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A b s t r a c t  - Size f r a c t io n a t io n s  in c o m b in a t io n  w ith  precise  o xygen  m e a su re m e n ts ,  d e te rm in a t io n s  o f  bacter ia l 
cel) n u m b e r s  and  c h lo ro p h y l l  a analyses  were  used  in th e  O o s te r sch e ld e  bas in  and  L a k e  G reve l ingen  to  establ ish  
the  b ac ter ia l  c o n t r ib u t io n  to  overall  pelagic  oxygen  c o n s u m p t io n  rates. O n  c o m p u ta t io n ,  101 an d  5 9 %  o f  to ta l  
r e s p i ra t io n  cou ld  be a t t r ibu te d  to  bacter ia l  act ivity  in w in te r  in the  bas in  and  in  the  lake, respectively.  In 
s u m m e r ,  the  bac ter ia l  c o m p o n e n t  o f  to ta l  act ivity  was calcu la ted  to  a m o u n t  to  54 an d  57%  in the  basin  an d  in the  
lake,  respectively. M ic ro b ia l  c o n t r ib u t io n  to  in s itu  overa l l  act ivity  m ay  s light ly be o ve res t im ated  by  g ro w th  of  
the  bac ter ia  observed  d u r in g  in cu b a t io n  o f  the  sam ples  in o xygen  bot t les  in the  d a r k  a t  in s itu  tem pe ra tu re s .  

K ey w ords  : size f r a c t io n a t io n ,  bac te r ia l  act iv ity ,  o x y g en  c o n s u m p t io n .

R é s u m é  - Afin  de d é te rm in e r  la c o n t r ib u t io n  des p e u p le m en ts  bac tér iens  d a n s  la c o n s o m m a t io n  d ’oxygène 
to ta le  en m il ieu  pé lag ique ,  des é tudes  on t  été  e ffectuées  d a n s  le ba ss in  de  l’O es te rsc he lde  et d a n s  le Iac de 
Grevel ingen.  A près  f r a c t io n n e m e n t  en d if fé ren tes  classes  de  taille,  des d osages  d ’o xygène  et de  ch lo ro p h y l le  a  et 
des d é n o m b r e m e n t s  bac tér iens  o n t  été  réalisés.  En hiver,  la  re s p i ra t io n  liée à  l ’act iv ité  ba c t é r ien n e  représen te ,  
c o m p a ré e  à la r e s p i ra t io n  to ta le ,  IO I %  d a n s  le b a s s in e t  59 %  d a n s  le Iac. En été , la c o n t r ib u t io n  bac tér ienne  d ans  
l’act iv ité  to ta le  c o r r e s p o n d  à 54 %  d a n s  le ba ss in  et 57 %  d a n s  le Iac. L a  p a r t  des  bac tér ies  d a n s  l’act iv ité  to ta le  in  
s itu  peut ê tre  légè rem ent  s u res t im ée  en ra ison  de la c ro issance  des cellules  p e n d a n t  l’in cu b a t io n  des échant i l lons.  
Celle-ci se fait en boute il le  à oxygène,  à t e m p é ra tu re  a m b ia n te  et à  l’obscur i té .

M o ts  clés . 'f rac t ionnement  en classe  de taille, act ivité  ba c tér ienne ,  c o n s o m m a t io n  d ’oxygène.

Bacteria are m ore and m ore recognized as m ajo r  com ponen ts  of the m arine pelagic food 
web (Larsson  and  H ags tröm , 1982; L ancelo t and  Billen, 1984; Williams, 1981a). D e te r ­
m inations of oxygen consum ption  rates provide a simple and hence widely used m ethod 
for measuring hetero trophic  activity in aquatic  ecosystems (S traskrabova, 1979). H ow e­
ver, this m ethod  is little selective with regard to hetero trophic  activity. In order  to 
determ ine the specific bacterial co m p o n en t  o f  to ta l  pelagic activity, Williams (1981b) 
in troduced  size f ractionation .  In a study  concern ing  mineralization  in the w ater  bodies of 
the m arine Oosterschelde basin and the saline Lake Grevelingen in the S ou th-Easte rn  
part of the Netherlands,  precise oxygen m easurem ents  in com binat ion  with feverse 
filtration, has been used. D ete rm inat ions  of  bacterial cell num bers  and chlorophyll a 
concentra tions were also done.

Description o f  the area and the sampling stations

Samples were taken  in the Oosterschelde basin as well in Lake Grevelingen both  located
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in the south-western  part o f  the Netherlands. F reshw ate r  discharge into the Oosterschelde 
basin is regulated by sluices at the land-side, while at the sea-side the cons truc tion  of a 
s to rm  surge barr ier  is going on. Lake Grevelingen, is a fo rm er  basin now su rrounded  by 
dikes. H ow ever its saline ch a rac te r  is m ain ta ined  by sluices at the sea-side. Sam pling 
sta tions L G P K  ans Kr5 are situated in tidal channels in shallow parts  of the Oosterschelde 
basin at m ean  depths of  19 and 8 m, respectively. A t low tides, these sta tions are 
su rrounded  by intertidal mud-flats . S am pling  sta tions Kats and K tA  are located in the 
m ain  tidal channels halfway the basin at mean depths  of  34 and 22 m, respectively. 
Sam pling  s ta tion  R14 is situated at the m ou th  of the basin at a m ean  dep th  of 35 m. 
Sam pling sta tion  G 17 is located in Lake Grevelingen at a dep th  of 20 m.

M e t h o d s

F ro m  O ctobe r  1983 till O ctobe r  1984, samples were taken  every three weeks at each 
sam pling  s ta t ion  from  LOO m below the surface o f  the water. S am pling  was done  
independently  from  the tide, since prelim inary  experim ents  did not show  a correla tion  
between the tidal period and the a m o u n t  o f  oxygen consumed. Reverse filtration, descri­
bed by Williams (¡98 lb),  s tarted  immediate ly  after sampling. Only N uciepore po lycarbo­
na te  filters with a po re  size of  3 / /m  and a d iam ete r  o f  142 m m  were used. T he  filters were 
used once, since multiple util ization led to a manifold increase in the oxygen consum ption  
rates m easured. The hydrosta t ic  pressure was always kep t below 10 cm water,  yet 
filtration for respira tion studies was always finished within 15 minutes. F iltrat ion  of 
la rger  volumes of  samples for  chlorophyll a  analyses to o k  m ore time. Samples for 
d e te rm in a t io n  of  oxygen co m su m p tio n  rates were incubated  in the d a rk  at in situ  
tem pera tu res  for 24 and 48 hours  in su m m er  and in w inter,  respectively. Oxygen concen­
tra t ions  were m easured  according to  the m ethod  of  Bryan et al.{ 1976). T he  num ber  of 
free-living as well as a t tached  bacteria  and the m ean  cell volumes were determined by 
epifluorescence m icroscopy as described by H obble  et al. (1977). T he am o u n t  of bacterial 
ce ll-carbon was determ ined by multiplying the m easured  m ean  cell-volume by a conver­
sion  fac to r  of 121 fgC./zm '3 given by W a tso n  e ta l. (1977). C h lo rophy ll  a was determ ined 
by H PL C .
Bacterial con tr ibu tion  to overall pelagic oxygen consum ption  rates (Bc) was calculated 
according to  the formula:

Bc =  — 1 -A 
B - A

where A, B and C are the percentages of chlorophyll a, bacterial cells and oxygen 
consum ption  rates tha t  passed a 3 /zm polycarbonate  filter respectively.

R e s u l t s  a n d  d i s c u s s i o n

Overall pelagic oxygen consum ption  rates were measured regularly every three weeks in 
w ater  samples taken  from  1 m below the surface of  the w ater  in the m arine  Oosterschelde 
basin and the saline lake Grevelingen. Oxygen up take  rates varied between 20 and 1000 fig  
l~1d~1 in w inter and sum m er,  respectively. No significant differences were observed 
between the d a ta  from  the basin and the lake (m anuscr ip t  in p repara tion).  Reversed 
f iltrat ion was applied to  elucidate the role o f  bacteria in overall oxygen consum ption  
rates. The percentages of overall oxygen consum ption  rates recovered in the 3 fim  
f ractions varied between 10% and m ore  th a n  100%  in the individual samples, but the 
averages were ra the r  cons tan t  over the year for bo th  the m arine basin and the saline lake 
studied (Tab  1).
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S ia t io n
Percen tage  o f  o xyge n  co n su m p t io n  

W in te r  S u m m e r

L G P K 51 ( 8) 54 ( 9)
Kr5 90 ( 9) 75 ( 7)
Kats 35 ( 8) 34 ( 8)
KtA 46 ( 9) 65 ( 7)
R14 40 ( 7) 46 ( 8)

Oos tersche lde  average 54 (41) 54 (39)
G I 7 66 ( 9) 63 ( 7)

T a b le  1 : O xygen  c o n s u m p t io n  ra tes in sam ples  th a t  passed a 3¿ /m  p o ly c a rb o n a te  filter R a te s  a re  p resented  
as percentages  o f  unfil te red  samples .  N u m b e r  o f  samples  in b rackets .

The average percentages of  overall oxygen consum ption  rates are of  the sam e size as 
measured by Williams (1981b) in coastal waters and by Sepers et al. (1982) in the same 
Lake Grevelingen. However these last au tho rs  did not use po lycarbona te  filters. As 
already m entioned by Sepers et al. (1982), the oxygen con su m p tio n  rates recovered in 
filtered w ater  samples represent a m in im um  estim ate of  to ta l bacteria l activity. The 
measured activity in these filtered samples does not account fo r  the activity o f  bacteria 
a t tached  to particles which canno t pass the  po lycarbonate  filter. F o r  this reason  de term i­
nations of percentages of  total bacterial cell num bers  recovered in the 3 fjm  fractions were 
included in this study (Table 2).

S ta t io n
Percen tage  o f  filtered bacter ia  

W in te r  S u m m e r

L G P K 61 ( 8) 89 ( 9)
Kr5 53 ( 9) 90 ( 7)
Kats 50 ( 8) 91 ( 8)
KtA 51( 9) 89 ( 7)
R14 50 ( 7) 90 ( 8)

O os tersche lde  average 53 (4 1 ) 90 (39)
G I 7 98 ( 9) 90 ( 7)

T ab le  2 : P e rcen tages  o f  b ac ter ia  f rom  surface  sam ples  tha t  passed  a 3 / im  p o ly c a rb o n a te  filter. N u m b e r  o f  
samples  in brackets .

Since Tables 2 and 3 contain  average values, the sum  of the percentage of bacteria that 
passed the 3 //m  po lycarbona te  filter (T ab  2) and the percentage o f  attached  bacteria 
(Tab  3) may not exactly be 100%. However, in the Oosterschelde basin in the winter 
period, a more pronounced  discrepency between the percentage of  the to ta l nu m b e r  of 
bacteria retained by the 3 /tm  filter and the percentage of  the bacteria  a t tached  to larger 
particles is observed. The exact reason for this discrepancy is still unknow n, but may 
partly  be found in the fact tha t  the num ber  o f  at tached bacteria is likely to be underestim a­
ted since they have been hidden  by the particles dur ing  the epifluorescence microscopy 
The higher the relative n u m ber  of  a t tached  bacteria , the higher the underes tim ation  The 
percentage o f  the bac teria  a t tached  to  particles was relatively high in the basin com pared  
with the saline lake. The percentages of  bacteria at tached to larger particles found  in Lake 
Grevelingen are in agreement with observations done  in coastal waters (Wiebe and 
Pom eroy , 1972; Z im m erm ann ,  1978; H odson  et al., 1981). In com parison  to this, the
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percentages o f  a t tached  bac teria  enum era ted  in the Oosterschelde basin were high, which 
m ight be due to  the relatively high a m o u n ts  o f  seston in this basin, specially in winter 
(Tab. 4).

S ta t io n
Pe rcen tage  o f  fi l tered  bacter ia  

W in te r  S u m m e r

L G P K 18 ( 8) 10 ( 9)
Kr5 20 ( 9) 12 ( 8)
K ats 22 ( 8) 1 1 ( 9 )
KtA 23k 9) 10 ( 8)
R14 21 ( 7) 13 ( 8)

O os tersche lde  average 21 (41) 11 (42)
G17 4 ( 9) 3 ( 7)

T a b le  3 : P e rce n tag es  o f  a t t a ch e d  b ac te r ia  in su rface  sam p le s  o f  the  O o s t e r sc h e ld e  ba s in  a n d  L ak e  G rev e l in ­
gen. N u m b e r  o f  sam ples  in brackets .

M e a n  a m o u n t  o f  ses ton
S ta t io n

W in te r S u m m e r

O ostersche lde 21 (40) 11 (42)
Grevel ingen 4 ( 9) 4 ( 7)

T a b le  4 : M e a n  a m o u n t s  o f  S e s to n  (m g  1 ' )  in the  O o s te r sc h e ld e  bas in  a n d  in L ak e  G reve l ingen  in w in te r  
and  in s um m er .  N u m b e r  o f  sam ples  in  brackets .

P e rcen tage  o f  fi ltered bacter ia
S ta t io n

W in te r S u m m e r

O ostersche lde 11 (41) 13 (32)
Grevelingen 19 ( 9) 28 ( 6)

T a b le  5 : Pe rcen tages  o f  ch lo ro p h y l l - a  f ro m  su rface  s am p les  t h a t  passed  a 3 f jm  p o ly c a rb o n a te  filter. 
N u m b e r  o f  sam ples  in brackets .

S ta t io n

Pe rcen tag e  o f  filtered bacter ia  
oxygen  c o n s u m p t io n  rates 

W in te r  S u m m e r

A B A B

O ostersche lde 54 101 54 54
Grevel ingen 66 59 63 37

T a b le  6 : B ac ter ia l  o x y g e n  c o n s u m p t io n  ra te s  in su r fac e  s am p les  o f  the  O os te r sche lde  basin  and Lake  
G reve l ingen  p resen ted  as pe rcen tages  o f  to ta l  oxygen  c o n s u m p t io n  ra tes,  A va lues no t  c o rrec ted  fo r  the  
p resence  o f  a t t a c h e d  bac ter ia  a n d  sm al l  a lgae,  B va lues co r rec te d  fo r  the  presence  o f  a t t a ch e d  bac te r ia  and 
smal l  algae.
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A corre la tion  between the percentages o f  a t tached  bacteria  and the am oun ts  of  suspended 
particles was also observed in the H u m b er  es tuary  (Goulder,1977: Bent and Goulder,  
1981). The relatively low a m o u n ts  of seston in the Oosterschelde basin  in co m p ar iso n  to 
estuaries m ight be explained by the low discharge of  freshwater  into the basin. The higher 
percentages found in the winter period might reflect a larger freshw ater discharge as well 
as m ore rough  weather  conditions at this time of  the year.

The relatively high percentages of  a t tached  bac teria  bo th  in the  Oosterschelde basin  as 
well as in Lake Grevelingen du r ing  the w inter  period m ay also reflect p o o r  growth 
conditions in the water. F o r  example , ca rbon  lim ita tion may p ro m o te  adhesion of 
bacterial cells to particles (Brown et al., 1977).

The presence of  active small p h y to p la n k to n  cells in the bacterial size f raction  may 
overestim ate  the bacterial co n tr ibu t ion  to overall pelagic oxygen co n su m p tio n  rates 
ca lculated from  size f rac tionation  studies. F o r  this reason  analysis o f  chlorophyll a was 
included in the studies. T he percentages of  the to ta l am oun ts  of ch lo rophy  ll a recovered in 
the 3 yum fraction  are sum m arised  in Table 5.

Relatively high am ounts  o f  chlorophyll a passed the po lycarbonate  filter in water samples 
of Lake Grevelingen dur ing  the su m m er  period. A t least a p a r t  o f  the ch lorophyll-a  in the 
small, bacterial fraction belonged to active p h y to p la n k to n  cells, since phy top lank ton  
p ro d u c t io n  was observed in this fraction  (de Visscher, unpublished  results). The percen­
tages of ch lorophyll-a  and bacterial cells tha t  passed a 3 yum polycarbonate  filter were used 
to calculate the bacterial con tr ibu tion  to  overall oxygen consum ption  rates ( tab  6). 
Resp ira t ion  o f  o the r  organism s such as Z ooplankton  was neglected, since their  biomasses 
are small com pared  to  those of bac teria  and algae in bo th  w ater  bodies (C. Bakker, pers. 
comm.). Since oxygen consum ption  rates were determ ined  in five-fold in bottles, a 
possible inclusion of Zooplankton  into these bottles could be observed and excluded from 
calculations. T he  oxygen co n su m p tio n  rate  per  o rganism  was assumed to be independent 
upon  free-living of at tached, o r  upon  size class.

Hence, w ithou t taking into account the activity of at tached  bacteria  and the small algae, 
the bacterial con tr ibu tion  to  overall,  pelagic oxygen consum ption  rates m ay be u n d e r - o r  
overestimated when using size f ractionation  alone. T he  presence of m any  bac teria  a t ta ­
ched to particles had a large im pact on the calculated bacterial con tr ibu t ion  to overall 
pelagic activity in the Oosterschelde basin in the winter period. In Lake Grevelingen, the 
m easured bacterial activity was slightly overestimated by the presence of phy top lank ton  
cells in the small, bacteria l f raction. C onsidering  the corrected values for bacterial 
con tr ibu tion  to overall oxygen consum ption  rates from  Table 6 in m ore detail, the 
difference between the m arine  O osterschelde basin and the saline Lake Grevelingen 
dur ing  the w inter  period is m ost  striking. Since the levels o f  p r im ary  p roduc t ion  are 
alm ost the sam e in w inter  in bo th  w ater  bodies (de Visscher, unpub lished  results), the 
difference in bac teria l c o n t r ib u t io n  to  overall oxygen consum ption  rates could largely be 
explained by resuspension of  o rganic m atte r  from  the bo ttom  by the tide in the open 
Oosterschelde basin. The calculated bacterial con tr ibu tion  to overall pelagic activity may 
have been overestimated due to  grow th  of the bac teria  in the oxygen bottles during  the 
incubations in the dark  at in situ  tem peratures .  Changes in bacterial biomass were 
ca lculated from  m icroscopic changes in cell num bers  and m ean  cell volumes dur ing  these 
incubations (Table 7).

In Lake Grevelingen, a large difference between unfiltered and filtered samples was never 
observed with regard to increases of  biomass. D uring  the sum m er period, a large diffe-
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T o ta l  sam ple 3 f jm  f rac t ion

Oostersche lds  w in ter - 0.4 (39) 0.5 (39)
s u m m e r 2.9 (40) 7.7 (37)

Grevelingen winter- - 0.6 ( 9) 1.3 ( 9)
s u m m e r 6.1 ( 7) 5.9 ( 7)

T a b le  7 : C h a n g e s  in b ac ter ia l  c e l l -c a rb o n  (pg  I"1) d u r in g  in c u b a t io n  in o xygen  bot t les  in the  d a r k  a t in s itu  
tem pe ra tu re s .  N u m b e r  o f  sam ples  in brackets .

rence in increase of  biomass between unfiltered and filtered samples was observed in the 
O osterschelde basin. The reason for  this p h en o m en o n  is still unknow n. Since a lm ost  all 
bacterial cells passed the po lycarbonate  filter aí this tim e of  the year, a relative increase in 
available substra tes  in the  filtered samples could be excluded. O n  the contrary ,  the 
presence of larger p hy top lank ton  cells in the unfiltered samples m ay even stimulate the 
growth  of bacteria in these samples. The absence of grazing Zooplankton in the filtered 
samples may explain the increase in bacterial cell-carbon in filtered samples of the 
Oosterschelde basin. However, this would mean a difference in grazing pressure between 
the m arine Oosterschelde basin and the saline Lake Grevelingen, since no increase was 
observed in filtered samples com pared  to unfiltered samples of  the lake in sum m er  (Tab. 
7). Since the biomasses of  bac teria  varied from  5.6 to  25.Öpig C I ' 1 at the time of sampling, 
the observed g row th  in the oxygen bottles may have a large im pact on calculations of 
bacteria l con tr ibu t ion  to  overall oxygen consum ption  rates. However, due to  the rela ti­
vely long incubation  times in the da rk ,  it is not possible to  estimate the ex ten t  o f  the 
influence of bacterial g row th  on  these calculations. In winter, the difference between the 
unfiltered and the filtered samples was less p ronounced  and the to ta l increases of biomass 
were no t  as large as in sum m er, p resum ably  due to the lower in situ  temperatures. 
M ean  cell volumes tended to increase during  the incubations. This increase was always 
due to grow th of rod-shaped  bacteria. A n  increase in m ean  ceil volume was also observed 
in seawater cultures by A m m e rm an  et al. (1984). The increase was m ost p ronounced  in the 
Oosterschelde basin in the sum m er period. In this period m ean cell volume increased from 
0.046 g m  to 0 .0 5 1 //m. In term ediate  increases were observed in the basin in w inter and in 
Lake Grevelingen in both  seasons.
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