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Colour changes induced by pairing and painting in the male rainbow lizard, Agama agama agama z 

S. Inou6  2 a n d  Z. Inou6  

Division o/ Human Biology and Behaviour, Faculty o/ Health Sciences, University o~ I/e, Ile-1/e (Nigeria), 
22 March 1977 

Summary. The  b r i l l i an t  r ed -o range  colour  of t h e  h e a d  c h a n g e d  to  d a r k  b rown,  if a male  r a i n b o w  l izard  was  pa i red  w i t h  
a s t ronge r  male .  However ,  a f te r  t he  l a t t e r  was  p a i n t e d  green  on  t he  head ,  wh ich  m i g h t  i m i t a t e  t he  female  or juven i le  
ma le  colora t ion ,  t he  fo rmer  recovered  i ts  b r i l l i an t  colour.  

The  a d u l t  ma le  r a i n b o w  lizard,  Agama agama agama, 
w h i c h  gove rns  i t s  o w n  t e r r i to ry ,  d i sp lays  a b r i l l i an t  red-  
o range  h e a d  arid ta i l  w i t h  a b l u e - b l a c k  b o d y  in  t he  s u n n y  
d a y t i m e .  Such  a male  is cal led 'cock l izard '  a. Fema les  
a n d  juven i l e  males  s u r r o u n d i n g  a cock l izard  h a v e  a 
g reen  h e a d  a n d  a b r o w n i s h  b o d y  a n d  tai l .  All  l izards  t u r n  
d a r k  b r o w n  in t he  even ing  w h e n  t h e y  come to  t h e i r  
roos t ing  place.  A n u m b e r  of cock l izards,  t o g e t h e r  w i t h  
females  a n d  y o u n g  males ,  c an  sleep in the  s ame  place as 
long as t h e y  show such  n i g h t  co lora t ion .  However ,  a f t e r  
l eav ing  t h e  s leeping place,  a cock l izard  does no t  al low 
a n o t h e r  cock to p e n e t r a t e  i t s  t e r r i t o ry ,  cha l l eng ing  a n d  

Changes in colour scores of paired rainbow lizards before and after 
painting one of the cage mates green 

Pair No. Painted partners Nonpainted partners 
Before* After* Before* After* 

1 3.4 3.2 3.0 3.9 
2** 4.0 3.3 1.8 3.4 
3 3.8 2.5 1.6 2.6 
4 3.4 2.3 3.0 3.3 
5 3.3 2.8 3.2 2.5 
6 3.4 2.7 2.6 3.1 
7 3.7 3.6 2.3 2.9 
8 3.8 3.3 2.1 2.9 
9 3.5 3.0 3.2 3.4 

10 3.4 2.8 3.2 2.9 
Mean i SE 3.6 ~ 0.2 3.0 ~ 0.4 2.6 • 0.6 3.1 i 0.4 

dif~reneeStatistical I I P  < 0"001 l - -  - -  -- l L ] l  
p > 0.05 

* Each value equals the average of daily scores in 7-8 days. 
** The time course of changes in this pair is shown in the figure. 
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Daily changes in colour index in 2 cock lizards (No. 46 and 47). 
Before pairing, both lizards exhibited high scores. After pairing 
No. 47 was apparently dominant to No. 46. But painting No. 47 green 
on the head (arrow between 21st and 22nd days) gradually resulted 
in a reversal of the situation, although the score difference were not 
so great as before. 

t h r e a t e n i n g  b y  special  pos tu re s  as descr ibed  b y  Har r i s  3, 
t h e n  p u r s u i n g  a n d  a t t a c k i n g  t h e  p e n e t r a t o r .  D u r i n g  t h e  
f ight ,  t h e  whole  b o d y  colour  of b o t h  l izards  becomes  
r a t h e r  pale,  a n d  t he  de fea ted  one some t imes  shows a 
choco la t e -b rown  head.  S imi la r  co lo ra t ion  is easi ly ob-  
se rved  i m m e d i a t e l y  a f te r  hand l ing .  Th i s  r e p o r t  deals w i t h  
a n  ana lys i s  of t he  s ignif icance of colour  changes  in t he  
social life of t he  r a i n b o w  lizard.  
Materials and methods. 20 'cock l izards '  were collected a t  
t he  U n i v e r s i t y  of Ife Campus .  T h e y  were n u m b e r e d  for  
i den t i f i ca t ion  b y  blue  spots  of magic  ink  on  t he  b a c k  skin  
accord ing  to  t he  7 - 4 - 2 - 1  coding  method* ,  measu red  for  
t he  b o d y  and  ta i l  l e n g t h  a n d  weighed.  6 l izards  were 
i n d i v i d u a l l y  k e p t  for 7 days  a n d  t h e n  pai red .  14 o the r s  
were pa i red  on t he  n e x t  d a y  of cap tu re .  Cages of m e t a l  
wire m e s h  (30 • 30 • 50 cm) were s epa ra t e ly  p laced  inside 
a large o u t d o o r  enclosure  of m e t a l  wire m e s h  (5 x 5 x 2 m), 
in  w h i c h  females  a n d  juven i le  males  were kept .  This  en-  
closure p r e v e n t e d  free cock l izards  f rom a p p r o a c h i n g  a n d  
t h r e a t e n i n g  t h e  c a p t u r e d  an imals .  Pane l s  be tween  t he  
cages e l i m i n a t e d  v i sua l  in te r ference .  Sect ions  of b l a c k  
po lyv iny lch lo r ide  p ipe  a n d  a d i sh  were p laced  in each  
cage for  h id ing  a n d  w a t e r  supply ,  respect ive ly .  L iv ing  
insec ts  were suppl ied  as food. Pieces  of b i scu i t  inside t h e  
cage a t t r a c t e d  m a n y  an t s  w h i c h  also se rved  as food. 
The  co lo ra t ion  was classified as follows. Grade  4: red-  
o range  h e a d  w i t h  b lue -b l ack  body .  Grade  3: d a r k  o range  
h e a d  w i t h  wh i t e  p a t t e r n s  on  d a r k  grey body .  Grade  2: 
l i gh t  b r o w n  h e a d  w i t h  d a r k  b r o w n  un i fo rm  spots  or pa t -  
t e rn s  on  grey  body .  Grade  1: d a r k  b r o w n  head  w i t h  
b r o w n - b l a c k  un i fo rm  spots  a n d  wh i t e  specks  on  grey  
body .  Grade  0: d a r k  b r o w n  h e a d  w i t h  d a r k  b r o w n  body .  
Grades  4, 1 a n d  0 m a y  equa l  t he  r ep roduc t ive ,  the  fear  
and  t h e  d a r k  r e t i cu la t e  co lour  phase,  respect ively ,  of 
Har r i s  a. Obse rva t i ons  of skin  co lour  were done  1-5 t imes  
per  d a y  (8-18 h). Da i ly  scores were o b t a i n e d  b y  ave rag ing  
t he  n u m e r i c a l  va lues  of t he  grades.  Af te r  7-8  days  of 
pa i r ing ,  d o m i n a n t  l izards  w h i c h  h a d  won  a larger  t o t a l  
score t h a n  t h e i r  cage m a t e s  were p a i n t e d  green  w i t h  
magic  i nk  on t he  h e a d  inc lud ing  t he  whole  gular  fold and,  
in some cases, on  t h e  r ed -o range  p a r t  of t h e  tail .  Scor ing 
was t h e n  m a i n l y  based  on  t he  co lo ra t ion  of the  body .  
Af te r  7-8  days  of obse rva t ion ,  t he  an ima l s  were released 
to t h e i r  n a t u r a l  h a b i t a t .  
Results. D u r i n g  t he  i so la t ion  period,  all  l izards  showed  
a l m o s t  c o n s t a n t l y  t he  b r i g h t  co lo ra t ion  ( the average  score 
of 6 l izards  in 7 days  was 3.6 + 0.4). Fema les  inside t h e  
enclosure  o f ten  a p p r o a c h e d  t he  cages c o n t a i n i n g  males  in  

1 Supported by the JICA (japan International Cooperation 
Agency) Medical Cooperation Programme 1975. Thanks are due 
to Dr R. Goris for reading and correcting the manuscript. 

2 Present address : Division of Biocyberneties, Institute for Medical 
arid Dental Engineering, Tokyo Medical and Dental University, 
2-3-10 Kanda-Surugadai, Chiyoda-ku, Tokyo 101, Japan. 

3 v .A.  Harris~ The Life of the Rainbow Lizard. Hutchinson & Co., 
London 1964. 

4 S. Inou6, Jap. J. Anita. Reprod. 10, 137 (1965). 
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t h e  grade  4 colora t ion .  W h e n  females  d e m o n s t r a t e d  t he  
m a t i n g  pos ture ,  a r ch ing  t he  b a c k  and  ra i s ing  the  tai l ,  
males  b o b b e d  t he  h e a d  w i t h o u t  e x t e n d i n g  t he  gular  fold 
( the male  cou r t sh ip  b e h a v i o u r  3). Soon a f t e r  t he  an ima l s  
were pa i red ,  t he  cha l lenge  a n d  t h r e a t  pos tu re s  accom- 
p a n y i n g  c o m b a t s  were in m o s t  pa i rs  obse rved  on ly  for a 
sho r t  while.  T h e n  one of t he  cage m a t e s  would  t u r n  pale.  
Th i s  s t a t e  usua l ly  c o n t i n u e d  u n t i l  t he  o the r  was  p a i n t e d  
green.  The  cage was so smal l  t h a t  the  2 l izards  s t a y e d  
v e r y  close to  each  o ther ,  b u t  no  more  aggress ive b e h a v -  
iour  was  observed .  I n  10 pairs ,  t he  ave rage  score of 
d o m i n a n t  p a r t n e r s  in  7-8 days  was s ign i f i can t ly  la rger  
t h a n  t h a t  of the  s u b o r d i n a t e  (table).  The  size of l izards  
seems n o t  to  be  r e l a t ed  to  t he  d o m i n a n c e  in t h e  pair .  T h e  
in i t ia l  b o d y  leng th ,  t a i l  l eng th  a n d  weigh t  in  t h e  d o m i n a n t  
p a r t n e r  g roup  ave raged  132 • 10 mm,  180 4- 53 m m  a n d  
78.5 ~: 18.4 g, respect ively ,  whi le  those  in t he  s u b o r d i n a t e  
m a t e  g roup  were 133 • 7 m m ,  174 ~z 44 m m ,  a n d  83.1 + 
11.4 g, respec t ive ly .  
W h e n  d o m i n a n t  p a r t n e r s  were p a i n t e d  green,  the  g rade  
of co lo ra t ion  c o n t i n u e d  h i g h  for a few days  a n d  t h e n  fell 
s l igh t ly  w i t h  some ups  a n d  downs.  On t he  o t h e r  h a n d ,  
t he  s u b o r d i n a t e  n o n p a i n t e d  cage m a t e s  showed  a r ap id  
rise in  co lour  grade,  wh ich  las ted  un t i l  t he  t e r m i n a t i o n  of 
t he  expe r imen t .  However ,  i nd iv idua l  differences  in  t h i s  
g roup  were so g rea t  t h a t  no  s t a t i s t i ca l  s ignif icance was 
found  in d i f ference  be tween  scores before  a n d  a f t e r  
p a i n t i n g  t h e i r  pa r tne r s .  D u r i n g  t he  o b s e r v a t i o n  per iod  of 
7-8  days,  no  d i s t i nc t  aggress ive  b e h a v i o u r  occur red  even  
w h e n  b o t h  p a i n t e d  a n d  n o n p a i n t e d  l izards  e x h i b i t e d  t he  
grade  4 colora t ion .  N o n p a i n t e d  l izards  d i sp layed  no  male  
c o u r t s h i p  b e h a v i o u r  to  t h e i r  p a i n t e d  pa r tne r s ,  which ,  of 
course,  showed  no female  m a t i n g  pos ture .  However ,  t h e y  
r e sponded  to females  a p p r o a c h i n g  f rom t h e  ou t s ide  of t h e  
cage b y  t he  head  bob ,  wh ich  h a d  neve r  been  seen before.  
The  ave rage  scores of b o t h  g roups  a f t e r  p a i n t i n g  were 

a l m o s t  same (table).  A typ ica l  t i m e  course of t he  changes  
in a pa i r  is shown  in t he  figure. 

Discussion. Visua l  i n f o r m a t i o n  appea r s  to  p l ay  an  essen- 
t ia l  role in t he  social life of t he  r a i n b o w  lizard.  L ike  
t ra f f ic  s ignals  in  h u m a n  society,  t h e  r a i n b o w  l izard  
recognizes  a n o t h e r  to  be  a p p r o a c h a b l e  or  n o t  b y  i ts  color- 
a t ion .  The  head  colour  seems m o s t  i m p o r t a n t  to  d iscr imi-  
n a t e  t he  sex, social  s t a t u s  a n d  psychophys io log ica l  s ta tes .  
A cock l izard  usua l ly  d isp lays  t he  t yp i ca l  b r i l l i an t  colora-  
t i on  as long as no  d i s t u r b a n c e  exists.  I f  a s t ronge r  male  
approaches ,  t he  weaker  has  to  change  i ts  sk in  colour  to  
pale  or even  d a r k  to  g u a r a n t e e  i ts  safety.  Pale  or d a r k  
males  are no longer  a t t a c k e d  b y  the  s t ronge r  males.  Th i s  
is also t he  case w i t h  t he  co lo ra t ion  for sleep. 
However ,  if t h e  s t ronge r  ma le  showed  a g reen -pa in t ed  
head ,  t he  weaker  b e h a v e d  like a d o m i n a n t  cock l izard,  
supposed ly  m i s t a k i n g  the  p a r t n e r  for a female  or a 
weaker  male.  Such  a change  g r a d u a l l y  af fected t h e  
psychophys io log ica l  s t a t e  of t he  p a i n t e d  lizard, forcing i t  
to  res ign t he  d o m i n a n t  s t a tus .  I t  is of i n t e r e s t  t h a t  t he  
reversa l  of t he  s ta tus ,  a l t h o u g h  n o t  well  e s tab l i shed  in t he  
7-8 d a y  o b s e r v a t i o n  period,  was  ach ieved  w i t h o u t  f ights.  
E x p l a n a t i o n s  are a t  p r e sen t  n o t  ava i l ab le  as to  w h y  
p a i n t e d  l izards  showed  no aggress ion  to t h e i r  b r i g h t -  
h e a d e d  cage ma tes .  
The  i n t e r n a l  r e g u l a t o r y  m e c h a n i s m  of colour  change  a n d  
t e r r i t o r i a l  behav iou r ,  t r iggered  b y  v i sua l  inpu ts ,  is s t i l l  
u n k n o w n  in t he  r a i n b o w  l izard.  The  fac t  t h a t  colour  
g rades  of cock l izards  are g rea t ly  r educed  b y  c a s t r a t i o n  
and  res to red  b y  t e s t o s t e rone  a d m i n i s t r a t i o n  6 m a y  sugges t  
a n  i n v o l v e m e n t  of t he  neu roendoc r ine  s y s t e m  in t h e  
con t ro l  of co lo ra t ion  and ,  poss ibly ,  of behav iou r .  

5 K.C. Ezem, B. Sc. Dissertation at the Faculty of Health Sciences, 
University of Ife, Nigeria 1976. 

Oriented mycel ium growth of the fungus Poria vai l lant i i  (DC) Sacc. in mixed culture with 
spruce callus 

J.  H f i b  a n d  V. R y p ~ e k  

Botanical Institute o/the Czechoslovak Academy o/Sciences, Dept. of Forest Biology, Botanickd 8, 602 O0 Brno (Czecho- 
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Summary. Metabo l i t e s  w i t h  i n h i b i t i n g  act ion,  wh ich  are  secre ted in to  t he  s u b s t r a t e  b y  t he  spruce  callus,  p rovoke  in 
t h e  fungus  Poria vaillantii a s u b s e q u e n t  p r o d u c t i o n  of aer ia l  m y c e l i u m  bundles .  T h e i r  o r i en ta t ion ,  r i g h t - h a n d e d  nega t i ve  
c h e m o t r o p i s m  w i t h  a c e r t a i n  def lec t ion  f rom t h e  cal lus ,  is inc luded  in  th i s  reac t ion .  

I n  m a n y  fungi ,  t h e  l o n g i t u d i n a l  h y p h a l  aggrega t ion  of 
surface  m y c e l i u m  appea r s  1. In  t he  course of t ime,  rh izo-  
m o r p h e s  are fo rmed  f rom th i s  aggregat ion .  I n  na tu re ,  t he  
r h i z o m o r p h e s  a r e  c o m m o n  in some species of wood-  
des t roy ing  fungi  a n d  serve p a r t l y  for the  p r o p a g a t i o n  of 
in fec t ion  3, 3 a n d  p a r t l y  for t he  t r a n s l o c a t i o n  of n u t r i e n t s  ~. 
The  or igin and  f o r m a t i o n  of l ong i t ud i na l  aggrega t ions  of 
h y p h a e  can  well  be  i n v e s t i g a t e d  in  v i t ro  in  mixed  cu l tu re  
w i t h  l iv ing  spruce  callus,  w h i c h  m o s t l y  i nh ib i t s  t he  
g r o w t h  of wood-des t roy ing  fungi  5. U n d e r  these  condi-  
t ions ,  t h e  aggrega t ions  of h y p h a e  o r ig ina t i ng  f rom the  
surface  m y c e l i u m  e x h i b i t  a c e r t a i n  g r o w t h  o r i en ta t ion .  
I n  t he  p r e s e n t  paper ,  we i n t e n d  to  d e m o n s t r a t e  how th i s  
g r o w t h  o r i e n t a t i o n  is m a n i f e s t e d  in the  fungus  Por ia  
va i l lan t i i .  
Material and methods. I n  1974 t h e  cal lus cu l tu re  of Picea 
excelsa Link .  was  de r ived  in our  l a h o r a t b r y  f rom t h e  
h y p o c o t y l  of a sp ruce  seedl ing on  t he  m e d i u m  b y  D u r z a n  

e t  al. 6 The  cal lus  cu l tu re  is m a i n t a i n e d  on B r o w n  a n d  
Lawrence  m e d i u m  7 w i t h  t he  add i t i on  of 5 mg  e - n a p t h y l -  
acet ic  acid and  0.1 rag .  1-1 b e n z y l a m i n o p u r i n e ,  b y  pas-  
sag ing  for 4 weeks. Th i s  m e d i u m  was p u t  in to  Pe t r i  d ishes  
of 9 cm in d iamete r .  The  callus,  w h i c h  h a d  been  g rown 
for 3 weeks f rom the  las t  passage,  was  inocu la ted  in t h e  
d i s t ance  of a b o u t  3 cm f rom the  cen t re  of each  dish. The  
cal lus i nocu lum was p laced  in to  Pe t r i  d ishes  in fol lowing 
v a r i a n t s  : 
1. The  d i sh  c o n t a i n e d  on ly  1 i nocu lum (figure, a, b). 
2. The  d i sh  c o n t a i n e d  2 inocnl i  w h i c h  were p laced  a) on  
radii ,  f o rming  a n  angle  of 45 ~ (figure, c), b) on  radi i  fo rm-  
ing a n  angle  of 90 ~ (figure, d), c) on  t he  same d i ame te r ,  
b u t  on  t he  oppos i te  p a r t s  of t he  d ish  (figure, f). 3. The  
dish  c o n t a i n e d  3 inocul i  p l aced  n e x t  to  each  o the r  on  
rad i i  fo rming  a n  ang le  of 45 ~ (figure, e). 
E a c h  v a r i a n t  was  e s t ab l i shed  in 3 repea t ings .  Af ter  24 
days  of cal lus  g rowth ,  t he  fungus  Poria vaillantii (DC) 


