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axons  - becomes PV, whereas  the  former  P V  and  now PD 
would be the  last  to receive th is  fibres by  day  12-13. On 
this  basis, one of the  possible exp lana t ions  for the  wave  
of increasing levels of CAT act ivi t ies  across the  tec ta l  
surface could be the  presence of th is  enzyme in t he  
growing axons.  The absence of regional differences in 
enzyme levels, bo th  a t  the  6th and a t  the  13th day  of 
deve lopment ,  could be re la ted to the  fact  t h a t  the  former  
still lacks re t inal  af ferents  while the  la t t e r  is fully covered 
by  them.  Al though  i t  n lay  be wor thwhi le  to fu r ther  ex- 
plore th is  possibil i ty,  there  is some evidence t h a t  seems 
to indica te  t h a t  opt ic  fibres are no t  cholinergic 11. 

Table III. Activities of CAT and AChE in quadrants of 9-day-old 
tectum 

AChE CAT 

PV 12.71 :i_ 0.56 1.78 J_ 0.12 
p < 0.2 p < 0.005 

AV 11.20 • 0.62 1.24 i 0.15 
p < 0 . 2  p < 0 . 2  

AD 12.39 -}- 0.97 0.90 ~_ 0.094 
p < 0 . 2  #<0 .0 1  

PD 11.48 • 0.36 0.64 ~ 0.092 

For references see Table I. 

Table IV. Activities of CAT and AChE in D and V halves of 13-day- 
old tectum 

AChE CAT 

V 19.56 • 0.52 2.61 • 0.15 
p < 0.1 p < 0.2 

D 18.12 -~- 0.67 2.85 j_ 0.18 

For references see Table I. 

OI1 the  o the r  hand,  the  augmen ta t ion  of CAT ac t iv i ty  
migh t  depend  upon t r ansneurona l  influences exer ted  by  
the  incoming re t inal  fibres upon  the  tec ta l  cells. This pos- 
s ibi l i ty is suggested by  the  results  ob ta ined  in our labo- 
r a to ry  which showed tha t ,  when  dissociated re t ina  cells 
and optic  lobe cells are allowed to form mixed  aggregates  
in cul ture  condit ions,  the  ac t iv i ty  of CAT b u t  no t  of 
AChE is h igher  t h a n  t h a t  p resen t  when each cell t ype  is 
cul tured alone 1,, la. In  order  to account  for the  differences 
found be tween  the  two basal  quad ran t s  or the  two dorsal  
ones, it  would be necessary  to  pos tu la te  t h a t  the  inter-  
act ion is d e p e n d e n t  e i ther  upon the  n u mb er  of opt ic  
fibres t h a t  are present  or upon  the  t ime they  have  been  
in con tac t  wi th  the  tec ta l  cells. 

Al terna t ive ly ,  the  grad ien t  in CAT ac t iv i ty  p resen t  in 
the  t e c t u m  of 9-day-old embryos  could be the  biochemical  
express ion of the  au tonomous  AV-PD wave of morpho-  
logical d i f ferent ia t ion 2, ~. For  instance,  the  level of enzyme 
ac t iv i ty  migh t  depend  on the  d i f ferent ia t ion  of a cer ta in  
type  of cholinergic neuron,  still absen t  in the  6-day-old 
embryo,  preferent ia l ly  localized in the  ven t ra l  area of the  
t e c t u m  3 days  later  and un i formly  d is t r ibu ted  t h roughou t  
the  optic  lobe at  the  13th day  of deve lopment .  Since 
there  are some indicat ions  t h a t  up to the  12th day  of 
deve lopmen t  bo th  the  morphological  and biochemical  
d i f ferent ia t ion  of the  t e c t u m  are i ndependen t  of the  pres-  
ence of re t inal  afferents  4, ~, 1~, the  sequent ia l  increase of 
CAT ac t iv i ty  can also be an intr insic  p ro p e r t y  of the  
tec ta l  ceils. 

A l though  this  s tudy  clearly shows the  existence of 
regional  differences in CAT ac t iv i ty  in the  developing 
rec tum,  the  causal  re la t ionship  be tween  the  ret inal  fibres 
and the  increased levels of CAT ac t iv i ty  in the  tectaI  
regions covered by  them,  remains  a crit ical quest ion.  
E x p e r i m e n t s  in progress ill our l abora to ry  are a imed to 
de te rmine  the  effect  of early deaf fe ren ta t ion  on the  t em-  
poral  sequence of b iochemical  d i f ferent ia t ion  of the  
t ec tum.  

11 A. K. TEBECIS, Brain Res. 63, 31 (1973). 
12 R. ADLER and G. TEITELMAN, Devl. Biol. 39, 317 (1974). 
1~ R. ADLER, G. TEITELS~AN and A. M. SIJBURO, Devl. Biol. 50, 48 

(1976). 
14 j .  p. KELLY and W. IVI. COWAN, Brain Res. ,42, 263 (1972). 
is p. C. MAeCHISIO, J. Neuroehem. 76, 665 (1969). 

D y s l e x i a  and Spec i f i ca l ly  D i s tor ted  D r a w i n g s  of the Face  - a N e w  S u b g r o u p  wi th  P r o s o p a g n o s i a -  
Like  S i g n s  

A. A. PONTIUS 1 

New York University, School o/ Medicine, Department o/Psychiatry, 550 First Avenue, New Yorh (N. Y. 70075, USA), 
22 March 7976. 

Summary. Ident i f ica t ion  of a subgroup (38%) of dysIexics (new syndrome  ?). These, aga ins t  controls  (5.5%), d rew 
'neol i thic '  face conf igurat ions  analogous to  those  visual ly exper ienced in prosop-agnosia .  Essent ia l  s y m p t o m s  of th is  
subgroup  are seen as resul t  of specific early ways  of processing visual da ta :  lexical shapes  (letters, words) and facial 
features,  as if these  were concre te  enti t ies,  no t  abs t rac t  c o m p o n e n t  par ts .  Thus, wi th  let ters,  t aken  as entit ies,  d = q, 
d = b , N  = Z .  

This  s t u d y  is based on the  following two posi t ions,  
discussed by  CRITCHLEu ~ and  based on the  def ini t ion of 
dyslexia  by  the  Wor ld  Federa t ion  of Neurology as 'a  
disorder  in children,  who, despi te  convent iona l  classroom 
experience,  fail to  a t t a in  the  language skills of reading,  
wr i t ing  and spelling c o m m e n s u r a t e  w i th  the i r  intel lectual  
abi l i t ies 'a :  1. In  general,  t he  incidence of dyslexia  is 

known  to decrease wi th  increasing age, bu t  in par t icu lar  
cases i t  m a y  persist .  2. This  suggests  t h a t  specific neuro-  
logical dys func t ion ing  exis ts  alone or combined  wi th  a 
deve lopmen ta l  lag in a cer ta in  subgroup of dyslexics.  
(Both these  factors  m a y  show a familial  t r end  as well.) 
The purpose  of the  p resen t  s t u d y  is to a t t e m p t  a del inea- 
t ion of some specific neurological  factors  in such a sub- 
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g roup  of dysIexic  chi ldren.  A b o u t  ch i ldren  w i th  dys lex ia  
the re  is, however ,  no d i rec t  neu ro -pa tho log ica l  ev idence  
ava i lab le  2 for classical  c l in ica l -pa thologica l  correla t ion.  
Therefore  t h e  ind i rec t  a p p r o a c h  of t e s t i ng  t he  fol lowing 
work ing  h y p o t h e s i s  will be used.  

Based  on t h e  above  m e n t i o n e d  aspec t s  and  on ana lyz -  
ing essen t ia l  s y m p t o m s  of dys lexia ,  it  is h y p o t h e s i z e d  
t h a t  in a s u b g r o u p  of dys lex ic  ch i ld ren  t h e / o r m  aspec t  of 
t he i r  r e ad in g  disabi l i t ies  is ref lected ana logous ly  in 
specific d i s to r t ions  in t he se  ch i ld ren ' s  d r awing  (and m o s t  
p r o b a b l y  exper iencing)  of t he  h u m a n  face p a t t e r n .  T h e  
lexical  sh ap es  a n d  t he  facial  f ea tu res  are selected for 
compar i son ,  s ince for b o t h  t h e  recogni t ion  of f ine n u a n c e s  
is essen t ia l  in order  to d i f f e ren t i a t e  the  i nd iv idua l  class 
m e m b e r s ,  an  ab i l i ty  t h a t  deve lops  later,  whi le  a t  f i rs t  
t he  chi ld reac t s  to t he  face p a t t e r n  in a global  w a y  a n d  
m a y  do so w i th  t h e  lexicaI s y m b o l s  too. 

Method. To t e s t  the hypo the s i s ,  304 school  ch i td ren  
be tween  7 and  14 yea r s  of age and,  accord ing  to t he  
school  records,  of a t  l eas t  ave rage  intel l igence,  were each  
asked  to d r aw  b y  t h e m s e l v e s  one p ic tu re  of a n y  pe r son  

Results of draw-a-person tes ts  

Reading ability 

I)rawings of face Dyslexic Normal n 

'Neolithic' 40 11 51 

Norinal 65 188 253 
Total 105 199 304 

)~2 : 49.91; p -- <0.00t. Distribution between the 2 'neoIithie' 
types (Figure 1) and 'normal' types of face drawings: NGr-drawing 
(10 boys and 2 girls); NGl-drawing (22 boys and 4 girls; 'normal'- 
drawing (47 boys and 19 girls). 
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Fig. 1. Patterns of forehead-nose-eye sector of face on frontal view. 
NGr and NG1, 'neolithic' : direct continuation of forehead into nose in 
the vertical mid-sector. NGr, line swinging along upper border of 
eyes or eye-brows and around the contour of the nose without any 
narrowing or indentation at its bridge. NGr-subtypes A and B are 
common, C G are rare in this sample. NG1, straight, non-indentated, 
uninterrupted midline vertical as the nose, which begins above 
upper border of eye level. NGl-subtypes, Ads common, B-E are rare. 
NR, not ratable intermediary type. Though its nose starts above eye 
level, its narrow angle nose in half-profile indicates bridge of the 
nose. Norm, 'normal' variations A-J. All depict the bridge of the 
nose through one or more of the following indicators: a) narrowing 
or b) indentation at the bridge, e) nose begins at or below eye level, 
d) there is no direct emerging of the nose out of the forehead. 

on  f ron ta l  v iew b u t  o the rwise  a n y  w a y  t h e y  wan ted .  The  
Ss cons i s ted  of 105 dyslexic  school  ch i ldren  (78 boys  a nd  
27 girls) a n d  a cont ro l  g roup  of 199 n o r m a l  r eader s  (92 
boys  a nd  107 girls). The  whole g roup  was c ompose d  of 
1. t he  ent i re  p o p u l a t i o n  of all t h e  c lasses  t h a t  were avai l-  
able for t e s t i n g  in an  e l e m e n t a r y  school  in Heidelberg ,  
G e r m a n y  - inc lud ing  its one special  class for dys iex ics ;  
2. t he  t o t a l  p o p u l a t i o n  of a special  e x t r a - c u r r i c u l a r  
r emed ia l  r ead ing  p r o g r a m  for dyslexics ,  a t t e n d e d  by  
dys lexic  chi ldren,  also of age 7 to  14, f rom va r ious  schools 
in t he  v ic in i ty  of Heidelberg.  The  c lass i f ica t ion of dys lex ia  
(opera t iona l ly  defined) ha d  in all cases  been m a d e  by  the  
respec t ive  p rofess iona l  personnel .  The  d rawings  ob ta ined  
were classif ied accord ing  to w h e t h e r  or no t  t h e y  showed 
one of t he  two t y p e s  of 'neol i th ic '  face conf igura t ion  
(Figure  1, N G r  or NG1), or w h e t h e r  t h e y  used  the  usua l  
o the r  w a y s  of r ep re sen t ing  a h u m a n  face in a recognizable  
m a n n e r .  T h e  la t ter ,  w h i c h  showed  some  k ind  of repre-  
s e n t a t i o n  of t he  br idge  of t he  nose, were all r a t ed  as 
' n o r m a l '  in c o n t e x t  of th i s  s t udy .  N one  of the  Ss was said 
to  h a v e  h a d  a n y  i n s t r u c t i o n  a b o u t  bow to d raw a h u m a n  
face, t he  d r a w ing  of wh ich  was  on ly  t a u g h t  in the  las t  
yea r s  of schooling,  i.e. to  y o u t h s  older t h a n  t he  Ss. (As 
a n  aside, i t  m a y  be of in t e res t  t h a t  the re  also exis ts  no 
c u s t o m  c o m p a r a b l e  to the  A m e r i c a n  H a l l o w e ' e n ,  a fea- 
t u r e  of w h ic h  is t he  ' face '  c u t  in a p u m p k i n  wi th  the  
cha rac te r i s t i c  t iny ,  deep set  t r i a n g u l a r  nose. Th i s  could 
inf luence  some  A m e r i c a n  ch i ld ren ' s  face drawings ,  as 
m a y  be a t t e s t e d  to  b y  t he  o b s e r v a t i o n  t h a t  suc h  a face 
cons te l l a t ion  is one of the  f r e q u e n t  r esponses  to card I 
on the  R o r s c h a c h  test . )  

Resulls. The se  are s u m m a r i z e d  in the  Tab le  and  con- 
f i rm the  h y p o t h e s i s  t h a t  t he re  is a s t a t i s t i ca l ly  s igni f icant  
(p 0.001) difference in the  occur rance  of 'neol i th ic '  t ype s  
of face r e p r e s e n t a t i o n s  in t he  d r a w ings  b y  dys lex ic  chil- 
d ren  as c o m p a r e d  w i th  those  m a d e  b y  t he  con t ro l  group.  
F igure  2, A a nd  B depic ts  all t he  'neol i th ic '  face con- 
f igura t ions  d r a w n  b y  40 dys lexic  Ss, ordered by  age- 
range .  

Discussion.  The  resu l t s  could  be j u d g e d  as be ing  non-  
r e l e va n t  on ly  if t he  face p a t t e r n  wou ld  no t  hold  a specific 
s ignif icance.  However ,  the  h u m a n  face a p p a r e n t l y  rep- 
r e sen t s  to  tile onlooker  a specific pa t te rnS ,  ~ a n d  t h e r e b y  
c o n t r i b u t e s  specif ical ly  to t he  n e u r o - d e v e l o p m e n t  of cer- 
t a i n  cogni t ive  func t ions ,  as m a y  t he  ha nd .  IdLEIN 5 as- 
socia tes  t he  cogni t ion  of the  h a n d  in its fine f inances  of 
f o rm  a n d  m o v e m e n t  (in c o n t r a s t  to its f u n c t i o n  as a 
' p r imi t i ve  o rgan  of grasp ing ' )  w i th  t he  process  o f / e a r n i n g  
to  ca lcu la te  a nd  to write.  He  recalls t he  of ten  d o c u m e n t e d  
assoc ia t ion  of f inger -agnos ia  w i t h  aca lcul ia  a n d  agraphia ,  
suc h  as in t he  GERSTMANN 6 s y n d r o m e .  (It is i r r e levan t  in 
the  p r e se n t  con tex t ,  w h e t h e r  or n o t  th i s  s y n d r o m e  in its 
e n t i r e t y  is fictitiousV.) The  p r e s e n t  f ind ings  sugge s t  an  
a n a l o g o u s  assoc ia t ion  be tw e e n  t he  m a t u r a t i o n  of the  
ab i l i ty  to recognize  i nd iv idua l  n u a n c e s  of le t ters ,  syl- 
lables  or words ,  i.e. to read  (and t h e r e b y  to write) for 

1 This study was made possible by a visiting professorship at the 
University of Heidelberg, Department of Neurology. Thanks are 
due to its Director, Professor Dr. HEINZ GXNSHIRT, as well as to 
Director SCHMITT of the Heidelberger SchuIamt and to Psycholo- 
gist Gret RUDER-TROlleY for facilitating the collection of the 
drawings. 

2 IVL CRITCHLEY, The Dyslexic Child (Charles Thomas, Springfield, 
illinois 1970). 

a A. TZAVARAS, H.  HI~, CAEN a n d  H.  LE BRAS, N e u r o p s y c h o l o g i a  8, 403 
(1970). 
R. K. YIN, Neuropsyehologia 8, 395 (1970). 

s R. KLEIN, Z. ges. Neurol. Psychiat. 735, 589 (1931). 
6 j .  GERSTMANN, Archs Neurol. Psychiat., Chicago 44, 398 (1940). 
7 A. L. BENTON, J. Neurol. Neurosurg. Psychiat. 2d, 176 (1961). 



1434 Specialia EXPERIENTIA 32/11 

one and secondly  of the  abi l i ty  to recognize fine nuances  
in the  ind iv idua l  var ia t ions  of the  h u m a n  face pa t t e rn .  
B~NTON and  VAN ALLEN 8 ga the r  f rom the  l i te ra ture  t h a t  
in prosopagnos t ics  there  f r equen t ly  exists  also 'defect ive  
recogni t ion  of symbols  (e. g. red cross and  swast ika) ' .  

I n  the  c o n t e x t  of neu ro -deve lopmen ta l  phases,  the  
resul ts  iden t i fy  a subgroup  of dyslexics.  These d raw the  
h u m a n  face in specific conf igura t ions  t h a t  are seen in 
'neol i thic '  a r t  9 and  are also preferent ia l ly  reac ted  to  
w i th  the  in fan t ' s  ' smil ing response '  up to 18 weeks of 
life ~~ F ind ing  'neol i thic '  t ypes  of face drawings  in 38% 
of t he  dyslexic Ss is of heur is t ic  value by  itself, even if 
no fu r the r  known s y m p t o m s  or signs were associated 

A 

B 

wi th  th is  combina t ion .  (I t  has  to  be recalled, t h a t  'neo- 
l i thic '  face drawings  are no t  only  rare among  the  control  
Ss (5.5%), b u t  even more  rare ly  are t h e y  dep ic ted  in the  
l i te ra ture  on chi ldren ' s  drawings,  nor  have  they,  to m y  
knowledge,  ever  been  c o m m e n t e d  upon  in such works  11, 12, 
nor  in the  r e l evan t  neurological  l i terature ,  no t  even  when 
a brain  lesioned (right parieto-occipi tal)  p a t i en t  produced 
t h e m  13, a~. I t  is only in a later  phase  t h a t  the  face p a t t e rn  
is analyzed in all its actual  detai ls  and  syn thes ized  in a 
m a n n e r  t h a t  a p p a r e n t l y  also con t r ibu tes  to t he  abi l i ty  
to  read.  

Based on such new theorizing,  the  two  s y m p t o m s  of 
the  new subgroup  (dyslexics d rawing  'neol i thic '  face 
pa t te rns)  reveal  a co mmo n  denonl ina tor  of being based 
on a concretist ic ,  immed ia t e  and inflexible react ion to 
globally exper ienced ideograms or ideogram-l ike  face 
pa t t e rns ,  respect ively .  By  cont ras t ,  the  chi ldren who 
read well and  who draw the  h u m a n  face in the  usual 
'normal '  way  (Figure 1) use in bo th  these  abili t ies an 
analysis  and synthes is  of lexical symbols  (be t h e y  the  
size of words,  syllables or letters) or of facial features,  
respect ively,  while exper iencing these  as abs t rac t  com- 
p o n en t  par ts .  By  contras t ,  cer ta in  dyslexics still  react  to 
them,  as if t h e y  were concre te  ent i t ies  in themselves ,  
bui lding blocks, as it  were. In so doing, the  exac t  posi t ion 
of a lexical symbol  loses its mean ing  and therefore  may  
no t  be r e m e m b e r e d  e i ther  when  wri t ing.  Thus,  t aken  as 
such a concre te  'bui lding block' ,  a lexical symbol  migh t  
be t u rned  upside down (e.g. d = q), or t u rn ed  by  90 ~ 
(e. g. N = Z), or t u rn ed  r ight  or left  (d - -  b), nor  would its 
exac t  pos i t ion of detai l  m a t t e r  (e. g. e --  c ~ o), nor  w h a t  
the  sequence of such concre te  ent i t ies  should be (e.g. 
fo rm = from). 

The da t a  m a y  reveal  a new syndrome.  Since persons 
d raw objects  the  way  they  exper ience it, and since there  
exists  a s t ruc tura l  analogy be tween  'neol i thic '  face rep- 
resen ta t ions  and the  p rosopagnos t ic ' s  way of exper iencing 
the  face ~o, is, i t  appears  reasonable  to  assume t h a t  e i ther  
in the  pas t  or still a t  present ,  th is  subgroup of dyslexics 
m a y  also have  been actual ly  perceiving the  face as a 
global pa t t e rn ,  i.e. in a prosopagnosia- l ike  manner .  This 
m a y  no t  have  occurred necessari ly to a grossly d is tor t ing 
degree, bu t  m a y  have  been sufficient  to induce 38% of 
t he  Ss to  d raw the  face in a conf igurat ion analoguous to 
t h a t  exper ienced in prosopagnosia .  (The t e r m  prosop-  
agnosia-like is used to emphasize  the  difference be tween  
the  dys func t ion ing  of a brain- lesioned adul t  ( involving 
mos t ly  r igh t  occipital  regional, 17) who  had  previously  
a t t a ined  the  abi l i ty  to read and t h e n  lost it, and  a child 
in a deve lopmenta l  phase  wllerein he has no t  ye t  learned 
to  read.) As had  been discussed previously  1~ prosop- 
agnost ic  pa t i en t s  experience the  faces as ' f l a t t ened  out '  
or 'w i thou t  any  relief '  ~6. Such charac te r iza t ion  is also the  
ha l lmark  of 'neol i thic '  face conf igurat ions  in ar t :  the  
' f l a t t ened  out '  appearance  gives the  impress ion of a 

Fig. 2. A) and B). Complete set of 'neolithic' face configurations 
drawn by 40 dyslexic Ss (38%), ordered by age-range. 

8 A. L. BENTON and M. W. VAN ALLEN, Cortex 4, 344 (1968). 
9 C. A. SeHMITZ, Oceanic Art (Harry N. Abrams, New York 1969). 

10 A. A. PONTIUS, Experientia 37, 126 (1975). 
11 F. GOODENOUGH, Measurement of Intelligence by Drawings (World 

Book Company, Chicago 1926). 
12 j .  H. I)t LEO, Young Children and their Drawings (Brunner and 

Mazel, New York 1970). 
ia A. R. LURIA, Higher Cortical Functions in Man (Basic Books, 

New York 1966). 
la A. R. LURIA, The Working Brain (Basic Books, New York 1973). 
is A. A. PONTIUS, J. Am. Med. Women Ass. 29, 435 (1974). 
16 j.  BODAMER, Arch. Psychiat. NervKrankh. 779, 6 (1947). 
17 j .  C. MEADOWS, J. Neurol. Neurosurg. Psyehiat. 37, 489 (1974). 
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forehead-nose  cont inuum,  whereby  the  br idge of the  nose 
is obl i tera ted ,  by  not  showing any  inden ta t ion ,  nar rowing 
or o the r  indicat ions  for it  (Figure 1, NGr- and NGl-types) .  

For  del ineat ing a new syndrome,  the  p resen t  da t a  
would  be great ly enhanced  if addi t ional  in format ion  were 
avai lable on the  Ss's acumen  in recognizing actual  indi- 
v idual  faces. They  themse lves  would mos t  likely be un- 
aware  of any  disabi l i ty  in th is  respect,  as are mos t  proso- 
pagnos t ie  adults ,  who or ient  themselves  by  features  o the r  
t h a n  the  mos t  involved upper  por t ion  of t he  face. Tests  
on face recogni t ion  have  grave l imi ta t ions  too, as MEA- 
DOWS ~7 emphasizes ,  moreso as clinically prosopagnos t ic  
pa t i en t s  of ten do well on such tests .  

A review ~s of the  neurological  l i te ra ture  on bra in-  
lesioned prosopagnos t ic  pa t i en t s  shows some repor t s  in 
which  the re  also exis ted reading d i s tu rbances  - a t  least  
in tile beginning  (JosSMANN 2~ HOFF and P6TZL 21, 
FAUST 22, BOIDAIVEER 15, HI~IDENIiAIM2a), while o thers  did 
no t  repor t  abou t  such associat ion (Ht~CAEN et  al. is, 
WILBRAND 24, DONINI 25, FAUST 26). In  add i t ion  ENGERTH 19 
discusses the  case of a brain- les ioned prosopagnos t ic  wi th  
' reading d is turbances ' .  Their  specific pa t t e rn ,  t hough  no t  
c o m m e n t e d  upon, suppor t s  the  here pos tu la ted  analogy 
be tween  the  global manne r  of approach ing  the  face pa t -  
t e rn  (especially its upper  p a r t  'eye and nose')  and letters,  
syllables or words  ( f requent ly  ' t u rn ing  let ters  up or 

down' ,  d i s to r t ing  words  b y  reading and wri t ing t h e m  
'in a reversed manner ' ) .  A n o t h e r  p a t i en t  of ENGERTH ~~ 
wi th  cerebral  contus ion  had  a t e m p o r a r y  defect  in reading 
and drew a neoli thic-l ike face configurat ion,  t hough  again 
no t  c o m m e n t e d  upon.  (Suppor t ing  KLEIN'S 5 hypothes is ,  
th is  pa t i en t  had  also finger agnosia, acalculia and r ight-  
left  d i s tor t ion  and drew a 'paw-l ike '  hand.)  

Thus,  these  bra in- les ioned cases ~9 also suggest  t h a t  a 
'de-d i f fe ren t ia t ion '  5 in exper iencing  h a n d  and face reveals  
specific features,  t h a t  are congruen t  w i th  an early and  
more  pr imi t ive  ut i l izat ion and cognit ion,  respect ively,  of 
b o t h  these  essent ia l  body  par ts .  

Iden t i f i ca t ion  of a new clinical subgroup  or new syn-  
drome - aside f rom its heuris t ic  value - opens the  way  
for an early diagnosis  w i th  prac t ica l  implicat ions.  

18 H, H:~CAEN, J. nE AJURIAGOERRA, C. MA(;IS and R. ANGELLER- 
GIJES, Enc6phale 42, 322 (1952). 

19 G. ENOE~TH, Z. ges. Neurol. Psychiat. ld3, 381 (1933). 
a0 p. JOSSMAN~, Mschr. Psychiat. Neurol. 72, 81 (1929). 
21 H. HOFF and O. P6TZL, Z. yes. Neurol. Psychiat. 759, 367 (1937). 
z2 C. FAVST, Nervenarzt 18, 294 (1947). 
z3 A. HV:IOEN1~AIN, Mschr. Psyehiat. Neurol. 66, 61 (1927). 
~4 H. XVILB~AND, Dt. Z. Nervenheilk. 2, 361 (1892). 
25 F. DONINI, Note Psychiat. 68, 469 (1939). 
~6 C. FAUST, Nervenarzt 22, 176 (1951). 

E x p e r i m e n t a l  C o u p l i n g  o f  C r a b  (Carcinus maenas) S e c o n d  M a x i l l a  N e u r a l  M o t o r  to  a n  A l t e r n a t i n g  
C u r r e n t  

J.  B.  PILIIINGTON 1 

Department o~ Zoology, University o/ Otago, Box 56, Dunedin (New Zealand), 20 April 7976. 

Summary. Movement s  of the  crab gill bailer were en t ra ined  to  an a l t e rna t ing  cur ren t  appl ied to the  thoracic  ganglion. 
There  was l i t t le d is tor t ion  of the  muscle r ec ru i tmen t  cycle, b o t h  absolute  and relat ive coord ina t ion  were observed,  and  
the  phase  of the  dr iven  sys t em in the  dr iv ing cycle was a funct ion  of the  difference be tween  free runn ing  and dr iv ing 
frequencies .  

The suboesophageal  ganglion of decapod  c rus taceans  
genera tes  a r h y t h m i c  p a t t e r n  of m o t o r  ac t iv i ty  dr iv ing 
the  muscles of the  2rid maxi l la  in a res t r ic ted  n u m b e r  of 
r e c r u i t m e n t  sequences  to produce  e i ther  forward  or re- 
versed bea t ing  of the  gill bai ler  2. Loose bi la teral  coupling 
of t he  bailers in a prefer red  phase  re la t ionship  has  been  
observed  a. E x p e r i m e n t a l  coupling of tile 2nd maxi l la  
neura l  mo to r  to an ex te rna l  signal could be used to  locate 
t he  neural  oscillator,  and,  if kite coupling were t ight ,  to 
set  its per iod so t h a t  signal averaging  t echn iques  could be 
used for analys ing small  electrical  events  recorded in the  
neuropile.  

The possibi l i ty  of achieving an exper imen ta l  coupling 
was inves t iga ted  using Carcirzus maenas. The animals  
were dissected to expose the  suboesophageal  ganglion and 
the  musctes of the  2rid maxilla.  

If  the  r ec ru i tmen t  sequence is dr iven  by  quasi-s inus-  
oidal var ia t ions  in the  m e m b r a n e  po ten t i a l  of a single 
oscil lator neurone  ~, a slowly a l t e rna t ing  cu r ren t  migh t  be 
a sui table en t ra in ing  signal. This sor t  of signal was chosen 
for these  exper iments .  

The en t ra in ing  signal was appl ied to  t he  dorsal  surface 
of the  ganglion t h rough  a suct ion electrode,  orifice dia- 
me te r  0.3 mm.  Al t e rna t ing  cur ren t  was d rawn  f rom a low 
impedance  source and t aken  to the  suct ion electrode 
th rough  a 50 ~2 series resistance.  A silver chloride refer- 

ence electrode encircled the  suction electrode near  its tip. 
The vol tage developed across t he  electrodes and 50 s 
res is tance  was moni to red  using a cha r t  recorder.  

E n t r a i n m e n t  was observed  to signals of 0.3-11.0 V 
peak- to-peak;  a s ignal  of abou t  5.0 V peak- to -peak  was 
genera l ly  used in these  exper iments .  I t  is probable  t h a t  
wi th  the  concent r ic  e lectrode sys t em the  electric field 
s t r eng th  a t t e n u a t e d  rap id ly  wi th  d i s tance  f rom the  suc- 
t ion orifice. 

E l ec t ro my o g rams  f rom 2 bailer muscles were also re- 
corded,  so it was always possible to de te rmine  w h e t h e r  
t he  bailers were being dr iven  in the  forward or reverse 
modes.  The resul ts  here are der ived f rom forward mode  
recordings  only. 

A shor t  sect ion of a recording is shown in Figure 1. 
The  muscle r ec ru i tmen t  sequence became ent ra ined  to the  
dr iv ing signal wi th in  one cycle, a l though  in o ther  experi-  
men t s  the  s table  phase  re la t ionship  was reached only  
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2 R. E. YOUNG, J. eomp. Physiol. 107, (1975). 
a j.  L. WILKENS and R. E. YOUNG, J. exp. Biol. 63, 219 (1975). 

M. MENDELSON, Science 171, 1170 (1971). 


