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S T U D I O R U M  P R O G R E S S U S  

The Colour Change of the Zoea of the Shrimp,  
Crangon crangon L. 

By F. PAUTSCH, Gdaflsk 1 

Introduction.--It  was in the  midd le  of the  n i n e t e e n t h  
c e n t u r y  t h a t  zoologists  de t ec t ed  in some decapod  
c rus taceans  the  ex is tence  of i n t e g u m e n t a r y  c h r o m a t o -  
phores,  as well  as the  physiological  colour  change  pro-  
duced  by  the i r  ac t iv i ty .  B u t  the  first  de ta i led  descr ip t ion  
of t he  ch roma t i c  a c t i v i t y  in shr imps  and  p rawns  .was 
g iven  by  POUCHET *, whose  obse rva t ions  in th is  f ield 
were l a te r  deve loped  by  KEEBLE and  GAMBLE s and  by  
MINKIEWlCZ 4. On the  basis of the  resul ts  ob t a ined  b y  
these  older  inves t iga to r s  t he  conclus ion can  be  d r a w n  
t h a t  some shr imps  and  p rawns  possess the  c a p a c i t y  of 
a d a p t i n g  themse lves  to  the  co lora t ion  of t he  background .  

A n e x t  step,  and a v e r y  i m p o r t a n t  one in the  research  
work  on c rus tacean  colour  change,  was m a d e  by  KOLLER s, 
who  de tec t ed  t h a t  th is  process is r egu la t ed  by  ho rmones  
p resen t  in the  c i rcu la t ing  blood.  PERKINS s, us ing differ- 
en t  m e t h o d s  and  work ing  independen t ly ,  conf i rmed  
KOLLER'S s t a t emen t .  HANSTR(SM 7 was able to  iden t i fy  
t he  sinus g land  of the  decapod  eye-s ta lk  as a source of 
c h r o m a t o p h o r o t r o p i c  hormones .  Accord ing  to  the  present  
s t a te  of knowledge,  HANSTR{SM'S sinus g land  is the  mos t  
i m p o r t a n t  i nc re to ry  organ of h igher  crus taceans ,  b u t  no t  
the  on ly  one. BROWN and  his co l labora tors  s showed in 
a series of inves t iga t ions  t h a t  c h r o m a t o p h o r o t r o p i c  
hormones  in decapods  can  be p roduced  also in some par t s  
of t he  cen t ra l  ne rvous  sys tem,  and  especial ly  in the  
t r i toce rebra l  commissures .  

The  colour  change of the  shr imp,  Crangon crangon L., 
was s tud ied  in de ta i l  by  KOLLER 9. Crangon has a sense of 
colour ;  the  an ima l  dis t inguishes  blue f rom yellow, orange 
and red, bu t  no t  f rom green.  This  r a the r  wel l -deve loped  
colour  sense gives the  shr imp a v e r y  fine a d a p t a t i o n  to  
backgrounds  as d iverse  in colour  as whi te ,  yel low, orange,  
red  and black. This  ab i l i ty  of t he  an ima l  to  ha rmon ize  
its colour  w i th  i ts  e n v i r o n m e n t  m a y  be of p r o t e c t i v e  
va lue  under  na tu ra l  life condi t ions .  

The  s t ruc tu re  of the  c h r o m a t o p h o r a l  sys tem of the  
adu l t  shr imp,  Crangon, is one of t he  mos t  comp lex  
k n o w n  a m o n g  the  crus taceans .  The  descr ip t ion  of KOL- 
LER con ta ined  a list  of 4 d i f ferent  p igmen t s  (sepia- 
brown,  whi te ,  ye l low and  red), b u t  accord ing  to t he  
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l a te r  observa t ions  of BROWN and WULFF 1, KOLLER's 
sep ia -brown should  be d i f fe ren t ia ted  in to  a b rown and 
a b lack  p igment .  These  5 p igmen t s  m a y  appea r  sepa- 
r a t e ly  in m o n o c h r o m a t i c  cells or  fo rm combina t ions  of 
bi-, t r i-  and  t e t r a c h r o m a t i c  ch romatophores .  The  parti- 
cular  t ypes  of p i g m e n t a r y  cells cons t i tu te  groups  char- 
ac ter is t ic  of def in i te  regions of t he  sh r imp ' s  body.  The 
c o m p l e x i t y  of th is  p a t t e r n  is fu r the r  increased  by  the 
fact  t h a t  the  c h r o m a t o p h o r e s  of t he  respec t ive  body 
regions  m a y  show di f ferent  physio logica l  propert ies .  

I t  is known  t h a t  t he  an ima l  t ends  to a d a p t  itself to 
the  colour  of the  b o t t o m  by  a k ind  of neurohumoral  
reflex.  This  is b rough t  a b o u t  in the  fol lowing manner:  
once the  c o m p o u n d  eye has been af fec ted  by  l ight,  the 
s t imulus  is c o n v e y e d  t h r o u g h  the  cen t ra l  ne rvous  system 
to  the  sinus g land  or  some neurosec re to ry  centre.  The 
response thus  c rea ted  produces  in the  g land  or the 
neu rosec re to ry  cells a n u m b e r  of hormones  which  may 
change  t h e  s ta te  of t he  ch roma tophores .  This  rather 
s imple  scheme of reac t ion  does no t  give a full  explanat ion 
for all t he  man i fes t a t ions  of ch roma t i c  adap t a t i on  in 
Crangon. In  fact  the  inves t iga t ions  in th is  field are still 
faced wi th  a n u m b e r  of unso lved  problems.  B u t  i t  has 
been  p r o v e d  t h a t  a v e r y  i m p o r t a n t  fac tor  in these  reac- 
t ions is the  ra t io  of l igh t  ref lec ted  f rom the  background 
to  t he  inc ident  l ight  (albedo). 

The  c h r o m a t o p h o r a l  sy s t em of the  zoea (first larval 
stage) of Crangon is no t  as comp lex  as t h a t  of the  adult 
forms.  The  ch roma tophore s  inc luded  in i t  are few in 
n u m b e r  and show fai r ly  regular  d i s t r ibu t ion .  I t  contains 
b lackish  b rown  m o n o c h r o m a t i c  p i g m e n t a r y  cells, as well 
as t he  less numerous  b i ch roma t i c  ones p rov ided  with 
b rown  and  ye l low p igment .  As i t  deve lops  fur ther ,  this 
sy s t em of ch romatophores ,  f rom being  a p r i m a r y  one 
(KEEBLE and  GAMBLES), evolves  in to  a more  complex 
and i r regula r  s econda ry  c h r o m a t o p h o r a l  sy s t em typical 
of t he  adu l t  shr imp.  

Experimental results and discussion.--By s tudy ing  the 
zoea 's  ch roma tophore s  under  d i f ferent  condi t ions,  i t  was 
found  t h a t  the i r  responses  differ essent ia l ly  f rom those 
shown by  the  c h r o m a t o p h o r e s  of t he  adu l t  shr imp.  The 
ref lec ted  l igh t  is a n o n - c o n t r i b u t o r y  factor ,  as only the 
inc iden t  rays  are i n s t r u m e n t a l  in p roduc ing  the  colour 
change.  This  has  been  p r o v e d  by  a series of experiments 
in which  the  zoeas were p laced  in 3 d i f ferent  kinds of 
surroundings ,  which  were :  (1) a whi te -wa l l ed  container, 
exposed  to  sun-l ight ,  (2) a b lack-wal led  conta iner ,  subject 
to  s imilar  i l lumina t ion ,  and  (3) a con ta ine r  placed in the 
dark- room.  E a c h  con ta ine r  rece ived  a series of 5 zoeas, 
which  r ema ined  in the  condi t ions  m e n t i o n e d  on August 
19 m, 1951, f rom 10 a .m.  to  113o a.m. ( insolat ion intensity 
0.49 cal. g / cm *, air t e m p e r a t u r e  20-35°).  All the  larvae 
in t h e  i l l u m i n a t e d  con ta iners  (whi te-wal led  and black- 
walled) r eac ted  by  p i g m e n t  dispers ion in the  chromato- 
phores  and  those  p laced  in the  d a r k - r o o m  by  pigment 
concen t ra t ion .  B o t h  kinds  of p i g m e n t  were  involved in 
these  changes.  I n  this  t y p e  of colour  change  the  albedo 
does no t  appea r  to  p l ay  a n y  p a r t  wha teve r ,  and there is 
also no a d a p t a t i o n  to  the  background .  This  conclusion 
does no t  con fo rm wi th  the  ear l ier  v iew of KOLLER a. This 
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a u t h o r  wr i t e s  t h a t  " . . .  die  L a r v e n . . .  in  d u n k l e r  U m -  
gebung  e ine  w e i t g e h e n d e  E x p a n s i o n  de r  P i g m e n t e  zeig- 
ten.  N a c h  V e r b r i n g u n g  in  hel le  U m g e b u n g  e r fo lg te  d e u t -  
liche K o n t r a k t i o n . "  E v i d e n t l y  KOLLER d id  n o t  see t h e  
difference in  t h e  c h r o m a t i c  b e h a v i o u r  of t h e  l a r v a e  a n d  
t h a t  of t h e  a d u l t s ;  t h i s  is c e r t a i n l y  incor rec t .  

F u r t h e r  e x p e r i m e n t s  r e v e a l e d  t h a t  t h e  effects  pro-  
duced in  t h e  c h r o m a t o p h o r e s  n o t  o n l y  d e p e n d  on  t h e  
i n t ens i t y  of l i gh t  b u t  also on  i t s  w a v e - l e n g t h .  Th i s  was  
proved b y  t r a n s f e r i n g  t h e  l a r v a e  i n t o  w h i t e - w a l l e d  con-  
ta iners  e x p o s e d  t o  s u n - l i g h t  w h i c h  was  pas sed  t h r o u g h  
3 d i f fe ren t  g lass  f i l ters .  T h e s e  w e r e :  (1) a n  u l t r a v i o l e t -  
violet  f i l t e r  ( w a v e - l e n g t h  300 -450  rap) ,  (2) a b lue  one  
(wave- l eng th  4 5 0 - 5 0 0  rap)  a n d  a r e d  one  ( w a v e - l e n g t h  
abou t  660 rap)  I. E a c h  c o n t a i n e r  r ece ived  a ser ies  of 6 
larvae.  Af t e r  t h e  a n i m a l s  h a d  b e e n  i r r a d i a t e d  for  1 h 
(August  19 th, 1951, f r o m  14 p .m.  to  15 p .m. ,  i n s o l a t i o n  
i n t ens i t y  0.36 ca l . g / cm 2, a i r  t e m p e r a t u r e  23°), t he  s t a t e  of 
the c h r o m a t o p h o r e s  of t h e  t h r e e  g roups  was  r e g i s t e r e d  
wi th  t he  fo l lowing r e su l t s :  (1) a v e r y  p r o n o u n c e d  p i g m e n t  
dispers ion was  n o t e d  u n d e r  t h e  u l t r a v i o l e t  f i l ter ,  (2) a 
lesser degree  of d i spe r s ion  u n d e r  t h e  b lue  f i l ter ,  a n d  (3) 
a p i g m e n t  c o n c e n t r a t i o n  u n d e r  t h e  r ed  one.  T h e  con-  
clusion to  be  d r a w n  is t h a t ,  as  r e g a r d s  t h e  z o e a ' s  ch ro -  
ma tophores ,  t h e  s h o r t - w a v e d  rays ,  a n d  p a r t i c u l a r l y  t h e  
u l t r av io le t  ones,  i n d u c e  p i g m e n t  d i s p e r s i o n  w h i c h  pro-  
duces t h e  e f fec t  of d a r k e n i n g  of t h e  e x t e r n a l  co lo ra t i on ,  
whereas  l o n g - w a v e d  l i gh t  t e n d s  to  p r o d u c e  t h e  concen -  
t ra t ion  of p i g m e n t  a n d  s u b s e q u e n t  p a l i n g  of t h e  an ima l .  
I t  shou ld  also be  m e n t i o n e d  here  t h a t  t h e  r e su l t s  g i v e n  
above s t a n d  in  no  r e l a t i o n  to  t h e  v a r y i n g  va lues  of 
i n t ens i ty  of t h e  r ays  passed  t h r o u g h  t h e  d i f f e r e n t  f i l ters .  
The i n t e n s i t y  of s u n l i g h t  pas sed  t h r o u g h  t h e  t h r e e  
filters was  m e a s u r e d  b y  a t h e r m o e l e c t r i c  s o l a r i m e t r e  
(the GORCZYNSKI type ) .  T h e  r ed  f i l t e r  s h o w e d  t h e  
highest  i n t e n s i t y  va lue ,  t he  b lue  f i l t e r  a n  i n t e r m e d i a t e  
one, t h e  u l t r a v i o l e t - v i o l e t  f i l te r  g iv ing  t h e  l owes t  i n t e n -  
sity of t h e  3 t e s t e d  glasses.  The  e n e r g y  of t h e  f i l t e red  
light d i m i n i s h e s  i nve r se ly  to  t h e  dec rease  of t h e  p i g m e n t  
dispersion ( f rom long  to  s h o r t  w a v e s  in  t h e  f i r s t  case a n d  
from s h o r t  to  long  waves  in t h e  s econd  case).  

I t  was  also f o u n d  t h a t  t he  i m m e r s i o n  of l a r v a e  in  a n  
aqueous s o l u t i o n  of t h e  s inus  g l a n d  h o r m o n e s  of a n  a d u l t  
sh r imp h a d  no  ef fec t  w h a t e v e r  u p o n  t h e  c h r o m a t o -  
phores. F o r  t h i s  t y p e  of e x p e r i m e n t ,  a t o t a l  n u m b e r  of 
16 l a rvae  w as  used.  T h e  c h e m i c a l  co lou r  c h a n g e  a g e n t s  
of the  a d u l t  a n i m a l  a re  e v i d e n t l y  i n a c t i v e  in  t h e  case  of 
the zoea. 

The  c h a r a c t e r  of c h a n g e s  o b s e r v e d  in t h e  e x p e r i m e n t s  
men t ioned  a b o v e  seems  to  i n d i c a t e  t h a t  t h e  a c t i o n  of  
l ight on  t h e  c h r o m a t o p h o r e s  is, in  t h i s  case, a d i r ec t  one.  
The b e h a v i o u r  of t h e  c h r o m a t o p h o r e s  of t h e  zoea  of 
Crangon r e s e m b l e s  t h e  t y p e  of r e a c t i o n  seen in  b l i n d e d  
decapods (KLEINHOLZ a n d  WELSH 2) a n d  b l i n d e d  i sopods  
(SMITH 3, SUNESON 4) in  t h e  m a t u r e  s tage .  I n  a n i m a l s  
from t h e s e  c r u s t a c e a n s  g roups ,  in  w h i c h  t h e  n e u r o -  
humora l  co lon r  c h a n g e  m e c h a n i s m  w i t h  t h e  c o m p o u n d  eye  
as r ecep to r  is e x p e r i m e n t a l l y  e l i m i n a t e d ,  t h e  c h r o m a t o -  
phores  r e a c t  to  i l l u m i n a t i o n  b y  p i g m e n t  d i spers ion ,  
caused b y  d i r e c t  s t i m u l a t i o n  of t he se  cells b y  t he  rays .  

B u t  i t  h a s  also b e e n  p r o v e d  b y  m a n y  a u t h o r s  ( in i t i a l ly  
b y  BAB.~.K 1) t h a t  t h e  ea r ly  l a r v a l  f o r m s  of v e r t e b r a t e s  

Fig. 1.--The effect of darkness on the chromatophores of the shrimp's 
zoea: concentration of the pigment. 

Fig. ~.--The effect of insolation through a blue filteron thechromato- 
phores of the shrimp's zoea: the pigment in the cells less concentrated 

than that in Figure 1. 

1 The differences of temperature which could possibly arise in the 
containers as the consequence of the different transmittance of the 
filters used, were eliminated by a cooling arrangement which main- 
tained the water temperature on a level approximatively equal to 
that of the air. 
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Fig. 3.--The effect of insolation whithout filter on the ehromato- 
phores of the shrimp's zoea : dispersion of the pigment. 

m a y  show a s imi l a r  t y p e  of c h r o m a t o p h o r a l  r eac t i ons .  
T h e  l a r v a e  of m a n y  f ishes  a n d  a m p h i b i a n s  r e a c t  to  illu- 
m i n a t i o n  b y  m e l a n i n  d i spe r s ion  in t h e  c h r o m a t o p h o r e s  

I E. BABXK, Pfliigers Arch. 13l, 87 (191o). 
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and by melanin concentrat ion in same if placed in the 
darkness. In later stages of development,  this pr imary  
type  of colour response is replaced by a secondary type  
of response, which consists in the main in a background 
adaptation.  Here the differences can possibly be explain- 
ed by the respective significance of the chromatophoral  
system in the life of the larvae and in tha t  of the adults. 
In the latter,  the colour change makes it  possible to 
effect concealment through background adapta t ion;  in 
the larvae, the ac t iv i ty  of chromatophores may  lead to 
protection of internal  organs against the ,harmful effect 
of light. 

This evident ly  also holds true of the zoea of Crangon. 
In contrast  to the adults, the larvae have a planktonic 
mode of life and float in the superficial water  layers, 
being exposed to an intensive solar irradiation. In  this 
connection it may  be interesting to note tha t  their  
chromatophores are located very  closely to the chief 
internal  organs, especially to the nervous system (see the 
big paired chromatophores between the eyes, Fig. 1 and 
Fig. 2). 

Unfortunately,  i t  was not  possible, in my experiments,  
to observe the metamorphosis  of the Crangon's zoea into 
the subsequent larval  stages, and for the same reason no 
observations could be made at  which point of develop- 
ment  the pr imary colour response is replaced by the 
secondary one. I t  seems rather  probable, however, t ha t  
in sett l ing this question, a comparat ive  consideration of 
the properties of the chromatophores in other crustacean 
groups might  prove useful. 

I t  is well known tha t  the decapod larvae, the zoea and 
even more the following mysis stage show a striking 
resemblance to the adult  forms of  the Mysidae. That  also 
holds true of the chromatophoral  system of the shrimp's  
zoea. I t  has been proved by KOLLER and MEYER 1 and 
later by CHICEWlCZ 2 tha t  in the Mysidae there is a neuro- 
humeral  regulation of the chromatophores, comparable 
to tha t  of the decapods. But  CHICEWlCZ found also tha t  
the p igmentary  cells of the mysid species Praunus 
/lexuosus can to a certain degree be st imulated directly 
by light. 

Taking for granted tha t  the morphological resemblance 
of the decapod larvae and the Mysidae justifies our 
making some assumptions as to the existence of common 
phylogenetic stages in the development  of the chromato- 
phoral system, i t  seems probable tha t  the pr imary  type  
of response is replaced by the secondary one before the 
former has developed into the latter.  According to this 
theory, Praunus represents the stage in which the 
response has already developed into the secondary type 
but  the system of chromatophores still persists on the 
pr imary  level. The same is probably true of the onto- 
genetic development.  This can be presumed from the 
observations of I{~EBL]E and GAMBL1~ 3, according to 
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which the decapod larvae show signs of background 
reaction at the moment  at  which the eye-stalks grow out. 

In  this way, the following stages can be assumed to 
exist in the ontogenetic and phylogenetic development 
of the chromatophoral  system in higher crustaceans and 
in the types of reactions: 

System Type of response 
1 st stage (decapod zoea) . . pr imary primary 
2 nd stage (Praunus) . . . .  primary secondary 
3 rd stage (adult decapods) . secondary secondary 

Zusammen]assung 

Das Chromatophorensystem der ZoSa-Larve der Sand- 
garnele Crangon crangon L. ist einfacher ausgebildet Ms 
das der erwachsenen Garnele und zeigt auch ein anderes 
Verhalten Lichtreizen gegeniiber. Dieses sogenannte 
primiire Chromatophorensystem reagiert  nur auf ein- 
fallendes Licht, und zwar durch Pigmentdispersion, wo- 
bei kurzwelliges Licht  mehr ak t iv  ist. Das sekundtire 
Chromatophorensystem der erwachsenen Garnele da- 
gegen zeigt Anpassung an den Untergrund,  wobei der 
jeweilige Zustand der Farbzelle abhgngig ist yon dem 
Verhiiltnis: reflektiertes Licht :e infal lendes  Licht (A1- 
bedo). 

Der Farbwechsel des sekundAren Systems ist bekannt- 
lich yon einem neurohumoralen Reflex mit  Einschluss 
der endokrinen T~tigkeit  der Sinusdriise abh~ngig, in 
dem prim~iren System dagegen scheint eine direkte Rei- 
zung der Chromatophoren durch Lichts t imuli  stattzu- 
linden. 

Ein Vergleich mit  dem Farbwechsel  der Mysidae er- 
lauht  zu vermuten,  dass auch in der phylogenetischen 
Entwicklung des Chromatophorensystems der h6heren 
Kruster  iihnliche Stadien aufeinanderfolgten. 

C O N G R E S S U S  

S u i s s e  

XIe Congr~s ornithologique international 

Le XI  e Congr~s ornithologique international,  pr6sid6 
par Sir LANDSBOROUGH THOMSON, Londres, aura lieu 
t~ BAle (Suisse) du 29 mai au 5 juin 1954. 

Pendant  Ia semaine du Congr~s, probablement  5 jours 
seront r6serv~s aux discussions et 2 jours aux excursions. 
Avant  et apr~s le Congr~s (25-28 mai et  7-19 juin) des 
excursions sent  pr6vues pour faire connaltre aux con- 
gressistes l ' avi faune suisse, avan t  tout  celle des Alpes 
et  Pr6alpes. L 'organisat ion du Congr~s est  confi6 au 
Secr6taire g6n6ral, le professeur A. PORTMANN, BAle. 

Secr6tariat  du XI  e Congr~s ornithologique interna- 
t ional :  Jardin  Zoologique, BAle (Suisse). 


