d e te rm in e  w h e th e r  o r n o t th e y  
develop iridophores. Som e la rv a l beloniform s m ay  
h ave a  d iffe ren t la rv a l tra jec to ry  in  th a t  th e y  ap p e ar 
to  lack  th e  e a rly  yellow /orange stage. F or exam ple, a 
5.6 m m  N otochord  L en g th  (NL) la rv a  of O xyporham ­
p h u s  m icropterus  from  off S o u th  A frica is m ostly  pale, 
h a s  m elanophores an d  iridophores along th e  en tire  
d o rsa l m a rg in  o f th e  body an d  along  a  p o rtion  of th e  
v e n tra l m id line, an d  h a s  a  silvery /b lue g u t (Connell, 
2007; A ppendix). P ossib ly  th e re  is a  sm all b it  of 
yellow  p ig m en t on th e  oesophagus an d  gu t, b u t i t  w as 
difficult to  d e te rm in e  if  th is  is d e rm a l p ig m en t or p a r t  
of th e  g u t con ten ts . I t  is also possib le th a t  th e  yellow / 
orange  s tage  develops a f te r  notochord  flexion, as all 
m ugilid , beloniform , an d  g as tero ste ifo rm  la rv a e  in  
w hich  th a t  colour p h ase  w as observed  h a d  u n d e r­
gone flexion. A 13-m m  S ta n d a rd  L en g th  (SL) H iru n ­
d ich th ys  h a s  only  m elanophores an d  iridophores 
(Fig. 13A), b u t younger la rv a e  a re  unknow n. L arv a l 
a th e r in id s  h av e  few  or no o range  or yellow  chrom ato ­
phores (sm alles t specim en exam ined  7.0 m m  SL -  
F ig. 13B) an d  h av e  a  den se  covering of ir idophores on 
th e  gu t. N ote th e  s tr ik in g  s im ila rity  b e tw een  a  14-m m
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F igu re 8. Acanthom orphata (Lampridiformes). Top, unknown (probably Trachipteridae), Hawaii, photo by Joshua 
Lambus. Bottom, Lampris guttatus, Florida S traits, photo by Cedric Guigand.
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F ig u re  9. Acanthom orphata (Stephanoberyciformes). Cetomimidae, Mexico. Photo by Donald Hughes.

SL a th e r in id  la rv a  an d  a n  un id en tified  beloniform  
la rv a  in  g en e ra l ap p earan ce  an d  th e  presence 
o f ir idophores on th e  g u t th a t  reflect b rig h t b lue 
(Fig. 13C, D).

PERCOMORPHACEA -  INCERTAE SEDIS 

Acanthuriform .es
A can th u rifo rm es a re  re p re se n te d  am ong th e  la rv a e  
exam ined  by  tw o species o í A ca n th u ru s  su rgeonfishes 
from  Belize (Fig. 14) an d  a n  e a r lie r  s tag e  o f a n  u n i­
den tified  species o f A ca n th u ru s  from  th e  F lo rid a  
S tra its  (Fig. 15). T he specialized , pelagic ‘ac ro n u ru s’ 
la rv a l s tag e  (e.g. Leis & R ichards, 2004) is m ostly  
tr a n s p a re n t w ith  a  b a n d  of silver- or b lue-reflecting  
ir idophores from  th e  dorsum  to th e  pelvis th a t  encom ­
p asses  th e  o rb it an d  g u t. T here  is lit tle  if  an y  o range 
or yellow  p ig m en t in  th e  a c ro n u ru s  stage, b u t an  
im age o f preflexion la rv a e  of A ca n th u ru s  m a ta  
(Connell, 2007; A ppendix) show s x an th o p h o res  on  th e  
u p p e r ja w  an d  a n  in te rn a l s tre a k  of x an th o p h o res  
b e n e a th  th e  a n te r io r  section  of th e  notochord . R ela­
tio n sh ip s  of ac an th u rifo rm s a re  unclear, b u t a  close 
re la tio n sh ip  w ith  te trao d o n tifo rm s h a s  b een  proposed 
(e.g. Tyler, 1980; Rosen, 1984). T etraodon tifo rm  la rv a e  
(see ‘T etraodon tifo rm es’ below) typ ically  h av e  irido­
p ho res on th e  g u t an d  som etim es over m uch  of th e  
body, b u t th e y  a re  o the rw ise  very  d iffe ren t from  acan ­
th u rifo rm s in  h av in g  m uch  m ore colour (xan thophores 
or b ronze iridophores), m e lanophores (som etim es in  
s tr ik in g  p a tte rn s) , or bo th .

B lenn iiform es
B lenn iifo rm es a re  re p re se n te d  in  th e  Belize m a te r ia l 
by  la rv a l chaenopsids an d  lab risom ids. L arv ae  of bo th  
fam ilies have a n  e longate  body an d  sh a re  th e  follow­
ing  ch rom atophore  p a tte rn : m elanophores on th e  
v e n tra l m id line  associa ted  w ith  th e  ana l-fin  b ase  an d  
in te rn a lly  along  th e  d o rsa l m a rg in  of th e  v e rte b ra l 
colum n, o range  or yellow  p ig m en t on th e  tem p o ra l 
reg ion  of th e  head , in te rn a l o range  p ig m en t along  th e  
v e r te b ra l colum n, an d  o range  ch rom atophores a t  th e  
b ase  of th e  cau d a l fin (Fig. 16). Colour p a t te rn s  v ary  
lit tle  am ong som e g en e ra  (e.g. A ca n th em b lem a ria  of 
th e  C haenopsidae , L a b riso m u s  o f th e  L ab risom idae  -  
F ig. 16A-D), b u t th e  single la rv a l specim en of P ara ­
clinus  (L abrisom idae) d iffers in  h av in g  p ro m in en t 
o range  ch rom atophores m ixed w ith  th e  m elanophores 
along th e  ana l-fin  b ase  (Fig. 16E). A dd itiona l P aracli­
n u s  species a re  needed  to  d e te rm in e  w h e th e r  or not 
th is  is a  generic  p a tte rn . T he ch rom atophore  p a t te rn  
on th e  body could n o t be in te rp re te d  w ell in  a n  in s itu  
im age of a  la rv a l fish  from  H aw aii iden tified  by  G. D. 
Jo h n so n  (pers. comm.) as  a  b len n iid  (im age no t rep ro ­
duced here), b u t th e  fish  is u n lik e  o th e r  b lenn io ids in  
h av in g  en la rg ed  pec to ra l fins w ith  x an th o p h o res  on 
th e  m em b ran es b e tw een  fin e lem en ts.

C aproiform es
C aproiform es a re  re p re se n te d  in  th e  im ages exam ­
ined  only  by preflexion A n tig o n ia  rubescens from  
S o u th  A frica (Connell, 2007; A ppendix). R ecently
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F igu re 10. Acanthom orphata (Beryciformes). A, Berycidae. B-D, Holocentridae. All from Florida S traits. Photographs by 
Cedric Guigand. A, B, and D previously published in Cowen et al. (2007), Thorrold, Zacherl & Levin (2007), and Gaines 
et al. (2007), respectively.

© 2013 The Linnean Society of London, Zoological Journal of the Linnean Society, 2013, 168, 496-563



COLOUR IN MARINE TELEOST LARVAE 509

F igu re 11. Percomorphacea (Mugiliformes and Beloniformes). A, Mugil cephalus, 3.5 mm S tandard Length (SL), BLZ 
6045. B, Prognichthys occidentalis, 11 mm SL, BLZ 7186. C, M ugil sp., 8.5 mm SL, BLZ 7069. D, Exocoetidae, 16 mm SL, 
BLZ 6014. Photos A, D by Lee Weigt and Carole Baldwin; B, C by Julie Mounts and David Smith.

h a tch e d  la rv a e  have x an th o p h o res  on th e  body, b u t no 
in fo rm atio n  is ava ilab le  for la rg e r  specim ens.

C arangiform es
C arang ifo rm es a re  no t com m on in  la rva l-fish  collec­
tions off Belize, b u t a n  8.0-m m  SL Ti'achinotus  
(C arang idae) h a s  m ost o f th e  body covered w ith  
o range  ch rom atophores an d  silver-reflecting  irido­
p ho res (Fig. 17). A colour im age o f a  young  carang id , 
Selene  (Fig. 18C), show s yellow /orange chrom ato ­
p ho res on a  som ew hat silvery  body as w ell as on m ost 
fins. A 5.1-m m  preflexion la rv a  of th e  coryphaenid , 
C oiyphaena  h ip p u ru s , h a s  x an th o p h o res  m ixed w ith  
m elanophores from  th e  tip  o f th e  sn o u t poste rio rly  
to  th e  b ase  of th e  in c ip ien t cau d al fin  (Fig. 18A). 
A postflexion C oiyphaena  h ip p u ru s  la rv a  (Fig. 18B) 
an d  a  re a re d  postflexion rach y cen trid , R achycentron  
ca n a d u m  (D. B en etti, p ers . com m.), h av e  som e yellow 
p ig m en t m ixed w ith  m elanophores on th e  body, b u t 
th e  solid yellow  ground  co loration  p re se n t in  preflex­
ion C oiyphaena  is ab sen t. Colour p a t te rn s  a re  no t 
know n for o th e r  carang ifo rm s (N em atis tiidae , Eche- 
neid idae), an d  no conclusions can  be d raw n  reg a rd in g  
th e  phylogenetic significance of colour for th e  o rd er or 
for fam ilies, g en e ra , an d  species w ith in . T he b a rs  of 
p ig m en t in  postflexion C oiyphaena  (Fig. 18B) resem ­
ble those  o f Selene  in  h av in g  som e yellow ish  colora­
tio n  m ixed  w ith  m elanophores , an d  th is  c h a rac te r  
could be s ign ifican t a t  th e  o rd in a l level. P hylogenetic  
an a ly sis  o f bo th  m itochondria l (M iya, S a to h  & 
N ish ida , 2005) an d  n u c lea r  (L ittle , L ougheed & 
M oyes, 2010) d a ta  suggested  a  close re la tio n sh ip  
b e tw een  carang ifo rm s an d  p leuronectifo rm s, b u t 
th e re  is n o th in g  obvious in  th e  colour p a tte rn s

of la rv a e  to  su p p o rt th is  (see ‘P leu ronec tifo rm es’ 
below). N u clear DNA d a ta  h av e  also suggested  a 
re la tio n sh ip  b e tw een  ca ran g id s an d  istiopho rid s 
(L ittle  et a l., 2010), w hich  is d iscussed  u n d e r ‘Scom- 
b rifo rm es’ below.

Gobiesociformes
G obiesociform es com prise th e  G obiesocidae, Callio­
nym idae, an d  D raco n e ttid ae . Colour in fo rm atio n  in  
la rv a e  is ava ilab le  for severa l callionym ids an d  one 
gobiesocid. W itten rich  et al. (2010) described  m orpho­
logical developm ent o f la b o ra to ry -rea red  Synch iropus  
sp len d id u s  an d  no ted  a  com plete colour tra n s itio n  
from  yellow  in  ea rly -s tag e  la rv a e  to  n e a rly  solid 
o range  a t  8 days p o s th a tc h in g  (Fig. 19A, B). Connell 
(2007) prov ided  a  colour im age of a  1.8-m m  NL la rv a  
o f C allionym us  sp. from  S ou th  A frica (Fig. 19C) an d  
one of a  1.6-m m  NL la rv a  o f D raculo  (Appendix) 
th a t  a re  n e a r ly  id en tica l to  th e  sim ilar-sized  (2 days 
p ostha tch ing ) la rv a  of Syn . sp len d id u s  (Fig. 19A) in  
h av in g  th e  h ea d  an d  body covered in  p ro m in e n t x a n ­
tho p h o res  except for th e  poste rio r fin fold. T he colour 
p a t te rn  in  la rg e r  la rv a e  of th e  S o u th  A frican  C alliony­
m u s  is unknow n, b u t postflexion la rv a e  of C alliony­
m u s ba ird i from  B elize (Fig. 19D) a re  n e a r ly  solid 
o range  like Synch iropus. A dd itiona l m a te r ia l is 
needed  to  d e te rm in e  w h e th e r  th e  observed  yellow-to- 
o range  colour tra n s itio n  is d iagnostic  o f callionym ids 
or if  i t  is also  p re se n t in  o th e r  gobiesociform  fam ilies. 
A 4.0-m m  SL la rv a  of th e  gobiesocid A cyrtops  from  
Belize h a s  yellow /orange co loration  on th e  h ea d  an d  
sc a tte red  over m ost o f th e  body (Fig. 19E), possib ly  a 
very  s im ila r p a t te rn  as  in  th e  callionym ids b u t w ith  
th e  e ry th ro p h o res  con tracted . L a rg er an d  sm alle r
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E

F igu re 12. Percomorphacea (Beloniformes, Gasterosteiformes). A, Platybelone argalus, 15 mm S tandard Length (SL), 
BLZ 6131. B, Hem irham phus brasiliensis, 19.5 mm SL, BLZ 7071. C, Hemirhamphus balao, 34 mm SL, BLZ 7304. 
D, Cosmocampus albirostris, 8.5 mm SL, BLZ 6414. E, Penetopteiyx nanus, 19 mm SL, BLZ 8337. F and G, close-up 
photographs of Platybelone argalus (A) and Penetopteryx nanus  (E), respectively, showing abdominal iridophores. Photos 
A, D, E by Lee Weigt and Carole Baldwin; B, C by Julie Mounts and David Smith.
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C

F ig u re  13. Percomorphacea (Beloniformes, Atheriniformes). A, Hirundichthys affinis, 13 mm Standard  Length (SL), BLZ 
4217. B, Atherinomorus stipes, 7 mm SL, BLZ 6051. C, Atherinidae, 14 mm SL, Belize, USNM 353871. D, Beloniformes 
(Hemirhamphidae?), 14 mm SL, BLZ 4113. Photo A by Lee Weigt and David Smith; B by Lee Weigt and Carole Baldwin; 
C by David Smith; D by Julie Mounts and Carole Baldwin.
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F igu re 14. Percomorphacea (Acanthuriformes). A, Acanthurus bahianus, 26 mm Standard Length (SL), BLZ 8441. 
B, Acanthurus chirurgus, 28 mm SL, BLZ 8442. Note: the in ternal red coloration behind the head is associated w ith the 
circulatory system, not chromatophores. Photos by Julie Mounts and David Smith.

specim ens of th e se  ta x a  a re  no t ava ilab le . T he only 
o th e r  percom orph  la rv a e  exam ined  th a t  w ere  as 
ex tensively  covered by  ery th ro p h o res  as postflexion 
callionym id la rv a e  a re  som e apogonids an d  th e  goby 
Priolepis  (see ‘P ercifo rm es’ an d  ‘G obiiform es’ below). 
Apogon auro linea tu s  is p a r tic u la r ly  s im ila r to  C al­
lionym us ba ird i in  h av in g  a  b rig h t o range  body w ith  
yellow  firs t d o rsa l an d  pelvic fins. T he presence 
of s im ila r ch rom atophore  p a t te rn s  in  th e se  p re su m ­
ably  d is ta n tly  re la te d  ta x a  is b es t in te rp re te d  as 
convergence.

P ig m en t in  la rv a e  does n o t a p p e a r to  provide an y  
evidence for a  close re la tio n sh ip  b e tw een  gobiesoci- 
form s an d  b lenn iifo rm s as  proposed by  M iya et al. 
(2003) an d  S p rin g e r & O rrell (2004). T he ex tensive  
coverage of yellow /orange p ig m en t in  th e  gobiesoci- 
form s exam ined  is very  d iffe ren t from  th e  m ore 
re s tr ic tiv e  colour p a t te rn  observed  in  b lenniiform s; 
how ever, in fo rm atio n  on colour is needed  for la rv a e  of 
m ore tax a , especially  those  b lenn iifo rm s hypo thesized  
by S tep ien  e ta l .  (1997) to  be m ore b a sa l m em bers o f 
th e  group  th a n  lab risom ids an d  chaenopsids.

G obiiform es
G obiiform es exam ined  include m em bers o f th e  Gobii­
dae, E leo trid idae , an d  M icrodesm idae. L arv ae  of all 
exh ib it e ry th ro p h o res  or x an th o p h o res , or bo th , and  
som e h av e  iridophores, b u t th e re  a re  no obvious d iag ­
nostic  p a t te rn s  for th e  order, m ajo r clades w ith in  th e  
order, or th e  h igh ly  d iverse  G obiidae. P re lim in a ry  
com parative  d a ta  suggest th a t  colour p a t te rn s  m ay  be 
m ost in fo rm ative  a t  in te rg en eric , generic, an d  species 
levels.

L a rv ae  of th e  m icrodesm id  g en e ra  M icrodesm us  
an d  Cerdale  h av e  n e a rly  id en tica l p a t te rn s  of o range/ 
yellow  ch rom atophores (Fig. 20A -C ). H oese (1984) 
u n ite d  M icrodesm us, Cerdale, an d  th re e  o th e r  m icro­
desm id  g en e ra  w ith  Ptereleotris  an d  its  allies in  
a n  expanded  fam ily  M icrodesm idae, b u t S m ith  &

T h ack er (2000) recognized th e  M icrodesm idae and  
P te re leo tr id id a e  as se p a ra te  fam ilies. T h ack er’s 
(2003, 2009) m olecu lar phylogenetic an a ly ses  did 
n o t recover a  m onophyletic g roup  com prising  m icro- 
desm ids an d  p te re leo trid id s , b u t th e  m olecu lar an a ly ­
sis o f T h ack er & Roje (2011) did, w ith  p te re leo trid id s  
p a rap h y le tic  w ith  resp ec t to m icrodesm ids. S uperfi­
cially, th e  la rv a l Ptereleotris  (Fig. 20D) is q u ite  differ­
e n t from  la rv a l M icrodesm us  an d  Cerdale  in  th a t  
i t  does n o t h av e  a n  e longate  body w ith  a n  obvious 
series o f e ry th ro p h o res  in te rn a lly  along  th e  v e rte b ra l 
colum n an d  above th e  gu t. T he ava ilab le  colour 
im ages of Ptereleotris, how ever, a re  o f specim ens th a t  
a re  m ostly  opaque (vs. tra n sp a re n t) , an d  a lth o u g h  
in te rn a l e ry th ro p h o res  a re  p re se n t above th e  g u t an d  
along  th e  la te ra l m id line  posteriorly , i t  is n o t possible 
to  d e te rm in e  th e  e x te n t o f th e se  series. Colour p a t­
te rn s  in  th e  th re e  g en e ra  a re  o therw ise  q u ite  sim ilar, 
w ith  a ll h av in g  a  series o f e ry th ro p h o res  along  th e  
v e n tra l m id line  (except d irec tly  b e n e a th  th e  sw im  
b ladder), o range  or yellow  ch rom atophores in  a  series 
along  th e  d o rsa l m id line  posteriorly , an d  a t  le a s t som e 
o range  p ig m en t ex te rn a lly  on th e  ce n tra l p o rtion  of 
th e  cau d a l peduncle . T h is p a t te rn  w as n o t observed in  
o th e r  gobiiform s, an d  m ay  provide corrobora tive evi­
dence for a  m onophyletic group  com prising  th e  two 
fam ilies. T he hypo thesis  th a t  C oryphopterus  gobies 
a re  m ore closely re la te d  to  M icrodesm us  an d  Cerdale  
th a n  m icrodesm ids a re  to  Ptereleotris  (Thacker, 2003) 
w ould  no t ap p e a r to  be su p p o rted  by colour p a t te rn s  
in  la rv ae . C oiyphopterus  gobies have  a  d istinc tive  
p a t te rn  of e ry th ro p h o res  on th e  t r u n k  an d  lack  th e  
ch rom atophore  p a t te rn  described  above for m icrode­
sm ids (see la s t p a ra g ra p h  of G obiiform es section, 
below). C oiyphopterus  sh a re s  w ith  m icrodesm ids th e  
p resence of e ry th ro p h o res  m ixed w ith  m elanophores 
along  th e  ana l-fin  base , b u t th is  p ig m en t is also 
p re se n t in  Ptereleotris  an d  even  th e  d is ta n tly  re la te d  
eleo trid ids.
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F igu re 15. Percomorphacea (Acanthuriformes). Acanthurus  sp., Florida S traits. Photo by Cedric Guigand.

M iller (1998) synonym ized th e  e leo trid id  g en e ra  
E leo tris  an d  E rotelis, an d  colour p a t te rn s  in  la rv a e  
o f th e  tw o g en e ra  a re  s tr ik in g ly  s im ila r an d  d is tin c ­
tive  am ong gobiiform s (Fig. 20E, F). T h ack er’s (2003) 
m olecu lar an a ly sis  d id  no t recover th e  tw o as a  m ono­
phy le tic  group; ra th e r, th e y  a re  successive s is te r

groups to  all o th e r  gobiiform s exclud ing  th e  O donto­
b u tid ae . T he m ore com prehensive m olecu lar phy­
logeny of T h ack er (2009) co rrobora tes a  com m on 
an c es try  for th e  tw o genera , w ith  E rotelis  em bedded 
w ith in  th e  E leotris  clade. In  add ition  to  hav in g  
s im ila r p a t te rn s  of ery th ro p h o res/x an th o p h o res , Eleo-
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F igu re 16. Percomorphacea (Blenniiformes). A, Labrisomus cricota, 21.0 mm S tandard Length (SL), BLZ 7006. 
B, Labrisomus bucciferus, 19.0 mm SL, BLZ 7253. C, Acanthemblemaria greenfieldi, 13.0 mm SL, BLZ 6386. 
D, Malacoctenus triangulatus, 18.0 mm SL, BLZ 8439. E, Paraclinus fasciatus, length not recorded, BLZ 6071. Note: in 
all images, in ternal red coloration in  the thoracic cavity is associated w ith the circulatory system, not chromatophores. 
Photos A-D by Julie Mounts and David Smith; E by Lee Weigt and Carole Baldwin.
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F igu re 17. Percomorphacea (Carangiformes). Trachinotus falcatus, 8.0 mm S tandard Length, BLZ 5428. Photo by Lee 
Weigt and David Smith.

tr is  an d  E rotelis  a re  th e  only  tw o gobiiform  la rv a e  
exam ined  th a t  have a  sw a th  of b lue-reflecting  irido­
p ho res a t  th e  b ase  of th e  cau d al fin.

M orphological an d  m olecu lar d a ta  su p p o rt a  close 
re la tio n sh ip  b e tw een  C tenogobius  an d  G natholep is  
(H arrison , 1989; T hacker, 2003, 2009). As no ted  by 
B aldw in  & S m ith  (2003), la rv a l Ctenogobius saepepal­
lens  an d  G natholep is thom pson i a re  s im ila r in  hav in g  
a  p ro m in en t, n a rro w  b a r  o f o range  p ig m en t on th e  
body ju s t  p o ste rio r to  th e  ana l-fin  b ase  th a t  is lack ing  
in  o th e r  gobiids (Fig. 21A, B). B aldw in  & S m ith  
(2003) also  no ted  th a t  th e  o r ien ta tio n  o f th is  b a r  is 
s lig h tly  d iffe ren t in  th e  tw o species an d  th a t  i t  m ay  
n o t be hom ologous. G obionellus oceanicus h a s  a  w ide 
b a r  o f pale  o range  p ig m en t on th e  cau d al peduncle 
th a t ,  because  o f th e  long an a l fin  in  th is  species, is 
located  a t  th e  p o ste rio r b ase  of th e  an a l fin  as th e  
n a rro w  b a r  is in  Ctenogobius  an d  G natholep is  
(Fig. 21C). T he phylogenetic significance w ith in  th e  
G obiidae of o range p ig m en t a t  th e  poste rio r b ase  of 
th e  an a l fin ex ten d in g  d o rsa lly  from  th e  v e n tra l 
m id line  is unclear. O bservations of colour p a t te rn s  in  
la rv a e  o f m ore g en e ra  of Gobionellus-growp  gobies 
(B irdsong, M urdy  & Pezold, 1988) is needed, inc lud ­
in g  E vorthodus, w h ich  T h ack er (2003, 2009) proposed 
as  th e  s is te r  group  of C tenogobius. P o s tla rv a l Cte­
nogobius boleosoma  (W yanski & T arge tt, 2000) sh a re s  
w ith  Ct. saepepallens  a n  e ry th ro p h o re  a t  th e  tip  of th e  
low er jaw , a  v e rtica l red d ish -o ran g e  s tre a k  betw een

th e  tho rac ic  an d  abdom inal regions, an d  th e  o range 
b a r  p o ste rio r to  th e  ana l-fin  base. Iden tifica tion  of 
o th e r  Ctenogobius  la rv a e  is needed, b u t th e  com bina­
tio n  of th e se  p ig m en t ch a ra c te rs  m ay  be d iagnostic  of 
th e  genus.

N es  an d  P silo tris  a re  seven-sp ine gobies o f th e  
‘Gobiosom a  g roup ’ (B irdsong  et al., 1988) th a t  sh a re  
w ith  Varicus, C hriolepis, an d  G obulus  th e  absence 
of h ea d  pores (Böhlke & R obins, 1968). Rüber, Van 
T assell & Z ardoya (2003) recovered  th is  group  as 
m onophyletic , m in u s Varicus, w hich  w as no t included  
in  th e ir  ana ly sis . As no ted  by  S m ith  & B aldw in  (1999), 
la rv a e  of N es  an d  P silo tris  a re  so s im ila r th a t  a t  f irs t 
th e se  a u th o rs  d id  n o t recognize th e m  as d is tin c t tax a . 
T he ch rom atophore  p a t te rn  is n e a rly  id en tica l in  th e  
tw o g en e ra  an d  d is tin c tiv e  am ong gobiids exam ined  
(Fig. 2 ID , E). Iden tification  of ad d itio n a l goby la rvae , 
inc lud ing  G obulus  an d  C hriolepis, is needed  to  d e te r­
m ine w h e th e r  th e  p a t te rn  is u n iq u e  to  N es  an d  Psilo­
tris  o r p e rh a p s  to  a  la rg e r  group. R über et a l. (2003) 
hypo thesized  th a t  th e  re la tio n sh ip s  of N es  a re  as 
follows: (N es(G obulus(C hrio lep is + Psilotris))).

A t th e  generic  level, colour p a t te rn s  in  la rv a e  are  
u se fu l in  d iagnosing  B athygob ius  an d  C oiyphopterus. 
B athygob ius  la rv a e  have  orange/yellow  chrom ato­
phores on th e  d o rsa l an d  v e n tra l po rtions of th e  
tr u n k  (in  associa tion  w ith  m elanophores) th a t  ex­
te n d  tow ard , an d  o ften  m ee t a t, th e  la te ra l m id line 
(Fig. 22A -C ). A lthough  th e  colour (yellow or orange)
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F igu re 18. Percomorphacea (Carangiformes). A, Coiyphaena hippurus, South Africa, photo by Allan Connell. B, C. h ip­
purus. C, Selene vomer. B and C, Florida S traits, photos by Cedric Guigand, previously published in Fogarty & Botsford 
(2007) and Cowen et al. (2007), respectively. Note: the in ternal pink coloration in the thoracic region of B is associated 
w ith the circulatory system, not chromatophores.
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F igu re 19. Percomorphacea (Gobiesociformes). A, B, Synchiropus splendidus, reared specimens. C, Callionymus marleyi, 
South Africa. D. Callionymus bairdi, 7.0 mm Standard Length (SL), BLZ 4315. E, Acyrtops beryllinus, 4.0 mm SL, BLZ 
6231. Photos A, B by M atthew  W ittenrich; C by Allan Connell; D by Lee Weigt and David Smith; E by Julie Mounts and 
David Smith.

an d  d en s ity  o f p igm en t differ am ong species, th e  
n e t effect is d is tin c tiv e  (B aldw in & S m ith , 2003; 
T ornabene et a l., 2010). All know n C oiyphopterus  
la rv a e  have  d iagonal b a rs  o f o range p ig m en t on th e  
tru n k , th e  h e ig h t of th e  b a rs  an d  how  fa r th e  series 
ex ten d s a n te rio rly  v a ry in g  am ong  species (B aldw in & 
S m ith , 2003; Fig. 22E -H ). Colour p a t te rn s  in  la rv a e  
o f g en e ra  hypo thesized  to  be closest to  B athygob ius  
(Glossogobius, Istigob ius, an d  C allogobius; T ornabene 
& Pezold, 2011, an d  references th e re in ; Thacker, 
2009) an d  C oiyphopterus (L ophogobius; Thacker, 
2003, 2009) a re  unknow n. T he u n iq u e  generic  p a t­
te rn s  described  above could d iagnose la rg e r  groups. 
M onophyly of T h ack er’s (2003) clade IIIA , w hich 
inc ludes B athygob ius  an d  P riolepis, w ould  n o t ap p e ar 
to  be su p p o rted  by  la rv a l colour p a tte rn s . L arv a l 
Priolepis  (Fig. 22D) is d is tin c tiv e ly  orange.

L ab  riforines
L abrifo rm es com prise th e  C ichlidae, E m biotocidae, 
L ab rid ae , O dacidae, P o m acen trid ae , an d  Scaridae. 
T he m onophyly  of th e  group  is q u es tio n ab le  (W iley & 
Jo h n so n , 2009, an d  references th e re in ), an d  m olecu­
la r  d a ta  suggest th a t  scarid s  a re  em bedded  w ith in

th e  L ab rid ae  (W estnea t & A lfaro, 2005; C hoat et al.,
2012). M arin e  lab rifo rm s for w hich  colour p a tte rn s  
w ere  assessed  for la rv a e  a re  pom acen trids, lab rids, 
an d  scarids. All exh ib it n o n m elan is tic  ch rom ato ­
phores, u su a lly  ery th ro p h o res , b u t th e  p a t te rn s  a re  
n o t d iagnostic  of th e  order. B ased  on ex is tin g  com­
p a ra tiv e  m a te ria l, colour p a t te rn s  a p p e a r  u se fu l in  
d iagnosing  som e fam ilies an d  genera . All scarid  
la rv a e  exam ined  a re  u n ite d  in  h av in g  a  lin e a r  series 
o f e ry th ro p h o res  along  th e  v e n tra l m id line  o f th e  
t r u n k  from  b e n e a th  th e  opercu lum  to th e  an u s , a 
lin e a r  se ries  o f e ry th ro p h o res  along th e  ana l-fin  base, 
a  rough ly  lin e a r  se ries  o f e ry th ro p h o res  above th e  
ana l-fin  b ase  th a t  curves do rsally  on  th e  caudal 
peduncle w h ere  it  is con tinuous w ith  ery th ro p h o res  
on th e  la te ra l m id line, an d  ery th ro p h o res  on th e  
cau d al fin  (Fig. 23). T his p a t te rn  is p re se n t in  C iyp- 
to tom us, Scarus, an d  S parisom a , w h ich  differ from  
one an o th e r  in  (1) th e  e x te n t o f o range  co loration  
on th e  cau d al fin  (w ith  s tre a k s  of b r ig h t o range  chro­
m a tophores  on th e  v e n tra l lobe in  C iyp to tom us, 
Fig. 23A, vs. o range  p ig m en t m ore sc a tte red  or p a le r 
in  th e  o th e r genera); (2) o rg an iza tio n  of ery th ro p h o res  
an d  m elanophores above th e  ana l-fin  b ase  (som ew hat
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F ig u re  20. Percomorphacea (Gobiiformes). A, Cerdale floridana, 21.0 mm Standard Length (SL), Belize. B, Microdesmus 
bahianus, 17.5 mm SL, Belize. C, Microdesmus carri, 22 mm SL, BLZ 8322. D. Ptereleotris helenae, 12.0 mm SL, BLZ 
7323. E, Eleotris pisonis, 13.0 mm SL, BLZ 7101. F, Erotelis smaragdus, 13 mm SL, Belize. Note: the in ternal red 
coloration in the thoracic region of P. helenae is associated w ith the circulatory system, not chromatophores. Photos A, B, 
F by Julie Mounts and Carole Baldwin; C by Lee Weigt and Carole Baldwin; D, E by Julie Mounts and David Smith.
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F ig u re  21. Percomorphacea (Gobiiformes). A, Ctenogobius saepepallens, 10.0 mm Standard Length (SL), BLZ 7387. 
B, Gnatholepis thompsoni, 11.0 mm SL, Belize. C, Gobionellus oceanicus, 12.0 mm SL, BLZ 5473. D, Nes longus, 12.0 mm 
SL, BLZ 7183. E, Psilotris sp., 12.0 mm SL, BLZ 7187. Photo A by Lee Weigt and Carole Baldwin; B by Julie Mounts and 
Carole Baldwin; C by Lee Weigt and David Smith; D, E by Julie Mounts and David Smith.
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F ig u re  22. Percomorphacea (Gobiiformes). A, Bathygobius curacao, 5.5 mm S tandard Length (SL), BLZ 7305. B, 
Bathygobius lacertus, 6.0 mm SL, BLZ 7370. C, Bathygobius soporator, 6.0 mm SL, BLZ 6072. D, Priolepis hipoliti, 
10.0 mm SL, Belize. E, Coryphopterus kuna, 7.5 mm SL, BLZ 5134. F, Coiyphopterus tortugae, 7.0 mm SL, BLZ 5227. 
G, Coiyphopterus personatus, 8.0 mm SL, BLZ 10007. H, Coryphopterus venezuelae, 8.5 mm SL, BLZ 5392. Photos A, B 
by Julie Mounts and David Smith; C by Lee Weigt and Carole Baldwin; D -F, H by Julie Mounts and Carole Baldwin; 
G by Donald Griswold and Carole Baldwin.

h a p h a z a rd  in  S carus -  F ig. 23B, lin e a r  in  C ryp­
to tom us  an d  S p a riso m a  -  F ig. 23A, C, D); an d  (3) th e  
configuration  o f e ry th ro p h o res  along th e  v e n tra l 
m id line  on th e  a n te r io r  p o rtion  of th e  t r u n k  (form ing 
a n  a lm ost con tinuous line  of o range  p igm en t in  
C iyp to tom us  an d  Spariso m a , m ore w idely  spaced 
in  S ca ru s ). A generic-level phylogeny of scarid s p re ­
se n ted  by  K azanciog lu  et al. (2009) suggests  th a t  
C iyp to tom us  an d  Sp a riso m a  a re  s is te r  g roups, and  
(2) an d  (3) above, if  apom orphic, w ould  lend  e x tra  
su p p o rt to  th is  hypo thesis . T he a n te r io r  ex tension  of 
th e  m id la te ra l se ries  o f e ry th ro p h o res  a lm ost to  th e  
h ea d  in  S p a riso m a  a to m a riu m  (Fig. 23D) an d  S p a r i­
som a ra d ia n s  (Fig. 23E) is u n iq u e  am ong  lab rifo rm s 
an d  m ay  in d ica te  th a t  th e se  species a re  m ore closely 
re la te d  to  one an o th e r  th a n  e ith e r  is to  Spa riso m a  
ch iysop terum  (Fig. 21C).

L a rv a l p o m acen trid s  exam ined  h av e  silvery  irido ­
phores on th e  g u t an d  a t  le a s t som e ery th ro p h o res  or 
x an th o p h o res  on  th e  t r u n k  an d  fins (Fig. 24). Colour

p a t te rn s  of la rv a e  of th e  four g en e ra  exam ined  are  
d istinctive . S tegastes  la rv a e  h av e  a  sw ath e  of o range 
p ig m en t on  th e  tr u n k  from  ju s t  b eh in d  th e  eye to 
th e  an te rio r-m o s t p a r t  of th e  cau d al peduncle, 
w h ere  th e  sw a th  ends a b ru p tly  in  a  n e a r  v ertica l 
line  (Fig. 24A -C ). D ifferences am ong Stegastes  
species inc lude th e  p resence or absence of e ry th ro ­
phores on th e  pec to ra l fin an d  along  th e  sp inous 
dorsal-, pelvic-, an d  ana l-fin  bases. Colour in fo rm a­
tio n  w as ava ilab le  for only  one species o f C hrom is  
(Fig. 24D) an d  one of A b u d e fd u f  (Fig. 24E), b u t p a t­
te rn s  in  th e se  g en e ra  a re  d is tin c t from  one an o th er 
an d  from  S tegastes. C hrom is  lacks colour on  th e  fins 
an d  h a s  e ry th ro p h o res  re s tr ic te d  to  th e  posterio r 
p o rtion  of th e  t r u n k  an d  cau d al peduncle , w h ereas  
A b u d e fd u f  is d is tin c tiv e  in  h av in g  x an th o p h o res  
on m ost o f th e  tr u n k  (m ixed w ith  m elanophores) 
an d  conspicuously  yellow  firs t do rsa l an d  pelvic fins. 
L ike S tegastes, p ig m en t on  th e  tr u n k  in  A b u d e fd u f  
ends a b ru p tly  on th e  a n te r io r  p o rtion  of th e  caudal
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F ig u re  23. Percomorphacea (Labriformes). A, Cryptotomus roseus, 9.0 mm S tandard Length (SL), BLZ 10005. B, Scam s  
iseri, 7 mm SL, Belize. C, Sparisoma atomarium , 10.0 mm SL, BLZ 7312. D, Sparisoma chrysopterum, 9.0 mm SL, BLZ 
6383. E, Sparisoma radians, 11.0 mm SL, BLZ 7289. Photo A by Donald Griswold and Carole Baldwin; B by Julie Mounts 
and Carole Baldwin; C -E  by Julie Mounts and David Smith.
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F ig u re  24. Percomorphacea (Labriformes). A, Stegastes partitus, 11.5 mm Standard Length (SL), BLZ 8454. B, Stegastes 
variabilis, 10.0 mm SL, BLZ 4523. C, Stegastes planifrons, 10.0 mm SL, BLZ 6008. D, Chromis cyanea, 14.0 mm SL, BLZ 
8451. E, A budefdu f saxatilis, 10.0 mm SL, BLZ 10214. F, Amblyglyphidodon ternatensis, reared aquarium  specimen. 
Photos A, D by Julie Mounts and David Smith; B by Lee Weigt and David Smith; C by Lee Weigt and Carole Baldwin; 
E by Donald Griswold and Carole Baldwin; F by M atthew W ittenrich.

peduncle . R eared  la rv a e  of A m b lyg lyph idodon  tern a ­
tensis  (Fig. 24F) a re  s im ila r to  A b u d e fd u f  in  hav in g  
p ro m in e n t yellow  p ig m en t on  th e  d o rsa l an d  pelvic 
fins. T hey  a re  d is tin c tiv e  in  h av in g  yellow  p igm en t 
covering th e  d o rsa l p o rtion  o f th e  head , inc lud ing  th e  
d o rsa l p o rtion  of th e  orb it, an d  also  th e  an te r io r  
p o rtion  of th e  a n a l fin. T he m olecu lar phylogeny of 
Cooper, S m ith  & W estn ea t (2009) suggests th a t  S te ­
gastes, C hrom is, A b u d e fd u f, an d  A m blyg lyph idodon  
a re  m em bers o f four d is tin c t ev o lu tionary  a ssem ­
blages (S teg astin ae , C hrom inae, A budefdufinae, 
P o m acen trin ae , respectively), a  hyp o th esis  th a t  is

n o t con trad ic ted  by  colour p a t te rn s  in  la rv ae . L arv a l 
A b u d e fd u f  an d  A m b lyg lyph idodon  a re  th e  m ost 
s im ila r of th e  four in  te rm s  of coloration , an d  A bu­
defdufinae an d  P o m ac en tr in a e  a re  s is te r  groups 
according to  Cooper et al. (2009). A cquisition  of 
colour in fo rm ation  for la rv a e  of ad d itio n a l pom acen- 
tr id s  is needed  to  d e te rm in e  w h e th e r  or n o t th e  
colour p a t te rn s  iden tified  h e re in  ch a rac te rize  th e  
subfam ilies (or som e su b se t of them ) an d  w h e th e r  
aspec ts o f th e  colour p a t te rn  in  A b u d e fd u f  and  
A m b lyg lyph idodon  re p re se n t a  synapom orphy  of 
A budefdufinae an d  P o m acen trin ae .

© 2013 The Linnean Society of London, Zoological Journal of the Linnean Society, 2013, 168 , 496-563



COLOUR IN MARINE TELEOST LARVAE 523

All g en e ra  of lab rid  la rv a e  exam ined  (A n a m p se s , 
H alichoeres, L ach n o la im u s, T ha lassom a, X yrich tys)  
except D oratonotus  have  p ro m in e n t o range  p igm en t 
on  th e  tip  o f th e  u p p er ja w  an d  u su a lly  also on th e  tip  
o f th e  low er jaw  (Fig. 25). O therw ise , colour p a tte rn s  
a re  d is tin c tiv e  am ong  g en e ra  or g roups of genera . 
A n a m p ses  (A. C onnell, pers . comm.), H alichoeres  
(Fig. 25A -D ), an d  T ha lassom a  (Fig. 25E) la rv a e  
h av e  a t  le a s t a  sm all cap an d  som etim es a  b ro ad e r 
covering of e ry th ro p h o res  on th e  g u t an d  o range  spots 
o r b lo tches on th e  p o ste rio r p o rtion  of th e  head . 
A n a m p ses  an d  H alichoeres  also h av e  a n  o range  b lo tch  
on th e  v e n tra l p o rtion  of th e  t r u n k  ju s t  p o ste rio r to 
th e  anal-fin  base . Species-specific fea tu re s  w ith in  
H alichoeres  include th e  p resence of severa l o range 
b lo tches on th e  do rsa l an d  m id -la te ra l po rtions o f th e  
t r u n k  (H alichoeres m a cu lip in n a , F ig. 25C) an d  p re s ­
ence of a  v e rtica l line of e ry th ro p h o res  on th e  caudal- 
fin  b ase  (H alichoeres poeyi, F ig. 25D). Colour p a tte rn s  
in  H alichoeres b iv itta tu s  (Fig. 25A) an d  H alichoeres  
garno ti (Fig. 25B) a re  ex trem ely  sim ilar, b u t th e se  
species can  be se p a ra te d  by  th e  p a t te rn  of m elano- 
p ho res on th e  do rsa l an d  a n a l fins. Rocha, P in h eiro  & 
G asp a rin i (2010) p re se n ted  a  p re lim in a ry  m olecu lar 
phylogeny of N ew  W orld H alichoeres, a  re le v an t 
asp ec t o f w hich  is th e  p lacem en t of H a. m a cu lip in n a  
in  a  clade d is tin c t from  one com prising  H a. poeyi, 
H a. garno ti, H a. b iv itta tu s , an d  severa l o th e r  H a li­
choeres species (Rocha e ta l .,  2010: fig. 4). L arvae  
o f H. m a cu lip in n a  d iffer from  those  o f H a. poeyi, 
H a. garno ti, an d  H a. b iv itta tu s  in  h av in g  m uch  m ore 
o range  co loration  on th e  body an d  m ore p ro m in en t 
b lack  b lo tches on th e  d o rsa l an d  an a l fins poste rio rly  
(Fig. 25). T he la rv a e  of H a. poeyi, H a. garno ti, an d  
H a. b iv itta tu s  a re  very  sim ilar. T he m olecu lar phy l­
ogeny of lab rid s  by  W estn ea t & A lfaro (2005) did 
n o t include H a. m a cu lip in n a , b u t i t  suggests  th a t  
H alichoeres  is p a ra p h y le tic  w ith o u t th e  inc lusion  of 
n u m ero u s  o th e r  genera , inc lud ing  T ha lassom a  an d  
A n a m p ses. T he p resence of e ry th ro p h o res  in  th e  th re e  
g en e ra  on th e  u p p e r ja w  an d  gu t, com bined w ith  th e  
p resence of d is tin c t d a rk  m a rk in g s  on th e  do rsa l an d  
a n a l fins, co n s titu te  a  u n iq u e  p a t te rn  w ith in  labri- 
form s th a t  m ay  su p p o rt a  close re la tio n sh ip  am ong 
th e se  genera .

X yrich tys  la rv a e  a re  e longate  an d  co n s is ten tly  have 
ery th ro p h o res  on bo th  ja w s an d  b eh in d  th e  eye. The 
r e s t  o f th e  body is p a le  except for a  b lo tch  of colour 
on  th e  cau d a l peduncle (Fig. 26A -C ). In  X yrich tys  
novacu la  (Fig. 26A) th is  b lo tch  is alw ays yellow, 
w h erea s  in  X yrich tys  sp lendens  (Fig. 26B) an d  X yr ich ­
tys m artin icensis  (Fig. 26C) it  is orange. D ifferences 
in  size an d  sh ap e  of th e  o range  b lo tch  d is tin g u ish  
th e se  tw o species. T here  is lit tle  if  an y  in traspec ific  
v a r ia tio n  in  ch rom atophore  p a t te rn  am ong th e  in d i­
v id u a ls  o f each  X yrich ty s  species exam ined .

D oratonotus  an d  L a ch n o la im u s  a re  m onotypic 
genera , an d  th e ir  la rv a e  a re  c lea rly  d is tin c t from  one 
an o th e r  an d  o th e r  la b rid s  (Fig. 26D, E). D oratonotus  
la rv a e  h av e  in te rn a l e ry th ro p h o res  along th e  v e r te ­
b ra l co lum n an d  along  th e  m y o sep ta  of th e  poste rio r 
th ird  of th e  t r u n k  and , as no ted  above, lack  e ry th ro ­
phores on th e  jaw s. L a ch n o la im u s  la rv a e  a re  very  
d iffe ren t from  th o se  of o th e r  lab rid s  in  h av in g  alm ost 
th e  e n tire  body covered w ith  orange/yellow  chrom ato- 
phores -  m ostly  x an th o p h o res  a n te rio rly  an d  e ry th ­
rophores posteriorly .

L ophiiform es
L ophiiform es com prise m ore th a n  a  dozen perco- 
m orph  fam ilies, b u t la rv a e  of only one species from  
B elize, A n te n n a r iu s  p a u c ira d ia tu s  (A n tennariidae), 
have b een  iden tified  (Fig. 27A). Im ages of colour 
p a t te rn s  in  severa l un id en tified  lophiiform  la rv a e  
from  th e  F lo rid a  S tra its  w ere  u sed  for com parative  
pu rposes (Fig. 27B -D ). In  A n t. p a u c ira d ia tu s  th e  d is­
te n d ed  sk in  form ing th e  ch a rac te ris tic  lophiiform  
‘balloon’ a ro u n d  th e  h ea d  an d  body is lig h tly  covered 
w ith  e ry th ro p h o res  in  th e  low er jaw  an d  g u ia r 
regions. T he th re e  un id en tified  lophiiform  la rv a e  
have d iffe ren t colour p a t te rn s  from  A n t. p a u c ira d ia ­
tu s  an d  one ano ther, tw o of th e m  ex h ib itin g  x an th o ­
phores (Fig. 27C, D) an d  one of th e m  seem ingly  
lack ing  x an th o p h o res /e ry th ro p h o res  an d  exh ib itin g  
only  b lue  iridophores (Fig. 27B). Lophiiform s, w hich  
form  p a r t  of R osen & P a tte rso n ’s (1969) an d  
P a tte rso n  & R osen’s (1989) P araca th o p te ry g ii, w ere 
hypo thesized  to  be percom orph  fishes in  th e  m olecu­
la r  phylogeny of M iya et al. (2003). T he ‘paracan - 
th o p ts ’ exam ined  for colour p a t te rn s  in  la rv a e  are  
gad ids (Fig. 6D), lophiiform s, an d  ophid iifo rm s (see 
below). W ith  th e  lim ited  am o u n t o f m a te r ia l ava il­
able, th e  only  observa tion  re le v a n t h e re  is th a t  u n lik e  
th e  gad id  Bregm aceros, w h ich  lacks xan th o p h o res , 
ery th ro p h o res , an d  iridophores, a ll lophiiform s (and 
ophidiiform s) exam ined  have  one or m ore of those 
types o f ch rom atophores. L ike n u m ero u s o th e r  acan- 
tho m o rp h  o rders, lophiiform s a re  cu rre n tly  consid­
ered  incertae sedis  w ith in  th e  P ercom orphacea 
(Fig. 1), b u t th e  hypo thesis  o f H olcroft & W iley (2008) 
th a t  lophiiform s a re  closely re la te d  to  te traodon- 
tifo rm s is d iscussed  below  (see T etraodontiform es).

O phid iiform es
O phidiiform es w ere  also  hypo thesized  to  be perco- 
m orphs r a th e r  th a n  p a ra can th o p te ry g ia n s  by M iya 
et al. (2003, 2005). W iley & Jo h n so n  (2009) no ted  th a t  
no convincing evidence for th e  m onophyly  of th e  o rder 
(ophidioids + b y th ito id s) ex ists . Colour in fo rm atio n  in  
la rv a e  is know n for tw o ophidioids from  Belize, C ara­
p u s  berm udensis  (C arap idae) an d  P arophid ion  sc h m i­
d ti (O phidiidae), bo th  of w hich  h av e  conspicuous
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F ig u re  25. Percomorphacea (Labriformes). A, Halichoeres bivittatus, 12.5 mm S tandard Length (SL), BLZ 6426. 
B, Halichoeres garnoti, 15.0 mm SL, BLZ 7085. C, Halichoeres maculipinna, 17.0 mm SL, BLZ 7124. D, Halichoeres poeyi, 
14.0 mm SL, BLZ 6102. E, Thalassoma bifasciatum, 11.0 mm SL, BLZ 8334. Photos A-C by Julie Mounts and David 
Smith; D, E by Lee Weigt and Carole Baldwin.
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F ig u re  26. Percomorphacea (Labriformes). A, Xyrichtys novacula, 12.0 mm Standard Length (SL), BLZ 5394. B, Xyrich­
tys splendens, 17.0 mm SL, BLZ 7019. C, Xyrichtys martinicensis, 15.0 mm SL, Belize. D, Doratonotus megalepis, 7.0 mm 
SL, Belize. E, Lachnolaimus m axim us, 7.0 mm SL, BLZ 7373. Photos A, C, D by Julie Mounts and Carole Baldwin; 
B, E by Julie Mounts and David Smith.
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F ig u re  27. Percomorphacea (Lophiiformes). A, Antennarius pauciradiatus, 6.0 mm Standard Length (SL), BLZ 6043. 
B-D, unknown lophiiforms, Florida S traits. Note: the in ternal pink coloration in the images appears to be associated with 
the circulatory system, not chromatophore patterns. Photo A by Lee Weigt and Carole Baldwin; B-D by Cedric Guigand, 
B and C previously published in Cowen et al. (2007) and Fogarty & Botsford (2007), respectively.
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F ig u re  28. Percomorphacea (Ophidiiformes). A (and inset), Carapus bermudensis, 152 mm S tandard Length (SL), BLZ 
8462. B, Parophidion schmidti, 36.5 mm SL, BLZ 8459. Photos by Julie Mounts and David Smith.

orange/yellow  ch rom atophore  p a t te rn s  (Fig. 28). In  
s itu  im ages o f tw o H aw aiian  ophid iids th a t  ap p e a r  to 
be la rv a l B ro tu la ta en ia  an d  L a m p o g ra m m u s  (Fig. 29) 
show  s tr ik in g ly  b ea u tifu l la rv a e  w ith  n u m ero u s x a n ­
tho p h o res  on th e  body an d  fins, as w ell a s  e ry th ro ­
p ho res on  th e  fins in  th e  form er. E ry th ro p h o res  in  
P arophid ion  a re  confined to  th e  h ea d  an d  t r u n k  an d  do 
n o t ex tend  onto  th e  m ed ian  fins. No conclusions abou t 
th e  p o te n tia l phylogenetic significance o f colour p a t­
te rn s  in  la rv a l ophidioids can  be d raw n  a t  th is  tim e, 
an d  colour p a tte rn s , i f  any, in  young  by th ito id s  a re  
unknow n.

Perciform es
P erciform es re m a in  a  conglom erate o f fam ilies an d  
incertae sedis  g en e ra  th a t  a re  n o t u n ite d  by synapo- 
m orph ies (W iley & Jo h n so n , 2009), an d  la rv a e  of th e  
group  exh ib it a  d ive rse  a r ra y  of ch rom atophore  p a t­
te rn s . A t th e  in te rfa m ilia l level, th e  C haetodon tidae  
an d  P o m ac an th id ae  have la rv a e  th a t  a re  covered 
w ith  ir idophores -  silver/bronze in  H olacan thus, 
Chaetodon, an d  P om a ca n th u s arcua tus, s ilver/b lue in  
P om acan thus p a ru  (Fig. 30). A lthough  n o t as con­
spicuous in  H olacan thus  (Fig. 30A) an d  Pomac. p a ru  
(Fig. 30D) as in  Chaetodon  an d  Pomac. arcua tus,
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F ig u re  29. Percomorphacea (Ophidiiformes). Top, Brotulataenia  sp. and bottom, Lampogrammus sp., Hawaii. Photos by 
Joshua Lambus.
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F ig u re  30. Percomorphacea (Perciformes). A, Holacanthus ciliarus, 16.0 mm S tandard Length (SL), BLZ 8477. B, 
Chaetodon capistratus, 12.0 mm SL, BLZ 8436. C, Pomacanthus arcuatus, 10.0 mm SL, BLZ 10101. D, Pomacanthus paru, 
10.0 mm SL, BLZ10213. Photos A, B by Julie Mounts and David Smith; C, D by Donald Griswold and Carole Baldwin.
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F ig u re  31. Percomorphacea (Perciformes). Top, preflexion larva of Chaetodon marleyi, 3.8 mm Notochord Length (NL). 
Bottom, preflexion larva of Pomacanthus rhomboides, 3.9 mm NL. Both images are of specimens from off South Africa. 
Photos by Allan Connell.

la rv a e  o f a ll specim ens of all th re e  g en e ra  have x a n ­
thophores, e ry th ro p h o res , or bo th , m in im ally  on th e  
jaw s, snou t, b ase  of do rsa l fin, an d  cau d al peduncle. 
I t  does n o t ap p e a r  th a t  chaetodon tid s  an d  pom acan- 
th id s  resem b le  sm egm am orphs in  tra n s itio n in g  
from  a n  e a rly  s tag e  fe a tu rin g  p red o m in an tly  
x an th o p h o res /e ry th ro p h o res  to  a  la te r  s tag e  fe a tu r ­
in g  p rim a rily  iridophores, as preflexion C haetodon  
m arleyi an d  P om acan thus rhom boides  h av e  few if  
an y  x an th o p h o res  or e ry th ro p h o res  (Fig. 31). The 
preflexion C haetodon  an d  P om a ca n th u s  a re  q u ite  
s im ila r in  h av in g  a  b ro ad  b a n d  of ir id e sce n t silvery  
b lue  iridophores a ro u n d  th e  tru n k . C haetodon tid s 
an d  p o m acan th id s  h av e  b een  considered  to  be so 
closely re la te d  in  th e  p a s t th a t  u n til  B u rg ess’ (1974) 
publication , p o m acan th id s  w ere  classified  as a 
subfam ily  of th e  C haetodon tidae . T he fam ilies w ere 
s till considered  closely re la te d  by  Tyler e ta l .  (1989), 
w ho d e lin ea te d  a  m onophyletic g roup  com prising  
chaetodon tids, pom acan th id s , an d  D repane  (D repa­
neidae) based  on configuration  of th e  e thm oid  bone. 
Colour in  la rv a l D repane  is unknow n, b u t th e  p re s ­
ence in  la rv a e  o f th a t  genus of a  colour p a t te rn  
com prised  la rge ly  of ir idophores w ith  x an th o p h o res / 
e ry th ro p h o res  positioned  as described  above for 
chaetodon tid s an d  p o m acan th id s  could provide cor­
robo ra tive  evidence for th e  m onophyly  of th e  group. 
R ecent m olecu lar s tu d ies  h av e  challenged  th e

hypo thesis  o f a  close re la tio n sh ip  b e tw een  ch ae to ­
don tid s an d  pom acan th id s . U sing  m itochondria l 
genes, Beilwood, v a n  H erw erd en  & Konow (2004) 
hypo thesized  th a t  chaetodon tid s a re  m ore closely 
re la te d  to  scatophag ids th a n  to  pom acen trids, and  
H olcroft & W iley (2008) hypo thesized  th a t  ch ae to ­
don tid s an d  scatophag ids a re  p a r t  o f a  la rg e  group 
also com prising  acan th u ro id s , lophiiform s, and  
te trao d o n tifo rm s b u t no t pom acan th id s . Colour in for­
m a tio n  for la rv a l sca tophag ids is n o t ava ilab le , b u t 
colour in  la rv a e  w ould  no t a p p e a r  to  su p p o rt a  closer 
re la tio n sh ip  b e tw een  chae todon tid s  an d  a c a n th u rid s  
(Figs 14, 15) th a n  b e tw een  chae todon tid s  an d  pom a­
ca n th id s  (Fig. 30). L arv a l chaetodon tid s b e a r  little  
resem b lance  to  la rv a l lophiiform s (Fig. 27), b u t 
la rv a l te trao d o n tid  te trao d o n tifo rm s exam ined  are  
s im ila r to  chaetodon tid s an d  p o m acan th id s  in  hav in g  
th e  body covered w ith  bronze/gold ir idophores and  
th e  abdom inal reg ion  silvery  (see ‘T etraodon tifo rm es’ 
below).

A t th e  fam ilia l level, la rv a l A pogonidae h av e  n ea rly  
th e  en tire  body covered w ith  e ry th ro p h o res . W ith 
th e  exception of Priolepis  gobies an d  C allionym us  
d rag o n e ttes , no o th e r  la rv a e  exam ined  a re  covered 
so com pletely  w ith  e ry th ro p h o res , an d  th is  fea tu re  
m ay  be synapom orphic for th e  fam ily  or som e su b se t 
of it. Colour p a t te rn s  in  w e s te rn  A tlan tic  la rv a l 
Apogon, A strapogon, an d  P haeoptyx  (Fig. 32) have
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F ig u re  32. Percomorphacea (Perciformes). A, Apogon aurolineatus, 9.0 mm S tandard Length (SL), BLZ 10001. B, 
Astrapogon puncticulatus, 13.0 mm SL, BLZ 7125. C, Phaeoptyx xenus, 10.0 mm SL, BLZ 10220. Photos A, C by Donald 
Griswold and Carole Baldwin; B by Julie Mounts and David Smith.
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been  described  (B aldw in e t al., 2009a; 2011). P a tte rn s  
of m elanophores , in  conjunction  w ith  orange/yellow  
chrom atophores, d iagnose th e  th re e  genera . W ith in  
Apogon, colour p a t te rn s  d e lin ea te  sev era l species 
groups th a t  m ay  be m ean in g fu l in  th e  generic  c lass i­
fication  of th e  g roup  (B aldw in  et al., 2011).

L a rv a l G erre id ae  exam ined  lack  ery th ro p h o res  and  
x an th o p h o res  on m ost o f th e  body, b u t som e pale 
yellow  p ig m en t is u su a lly  p re se n t over th e  g u t and  
sw im bladder an d  som etim es on th e  do rsa l p o rtion  of 
th e  h ea d  (Fig. 33). D e te rm in in g  w h e th e r  th is  p a tte rn , 
com bined w ith  th e  d is tin c tiv e  a rra n g e m e n t of m e la ­
nophores a t  th e  b ases  of th e  m ed ian  fins, c h a ra c te r­
izes E ucinostom us  ( larvae of four species iden tified) or 
th e  e n tire  fam ily  req u ire s  ad d itio n a l m a te ria l.

L a te -s tag e  la rv a e  of th e  L u tja n id ae  a re  easily  rec­
ognized by th e  cap  o f silver ir idophores over th e  g u t 
an d  opercu lar region, a  m ostly  c lea r tru n k , an d  x a n ­
tho p h o res  associa ted  w ith  th e  d o rsa l fin  (or its  base) 
an d  som etim es cau d a l peduncle  (Fig. 34). T he p a t te rn  
of x an th o p h o res  ap p e a rs  species specific w ith in  
L u tja n u s . P resence  of th e  sam e g en e ra l p a t te rn  of 
ir idophores an d  x an th o p h o res  in  O cyurus chrysurus  
(Fig. 34F) m ay  lend  su p p o rt to  th e  hypo thesis  based  
on m orphological (including  la rv a l)  an d  m olecu lar 
d a ta  th a t  O cyurus  is a  synonym  o í L u tja n u s  (Dom eier 
& C larke, 1992; Chow, C larke  & W alsh, 1993; C lark , 
D om eier & Laroche, 1997), b u t in fo rm atio n  on colour 
p a t te rn s  in  la rv a e  of o th e r  lu tja n id  g en e ra  is needed  
to  d e te rm in e  a t  w h a t taxonom ic level th e  colour 
p a t te rn  in  L u tja n u s  is sign ifican t. In  g en e ra l a p p e a r­
ance, inc lud ing  th e  p resence o f m elanophores do rsally  
on th e  head , a  silvery  gu t, p igm en t associa ted  w ith  
th e  pelvic-fin sp ine, an d  u su a lly  o range or yellow  
ch rom atophores on th e  cau d al peduncle , la rv a l L u t­
ja n u s  is very  s im ila r to  la rv a e  of th e  g rouper genus 
M ycteroperca  (see ‘S corpaen ifo rm es’ below).

A t th e  generic  level, la rv a l H aem ulon  (H aem ulidae) 
h a s  a  s tr ip e  of x an th o p h o res /e ry th ro p h o res  m ixed 
w ith  d a rk  m elanophores on th e  poste rio r h a lf  of th e  
tr u n k  (Fig. 35A, B). A m ong perciform s exam ined , 
la rv a l C alam us  is m ost s im ila r in  h av in g  a  sw ath e  of 
x an th o p h o res /e ry th ro p h o res  on th e  po ste rio r po rtion  
of th e  tr u n k  m ixed w ith  m elanophores (Fig. 35C, D). 
T here  a re  no ch rom atophores on th e  poste rio r po rtion  
of th e  t r u n k  in  th e  h aem u lid  A n iso trem u s  (Fig. 35E), 
b u t severa l species o f th e  h aem u lid  genus P om adasys  
a re  very  s im ila r to H aem ulon  (e.g. P om adasys com ­
m ersonn ii, C onnell, 2007; A ppendix). T h ere  is no con­
sen su s  based  on m orphological o r m olecu lar d a ta  for 
in te r-re la tio n sh ip s  of h aem u lid s  an d  sp a rid s  am ong 
perciform s.

A la rv a  te n ta tiv e ly  iden tified  as a n  o p istognath id  
(Fig. 36A) an d  th e  sc iaen id  O dontoscion  (Fig. 36B) 
lack  orange/yellow  ch rom atophores on th e  t r u n k  and  
have x an th o p h o res  confined to  th e  h ea d  an d  g u t

region. A la rv a l M ullidae , U peneus p a rv u s ,  does no t 
resem ble  an y  o th e r  perciform  la rv a e  exam ined  in  th a t  
i t  is covered w ith  m elanophores an d  b lue  iridophores 
(Fig. 36C). B ased  on m itochondria l an d  n u clea r 
DNA d a ta , S m ith  & C raig  (2007) suggested  a  close 
re la tio n sh ip  b e tw een  m u llid s an d  a  nonperciform  
family, D ac ty lop te ridae  (D acty lop teriform es a re  incer­
tae sed is  in  percom orphs in  th e  classification  of W iley 
& Joh n so n , 2009). A lthough  colour in fo rm atio n  is 
lack ing , d ac ty lop terid  la rv a e  have huge h ea d  sp ines 
th a t  a re  lack ing  in  U peneus. P ossib ly  th e  den se  cov­
e rin g  of iridophores in  U peneus la rv a e  w ill be of value  
in  iden tify ing  its  closest re la tiv e s  in  th e  fu tu re . P re ­
flexion la rv a e  of O plegna thus  (O p legnath idae), P em ­
p h er is  (P em pheridae), N eoscorpis  (Scorpididae), and  
severa l o th e r  perciform  fam ilies from  off S o u th  A frica 
have a  considerab le  am o u n t o f yellow  p igm en t on th e  
tr u n k  (Connell, 2007; A ppendix), b u t la rg e r  speci­
m ens a re  needed  for com parisons w ith  o th e r  postflex­
ion perciform  la rvae .

Pleuronectiform es
P leuronectifo rm es a re  u n ite d  as  a  m onophyletic group 
in  p a r t  based  on ontogeny  ( tra n sfo rm a tio n  from  
a  b ila te ra lly  sym m etrica l la rv a  to  a n  asym m etrica l 
adu lt), an d  one or m ore e longate  a n te r io r  dorsal- 
fin e lem en ts  ch a rac te rize  la rv a e  of severa l fam ilies 
(H ensley  & A hlstrom , 1984). Colour p a t te rn s  in  
la rv a e  shou ld  prove u se fu l phy logenetica lly  a t  som e 
levels. T he p resence of b r ig h t o range  e ry th ro p h o res  
on th e  m ed ian  fins an d  fin  bases, pelvic fin, head , and  
la te ra l m id line  (w here th e y  a re  sm all to  m in u te) in  
th e  bo th id s B o th u s  m acu liferus  an d  B o th u s ocellatus, 
com bined w ith  th e  absence of m elanophores , m ay  be 
synapom orphic for th e  genus (Fig. 37A, B). S uperfi­
cially  d iffe ren t from  B o th u s  la rv a e  because  o f th e  
p resence of n u m ero u s m elanophores , la rv a e  o f th e  
p a ra lich th y id  genus S ya c iu m  (e.g. Fig. 37C -F ) a re  
q u ite  s im ila r to  B o th u s  in  n o n m elan is tic  colour 
p a tte rn . L arv ae  of S ya c iu m  p a p illo su m  an d  th re e  
un id en tified  species h av e  orange/yellow  p ig m en t on 
th e  m ed ian  fins an d  fin  bases , pelvic fin, head , and  
la te ra l m id line, b u t also  in  a  d is tin c t p a tc h  on th e  
do rsa l p o rtion  o f th e  gu t. A single, sm all C itharich thys  
la rv a  (P a ra lich th y id ae) a p p e a rs  to  have a  sim ila r 
p a tte rn , b u t e ry th ro p h o res  a re  tin y  (or contracted), 
an d  it  is difficult to  d isce rn  th e ir  p recise d is tr ib u tio n  
(Fig. 37G). B o th ids an d  a t  le a s t som e p ara lich th y id s  
(includ ing  C itharich thys  an d  S ya c iu m )  con sis ten tly  
a p p e a r  as  s is te r  g roups or com ponents o f a  sligh tly  
la rg e r  m onophyletic g roup  b ased  on m orphology and  
m olecules (Cooper & C hap leau , 1998; B eren d zen  & 
D im m ick, 2002; P ard o  et al., 2005; Azevedo et al., 
2008), an d  th e  g en e ra l colour p a t te rn  described  above 
m ay  help  define a  clade th a t  inc ludes bo th id s an d  
those  p a ra lich th y id s. H owever, th e  m ore d is ta n tly
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F ig u re  33. Percomorphacea (Perciformes). A, Eucinostomus gula, 9 mm S tandard Length (SL), BLZ 10107. B, Eucinos­
tomus jonesi, 9.2 mm SL, BLZ 7257. C, Eucinostomus harengulus, 12 mm SL, BLZ 7345. D, Eucinostomus melanopterus, 
15 mm SL, BLZ 10228. Photos A, D by Donald Griswold and Carole Baldwin; B, C by Julie Mounts and David Smith.

re la te d  C ynoglossidae (one S y m p h u ru s  exam ined) h as  
a  s im ila r colour p a tte rn , w ith  o range  p ig m en t p re se n t 
on  th e  m ed ian  fins an d  fin  bases, head , an d  la te ra l 
m id line  (Fig. 371). T he single A ch iridae  exam ined  
(Trinectes) is heav ily  covered w ith  m elanophores,

la rge ly  obscuring  th e  non m elan is tic  colour p a tte rn , 
b u t p a le  o range  p ig m en t is v isib le on th e  m ed ian  an d  
pelvic fins (Fig. 37H). A n in  s itu  im age of a n  u n id e n ­
tified  p leu ronectifo rm  la rv a  from  off H aw aii, possib ly  
a  bo th id , h a s  th e  sam e g en e ra l colour p a t te rn
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F ig u re  34. Percomorphacea (Perciformes). A, L utjanus analis, 16.5 mm S tandard Length (SL), BLZ 8466. B, Lutjanus 
griseus, 13.5 mm SL, BLZ 8427. C, Lutjanus synagris, 18.0 mm SL, BLZ 7150. D, Lutjanus vivanus, 26 mm SL, BLZ 8399. 
E, L utjanus mahogani, 23.0 mm SL, BLZ 5453. F, Ocyurus chrysurus, 17.5 mm SL, BLZ 7052. Images in column on right 
are enlarged views of the dorsal fin of each image in left column. Photos A-C, F by Julie Mounts and David Smith; 
D by Lee Weigt and Carole Baldwin; E by Lee Weigt and David Smith.
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F ig u re  35. Percomorphacea (Perciformes). A, Haemulon sciurus, 8.0 mm S tandard Length (SL), BLZ 7369. B, Haemulon 
plum ieri, 7.0 mm SL, BLZ 6204. C, Calamus sp., 5.0 mm SL, BLZ 6022. D, Calamus sp., 9.0 mm SL, BLZ 7256. E, 
Anisotremus virginicus, 5.5 mm SL, BLZ 7346. Photos A, D, E by Julie Mounts and David Smith; B, C by Lee Weigt and 
Carole Baldwin.

observed  in  m ost p leu ronectifo rm s -  i.e. yellow /orange 
p ig m en t on th e  m ed ian  fins (dorsa l an d  an a l fins 
a lm ost com pletely  covered w ith  p igm ent), do rsal- an d  
ana l-fin  bases, pelvic fin, h ead , an d  la te ra l m id line
(Fig. 38).

Species differences in  th e  m a te r ia l exam ined  a re  
ev id en t in  th e  configuration  of e ry th ro p h o res , B o th u s  
se rv in g  as a n  excellen t exam ple  (Fig. 37A, B). In  th e  
absence of m elanophores , p rese rv ed  la rv a e  of Bo. ocel­
la tu s  an d  Bo. m acu liferus  lack  d iagnostic  p igm en t 
p a tte rn s , b u t fre sh  specim ens a re  easily  d is tin g u ish ed  
by  th e  p a t te rn  o f e ry th ro p h o res  (Bo. ocellatus  w ith  
m ore o range  m a rk in g s  along  th e  dorsal- an d  anal-fin  
bases  th a n  Bo. m acu liferus  an d  w ith  e ry th ro p h o res  
on th e  b ase  of th e  cau d al fin, in  d ash es  along th e  
d o rsa l an d  v e n tra l body m a rg in s  posteriorly , an d  in  
lines b e tw een  th o se  d ash es  an d  th e  o range m ark in g s  
along  th e  b ases  of th e  d o rsa l an d  an a l fins vs. none of 
th e se  m ark in g s  in  Bo. m acu liferus). As no ted  u n d e r 
‘C arang ifo rm es’, a  re la tio n sh ip  b e tw een  p leu ro n ecti­
form s an d  ca rang ifo rm s as  proposed by  L ittle  et al. 
(2010) w ould  n o t ap p e a r  to  be su p p o rted  by colour 
p a t te rn s  in  la rvae , n o r w ould a  proposed  re la tio n sh ip  
(S m ith  & C raig , 2007) w ith  X ip h ia s  g la d iu s  (see 
‘S com briform es’ below).

Scom briform .es
Scom briform es a re  re p re se n te d  in  th e  m a te r ia l exam ­
ined  by la rv a e  of th e  G em pylidae, Istiophoridae, 
Scom bridae, S p h y raen id ae , an d  X iphiidae. E a rly

postflexion la rv a e  of X ip h ia s  (Fig. 39A) an d  S p h y ­
raena  (Fig. 39B) have ex trem ely  s im ila r colour p a t­
te rn s  -  yellow  ex ten d in g  from  th e  sn o u t to  th e  caudal 
peduncle w ith  n u m ero u s m elanophores m ixed in . A 
la rv a l scom brid  exam ined , by  co n tra s t, is  m ostly  pale, 
w ith  only  a  sm all am o u n t o f yellow  p ig m en t over 
th e  g u t an d  pale  o range  p igm en t along  th e  ana l-fin  
b ase  an d  la te ra l m id line  (Fig. 39C, see also  h ttp :// 
v e rte b ra te s .s i.ed u /fish es/la rv aF p erc i.h tm l for a n  
im age of a  preflexion T h u n n u s  th a t  is sim ilar). A 
postflexion A u x is  from  off S o u th  A frica h a s  som e 
red d ish  p ig m en t over th e  g u t b u t is o the rw ise  sim i­
la rly  p a le  (Connell, 2007; A ppendix). A la rv a l gem- 
pylid  is s im ila r to  th e  scom brids exam ined  in  hav in g  
a  m ostly  p a le  h ea d  an d  tru n k , b u t th e  sp inous dorsal 
fin is dense ly  p igm en ted  w ith  m elanophores an d  
bronze iridophores (Fig. 39D). A la rv a l is tiophorid  
exam ined  does n o t resem ble  an y  o f th e  o th e r  scom- 
b riform  la rv a e  in  th a t  n e a rly  th e  en tire  body is 
covered w ith  b lue-reflecting  ir idophores (Fig. 39E). 
T he re la tio n sh ip  o f b illfishes to  scom brids h a s  been  
th e  sub ject o f m uch  con troversy  (e.g. C ollette  et al., 
1984; Jo h n so n , 1986; O rrell, C ollette  & Joh n so n , 
2006; L ittle  et al., 2010), an d  la rv a l colour p a t te rn s  do 
no t a p p e a r to  shed  m uch  lig h t on th e  m a tte r. The 
m ost rec en t m olecu lar hypo theses (O rrell et a l., 2006; 
L ittle  et a l., 2010) sug g est th a t  b illfishes a re  n o t th e  
closest re la tiv e s  of scom brids. O rrell et al. (2006: 
fig. 3) p roposed a  sis te r-g ro u p  re la tio n sh ip  be tw een  
S p h yra en a  an d  X ip h ia s  + Istiophoridae, and , if  apo-
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F ig u re  36. Percomorphacea (Perciformes). A, Opistognathidae?, 9.0 mm S tandard Length (SL), BLZ 6394. B, Odonto­
scion dentex, 6.0 mm SL, BLZ 10153. C, Upeneus parvus, 10.5 mm SL, BLZ 4505. Note: in ternal red coloration in the 
thoracic region of A is associated w ith the circulatory system, not chromatophores. Photo A by Julie Mounts and David 
Smith; B by Donald Griswold and Carole Baldwin; C by Lee Weigt and David Smith.

m orphic, th e  s im ila r colour p a t te rn s  in  la rv a l S p h y ­
raena  an d  X ip h ia s  could provide fu r th e r  su p p o rt for 
th is  hypo thesis.

Scorpaeniform es
Scorpaeniform es tra d itio n a lly  have com prised  th e  
sco rpaen ids an d  th e ir  m ail-cheeked  re la tiv e s  (e.g. 
N elson, 2006), b u t W iley & Jo h n so n  (2009) followed 
Im a m u ra  & Yabe (2002) in  p lac ing  scorpaenoids, 
p la tycephalo ids, an d  th e  S e rra n id a e  in  th e  S corpaen i­
form es. Som e m olecu lar d a ta  conflict w ith  th is  
hypo thesis  an d  th e  proposed  m onophyly  of th e  com ­

po n en t su b o rd ers  -  Scorpaenoidei an d  S errano ide i 
(S m ith  & W heeler, 2004; S m ith  & C raig , 2007). All 
scorpaeniform s for w hich  colour in  la rv a e  h a s  been  
exam ined  -  th e  sco rpaen ids Scorpaena, Scorpaenodes, 
D endroch irus; th e  peris tiid , P eristed ion; an d  th e  ser- 
ra n id s  D ip lectrum , Serra n u s, H ypoplectrus, G onio­
p lectru s, M ycteroperca, B a th y a n th ia s , L iopropom a, 
P seudogram m a, R yp ticus, an d  P seu d a n th ia s  -  have 
orange/yellow  ch rom atophores on  th e  body. T he th re e  
scorpaen id  g en e ra  have ery th ro p h o res  or x a n th o ­
phores on a n  en la rg ed  pec to ra l fin, th e  p lacem en t and  
ex ten t o f th e  colour a id in g  generic recognition: in
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F ig u re  37. Percomorphacea (Pleuronectiformes). A, Bothus maculiferus, 13.0 mm S tandard Length (SL), BLZ 4219. 
B, Bothus ocellatus, 19.0 mm SL, Belize. C, Syacium  sp., 17.0 mm SL, Belize. D, Syacium  sp., 15.5 mm SL, BLZ 7078. E, 
Syacium  sp., 12.0 mm SL, BLZ 6010. F, Syacium  sp., 13.0 mm SL, BLZ 8463. G, Citharichthys sp., 9.5 mm SL, BLZ 6006. 
H, Trinectes sp., 5.0 mm SL, BLZ 10161. I, Sym phurus  sp., 11 mm SL, BLZ 7779. Photo A by Lee Weigt and David Smith; 
B, C by Julie Mounts and Carole Baldwin; D, F by Julie Mounts and David Smith; E, G, I by Lee Weigt and Carole 
Baldwin; H by Donald Griswold and Carole Baldwin.
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F ig u re  38. Percomorphacea (Pleuronectiformes). Unknown pleuronectiform, Hawaii. Photo by Joshua Lambus.

Scorpaenodes  n e a rly  th e  en tire  fin is covered w ith  
x an th o p h o res  an d  m elanophores w ith  som etim es 
th e  very  p roxim al a re a  c lea r (Fig. 40A); in  Scorpaena  
yellow  or o range  ch rom atophores -  an d  som etim es 
dense  m elanophores -  cover th e  p roxim al p o rtion  of 
th e  fin, an d  th e  d is ta l p o rtion  is  c lear (Fig. 40B -D ); 
an d  in  D endrochirus  x an th o p h o res  form  a  b an d  
across th e  ce n tra l po rtion  of th e  fin (Fig. 40E). The 
pec to ral fin superfic ially  looks la rg e r  in  Scorpaenodes  
th a n  in  th e  o th e r  g en e ra  because  th e  d is ta l po rtion  is 
heav ily  p igm ented . W ith in  Scorpaena, th e  colour o f 
th e  ch rom atophores on th e  pec to ra l fin  an d  w h e th e r  
or no t th e y  a re  m ixed  w ith  m elanophores allow  
species recognition  (Fig. 40B -D ). In  P eristed ion , th e  
pec to ral fin is also en larged , th e  u p p e r ray s  ex trem ely  
so, an d  th e re  a p p e a r to  be e ry th ro p h o res  m ixed  w ith  
m elanophores on th e  u p p e r e longate  ray s  (Fig. 41).

D ip lectrum , S erra n u s, an d  H ypoplectrus  (se rra n in e  
se rran id s)  likew ise have  ery th ro p h o res  or x a n th o ­
phores, a lw ays m ixed w ith  m elanophores , on th e  pec­
to ra l fin an d  a re  fu r th e r  s im ila r to  Scorpaena  la rv ae  
in  h av in g  yellow /orange ch rom atophores on th e  h ead

an d  on th e  an te rio r  an d  m id la te ra l po rtions of th e  
tr u n k  (Fig. 42). T he pec to ral fin is n o t en la rg ed  in  th e  
se rran in es , b u t i t  is en la rg ed  an d  h igh ly  p igm en ted  
in  som e ep in ep h e lin e  se rran id s , inc lud ing  th e  genus 
R yp ticu s  (Fig. 43A -C ). D istin c t p a t te rn s  of o range/ 
yellow  ch rom atophores an d  m elanophores on th e  
en la rg ed  fin ch a rac te rize  genetic  lineages/species o f 
R yp ticus. L arv ae  of an o th e r  ep inephe line  se rra n id  
exam ined , P seudogram m a, h ave a n  en la rg ed  pec to ral 
fin, b u t h av e  only pale  o range  or yellow  co loration  vs. 
b r ig h t orange/yellow  as  in  R yp ticus  (Fig. 43D). The 
p resence of a n  elongate , p igm en ted  pec to ral fin is 
u n u su a l am ong la rv a l percom orphs exam ined  and  
m ay  be phy logenetica lly  s ign ifican t in  u n itin g  scor­
p aen id s an d  se rra n id s  a t  th e  o rd in a l level.

L arv a l P seudogram m a  also sh a re  w ith  a t  le a s t 
som e R yp ticus  a  s im ila r p a t te rn  of p ro m in e n t o range/ 
yellow  ch rom atophores on th e  po ste rio r p o rtion  of th e  
tru n k : one b lo tch  is p re se n t ce n tra lly  on th e  caudal 
peduncle , an d  tw o b lo tches p recede it, one on th e  
do rsa l po rtion  of th e  tr u n k  an d  one on th e  v e n tra l 
p o rtion  (Fig. 43B -D ). P seudogram m a  an d  one species
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F ig u re  39. Percomorphacea (Scombriformes). A, Xiphias gladius. B, Sphyraena barracuda, 8.0 mm S tandard Length, 
Belize. C, Scombridae. D, Gempylidae. E, Istiophoridae. Photos A, C -E  by Cedric Guigand (specimens from Florida 
Straits), B by Julie Mounts and Carole Baldwin.
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F igu re 40. Percomorphacea (Scorpaeniformes). A, Scorpaenodes carribaeus, 9.0 mm S tandard Length (SL), BLZ 6019. 
B, Scorpaena inermis, 7.0 mm SL, Belize. C, Scorpaena grandicom is, 7.5 mm SL, BLZ 10215. D, Scorpaena bergi, 10 mm 
SL, BLZ 10232. E, Dendrochirus brachypterus, South Africa. Photo A by Lee Weigt and Carole Baldwin; B by Julie Mounts 
and Carole Baldwin; C, D by Donald Griswold and Carole Baldwin; E by Allan Connell.
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F igu re 41. Percomorphacea (Scorpaeniformes). Peristedion sp., Florida S traits. Photo by Cedric Guigand.

o f R yp ticus  (Fig. 43B, D) h av e  ad d itio n a l o range/ 
yellow  ch rom atophore  b lo tches fu r th e r  anteriorly . 
A n im age of th e  Pacific P seudogram m a p o lyacan tha  
show s a  n e a rly  id en tica l colour p a t te rn  to  th a t  
observed  in  th e  A tlan tic  P seudogram m a gregoryi 
except th a t  th e  ch rom atophores a re  x an th o p h o res  
r a th e r  th a n  ery th ro p h o res  (Fig. 44). A dd itiona l speci­
m ens of P seudogram m a po lya ca n th a  a re  needed  to 
d e te rm in e  w h e th e r  th e  colour is alw ays yellow, b u t in  
m u ltip le  colour im ages of P seudogram m a gregoryi 
exam ined  from  Belize la rva l-fish  collections, th e  
colour is alw ays orange.

L arv ae  of o th e r  ep inephe line  se rra n id s  exam ined  -  
th e  S p an ish  flag G onioplectrus, th e  g rouper M yctero­
perca, an d  th e  liopropom in b asses  B a th y a n th ia s  an d  
L iopropom a  (F igs 45, 46) -  do n o t have en larg ed  
pec to ra l fins. G onioplectrus  h a s  o range  p ig m en t on an d  
a t  th e  b ase  of th e  e longate  second dorsal-fin  sp ine , in  a 
la rg e  b lo tch  over th e  op ercu lar reg ion  an d  b ase  of 
pec to ra l fin, an d  along  th e  e n tire  le n g th  of th e  elongate  
pelvic-fin sp ine  (Fig. 45). T he pelvic-fin sp ine  is also 
o range  in  se ttle m en t-s tag e  M ycteroperca bonaci la rv a e  
(Fig. 45). G onioplectrus h a s  only  m elanophores in  a 
b lo tch  on th e  cau d al peduncle , w h e rea s  M ycteroperca  
h a s  e ry th ro p h o res  in  a  s im ila r a rra n g e m e n t an d  posi­

tion . L arv a l B a th y a n th ia s  from  th e  F lo rid a  S tra its  an d  
re a re d  Liopropom a rubre  la rv a e  have  tw o ex trem ely  
elongate  dorsal-fin  sp ines, th e  an te rio r  o f w h ich  has 
p igm en ted  sw ellings along  its  le n g th  (Fig. 46). In  
B a th y a n th ia s ,  th e  sw ellings a re  sm all an d  orange, 
w h ereas  in  L iopropom a  th e y  a re  very  large , an d  each  
is encircled  w ith  a  p ro m in e n t b an d  of yellow  p igm ent. 
L arv ae  of b o th  g en e ra  have  a  s tr ip e  of ery th ro p h o res  
from  th e  sn o u t to  th e  eye an d  ad d itio n a l ery th ro p h o res  
on th e  tip  of th e  low er jaw  an d  on th e  h ea d  b eh in d  th e  
eye. B a th y a n th ia s  h a s  o range  p ig m en t on  th e  second 
dorsal, caudal, ana l, an d  pelvic fins, b u t th is  p igm ent 
is n o t ev id en t in  ava ilab le  p h o tog raphs o í L iopropom a. 
L arv ae  of one a n th iin e  se rran id , P seu d a n th ia s  cooperi, 
do n o t g re a tly  resem ble  o th e r  se rra n id s  in  colour 
p a tte rn : th e y  a re  m ostly  pale, w ith  a  b rig h t o range 
b lo tch  a t  th e  poste rio r en d  of th e  low er jaw , pale  
x an th o p h o res  on th e  h ead , an d  p a le  x an th o p h o res  an d  
e ry th ro p h o res  on th e  t r u n k  (Fig. 47).

S trom ate iform es
S trom ate ifo rm es a re  re p re se n te d  in  th e  Belize 
m a te r ia l by  one 5.0-m m  SL un id en tified  specim en 
th a t  resem b les a n  illu s tra tio n  o f a  5.1-m m  SL la rv a  
o f Cubiceps p a u c ira d ia tu s  (L am kin, 2006) in  p a t te rn
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F igu re 42. Percomorphacea (Scorpaeniformes). A, Serranus baldwini, 9.5 mm S tandard Length (SL), BLZ 8400. 
B, Diplectrum bivittatum , 12 mm SL, BLZ 7318. C, Hypoplectrus sp., 5.0 mm SL, BLZ 4588. Photos A, B by Julie Mounts 
and David Smith; C by Julie Mounts and Carole Baldwin.

of m elanophores . T he DNA barcode for th e  Belize 
la rv a  is ap p ro x im ate ly  3% d iffe ren t from  th a t  o f 
Cu. p a u c ira d ia tu s , w h ich  is g re a te r  th a n  typ ical 
in traspec ific  d ivergence (W eigt et al., 2012). F u r th e r  
s tu d y  is needed , b u t th e  DNA d a ta  c lea rly  iden tify  
th e  la rv a  as  a  nom eid . I t  is m ostly  pale , b u t h as

x an th o p h o res  m ixed w ith  ch rom atophores on th e  top 
of th e  h ea d  an d  in  a  se ries  over th e  sw im bladder 
an d  g u t (Fig. 48). Two species of S tro m ate id ae  from  
S o u th  A frica (Connell, 2007) h av e  x an th o p h o res  
m ixed w ith  m elanophores in  preflexion stages, and  
one postflexion specim en h a s  m ost o f th e  h ea d  and
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F igu re 43. Percomorphacea (Scorpaeniformes). A, Rypticus sp., 12.0 mm Standard Length (SL), Belize. B, Rypticus sp., 
11.5 mm SL, Belize. C, Rypticus bistrispinus, 8 mm SL, BLZ 7715. D, Pseudogramma gregoryi, 11 mm SL. Photos A, B, 
D by Julie Mounts and Carole Baldwin; C by Lee Weigt and Carole Baldwin.
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F igu re 44. Percomorphacea (Scorpaeniformes). Top, posterior region of larval Pseudogramma gregoryi, Florida S traits, 
photo by Cedric Guigand. Bottom, posterior region of larval Pseudogramma polyacantha, South Africa, photo by Allan 
Connell.

t r u n k  covered w ith  x an th o p h o res  an d  la rg e  d a rk  
spots.

Tetraodontiform es
T etraodontiform es a re  re p re se n te d  in  th e  m a te r ia l 
exam ined  by  la rv a l m o n acan th id s  an d  ostrac iid s 
(B alistoidei), an d  te trao d o n tid s  an d  a  m olid
(Tetraodontoidei). L arv a l C an th igaster rostrata  and  
Sphoeroides  (Tetraodontidae) have  s tr ik in g ly  s im ila r

colour p a t te rn s  in  th a t  m ost o f th e  body is covered 
w ith  iridophores th a t  reflect bronze/gold/b lue colours 
(Fig. 49A -C ). A sim ila r sh im m erin g  colour p a t te rn  is 
p re se n t in  la rv a l R a n za n ia , a  m olid (Fig. 49D). Colour 
p a t te rn  in  la rv a e  of th e se  te trao d o n to id s , w h ich  is 
very  d iffe ren t from  th a t  observed  in  la rv a l ostrac iid s 
an d  m o n acan th id s , m ay  provide co rrobora tive evi­
dence for th e  m onophyly  of th e  T etraodonto idei (sensu  
H olcroft, 2005) or a  less inclusive clade w ith in  th a t
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F igu re 45. Percomorphacea (Scorpaeniformes). Top, Gonioplectrus hispanus, Florida S traits, photo by Cedric Guigand. 
Bottom, Mycteroperca bonaci, 21.0 mm S tandard Length, Belize, photo by Julie Mounts and Carole Baldwin.
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F igu re 46. Percomorphacea (Scorpaeniformes). Top, Liopropoma rubre, reared, photo by Christopher Paparo. Bottom, 
Bathyanthias  sp., Florida S traits, photo by Cedric Guigand.
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F igu re 47. Percomorphacea (Scorpaeniformes). Pseudanthias cooperi, South Africa. Photo by Allan Connell.

F igu re 48. Percomorphacea (Stromateiformes). Nomeidae (Cubiceps?), 5.0 mm S tandard Length, BLZ 6047. Photo by 
Lee Weigt and Carole Baldwin.
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F igu re 49. Percomorphacea (Tetraodontiformes). A, Canthigaster rostrata, 12.0 mm Standard Length (SL), Belize. B, 
Sphoeroides spengleri, 7.0 mm SL, BLZ 10114. C, Sphoeroides testudineus, 5 mm SL, BLZ 10147. D, Ranzania laevis, Florida 
S traits. Photo A by Julie Mounts and Carole Baldwin; B, C by Donald Griswold and Carole Baldwin; D by Cedric Guigand.
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assem blage . M onocan thus c ilia tu s  la rv a e  a re  m ostly  
yellow, w ith  x an th o p h o res  p re se n t on th e  head , 
tru n k , an d  sp inous d o rsa l an d  pelvic fins, an d  la rv a l 
A lu te ru s  is less colourful b u t h a s  som e yellow  p ig­
m e n t on th e  head , tru n k , an d  sp inous do rsa l an d  
cau d a l fins (Fig. 50A, B). L arv a l ostrac iid s h av e  a  pale  
orange/yellow  co loration  overla in  by d a rk  do ts or 
la rg e  d a rk  spots (Fig. 50C, D). R e la tio n sh ip s  of te trao - 
don tifo rm s to o th e r  acan th o m o rp h  fishes a re  u n re ­
solved, b u t ta x a  hypo thesized  to  be close re la tiv es  
inc lude zeiform s, acan th u rifo rm s, an d  lophiiform s 
(W iley & Joh n so n , 2009, an d  references the re in ). 
T h ere  is lit tle  resem blance  b e tw een  te trao d o n tifo rm  
la rv a e  exam ined  an d  Z. fa b e r  (Connell, 2007; A ppen­
dix), and , as no ted  above (see A can thurifo rm es), th e re  
is l it tle  s im ila rity  b e tw een  a c a n th u rid  an d  te trao d o n ­
tifo rm  la rv ae . T h ere  is a t  le a s t superfic ial resem ­
b lance b e tw een  te trao d o n tid  an d  chaetodon tid / 
po m acen trid  la rv a e  in  th a t  th e  p ig m en t is p rim a rily  
in  th e  form  of ir idophores (Figs. 30, 49).

T he te traodon tifo rm /loph iifo rm  h ypo thesis  (Holcroft 
& Wiley, 2008; M iya e t al., 2010) is in tr ig u in g  in  ligh t 
o f colour p a t te rn s  an d  o th e r  aspec ts  o f la rv a l m orphol­
ogy: com pare a  preflexion la rv a l ostrac iid  from  S ou th  
A frica w ith  a n  un id en tified  lophiiform  (Fig. 51). In  
bo th , b u t in  la rv a e  of no o th e r  te leo s ts  exam ined , 
th e  t r u n k  is con ta ined  w ith in  a n  in fla ted , th ree - 
d im en sio n a l sac th a t  is covered w ith  x an thophores . 
A boussouan  & Leis (2004) no ted  th e  p resence of a 
‘d e rm a l sac’ in  te trao d o n tid s , d iodontids, m olids, 
o strac iid s , an d  b a lis tid s  b u t n o t in  tr iacan th o d id s , 
tr ia c a n th id s , an d  m o n acan th id s . P ie tsch  (1984: 320) 
described  lophiid  an d  o th e r  lophiiform  la rv a e  as 
h av in g  th e  ep id erm al lay er o f th e  h ea d  an d  body 
‘g re a tly  d is ten d ed  by tra n s p a re n t,  g e la tin o u s connec­
tive  tis su e ’. T he in fla ted  condition  in  te trao d o n tifo rm s 
a p p e a rs  to  be re s tr ic te d  to  th e  preflexion stage, 
w h erea s  th a t  in  lophiiform s p e rs is ts  a f te r  flexion 
(com pare F igs 50C, D an d  51; see also  C onnell, 2007).

Ti'achiniform es
T rachin iform es, w hich  c u rre n tly  com prise th e  
fishes tra d itio n a lly  inc luded  in  th e  T rachino idei 
(C h iasm odontidae, C ham psodon tidae , P ingu iped idae , 
C h e im arrh ich th y id ae , T richodontidae, C reed iidae, 
P ercoph id idae, Leptoscopidae, T rach in idae , an d  
U ranoscopidae) an d  A m m odytidae, w ere  considered  
like ly  to  be p a ra p h y le tic  by  W iley & Jo h n so n  (2009). 
A m ong trach in o id  la rv a e  from  off S o u th  A frica 
(Connell, 2007; A ppendix), a n  ea rly -s tag e  la rv a l 
u ranoscop id  b ea rs  lit tle  resem blance  to  a n  ea rly -s tag e  
ch iasm odon tid  an d  a  cham psodontid . T he la s t tw o a re  
sim ila r in  h av in g  only m elanophores an d  lack ing  
obvious non m elan is tic  colour in  th e  preflexion stage, 
w h erea s  th e  la rv a l u ranoscop id  h as  d is tin c tiv e  
b lo tches of x an th o p h o res . M ito (1962) described  a

re a re d  series o f C ham psodon snyderi an d  no ted  
th a t  th e  species h as  only m elanophores th ro u g h o u t 
la rv a l developm ent. In fo rm atio n  on colour p a t te rn s  
in  postflexion la rv a e  of o th e r  cham psodon tids m igh t 
be u se fu l in  com m enting  on th e  proposed  re la tio n ­
sh ip  b e tw een  cham psodon tids an d  scorpaeniform s 
(Mooi & Jo h n so n , 1997). As no ted  (see ‘S corpaeni­
form es’ above), th e  la t te r  h av e  d is tin c tiv e  p a t te rn s  of 
e ry th ro p h o res/x an th o p h o res .

DISCUSSION
T he firs t b ro ad  com parative  su rv ey  o f nonm elan istic  
colour in  m a rin e  te leo s t la rv a e  p re se n ted  h e re in  has  
revea led  a  s tr ik in g  a r ra y  o f colour p a t te rn s  th a t  m ay  
inform  phylogeny a t  m u ltip le  taxonom ic levels. The 
absence of x an th o p h o res , ery th ro p h o res , an d  irido­
phores in  pelagic la rv a e  of m ost b a sa l m a rin e  te leosts  
exam ined , an d  th e ir  p resence in  m a n y  b a sa l neotele- 
osts, in  a ll percom orph  o rders exam ined , an d  in  
n e a rly  every  percom orph  species exam ined , sug g est a 
phylogenetic tre n d  (Fig. 1). I t  is p re m a tu re  to  m ake 
specific hypo theses abou t th e  evolu tion  of th e  th re e  
types of ch rom atophores in  la rv a e  o f m a rin e  te leosts , 
b u t in  th e  lim ited  m a te r ia l exam ined , x an th o p h o res  
a re  th e  only type o f n o n m elan is tic  ch rom atophore  
p re se n t in  la rv a l m a rin e  angu illifo rm s an d  stom iati- 
form s. E ry th ro p h o res  a p p e a r a t  th e  level o f E uryp- 
te ryg ia , an d  ir idophores firs t a p p e a r  in  la rv a l 
eu a ca n th o p te ry g ian s . T he s itu a tio n  in  A nguilliform es 
an d  b a sa l neo te leosts , in  w hich  la rv a e  of som e 
m em bers of a n  o rd er exh ib it n o n m elan is tic  p igm ent 
b u t o th e rs  do not, suggests th a t  n o n m elan is tic  chro­
m a tophores  h av e  a r ise n  in d e p en d e n tly  (or w ere  lost) 
m u ltip le  tim es. C onsiderab ly  m ore in fo rm ation  on 
colour p a t te rn s  in  m ore la rv a e  is needed  to  d e te rm in e  
th e  taxonom ic d is tr ib u tio n  of th e  v ario u s types of 
ch rom atophores am ong te leosts , as is in v es tig a tio n  of 
th e  ce llu la r b as is  o f observed  ch rom atophore  types. In  
th is  study, p resence or absence of ch rom atophores 
w as assessed  from  v isu a l ex am in a tio n  of fre sh  speci­
m ens an d  colour p ho tog raphs, b u t h isto logical s tu d ies  
a re  needed  to  confirm  th a t  th e  p resence or absence of 
a  p a r tic u la r  no n m elan is tic  p igm en t co rresponds to 
th e  s tru c tu ra l p resence or absence of th e  v e r te b ra te  
ch rom atophore  u n it  th a t  typ ically  con ta in s th a t  
p igm ent. Biological an d  physical fac to rs th a t  m igh t 
affect th e  developm ent o r d isp lay  o f ch rom atophores 
also w a r ra n t study. F or exam ple , th y ro id  horm ones 
a re  know n to h av e  a  role in  re g u la tin g  la rva l-fish  
developm ent, inc lud ing  p ig m en t (e.g. B row n & Kim , 
1995, an d  references th e re in ). How ever, ex p e rim en ta l 
m a n ip u la tio n  of exogenous horm ones suggests  th e y  
m ay  affect tim in g  of p ig m en t developm ent an d  
d en sity /sh ap e  of p ig m en t fea tu re s  b u t n o t th e  types of 
ch rom atophores th a t  develop (Reddy & L am , 1992;
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F igu re 50. Percomorphacea (Tetraodontiformes). A, M onacanthus ciliatus, 8.0 mm S tandard Length (SL), BLZ 10223. 
B, Aluterus schoepfi, 7.5 mm SL, Belize, USNM 353531. C, Ostraciidae, 10.0 mm SL, Belize. D, Lactophrys trigonus, 
6.0 mm SL, BLZ 8446. Photo A by Donald Griswold and Carole Baldwin; B by David Smith; C by Julie Mounts and Carole 
Baldwin; D by Julie Mounts and David Smith.
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F igu re 51. Percomorphacea (Tetraodontiformes). Left, unknown lophiiform, Florida S traits, photo by Cedric Guigand 
(previously published in Fogarty & Botsford [2007]). Right, Ostraciidae, South Africa, photo by Allan Connell.

B row n & Kim , 1995; C lem ent, L ic h ten b e rt & 
K ohler, 2001). I t seem s un lik e ly  th a t  physical factors 
re la te d  to  h a b i ta t ecology h av e  m uch  b ea r in g  on th e  
p resence or absence of n o n m elan is tic  ch rom ato ­
phores, a s  la rv a e  of m ost m a rin e  te leo s ts  in h a b it 
a  s im ila r p lank ton ic  rea lm . In  th e  m a te r ia l exam ined  
for th is  study, fish la rv a e  such  as  those  of clupeids, 
en g rau lid s , elopiform s, an d  angu illifo rm s th a t  
lack  n o n m elan is tic  ch rom atophores w ere  collected 
in  th e  sam e p la n k to n  sam ples as  la rv a e  th a t  have 
them .

A pom orphic ch a ra c te rs  o f ch rom atophore  p a tte rn s  
r a th e r  th a n  th e  p resence or absence o f ch rom atophore  
types m ay  have th e  g re a te s t phylogenetic p o te n tia l in  
te leos ts . P ig m en t p a t te rn s  of ad u lts  h av e  b een  incor­
p o ra te d  in to  phylogenetic s tu d ies  o f fishes a t  subge­
neric , generic, an d  fam ilia l levels (e.g. M abee, 1995; 
A yache & N ear, 2009; L ay m an  & M ayden, 2012), b u t 
n o n m elan is tic  colour p a t te rn s  of m a rin e  fish  la rv a e  
h av e  not. A m ong th e  percom orphs exam ined , colour 
p a t te rn s  in  m a rin e  fish la rv a e  m ay  have phylogenetic 
significance a t  sev era l taxonom ic levels: in te ro rd i- 
n a l -  M ugiliform es/B eloniform es, T etraodon tifo rm es/ 
L ophiiform es; in te rfa m ilia l -  C haeotodontidae/P om a- 
cen trid ae , B o th id ae /P ara lich th y id ae , C haenopsidae / 
L abrisom idae , C allionym idae/G obiesocidae; fam ilia l -  
A pogonidae, E leo trid idae , M icrodesm idae, Scaridae, 
S corpaen idae , T etraodon tidae; in te rg en eric  -  A b u ­
d e fd u f  I A m b lyg lyp h id o d o n , A nam pses/H alichoeres/
T ha lassom a , C tenogobius  /  G natholepis!G obionellus, 
N es/P silo tris, L u tjanus/O cyurus;  an d  generic  -  B a th y ­
gobius, C oiyp liopterus, Scorpaena, R yp ticus, X yr ich ­
tys. S ligh t differences in  generic  colour p a t te rn s  of 
la rv a e  -  inc lud ing  w h e th e r  th e  p a t te rn  com prises 
xan th o p h o res  or e ry th ro p h o res  -  often  d is tin g u ish  
com ponent species (e.g. th o se  of X yrich tys , P seudo­
g ra m m a , Scorpaena).

M atsum oto  (1965) no ted  th a t  vesicles th a t  con ta in  
yellow  an d  red  p ig m en ts  a re  som etim es found in  th e  
sam e cell in  f re sh w a te r  X iphophorus, sug g estin g  th a t  
th e  d is tin c tio n  b e tw een  x an th o p h o res  an d  e ry th ro ­
phores is artific ia l. T he p resence in  som e m a rin e  
g en e ra  of species w ith  n e a r ly  id en tica l p a t te rn s  of 
p igm en t except for th e  colour o f th e  ch rom atophores 
(orange or yellow) suggests  th a t  x an th o p h o res  an d  
e ry th ro p h o res  a re  d is tin c t. E ry th ro p h o res  in  fishes 
rep o rted ly  a re  red /o range  because  of caro tenoids 
ingested  in  th e  d ie t, w h ereas  th e  yellow  p ig m en t of 
x an th o p h o res  (from  p te rid in es) is m etabo lized  endog­
enously  (G re th er e t al., 2004, an d  references th e re in ). 
W h e th e r th e  orig ins of yellow  an d  o range  p igm en ts in  
m a rin e  fish la rv a e  also a re  endogenous an d  exog­
enous, respectively, does n o t a p p e a r  to  h av e  been  
in v estig a ted . I t seem s re m a rk a b le  th a t  n e a rly  id e n ti­
cal p a t te rn s  o f p igm en t th a t  differ only  in  colour (e.g. 
X yrich tys, F ig. 26A, C; P seudogram m a, F ig. 44) w ould 
have d iffe ren t biochem ical orig ins. F u tu re  s tu d ies  
th a t  in v e s tig a te  th e  b iochem istry  o f p ig m en ts  in  
m a rin e  fish la rv a e  m ig h t also com pare th e  ch em is try  
of p ig m en ts  in  b a sa l te leo s ts  such  as  eel lep tocephali, 
b a sa l neo te leosts  such  as w halefish , an d  perco­
m orphs. S im ila ritie s  or differences in  th e  b iochem is­
try  of th e  p igm en ts m ay  shed  lig h t on  th e  hom ology 
an d  ev o lu tionary  h is to ry  of la rva l-fish  p igm ents 
am ong m a rin e  te leosts.

K endall e ta l .  (1984) an d  M abee (1995) no ted  th a t  
ind iv id u al v a r ia tio n  an d  convergen t evolu tion  of som e 
p a t te rn s  a re  considered  obstacles for phylogenetic use 
of p ig m en t ch a rac te rs  because of difficulties in  e s ta b ­
lish in g  hypo th eses  o f homology. N u m ero u s specim ens 
of m a n y  species w ere  exam ined  in  th is  s tu d y  (Appen­
dix), an d  ind iv id u al v a r ia tio n  in  n o n m elan is tic  chro­
m atopho re  p a t te rn s  is low. D ifferences freq u en tly  
ap p e a r  to  reflect th e  expanded  or co n trac ted  s ta te  of
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F igu re 52. Intraspecific variation in pattern  of erythrophores in Halichoeres bivittatus. A, 12.5 mm Standard Length 
(SL), BLZ 6426. B, 12.5 mm SL, BLZ 6424. Note th a t the pattern  of orange pigment is nearly identical in the two 
specimens but th a t in BLZ 6426 the erythrophores in the vertical series behind the head appear to be contracted. Photos 
by Julie Mounts and David Smith.

th e  ch rom atophores r a th e r  th a n  th e ir  p a t te rn  
(Fig. 52). A ssessing  hom ology of non m elan is tic  chro­
m a tophores  in  la rv a e  am ong m ajo r g roups o f m a rin e  
te leos ts  th ro u g h  phylogeny is com plicated  by th e  
absence o f a  com parab le , tr a n s ie n t,  p ig m en t p h ase  in  
m ost fre sh w a te r  fishes. L arv ae  of m a rin e  C lupei­
form es exam ined , for exam ple , lack  nonm elan istic  
ch rom atophores, b u t m ost O tom orpha a re  fre sh w ate r 
in h a b ita n ts . T he p resence o f x an th o p h o res  an d  irido ­
phores in  la rv a l cyprin iform s such  as  fre sh w ate r 
D anio  is  w ell docum ented  (Johnson  et a l., 1995; 
P a rich y  et al., 2000; Parichy, 2003, 2006). W hat is th e  
re la tio n sh ip  b e tw een  th e  p ig m en t p a t te rn  of la rv a l 
f re sh w a te r  fishes an d  th a t  o f pelagic m a rin e  fish 
la rv ae?  As show n in  th e  on togenetic  se ries  of n u m e r­
ous m a rin e  te leo s ts  p h o tog raphed  by C onnell (2007), 
th e  p ig m en t p a t te rn  of fu lly  developed m a rin e  fish 
la rv a e  is p receded  by a  very  d iffe ren t p ig m en t ph ase  
in  recen tly  h a tch e d  la rv ae . F or exam ple , a  re a re d  
m yctophid  se ries  show s yellow  p ig m en t on th e  h ead  
an d  body in  yolksac la rv ae , b u t a ll yellow  p ig m en t h as  
d isa p p ea re d  by 4.3 m m  NL. A ca n th u rid  ac ro n u ru s  
la rv a e  exam ined  have  iridophores b u t no e ry th ro ­
phores or x an th o p h o res , y e t preflexion A ca n th u ru s  
m a ta  exh ib it x an th o p h o res  (see A c a n th u rifo rm e s’ 
above). S tu d ies  on a q u a riu m -re a re d  callionym ids 
revea led  a  colour tran sfo rm a tio n  in  la rv a l S yn . sp len ­
d id u s  from  yellow  in  th e  preflexion stage  to  b rig h t 
o range  a f te r  flexion (Fig. 19; W itten rich  et al., 2010). 
Possib ly  th e  ea rly  p igm en t p a t te rn  in  m a rin e  fish

la rv a e  is th e  on togenetic  c o u n te rp a r t o f th e  la rv a l 
p ig m en t p a t te rn  in  fre sh w a te r  fishes. A ssem bling  
on togenetic  series of m a rin e  fishes th a t  inco rpo ra te  
ch rom atophore  p a t te rn s  from  recen tly  h a tch e d  to 
a d u lt stages, in v e s tig a tin g  th e  developm ent of th e  
p a t te rn  a t  each  stage, an d  com paring  th e  develop­
m e n t o f p ig m en t am ong m a rin e  an d  fre sh w a te r  fishes 
w ould  shed  lig h t on th e  hom ology o f p igm en t p a t te rn s  
am ong life -h is to ry  s tag es an d  am ong re la te d  tax a . 
S uch  on togenetic  series also  w a r ra n t  fu r th e r  s tu d y  
as a  p o te n tia l source of phylogenetic ch a rac te rs . 
M abee (1995) h ig h lig h ted  th e  phylogenetic signifi­
cance of p ig m e n t-p a tte rn  developm ent in  th e  evolu­
tio n  of ce n tra rch id  sunfishes, w hich  a re  fre sh w ate r 
fishes th a t  exh ib it d irec t developm ent of th e  a d u lt 
p ig m en t p a t te rn  from  th e  e a rly  la rv a l stage. The 
ontogeny  of p ig m en t p a t te rn s  in  m a rin e  fishes m ay  be 
a n  even  r ip e r  source of phylogenetic in fo rm ation  yet 
to  be tap p ed . In  ad d itio n  to  th e  colour tra n s itio n s  
in  m yctophids, ac an th u rid s , an d  callionym ids m en ­
tioned  above, th e  on togenetic  tra n s i tio n  in  m ugilids 
an d  som e beloniform s from  a  s tag e  do m in a ted  by  
x an th o p h o res , e ry th ro p h o res , an d  m elanophores to 
one dom ina ted  by  iridophores is a n  exam ple. T his 
tra n s itio n  also  suggests th a t  th e  p resence of irido ­
phores m ay  be hom ologous in  th e  tw o g roups because 
th e  condition  w as derived  from  a  s im ila r on togene­
tic tran sfo rm a tio n . In co rp o ra tin g  developm enta l 
s tu d ies  o f colour p a t te rn s  in  fu tu re  phylogenetic 
tr e a tm e n ts  of th e  topic could th u s  provide bo th  crucial

© 2013 The Linnean Society of London, Zoological Journal of the Linnean Society, 2013, 168 , 496-563



COLOUR IN MARINE TELEOST LARVAE 553

in fo rm atio n  on c h a ra c te r  hom ology an d  new  phyloge­
netic  ch a rac te rs .

Y asir & Q in (2007) described  developm enta l 
changes in  p ig m en t p a t te rn s  o f th e  m a rin e  anem on- 
efish  A m p h ip r io n  ocellaris from  em bryo to  la rv a  an d  
no ted  th a t  a  b e t te r  u n d e rs ta n d in g  o f th e  process of 
p ig m en t fo rm ation  is needed . Em bryologically, n e u ra l 
c re s t cells, w h ich  give rise  to  all four types of chro­
m atopho res, m ig ra te  to  th e  derm is, an d  th e  d en sity  
an d  d is trib u tio n  of th e  ch rom atophores a re  in te g ra te d  
to  produce colour p a t te rn s  in  v e r te b ra te s  (H aw kes, 
1974; B ag n ara , 1987; H aii, 1999). H o lt (2011) no ted  
th a t  th e  p igm en t p a t te rn s  of fishes a re  form ed d u rin g  
em bryogenesis an d  a re  rep laced  by th e  a d u lt p a t te rn  
a t  m etam orphosis. S tu d ies  o f f re sh w a te r  D anio  in d i­
ca te  th a t  th e  a d u lt colour p a t te rn  re su lts  from  incor­
p o ra tio n  of b o th  em bryonic ch rom atophores an d  
d iffe ren tia tio n  of new  ch rom atophores from  stem  cells 
a t  m etam orphosis , an d  th e  ra tio  of co n tribu tion  
by  th e  tw o m ay  v a ry  sign ifican tly  am ong  species 
(Parichy, 2003, 2006). T he ex istence of a n  ad d itio n a l 
colour p h ase  (betw een  th e  rec en tly  h a tch e d  an d  a d u lt 
phases) in  pelagic la rv a e  of m a rin e  fishes w ould 
ap p e a r  to  com plicate th is  scenario . F u rth e rm o re , 
ju v en ile s  o f m a n y  m a rin e  fishes exh ib it y e t an o th e r  
colour p h ase  th a t  is d iffe ren t from  th e  pelagic la rv a l 
an d  a d u lt p h ases  (e.g. H aem u lid ae , L ab rid ae , P om a­
cen trid ae , P o m acan th id ae). T he on togeny  of chro­
m ato p h o re  p a t te rn s  h a s  been  s tu d ied  in  few m a rin e  
fishes, b u t N a k a m u ra  et al. (2010 an d  references 
th e re in )  h av e  in v e s tig a ted  developm ent o f th e  a d u lt 
p ig m en t p a t te rn  in  P leu ronectifo rm es. Two types of 
m elanophores an d  x an th o p h o res /e ry th ro p h o res  a re  
hypo thesized  to  ex ist in  p leu ronectifo rm s -  those  th a t  
develop in  th e  la rv a l s tage  p rio r to  m etam orphosis 
an d  th o se  th a t  develop a fte rw a rd s  an d  form  th e  a d u lt 
p ig m en t p a tte rn . F la tfish es exh ib it a n  u n u su a l ontog­
en y  in  w hich  la rv a e  a re  b ila te ra lly  sym m etrical, 
inc lud ing  th e  p ig m en t p a tte rn , b u t m etam orphosis 
involves m ig ra tio n  of one eye to  th e  o th e r  side of th e  
h ea d  re su lt in g  in  a  b ila te ra lly  asy m m etrica l ju v en ile  
an d  ad u lt. T here  is typ ically  lit tle  o r no p ig m en t on 
th e  ‘b lin d ’ side b u t th e  ‘eyed’ side is w ell p igm ented . 
W h e th e r ch rom atophores of pelagic la rv a e  in  o th e r 
m a rin e  fishes a re  succeeded on togenetica lly  by  a d u lt 
v ersions of those  p ig m en t cells is unknow n, b u t 
th is  w ould  be a  rea so n ab le  hypo thesis  b ased  on  th e  
d iffe ren t p igm en t p a t te rn s  exh ib ited  in  la rv a l an d  
a d u lt s tages. O th er fea tu re s  th a t  a re  p re se n t in  
pelagic la rv a e  o f som e m a rin e  fishes, such  as  elongate  
fin  ray s  an d  h ea d  sp ines, d isa p p ea r or tran sfo rm  
upon  m etam orphosis  to  th e  ju v e n ile  stage. S tud ies 
in  m a rin e  fishes th a t  w ould  exp la in  th e  o rig in  of 
a d u lt p ig m en t p a t te rn s  (i.e. from  ex is tin g  n e u ra l 
c re s t lineages or new ly  d iffe ren tia ted  s tem  cells) a re  
lacking.

I f  th e  colour p a t te rn s  exh ib ited  by m a rin e  fish  la rv a e  
a re  p re se n t only  d u rin g  th e  pelagic la rv a l period, a re  
th e y  ad a p ta tio n s  th a t  have  functional significance? 
G re th e r  e t al. (2004) d iscussed  th e  p o te n tia l signifi­
cance of th e  d iffe ren t p ig m en ts  in  a d u lt fre sh w a te r  
fishes, b u t only one o f th e ir  hypo theses seem s po ten ­
tia lly  re le v a n t to  pelagic m a rin e  fish la rv a e  -  ‘sp ec tra l 
f ine-tun ing ’. G re th e r  e t al. (2004) no ted  th a t  o range 
an d  yellow  p ig m en ts  h av e  d iffe ren t abso rp tive  p roper­
tie s  th a t  m ay  en ab le  sp e c tra l fine-tun ing , w hich, in  
tu rn , m ay  en h an ce  th e  ab ility  to  b lend  in to  th e  back­
g round. O range  co loration  is no t re s tr ic te d  to  fishes in  
a  p la n k to n  sam ple: n u m ero u s  in v e rte b ra te s  such  as 
th e  la rv a e  of sh rim p s an d  crabs look very  sim ilar. 
Indeed, th e  g u ts  of n u m ero u s fresh ly  ca u g h t m a rin e  
fish la rv a e  a re  o range  because o f d ie t (see F igs 27D, 
39D, 41, 46). C arvalho , Z uanon  & S azim a (2006) 
p rovided exam ples of tra n sp a re n c y  an d  s im ila r colour 
p a t te rn s  in  fre sh w a te r  fishes an d  c ru s ta ce an s  th a t  
tra v e l a s  a  group  an d  suggested  th a t  th e se  o rgan ism s 
m ay  be u tiliz in g  a  type  of p ro tec tive  associa tion  know n 
as n u m erica l m im icry  as  a  m e an s  of avoiding p o ten tia l 
p red a to rs . R eg ard in g  th e  b rig h t o range  co loration  
in  la rv a e  of th e  m an d arin fish , Syn . sp lend idus, 
W itten rich  et al. (2010) no ted  th a t  L in d q u is t (2002) 
an d  Young & B ingham  (1987) hypo thesized  th a t  
o range  m ay  be a n  aposem atic  w a rn in g  colour in  th e  
la rv a e  o f som e m a rin e  o rganism s.

In  sum m ary , colour p a t te rn s  in  m a rin e  te leost 
la rv a e  em erge as  a n  in tr ig u in g  new  source of po ten ­
tia lly  v a lu ab le  phylogenetic in fo rm ation , b u t consid­
e rab ly  m ore d a ta  a re  needed  to  fu lly  assess  th e ir  
significance. A n in creased  global focus on docum ent­
ing  colour p a t te rn s  in  la rv a e  p rio r to  p re se rv a tio n  
w ould fac ilita te  in co rp o ra tin g  in fo rm atio n  from  la rv a l 
colour p a t te rn s  in to  m ore sy stem a tic  stud ies , an d  
developm enta l, h istological, an d  biochem ical s tu d ies  
th a t  shed  lig h t on  th e  on togeny  of colour p a t te rn s  in  
ea rly  life h is to ry  s tag es w ould  im prove o u r u n d e r­
s ta n d in g  of on togenetic  p ig m en t p h ases, ch a rac te rs , 
c h a rac te r  tran sfo rm a tio n s , an d  c h a ra c te r  homology.
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APPENDIX
Teleost la rv a e  for w hich  im ages w ere  exam ined  for colour p a tte rn s . ‘N ’ in  th e  ‘C olour’ co lum n in d ica tes  no 
x an th o p h o res , e ry th ro p h o res  or iridophores; ‘Y’ in d ica tes  th e  p resence of an y  o f th o se  types of ch rom atophores 
alone or in  an y  com bination . T he ta b le  is colour-coded by  te leo s t cohort: b lue  in d ica tes  C lupeom orpha, g reen  
E lopom orpha, p u rp le  E u te leosteom orpha.

Order Family Genus Species Colour Image

Clupeiformes Clupeidae Harengula humeralis N BLZ 5175
Clupeiformes Clupeidae Harengula clupeola N Fig. 3
Clupeiformes Clupeidae Jenkensia lamprotaenia N Fig. 3 and other BLZ images
Clupeiformes Clupeidae Jenkensia sp. N BLZ 8418
Clupeiformes Engraulidae Anchoa cayorum N BLZ 8468
Clupeiformes Engraulidae Anchoa sp. N Fig. 3 and other BLZ images
Albuliformes Albulidae Albula vulpes N Fig. 2 and other BLZ images
Anguilliformes Chlopsidae Chilorhinus seunsoni N Fig. 2 and other BLZ images
Anguilliformes Moringuidae Moringua edwardsi N Fig. 2
Anguilliformes Muraenidae Gymnothorax moringa N Fig. 2
Anguilliformes Muraenidae Strophidion ui Y Tawa et al. (2012)
Anguilliformes Muraenidae Unknown Unknown Y Fig. 5 and Miller (2009)
Anguilliformes Nettastomatidae Saurenchelys sp. Y Fig. 5 and Miller (2009)
Anguilliformes Ophichthidae Aprognathodon platyventris N Fig. 2 and other BLZ images
Anguilliformes Ophichthidae Myrichthys breviceps Y Fig. 4 and other BLZ images
Anguilliformes Ophichthidae Myrophis punctatus N Fig. 2 and other BLZ images
Anguilliformes Ophichthidae Myrophis platyrhynchus N Fig. 2 and other BLZ images
Anguilliformes Ophichthidae Ahlia egmontis N Fig. 2 and other BLZ images
Anguilliformes Ophichthidae Unknown Unknown Y Fig. 4 and Miller et al. (2010)
Anguilliformes Ophichthidae Unknown Unknown Y Fig. 5 and Miller (2009)
Anguilliformes Ophichthidae Neenchelys sp. Y Fig. 5 and Miller (2009)
Anguilliformes Ophichthidae Unknown Unknown Y Fig. 5 and Miller (2009)
Elopiformes Elopidae Elops saurus N Fig. 2
Elopiformes Megalopidae Megalops atlantica N Fig. 2
Stomiatiformes Melanostomiatidae Opostomias micipnus Y http://www.fisheggsandlarvae.com/

FIA2%20Melanostomiidae.htm
Stomiatiformes Phosichthyidae Vinciguerria nimbaria N http://www.fisheggsandlarvae.com/ 

DIIIA1% 2 OPho sichthyidae .htm
Aulopiformes Synodontidae Saurida sp. N Fig. 6 and other BLZ images
Aulopiformes Synodontidae Saurida sp. N Fig. 6 and other BLZ images
Aulopiformes Synodontidae Synodus foetens N BLZ 6429
Aulopiformes Synodontidae Synodus synodus N Fig. 6 and other BLZ images
Aulopiformes Synodontidae Trachinocephalus myops N BLZ 7061
Aulopiformes Bathypteroidae? Unknown Unknown Y Fig. 7
Aulopiformes Giganturidae Gigantura sp. N Fig. 7
Myctophiforme s Myctophidae Unknown Unknown Y http://www.fisheggsandlarvae.com/

CLIIA2%20Myctophidae.htm
Myctophiforme s Unknown Unknown Unknown N Fig. 7
Lampridiformes Trachipteridae? Unknown Unknown Y Fig. 8
Lampridiformes Lampridae Lampris guttatus Y Fig. 8
Gadiformes Bregmacerotidae Bregmaceros sp. N Fig. 6 and other BLZ images
Gadiformes Gadidae Unknown Unknown Y http://www.fisheggsandlarvae.com/ 

LIIIF 1%2 OGadidae .htm
Beryciformes Berycidae Centroberyx sp. Y http://www.fisheggsandlarvae.com/

EIIA3%20Berycidae.htm
Beryciformes Berycidae Unknown Unknown Y Fig. 9
Beryciformes Holocentridae Myripristis berndti Y http://www.fisheggsandlarvae.com/

EIIIB6A%20Myripristis.htm
Beryciformes Holocentridae Unknown (2) Unknown (2) Y Fig. 9A, B
Beryciformes Holocentridae Unknown Unknown Y Fig. 9
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APPENDIX Continued

Order Family Genus Species Colour Image

Stephanoberyciformes Cetomimidae Unknown Unknown Y Fig. 10
Zeiformes Zeidae Zeus faber Y http://www.fisheggsandlarvae.com/

LIA3%20Zeus%20faber.htm
Acanthuriformes Acanthuridae Acanthurus chirurgus Y Fig. 14 and other BLZ images
Acanthuriformes Acanthuridae Acanthurus bahianus Y Fig. 14 and other BLZ images
Acanthuriformes Acanthuridae Unknown Unknown Y Fig. 15
Acanthuriformes Acanthuridae Acanthurus mata Y http://www.fisheggsandlarvae.com/

LIIIE7%20Acanthuridae.htm
Atheriniformes Atherinidae Atherinomorus stipes Y Fig. 13 and other BLZ images
Atheriniformes Atherinidae Unknown Unknown Y Fig. 13
Beloniformes Belonidae Unknown Unknown Y BLZ, 18 mm SL Photo 

2-23-2004.tif
Beloniformes Belonidae Platybelone argalus Y Fig. 12 and other BLZ images
Beloniformes Exocoetidae Unknown Unknown Y BLZ 7036
Beloniformes Exocoetidae Prognichthys occidentalis Y Fig. 11
Beloniformes Hemirhamphidae Hemirhamphus brasiliensis Y Fig. 12
Beloniformes Hemirhamphidae Oxyporhamphus micropterus Y http://www.fisheggsandlarvae.com/

CHIAl%20Oxyporhamphus.htm
Blenniiformes Chaenopsidae Acanthemblemaria aspera Y BLZ 6046, 8449 and others
Blenniiformes Chaenopsidae Acanthemblemaria greenfieldi Y Fig. 16 and other BLZ images
Blenniiformes Labrisomidae Labrisomus cricota Y Fig. 16 and other BLZ images
Blenniiformes Labrisomidae Labrisomus haitiensis Y BLZ 4513, 4360 and others
Blenniiformes Labrisomidae Labrisomus gobio Y BLZ 8447
Blenniiformes Labrisomidae Labrisomus bucciferus Y Fig. 16 and other BLZ images
Blenniiformes Labrisomidae Malacoctenus macropus Y BLZ 8416, 7021 and others
Blenniiformes Labrisomidae Malacoctenus triangulatus Y Fig. 16 and other BLZ images
Blenniiformes Labrisomidae Paraclinus fasciatus Y Fig. 16 and other BLZ images
Caproiformes Caproidae Antigonia rubescens Y http://www.fisheggsandlarvae.com/

LIIIE4%20Caproidae.htm
Carangiformes Carangidae Trachinotus falcatus Y Fig. 17
Carangiformes Carangidae Selene vomer Y Fig. 18
Carangiformes Carangidae Seriola sp. Y http://www.fisheggsandlarvae.com/

EIIA2%20Carangidae.htm
Carangiformes Coryphaenidae Coryphaena hippurus Y Fig. 18
Gasterosteiformes Aulostomidae Aulostomus chinensis Y http://www.fisheggsandlarvae.com/ 

LII A3% 2 OAulo stomidae.htm
Gasterosteiformes Fistularidae Fistularia sp. Y http://www.fisheggsandlarvae.com/

HIA3%20Fistularia.htm
Gasterosteiformes Centriscidae Aeoliscus punctulatus Y http://www.fisheggsandlarvae.com/ 

LIIA5%2 OCentriscidae .htm
Gasterosteiformes Syngnathidae Unknown Unknown Y BLZ 6408
Gasterosteiformes Syngnathidae Cosmocampus albirostris Y Fig. 12 and other BLZ images
Gasterosteiformes Syngnathidae Cosmocampus elucens Y BLZ 10222, 10160 and others
Gasterosteiformes Syngnathidae Penetopteiyx nanus Y Fig. 12 and other BLZ images
Gobiesociformes Callionymidae Callionymus bairdi Y Fig. 19 and other BLZ images
Gobiesociformes Callionymidae Callionymus marleyi Y Fig. 19
Gobiesociformes Callionymidae Draculo celetus Y http://www.fisheggsandlarvae.com/

CDIIIAl%20Callionymidae.htm
Gobiesociformes Callionymidae Synchiropus splendidus Y Fig. 19 and Wittenrich et al. (2010)
Gobiesociformes Gobiesocidae Acyrtops beryllinus Y Fig. 19
Gobiiformes Eleotrididae Erotelis sp. Y Fig. 20 and other BLZ images
Gobiiformes Gobiidae Bathygobius lacertus Y Fig. 22
Gobiiformes Gobiidae Bathygobius soporator Y Fig. 22 and other BLZ images
Gobiiformes Gobiidae Bathygobius curacao Y Fig. 22 and other BLZ images
Gobiiformes Gobiidae Coryphopterus personatus Y Fig. 22 and other BLZ images
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Order Family Genus Species Colour Image

Gobiiformes Gobiidae Coryphopterus tortugae Y Fig. 22 and other BLZ images
Gobiiformes Gobiidae Coryphopterus glaucofraenum Y BLZ 5225
Gobiiformes Gobiidae Coryphopterus venezuelae Y Fig. 22 and other BLZ images
Gobiiformes Gobiidae Coryphopterus eidolon Y BLZ 5318
Gobiiformes Gobiidae Coryphopterus kuna Y Fig. 22 and other BLZ images
Gobiiformes Gobiidae Ctenogobius saepepallens Y Fig. 21 and other BLZ images
Gobiiformes Gobiidae Gnatholepis thompsoni Y Fig. 21 and other BLZ images
Gobiiformes Gobiidae Gobionellus oceanicus Y Fig. 21 and other BLZ images
Gobiiformes Gobiidae Nes longus Y Fig. 21 and other BLZ images
Gobiiformes Gobiidae Priolepis hipoliti Y Fig. 22 and other BLZ images
Gobiiformes Gobiidae Psilotris sp. Y Fig. 21 and other BLZ images
Gobiiformes Gobiidae Psilotris sp. Y BLZ 6015
Gobiiformes Microdesmidae Cerdale floridana Y Fig. 20 and other BLZ images
Gobiiformes Microdesmidae Microdesmus carri Y Fig. 20 and other BLZ images
Gobiiformes Microdesmidae Microdesmus bahianus Y Fig. 20 and other BLZ images
Gobiiformes Microdesmidae Ptereleotris helenae Y Fig. 20 and BLZ 5444
Labriformes Labridae Anampses lineatus Y Connell pers. comm.
Labriformes Labridae Doratonotus megalepis Y Fig. 26 and other BLZ images
Labriformes Labridae Halichoeres bivittatus Y Fig. 25 and other BLZ images
Labriformes Labridae Halichoeres poeyi Y Fig. 25 and other BLZ images
Labriformes Labridae Halichoeres garnoti Y Fig. 25 and other BLZ images
Labriformes Labridae Halichoeres maculipinna Y Fig. 25 and other BLZ images
Labriformes Labridae Lachnolaimus maximus Y Fig. 26 and other BLZ images
Labriformes Labridae Thalassoma bifasciatum Y Fig. 25 and other BLZ images
Labriformes' Labridae Xyrichtys martinicensis Y Fig. 26 and other BLZ images
Labriformes Labridae Xyrichtys splendens Y Fig. 26 and other BLZ images
Labriformes Labridae Xyrichtys novacula Y Fig. 26 and other BLZ images
Labriformes Pomacentridae Abudefduf saxatilis Y Fig. 24
Labriformes Pomacentridae Chromis cyanea Y Fig. 24
Labriformes Pomacentridae Stegastes planifrons Y Fig. 24 and other BLZ images
Labriformes Pomacentridae Stegastes variabilis Y Fig. 24 and other BLZ images
Labriformes Pomacentridae Stegastes diencaeus Y BLZ 8452, 8404
Labriformes Pomacentridae Stegastes adustus Y BLZ 7046
Labriformes Pomacentridae Stegastes leucostictus Y BLZ 4585, 8472 and others
Labriformes Pomacentridae Stegastes partitus Y Fig. 24 and other BLZ images
Labriformes Pomacentridae Amblyglyphidodon ternatensis Y Fig. 24
Labriformes Scaridae Cryptotomus roseus Y Fig. 23 and other BLZ images
Labriformes Scaridae Scarus iseri Y Fig. 23 and other BLZ images
Labriformes Scaridae Sparisoma radians Y Fig. 23 and other BLZ images
Labriformes Scaridae Sparisoma chrysopterum Y Fig. 23 and other BLZ images
Labriformes Scaridae Sparisoma atomarium Y Fig. 23 and other BLZ images
Lophiiformes Antennariidae Antennarius pauciradiatus Y Fig. 27
Lophiiformes Unknown Unknown Unknown Y http://www.fisheggsandlarvae.com/

DIIIA4%20Lophiiformes.htm
Lophiiformes Unknown Unknown Unknown Y Fig. 27
Lophiiformes Unknown Unknown Unknown Y Fig. 27
Lophiiformes Unknown Unknown Unknown Y Fig. 27
Mugiliformes Mugilidae Mugil sp. Y BLZ 4506,
Mugiliformes Mugilidae Mugil sp. Y Fig. 11 and other BLZ images
Mugiliformes Mugilidae Mugil cephalus Y Fig. 11
Mugiliformes Mugilidae Liza tricuspidens Y http://www.fisheggsandlarvae.com/

LIIB9%20Mugilidae.htm
Ophidiiformes Carapidae Carapus bermudensis Y Fig. 28 and other BLZ images
Ophidiiformes Ophidiidae Parophidion schmidti Y Fig. 28 and other BLZ images
Ophidiiformes Ophidiidae Brotulataenia sp. Y Fig. 29
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Order Family Genus Species Colour Image

Ophidiiformes Ophidiidae Larnpograrnrnu s ? sp. Y Fig. 29
Perciformes Apogonidae Apogon aurolineatus Y Fig. 32 and other BLZ images
Perciformes Apogonidae Apogon binotatus y BLZ 6331 and others (Baldwin 

et al., 2011)
Perciformes Apogonidae Apogon sp. 1 Y BLZ 5260 and others (Baldwin 

et al., 2011)
Perciformes Apogonidae Apogon phenax Y BLZ 6361 and other (Baldwin 

et al., 2011)
Perciformes Apogonidae Apogon townsendi Y BLZ 6329 and others (Baldwin 

et al., 2011)
Perciformes Apogonidae Apogon maculatus Y BLZ 7717 and others (Baldwin 

et al., 2011)
Perciformes Apogonidae Apogon mosavi Y BLZ 7713 and others (Baldwin 

et al., 2011)
Perciformes Apogonidae Astrapogon puncticulatus Y Fig. 32 and others (Baldwin et al., 

2009a)
Perciformes Apogonidae Astrapogon alutus Y BLZ 6040 and others (Baldwin 

et al., 2009b)
Perciformes Apogonidae Astrapogon stellatus Y BLZ 6038 and others (Baldwin 

et al., 2009b)
Perciformes Apogonidae Phaeoptyx pigmentaria Y BLZ 7013 and others (Baldwin 

et al., 2009b)
Perciformes Apogonidae Phaeoptyx conklini Y BLZ 5039 and others (Baldwin 

et al., 2009b)
Perciformes Apogonidae Phaeoptyx xenus Y Fig. 32 and others (Baldwin et al., 

2009a)
Perciformes Chaetodontidae Chaetodon capistratus Y Fig. 30 and other BLZ images
Perciformes Chaetodontidae Chaetodon marleyi Y Fig. 31
Perciformes Gerreidae Eucinostomus jonesi Y Fig. 33 and other BLZ images
Perciformes Gerreidae Eucinostomus harengulus Y Fig. 33 and other BLZ images
Perciformes Gerreidae Eucinostomus gula Y Fig. 33 and other BLZ images
Perciformes Gerreidae Eucinostomus melanopterus Y Fig. 33 and other BLZ images
Perciformes Haemulidae Haemulon aurolineatum Y BLZ 10013
Perciformes Haemulidae Anisotremus virginicus Y Fig. 35 and other BLZ images
Perciformes Haemulidae Haemulon plumieri Y Fig. 35 and other BLZ images
Perciformes Haemulidae Haemulon sciurus Y Fig. 35 and other BLZ images
Perciformes Haemulidae Haemulon flavolineatum Y BLZ 10221 and other BLZ images
Perciformes Haemulidae Pomadasys commersonnii Y http://www.fisheggsandlarvae.com/

EIIIB3%20Haemulidae.htm
Perciformes Scorpididae Neoscorpis lithophilus Y http://www.fisheggsandlarvae.com/

FIIBl%20Neoscorpis.htm
Perciformes Lutjanidae Lutjanus mahogoni Y Fig. 34
Perciformes Lutjanidae Lutjanus analis Y Fig. 34 and other BLZ images
Perciformes Lutjanidae Lutjanus synagris Y Fig. 34 and other BLZ images
Perciformes Lutjanidae Lutjanus vivanus Y Fig. 34
Perciformes Lutjanidae Lutjanus apodus Y BLZ 8429 and others
Perciformes Lutjanidae Lutjanus griseus Y Fig. 34 and other BLZ images
Perciformes Lutjanidae Ocyurus chrysurus Y Fig. 34 and other BLZ images
Perciformes Opistognathidae? Unknown Unknown Y Fig. 36 and other BLZ images
Perciformes Oplegnathidae Oplegnathus robinsoni Y http://www.fisheggsandlarvae.com/

EIIIA2%20Oplegnathidae.htm
Perciformes Oplegnathidae Oplegnathus conwayi Y http://www.fisheggsandlarvae.com/ 

FII A7% 2 OOplegnathidae .htm
Perciformes Pempheridae Pempheris schwenkii Y http://www.fisheggsandlarvae.com/ 

LIIA2%2 OPempheridae .htm
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Perciformes Pomacanthidae Holacanthus ciliarus Y Fig. 30 and other BLZ images
Perciformes Pomacanthidae Pomacanthus arcuatus Y Fig. 30 and other BLZ images
Perciformes Pomacanthidae Pomacanthus paru Y BLZ 10213
Perciformes Pomacanthidae Pomacanthus rhomboides Y Fig. 31
Perciformes Sciaenidae Atractoscion aequidens Y http://www.fisheggsandlarvae.com/

LIIA6%20Atractoscion.htm
Perciformes Sciaenidae Equetus punctatus Y BLZ 10121
Perciformes Sciaenidae Odontoscion dentex Y Fig. 36
Perciformes Scorpididae Neoscorpis lithophilus Y http://www.fisheggsandlarvae.com/ 

FIIBl%20Neoscorpis .htm
Perciformes Sparidae Calamus? sp. Y Fig. 35
Perciformes Sparidae Calamus? sp. Y Fig. 35 and other BLZ images
Pleuronectiformes Achiridae Trinectes sp. Y Fig. 37 and other BLZ images
Pleuronectiformes Bothidae Bothus maculiferus Y Fig. 37 and other BLZ images
Pleuronectiformes Bothidae Bothus ocellatus Y Fig. 37 and other BLZ images
Pleuronectiformes Bothidae Unknown Unknown Y Fig. 38
Pleuronectiformes Paralichthyidae Ci tharichthys ? sp. Y Fig. 37 and other BLZ images
Pleuronectiformes Paralichthyidae Syacium sp. Y Fig. 37
Pleuronectiformes Paralichthyidae Syacium sp. Y Fig. 37 and other BLZ images
Pleuronectiformes Paralichthyidae Syacium sp. Y Fig. 37 and other BLZ images
Pleuronectiformes Paralichthyidae Unknown Unknown Y BLZ 7086
Pleuronectiformes Cynoglossidae Symphurus sp. Y Fig. 37 and other BLZ images
Pleuronectiformes Soleidae Solea turbynei Y http://www.fisheggsandlarvae.com/

MIIIA5%20Solea%20bleekeri.htm
Scombriformes Scombridae Auxis rochei Y http://www.fisheggsandlarvae.com/

LIIIAll%20Auxis.htm
Scombriformes Sphyraenidae? Unknown Unknown Y http://www.fisheggsandlarvae.com/

EIIIA2A%20Sphyraenidae.htm
Scombriformes Sphyraenidae Sphyraena barracuda Y Fig. 39 and other BLZ images
Scombriformes Gempylidae Unknown Unknown Y Fig. 39
Scombriformes Istiophoridae Unknown Unknown Y Fig. 39
Scombriformes Scombridae Unknown Unknown Y Fig. 39
Scorpaeniformes Peristediidae Peristedion sp. Y Fig. 41
Scorpaeniformes Scorpaenidae Scorpaena inermis Y Fig. 40 and other BLZ images
Scorpaeniformes Scorpaenidae Scorpaena bergii Y Fig. 40 and other BLZ image
Scorpaeniformes Scorpaenidae Scorpaena grandicornis Y Fig. 40 and other BLZ images
Scorpaeniformes Scorpaenidae Scorpaenodes caribbaeus Y Fig. 40
Scorpaeniformes Unknown Dendrochirus brachypterus Y Fig. 40
Scorpaeniformes Serranidae Diplectrum bivittatum Y Fig. 42 and other BLZ images
Scorpaeniformes Serranidae Pseudanthias cooperi Y Connell pers. comm.
Scorpaeniformes Serranidae Gonioplectrus hispanus Y Fig. 45
Scorpaeniformes Serranidae Hypoplectrus sp. Y Fig. 42 and other BLZ images
Scorpaeniformes Serranidae Mycteroperca bonaci Y Fig. 45 and other BLZ images
Scorpaeniformes Serranidae Pseudogramma gregoiyi Y Fig. 43, 44, and other BLZ images
Scorpaeniformes Serranidae Pseudogramma polyacanthum Y Fig. 44
Scorpaeniformes Serranidae Rypticus sp. Y Fig. 43 and other BLZ images
Scorpaeniformes Serranidae Rypticus sp. Y Fig. 43
Scorpaeniformes Serranidae Rypticus sp. Y Fig. 43
Scorpaeniformes Serranidae Bathyanthias sp. Y Fig. 46
Scorpaeniformes Serranidae Liopropoma rubre Y Fig. 46
Scorpaeniformes Serranidae Serranus tigrinus Y BLZ 7730, 5352
Scorpaeniformes Serranidae Serranus baldwini Y Fig. 42 and other BLZ images
Stromateiformes Nomeidae Cubiceps? Unknown Y Fig. 48
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COLOUR IN MARINE TELEOST LARVAE 563

APPENDIX Continued

Order Family Genus Species Colour Image

Stromateiformes Stromateidae Centrolophus niger Y http://www.fisheggsandlarvae.com/ 
FIIA5%2 0Centrolophus%2 0 
niger.htm

Tetraodontiformes Monacanthidae Monacanthus ciliatus Y Fig. 50 and other BLZ images
Tetraodontiformes Monacanthidae Aluterus schoepfi Y Fig. 50
Tetraodontiformes Ostraciidae Unknown Unknown Y Fig. 50 and other BLZ images
Tetraodontiformes Ostraciidae Lactophiys trigonus Y Fig. 50 and other BLZ images
Tetraodontiformes Ostraciidae Unknown Unknown Y Fig. 51
Tetraodontiformes Tetraodontidae Canthigaster rostrata Y Fig. 49 and other BLZ images
Tetraodontiformes Tetraodontidae Sphoeroides testudineus Y Fig. 49 and other BLZ images
Tetraodontiformes Tetraodontidae Sphoeroides spengleri Y Fig. 49 and other BLZ images
Tetraodontiformes Tetraodontidae Ranzania laevis Y Fig. 49
Trachiniformes Champsodontidae Champsodon capensis N http://www.fisheggsandlarvae.com/

LIIBl%20Champsodontidae.htm
Trachiniformes Chiasmodontidae Chiasmodon niger N http://www.fisheggsandlarvae.com/ 

LIIA8%2 OChiasmodontidae .htm
Trachiniformes Uranoscopidae Unknown Unknown Y http://www.fisheggsandlarvae.com/

CMIA3%20Uranoscopidae.htm

BLZ, Belize. In cases in which it is followed by a four- or five-digit number, this represents the Sm ithsonian DNA number.
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