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In trod u ction

F o r  the  p u rp o se  o f  developing a  useful seaweed 
resource, g ian t  kelp (M acrocystis p yr ife ra ) was in­
t roduced  f ro m  M exico  in to  C h ina  in A ugust-Sep-  
tem ber, 1978. Since then, a  series o f  studies has 
been m ade,  inc lud ing  investigations on  exper im en­
tal ecology an d  techniques fo r  cu ltiva tion  and 
p ro p ag a t io n  o f  this species in n a tu ra l  beds. The 
present p ap e r  is an  in tegrative a n d  b r ie f  in troduc­
tion to  our recent work.

S electio n  o f  sea  area for cu ltivation

G iant kelp is a  cold-w ater  seaweed. As has been 
reported ,  th e  u p p e r  te m p era tu re  limit fo r  sporo- 
phytic survival ranges f rom  20 to  25 ° C. However, 
m ost o f  the  C hinese  coas ta l  waters,  where condi­
tions ap p e a r  favorab le  for cu l tu ring  giant kelp, 
often a t ta in  te m p era tu re  o f  over 20 ° C in summ er. 
T herefore  we chose Q ingdao  (36°05'N), L idao 
(36°50'N), H u an g c h en g  Is land  (38°20 'N) an d  D a l­
ian (38°45 'N), all s itua ted  in n o r th e rn  China,  as 
trial areas to  determ ine w hether  M . pyr ifera  is able 
to  survive the  su m m er  in these waters (Table 1).

As show n in T ab le  1, w hen  the  w ater  tem perature  
in the  tr ial areas  was higher th a n  23 ° C, the  survival 
rate  o f  M . p yr ife ra  becam e very low, and  thalli 
began  to  ro t  (F ig .  1) and  were w ashed  away by the 
current.  T h e  longer the  exposu re  to  these high 
tem peratures ,  the  m ore  severe the  decay. F rom  
these observa tions,  it seems p robab le  th a t  in Chi­
nese coas ta l  w aters ,  23 ° C  is the  u p p e r  tem pera tu re  
limit fo r  survival o f  M . pyrifera .

W e also have observed the following in situ: (1) 
T o le ra n ce  o f  high tem pera tu re  in M . p yr ife ra  varies 
a m o n g  p lan ts  o f  d ifferent ages and  am o n g  par ts  o f  
the  sam e plant.  T h e  older a p lan t  or tissue is, the  less 
it will to le ra te  high tem peratures .  Also, vegetative 
blades have less to le rance th a n  sporophylls .  (2) D e­
cay o f  thalli varies w ith the  dep th  o f  w ater  where 
they dwell. P lan ts  growing in shallower w ater  decay 
badly  because they are  encrusted by b ryozoa or 
o the r  epiphytes. (3) C urren t velocity is an  im p o r­
ta n t  fac to r  in survival. A lthough  the  w ater  tem pera­
tu re  was the  same, plants in m ore swiftly moving 
w ater  survived better th a n  those in slow currents.

T h ro u g h  two years’ observa tion  o f  the fou r  sites, 
we cons ider  th a t  the H uangcheng  Island is the best 
fo r  cultivation  o f  giant kelp.

S tu d ies  on  exp erim en ta l eco logy

I t  is necessary to ob ta in  in fo rm ation  a b o u t  the  
influence of water tem pera tu re  and  light intensity 
on  vegetative grow th  and  development, for a large- 
scale cu ltiva tion  o f  juvenile  sporophytes  of giant 
kelp. Accordingly , we have observed the effects o f  
these tw o  factors on gam etophytes.

T h e  ex p r im en ta l  m e th o d  used in this s tudy was 
s im ilar to  th a t  for Lam inaria . S porophylls  were 
collected f rom  m a tu re  M acrocystis  plants, washed, 
allow ed to  dry in the  sh ad e  an d  then  im m ersed  in 
sterilized sea water. Z o o sp o re  release was thus ob­
ta in ed  an d  the  zoospo res  were allowed to  settle on 
m icroscope  slides which were then  transferred  into 
d ishes conta in ing  enriched and  sterilized sea water, 
a n d  cu l tu red  a t  different tem pera tu res  and  light
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T a b le  1. S u m m e r te m p e ra tu re s  a n d  effec t on  su rv iv a l o f  M a cro cys tis  p y r ife r a  sp o ro p h y te s  in  d iffe ren t c o a s ta l a re a s  o f  C h in a .

A rea R an g e  o f  te m p e ra tu re  
Ju ly  to  S ep t.
( ° C )

D ays 
over 
23 ° C

T o ta l 
n u m b e r 
o f  p la n ts

P la n ts
su rv iv in g

S u rv iv a l
ra te

(% )

Q in g d a o 20 .5 -27 .0 75 900 0 0
L id ao 20 .0 -24 .0 15 4  000 12 0.3
D a lia n 20 .0 -24 .0 14 600 14 2.3
H u a n g ch e n g 14.6-23.0 0 600 588 98

Fig. 1. D ecay ed  th a lli  o f  M a c ro cy s tis  p y r ife r a  a f te r  ex p o su re  to  te m p e ra tu re s  h ig h e r th a n  23 0 C.

intensities. T h e  enriched seaw ater  was renewed ev­
ery week. G ro w th  rate was de term ined  by m easu r­
ing the  d iam eter  o f  the p r im ary  cell o f  female ga- 
metophytes, and the  stage o f  fertili ty o f  male and 
female gam etophy tes  was indicated  by percentage 
o f  females form ing  zygotes (Figs. 2, 3).
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Fig. 2. R a tes  o f  g ro w th  an d  zy g o te  fo rm a tio n  in  fem ale  g a m e to ­
p h y te s  o f  M a c ro cy s tis  p y r ife ra  8 a n d  ¡3 d ay s  o ld , respec tive ly , 
u n d e r  v a rio u s  te m p e ra tu re s . O p e n  c irc les  ( O ) :  d ia m e te r  o f  p r i­
m a ry  cells (n  =  20). V ertica l b a r  in  u p p e r  rig h t c o rn e r  in d ic a tes  
le a s t s ig n ific a n t ran g e  o f  5%)- S o lid  c irc les  ( • )  : p e rc e n tag e  o f 
p la n ts  fo rm in g  zygotes.

Figure  2 shows, o f  the  te m p e ra tu re  range  ex a m ­
ined in the exper im ent ,  the o p tim al tem pera tu re  for 
g row th  o f  female gam etophy tes  was f ro m  13 to 
17 ° C. The  gam etophytes  grew  better a t  the upper 
lim it o f  the o p t im u m  te m p era tu re  range th a n  a t  the 
lower limit. A lthough  the tem pera tu re  range of 
13 -1 7 °  C was also op tim al fo r  fertili ty o f  female 
gam etophy tes ,  the  lower limits o f  th e  range were 
slightly m ore conductive to  fertilization than  the
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Fig. 3. R a te s  o f g ro w th  a n d  zygo te  fo rm a tio n  in  fem ale  g a m e to ­
p h y te s  o f  M a c ro cy s tis  p y r ife r a  13 a n d  18 d ay s  o ld , respectively , 
u n d e r v a rio u s  in ten s itie s  o f illu m in a tio n . S y m b o ls  a s  in Fig. 2.
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u p p e r  limits. In  fact,  the rep ro d u c t io n  o f  g am eto ­
phytes was to ta lly  inhibited  w hen the w ater  tem ­
pera ture  was h igher th a n  20 0 C.

T h e  influence o f  light intensity on vegetative 
g row th  and  fertili ty is show n in F igure 3. I l lum i­
nance  o f  2 000-3  000 lux was op tim al fo r  g rowth 
an d  deve lopm ent o f  gam etophytes ,  bu t  illuminance 
as high as 7 000 lux  d id no t inh ib it  g row th  or zygote 
fo rm a tion .  A low er illuminance, however, such as 
500 lux, obviously delayed the  developm ent o f  g a ­
metophytes.

T h e  results descr ibed  above provide som e useful 
in fo rm ation  fo r  sporeling  cultivation. A large 
n u m b e r  o f  gam etophy tes  em ployed  in o u r  experi­
ments  are now  cu l tured  as seed stock a t  such 
tem pera tu re  and  light optima.

an d  the  sporelings reach  a length o f  10 mm , they are  
t ransfe rred  in to  the sea. T h e  experience accum ula t­
ed in cu l tu r ing  sporelings of L am inaria  ja p o n ic a  
indicates th a t  o n e  o f  the  im p o r tan t  factors to  con­
sider is p lacing sporelings at the ap p ro p r ia te  dep th ,  
w here they norm ally  dwell. T herefore ,  we m o n i­
to red  an d  m easured  g row th  rates  o f  M . pyr ifera  
sporelings at d ifferent depths (Table 2).

T a b le  2 obviously indicates tha t ,  a l though  the 
g ian t kelp  can be fo u n d  on  the  sea bed a t  depths of 
20 -30  m, artificially cu l tu red  sporelings on f loating 
rafts grow  better  in shallower th a n  in deeper water, 
in o u r  tr ia l  sea areas. T h e  shallower the  w ater  in 
which sporelings grow, the  h igher the grow th rate  
will be. D uring  the  growing period o f  42 days, the  
average length o f  sporelings p lanted a t  1- and  2-m

S tu d ies on  tech n iq u es o f  cu ltiva tion  and p rop aga­
tion

C ultiva tion  o f  sporelings. T  o ob ta in  a great num ber  
o f  sporelings o f  th e  g ian t kelp for use in the  
experim ents  on  artific ial cultivation  and  p ro p ag a­
tion, we have cu l tu red  tw o types of sporelings, 
sum m er sporelings and  a u tu m n  sporelings. T h e  
procedu re  fo llow ed in cu l tu ring  the  fo rm er  is as 
follows: Initially, juvenile  sporelings are cultured 
indoors. W h e n  th e  te m p era tu re  of the  sea is optim al

T a b le  2. C o m p a r is o n  o f  g ro w th  ra te s  o f  M a c ro cys tis  p y r ife r a  
sp o re lin g s  a t d iffe ren t d e p th s  (H u a n g c h en g  Island ).

D e p th
(m )

2 8 .X .82

X length*  
(m m )

12.X I.82 8 .X II .82

X len g th  
(m m )

R ate

(% )
X leng th  
(m m )

R a te

(% )

1 10.6 28.6 170 152.8 434
2 10.2 29.0 184 122.8 413
3 9.3 23.6 154 79.2 236
3.5 8.0 26.6 233 76.4 187
4.5 8.6 19.2 123 - -

5.5 10.8 18.8 74 45.5 141

* n =  10
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Fig. 4. R e p ro d u c t iv e  p e rio d ic ity  in  M a c ro cy s tis  p y r ife r a  in  ra ft c u ltiv a tio n , C h in a .
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depths  increased 14- and 12-fold, respectively. As 
long  as the sporelings are cultured  a t  an  appropria te  
dep th ,  it will be possible to reduce the  time required  
fo r  culturing sporelings in the sea.

A u tu m n  sporelings are cultivated  entirely in the 
sea. T h e  spores are  collected in O ctober,  utilizing 
stones, bam b o o  strips and  plastic ropes as sub ­
strates. A fter  spore collection, these substra tes are 
h ung  beneath  floating rafts. In  o u r  experiments,  
there  were m any  sporelings on  s tones  and  bam b o o  
strips, bu t  nearly  n o n i o n  plastic ropes. T h e  growth 
o f  a u tu m n  sporelings was sim ilar to  th a t  o f  sum m er 
sporelings, showing the highest g row th  rate  a t  a 
dep th  of 1-2 m.

P a re n t  plants,  com prising one-, two-, an d  three- 
year-olds , p rovide m a tu re  sporophylls  an d  are cul­
tu red  on f loating  rafts. T h ro u g h  con t inual  observa­
tion  fo r  th ree  years, we have found  th a t  a great 
n u m b e r  of m a tu re  sporophy lls  a p p e a r  in mid- to 
late Ju ly  (summer) and in early  O ctober  to  late 
N ovem ber  (au tum n).  There is a  longer reproductive 
per iod  in au tum n . In sum m er,  w hen  the  w ater  
te m p era tu re  exceeds 19.5 ° C ,  no m a tu re  sori are 
fo u n d ,  so it is considered p ro b ab le  th a t  the  u pper  
tem pera tu re  limit for spo ru la t ion  is at 1 9 -2 0 °  C 
(Fig. 4).

M e th o d s  o f  cu ltiva tion  a n d  propaga tion . Since 
1979, three m ethods  (viz., f loating  raft,  casting 
s tone with sporelings, and  subm erged  f loating 
rope) have been tried a t  Q ingdao , Lidao, D alian  
and  H uangcheng  Island.

F lo a t in g  raft  was a  m ethod  sim ilar to  th a t  used in 
L am inaria  culture. There  were tw o types o f  cultiva­
tion, suspending an d  flattening. T h e  merits of f loat­
ing rafts  are  th a t  it is easy to  observe and  m anage 
the  cu l tu red  plants, but m ore  m ateria ls  are  needed 
an d  th e  cost is h igher th a n  fo r  o th e r  m ethods .  It is 
the re fo re  n o t  suitable fo r  large-scale p roduction ,  
an d  is presently  utilized only in b reeding  sporelings 
and  in stock-keeping.

C as ting  s tone was an a t tem p t to  p ro p ag a te  M . 
p yr ife ra  on the  sea bed. In  this m e thod ,  stones 
served as substra tes  to which spores adhered  and 
th e n  grew into sporelings, o r  sporelings were tied by

hand  to  the  stone. S uch  s tones were cast into a  
suitable sea bed, and  su r rounded  with nets to p ro ­
tect juvenile plants from  graz ing  by sea urchins. T h e  
results o f  th e  experim ents  a re  very inconclusive 
because the nets were inadequa te  to  prevent urchins 
invading and  seriously dam ag ing  the  seaweeds.

S ubm erged  f loating rope  involved inserting two 
w ooden  piles in to  the  sea bed, between which were 
s trung  plastic ropes on  which sporelings were fas­
tened. T h ree  h u n d re d  sporelings, each 70 cm long, 
were p lan ted  on  these ropes a t  H u an g c h en g  Island 
in August,  1980. By the end o f  the year, they were 
up to  20 m long, and  the survival ra te  was estimated 
a t  100%. In  M ay ,  1982, the  cu ltu re  area  was ex­
pan d e d  to  a b o u t  0.8 ha (12 mu). A fter  fou r  m onths ,  
the  average length o f  these seaweeds was 13 m, 
com pared  with the initial average length of 2.2 m.

T h e  cultivation  experim ents  show  th a t  the last 
m ethod  is the  best one, very sim ple to  opera te  and  
efficient in preventing d am ag e  by sea urchins.

C on clu sion

Since the  in troduc tion  o f  g ian t kelp into China, 
the  technical prob lem s in artificial cultivation have 
been preliminarily  solved, thus  provid ing  a basis for 
m ore extensive cultivation o f  this species.

The  trials will be c o n t in u ed  on a  la rger  scale at 
H uangcheng  Island. The  m ain  targets  are to im ­
prove culture m ethods  fu r the r  a n d  validate their 
econom ic effects. I f  it is considered reasonable, 
giant kelp cu ltiva tion  will be ex tended  to  other 
coasta l areas. It is also p lanned  to  breed new strains 
or to in troduce  hea t- to le ran t strains in order to 
expand  poten tia l culture areas.

It has been found  th a t  in the  trial sea areas, either 
the germ ination  or g row th  o f  sporophytes  of M . 
pyrifera  a re  limited by factors such as w ater  tem ­
perature , light intensity and  type o f  substra tum . 
Based on  the  results ob ta ined , we are led to  the 
conclusion th a t  it seems impossible fo r  g iant kelp to 
block channels or otherwise becom e a  nuisance due 
to na tu ra l  overp ropaga tion  in the sea.


