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Because  m a l f o r m i n  s t i m u l a t e s  e thy l ene  p r o d u c t i o n  in 
green cu t t i ngs  ~1, a n d  e thy lene  i n h i b i t s  ex tens ion  growth ,  
we d e t e r m i n e d  e thy l ene  p r o d u c t i o n  b y  e t io la t ed  cu t t i ngs  
t r e a t e d  w i t h  m a l f o r m i n  (Table  II) .  Ma l fo rmin  s t i m u l a t e d  
e thy lene  p r o d u c t i o n  in e t io l a t ed  c u t t i n g s  and  s t i m u l a t e d  
e longa t ion  desp i te  these  h ighe r  e thy lene  levels. 

A l t h o u g h  c u t t i n g s  f rom green  seedlings e longa te  on ly  
s l igh t ly  we e x a m i n e d  t h e  effect  of m a l f o r m i n  on the i r  
g r o w t h  i n c r e m e n t  in  s imi la r  exper iments~ Af ter  4 days  
in t h e  l igh t  t he  g r o w t h  i n c r e m e n t  of cu t t i ngs  in  water ,  
m a l f o r m i n  10 -n M, and  m a l f o r m i n  10 -6 M was 1.09, 0.61, 
a n d  1.44 cm, r e spec t ive ly  (average  70 cut t ings) .  Mal- 

Table II. Effect of malformin on ethylene production by stem 
segments from etiolated cuttings of Plmseolus vulgaris in the light 

Treatment Length of treatment (h) 

24 48 72 

Ethylene (nl/h/g fresh wt.) 
H20 1.23 1.69 1.14 
Malformin 10 -5 M 2.96 3.52 1.65 
Malformin 10 -~ M 2.78 1.48 1.24 

Average 3 determinations, cv. Harvester. Approximately 2.0 em 
sections were exeized from the hypoeotyl hook region, sealed in 
syringes, incubated 2 to 4 h, and analyzed for ethylene by gas 
chromatography as described 14. 

fo rmin  (10 -6 M) s t i m u l a t e d  t he  e longa t ion  of green  
c u t t i n g s ;  however ,  t he  abso lu t e  increase  in g r o w t h  
i n c r e m e n t  was  less t h a n  t h a t  of e t io l a t ed  cu t t ings .  

L i g h t  i n h i b i t i o n  of e t io la ted  s t em e longa t ion  is a 
process  m e d i a t e d  b y  p h y t o c h r o m e  ~. S t i m u l a t i o n  of s t em 
e longa t ion  b y  m a l f o r m i n  on  e t io la ted  cu t t i ngs  sub-  
s equen t ly  m a i n t a i n e d  in l ight ,  b u t  no t  in t he  dark ,  sug- 
gests  a n  effect  of m a l f o r m i n  on t h i s  process.  U n t i l  t h e  
effect  of m a l f o r m i n  on  o t h e r  p h y t o c h r o m e  m e d i a t e d  
responses  is known,  we are u n a b l e  to  offer a n  e x p l a n a t i o n  
for m a l f o r m i n - i n d u c e d  g r o w t h  s t i m u l a t i o n  16. 

Zusammen/assung. Das W a c h s t u m  et iot ier ter ,  wurzel-  
freier  B o h n e n k e i m l i n g e  yon  Phaseolus vulgar# war  m i t  
Ma l fo rmin  A i m  Licht ,  n i c h t  a b e t  in  der  D u n k e l h e i t  
s t imul ie r t ,  u n d  zwar  obwohl  die A t h y l e n p r o d u k t i o n  d u t c h  
M a l f o r m i n - B e h a n d l u n g  ges te iger t  wird. 
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On the Absence  of Chitin in the Endosterni te  of Chelicerata 

The  e n d o s t e r n i t e  of che l icera tes  is an  i n t e r n a l  ske le ta l  
s u p p o r t  for some of t he  p rosoma l  muscles .  FIRS~MAN ~ ha s  
a n  exce l len t  r ev iew of t h e  s t r u c t u r e  a n d  d e r i v a t i o n  of t h i s  
o rgan  in t he  va r ious  che l icera te  classes and  orders.  I t  h a s  
been  c o n t e n d e d  since LANKESTER ~ t h a t  t he  endos te rn i t e ,  
n o t a b l y  of Limulus, con ta in s  chi t in .  However ,  o t h e r  au-  
t ho r s  8 were u n a b l e  to  f ind  ch i t i n  in  t he  endos t e rn i t e s  of 
chel icerates ,  i nc lud ing  Limulus. A n  e x a m i n a t i o n  of 
LANKESTER'S p a p e r  2 shows t h a t  t he  d e t e r m i n a t i o n  of 
c h i t i n  was m a d e  by. a Prof.  SCHXFER ( foo tnote  on  pages  
133-134),  a n d  t h a t  he  was cau t ions  in  his  d e t e r m i n a t i o n .  
At  one  p o i n t  Prof.  SCI~)IFER states ,  '... I a m  no t  p r e p a r e d  
to say  pos i t i ve ly  t h a t  t he  s u b s t a n c e  is ' ch i t i n '  or even  t h a t  
i t  is chief ly  ch i t i n ;  b u t  cons ider ing  i t s  solubil i t ies ,  or 
r a t h e r  insolubi l i t ies ,  i t  is p r o b a b l y  e i t he r  t h a t  s u b s t a n c e  
or a m i x t u r e  of t h a t  and  a s u b s t a n c e  al l ied to ke r a t i n ' .  
Desp i t e  t h i s  c i r cu m s pec t  c o m m e n t ,  LANKESrER s t a t e s  
t h a t  c h i t i n  is def in i te ly  p r e s en t  in  t h e  endos t e r n i t e  a n d  
d raws  u p o n  th i s  to  m a k e  o t h e r  f a r - r each ing  conclusions.  
LANKESTER'S conclus ions  were agreed  to b y  HALLIBUR- 
TON ~. However ,  n e i t h e r  SCHAFER'S n o r  I-tALLIBLIRTON'S 
m e t h o d s  are c u r r e n t l y  accep ted  as d o c u m e n t a t i o n  for the  
presence  of chi t inh.  R e e x a m i n a t i o n  seemed desirable .  

W e  took  endos t e rn i t e s  f rom as m a n y  d i f fe ren t  che l ice ra te  
g roups  as we could muster ,  a n d  sub jec t ed  t h e m  to t he  
s t a n d a r d  v a n  Wisse l ingh  q u a l i t a t i v e  t e s t  for  chi t in .  The  
spec imens  were h e a t e d  in s a t u r a t e d  K O H  so lu t ion  in 
sealed glass t u b e s  a t  160~ for 30 min.  A n y  p a r t i c u l a t e  
m a t t e r  r e m a i n i n g  was w a s h e d  f i rs t  in  50% e thanol ,  t h e n  
in  dis t i l led water .  In  all cases, excep t  for t he  solpugid  
a p o d e m e  a n d  t he  pos i t ive  control ,  t e s t i n g  ended  a.t t h i s  
p o i n t  because  t h e  m a t e r i a l  h a d  en t i r e ly  dispersed.  The  

pos i t ive  con t ro l  and  the  a p o d e m e  gave  t he  cha rac te r i s t i c  
v io le t  color w i t h  iodine  solut ion,  fol lowed by  slow 
d ispers ion  in 75% H~SO4; d i spers ion  in  weak  acet ic  acid,  
fol lowed b y  p r e c i p i t a t i o n  w i t h  d i lu te  H~SO4; to  ind ica te  
t he  presence  of ch i to san  (see page  27 5 for f u r t h e r  detai ls) .  

As a c o n f i r m a t o r y  test ,  selected spec imens  were p laced  
in 1 N N a O H  for 24 h a t  60 ~ Th i s  is based  on  t h e  HACK- 
MAN a n d  GOLI)B~RG ~ p rocedure  for pu r i fy ing  chi t in .  No 
s t r u c t u r e  c o n t a i n i n g  a s ign i f i can t  a m o u n t  of ch i t i n  
should  be d ispersed b y  th i s  me thod ,  ye t  on ly  t he  pos i t ive  
con t ro l  r e t a i n e d  i ts  s t r u c t u r a l  i d e n t i t y ;  t he  o the r s  h a d  
comple t e ly  dispersed,  w i t h  one except ion .  The  excep t ion  
was t h e  piece of Limulus endos te rn i t e ,  wh ich  h a d  swollen 
a n d  s t a r t e d  to peel  off flakes,  b u t  h a d  n o t  comple t e ly  
dispersed.  Af te r  72 h t he  Limulus e n d o s t e r n i t e  h a d  dis- 
persed,  while  t h e  pos i t ive  con t ro l  h a d  no t  changed  in 
appea rance ,  excep t  t h a t  i t  b e c a m e  l i gh t e r  colored.  

Spec imens  t e s t ed  b y  t h e  v a n  \ u  m e t h o d  were 
the  endos t e rn i t e s  of Argos persieus (Oken), Amblyomma 
americanum (L.) (Acar ina) ;  Tarantula sp. (Amblypyg i ) ;  
Argiope argentata (Forskal) ,  Dictyna sp., Dysdera crocata 
C. L. Koch,  Lycosa /rondicola E m e r t o n ,  Pellenes hoyi 
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(Peckhams) ,  Aphonopelma sp. (Araneae) ;  Cheli/er can- 
croides (L.) (Chelonethida)  ; Leiobunum ventricosum 
(Wood) (Pha lang ida ) ;  Odontobuthus doriae (Thorell),  
Diplocentrus sp., Uroctonus sp., Vejovis spinigerus 
(Wood) (Scorpionida) ;  Mastigoproctus giganteus (Lucas) 
(Uropygi) ;  a n d  Limulus polyphemus L. (Meros tomata) .  
Also t e s t ed  were t he  i n t e rna l  p rosoma l  apodem e  of Eremo- 

bates sp. (Solpugida)  and  t h e  v e n t r a l  ne rve  cord, gangl ia  
a n d  mesen te r ies  of Phoxichilidium /emoratum (Ra thke )  
(Pycnogonida) .  As pos i t ive  con t ro l  t he  m o v a b l e  chel iceral  
f inger  of Eremobates sp. was  used;  as nega t i ve  con t ro l  a 
piece of muscle  f rom Limulus. For  d i sso lu t ion  in  w a r m  

7 Paper No. 8721, Scientific Journal Series, Minnesota Agricultural 
Journal Series, Minnesota Agricultural Experiment Station, 
St. Paul, Minnesota 55108, USA. 
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NaOH,  we used endos te rn i t e s  f rom Amblyomma ameri- 
canum, Argiope argentata, Leiobunum ventricosum, Cen- 
truroides vittatus (Say) (Scorpionida)  and  Limulus 
polyphemus w i t h  t he  same  pos i t ive  and  nega t ive  controls .  

I t  is our  conclusion,  based  on  c u r r e n t l y  accep ted  
m e t h o d s  for ch i t i n  d e t e r m i n a t i o n ,  t h a t  ch i t i n  is a b s e n t  
f rom the  endos t e rn i t e  of chel icera tes  ~, 8 

Zusammen/assung. Die E n d o s t e r n i t e  von  18 A r t e n  aus  
den  drei  l e b e n d e n  Klassen  yon  CheI icera ten  w u r d e n  n a c h  
der  Me thode  yon  v a n  Wisse l ingh  auf  Chi t in  geprtif t ,  
wobei  alle P r o b e n  n e g a t i v e  Ergebn i s se  fiir die e c h t e n  
E n d o s t e r n i t e  e rgaben.  Nur  die inne re  p rosomische  Apo- 
physe  e iner  Solpugide  e n t h ~ l t  Chi t in .  

B. CUTLER and A. G. RICHARDS 

17d7 Eustis Street, St. Paul (Minnesota 55113, USA); 
and Department o/ Entomology, Fisheries, and 
Wildli/e, University o/ Minnesota, St. Paul (]Vlinnesota 
55108, USA), 8 July 1974. 

The Effect of Chemical St imuli  from Conspecifics on the Behavior of 
Haplochromis burtoni (Cichlidae, Pisces)  

B e h a v i o r a l  responses  of f ish to  chemica l  s t imul i  pro-  
duced  by  conspecif ics  are well  k n o w n  (see, for example ,  
PFEI~FER1 TODD2). T h e y  have ,  however ,  r a re ly  been  
i n v e s t i g a t e d  wi th in  t h e  o the rwise  ex t ens ive ly  s tud ied  
f ami ly  of Cichlid f ish (KOHME a, MYRBERG4). Th i s  p ro jec t  
was u n d e r t a k e n  to ana lyze  t he  effect  of chemica l  s t imul i ,  
p roduced  b y  conspecif ics  in  a r e p r o d u c t i v e  s ta te ,  on  t h e  
b e h a v i o r  of males  of t he  Afr ican  Cichlid f ish Haplochromis 
burtoni. 

The  two s t imu l i  used were :  1. w a t e r  in  which  a g rav id  
female  ha s  l ived  alone,  2. w a t e r  in  wh ich  a cou r t ing  male  
ha s  l ived  alone. W a t e r  in  wh ich  no f i sh  has  p rev ious ly  
l ived  was used as a control .  

The  e x p e r i m e n t a l  se t -up  cons is ted  of 7 iden t i ca l  60 l i te r  
aquar ia .  4 were used for t he  t e s t  fish. The  5 t h  con t a ined  a 
single g rav id  female,  t h e  6 th  a s ingle male,  cou r t i ng  the  
g rav id  female  f rom wh ich  i t  was  chemical ly ,  b u t  no t  
visual ly,  isolated.  Only  ind iv idua l s  c lear ly  in  a repro-  
duc t ive  s t a t e  were selected.  I n  order  to  ensure  this ,  t h e  
spec imens  h a d  to be rep laced  severa l  t i m e s  in t he  course 
of t he  expe r imen t .  The  7 th  a q u a r i u m  p r o v i d e d  t h e  con t ro l  
wate• The  t e m p e r a t u r e  was m a i n t a i n e d  in all aqua r i a  a t  
26 ~ =h 1 ~ The  ne t s  a n d  bucke t s  used for t h e  m a n i p u l a -  
t i o n  of f ish a n d  w a t e r  were boi led and  d r y e d  a f te r  each  
use to  avo id  c o n t a m i n a t i o n .  T he  t e s t  f ish were 6 a d u l t  
males  (7 in  t he  g rav id  female  s i tua t ion)  a v e r a g i n g  in size 
a p p r o x i m a t e l y  15 cm long  a n d  60 g. Before  t h e  b e g i n n i n g  
of t h e  expe r imen t ,  t h e y  were i so la ted  f rom conspecif ics  
for  10 days,  w i t h  10 y o u n g  b l i nded  T i l ap ia  (I-tEILIGEN- 
BERG a n d  KRAMERS). T he  same  ind iv idua l s  were obse rved  
in all  3 e x p e r i m e n t a l  s i tua t ions .  The  b e h a v i o r  r ecorded  
was t h a t  d i r ec ted  t o w a r d  t he  Ti lapia .  E a c h  f ish was 
obse rved  11/~ h a t  t h e  s ame  t i m e  eve ryday .  

The  e x p e r i m e n t  s t a r t e d  w i t h  a 5 -day  o b s e r v a t i o n  period.  
On t h e  6 th  day,  4 1 of w a t e r  f rom e i the r  t he  g rav id  
female, courting male, or control water tank were 
syphoned into the experimental tank. These different 
stimuli were presented in a random order to the fish, and 
their source was unknown to the observer. The syphoning 
started at the beginning of the observation and lasted 
40 Inin. The observations continued for 5 days to record 
possible  l o n g - t e r m  after-effects .  

The  observer ,  s i t t i ng  b e h i n d  a b l ind ,  recorded  8 be-  
h a v i o r  p a t t e r n s ,  us ing  a k e y b o a r d  p a p e r - t a p e  p u n c h  
(t~me re so lu t ion  0.5 see) for s u b s e q u e n t  c o m p u t e r  eva lua-  
t ions  (FER~ALD a n d  HEINECKEG). 

The  b e h a v i o r  p a t t e r n s  refer red  to are descr ibed as 
follows: approaching: t h e  f i sh  swims t owards  a T i lap ia  
a n d  s tops  nea rby .  Courting: t h e  f ish qu ivers  s ideways  nea r  
a fish. This  m o v e m e n t  is n o r m a l l y  d i rec ted  to  a conspecific 
female.  Leading : t h e  fish swims  os ten t ious ly ,  wagging  i ts  
tail ,  in  f ron t  of a fish. Th i s  is also n o r m a l l y  d i rec ted  to a 
conspecific female.  Attacking: t h e  f ish b i tes  or chases  the  
Ti lapia .  Digging: t h e  f ish carr ies  big  a m o u n t s  of grave l  
a w a y  f rom a prefe r red  s i te  of t he  a q u a r i u m .  Th i s  resu l t s  in 
a deep pi t ,  n o r m a l l y  used as ' s p a w n i n g  si te ' .  

The  g r ea t e s t  effects of t he  chemica l  s t imu l i  were 
re f lec ted  in 3 b e h a v i o r  p a t t e r n s  : approaching a n d  courting 
t h e  Ti lapia ,  where  each  oceurence  was r ecorded  as single 
e v e n t ;  t h e  presence  or absence  of t he  t e r r i to r i a l  black 
eye-bar (LEoNG 7) was s canned  eve ry  5 sec a n d  t h e  pres-  
ence recorded  as single even t .  

To measu re  t h e  effect  of t he  2 s t imul i ,  t h e  r a t e s  of 
b e h a v i o r a l  even t s  on  the  6 th  d a y  a n d  d u r i n g  t h e  5 pos t -  
t e s t  days  were c o m p a r e d  w i t h  those  of t h e  5 p re - t e s t  days,  
def ined as base- l ine  ac t iv i ty ,  for each  fish. For  this ,  t h e  
d a t a  of each  i n d i v i d u a l  f ish were no rmaI i zed  b y  s u b t r a c t -  
ing t he  m e a n  of a n  a c t i v i t y  d u r i n g  t h e  5 p re - t e s t  days  f rom 
every  va lue  of t he  a c t i v i t y  obse rved  in  t h i s  fish. The  m e a n  
va lues  of these  di f ferences  in  all  fish, a n d  3 t i m e s  t h e i r  
s t a n d a r d  error,  were  t h e n  p l o t t e d  (see Figure)  (since t he  
i n t r a i n d i v i d u a l  va r i ances  of t he  m e a n s  for  t he  5 p re - t e s t  
days  were smal le r  t h a n  ha l f  t he  i n t e r i n d i v i d u a l  var iances ,  
t h e y  h a v e  been  neglec ted  in t h e  p r e s e n t a t i o n  of the  
resul ts) .  
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