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ABSTRACT: The estuarine red alga, Bostrychia radicans, was subjected to osmotic stresses ranging 
from hypo-osmotic (9.9%o) to hyperosmotic conditions (37.4 %o). The growth rate decreased with 
increasing salinities and showed a maximum in a mesohaline medium, while the photosynthetic rate 
and the chlorophyll a content increased under hyper-osmotic conditions. The rate of respiration 
remained constant over the salinity range tested. B. radicans revealed typical characteristics of 
"shade plants" having a low light compensation point at 3-4 ~tE m -2 s -1 correlated with a low photon 
flux density of 70-100 ~E m-2s -1 for saturation of photosynthesis. These physiological properties 
may explain the success of B. radicans in estuarine habitats, 

INTRODUCTION 

The red alga Bostrychia radicans Mont. (Ceramiales, Rhodomelaceae) is a b u n d a n t  in 
habitats with different salinifies, i.e. in lagoons, in mangrove  swamps, in freshwater and 
in many  estuaries (Post, 1963a). 

The algae, living in the upper  eulittoral zone of estuaries are subjected to daily and 
seasonal changes of salinity due to the mixing of freshwater from the river with seawater, 
and the rise and fall of the tides (for review see Knox, 1986). For example, in the Mullica 
River estuary (New Jersey, USA) B. radicans tolerates a range  of salinities be t w e e n  5 and  
30 %o (Yarish et al., 1979). 

Based on its ability not only to survive but  to grow and reproduce in various salinities 
(5-35%o), B. radicans was characterized as a "euryhaline" alga (Yarish et al., 1979). 
Photosynthesis of another  species, B. binderi, showed little effect in a broad range of 
salinities be tween  10 and 40 %0 (Dawes et al., 1978). In the same algae the effect of Ca 2+, 
HCO3-, NO3- and PO4 -3 on the photosynthetic rate under  hyposaline conditions was 
tested (Dawes & McIntosh, 1981). These nutr ients  elevated and  stabilized the photosyn- 
thesis of B. binderi in extreme low salinities be tween  0 and 5 %0. 

It is obvious that Bostrychia must  have physiological properties support ing the 
organism's salinity tolerance. The study presented here provides further and  new data on 
growth, photosynthesis and respiration of B. radicans under  various external salinities. 
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MATERIAL AND METHODS 

P l a n t  m a t e r i a l  a n d  c u l t i v a t i o n  

The estuar ine red  a lga  Bostrychia radicans Mont. ob ta ined  from the  G6t t ingen 
Culture Centre,  F.R.G:, was  cul t ivated in 500-ml beake r s  in aerated,  art if icial  b rack ish  
wate r  (19.4 %~ p repa red  from synthet ic  sea-sa l t  used  for fish tanks;  WIMEX | Wiegandt ,  
Krefeld, F.R.G.) at 22~ i l lumina ted  with 30 ~E m -2 s -1 (two 18 W dayl ight ,  Sylvana) and  
a l i g h t : d a r k  cycle of 16 h : 8  h. The  m e d i a  were  enr iched  with 5.5 m M  NaNO3 and  I m M  
NaHCO3. For all exper imenta l  p rocedures ,  a lgae  were  equi l ibra ted  to a r a n g e  of hypo-  
and  hyper sahne  conditions (9.9, 19.4, 28.9, 37.4 %~ The brack ish  wa te r  wi th  the  sahni ty  
of 19.4 %0 will be def ined as s t eady-s ta te  medium.  Sahnity was changed  by  increas ing  the 
NaC1 concentrat ion or dilution with dist i l led water .  The final NaHCOa-concen t ra t ion  of 
the growth media  was 3.5 mM. The p lants  were  a da p t e d  step wise to the different  
salinit ies (5.1-6.8 %0 per  day) and m e d i a  were  changed  week ly  over  a 4 - w e e k  period.  

P h y s i o l o g i c a l  e x p e r i m e n t s  

Growth responses  of the a lgae  were  de t e rmined  w e e k l y  by  fresh we igh t  measu re -  
ments  es t imated  after s t andard ized  careful  blot t ing with severa l  layers  of p a p e r  tissue. 
The relat ive growth rate  ~ was  ca lcu la ted  from the initial (Wo) and  the final (Wt) fresh 
weights  of the a lgae  using the equat ion:  

= 100 (loge Wt - loge Wo)/t (n = 4 for each  sahnity). 

Photosynthet ic  and  respira tory ra tes  were  de t e rmined  employing  a Cla rk-O2-probe  (YSI 
53) in a t empera ture-cont ro l led  (24 ~ glass cuvette.  Photon flux densi ty  (Schott  quartz  
fibre with ha logen  lamp) was va r ied  by  adjus t ing  the dis tance be tw e e n  cuve t te  and  l ight 
source accordingly.  Three  rephca tes  of each  i r radiaf ice were  used.  The  exper imen ta l  
m e d i a  conta ined 4 m M  NaHCO3; the  t empera tu re  was 24~ and the pI--I 8.1-8.3. To 
obta in  sa tura ted  photosynthes is  a photon  flux dens i ty  of 250 g E m  -2 s -~ was  appl ied .  The 
02 content  of the different m e d i a  was  ca lcu la ted  according to T ruesda l e  et al. (1955). 
Chlorophyl l  was extracted and  concentra t ions  of the a lgae  were  e s t ima ted  according  to 
Inskeep  & Bloom (1985). 

RESULTS 

An increase  in salinity of the m e d i a  was  accompan ied  by  a dec rease  in  the  relat ive 
growth  rate ~ (Fig. 1). Towards  hyposa l ine  condit ions the growth rate  i n c r e a s e d  l inearly:  
there  was a 95 % decrease  in growth  b e t w e e n  plants  cul tured in 9.9 %o to 37.4 %,. 
Max imum growth of Bostrichia radicans at g iven  condit ions occurred at 9.9 %. r ep resen t -  
ing  a mesohal ine  medium.  

B. radicans exhibi ted  a low hght  compensa t ion  point  at 3-4 gE m -2 s -1 and a 
sa tura t ion of photosynthesis  b e t w e e n  70 and  100 g E m  -2 s - t  (Fig. 2). 

The respiratory and net  photosynthe t ic  rates  of B. radicans cul t ivated u n d e r  different  
sal ini t ies were  measu red  after 4 w e e k s  adap ta t ion  under  condit ions of h g h t  sa tura t ion  
(250 ~E m -2 s - I )  (Fig. 3). Photosynthesis  c h a n g e d  with different  levels  of sal inity.  Under  
s teady-s ta te  condit ions (= 19.4 %.), a rate  of photosynthes is  of about  40 ~ n o l  02 mg -1 
chlorophyll  a h -1 was observed  for B. radicans. The photosynthet ic  ra te  d e c r e a s e d  with 
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Fig, 1. Relat ive g r o w t h  ra te  ~ of Bostrychia radicans as a func t ion  of salinity.  Da ta  a re  e x p r e s s e d  as 
m e a n  ___ s t a n d a r d  error (n = 4) 

60 

5 0  �9 

= ~0" 

Ii~-i 

O 
E 

: ~ 0 "  

~ -10" 

ir 

~ -20- 

T 

/ 
I I I I a | 

2'o 6'o o'o loo 
Phofon f lux densify (~uEm'2s -1) 

J.~ 

i I 

120 

Fig. 2. Pho tosyn the t i c  o x y g e n  evolu t ion  of Bostrychia radicans g r o w n  at 19.4 o/~ as  a func t ion  of 
pho ton  f lux densi ty .  Da ta  a re  e x p r e s s e d  as m e a n  _ s t a n d a r d  error (n = 3) 
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Fig. 3. Net photosynthesis and respiration rates of Bostrychia radicans grown under different 
salinities; measurement after 4 weeks adaptation. Data are expressed as mean __ standard error 

(n = 3) 

decreas ing  sal ini ty (9.9%0: ~ 30 ~mol 02 mg -1 chlorophyll  a h - t ) ,  and  w a s  s t imula ted  
under  hype r sahne  conditions,  resul t ing in about  50 ~tmol 02 mg -1 ch lorophyl l  a h -1 at  
28.970o. However ,  in the  h ighes t  sal ini ty tes ted  (37.47oo) no further i n c r e a s e  of the  
photosynthet ic  rate  was observed.  In contrast,  the  rate  of respirat ion r e m a i n e d  constant  
over  the sal ini ty range  tested. 

The chlorophyll  a content  of B. radicans was, under  s teady-s ta te  condi t ions  (19.4 %0), 
631 __+ 31~g g - t  fresh weight .  Under  hyposa l ine  conditions (9.9%0) the  ch lo rophy l la  
concentrat ion dec reased  shghtly to 590 _ 10 ~g g-1 fresh weight ,  while  unde r  hyper -  
sahne conditions,  a hnear  increase  in chlorophyll  a content  occurred.  However ,  the  
increase  was much  more  p ronounced  b e t w e e n  28.9 and 37.4 %0 (826 ___ 83 ~g chloro- 
phyl l  a g-1 fresh weight)  compared  with the  results  b e t w e e n  19.4 and 2819 %o (694 __ 32 ~g 
ch lo rophyl la  g-~ fresh weight).  A rise in chlorophyll  a content" of a b o u t  30% was  
observed  over the exper imenta l  r ange  of salinities. 

DISCUSSION 

Under  hype r sahne  condit ions the  growth  response  (Fig. 1) was in a g r e e m e n t  with the  
results of Yarish et al. (1979), who  inves t iga ted  ecotypes  of Bostrychia radicans, their  
growth pa t te rn  be ing  corre la ted  with the  sal ini ty regime in their  na tu ra l  habitat .  One 
isolate of B. radicans showed opt imal  growth  at 15 %o, the others  b e t w e e n  15 and  25 %o. In 
contrast,  a lgae  inves t iga ted  in this s tudy exh ib i ted  max imum growth  u n d e r  hyposahne  
condit ions in a mesohahne  med ium (9.9 %0). Therefore,  it is a s sumed  tha t  this isolate 
represents  a separa te  ecotype.  

The low fight compensa t ion  point  (3-4 ~tE m -2 s -1) toge ther  with a low photon  flux 
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densi ty  for saturat ion of photosynthes is  (70-100 ~tE m -2 s -1) (Fig. 2) charac te r ized  B. 
radicans as a typical  "shade-plant"  (Raven et al., 1979). This agrees  with the  usual  
condit ions in their  na tura l  habitat :  Post (1963b) descr ibed  the a lga  as a p lan t  prefer r ing  
s h a d e d  and pro tec ted  sites on rocks or banks  such as crevices and  cavities. When  
exposed  to h igher  photon  flux densi t ies  (~ 1O0 btE m -2 s - l ) ,  B. rach'cans b e c a m e  green  
indica t ing  photo damage ,  and  the growth was inhibited.  

The increase  in chlorophyll  a content  with increas ing salinity is wel l  doc ume n te d  for 
microa lgae  (A1-Hassan et al., 1987), but  a satisfactory explana t ion  is still lacking.  

The rhodophytes  are  equ ipped  with typical  accessory p igments  inc luding  the phy-  
cobihns (Liining, 1985; Wilhelm et al., 1987), which represen t  an efficient hght -harves t -  
ing system, and which may  explain  the low light compensa t ion  point  of B. radicans. In the 
red  a lga  Griffithsia monilis Harvey  the phycobi l ins  are  the major  l igh t -harves t ing  pig- 
ments  under  low l ight  intensities,  whereas  with increas ing  photon  flux density,  
carotenoids  and chlorophyll  a contr ibute proport ional ly  more {Larkum & Weyrauch ,  
1977). B. radicans is very l ikely to r e spond  in a similar manne r  as G. monilis. Oga ta  & 
Matsui  (1965a, b) inves t iga ted  the photosynthes is  of different  J a p a n e s e  mar ine  algae.  In 
near ly  all p lan ts ,  the max imum photosynthet ic  rate was found in normal  mar ine  habitat ,  
and  photosynthet ic  depress ions  were  observed  both in di luted and  in concen t ra ted  sea 
water .  In contrast, the photosynthet ic  rates of the red  a lga  Porphyra purl)urea (Roth) C. 
AG. subjec ted  to quas i -es tuar ine  sal ini ty fluctuations was  shown to dec rease  and 
increase  in a synchronous manner  (Reed et al., 1980). The increase  of the photosynthet ic  
rates of B. radicans under  hypersa l ine  condit ions (28.9 and 37.4 %o), and  the dec rease  of 
the photosynthet ic  rate  under  hyposa l ine  condit ions (9.9 %~ were  similar. The  enhanced  
photosynthet ic  rate  under  high salinit ies after 4 weeks  of culture can par t ly  be  exp la ined  
by  the increase  in the chlorophyll  a content.  It seems  that  the photosynthet ic  process  of B. 
radicans under  these  condit ions was funct ioning more effectively. However ,  in most 
a lgae  inves t iga ted  photosynthes is  was inhibi ted  under  short- term as well  as long- te rm 
hyperosmot ic  stresses (Kirst, 1981; Reed, 1983; Wright  &' Reed, 1985; Kirst & Wichmann,  
1987}. The inhibit ion of the photosynthes is  is most l ikely due  to changes  in the  fine 
structure of the chloroplasts  (Wiencke, 1982) causing a disrupt ion of ene rgy  transfer  
b e t w e e n  the two photosystems.  

Gessner  & Schramm (1971) emphas i zed  the ecological  impor tance  of the t ime span  of 
exposure  to r educed  or inc reased  salinit ies and  the speed  with which  a g iven change  - 
here  photosynthes is  - is effected. 

B. radicans subjec ted  to a sudden  hyperosmot ic  shock r e sponded  with only a little 
inhibit ion of photosynthes is  and  respira t ion (data not  shown) c o m p a r e d  to other  macroal -  
gae  such as G. monilis (Kirst, 1981). After  severe  changes  in salinit ies from 19.4 to 45.9 %o, 
photosynthet ic  rates were  inhibi ted to about  24 %, the respira tory rates to about  2 % only. 
In contrast, Oga ta  & T a k a d a  (1968) repor ted  cons iderably  dec reased  intensi t ies  of 
respirat ion in the red  a lga  Ceramium sp. in very  low and very high salinities, whe reas  
Wiencke  & Davenpor t  (1987) showed  a s table respira t ion in Cladophora rupestris (L.) 
Kfitz. under  f luctuat ing salinity regimes.  As obse rved  in other species  of macroa lgae ,  
respirat ion of B. radicans was much  less affected compared  to photosynthes i s  e.g. 
Lamprothamnium papulosum (Wallr.) J. Gr. (Kirst & Wichmann,  1987). In conclusion, 
photosynthesis  and  respirat ion of B. radicans under  long- term as well  as shor t - term 
hypersa l ine  condit ions appea r  to be  re la t ively  insensi t ive to osmotic stresses.  This, and  
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t he  b r o a d  g r o w t h  p a t t e r n  m a y  a s s u r e  surviva l  in t he  e s t u a r i n e  h a b i t a t s  as d e s c r i b e d  in t h e  

in t roduc t ion .  
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