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The e s t i m a t i o n  of m e l a n o p h o r e  r e s p o n s e s  in a pleuronect id  f ish 

D. B u r t o n  

Marine Sciences Research Laboratory, St. John's (New[oundland, Canada), 11 July  1977 

Summary. A descr ip t ion  is g iven  of a s imple  m e t h o d  of e s t i m a t i n g  phys io logica l  responses  of ep ide rma l  and  d e r m a l  
m e l a n o p h o r e s  in a p leu ronec t id  fish. 

I n  teleosts ,  phys io logica l  and  morpholog ica l  responses  of 
m e l a n o p h o r e s  h a v e  been  obse rved  a f te r  b a c k g r o u n d  
changes .  Phys io logica l  responses  invo lve  m o v e m e n t  of 
p i g m e n t - b e a r i n g  me lanosomes  w i t h i n  i n t e g u m e n t a r y  
m e l a n o p h o r e s ;  such  a c t i v i t y  usua l ly  h a v i n g  rap id  (min), 
neu ra l l y  cont ro l led ,  and  slower (h or days) ,  h o r m o n a l l y  
cont ro l led ,  phases  in te leos ts  1. Morphologica l  responses  
invo lve  changes  in m e l a n o p h o r e  dens i t y  ~ a f t e r  p ro longed  
exposure  to  l igh t  or d a r k  backg r ounds .  
D u r i n g  a s t u d y  of c ryp t i c  p a t t e r n s  in  w i n t e r  f lounder ,  
Pseudopleuronectes americanus, i t  h a s  p r o v e d  necessa ry  
to  use a s imple  m e t h o d  to  e s t i m a t e  phys io logica l  responses  
of m e l a n o p h o r e s  in d i f fe ren t  a reas  of skin.  I n  te leosts ,  
m e a s u r e m e n t  of such  responses  ha s  been  based  on  cel lular  
a c t i v i t y  of i n d i v i d u a l  m e l a n o p h o r e s  or on  re f lec tance  
changes  f rom fish skin.  T he  m e l a n o p h o r e  i n d e x  s (MI) 
has  p r o v e d  a c o n v e n i e n t  a r b i t r a r y  scale for t e leos t  cel lular  
responses ;  po in t s  1 and  5 be ing  assigned,  respec t ive ly ,  
to  m a x i m u m  m e l a n o s o m e  aggrega t ion  a n d  dispers ion.  
MI m e t h o d s  h a v e  been  cr i t ic ized on  t he  g r ounds  t h a t  
m e l a n o s o m e  m o v e m e n t  m a y  be  caused  b y  d i s t u r b a n c e  
assoc ia ted  w i t h  microscopic  e x a m i n a t i o n  of l ive f ish ~, 
or w i t h  h a n d l i n g  f ish before  f i xa t ion  1, w h e n  his to logica l  
p r e p a r a t i o n s  of skin are used. Such  me lanosome  m o v e m e n t  
m a y  c o n t i n u e  for a sho r t  t i m e  a f t e r  immers ion  in f i xa t ive  *. 
To ove rcome  th i s  p rob lem,  whole  f ish h a v e  been  p lunged  
in to  l iquid  n i t rogen4,  5, b u t  t h i s  p rocedure  is u n s u i t a b l e  
for  large fish*. Ref l ec tance  m e a s u r e m e n t s  use p h o t o -  
electr ic  m e t h o d s  ~ or the  der ived  Os twa ld  i ndex  7 in wh ich  
ti le overa l l  colour  of t he  f ish dorsa l  skin is m a t c h e d ,  b y  
n a k e d  eye, aga in s t  po in t s  f rom t he  Os twald  g r ay  series. 
Ob jec t i ons  to  us ing  re f lec tance  as a measu re  of mela -  
n o p h o r e  a c t i v i t y  inc lude  t he  poss ib i l i ty  t h a t  x a n t h o p h o r e  
a n d  i r idophore  a c t i v i t y  m a y  affec t  re f lec tance  8 and,  
also, such  m e t h o d s  c a n n o t  be used to  c o m p a r e  t he  a c t i v i t y  
of d i f fe ren t  layers  of me lanophores .  
The re  are a n u m b e r  of macroscopic  desc r ip t ions  of 
c h r o m a t i c  a c t i v i t y  in  p l eu ronec t id  species 9-n.  These  
inc lude  a n  a c c o u n t  n of responses  of the  c ryp t i c  p a t t e r n  
of P. americanus; a l t h o u g h  ' p h o t o g r a p h i c  e n l a r g e m e n t '  

was  used to  s t u d y  ' s ign i f i can t '  responses,  t he  m e l a n o p h o r e s  
were no t  descr ibed.  W i n t e r  f lounder  uppe r  sk in  is g r a y  
w i t h  w h i t e  spots  a n d  d a r k  areas  n ,  usua l ly  2-4  d a r k  
b a n d s  in spec imens  c a u g h t  off Newfound land .  The  p r e sen t  
s t u d y  ha s  e s t ab l i shed  t h a t  P. americanus possesses epi- 
d e r m a l  a n d  d e r m a l  layers  of m e l a n o p h o r e s  (figure 1). 
Mucous  secre t ion  some t imes  p a r t l y  obscures  c h r o m a t o -  
phores  on  scale-slips m o u n t e d  in sea w a t e r  for microscopic  
e x a m i n a t i o n .  I t  is n o t  k n o w n  how v a r i a t i o n  in m u c o u s  
cell a c t i v i t y  m a y  affec t  re f lec tance  f rom the  sk in  of t h i s  
species. 
I n  t he  p r e s e n t  inves t iga t ion ,  microscopic  e x a m i n a t i o n  of 
scale-slips (figure 2) f rom f ish a d a p t i n g  to d i f fe ren t  
b a c k g r o u n d s ,  has  p r o v e d  c o n v e n i e n t  for s t u d y i n g  dif- 
f e ren t  s tages  of phys io logica l  a c t i v i t y  of me lanophores .  
Scale-sl ips are  f rozen i m m e d i a t e l y  a f t e r  removal ,  us ing  
solid CO 2 (-78~ a n d  p laced  in Bou in ' s  f ixa t ive .  T h e y  
are t h e n  d e h y d r a t e d ,  c leared and  m o u n t e d ,  u n s t a i n e d .  
The  e p i d e r m a l  and  d e r m a l  m e l a n o p h o r e  index  (EMI a n d  
DMI)  are  d e t e r m i n e d  for a s t a n d a r d  a rea  of e ach  sk in  
sample .  Reference  examples  of m e l a n o p h o r e s  w i t h  com- 
p le te  m e l a n o s o m e  aggrega t ion  and  d ispers ion  h a v e  b e e n  
p r e p a r e d  b y  freezing localized areas  of skin  of whi t e -  a n d  
b l a c k - a d a p t e d  fish in si tu,  us ing  a t h i n  rod of solid CO 2. 
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Table 1. Comparison of EMI and DMI values, after different pre-fixation procedures, for scale-slip melanophores from winter flounders 
during adaptation to a constantly illuminated white background 

MI after different periods of adaptation to a white background 
Pre-fixation procedure 0 nfin 10 min 5 days 10 days 

EMI DMI EMI DMI EMI DMI EMI DMI 

Frozen at -78 ~ 
immediately after removal from fish 

None (fixed immediately) 

Young's marine 
teleost Ringer 
(5 min) at sea water temperature 
(5-7 ~ 

4.8 4.8 2.8 3.2 1.0 1.4 1.0 1.3 
(4.0-5.0) (4.4-5.0) (1.3-4.0) (2.6-3.8) (1.0-2.1) (1.0-1.6) 

4.7 4.7 3.0 3.2 1.1 1.6 1.0 1.6 
(4.1-5.0) (4.2-5.0) (1.2-4.5) (2.3-4.0) (1.0-1.6) (1.1-2.2) (1.2-2.2) 

4.7 4.7 4.1 4.3 1.6 2.6 1.8 2.6 
(4.0-5.0) (4,0-5.0) (3.2-5.0) (3.6-5.0) (1.0-2.9) (1.8-3.8) (1.0-2.5) (1,7-3.7) 

Each MI-value is the mean, followed by the range in parenthesis, for 10 scale-slips from the extensive gray areas of skin. 
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Scale-slips are easily removed,  the  skin separa t ing  readi ly  
a t  a f ibrous de rmal  s ep tum (figure 1), usual ly  w i t h o u t  
observable  in ju ry  to melanophores .  Win t e r  f lounders  are 
re la t ive ly  quiescent  in aquar ia ,  and wa te r  levels can be 
lowered to  faci l i ta te  sampl ing  of scale-slips w i thou t  hand-  
ling the  fish, usually,  w i thou t  evoking any  ' s t a r t l e '  move-  
ment .  
MI-values  for whi te  and b l ack -adap ted  win te r  f lounders  
(table 1) compare  favourab ly  wi th  those  for o ther  te leosts  
(table 2) e s t ima ted  by  d i f ferent  methods .  Using f ixat ion,  
w i thou t  pre-freezing,  resul ted  in a s l ight ly  higher  DMI 
for w h i t e - a d a p t e d  fish (table 3), a larger p ropor t ion  of 
dermal  melanophores  hav ing  s l ight ly  d ispersed melano-  
somes (MI, 2.0). E x c e p t  for b l ack -adap ted  fish, t he  EMI  
and DMI were h igher  af ter  immers ion  in a ba lanced  salt  
solut ion (table 1), indica t ing  t h a t  par t ia l  d ispers ion of 
melanosomes  m a y  normal ly  follow scale-slip r emova l  in 
th is  species. 
O s b o r n n  repor ted  exc i t emen t  pal lor  of da rk  areas,  on 
o therwise  wh i t e - adap t ed  win te r  f lounders  (20~ when  
spec imens  were prodded .  In  the  p resen t  expe r imen t s  
(5-10 ~ a l though  similar responses  have  been observed,  
the  bands  usual ly  pale to  vest igial  mark ings  af ter  3 days  
w h i t e - a d a p t a t i o n  and the  expe r imen ta l  p rocedure  some- 
t imes  evokes s l ight  exc i t emen t  darkening.  In  an exper i -  
ment ,  designed to evalua te  the  effect  of the  exper imen ta l  
t echn ique  on the  ch romat i c  condi t ion  of fish, observer  
m o v e m e n t  and removal  of scale-slips evoked sl ight  dark-  
ening of bands  in 4 wh i t e - adap t ed  fish (n = 10). Compared  
wi th  mos t  of the  upper  skin, MI-values  of scale-slips 
f rom the  bands  of these  10 fish (table 3) showed more  
var ia t ion.  This  p robab ly  indicates  the  ex t en t  of exci te-  

m e n t  response  to  observer  movemen t s .  Scale-slips re- 
moved  f rom the  bands  2 rain later ,  when  e x c i t e m e n t  
response  following the  f irs t  sampl ing  was m a x i m u m ,  h a d  
a h igher  MI and  a wider  range (table 3). 2 min  a f te r  
t r ans fe r  of w h i t e - a d a p t e d  f lounders  to  a black background  
the  d a r k - b a n d  EMI  and  DMI are usual ly  4.0-5.0 in 
con t r a s t  to  values  in tab le  3. 
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Table 2. Comparison of MI values of 4 teleost species after white and 
black background adaptation 

Species M1 after MI after 
white adaptation black adaptation 
EMI DMI EMI DMI 

I c ta lu rus  melas  5 1.1 1.26 5.0 5.0 
A ngu i l la  angu i l l a  i 1.0 1.3 4 .6 4.9 

Gasterosteus aculeatus  12 - 1.3 - 4.7 
P h o x i n u s  p h o x i n u s  TM - 1.25 4.8 

Fig. 1. Longitudinal section through a scale-slip, d, dermal melano- 
phores; e, epidermal melanophores; s, fibrous septum in dermis. 

Table 3. Comparison of EMI and DMI values of scale-slip samples 
taken 2 min apart, without change of background colouration 

Cryptic 
pattern 
component Sample 

MI after 72 h adaptation to a constantly 
illuminated background 
White background Black background 
EMI DMI EMI DMI 

Extensive 1st 1.4 1.6 4.8 4.7 
grey area (1.0-2.0) (1.3-2.0) (4.5-5.0) (4.5-5.0) 

2nd (2 rain 1.3 1.6 4.7 4.7 
after 1st) (1.0-2.1) (1.3-2.3) (4.5-5.0) (4.3-5.0) 

Dark band 1st 1.5 1.9 5.0 4.9 
area (1.0-2.3) (1.3-3.0) (4.4-5.0) 

2nd (2 rain 1.7 2.4 4.9 4.9 
after 1st) (1.0-3.0) (1.4-3.5) (4.6-5.0) (4.4-5.0) 

Each MI-value is the mean, followed by the range in parenthesis, 
for 10 scale-slips. Fig. 2. Scale-slip preparation. Position of dermal septum is indicated. 


