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A bstract

N atural popu lations o f G. a sia tica  Z hang &  X ia a n d  G. lem ane  i f  o r  m is  (Bory) W eber van  Bossc were 

stud ied  du ring  1984 an d  1986 in Z h an sh an  Bay, Q ingdao (36°4 'N , 120° 21 'E ). R apid grow th (length , weight) 

of these  p lants occurred  between m id-M av and  late Ju n e  (w ater tem pera tu res, 15~20°C). T h e  m ajor ep iphyte  

o f  G. a sia tica  was E nterom orpha lin za , while P unctaria  la ti fo l ia  was the m ajor ep iphy te  o f  G. 

lem aneiform is. E p iphy tism  declined th ro u g h o u t early sum m er, and  ep iphy tes were ra re  a fte r m id—July 

(1984); they  d id  not reappear in  late sum m er, although  m acrophvte  grow th  declined ab ru p tly  a fte r early  July. 

P opu la tions o f G. a s ia tica  varied  du ring  late spring-early su m m er betw een adjacent sandy an d  rocky  portions 

o f  th e  in tertidal zone; p lan ts  a t th e  sandy site  were la rger an d  epiphyte-free. A m phipod densities  w ere low  on 

bo th  species o f G racilaria, h u i the m ost ab u n d an t species were A m p ith o e  lacertosa. C aprella  equ ilib ra , C. 

k ro y e r i, C. scaura  an d  P on togeneia  rostrata. A dditional inform ation  on  general com m unity  s tru c tu re  is 

p rovided for the G. a s ia tica  zone.

IN T R O D U C T IO N

W e have s tu d ied  in te rtid a l and  sub tida l com m unities in  Z hanshan  Bay, Q ingdao (P eople’s 
R epub lic  o f  C hina) in  o rd e r to ob ta in  in fo rm atio n  o n  the ecology o f  two o f  th e  d o m inan t 
m acrophy tes , G racilaria  a s ia tica  Z hang  & X ia  an d  G. lem a n e ifo rm is  (Bory) W eb er van Bosse. 
G racilaria  spp. a re  o f  in te rn a tio n a l in te rest a s  m aricu liu re  crops (C hapm an and  C hapm an , 1980; 

T seng , 1981; W aaland , 1981), and  a re  po ten tia lly  im p o rtan t to  C hinese m arieu ltu re . Seasonal 

s tud ies  o f  these p lan ts  in th e ir  na tu ra l h ab ita ts  shou ld  prov ide in fo rm ation  h e lp fu l in  artificial 
cu ltivation .

M A T E R IA L S A N D  M E T H O D S

T hese stud ies  w ere done d u rin g  1984 and  1986 in  Z hanshan  Bay slightly  east o f  Q ingdao City, 
S handong  P rov ince at 36°4 'N , 120 '21 'E  (Fig. 1). U nderw ater visibility  was usually  0 .5 -2  m , 
occasionally 3 m , d u rin g  th is  s tu d y . A fter m id-M ay th e  low est low -tide occurred  a t n ig h t, re su ltin g  in 

litt le  o r no day tim e exposure and  desiccation o f  G. a s ia tica  d u rin g  th e  sum m er. C hanges in  w ater 
te m p e ra tu re  d u rin g  th e  s tu d y  a re  given in  fig u re  2.

G. a s ia tica  and  G. lem a n eifo rm is  w ere co llected  from  Z hanshan  Bay in  1984 (every 3—4 w eeks,

C on tribu tion  N o. 14Q7 from  In s titu te  o f Oceanology, A cadem ia Sinica.
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dep en d en t u p o n  w eather, T ab le  1, F ig . 3) u s in g  a 0 .25  m 2 P V C -fram e  to  ob ta in  in fo rm atio n  on 
m acrophy te  leng th , w et w eigh t, density , h a b it , com position  and b iom ass o f  associated  ep iphy tes, 
an d  com position  and  density  o f  associated  m esoherb ivores (e.g ., am phipods). C ollections w ere 
m ade  u n derw ater (w ith sn o rk e l and  SC U B A ) beg inn ing  1. 5 h  before

T ab le  Í  Numbt»- o f  0.25 m  2 q u a d ra ts /sa m p lin g  d e le  (1984)

G. a s ia tica  G. lem aneiform is

4 /2 7 5 (93 plants) 5 /1 3 5 (44 plants)

5 /1 8 5 (40 plants) 5 /1 8 4 (32 plants)

6 /2 0 6 (73 plants) 5 /3 1 6 (75 p lants)

7 /1 8 6 (84 p lants) 6 /2 8 6 (52 p lants)

8 /1 3 6 (101 p lants) 7 /2 8 2 (50  p lants)

8 /1 5 6 (74  p lants)

24

10-

APR1L r _ MAY JUNE JU LY AUG.

KILOMETERS

Fig . 1 F ie ld  work in  Z han sh an  Say, Q ingdao F ig . 2  Sea tem p era tu res  near th e  e n tran ce  to

Zhanqiao  Bay at a d e p th  o f  2 m

low  tide; sam pling  was co m ple ted  w ith in  a  2 h  period. Follow ing A pril 27, sam pling  o f  G. a s ia tica  
was m ade  w ith  ran d o m  tosses o f  th e  q u ad ra t th ro u g h o u t th e  m id -in te r t id a l zone w here  th is  species 

w as a d o m in an t space ho lder. F o r  the A pril 27 quad ra ts  a n d  all G. lem a n e ifo rm is  sam pling , a 
po p u la ted  a rea  was located an d  th e n  ran d o m  th row s w ere m ade. T o  e lim inate  sam pling  b ias, qu ad ra t 
tosses w ere m ade  above w ater. P la n t w et w eigh t was d e te rm in ed  b y  separa ting  ep ip h y tes  from  
Gracilaria, p lan ts , rin sing  m ateria l b riefly  w ith  fresh  w ater and  th e n  p a ttin g  th e  p lan ts  d ry  w ith  
cheeseclo th . Som e d ia tom s rem ained  a ttach ed  to  p lan ts , b u t a t  tim es w hen a sub s tan tia l p o rtio n  o f  
th e  ep ip h y tic  b iom ass consisted  o f  d ia tom s, m o s t cou ld  be ru b b e d  off the p lan ts.

I t  was im possib le to collect all the  am p h ip o d s associated  w ith p lan ts  in  q u a d ra t sam ples, 

because, un less p lan ts  are  bagged u n d erw a te r qu ick ly , som e o f  th e  m ore m ob ile  species (e.g., 
P o n to g en e ia  rostrata ) escape. H ow ever, it  w as d esirab le  to  have data  on am p h ip o d  association  th a t
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Fig. 3 Seasonal changes in  density . A: length B: biom ass C: and  ep iphy tism  D : o f  C. a s ia tica  and  G. lem aneifo rm is  at 

Z hanshan Bay (mean ±  standard  e rro r, see  T ab le  1 for sam ple  sizes)

w ould re la te  tem porally  and spatially  to  o th er data . W ith  th is ob jective in  m ind , we co llected  th e  two 

p lan ts  c losest to  a d iagonal across th e  q u ad ra t before  d is tu rb in g  th e  area du ring  collection  o f  p lan ts 
w ith in  th e  q u ad ra t. B agged p lan ts  were analyzed in  th e  sam e way as qu ad ra t p lan ts to  d e term ine  

fea tu res such  as G racilaria  wet w eight and  ep iphy te  wet w eight. H ow ever, they  w ere first shaken  in 
5 0 %  ethano l in seaw ater to  k ill the  am ph ipods, m ost o f  w hich fell o ff p lan ts im m ed ia te ly  (p lan ts 

w ere inspected  to  m ake sure  all am ph ipods had been rem oved). A m phipods re ta ined  b y  a  0 .25  m m  
(pore d iam eter) sieve w ere so rted  b y  size (p lus sex  fo r A . lacertosa  and  C. acherusicum ) using  a 
d issecting  scope.

In 1986, we m arked  a transect parallel to  th e  sho re  (a t 0 .87  m  above LLW ) th ro u g h  th e  G. 
a sia tica  zone sam pled in  1984. A  0.25 m 2 qu ad ra t having 100 even ly -spaced  in te rsec tions (form ed 

by row s o f  s trin g s g lued  to the fram e and  in te rsec ting  each o th e r  a t  90°) was co n stru c ted . T h is  

q u ad ra t was p laced along every  5 m  of th e  linear tran sec t, a n d  th e  percen tage com position  of 
d iffe ren t species was no ted  by identify ing com ponents below each o f  th e  po in t-in tersec tions. T en  
q u ad ra ts  w ere coun ted . A line  p laced paralle l to  th e  p e rm an en t tran sec t, b u t 2 -3  m  seaw ard, was 

used to  collect G. a s ia tica  fo r de term ination  o f  leng th , wet w eight an d  ep iphy te  coverage. T h is  line 
was p laced along th e  easte rn m o st 13 m o f  th e  tran sec t. I t was also p laced (at th e  sam e tid a l heigh t) on 
th e  sand beach  just, east o f  the rocky in te rtid a l zone in w hich o u r  m ain  collecting took  place . A t bo th  
s ites, p lan ts  w ere co llected  w ith in  a 6  cm  s trip  a long each side o f  th e  rope.
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R ESU LTS

T h e  ob jective of s tud ies  o f  na tu ra l p o p u la tio n s o f  G. a s ia tica  and  G. lem a n e ifo rm is  was to 

provide seasonal da ta  on ep iphy tism  o f  these  m acrophy tes and  to  assess the. density  and species 

com position  o f  res iden t m esoherbivores. G. a s ia tica  was a b u n d an t in  rocky  (gran itic) a reas o f  the 
m id to low in te rtid a l zone a t Z hanshan  Bay. G. lem a n eifo rm is  was ab u n d a n t in  p a tch es th roughout 

the sandy , shallow  su b tid a l zone (to ab o u t 3  m ); p lan ts  "grow ing on san d ”  w ere often found  to  be 
a ttached  to  bu ried  hard  su b s tra tu m , and  m ost pa tches were on the landw ard  side o f  large 

(subm erged), boulders.
W e observed sub s tan tia l changes in th e  len g th , w et w eight, and am oun t o f ep iphy tes  o f  bo th  G. 

a sia tica  and  G. lem a n eifo rm is  d u rin g  o u r  s tud ies  in  1984 (Fig. 3). 0 . a s ia tica  p lan ts  w ere sh o rt and 

sparsely  b ranched  from  a  sing le  m ain  axis in  A pril. By m id-M ay, p la n t leng th  had increased 
substan tia lly , peak ing  in late Ju n e  and  decreasing  a fte r  m id-July  (Fig. 3B ). A sim ilar p a tte rn  was 

observed  fo r seasonal changes in wet w eight (Fig. 3C ). C hanges in  leng th  and wet. w eight o f  G. 
lem a n eifo rm is  w ere s im ila r seasonally to  those observed  for G. asia tica .; how ever, C . lem a n eifo rm is  

p lan ts  were longer an d  very bushy , even  in  late A pril (see data  for May 3 in  Fig. 3). T h e  presence  of 
m u ltip le  axes ind ica ted  regrow th of p lan ts  follow ing physical a n d /o r  biological dam age , and 

observation  o f  su ch  p lan ts  in  sp ring  show ed th a t th e  G. lem a n e ifo rm is  popu la tion  m igh t be 
perennial. T h e re  w ere sign ifican t increases in p lan t leng th  fo r b o th  G. a s ia tica  (P  <  0 .001 , Mnnn- 

W hitney  U tes t) and  G. lem a n e ifo rm is  (P  <  0 .05 , M an n -W h itn ey  U test) betw een the earliest pair 
o f sam pling  d a tes  (Fig. 3); th is  was no t true  o f  p lan t w eight. T hus, fo r bo th  C . a s ia tica  and  G. 
lem a n e ifo rm is , g row th  (increased  wet w eight and leng th) was observed  in  the field betw een  tnid-

Tabie 2 L en g th , b iom ass an d  ep iphy tism  o f  G . a s ia t ic a  in  198Ó along  ad jacen t rocky  an d  sandy  portions 

o f  Z h u n sh a n  B ay . D ata  a re  p resen ted  as m eao s  ( ¿ S .D .) .

5 -2 8 -8 6 5 -2 8 -8 6 6 -2 7 -8 6

Rocky Sandy Rocky

A. P lan t len g th  (cm) 5 .8  (2.3 y-« 17.7 (7.9 )'•* Í3 .9  (7 .2  )'■"

B. P lan t fresh weight (g) 0.13(0.1.3)'-/ 0.78(1.09)J 0.63(1.06)*

C. U atio  o f  ep ip h y te  to 
G. a s ia tic a  wet

0.36(0.65)‘' 0.23(1.42)w - ' 0.34(0.40)*

w eights (E  /G .)

D . N u m b er o f  p lan ts  
(C . as ia tica )

J9 37 46

E. P ercen tage o f  p lan ts  
with ep iphy tes

47% 5% 48%

a  A  transec t in  th e  sandy  arca  was not repeated  6 -2 7 -8 6  because o f  extensive collecting in  th is  arca; how ever, lurge p lants 

w ere s till observed  there, 

b  only 2  p lan ts  had  ep iphy tes, th e  ep iphy tes weighed 8.61 g  and  0.01 g.

c  F  <  0.05, betw een pair o f  da le s  so  m arked , K ruskal—W allis test, followed by D u n n ’s  nonparam ctric  m ultip le  

com parison  test (Z ar, 1984. p . 198). 

d  P < 0 . 0 t  

e P <  0.001



26 CHINESE JOURNAL OF OCEANOLOGY A N D  LIMNOLOGY V ol. 6

May and  la te  Ju n e , co rresponding  to  w ater tem p era tu res  betw een 15 2 0 'C .

D ata (Table 2) on length  and  w eight o f  G. a s ia tica  in  1986, from  an  overlapp ing  reg ion  o f  the 
rocky in te rtida l zone sam pled in  1984, fit the  tren d s  found  in  1984 (Fig. 3 ). W ate r tem p e ra tu re  was 

cooler du ring  May 1986 com pared to 1984 (Fig. 2), and  th is  m ay  explain, in pa rt, the sh o rte r  p lan ts  in 

late May 1986 com pared  to  1984. H ow ever, as show n in  T ab le  2, long 6'. a sia tica  p lan ts w ere found  

in Z hanshan  Bay in  late May; they  w ere p resen t in  th e  ad jacen t, sandy in te rtida l zone. G. a s ia tica  
w ere larger an d  m ore num erous in th e  p o rtio n  o f  th e  rocky tran sec t closest to  th e  sandy  beach  (data 

no t shown).

Table 3 P ercen tage com position  (m ea n  +  S .D .) o f  com ponents w ith in  th e  G .u s ia t ic a , low er in tertiila! zone co m m u n ity  in  

Z h u n sh a n  B ay. B ased upon co u n ts  (see  m e thods) w ith in  a  0 .2 5 m 2 q u ad ra t ( »  =  10) a long  u p e rm an e n t tran sec t.

5 -2 3 -8 6 6 -2 6 -8 6

A nem one 0.1(0.3) 1 .70 .1 )

B ryopsis corticulans  Setch. 2 .0 0 .1 )

C ladophora fa sc icu la r is  (M ert.) Kuetz. 0 .7(1.1)

C orallina  p ilu life r a  Post. & R upr. 0.9(1.9) 3.9(4.4)

Enterom orpha lin za  (L.) J .  Ag. +  Ulva pertu sa  K jelim . 87.6(13.) •* 63.4(18.1)

G racilaria  a s ia tic a  Z hang & X ia - 2.8(4.4)

P unctaria  la ti fo l ia  Grev. 2.0(5.3) —

R ock (bare) 2.8(7.2) * 12.6(13.7)

Sand 4.7(6.8) 11.9(16.3)

Sargassum  th u n b erg ii (M ert.) O 'K untze 0.310.9) 0.4(0.8)

Scytosiphon lom en taria  (Lyngbe) C . Ag. 1 .60 .7 )

Sym p h yo c la d ia  la tiuscu la  (M an.) YamaCa 0.6(0.7)

** P  <  0 .01 , M ann-W hitney  U test.

* P  <  0.05

B oth  in  1984 a n d  1986, a  Ju n e  s to rm  o f  ab o u t 3  d d u ra tio n  rem oved m uch  o f  th e  ben th ic  (and 

ep iphy tic) E . l in z a  and  U lva  p ertu sa , re flec ted  in  da ta  on com m un ity  com position  (T albe 3). T h e  
decrease in  cover fro m  M ay to  Ju n e  o f  these ephem eral, g reen  algae m ay have p e rm itted  o r  facilitated  
rec ru itm en t o f  G. asia tica .

E piphy tism  is difficult" to  quan tify  a t a  species level because m any o f  th e  ep iphy tes  are  
un ice llu lar algae o r  im m atu re  m acrophytes . W e used several m ethods to  characterize seasonal 
changes in  ep iphy tism  o f  G. asia tica  an d  G. lem a n eifo rm is  a t  Z hanshan  Bay. C hanges in  ep iphy te  to 

G racilaria  wet w eight p e r qu ad ra t are  given in  figu re  3D  an d , p e r p lan t, in T ab le  2: T ab le  4  con ta in s 
a list o f most. o f  th e  ep iphytic  species (an exhaustive species list was not p repared ) w ith relative 
abundance  ind icated  a t each tim epo in t. T h ese  relative abundances o f m u ltice llu lar ep iphy tes  are  
based upon  q u an tita tiv e  data  such  as those  given in T ab le  5  fo r E nterom orpha lin za , th e  m ost 
com m on m ulti-cellu lar ep iphy te  o f  G. a s ia tica , and  fo r P u n cta ria  la t i fo lia ,  th e  m ost com m on 

m ulti-ce llu la r ep iphy te  o f  G. lem a n eifo rm is  (Fig. 4). W e tr ied  a  n u m b er o f  sem i-q u an tita tiv e  
schem es (e.g., th ickness o f  layer from  p lan t surface a t p red e te rm in ed  in tervals a long th e  axis) for 

evaluating  th e  diatom aceous com ponen t o f  th e  ep ip h y tic  b iom ass, b u t none  w ere satisfactory . T hus, 
th e  d ia tom  com ponen t is  described  qualita tively  below.
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Tabic 4  M ulticellu lar epiphyte* o f  G . a s ia t ic a  a n d  C .  l e m a n e i f o r m i s '  See T seng (1983) 

fo r add itiona l in fo rm atio n  on  these  species in  China.

C . a s ia tica : 1984

C hlorophyta: 4 /2 7 5 /1 8 6 /2 0 7 /1 8 8 /1 3

Enterom orpha lin za  (L.) J . Ag. +  + +  + + - -

U lva pertusa  K jcllm . + + + - -

R hodophyta:

P olysiphon ia  japon ica  H arv. + + - - -

P olysiphon ia  spp . + + - - -

Porphyra tenera  K jellm . +  + + -

Phaeophyta:

Ectocarpus confervoides  (R oth) + +

Le Jo lis

L ea thesia  d iffo r m is  (L.) A resh. + +

P unctaria  la ti fo l ia  G rev. -

Sphacelaria  sub fusca  S . e t  G. + +

G. lem anaeform is  

C hlorophyta:
5 /3 5 /1 8 5 /31 6 /2 8 7 /2 8

E nterom orpha lin za  (L .) J . Ag. + - - -

U lva p e rtu sa  K jellm . - - - -

R hodophyta:

P locam ium  te lfa ir ia e  H arv . - -

P olysiphon ia  ja p o n ica  Harv . - -

P o lysip h o n ia  spp. - -

Porphyra tenera  K jellm . -

Phaeophyta:

Ectocarpus confervoides  (R oth) + - -

Le Jolis

L ea thesia  d iffo r m is  (I..) Aresh. -

P unctaria  la ti fo l ia  Grev. +  + +  + +  + -

Sphacelaria  sub fusca  S . e t G. -

* +  -f =  abundan t

+  =  com m on 

— =  rare

Based upon quan tita tive  d a ta  for ep iphy tic  species sueli as  that in  T ab le  5.

T he ra tio  o f  ep iphy te  to  G racilaria  wet w eights decreased  s tead ily  d u rin g  o u r  1984 study , 
except fo r a  tran sien t increase on  G. lem a n eifo rm is  d u rin g  M ay (Fig. 3D ). A s no ted  above, ep iphytic  
w et w eight includes m ost o f  th e  d iatom aceous com ponen t o f  ep ip h y tic  b iom ass because, a t tim es 
w hen substan tia l d iatom  fou ling  occurred , th e  d ia tom s could  be ru b b ed  o ff  p lan ts  w ith  o th er 
ep iphy tes and  b lo tted  d ry . T h e  tran sien t increase in  ep iphy tic  b iom ass on G. lem a n eifo rm is  d u rin g  

May was d u e  to  grow th o f  P. la t i fo lia  (T able 5). Betw een late Ju n e  and  m id-Ju ly , m acroscopic
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T ah ir 5 Seasonal decline o f  E n t e r o m o r p h a  l i n z a  a s  an  epiphyte  o f  G . a s ia t ic a  an d  o f  P u n c ta r ia  la t i fo l ia  as  a n  epiphyte

o f  C . l e m a n e i fo r m i s .  (X  +  S .D .)

A pr. 27 
<n =  5)

M ay 18 
(n =  S)

June  20 
(n =  6)

Ju ly  18
( n = 6 )

A ugust 13 
(n =  6)

M ean length  o f ep iphy tic  A', lin za  
( > l c m  o n ly )/0 .2 5  in 2

S.0(3.7) 3.8(2.1) 6.0(1.6) 3.2(4.9)* 0

Mean nu m b er o f ep iphy tic  E. Unza  
( > 1  c m ) /p l a n t /0 .2 5  m 2

1.1(0.8) 0.9(1.5) 0.5(0.4)* 0 0

M ean nu m b er o f  ep iphy tic  E. lin za  
( Í 1 c m ) /p la n t /0 .2 5  m 2

0.5(0.1)* 0.1(0.31 0.1(0.1) 0 0

Mav 3
( n = 5 )

May 18 
(n  =  4)

M ay 31
(n =  6)

Ju n e  28 
( n = 6 )

Ju ly  28 A ugust 15 
(n =  2) (n  =  6)

Mean leng th  o f  ep iphy tic  P. la tifo lia  
( >  1 cm  only) /0 .2 5  m 2

1.2(0.6) 3.2(2.0) 2.8U .4)* 0 0  0

Mean nu m b er o f  ep iphy tic  P.

la ti fo l ia
( > 1  c m ) /p la n t /0 .2 5  m 2

6.8(12.6) 3.1(3.2) 4.2(4.4)** 0 0  0

M ean nu m b er o f  ep iphy tic  P.

la tifo lia
( < 1  c m ) /p la n t /0 .2 5  m 2

3.0(3.1) 7.3(9.4) 1.8(1.6)** 0 0  0

* =  p  Í  0.05, M ann-W hitney U  lest 

* * = / > <  0.01

ep iphy tes disappeared fro m  G. lem aneifo rm is. M u lticellu lar ep iphy tes on C. a s ia tica  had  decreased 
substan tia lly  by late Ju n e ; how ever, E. l in za  was still com m on. By m id -Ju ly , E. l in za  was 
uncom m on and o th er ep iphy tes, rare; G. a s ia tica  rem ained  free o f m u itice llu la r ep iphy tes  th rough  
m id -A u g u s t. T hus, th e  dec line  o f  ep iphy tism  (by m uitice llu lar species) o n  G. a s ia tica  an d  G. 
lem a n e ifo rm is  occurs, generally , w ith  th e  o nse t o f G racilaria  g row th  (Fig. 3); how ever, these 
ep ip h y tes  do no t reappear as G racilaria  grow th declines in  Ju ly  and  A ugust.

G. a s ia tica  in  th e  rocky in te rtid a l zone in 1986 had  an ep iphy tic  load very  s im ila r to  th a t observed in  
1984 (com pare T ab le  2  and  F ig . 3D ); how ever, p lan ts  grow ing in  th e  sandy in te rtid a l zone w ere very 
clean , and  only 5 %  o f  the p lan ts  h a d  any (m easurable) ep iphy tes, com pared  to  h a lf  o f  the plants 
a long th e  rocky transect.

T h e  m ajo r d iatom aceous ep iphy te  o f  b o th  G. a s ia tica  and  G. lem a n eifo rm is  was Licm ophora  

sp . T hese  d iatom s form ed a m acroscopic layer on surfaces o f  G. a s ia tica  and  C. lem aneifo rm is  
th ro u g h o u t May in  1984. G. a s ia tica  p lan ts  were free o f  d ia tom s w hen firs t sam pled  in la te  A pril and  

b o th  G. a s ia tica  and  G. lem a n e ifo rm is  w ere d ia to m -free  from  m id -Ju n e  th ro u g h  la te  A u g u st w ith 
th e  exception  of a  sh o rt period  in  m id-Ju ly  (absent Ju n e  20, p resen t Ju ly  18, ab sen t Ju ly  28) w hen a 

m acroscopic coating o f  d ia tom s was observed again. T h is  period  co-occurred  w ith  som e o f  the 
calm est w eather o f  the su m m er. D iatom aceous cover on G. a s ia tica  was sparse  o r ab sen t in  1986.

W eath er may have in fluenced  ep iphytism  in  a nu m b er o f  w ays (e.g., n u tr ie n t en richm ent 
and /  o r osm otic stress d u rin g  heavy ra ins, sand scou r a n d  w hiplash d u rin g  sto rm s). S to rm s o f  abou t
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4 days d u ra tio n  occurred  on J une  3 an d  21 (1984) and  th e  bo ttom  appeared  scoured  w hen th e  Ju n e  28 
collections w ere m ade. In  particu la r, th e  larger ep ip h y tic  a n d  ben th ic  E. lin za  had  d isappeared , as 
no ted  above; s im ila r events occu rred  in  1986. F rom  late Ju ly  th ro u g h  m id-A ugust, typhoon-rela ted  
s to rm s  passed Q ingdao, resu lting  in  h igh  waves and  poo r v isib ility  underw ater; it was s till rough  in 

m id-A ugust (8 /1 3 -1 5 )  w hen th e  last qu ad ra t collections w ere m ade. F ine  silt covered  the bottom . 
B oth G. a s ia tica  and G. le m a n e ifo rm is  w ere obviously  sh o rte r. T h e  change in th e  h ab ita t o f  G. 

lem a n e ifo rm is  was especially s trik in g . M ost o f  th e  p la n t’s b ran ch es  were frayed  and  sh o rt, b u t a few- 
long axes, som etim es close to  0 .5  m , rem ained  (Fig. 5). P o lychaetes (P la tynere is  b ica n a licu la ta  

B aird) w ere com m on in th e  G. le m a n e ifo rm is  a t th is  tim e  an d  m ay have co n trib u ted  to  decreased 
p lan t leng th .

W e de te rm ined  th e  am p h ip o d  species p resen t on G. le m a n e ifo rm is  and  G. a s ia tica  in  o rd e r to 

se t up m ean ingfu l experim en ts to  assess w hat effects such  sm all herb ivores m ig h t have on  algal 
com m un ity  s tru c tu re . T ab les 6  an d  7 p resen t, respectively , a  lis t o f  all species found and  quan tita tive  
d a ta  on associations o f  am p h ip o d s w ith  G. a s ia tica  and  G. lem a n eifo rm is. T h e  m ost abundan t 
species w ere A m p ith o e  lacertosa , several species o f  C aprella  (especially C. eq u ilib ra , C. k ro yeri, 

an d  C. scaura ) an d  P o n to g en e ia  rostra ta . Som e fea tu res o f  o u r  P. rostrata  a re  d iffe ren t from  
G urjanova’s ty p e  descrip tion , in c lu d in g  orange eyes and  th e  even leng th  o t ram i o n  th e  th ird  u ropod  
o f  o u r  specim ens. Ja ssa  fa lc a ta  was th e  nex t m o s t a b u n d a n t species b u t  was only  com m on in  late 
Ju n e  on G. lem a n eifo rm is  p lan ts  (23%  o f  all am p h ip o d s co llected  o n  Ju n e  28 belonged  to  J . 
fa lc a ta ) .  P a ra d exa m in e  sp . w ere co llected  on p lan ts  only  in  la te  sum m er; o u r  an im als a re  identical 
to  those  Figured b y  N agata as P . barnard i b u t th is  ap p ears  to  b e  a new  species (J.L . B arnard , pers. 
com m .).

Fig . 5 C om m on hab ita! o f  C . lem a n eifo rm is  in 

Zhanshan Bay in  la te  sum m er

Fig . 4  A com m on ep iphy te  P unctaria  la t i fo l ia  on 

C . lem aneifo rm is  in Z hanshan Bay. 

B ackground scale in cm.

In fo rm atio n  on am ph ipod  density  is  p resen ted  in  tw o ways in T ab le  7, as a n im a ls /p la n t and 

an im a ls / g  G racilaria  (wet w t.). Som e am p h ip o d  species (e.g ., P o n to g en e ia  rostrata . C aprella  spp .) 
a re  po ten tia lly  very  m obile, while o th e r species (e.g., A . lacertosa , J . fa lc a ta )  b u ild  tu b es  on p lan ts
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Table 6  A m phipoda p resen t on  G . a s ia tic a  and  G . l e m a n e i fo r m i s  in  1934 a t  Z h a n s h a n  B ay . R ep resen ta tive  specim ens 

a re  in  collections o f  th e  U.S. N ationa l M useum  (# 3 6 2 4 7 9 )

Allorchestes a n g u s tu s  D ana (Hyalidae)

A m p ith o e  lacertosa  Bate (A m pithoidae)

Caprella equilibra  Say (Caprellidae)

Caprella k ro ye ri  D e Haan 

Caprella scaura  T em pleton  

Caprella sep ten triona lis  K royer 

C heiriphotis  sp . (Isaeidae)

Corophium acherusicum  Costa (Corophiidae)

Jassa  fa lc a te  (M ontagu) (Ischyroceridae)

P aradexam ine  sp . (Dexam inidae)

P ontogeneia  rostrata  G urjanova (E usiridae)

a n d  are  less m obile. H ence, calculation  o f  an im al d en sity  p e r  p lan t is im p o rtan t in  evaluating  
herb ivore  effects, even th ough  th is does no t tak e  in to  accoun t seasonal varia tion  in  p lan t leng th  or 
w et weight.

A m phipod  densities w ere low on bo th  species (T able 7) excep t on  G. lem a n e ifo rm is  in  la te  May. 
E p ip h y tes  w ere still com m on on G. lem a n e ifo rm is  in  la te  M ay b u t th e  ra tio  o f  ep iphy tic  to  

G racilaria  wet w eight had  ju s t decreased a t  th a t tim e . M ost o f  th e  am p h ip o d s  p resen t o n  G. 
lem a n eifo rm is  in  la te  M ay w ere A . lacertosa  (55% ) and  P . rostrata  (1 2 % ). A m phipods were 
uncom m on on p lan ts  a fte r  Ju n e  w hen ep iphy tes  d isappeared . A m ph ipods /  p lan t a n d  ep iphytic  

b io m a ss /p la n t co rre la ted  positively (r2 =  0.560, n  =  43 , p  <  0 .01) from  M ay 3 1 -A u g u s t 15 (see 

E dgar, 1983 and  G unnii!, 1982 a, b , 1983, 1984 fo r sim ilar co rre la tions o n  o th e r m acrophy tes). N o 
co rre la tion  existed  betw een G racilaria  b iom ass a n d  am p h ip o d  density . In  co n tra st, th ere  was a 

positive co rrelation  (r2 =  0 .752 , n  =  34, p  <  0.01) betw een a m p h ip o d s /p la n t (June  20— A ugust 
13) a n d  wet w eight o f  th e  G. a s ia tica  p lan ts. A m p h ip o d s/  p lan t and  ep ip h y tic  b iom ass /  p la n t were 
n o t co rre la ted  (r2 =  0 .020, n  =  34) fo r G. a sia tica ;  how ever, b iom ass da ta  w ere no t co llected  for the 
M ay 4  and  18 sam ples, so  these  im p o rtan t tim es  could  n o t b e  in c luded  in  th is  analysis. A m phipod  
d en sity  /  p lan t and  am p h ip o d  density  /  g  (w et w t.) G. a s ia tica  w ere  h ig h es t in  m id -Ju ly  w hen d ia tom  

cover had  reappeared  on  p lan ts.
In  th e  course  o f  th e  s tud ies  rep o rted  above, we observed  (1984, 1986) th e  yeilowfish 

H exagram m os o ta k i i  Jo rd an  et S tarks (H exagram m idae) th ro u g h o u t th e  low er in te rtida l-sub tida l 
zones o f  Z hanshan  B ay a t  a  density  o f  abou t I fish /  m 2. T h is  fish feeds o n  a w ide variety  o f  sm all 
in verteb ra tes  (Braw ley & F e i, su b m itted ). A t n ig h t (1986), n u m ero u s  sm all (carapace d iam ete r <  3 
cm ) c rabs fed  u p o n  th e  algae w ithin th e  low er in te rtid a l zone w here th e  G. a s ia tica  s tud ies took 
place. T hey  w ere fo u n d  in rock  crevices by  day . T h e  ro le  o f  these  o rgan ism s in  regu la ting  th e  cycles 
described  above deserves add itiona l study.

D ISC U SSIO N

D etailed , baseline da ta  on th e  rocky in te rtid a l, G. a s ia tic a  com m un ity  an d  th e  ro c k /s a n d  
su b tid a l, G . lem a n e ifo rm is  com m unity  p resen ted  above p resen t a  com plex p ic tu re  o f  the n a tu ra l 

cycle o f  ep iphy tism . E p ip h y tism  is an  im p o rtan t sub jec t fo r ecological investigation  because
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T au le  7  Selected m csoherbivores assoc iated  w ith  G . a s ia t ic a  an d  G . l e m a n e i fo r m i s  a t  Z h a n sh a n  B ay  (X  ±  S .D .) in  1984.

A . G racilaria  a s ia tic a 5 / 4 5 /1 8 6 /2 0 7 /1 8 8 /1 3

n (plants) 12 6 12 12 10

N u m b er o f  n p lan ts  with am ph ipods 6 3 6 9 4

G racilaria  w et weight (g) — — 1.61(1.14) 3.78(3.42) 1.13(0.60)

G racilaria  len g th  (cm) — — 25.6(92 ) 22.1(9.1) 12.2(3.6)

E p ip h y te /G racilaria  wet weight [q u a d ra t] 3.24(3.10) 

(A pr. 27)

0.55(0.61) 0.24(0.14) 0.01(0.03) 0

E p ip h y te  /  G racilaria  w et w eight [p lan t] — — 0.16(0.18) 0.07(0.17) 0

A m phipods /  g  (wet w l.) o f  G racilaria — — 0.7(0.9) 2.3(3.6) 1 0(1-5)

A rap  h i [K ills  /  p lan t

( to ta l n u m b e r o f  am ph ipods from  all

1.3(1.9) 0.8(1.2) 1.3(2.8) 5.1(5.2) 1.3(1.8)

p lants) (16) (5) (16) (61) (13)

C ap re llid s / plant 0.2(0.4) 0 0 .2(0.4) 1.1(1.8) 0

( %  rep resen ted  in  to ta l sam ple) (13% ) (0 % ) (13% ) (21% ) (0 % )

A . lacertosa  /  p lant 0.2(0.6) 0.2(0.4) 1.0(2.6) 0.2(0.4) 0.3(0.7)

(19% ) (20% ) (75% ) (3% ) 2 3 % )

P. rostra ta  /p la n t 0.9(1.8) 0.7(1.2) 0 2.0(2.4) 0

(69% ) (20% ) (0% ) (39% ) (0 % )

Isopods (S y n id o te a  sp .) /  p lan t 0 0 0 0.1(0.3) 0

B . G racilaria  lem aneifo rm is 5 /1 8 5 /3 1 6 /2 8 7 /3 0 8 /1 5

n (plants) 8 12 12 7 12

N u m b er o f  n p lan ts  w ith  am ph ipods 6 11 10 4 3

G racilaria  w et w eight (g) — 4.41(4.16) 9.36(7,87) 8.04(13.44) 2.78(2.68)

G racilaria  len g th  (cm) — — 30.2(19.9) 46.2(38.1) 22.5(8.5)

E p ip h y te /G rac ila ria  w et weight [q u a d ra t] 1.05(1.19) 0.12(0.10) 0 0 0

E p ip h y te /G racilaria  wet weight [p lan t] — 0.20(0.24) 0 0 0

A m p h ip o d s /g  (wet w t.) o f  G racilaria — 7.3(8.1). 17(2 .4) 0.2(0.3) 0.4(1.1)

A m phipods /  p lant 11.6(15.7) 31.0(37.7) 12.7(15.5) 0.9(0.9) 0.7(1.3)

(total a m p h ip o d s  from  all plants) (93) (372) (152) (6) (8)

C aprellids./ p lant 3.8(10.6) 0 .7(1.2) 1.6(4.0) 0 0

(%  represen ted  in  total sam ple) (32% ) (2% ) (13% ) (0 % ) (0% )

A . la c e r to sa !plant 4.9(9.3) 17.1(24.1) 2.7(6.2) 0.3(0.5) 0.2(0.6)

(42% ) (55% ) (22% ) (33% ) (25% )

P. r o s tr a ta !plant 0.9(1.4) 3.8(6.7) 1.5(2.4) 0.4(0.5) 0.1(0.3)

(8% ) (12% ) (12% ) (33% ) (13% )

Isopods /  p lan ts 0.1 (0.4) 0.2(0.6) 6.4(15.3) 5.7(11.2) 0.3(0.6)

G astropods (juveniles, 1 -2  m m ) /  p lant 0.2(0.7) 0 37.0(41.8) 9.4(17.2) 19.3(36.0)
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ep iphy tes  can affect com m un ity  succession in several d iffe ren t ways. Sousa (1979) observed tha t 

som e species w ere m ore sub jec t to  ep iphy tes  th a n  o th e rs , and th a t th is  led to  rem oval o f  these p lan ts 
by s to rm s , to th e  advantage o f  la te r successional species. S im ilar resu lts  w ere rep o rted  b y  D 'A ntonio  
(1985) w orking w ith  R h o d o m e la  larix  on the O regon (U .S.A .) coast. E p ip h y tes  in h ib it m acrophy te  
grow th by shad ing  the p lan t and  creating  a  d iffusion  b a rr ie r  (e.g., B raw ley &  A dey, 1981; 
D 'A n ton io , 1985; Sand-Jensen  e t a l., 1985). F u rth e r , w hen ep iphy tic  algae a re  com m on, m any of 
these species also exist free ly  a ttached  to the su b s tra tu m  w here they can  inhibit, a ttach m en t o f 
m acrophytic  spores an d  zygotes (H ru b y  & N orton , 1979).

P resen t hypotheses concern ing  ep iphy tes suggest th a t they  may' b e  reduced  by: 1) rapid 
g row th , accom panied by  sloughing o f o u te r cell wall layers w ith a d h e re n t ep iphy tes  (Filion- 
M yklebust. &  N o rto n , 1981; Moss, 1982) a n d  chem ical defenses (S ieburth  & C onover, 1966; 

S ieb u rth  & T oo tle , 1981; H arrison  & D urance , 1985) 2) m esoherb ivores (Brawley &  A dey, 1981; 
R obles & C ubit, 1981; Shack lock  & C ro ft, 1981; K angas et a l., 1982; W arw ick e t  a h , 1982; C attaneo, 
198.8; L ubchenco , 1983; Shack lock  & D oyle, 1983; D 'A n to n io , 1985) 3) an d  /  o r  physical effects sueli 
as sand scou r o r  w hiplash  in  heavy waves (D 'A n ton io , 1985, and references there in ). T h is  baseline 
w ork su p p o rts  each o f  these as a  fac to r po ten tia lly  responsib le  for th e  d isappearance  o f  epiphytes 
iro in  C. a s ia tica  and  G. lem a n eifo rm is  in  Z hanshan  Bay in  early  sum m er.

O ne o f  th e  m ost in te re stin g  findings o f  th is s tu d y  is th a t ep iphy tes d o  not. reappear on plants 
a fte r  they  stop  grow ing (sec R esu lts , especially  Fig. 3). E p iphy tism  of p lan ts  a t Z hanshan  Bay 
rem ain ed  very low d u rin g  Ju ly  and  A ugust (1984) when w ater tem p era tu res  w ere h igh, b u t  diatom s 
briefly  reappeared  on G. asiatica, in  Ju ly  d u rin g  a sh o rt period  o f  calm  w eather. H eavy sto rm  waves 

were p resen t th ro u g h o u t m ost o f  th e  su m m er (Ju n e -A u g u s t) , and  ¡liants w ere  con tinually  abraded 
aga in s t rock  / sand su rfaces by wave action . In  add ition  to d irec t effects o f  sand scou r up o n  ep iphy te  
rem oval, reduced  ligh t pen e tra tio n  accom panying  su spended  sed im ent also m ay  have c o n tr ib u ted  to 

decreased ep iphy tism . E phem era l species do n o t rec ru it well in  som e kelp  forests because o f  severe 
light red u c tio n  u n d e r stab le  canopies (R eed & F oster, 1984).

O u r 1986 da ta  d em o n s tra te  tha t som e aspect o f  the sandy  en v iro n m en t is beneficial to  C. 
a s ia tica , p e rm ittin g  rap id  g row th  and  reduc ing  ep iphy tes. H ow ever, th e re  is  also a seasonal decline 

in ep iphy tes  on  G. lem a n e ifo rm is  (sub tida l p lan ts  o n  sand), w hich  m akes th e  in te rp re ta tio n  o f  these 
resu lts  com plex. F u tu re  s tud ies  o f th is com m unity  sh o u ld  ad d re ss  these questions:
1) D oes a  sp ring  b loom  o f  ephem eral, g reen  algae in h ib it estab lishm en t o f  G. a s ia tica  in  th e  rocky 
in te rtid a l zone com pared  to  ad jacen t sandy arcas?
2) How do norm al and sto rm -genera ted  levels o f sand  scou r in flu en ce  G racilaria  g row th  and general 

com m un ity  stru c tu re?  T h e  seasonality  and  in tensity  o f  s to rm s sho u ld  bo s tu d ied  in  connection w ith 
chang ing  com m unity  s tru c tu re , and

3) D oes " a m p h ip o d s /p la n t”  o r  " a m p h ip o d s / g  G racilaria” reflect th e  m ajo rity  o f  grazing by 
am ph ipods to  w hich G racilaria  and  its  ep iphy tes are  exposed? Most am p h ip o d s  collected from  
p lan ts  a t Z hanshan  Bay w ere 2 - 6  m m  in  leng th , b u t la rg e r ( >  1 cm ) A . lacertosa  w ere collected  in 
patches o f  nearb y  C orallina  tu rf.

A C K N O W L E D G E M E N T S

T h is  w ork was su p p o rted  by a N ational P ro g ram  fellow ship o f  the C om m ittee  o n  Scholarly  

C om m unication  w ith th e  P eo p le ’s R epub lic  o f  C hina (N .A .S .) and a research  g ran t from  the
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N ational G eographic  Society to  S .H .B . and  by  A cadem ia Sinica th ro u g h  its  In s titu te  o f  O ceanology. 

W e are  particu la rly  grateful to  M .Q. C hen, I). L iu , C. L iu , M. T ia n , a n d  j .  M eng who assisted  w ith 
field  w ork , G .Z. R en , J.C . W ang , T. P . W ang, J .D . Z hou , and  P . J i , w ho helped  se t-u p  experim en ts, 

to  C .S. Li fo r fish  iden tifica tions and  h e lp  w ith  o th e r p e rtin en t lite ra tu re , and to  B.M. X ia, B .R . Lu 
and  B .F . Z heng  fo r im p o rtan t in tro d u c tio n s  to  th e  local flo ra . N u m erous o th e r ind iv iduals a t 
A cadem ia S in ica m ade eq u ip m en t loans and o th e r co n tr ib u tio n s  to  th is  w ork and  lo  th e  congenial 
a tm o sp h ere  in  w hich it was conduc ted . Special th an k s  to  C .K . T seng , D irec to r E m eritu s , for 
encou rag ing  th is  w ork, to  C. Y . W u  and  m em bers o f  h is labo ra to ry  fo r co n stan t in te rest and  su p p o rt 
o f  th e  p ro ject, an d  to  R . G eyer a n d  J . F ilc ik  o f  C .S .C .P .R .C . fo r th e ir  logistical su p p o rt. J.L . B arnard  

and  G . P e tt it  o f  th e  S m ith so n ian  In s titu tio n  graciously  m ade o r  verified  th e  am phipod  

id en tif ica tio n s and  B. K ensley (S m ithson ian  In s t.)  m ade  th e  isopod iden tifica tion . W e arc  gra tefu l to 
M. L ittle r  an d  J . L ubchenoo fo r com m en ts  on an  earlie r version  o f  th e  m an u sc rip t, D . H allibu rton  
fo r execu ting  th e  draw ings, a n d  to  S . H ughes fo r typ ing  th e  m anuscrip t.
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