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females, and 69 • 7.38 and 55 • 2.17 in males. Gonadec-  
t o m y  decreased the  n u m b e r  of larvae f rom 82 • 4.33 to  
65 • 6.04 and  73 • 4.14 to  57 • 5.50 in females, and  
f rom 69 • 7.38 to 46 ~ 3.27 and 55 • 2.17 to 46 • 1.83 
in males.  All differences were s ta t is t ical ly  significant.  
S imul taneous ly  g o n a d e c t o m y  signif icant ly decreased the  
n u m b e r  of n o n b u d d i n g  larvae and increased the  n u m b e r  
of budd ing  larvae in bo th  male and female mice. 

The mean  n u m b e r  of n o n b u d d i n g  larvae decreased 
f rom 67 • 3.80 to 45 • 5.76 and  f rom 61 ~: 3.69 to 41 • 
5.58 in gonadec tomized  females  and f rom 56 • 6.52 to  
24 • 3.09 and 44 + 2.48 to 26 :t_ 1.43 in gonadee tomized  
males in expe r imen t s  1 and 2 respect ively.  

The mean  n u m b e r  of budd ing  larvae increased f rom 
15 • 1.29 to 21 • 1.86 and 13 • 1.04 to 16 • 1.11 in 
gonadec tomized  females,  and f rom 12 • 1.91 to 22 • 1.40 
and 11 • 1.05 to 21 • 1.09 in gonadec tomized  males.  

The n u m b e r  of buds  on each of the  budd ing  larvae ranged  
f rom 1 to 4 in control  mice and  f rom 1 to 10 in gonadec to-  
mized mice. 

The larvae f rom gonadec tomized  mice were larger t h a n  
those f rom controls.  The larvae  f rom gonadec tomized  
males measured  on the  average 3.2 • 1.8 ram, those  f rom 
control  males 2.3 • 1.4 ram. The larvae f rom gonadec to-  
mized females measured  3.3 • 1.6 m m  and those  f rom 
control  females 2.8 • 1.5 mm. 

Thus  the  p resen t  expe r imen t s  showed t h a t  gonad-  
e c t o my  of mice slowed down cons iderably  the  asexual  re- 
p roduc t ion  of Taenia crassiceps cysticerci  and increased 
the  average size of the  larvae. The resul ts  were thus  
similar to those  ob ta ined  wi th  Mesocestoides t e t r a thy r id i a  
in in tac t  and gonadec tomized  mice~. 

1 M. NOVAK, Int. J. Parasit. 5, 269 (1974). 
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Brachionus calyciflorus a n d  Asplanchna sieboldi 
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Summary. Tocopherol  (v i tamin E) is selectiveIy ass imilated by  the  rot ifers  A. sieboldi and  B. calyci/lorus as compared  
to chlorophyl l  p igments ,  and is re ta ined in these  rot ifers  for longer per iods  t h a n  the  chlorophyl l  p igments .  While  
tocopherol  is lost  a t  the  ra te  of only abou t  50% per  24 h period, chlorophyl l  a and b are conver ted  to pheophy t in  a 
and b and  finally pheophorb ide  a and b in 24 h and t h e n  rapidly  lost. 

D ie ta ry  tocophero l  (v i tamin E), which is syn thes ized  
unique ly  by  plants ,  p lays  a ma jo r  role in regulat ing non-  
genetic po lymorph i sm in the  p r e d a t o r y  rot i fer  A splanchna 
sieboldi 2,~. The impor t ance  of tocopherol  to Asplanchna 
was suggested by  its re tent ion ,  in vivo stabi l i ty,  and ef- 
f icient t r ans fe r  be tween  pa r thenogene t i c  genera t ions  *,5 
The purpose  of the  p resen t  s t u d y  was to de te rmine  the  
abi l i ty  of A splanchna and one of the  p rey  organisms to  
assimilate and re ta in  toeophero l  in relat ion to o ther  com- 
pounds  syn thes ized  uniquely  6 by  plants .  Accordingly,  
we unde r took  a quan t i t a t i ve  s t u d y  of the  concen t ra t ions  
of chlorophyl l  p igmen t s  a and  b, including the i r  de- 
g rada t ion  products ,  and tocopherol  in the  t issues of b o t h  
A. sieboldi and Brachionus calyci/lorus which had  been 
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Concentration of chlorophyll a, chlorophyll a products and toco- 
pherol with time in 13rachionus calyciflorus (run 1) following a 
several day exposure to a chlorophyll- and tocopherol-containing 
diet. 

feeding on the  alga Euglena gracilis. In  th is  way we could 
obta in  compara t ive  in format ion  on the  degree to which 
these compounds  were ass imila ted and retained.  

Materials and methods. The rot ifer  Asplanchna sieboldi, 
clone 12C1, was cu l t iva ted  on a chlorophyll-  and toco- 
pherol-free diet  of Paramecium aurelia as described by  
GILBERT 5 in glass evapora t ing  dishes conta ining abou t  
200 mI of media.  For  several  days  prior  to the  expe r imen t  
the die t  was made  to include chlorophyl l  p igments  and 
tocophero l  by  adding  a suspension of sonicated Euglena 
gracilis, s t ra in  Z, grown axenical ly  as in GILBERTa. Af te r  
in i t ia t ion of the  expe r imen t  the  diet  was changed back  to  
Paramecium alone. The rot i fer  Brachionus calyci/lorus 
was cul tured on the  chlorophyl l -  and tocopherol-free  yeas t  
Rhodotorula glutinis as in LITTON and GILBERT 7. Several  
days  before the  exper imen t s  s t a r t ed  these  rotifers were 
cul tured  on Euglena gracilis, s t ra in  Z, as described by  
GILBERT 2. Af te r  the  expe r imen t s  s ta r ted ,  the diet  was 
changed  back  to yeast .  

1 We thank Mrs Maxi~le Bean for expert technical assistance and 
Mr Ton, Frost for careful review of the manuscript. We also thank 
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T he  basic  des ign  of t he  e x p e r i m e n t s  was  as follows. 
Rot i fe r s  wh ich  h a d  been  feeding  on algal  m a t e r i a l  for 
severa l  d a y s  were w a s h e d  free of u n i n g e s t e d  algae or 
a lgal  f r a g m e n t s  us ing  inorganic  rot i fer  m e d i u m  a n d  n y l o n  
screening.  Samples  of ro t i fers  were t a k e n  for analys is ,  
while  t h e  r e m a i n d e r  of t h e m  were t r ans fe r r ed  back  to the  
chlorophyI1- an d  tocopherol - f ree  die ts  for s a m p l i n g  a t  
s u b s e q u e n t  periods.  Samples  of Euglena  a n d  Rhodotorula,  
as well as b o t h  rot i fers  wh ich  h a d  been  cu l t u r ed  for long 
per iods  of t i m e  on ch lorophyl l -  and  tocopherol - f ree  diets,  
were also t a k e n  for analys is .  

Sam p le s  for p i g m e n t  ana lys i s  were h o m o g e n i z e d  3,s. 
Af t e r  e x t r a c t i o n  in ace tone  in t he  da rk  a t  4~ a smal l  
a l i quo t  of t h e  h o m o g e n a t e  was  r e m o v e d  prior  to ex- 
t r a c t i o n  for d r y  we igh t  m e a s u r e m e n t s  accord ing  to pro-  
cedures  in LITTON a n d  GILBERT 7. E s t i m a t i o n  and  dif- 
f e ren t i a t ion  of ch lo rophyl l  a and  b, ch lorophyl l ide  a a nd  
b, p h e o p h y t i n  a an d  b a n d  p h e o p h o r b i d e  a a n d  b were 
comp le t ed  us ing  a series of sens i t ive  f luoromet r i c  a s s a ys  
a n d  acidic r eac t ions  descr ibed  b y  WHITE et  al. 9. A T u r n e r  
Model 430 Spec t ro f luo rome te r  was  used  t h r o u g h o u t  t he  
s t udy .  Pu re  s am p le s  of ch lo rophy l l  a and  b (Sigma 
Chemical ,  St. Louis ,  Missouri ,  USA) se rved  b o t h  as 
s t a n d a r d s  an d  as m a t e r i a l s  for t he  p r e p a r a t i o n  of s t a n d a r d s  
of ch lo rophy l l  d e g r a d a t i o n  p r o d u c t s  accord ing  to  m e t h o d s  
ci ted in WHITE et  al.K An  a l iquo t  of t he  h o m o g e n a t e  was  
also lyophi l ized an d  e x t r a c t e d  wi th  e t h a n o l  for t he  spec- 
t ro f luo rome t r i c  a s s a y  for e - tocophero l  as descr ibed  in 
LITTON a n d  GILBERT 7. 

Resul ts  and discussion.  Re su l t s  of two  e x p e r i m e n t s  
w i th  B .  calyci/ lorus a nd  one w i th  A .  sieboldi are p r e s e n t e d  
in t he  table .  Th i s  tab le  shows  t he  c ha nge  in c o n c e n t r a t i o n  
of ch lo rophyl l  (and some  of t he  d e g r a d a t i o n  p roduc t s )  and  
tocophero l  in [zg/g d r y  w e igh t  rotifer.  T h e  f igure p r e se n t s  
t he  s a m e  d a t a  on a mo la r  bas is  for one of the  Brach ionus  
e xpe r ime n t s .  

T h e  resu l t s  showed  t h a t  tocophero l  was  r e m o v e d  f rom 
the  Euglena  food source  b y  b o t h  B.  ealyci/ lorus a n d  A. 
sieboldi a nd  r e t a ined  wi th in  the i r  bodies.  Since toco- 
phero l  is ef f ic ient ly  t r a n s f e r r e d  f rom m o t h e r  to of fspr ing  
in A s p l a n c h n a  4 t h e  obse rved  decreases  in tocophero l  con- 
c e n t r a t i o n  per  g d ry  we igh t  rot i fer  b y  a b o u t  50% in 24 h 
m a y  be due  to th i s  select ive t r ans fe r .  A s imi lar  decrease  
was  also no ted  in t he  24-72 h per iod for Brachionus .  

Chlorophyl l  a a nd  b c o n c e n t r a t i o n s  decreased  r ap id ly  
in t he  f i rs t  3 tl a f te r  i nges t i on  of p l a n t  m a t e r i a l  in bo th  
B.  calyci/ lorus a n d  A .  sieboldi. In  the  r epea t ed  e x p e r i m e n t  
for B.  calyci/lorus, w hic h  h a d  even  less s u s p e n d e d  algal  
m a t e r i a l  in t he  w a s h e d  cul ture ,  ch lo rophy l l  a a nd  b con- 
c e n t r a t i o n s  were zero w h e n  m e a s u r e d  3 h a f te r  E.  gracilis 
inges t ion .  Chlorophyl l ide  a was  de t ec t ed  in v e r y  smal l  

8 j .  j .  GILBERT, Am. J. Clin. Nutr, 27, 1005 (1974). 
9 R. C. WHI'rE, I. D. JONES, E. GIBBS and L. S. BUTLER, J. Agr. 

Food Chem. 20, 773 (1972). 

Concentration of chlorophyll, chlorophyll degradation products and tocopheroI with time in Brachionus calyciJlorus, Asplanchn,a sieboldi, 
Euglena gracilis and Rhodotorula gtutinis 

Time (h) after 
removal from 
E. gracilis 
food source 
and 
culture on a Tocopherol 
chlorophyll- eoncentration~ 
and Pigment concentration (/*g/g dry weight organism) ~ (#g/g 
tocopheroI- dry weight 
free diet Chlorophyll a Chlorophyll b Pheophytin a Pheophytin b Pheophorbide a Pheophorbide b organism) 

Brachionus calyci[lorus 
Run 1 
0 0.370 0.021 0.210 0.019 0.016 0.008 0.43 
2-3 0.096 0.011 0.265 0.003 0.167 0.013 0.39 
24 0.038 0 0.095 0 0.296 0.031 0.19 
72 0 0 0.003 0 0.043 0 0.09 
Control 0 0 0 0 0 0 0 
(no E. gracilis in diet) 

Run 2 
0 0.260 0.009 0.010 0.003 0.005 0 0.31 
2-3 0 0 0.018 0 0.089 0 0.28 
24 0 0 0 0 0.101 0 0.13 
72 0 0 0 0 0.016 0 0.06 
Control 0 0 0 0 0 0 0 
(no E. gracilis in diet) 

A splanchna sieboldi 
0 0.490 0.014 0.556 0.085 0.003 0 0.93 
20.5 0.016 0 0.097 0 0.385 0.010 0.37 
Control 0 0 0 0 0 0 0 
(no E. gracilis in diet) 

Euglena 
gracilis 68,320.0 12,260.0 0 0 0 0 794.0 
Rhodotorula 
glutinis 0 0 0 0 0 0 0 

~0 is < 0.01/~g for all chlorophyll and degradation products determinations and < 0.005 #g for tocopherol determinations. 
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c o n c e n t r a t i o n s  (0.003 ~xg/g d r y  we igh t  rotifer)  in  B. 
calyci/lorus ( run 1) fol lowing inges t ion  of p l a n t  mater ia l ,  
b u t  a t  no  o the r  t ime  in th i s  or s u b s e q u e n t  runs  of B. 
calyci/lorus or A. sieboldi. Chlorophyl l ide  b was n o t  detec-  
t ed  in a n y  exper imen t s .  Chlorophyl l ides  are d e g r a d a t i o n  
p r o d u c t s  fo rmed  b y  t he  ac t ion  of the  p l a n t  e n z y m e  chloro- 
phy l lase  a n d  the re fore  p r o b a b l y  do no t  r ep re sen t  a m a j o r  
d e g r a d a t i o n  p a t h w a y  in zoop lank ton .  P h e o p h y t i n  a and  
b c o n c e n t r a t i o n s  in  B. calyci/lorus were g rea t e s t  a t  t he  
3 h s ampl ing  poin t ,  decreased  r ap id ly  a f te r  24 h, and  were 
p r e sen t  in  negl igible  or n o n - d e t e c t a b l e  a m o u n t s  a f t e r  
72 h. These  obse rved  ch lo rophy l l  d e g r a d a t i o n  p i g m e n t s  
are  k n o w n  to  be  p roduced  in t he  d iges t ive  t r a c t  of o the r  
z o o p l a n k t o n  r ap id ly  a f t e r  inges t ion  of v iab le  chloro-  
phyll10,11. I n  A. sieboldi p h e o p h o r b i d e s  a a n d  b were still  
a t  h igh  levels a f t e r  20.5 h. 

The  cu rves  p r e sen t ed  in t he  f igure for t he  second ex- 
p e r i m e n t  w i t h  B. calyciflorus show t h a t  ch lo rophy l l  a a n d  
i ts  d e g r a d a t i o n  p r o d u c t s  are conse rved  in t he  ro t i fer  b o d y  
d u r i n g  t he  f i rs t  24 h a n d  s u b s e q u e n t l y  decrease  w i t h  t ime.  
Af te r  24 h t he  sum of ch lo rophy l l  a + p h e o p h y t i n  a + 
p h e o p h o r b i d e  a c o n c e n t r a t i o n s  was 94 .7% of t he  chloro-  
phy l l  a and  p h e o p h y t i n  a c o n c e n t r a t i o n  a t  t he  beg inn ing  
of the  expe r imen t .  A t  72 h t he  d e g r a d a t i o n  p r o d u c t s  re- 
p r e s e n t  on ly  11% of t he  in i t ia l  c h l o r o p h y  1 a + pheo-  
p h y t i n  a p r e sen t  ini t ial ly.  A s imi lar  p a t t e r n  m a y  accoun t  
for ch lo rophy l l  b b u t  i t  is occas ional ly  u n d e t e c t e d  owing 
to t he  v e r y  smal l  c o n c e n t r a t i o n s  of ch lo rophy l l  b a n d  
p h e o p h y t i n  b re la t ive  to ch lo rophy l l  a. The  h igh  concen-  
t r a t i o n s  of p h e o p h y t i n  a or b re la t ive  to ch lo rophyl l  a or b 
p r e s e n t  a t  t he  b e g i n n i n g  of an  e x p e r i m e n t  is p r o b a b l y  due 
to  r ap id  d e g r a d a t i o n  of t he  ch lo rophyl l  molecule  u p o n  
c o n t a c t  w i t h  t he  p r o b a b l y  acidic rot i fer  gut .  

The  r e t e n t i o n  of ch lo rophyl l  d e g r a d a t i o n  p r o d u c t s  for 
up  to 72 h, fol lowing t r a n s f e r  to  a ch lorophyl l - f ree  diet ,  
suggests  u p t a k e  of ch lo rophy l l  a and  b or t h e i r  degrada-  
t i on  p roduc t s .  E v i d e n c e  for t he  u p t a k e  of ch lo rophyl l  in 
rotifers12, la and  o t h e r  i n v e r t e b r a t e s  14,15, a n d  i ts  possible  

s u b s e q u e n t  use in  p i g m e n t a t i o n  16 a n d  b iosyn thes i s  is r a re  
b u t  n o t  u n k n o w n .  

The  m o s t  i m p o r t a n t  i n f o r m a t i o n  in t h e  p r e sen t  s t u d y  
concerns  t he  r e l a t ive  u p t a k e  and  r e t e n t i o n  of t ocophe ro l  
as c o m p a r e d  w i t h  ch lorophyl l .  The  m e a s u r e d  molecu la r  
t ocophe ro l  : ch lo rophy l l  a r a t io  in E. gracilis (1:41.6) 
ind ica tes  t he  low c o n c e n t r a t i o n  of t ocophe ro l  r e l a t ive  to  
ch lo rophy l l  a molecules ;  t he  tocophe ro l  : ch lo rophy l l  b 
ra t io  is 1:7.3.  B o t h  m e a s u r e m e n t s  on  B. calyciflorus 
feeding on  Euglena show h igh  molecu la r  t o c o p h e r o l  : 
ch lo rophy l l  a ra t ios  (2.4:1 and  2.5: 1) and  t o c o p h e r o l  : 
ch lo rophy l l  b ra t ios  (43.5:1 and  72.0: 1). In  A. sieboldi 
t h e  in i t ia l  molecu la r  t ocophe ro l  : ch lorophyl l  a ra t io  was  
4 .4:1  and  the  t ocophe ro l  : c h l o r o p h y l l  b va lue  was  
154.3:1.  The  smal l  d i sc repancy  in tocophero l  : chloro-  
phy l l  a or b ra t ios  b e t w e e n  A. sieboldi a n d  B. calyci/lorus 
m a y  be  due  to t h e i r  d i f fe rent  modes  of feeding.  Bra- 
chionus is a he rb ivo re  and  inges ted  algae and  algal  f rag-  
m e n t s  d i r ec t ly  whereas  Asplanchna is a ca rn ivo re  a n d  
o b t a i n e d  algal  p r o d u c t s  secondar i ly  b y  feeding on  Para- 
mecium. The  Paramecium die t  of A. sieboldi p r o b a b l y  
c o n t a i n e d  a h igher  t ocophe ro l  : ch lo rophyl l  p i g m e n t  con-  
t e n t  t h a n  the  algae ea ten  d i rec t ly  b y  B. calyci/lorus 
owing to  m i n i m a l  t ocophe ro l  d e g r a d a t i o n  and  h i g h  chloro-  
phy l l  p i g m e n t  d e g r a d a t i o n  and  loss du r ing  i n t r ace l l u l a r  
digest ion.  Clearly t hen ,  t he  rot i fers  are ass imi la t ing  toco-  
phero l  in  preference  to t he  more  a b u n d a n t  ch lo rophy l l  a 
and  b molecules.  

10 R. I. CUREIE, Nature 193, 956 (1962). 
11 F. R. SHIJMAN and C. J. LORE~ZEN, Limnol. Oceanogr. 20, 580 

(1975). 
13 p: M. DE BEAUCHAMP, Arch. Zool. exp. Gen. d, 1 (1909). 
13 p. M. DE BEAUC~AMP, C. r., Acad. Sci. Paris ldd, 1293 (1907). 
14 j .  A. C. NlCOL, in The Biology of Marine Animals (Wiley, New 

York 1967), p. 472. 
15 R. P. DALES, J. mar. biol. Ass. U. K. 36, 81 (1957). 
16 D. L. Fox, in Animal Biochromes and Structural Colours, 2nd ed. 

(Univ. California Press, Berkeley 1976), p. 260-261. 

The Relat ionship  of the Vertical Dis tr ibut ion of Japanese  Conifers to the Maltol  Contents  in their 
Leaves  

K. TAKAISHI, K. KOSHIO and  M. KUBO 

Faculty o/ Pharmacy, Kinki University, Kowakae 3-4-7, Higashiosaka (Japan), 28 June 1976. 

Summary. Of 35 species of coniferous t rees  in  J a p a n ,  on ly  4 species, found  a t  suba lp ine  zone, con t a in  ma l to l  in  t h e i r  
leaves.  The i r  leaves are also cha rac t e r i s t i c  for t he i r  h igh  c o n t e n t  of sugar  w h i c h  p ro t ec t s  t he  p l a n t s  aga ins t  freezing.  
I t  is i n t e re s t ing  f rom t he  v i ewpo in t  of p l a n t  ecology t h a t  on ly  t he  a b o v e  4 species con t a in  h igh  a m o u n t s  of sugars  a n d  
m a l t o l  in t he i r  leaves  because  ma l to l  is b io syn thes i zed  f rom sugars.  

The re  are 35 species of coniferous  t rees  in  J a p a n ,  a 
r e l a t ive ly  large n u m b e r  cons ider ing  J a p a n ' s  geograph ica l  
posi t ion.  Of these  35 species, on ly  4 con t a i n  ma l to l  (2- 
m e t h y l - 3 - h y d r o x y p y r a n - 4 - o n e )  in  t h e i r  leaves.  T h e y  are 
Abies mariesii ( J apanese  name,  Oushirabiso) ,  A. veitchii 
(Shirabiso) ,  A. homolepis (Ura j i romomi)  a n d  Tsuga di- 
versifolia (Kometsuga) .  I t  is cha rac t e r i s t i c  of these  4 
species t h a t  t h e y  are found  on ly  a t  e l eva t ions  b e t w e e n  
1500 a n d  2900 m, t h a t  is to  say  t h a t  t h e y  are c o m m o n  to 
t h e  Subalpine  zone a lone and  are no t  found  lower (Fig- 
ure  1). J a p a n ' s  o t h e r  31 coniferous  species (19 species of 
t h e  P inaceae  family,  2 species of t he  Taxod iaceae  family,  
a n d  10 species of t h e  Cupressaceae  family)  are  genera l ly  
found  a t  lower levels, r a n g i n g  f rom sea level  to  2000 m. 
I n  t he  lower suba lp ine  zone (1500-2000 m), t he  ve r t i ca l  

d i s t r i b u t i o n  of t h e  a b o v e - m e n t i o n e d  4 conifers  a n d  t he  
res t  of J a p a n ' s  coniferous  species over lap.  I t  shou ld  be  
noted ,  however ,  t h a t  while  A. mariesii and  T. diversi/olia 
resemble  A bies /irma (Momi) a n d  Tsuga sieboldii (Tsuga) 
respect ively ,  on ly  t he  fo rmer  leaves  bea r  rictl  ma l to l  
(0 .5-3 .4%).  The  ve r t i ca l  d i s t r i b u t i o n  of Pinus pumila 
(Ha ima t su )  is wide (Figure 2). I l l  H o n s h u  i t  c an  be found  
a t  e l eva t ions  as h i g h  as 3200 m, a n d  ill H o k k a i d o  i t  is 
c o m m o n  f rom sea level  to  t he  cr i t ical  forest  l imit ,  which ,  
owing to  t he  l a t i tude ,  is a t  a b o u t  2300 m. Mal to l  is n o t  
found  f rom the  leaves  of P. pumila. Mal to l  was  f i rs t  iso- 
l a t ed  f rom Larix decidua 1, a species c o m m o n  to  Europe .  
I t  is i n t e r e s t i ng  to  no te  t h a t  ma l to l  is no t  found  in L. 
leptolepis, t h e  J a p a n e s e  v a r i e t y  of L. decidua, w h i c h  is 
found  be low the  suba lp ine  zone. 


