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Colour  M i x i n ~  and Colour  P r e f e r e n c e s  in N e o n a t e  Gul l s  

S p o n t a n e o u s  co lour  p r e f e r e n c e s  of  n e o n a t e  h e r r i n g  
gul ls  (Larus argentatus) w e r e  d e m o n s t r a t e d  b y  TINBER- 
SEN a n d  PERDECK 1 in a c lass ic  s t u d y  e x e m p l i f y i n g  a n  
i n n a t e  r e l ea s ing  m e c h a n i s m .  W h e n  b e g g i n g  for  f o o d  gul l  
ch i cks  p e c k  a t  t h e  t i p  of  t h e i r  p a r e n t ' s  beak ,  a b e h a v i o u r  
to  w h i c h  t h e  a d u l t s  r e s p o n d  b y  r e g u r g i t a t i o n .  I n  an  e x p e r i -  
m e n t a l  s i t u a t i o n  t h e  ch i cks  will ,  if h u n g r y ,  p e c k  a t  s m a l l  
s ized,  m o v i n g  c h r o m a t i c  S t imul i  t h a t  s i m u l a t e  to  s o m e  
e x t e n t  t h e  p a r e n t ' s  bill .  T h e  r e s p o n s e  f r e q u e n c y  d e p e n d s  
on,  a m o n g  p a r a m e t e r s ,  t h e  h u e  of  t h e  s t imu l i .  

O n e  of  us  2 r e c e n t l y  r e i n v e s t i g a t e d  t h e s e  e x p e r i e n c e  in-  
d e p e n d e n t  co lou r  p r e f e r e n c e s  of  h e r r i n g  a n d  lesser  b l a c k -  
b a c k e d  gul ls  (Larus/uscus) u s i n g  p a t c h e s  of  n a r r o w - b a n d ,  
n e a r l y  m o n o c h r o m a t i c  s p e c t r a l  l i g h t  as  s t imu l i .  E x p e r i -  
m e n t s  w e r e  ca r r i e d  o u t  w i t h i n  w h i c h  t h e  l i gh t  i n t e n s i t y  of  
t h e  s t i m u l i  was  a d j u s t e d  e i t h e r  to  e q u a l  p h y s i c a l  e n e r g y  or  
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Fig. 1. The response of neonate gulls to spectral and mixed light 
stimuli. Present experiment : heavy line, lower and left  scales. Thin 
lines, upper and right scales: earlier experiments ~. 

t o  e q u a l  p h y s i o l o g i c a l  e f f e c t i v e n e s s  a c c o r d i n g  to  e l ec t ro -  
r e t i n o g r a p h i c  s p e c t r a l  s e n s i t i v i t y  c r i t e r i a  8. P a r t  of  t h e  re-  
su i t s  of  t h e s e  e x p e r i m e n t s  a re  p r e s e n t e d  in  F i g u r e  1. T h e r e  
a r e  t w o  p r e f e r e n c e  peaks .  O n e  is in t h e  r e d - y e l l o w  r eg i on  of  
t h e  s p e c t r u m  a n d  m a y  be  r e l a t e d  to  t h e  co lou r  of  t h e  p a -  
r e n t a l  b e a k  (ye l low w i t h  a r e d  p a t c h )  ; t h e  o t h e r  p e a k  in  
t h e  b l u e  r eg i on  c a n n o t  be  eas i ly  e x p l a i n e d  in  f u n c t i o n a l  
t e rms4 .  S i mi l a r  c h r o m a t i c  p r e f e r e n c e  p a t t e r n s  a re  s h o w n  
b y  t h e s e  gul ls  in  s o m e  o t h e r  b e h a v i o u r  c o n t e x t s  ~ a n d  a lso  
b y  o t h e r  l a r id  a n d  n o n - l a r i d  speciesS-9.  

T w o  m o d e l s  c o n c e i v e d  as  p e r i p h e r a l  f i l t e r i n g  m e c h a -  
nismsX~ h a v e  b e e n  p r o p o s e d  to  a c c o u n t  for  t h i s  r e s p o n s e  
s p e c t r u m .  As wi l l  be  d e s c r i b e d  l a t e r  t h e y  m a k e  d e f i n i t e  
p r e d i c t i o n s  for  t h e  case  w h e r e  t h e  a n i m a l s  r e s p o n d  to  m i x -  
t u r e s  of  s p e c t r a l  l i gh t s  a n d  t h e  % l l o w i n g  e x p e r i m e n t  w a s  
d e s i g n e d  to  t e s t  t he se .  

W e  e m p l o y e d  a n  a p p a r a t u s  s i m i l a r  to  t h a t  u s e d  in  t h e  
ea r l i e r  e x p e r i m e n t s  2. T w o  osc i l l a t i ng  l i gh t  s p o t s  p r o j e c t e d  
on  a g r o u n d  glass  wa l l  of  a s m a l l  a r e n a  w e r e  t h e  s t imu l i .  
E a c h  was  8 m m  in d i a m e t e r ,  t h e y  were  s e p a r a t e d  b y  3 cm,  
a n d  m o v e d  5 m m  f r o m  s ide  to  s ide  once  e v e r y  second .  T h e  
s p e c t r a l  c o m p o s i t i o n  a n d  t h e  l u m i n a n c e  of  e a c h  s t i m u l u s  
w a s  c o n t r o l l e d  w i t h  3 i n d e p e n d e n t  o p t i c a l  p r o j e c t i o n  sys-  
t e m s .  T h r e e  i n t e r f e r e n c e  f i l t e r s  w i t h  h a K b a n d  w i d t h s  of  
10 n m  p r o v i d e d  s p e c t r a l  l i gh t s  oi  464 n m  (blue),  536 n m  
(green) a n d  620 n m  (red) w a v e l e n g t h .  T h e i r  i n t e n s i t y  w a s  
e q u a t e d  for  p h y s i o l o g i c a l  e f f e c t i v e n e s s  in  t e r m s  of  t h e  
e l e c t r o r e t i n o g r a p h i c  s p e c t r a l  s e n s i t i v i t y  of  j u v e n i l e  
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Fig. 2. Three models for the colour preference mechanism of neonate gulls (schematic). A) I (~,) absorption of cone pigment; Y (it) and 
R (2), transmission of yellow and red cone oildroplets; S (~,) = I (~,) • Y (,~), and L (2) = I (~t) • R (2) effective sensitivity of yellow and 
red droplet bearing cones; P (~.) = S (~,)/L (2) response spectrum resulting through inhibition by division. B) B (,I,), G (~) and R (2) 
sensitivity of retinal modulators. B' (2) = B (~) • k, G (2) = G' (2) • j and R' (2) = R (2) • i where j ~ k < i, effective sensitivity of colour 
mechanisms after differential amplification, P (~t) = B' (~.) + G' (~) + R'  (2) response spectrum resulting through summation. C) B (~,), G 
(]~), R (2), B'  (~), G' (2) and R'  (~) as in model B, P (2) = B '  (2) + R'  (2) -- G' (~) response spectrum resulting through summation and 
substraetive inhibition. 
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Table L The response of neonate gulls to 3 spectral and 3 mixed tight TabIe II. Comparative response strength predictions for spectral 
stimuli lights and their mixtures of models A, B and C. 

Red Green Blue 

- -  1.7 5.8 
a a 

Green + blue -- 5.2 1.1 

4.4 -- 5.2 
b 

Red + blue 7,.4 -- 7.8 

2.5 1.7 
a b 

Red + green 4.2 5.7 -- 

Model A B C Empirical 
Mixture 

G + B  = G  > G  > G  > G  

< B  > B  < B  < B  

R+B = R  >R >R >R 

= B  > B  > B  ~ B  

R + G  < R  > R  < R  > R  

= G  > G  > G  > G  

Mean response rates (n = 12) in pecks per min to 6 stimulus pairs. 
~, b Differences significant at p < 0.05 and p < 0.01, Wileoxon test. 

gulls a. The luminance  of t he  536 n m  s t imulus  was approxi -  
ma t e ly  1.4 log ft. l amber t .  Three non-spec t ra l  mixed  hues, 
red-green,  green-blue and  blue-red,  were ob ta ined  by  su- 
pe r impos ing  pairs  of these  spect ra l  l ights  w i thou t  a t t enua -  
t ion.  In t e rna l ly  ref lect ing tubes  ensured  a homogeneous  
mixing.  

As i t  was technica l ly  no t  possible  to compare  pairs  of 
mixed  coloured l ights  s imul taneous ly  and  the  responsi-  
veness  to  t he  pure  spect ra l  l ights  when  shown in pairs  was 
well es tabl ished,  t he  mixed  colours were p re sen ted  simul- 
t aneous ly  w i t h  one or the  o the r  ot the i r  c o m p o n e n t  spec- 
t r a l  colours. In  a r a n d o m i z e d ' s e q u e n c e  of t r ials  incor- 
po ra t ing  s t imulus  side reversals,  t he  6 pairs  of s t imul i  were 
p re sen ted  12 t imes  to  15 two-  to  th ree -day-o ld  incuba tor -  
ha t ched  her r ing  and lesser b lack-backed  gull chicks. The 
chicks were no t  exposed  to any  s t rongly  ch romat i c  s t imul i  
excep t  i n  the  t e s t  s i tuat ion.  For  each t r ia l  a chick was 
p laced  in t he  exper imen ta l  a rena  for 1 min  and  its re- 
sponses to  t he  s t imul i  were recorded wi th  2 microswi tches  
l inked to  e lec t romechanica l  counters .  On a few cases where  
a chick refused to  peck  the  t r ia l  was r epea ted  wi th  ano the r  
chick. 

The resul ts  are p resen ted  in Table  I and summar i zed  in 
F igure  1. A p a r t  t rom a s l ight ly  lower response  ra te  t he  
response  p a t t e r n  to  t he  3 spect ra l  l ights  agrees w i th  t h a t  
found  in earl ier  exper iments .  

We now descr ibe the  models  men t ioned  earlier. One of 
t h e m  (A) original ly devised to account  for the  pecking  
preferences  of laughing gull (Larus atricilla) chicks s, is 
based on the  a s sumpt ion  t h a t  bi rds  only possess a single 
cone p i g m e n t  11 and  t h a t  the i r  coloured cone oi ldroplets  
are responsible  for the  di f ferent ia l  spect ra l  sensi t ivi t ies  of 
popu la t ions  of cones 12. F igure  2 A summar izes  the  model .  
A l inear vers ion of the  model  has  ve ry  s imilar  proper t ies  
and  a la ter  suggest ion t h a t  the  green oi ldrople t  bear ing  
cones ac t  synergis t ica l ly  wi th  the  yellow oi ldroplet  me- 
chan i sm 13 does no t  ma te r i a l ly  affect  the  p resen t  discus- 
sion. 

The other model (]3) was originally proposed to deal 
with the preferences of herring gull chicks when approach- 
ing eoloured surfaces 14. It is based on the assumption that 
gulls have retinal mechanisms sensitive to 3 different 
narrow spectral ranges corresponding to DONNER'S pigeon 
modulators 15. These could in turn depend on the existence 
of 3 cone pigments or a complex interaction of cones with 
a single photopigment, but bearing different oildroplets a. 
Figure 2B presents this model. The original version in- 
corporated some additional features but these are in- 
material in the present context. 

A third ,  unpub l i shed  model  (C) re la ted  to the  one jus t  
discussed has  also been considered.  I t  is s imilar ly  based on 
DON~CBR'S modu la to r s  and  is summar i zed  in Figure 2C. 

Table I I  l ists t he  pred ic t ions  t h a t  ti le 3 models  make  
regard ing  the  responsiveness  of gull chicks to  mix tu re s  of 
spect ra l  l ights  compared  to  the  response to  the  c o m p o n e n t  
l ights  alone. 

I t  will be not iced  t h a t  none  ot the  models  f i ts  t he  em- 
pirical  da t a  sat isfactori ly.  Model A does no t  concord wi th  
a n u m b e r  of results ,  model  B fails on the  green-blue mix-  
ture  and  model  C does no t  p red ic t  t he  red-green resul ts  
correct ly.  Thus  none  of t he  models  is adequate .  Whi le  it 
m a y  be possible  to tai lor  a specific f i l ter ing model  to deal 
wi th  our  d a t a  we wonde r  w h e t h e r  th is  is a prof i tab le  ap- 
proach.  For  h u m a n  observers  t he  red-green and  the  green- 
blue l ight  mix tures  used m a t c h e d  the  hue  of, respect ively,  a 
spect ra l  yel low of 580 n m  and  a spect ra l  b lue-green of 
500 nm.  The chicks r e sponded  to t he  mix tu re s  as if t he  
same ma t ch es  were correct  for t h e m  in t h a t  the i r  levels of 
r e spond ing  to  the  mix tu res  were s imilar  to  those  t h e y  gave 
to  the  cor responding  spect ra l  s t imul i  in earl ier  experi-  
men t s  (Figure 1). 

This  obse rva t ion  t h a t  gull chicks appear  to obey colour 
mix ing  laws s imilar  to  our own1% in con junc t ion  wi th  the  
known  colour d ic r imina t ion  capabi l i t ies  of birds  1~ suggest  
t h a t  the  colour preferences  of gull chicks are no t  due to  the  
act ion of an afferent ,  behav iour  specific filter, b u t  r a the r  
to  a response  specific, hue  weight ing  mechan i sm t h a t  is 
ef ferent  to  pe rcep tua l  mechan i sms  pr imar i ly  des igned for 
t he  recogni t ion  of hues  i n d ep en d en t l y  of the  behavioura l  
co n t ex t  is. 

Zusammen/assung. J unggeschl t ipf te  Silber- und  Her ings-  
m6ven  zeigen be im Picken yon  kleinfl~tehigen, bewegli- 
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14 j .  D. DELIIJS and G. THOMPSON, Z. Tierpsychol. 27, 842 (1970). 
15 K .  O .  D O N N E R ,  J .  Physiol., Lond. 122, 524 (1953). 
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chen  Reizen  Spek t r a l f a r bbevo r zugungen .  Drei  theore-  
t ische Modelle s ind  vorgesch lagen  worden,  die diese Be- 
v o r z u g u n g e n  erkl~tren sollen. Die Voraus sagen  dieser  Mo- 
delle bezi igl ich der  B e v o r z u g u n g  v o n  Misch fa rben  w u r d e n  
expe r imen te l l  gepr i i f t  u n d  als n i c h t  zu t re f fend  be funden .  
V ie lmehr  legen die Ergebn i s se  die V e r m n t u n g  nahe ,  dass  
die ,Bevorzugung n icht ,  wie b i she r  a n g e n o m m e n ,  auf  
e inem a f fe ren ten  sensor i schen  F i l t e r m e c h a n i s m u s  be r uh t ,  

sonde rn  auf  e inen  m e h r  zent ra len ,  p o s t p e r z e p t u a l e n  
Prozess  zur i ickzuf t ihren  ist. 

JUAN D. DELIUS, GILLIAN THOMPSON, 
I~EITH L. ALLEN and  JACKY ]~MMERTON 

Department o~ Psychology, University o/ Durham, 
Durham (England), and Department o/ Zoology, 
University o/ Reading, Reading (England), 78 April 1972. 

A u x i n  T r a n s p o r t  under  Sa l ine  G r o w t h  C o n d i t i o n s  

The  p rob l em of increased  sa l in i ty  of t he  g r o w t h  m e d i a  
and  i ts  effect  on  p l a n t  g r o w t h  ha s  been  a t t a c k e d  f rom 
var ious  physiological  aspegts.  T h o u g h  t he  effect  of sa l in i ty  
on  roo t  cy tok in ins  ha s  r ecen t ly  been  s tud ied  1,2, i t s  
inf luence  on  a u x i n  phys io logy  has  r e m a i n e d  unexplored .  
The  p re sen t  r epo r t  on  indoleace t ic  acid-2-1~C (IAA) 
t r a n s p o r t  and  cole0pt i le  growth,  therefore ,  cons t i t u t e s  
p a r t  of a n  inves t iga t ion  be ing  pu r s ued  f rom th i s  aspect .  

Seeds of Zea mays L. (cv. Orla-266) were t h o r o u g h l y  
washed  and  soaked for 5 h in 1. t a p  water ,  2. NaC1 and  3. 
Na~SO 4 solut ions  (each 0.4% w / v  in  t a p  water )  and  
p l a n t e d  on  p a p e r  pads  ( ' ce l lucot ton ' ) ,  s a t u r a t e d  w i t h  t he  
respec t ive  solut ions ,  in  t h r ee  s epa ra t e  p las t i c  boxes.  The  
seedl ings were ra ised  in comple t e  da rkness  for  91 h excep t  
be tween  48 a n d  52 h w h e n  t h e y  were exposed to  r ed  l igh t  
to  suppress  mesoco ty l  g rowth .  T r a n s p o r t  d e t e r m i n a t i o n s  
were m a d e  w i t h  10 m m  coleopt i le  s egmen t s  t a k e n  1-2 m m  
below t h e  t ip  and  t he  leaf was p u s h e d  out .  

A t r a n s p o r t  a s sembly  consis ted  of 10 m m  segmen t s  
t a p  w a t e r  (control),  NaC1 and  Na2SO 4 grown seedlings 
suppl ied  w i t h  donor  b locks  c o n t a i n i n g  0.2 mg/1 ~4C-IAA 
(sp. act.  48.5 m C i / m M ,  A m e r s h a m )  on t h e  apica l  or basa l  
cu t  ends  and  t he  o the r  end  (receiver) p l aced  on (basipeta l )  
or covered  w i t h  (acropetal)  p l a in  1.5% agar  blocks.  The  
assembl ies  were a lways  k e p t  in n o r m a l  ve r t i ca l  o r ien ta -  
t ion.  

Table I. Effect of salinity treatment on the coleoptile length of Zea 
mays L. 

Treatments Control NaC1 Na~SOa 

Coleopfile length (mm) 22.4 12.1 15.2 
Standard error ~ 0.91 :t: 0.37 -1- 0.54 

Table II. Transport of indoleacetie acid-2-14C through Zea mays L. 
eoleoptiles raised under saline conditions 

Treatment Basipetal Aeropetal 

IAA absorbed (% of applied) 
Control 20.27 9.82 
NaC1 16.04 7.01 
Na2SO ~ 18.01 7.24 

IAA translooated (% of absorbed) 
Control 36.46 3.07 
NaC1 33.91 3.25 
NaaSO 4 33.30 3.75 

Transport time 90 rain. 

Two as sembly  c o m p o n e n t s  were pooled for  each  
m e a s u r e m e n t  a n d  t h e  e x p e r i m e n t  was  r epea t ed  3 t imes .  
At  t he  end  of 90 m i n  t r a n s p o r t  period,  t he  10 m m  s e g m e n t s  
were d iv ided  in to  2 par t s ,  i.e. ap ica l  or ba sa l  8.0 m m  
t issue  a n d  t h e  r e m a i n i n g  2 m m  tissues.  The  r a d i o a c t i v i t y  
in  donor ,  8.0 m m  segmen t  and  t he  rece iver  t o g e t h e r  w i t h  
t he  a d j a c e n t  basa l  (basipetal)  or apica l  (acropetal)  t i ssues  
were sepa ra t e ly  assayed  b y  l iquid  sc in t i l l a t ion  c o u n t i n g  3. 
The  t e m p e r a t u r e  t h r o u g h o u t  was m a i n t a i n e d  a t  25 ~ 1~ 
a n d  only  green safe- l ight  ~ was used d u r i n g  m a n i p u l a t i o n s  
and  t r a n s p o r t  de t e rmina t i ons .  S t a t i s t i ca l  e v a l u a t i o n  of 
t h e  d a t a  was  m a d e  b y  S t u d e n t ' s  t- test .  

The  seedlings ra i sed  u n d e r  sal ine cond i t ions  were 
c o m p a r a t i v e l y  smal le r  a n d  h a d  sho r t e r  coleopt i les  t h a n  
t he  con t ro l  (Table  I). The  di f ferences  in  t he  coleopt i le  
l eng ths  are s t a t i s t i ca l ly  s ign i f ican t  (p 0.001). T h u s  
chlor ide  sa l in i ty  r educed  coleopt i le  l e n g t h  more  t h a n  t h e  
su l fa te  sa l in i ty .  

F r o m  Tab le  I I  i t  becomes  e v i d e n t  t h a t  sa l in i ty  t r ea t -  
m e n t s  did  n o t  m a t e r i a l l y  in f luence  t h e  p e r c e n t a g e  of 
abso rbed  a u x i n  t r ans loca ted .  B u t  NaC1 t r e a t m e n t ,  
c o m p a r e d  w i t h  control ,  d id  reduce  t he  pe rcen t age  a b s o r b e d  
f rom t h e  donor  (p 0.02). However ,  no  d i f ference  be tween  
chlor ide  a n d  sul fa te  sa l in i ty  is a s ce r t a inab l e  f rom these  
da ta .  S imi la r ly  t he  ba s ipo l a r i t y  of t he  a u x i n  t r a n s p o r t  
was also no t  affected.  

I t  is, therefore ,  conc luded  t h a t  even  t h o u g h  t he  coleop- 
t i le  l e n g t h  was reduced  b y  sa l in i ty  t r e a t m e n t s ,  no  effect  
on  a u x i n  t r a n s p o r t  a n d  i ts  p o l a r i t y  could be  d e m o n s t r a t e d  
u n d e r  t he  p r e sen t  e x p e r i m e n t a l  condi t ions .  F u r t h e r  
s tudies  on  the  e s t i m a t i o n  of d i f fus ible  a u x i n  a n d  i ts  
r e l a t i on  to t h e  reduced  supp ly  of c y t o k i n i n s  are in  progress.  

Zusammen/assung. E i n  e r h 6 h t e r  Sa lzgeha l t  des Sub-  
s t r a t s  h e m m t  das  K o l e o p t i l e n - L ~ n g e n w a c h s t u m  yon  Zea 
mays, onne  indessen  e inen  Einf luss  au f  den  A u x i n t r a n s p o r t  
und  dessen P o l a r i t ~ t  auszui iben.  
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