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Bryozoa  und  Brach iopoda  schliesslich spezielle Larven-  
fo rmen ohne  morphologische  Bez iehungen  zur Trocho- 
phora aufweisen. 

Summary. The confusing t e r m  'Trochophora' is eluci- 
d a t e d  and  res t r ic ted  to  a deve lopmen ta l  s tage of the 
Annel ida  and t h e  p ro t anne l id  Echiur ida ,  der ived con- 
ve rgen t ly  wi th  the  mol luscan Pseudo-Trochophora f rom 

the  co mmo n  Pericalymma-larva. All o ther  so-cMled 
Trochophorae canno t  be t e rmed  as such, the  n a m e  being 
morphological ly  mis leading as in Sipuneul ida and other.  
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G r o w t h  S t i m u l a t i n g  Ef fec t s  of the  B r o m o p h e n o l ,  

Bromina ted  compounds  in red algae have  a t t r ac t ed  
a t t en t i on  since the  th i r t ies  f rom chemical  and  pha rma-  
cological po in t  of view *. The mos t  f requent ly  occurr ing 
compound  is lanosol, 2 ,3 -d ib romo-4 ,5 -d ihydroxybenzy l  
alcohol, isolated f rom Polysiphonia lanosa ~. Lanosol  has 
been known as a h ighly  tox ic  subs tance  for bac ter ia  and 
algae. McLACHLAN and  CRAIGIE s give a LDs0 of 0.03 m M  
for unicellular  mar ine  algae. However ,  in na tu re  lanosol 
seems to  appear  in t he  red algae mos t l y  as a d i su lpha te  
a n d  th is  form does no t  inh ib i t  g rowth  of bac ter ia  or 
fungi4, 5 nor  g rowth  of unicellular  algaeK PROVASOLI G 
found lanosol inf luencing the  morpho logy  of Ulva. As 
m a n y  s imple phenols ,  like 3-methylcatechol ,  4-methyl -  
catechol,  and 3, 4 -d ihydroxybenzoic  acid, s t imula te  g rowth  
of axenical ly  cu l t iva ted  Goniotrichum alsidii (Zanard.) 
H o w ~  7 lanosol and its sulphuric  ester  were t e s t ed  on th is  
alga as well as on Potysipho~ia urceolata (Dfllw) Grev. 

Lanosol  s was isolated f rom Polysiphonia brodiaei 
(Dillw.) Grey. and its d i su lpha te  ~ f rom Brongniartella 
byssoides (Good et  Wood.)  Schmitz .  The chemical  prepa-  
ra t ions  were made  by  Dr. P. SAEI~ER, Melbourne Uni-  
vers i ty ,  a t  his s t ay  in our ins t i tu te .  The lanosol p repara-  
t ion  con ta ined  a few percen t  of the  cor responding  alde- 
hyde,  and dur ing  s torage it changed  colour to  da rk  b rown  
and lost  its ac t iv i ty .  The me thods  for cu l t iva t ion  of t he  
red  algae and the  a r r angemen t s  for t h e  expe r imen t s  are 
descr ibed earlier 7,9. The influence of the  b romopheno ls  
on algal g rowth  was tes ted  in a range f rom 4 to 200 smole/1. 
The g rowth  of t he  algae on d i f ferent  concen t ra t ions  is 
given in the  Table  as mean  dry  weight  of algae f rom 6 
parMlel flasks, each flask conta in ing  25 ml  of the  artificial  
seawater ,  ASP6  F% 

In  Polysiphonia urceolata, lanosol  inh ib i t ed  g rowth  in 
a concen t ra t ion  of 0.2 mM/1, a resul t  cor responding  very  
well wi th  t he  observa t ion  made  by  McLACHLAN and 
CRAIGIE ~ on the  red alga Porphyridium sp. Lower  con- 

L a n o s o l ,  on  Red  A l g a e  in  A x e n i c  C u l t u r e  

cent ra t ions ,  however ,  s t rongly  s t imula ted  growth,  giving 
an increase near  to  90% a t  a concen t ra t ion  of 4 • 10 -6 M. 
In  Goniotrichum alsidii no inhib i t ion  was no ted  bu t  the  
growth  s t imula t ion  reached only  50O/o . The d isu lpha te  of 
lanosol was no t  only non tox ic  b u t  showed a p ronounced  
g rowth  s t imula t ion  in b o t h  species a t  t he  two  h ighes t  
concen t ra t ions  tes ted.  

At  separa t ion  on a Sephadex  co lumn of seawater  col- 
lec ted in the  Fucus-Ascophyllum zone some fract ions  
conta in ing  phenol ic  compounds  were ob ta ined  which 
inf luenced g rowth  and morpho logy  of Goniolrichum ~~ 
The act ive subs tances  in t h a t  e x p e r i m e n t  were not  
identif ied,  b u t  la ter  it  has  been  shown t h a t  Polysiphonia 
brodiaei exudes  bromophenols ,  ma in ly  lanosol in some 
form soluble in sea-water  1~. CHAN and McMAI~US ~ fol- 
lowed the  bacter ia l  flora on Polysiphonia lanosa and found 
the  same r ichness  f rom May to  September ,  which  could 
indicate  t h a t  the  non tox ic  d i su lpha te  was exuded.  

Analyses of b romopheno l s  in Swedish red algae have  
shown tha t ,  whereas  Polysiphonia urceolata conta ins  
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Effects of lanosbl and sulfonated lanosol oil growth of the 2 axenically cultivated red algae, Goniotrichum alsidii and PoIysiphonia urceolata. 
Sporelings of Goniotrichum and pieces of Polysiphonia threads used as inocula 

Species investigated Substances added Mean dry weight of algae per 25 ml nutrient medium 
(mg) 

Addition per i/~mole 

0 200 40 

Goniotrichum alsidii 2,3-dibromo-4,5-dihydroxy-benzyl alcohol (lanosol) 4.9 ~ 0.9 5.6 =t- 0.5 ~ 7.5 ~ 0.6 ~ 7.2 -V 0.4 ~ 
2,3-dibromo-4,5-dihydroxy-benzyl alcohol disulphate 4.9 • 0.9 6.3 ~ 0.2 ~ 7.1 • 0.6 ~ 6.5 i L0 

Polysiphonia urceolata 2,3-dibromo-4,5-dihydroxy-benzyl alcohol 0.8 • 0.2 0.2 • 0 1.1 • 0.1~ 1.5 i 0.2 ~ 
2,3-dibromo-4,5-dihydroxy-benzyl alcohol disulphate 0.8 • 0.2 1.5 ~ 0.2~ 1.1 • 0.1~ 0.8 :k 0.2 

Significantly different from control at p < 0.05. b Significantly different from control at p < 0.01, indicating growth stimulation. Inoculation 
time 28 days. 6 parallels in each series. 
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abundance  of them,  t h e y  are comple te ly  absen t  in Gonio- 
trichum n. The fu r the r  add i t ion  of lanosol in the  h ighes t  
concent ra t ion ,  2 • 10 -4 M, could thus  p roduce  an inh ib i t -  
ing surplus  in Polysiphonia, while  Goniotrichum, hav ing  
no pool of b romophenols ,  was s t imula ted  by  all con- 
cen t ra t ions  tes ted.  

As some s imple  phenol ic  compounds  inf luence g rowth  
and /o r  morpho logy  in Goniotrichum, t h e y  are p r e s u m e d  
to  p lay  a f u n d a m e n t a l  role in metabo l i sm,  e i ther  as such 
or as lower s teps  in the  fo rma t ion  of some growth  regu- 
lators.  In  m a n y  o the r  red  algae, b r o m o p h e n o l s  are s tored  
e i ther  as sugar  der iva t ives  ~a or as sulphates .  I t  m i g h t  be 
possible  t h a t  a romat ic  compounds  are mobi l ized  f rom 
th i s  pool  when  requi red  in t he  me tabo l i sm  of these  
species, while  Goniotrichum has to  be suppl ied  by  exuda tes  
f rom o the r  organisms.  Lanosol  is as ye t  the  only  na tu ra l ly  
occurr ing b r o m o p h e n o l  tes ted ,  and since the  role of 
b romine  in th is  connec t ion  is comple te ly  unknown,  no 

fu r the r  conclusions can be drawn.  F u r t h e r  work  is now in 
progress  to e lucidate  these  problems.  

Zusammen/assung. W a c h s t u m s t i m u l a t i o n  yon  2, 3-Di- 
bromo-4,  5 -Dihydroxybenzy la lkohol  (Lanosol) in Konzen-  
t r a t i o n e n  yon 4 • 10-5-4 • 10 6 wurde  in axenischen  Kul-  
t u ren  der  Ro ta lgen  Goniotrichum alsidii und Polysiphonia 
urceolata festgestel l t .  W~Lhrend das Disu l fa td ika l iumsalz  
n ich t  tox i sch  und  yon  niedr igerer  Aktivit&t war, h a t t e  
2 • 10 -4 M Lanosol  eine H e m m w i r k u n g  auf Polysiphonia. 

Institute of Physiological Botany, 
University o/ Uppsala (Sweden), 
26 June 7973. 

L I S B E T H  F R I E S  

13 S. RONNERSTRAND BOt. M a r i n a  11, 107 (1968).  

R e v e r s a l  of S p i n n i n g  B e h a v i o u r  in Last  I n s t a r  Larvae  of Pieris brassicae T r e a t e d  w i t h  
J u v e n i l e  H o r m o n e  D e r i v a t i v e s  1 

More t h a n  20 years  ago PIEPHO ~ d e m o n s t r a t e d  t h a t  
the  presence  or absence  of ac t ive  corpora  a l la ta  inf luences 
the  sp inning behav iour  of last  ins ta r  larvae  of Galleria 
mellonella. W h e n  NOVAK a discussed th is  work, he claimed 
t h a t  t he  juveni le  ho rmone  (JH) would inf luence the  
ins t inc t  of sp inning  indi rec t ly  by  inh ib i t ing  the  morpho-  
genesis of the  pupa l  or imaginal  brain.  Since morpho-  
genesis in insects  is supposed  to  be a one-way process,  the  
t heo ry  of NovA~ would  imply  t h a t  no reversal  of behav-  
iour is possible.  However ,  reversible  J H - d e p e n d e n t  
behav iour  has been d e m o n s t r a t e d  in the  adul t  colorado 
po t a to  beet le  4. The following observa t ions  on last  ins ta r  

a) Sequence 0I ]H (+) (+) (+) (+) + - -  + + 
concentration(0-33h) -- + + + 

- -  + 4- + + 

b) Moulting hormone + + + + - 
c) 

Line 

L 5 feeding 
Stop feeding 
and m i g r a t i o n  

Spinning in 
upwards pos i t ion  

Spinning of platform 

Downwards position 

Spinning of bolster 
Upwards position 
Spinning of girdle 

Body contraction 
Ecdysis 

A B C 
Pupa "Hangers' 

d) 
D 
L6 L5 

Influence of juvenile hormone (JH) on pattern of behaviour of last 
instar larvae of P. brassicc~e: a) Hypothetical sequence of JH con- 
centrations in larvae at 0-33 h after the LJL 5 moult (JHD present 
= +,  absent = -- ; hypothetical presence of small &mounts of na- 
tural JH = (+)). b) Production of moulting hormone, e) Sequences 
of actions, i.e. patterns of behaviour according to pattern of JH con- 
centrations and presence or absence of moulting hormone; the se- 
quence of line A represents the natural pattern of behaviour leading 
to the pupal moult; all degressions from this line have been induced 
by treatment with JHDs. Full circles, action completed; open circles 
only part of action exhibited, d) Developmental result (L s = super- 
nummerary larval stage; L 5 = 'dauer-larva'). 

larvae  of the  cabbage  bu t t e r f ly  Pieris brassicae t r e a t ed  
wi th  J H  der iva t ives  (JHD) show t h a t  reversal  of J H  
d e p e n d e n t  behav~our is also possible in an insect  which  
has no t  f inished deve lopment .  

The J H D s  used were mix tu res  of isomeres of e i ther  
me thy l -  10, 11-epoxy- 7-ethyl-3 ,11-dimethyl-  2, 6-tr ideca-di-  
enoate  or 6,7-epoxy-3, 7-d imethyl - l - [3 ,  4- (methylene-  
d ioxy) -phenoxy] -2-nonene .  Las t  ins ta r  larvae  oI P. bras- 
sicae of d i f ferent  age were t r e a t e d  topica l ly  w i th  2 t imes  
1 [zl ot ace tone  for controls  or ace tone  solut ions wi th  differ- 
en t  concen t ra t ions  or one of the  JHDs ,  appl ied dorsal ly  
on the  t h o rax  and  the  last  th i rd  of t he  abdomen.  Time of 
t r e a t m e n t  is ind ica ted  as hours  af ter  the  L4/L 5 moult .  

Our observa t ions  show t h a t  sp inn ing  behav iour  of 
normal  p remoul t ing  larvae of P. brassicae proceeds  along 
one of two  lines, depend ing  on w h e t h e r  (at a re la t ively  
high level of JH) a larval / larval  or (at a very low level of 
JH)  a pupa l  moul t  is induced.  

U n t r e a t e d  joung larvae of P. beassicae, when  r eady  for 
a larval  moult ,  spin a ne t  of silk t h reads  and  t ake  on a 
posi t ion wi th  the  head  po in t ing  downwards .  They  keep 
this  pos i t ion unt i l  the  old skin rup tu res  on the  back  of the  
t ho rax  and is shed. Af ter  a res t  of abou t  2 h the  larva  
resumes feeding. This behav iou r  cor responds  approx i -  
ma t ive ly  wi th  line D in the  Figure. 

U n t r e a t e d  or ace tone  t r ea t ed  last  ins ta r  larvae r eady  
for a pupa l  mou l t  leave the  food and, as a rule, move  to  a 
ver t ical  wall where  t h e y  cons t ruc t  a dense silk p l a t fo rm 
wi th  a bols ter  of loose silk t h reads  a t  t he  lower end of it. 
Each  larva  t h e n  posi t ions  itself on the  p l a t fo rm wi th  the  
head  po in t ing  upwards  and the  h ind  end lying on the  
bolster.  I t  bends  the  head  backwards  and, moving  i t  f rom 
one side of the  p la t fo rm over  the  back  of the  second 
abdomina l  segment  to t he  o ther  side of t he  p la t form,  
spins a girdle of silk t h reads  which  la ter  on will fix t he  
anter ior  p a r t  of the  p u p a  to  t he  p la t form.  After  some 
t ime the  larva  con t rac t s  to  form the  p r ep u p a  or p h a ra t e  
pupa.  W i t h i n  12 h the  larval  skin rup tu res  on the  back  of 
t he  t h o rax  and  the  old skin is shed. The hooks  of the  last  
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