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T h e p rim ary  p roduction  and below -ground  b iom ass o f  ang iosperm s were m easured in fou r alm ost 
m onospecific  vegetation  stands s itua ted  o n  a  sa lt m arsh  a long  the  O osterschelde estuary, T he N etherlands.

M axim um  below -ground biom ass values found  fo r Spartina anglica, E lym us pycnanthus, H alim ione por­
tulacoides an d  Triglochin m aritim a , were very high relative to  values reported  from  o th e r  E u ropean  salt 
m arshes: 12586, 9717, 17737 and  16121 g m -2  respectively. These relatively high values may be d u e  to  the 
fineness o f  the  sieve used, com pared  to  o th e r  studies. T h e  ac tu a l values are likely to  be even h igher because 
th e  sam ple trea tm en t has p robably  caused  loss o f  fine ro o t m aterial.

Below -ground p roduction  estim ates, b ased  on  th e  d ifference between m axim um  and  m in im um  biom ass, 
y ielded: 6044 g m -2  y r -1 for Spartina, 4421 g m -2  y r _I for Elym us, 7799 g m -2 y r _l fo r H alim ione  and  
3475 g m -2 y r -1 fo r Triglochin. T his h igh p ro d u c tio n  is m ain ly  concen tra ted  in the  deeper layers o f  the 
ro o t env ironm ent ( 2 0 -6 0  cm ). A lth o u g h  these p ro d u c tio n  figures are considerab ly  higher th a n  th o se  gener­
ally  repo rted  for com parab le  species o r vegeta tion  types in Europe, statistical evidence suggests th a t, for the 
first th ree species, they are real values ra th e r th a n  figures caused by random  fluctuations.

In trod u ction

Studies o n  p rim ary  p roduction  o f  E u ro p e an  tidal 
sa lt-m arsh  com m unities are relatively few. A l­
th o u g h  above-ground  s tand ing  crop  values have 
been published  (Ranwell, 1961; Tyler, 1971; Je f­
feries & Perkins, 1977; Jensen , 1980; H ussey & 
Long, 1982) only  Tyler (1971), K einer (1972),

* N om enclature of the p lants follows Tutin et at. (1980), Flora 
E uropaea , Cam bridge.
** C om m unication  no. 358 o f  the Delta Institu te  for H ydrob io­
logical Research, Yerseke.
*** We are especially indebted to J. van Soelen for his help in 
the field, to A . van Steen for treating  the soil sam ples and to 
P rof. Dr M . J. A . Werger and Dr P. Ketner for criticism  on the 
m anuscrip t.

W allentinus (1973) and  m ore recently  W olff et al. 
(1980), and  G roenend ijk  (1984) a ttem p ted  to  esti­
m ate  p rim ary  p roduction . Even less in fo rm atio n  is 
available on below -ground b iom ass an d  prim ary 
p roduction . Research on  the below -ground prim ary 
p roduction  has been ham pered  due to  difficulties 
in devising sa tisfac to ry  techniques fo r routine 
m easurem ent o f  living and  dead  m ateria l. The 
change-in-b iom ass techn ique app lied  by Dahl- 
m an  & Kucera (1965) in a M issouri prairie, a m eth ­
od  w hich is stated  to  underestim ate  th e  prim ary  
p ro d u c tio n  (Keefe, 1972; Ketner, 1972; L in th u rst & 
R eim old, 1978), is usually  applied . In terest in 
below -ground b iom ass m ay also  have been dis­
couraged  because it has been assum ed th a t in tidal 
sa lt m arshes on ly  above-ground  vegeta tion  was
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subject to  ex p o rt (Teal, 1962; O dum  & De la C ruz, 
1967; Valiela et al., 1976). T h u s  only  this p a rt o f  the 
sa lt-m arsh  p rim a ry  p ro d u c tio n  was considered to  
c o n trib u te  to  th e  n u trien t-  and  energy budgets o f 
the ad jacen t coasta l ecosystem s, and  the below- 
g round  co m p o n en t cou ld  be neglected.

However, recen t in terest in su lfu r m etabolism  o f 
sa lt m arshes p o in te d  to  the  high level o f  below- 
g round  p rim a ry  p ro d u c tio n  and  indicated th a t a 
sign ifican t p a r t  o f  th is p ro d u c tio n  m ay becom e 
available to  the  coasta l environm ent (H ow arth , 
1979; H o w arth  & Teal, 1980; Peterson et a i ,  1980; 
H ow arth  et al., 1983).

P resen t estim ates o f  b o th  above- and  below- 
g round  p rim a ry  p ro d u c tio n  and  energy flow w ithin 
the sa lt m arshes o f  E u rope  are alm ost to ta lly  d e­
p en d en t on  ex trap o la tio n  from  the results o f  s tu d ­
ies in N . A m erica  (reviewed by Turner, 1976) even 
th o u g h  the  m arshes o f  these  two con tinen ts are 
very d iffe ren t w ith  respect to  their floristic c o m p o ­
sition  (C h ap m an , 1974).

A bove-ground  b iom ass an d  p rim ary  p roduction  
o f  Spartina  sa lt m arshes in the m ain  estuary  o f  the 
N etherlands, th e  O osterschelde, has been assessed 
earlier (G roenend ijk , 1984). T he present s tudy  a t­
tem pts to  asses below -ground  b iom ass and  p rim ary  
p ro d u c tio n  o f  fo u r d o m in a n t species o f  one o f  the 
O osterschelde m arshes over a one-year period  u n ­
der n o rm al tid a l cond itions. Such know ledge can 
be used to  es tim ate  th e  loss o f  m ateria l in p u t in to  
the coasta l ecosystem s as a  result o f  a  p ro jected  
60°7o red u c tio n  o f  sa lt-m arsh  area, follow ing u pon  
the  com ple tion  o f  a  sto rm -surge barrie r an d  the 
connected  dam s in th e  n ear future.

T he stud y area

T h e s tudy  area  called  S tro o d o rp e  salt m arsh , is 
s ituated  a long  the  O osterschelde es tuary  near 
K rabbend ijke (SW  N etherlands). T h e  m arsh  covers 
ca 30 h a  and  is frequen tly  im m ersed by tida l waters 
(salin ity  25 — 30%o S). S a lt-m arsh  level is between 
1.60 m an d  2.54 m  above N A P  (D utch O rdnance 
Level).

F ou r m ain  vegeta tion  types can  be d istinguished , 
(1) Spartina ang lica-P uccinellia  maritima  vegeta­

tio n  a t th e  lowest sites, (2) Puccinellia 
m a ritim a -L im o n iu m  vulgare-Triglochin m ariti­
m a  in  dep ressions o f  in te rm ed ia te  level, (3) H alim i­
one portulacoides  o n  th e  ban k s o f  the  tid a l creeks, 
an d  (4) E lym u s pycnan thus  d o m in a tin g  on  the 
h ighest b an k s  o f  tida l creeks.

M aterials and m eth o d s

T hree m onospecific stands o f  Sp a rtin a  anglica, H a lim io n e  p o r­
tu laco ides  and  E ly m u s  p y c n a n th u s  a n d  o ne  stand o f  90% 
Triglochin m a ritim a , 5%  P uccinellia  m a ritim a  and  5%  L im o ­
n iu m  vulgare  cover (fu rther referred  to as the Triglochin  stand) 
were chosen as sam pling  sites. E levations o f  the sites were 1.75, 
2.21, 2.30 and 2.47 m above N A P  respectively. Sites o f  24 m2 
each were carefully  selected in hom ogeneous stands.

For detailed d a ta  on  b iom ass a n d  above-ground productivity  
from  th e  stand and  a  com parison  o f  th e  yields ob tained  from 
several m ethods fo r p roduction  estim ates and d a ta  treatm ent see 
G roenendijk  (1984).

Below -ground sam ples were taken m onthly  a t the sam e sites 
(with in tact above-ground vegetation) Ju ly -D e c e m b e r  1979 and 
M a rc h -J u n e  1980. From  each stand  3 - 7 0  m m  diam eter-soil 
cores were random ly  collected to  a  dep th  o f  60 cm  with an 
auger, divided in to  tw o parts, viz. 0 - 2 0  cm and 2 0 - 6 0  cm , and 
subsequently  deepfrozen until trea tm en t, as described by 
S chuurm an  & G oedew aagen (1971). Roots were separated  from 
soil particles using a  0.106 m m  m esh sieve. Subsam ples were tak­
en and  m icroscopically  exam ined to  estim ate the frac tion  o f  liv­
ing and  dead  root m aterial and  non-iden tifiab le  organic parts 
(roots were considered  to  be living w hen they were white). The 
rem aining roo t m aterial was dried  at 80 °C  for 48 hours and 
weighed. To correct fo r a ttached  clay a n d  sand particles the car­
bon  co n ten t o f  a  subsam ple was determ ined  (C olem an car- 
bonanalyser). For each series o f  sam ples th e  m ean o f  the 
0 - 2 0  cm  layer, the 2 0 - 6 0  cm  layer an d  the to ta l root biom ass 
( 0 - 6 0  cm) was calculated , together w ith the standard  devia­
tions. T h e  actual ro o t b iom ass was calculated from  carbon  con­
ten ts according to G allagher & P lum ley (1979). Below-ground 
p rim ary  p roduction  was calculated applying the change o f  b io­
m ass technique (D ahlm an  & K ucera, 1965) in which m axim um  
and  m inim um  stand ing  crop values are used to  calculate incre­
m ents. Turnover rate  was calculated by dividing m axim um  
stand ing  below -ground crop by th e  net below -ground prim ary  
p roduction  estim ates. Tem poral changes in the below -ground 
biom asses were statistically  tested using an analysis o f  variance 
on  th e  d a ta  o f  th e  to tal root b iom ass betw een the sam pling 
dates.

R esults

Total ro o t b io m ass ( 0 - 6 0  cm ) o f  Spartina anglica
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Fig. I .  C hange in tim e for below -ground b iom ass o f  Spartina , 
Elym us, H alim ione  and  Triglochin  ( • :  0 - 2 0  cm ; o :  
2 0 - 6 0  cm ; a : 0 - 6 0  cm) show ing the m ean ±  S.D. LSD be­
tween the m eans o f  the sam pling dates o f  the 0 - 6 0  cm  layer 
(significance at the 5%  level).

show ed a  peak  o f  12586 g m -2  in a u tu m n , fo l­
lowed by a  decrease w hich lasted un til m idsum m er 
(Fig. 1). O ver the  year the  th e  to ta l ro o t b iom ass 
show ed a sta tistica lly  sign ifican t v a ria tio n  
(/? <  0.01 ). Below -ground p rim ary  p ro d u c tio n  
am o u n ted  to  6044 g m ~ 2 y r _1 (Table 1).

Total ro o t b iom ass o f  E lym us pycnan thus  was 
lowest in early  sp ring  (5296 g m -2 ) an d  reached  a 
m ax im um  o f  7917 g m -2  in early  su m m er (Fig. 1, 
Table 1). S easonal changes in to ta l ro o t b iom ass 
were sta tistica lly  sign ifican t (> < 0 .0 5 ). Below- 
g ro u n d  p rim ary  p roduction  was 4421 g m -2  y r “ 1.

In H alim ione portulacoides  to ta l ro o t b io m ass 
also  show ed a sta tistica lly  sign ifican t seasona l v a ri­
a tio n  0 <  0.001) w ith th e  h ighest a m o u n t o f  b io ­
m ass a t 17737 g m -2 , in Novem ber. B elow -ground 
p rim a ry  p ro d u c tio n  am o u n ted  to  7977 g m 

y r - ‘. '

H ighest to ta l ro o t b iom ass values for Triglochin 
maritima  were found  in A ugust, S ep tem ber and 
O ctober. Low est values were found in July. S eason­
al v aria tion  in  to ta l roo t b iom ass was n o t s ta tis ti­
cally  sign ifican t (p>  0.05). Below -ground p ro d u c­
tio n  was ca lcu la ted  a t 3475 g m -2  y r -1 .

Turnover ra tes  o f the to ta l roo t b iom ass d id  no t 
d iffe r m uch betw een  Spartina, E lym us  and  H alim i­
one: 0.48, 0.45 a n d  0.45 respectively. For these three 
species the  tu rn o v e r rates a t d ep th  ( 2 0 -6 0  cm) 
were highest. E specia lly  Spartina  show ed a  high 
tu rnover rate fo r  the  2 0 - 6 0  layer, viz. 0.62. Triglo­
chin show ed low est tu rnover rates, 0.22 for the  to tal 
ro o t b iom ass (Table 1).

D iscu ssion

Below -ground b iom ass values found  in this study 
are very high w hen com pared  w ith  the ir reported  
above-ground b iom ass values or those  o f  co m p ara ­
ble species (Table 2). M ost o f  the to ta l p lan t b io ­
m ass o f  all fou r species is found below -ground and 
th e  am o u n ts  o f  underg round  m ateria l are likely to 
be even higher, since the sam ple trea tm en t has

Table I. A nnual m inim um  and  m axim um  below -ground b io ­
m ass, annual prim ary production  and tu rnover rate  o f  four salt- 
m arsh vegetation types in the O osterschelde estuary . E = Ely­
m us pycnanthus, H = H alim ione portu lacoides, S = S partina 
anglica, T  =  Triglochin m aritim a.

- 2

depth
cm

min. 
biom ass 
g m - 2 
DW

max. 
biom ass 
g m -2 
DW

production  
g m -  2 yr -  1 
DW

turnover
rate
p ro d ./m a x . 
biom .

E 0 - 2 0 2856 4164 1597 0.38
2 0 - 6 0 2440 5553 3113 0.56

0 - 6 0 5296 9717 4421 0.45
H 0 - 2 0 3974 6654 2680 0.40

2 0 - 6 0 5786 11083 5297 0.47
0 - 6 0 9760 17737 7977 0.45

S 0 - 2 0 3725 5064 1339 0.26
2 0 - 6 0 2817 7522 4705 0.62

0 - 6 0 6542 12586 6044 0.48
T 0 - 2 0 5225 6905 1680 0.24

2 0 - 6 0 7421 9216 1795 0.19
0 - 6 0 12646 16121 3475 0.22
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Table 2. C om pila tion  o f  dry weights (g m -2 ) o f  above-ground live and  dead  p lan t m a te r ia l f ro m  various salt m arshes in Europe.

M ajo r species Locality Live D ead salt m. 
level*

Source

m in m ean m ax m in m ean m ax

Ju ncus gerardii Baltic coast, Sweden _ - 161 - _ 457 L T yler, 1971
Juncus gerardii Baltic coast, Sweden 20 140 280 5 59 26b L W allen tinus, 1973
Juncus gerardii Terschelling, T he N etherlands 31 197 346 82 129 262 H K etner, 1972
Festuca rubra S chierm onnikoog, The N etherlands 40 - 40(pb - - - H A lb erd a , 1970
P lan tago  m aritim a Terschelling, T he N etherlands 74 297 466 71 205 371 M K etner, 1972
H alim ione portu laco ides Ju tlan d , D enm ark 665 - 957 156 - 406 M Jen sen , 1980
H alim ione portu laco ides Zeeland, T he N etherlands 503 862 1078 182 391 575 M G roenend ijk , 1984
T rig lochin  m aritim a Z eeland, The N etherlands 15 270 589 6 151 415 M G roenendijk , 1984
Puccinellia m aritim a Essex, England 179 - 495 612 - 1260 M H ussey & Long, 1982
Puccinellia m aritim a Z eeland, The N etherlands 112 272 576 16 180 384b L W o lff et al.,  1980
Puccinellia m aritim a T erschelling, T he N etherlands 56 252 463 18 84 277 L K etner, 1972
Elym us pycnanthus Z eeland, The N etherlands 64 518 765 256 472 544b L W olff et a l., 1980
Elym us pycnanthus Z eeland, T he N etherlands 60 454 598 327 455 542 L G roenend ijk , 1984
S partin a  tow nsendii Som erset, England - - 734a - - - L R anw ell, 1961
S partin a  anglica Z eeland, T he N etherlands 64 301 608 - 288 560b L W o lff  et a l., 1980
S partin a  anglica Z eeland, T he N etherlands 60 579 1122 285 403 573 L G roenendijk , 1984

a dead m aterial included, b estim ated from  graph. H , high m arsh ; M , m iddle m arsh ; L , low m arsh . 
* T hese are  app rox im ate  elevations.

p robab ly  caused  su b stan tia l loss o f  very fine root 
partic les an d  dissolved m ateria l resulting in an  u n ­
d erestim atio n  o f  th e  tissue, possib ly  by as m uch as 
2 0 - 4 0 %  (N oordw ijk  & F loris, 1979). P lan ts in 
physio logically  d ry  environm ents, like sa lt m arshes, 
have been assum ed  to  have high below -ground b io­
m ass values (Bray, 1963; W aisel, 1972). O ur results 
show  d istinctly  h igher b iom ass values th a n  h ith e rto  
rep o rted  before from  E u ro p ean  m arshes, an d  cor­
respond  w ith  values given for the  A m erican  m arsh ­
es (Table 3). In o u r  o p in io n  this discrepancy is p a r t­
ly due to  the  relatively large d ifferences in  mesh 
w id th  o f  th e  sieves used by the  various au th o rs  for 
separating  p la n t m ateria l from  soil particles (see 
Table 4). In a  p ilo t study  (V ink-L ievaart, 1982) a d ­
d itio n a l losses o f  27%  fo r the  0 - 2 0  cm layer and  
74%  fo r the  2 0 - 6 0  cm  layer were found  in  a  H ali­
m ione  s tan d  w hen using a 0.3 m m  sieve instead o f  
a 0.106 m m . T h is lack o f  s tan d ard iza tio n  in  m esh 
w id th  o ften  causes p roblem s w hen com paring  roo t 
b iom ass values from  d iffe ren t studies. Therefore, it 
seem s recom m endab le  to  un ify  m esh w id th  for all 
below -ground  b iom ass sam pling  (cf. Ketner, 1972).

A n o th e r  unu su a l find ing  is the  d is trib u tio n  o f

the  ro o t b io m ass: o n  average ca  50%  is in th< 
2 0 - 6 0  cm  layer (Fig. 1), w hile in the  litera tun  
m ore su p e rfic ia l ro o tin g  system s are reported  fo: 
sa lt-m arsh  species (Tyler, 1971; Ketner, 1972; G al 
lag h er & P lum ley, 1979; L iv ingstone & P a triq u in  
1981). K etner (1972) suggested  th a t in  sa lt m arshes 
a e ra tio n  a n d  so il w etness a re  th e  m ost im p o rtan  
fac to rs in c lu d in g  ro o t d is trib u tio n . B eeftink (1965 
fo u n d  th a t  in  sa lt-m arsh  basins, w ith  8%  air in th< 
u p p e r 8 cm , 80%  o f  th e  roo ts ap p eared  in  thi 
0 - 3 0  cm  layer. In  creekbanks w ith  better aeratio i 
80%  o f  th e  roo ts  were sp read  over th e  0 —61 
(70) cm  layer. A  g ood  ae ra tio n  m igh t be a  valid ex 
p la n a tio n  fo r th e  h igh a m o u n ts  o f  roo ts  in th  
2 0 - 6 0  cm  layer o f  the  E lym us  an d  H alim ion  
s ta n d s  b u t does n o t h o ld  fo r the  d is trib u tio n  o 
ro o ts  in  th e  n o n -ae ra ted  (b lue-b lack  co loured) sedi 
m en ts in  th e  low-lying Spartina  and  Triglochi, 
stands. A g ain , these d iscrepancies could  resul 
from  th e  la rger m esh sizes used in  previous stud ie 
a n d  a  d isp ro p o rtio n a l a m o u n t o f  fine roo ts a 
dep th ; it  m ay  a lso  be d u e  to  the  relatively shallo \ 
sam p lin g  in  prev ious studies.

T h e  below -ground  p ro d u c tio n  in th is  s tudy  i
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Table 3. C om pila tion  o f  dry weights (g m ~ 2) on  below -ground live and dead plant m aterial from  various sa lt m arshes in E u rope anc 
N . A m erica.

M a jo r species Locality Live Dead sait m. 
level*

Source

min mean max min m ean max

E u rope
Ju n c u s gerardii Baltic coast, Sweden 3810 4200 4400a L T yler, 1971
Juncus gerardii Terschelling, T h e  N etherlands 1438 1848 2477a - - - L K etner, 1972
P lan tag o  m aritim a Terschelling, T h e  N etherlands 1581 2614 3871a - - - L K etner, 1972
T rig lochin  m aritim a Z eeland, T h e  N etherlands 12646 14241 16121a - - - L T his s tudy
Puccinellia m aritim a Essex, E ngland 272 364 468 2260 3880 4660 M H ussey & Long, 1982
H alim ione portu laco ides Z eeland, T h e  N etherlands 9760 13338 17737a - - - M T his study
E lym us pycnanthus Z eeland, T h e  N etherlands 5296 7763 9717a - - - H T his s tudy
S partin a  tow nsendii S uffo lk , E ngland 528 810 1010 520 630 720b M D unn, 1981
S partin a  tow nsendii Lancashire, E ngland - 940b - - - - L D unn, 1981
S p artin a  tow nsendii Zeeland, T he N etherlands 6542 10589 12586a - - - L T his study

N . A m erica 
Juncus roem erianus 
Juncus roem erianus

N orth  F lorida 
N orth  F lorida

4000
3000

- 6000ab
15500ab

L
H

K ruczynski et a l., 1978 
K ruczynski e t a l., 1978

Ju n c u s roem erianus N orth  F lorida 2700 8000ab - - - H K ruczynski e t a l., 1978
Juncus roem erianus Mississippi 9700 - 12400a - - - L De la C ruz  & H ack­

S p artin a  a ltern iflo ra New Yersey 11400 12300a M
ney, 1977 

Sm ith et a i ,  1979
S partin a  a ltern iflo ra M assachusetts 150 - 1800b 8000 - 11000b L Valiela et a l., 1976
S p artin a  a ltern iflo ra Nova Scotia - - 2336z - - - L L ivingstone & Patri-

S partin a  patens M assachusetts 100 2000 7000 11000b H
qu in , 1981 

Valiela e t a l., 1976
S partin a  cynosuroides 

D istichlis spicata

Georgia

Delaware

8000

7500 -

18000ab 

12500ab

G allagher & Plum ley, 
1979

G allagher & Plum ley, 
1979

a dead  m aterial included; b estim ated  from  g rap h , 1 based on living functional biom ass. H , high m arsh; M , m iddle m arsh; L, low 
m arsh .

* T hese are  ap p ro x im ate  elevations.

also  considerab ly  h igher th a n  rep o rted  in  som e 
stud ies fo r co m p arab le  species o r  vegeta tion  types 
b o th  in  E u ro p e  an d  N E  A m erica  (Table 4), except 
fo r values given by Valiela et al. (1976) an d  G al­
lagher & P lum ley  (1979). T h is h igh p ro d u c tio n  is 
co n cen tra ted  in  th e  deeper layers o f  th e  ro o t envi­
ronm en t. T h e  stro n g  b iom ass f lu c tu a tio n s  in  the  
2 0 - 6 0  cm  layer suggest a  ro o t expansion  m uch  
d eep er th a n  20 cm . This is a lso  suggested  by the 
relatively h igh tu rnover values in th e  deeper layers 
(Table 1). M ean  tu rnover tim es were well w ith in  the 
range given fo r co m p arab le  species o r vegeta tion  
types: ca. 2 - 5  yr (cf. Ketner, 1972; Sm ith  et al., 
1979).

A re these p roduction  estim ates reliable? The 
m ethod  used here to  estim ate below -ground p ro ­
ductiv ity  (D ahlm an & Kucera, 1965) is an  indirect 
one in th a t increm ents o f  living m ateria l are in ­
ferred from  changes in to ta l m acro -o rgan ic  m ate­
rial including non-liv ing roo t b iom ass. A  serious 
sho rtcom ing  o f  this techn ique is th a t it does n o t ac­
co u n t fo r the d isappearance  o f  dead  m a te ria l by 
decom position  betw een the  sam pling  in tervals. Es­
pecially  when a large p o rtio n  o f  the  below -ground 
b iom ass is dead, the estim ated  p ro d u c tio n  figures 
m ay underestim ate the ac tu a l values.

A lthough  this aspect ca n n o t be d isregarded  w hen 
considering  the reliability  o f  th e  values found , o u r
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Table 4. N et be low -ground p roduction  (g m -2  y r -1 ) o f  halophytes from  various sa lt m arshes in E u ro p e  and  N . A m erica.

M ajo r species Locality P roduc tion Salt-m arsh
level

M esh w idth 
sieves

Source

E urope
Juncus gerardii Baltic coast, Sweden 600V H 0 .6  mm Tyler, 1971
Juncus gerardii Terschelling, T he N etherlands 3 0 5 -790V H 0.3  mm K etner, 1972
P lan tago  m aritim a Terschelling, T he N etherlands 6 7 0 -  1515V M 0.3  mm K etner, 1972
S partin a  anglica Z eeland, T he N etherlands 6044V L 0.106 mm T his study
T riglochin m aritim a Z eeland, The N etherlands 3475V L 0.106 mm T his study
H alim ione portu laco ides Z eeland, The N etherlands 7977V M 0.106 mm T his study
Elym us pycnan thus Z eeland, The N etherlands 4421V H 0.106 mm T his study
Puccinellia m aritim a Essex, England 1525bv L 0.5  mm H ussey & L ong, 1982

N. A m erica
S partin a  a ltern iflo ra M assachusetts 3900 -  6600V L 0.5  mm Valiela e t a l., 1976
S partin a  a ltern iflo ra New Yersey 2300V L 1 mm Sm ith et a l., 1979
S partina  patens M assachusetts 3200 -  6200V H 0.5  mm Valiela el a l., 1976
Juncus roem erianus Mississippi 1360V L 0.25 mm De la C ruz  & H ackney, 1977
Juncus roem erianus N ova Scotia 788bz L - Livingstone & P a triq u in , 1981
S partina  cynosuroides G eorgia 10000bv 1 mm G allagher & P lum ley, 1979
Distichlis spicata Delaware 5000bv 1 mm G allagher & P lum ley, 1979

b estim ated  from  g raph ; >' m axim um  -  m inim um  biom ass m ethod , see text; 7 es tim ation  based on  m easurem ent o f  living functional 
biom ass.

m icroscopical analyses o f  sub-sam ples revealed tha t 
relatively little  (15%  at m ost) non-liv ing roo ts in 
w in ter a n d  early  sp ring , and  < 5 %  non-iden tifiab le  
o rgan ic fragm ents were present. A  low hum us co n ­
tent o f  these sed im ents was also  reported  by 
B eeftink  (1965). However, the qualita tive  assess­
m ent o f  roo ts being  alive o r dead  is a rb itra ry  an d  
large erro rs  m ay arise. V ital tissue sta in ing tech ­
n iques (using i.e. té trazo lium  com pounds) m ight be 
o f  som e help in  co llecting m ore objective d a ta  bu t 
th is  ty p e  o f  w ork  is very tim e consum ing  an d  does 
no t w ork  all th a t well fo r th e  k ind an d  q u an tity  o f 
the m ateria l to  be processed (Kucera et al., 1967; 
S m ith  et al., 1979). T h e  reliab ility  o f  the results in 
th is  s tu d y  m ay also  be affected  by high sam pling 
v a ria tio n  due to  the  low num bers o f  soil sam ples 
(3 per site) an d  the ir lim ited size (38.5 cm 2). H ow ­
ever, s tan d ard  dev ia tions o f  the m ean b iom ass val­
ues are relatively low, w hile th e  sta tistica l sign ifi­
cance o f  the  la te  sum m er b iom ass peaks suggest 
ac tu a l values ra th e r  th a n  ran d o m  flu c tu a tio n s for 
th ree o f  the fo u r stands. A n o th e r  su p p o rt for the 
reliab ility  o f  th e  repo rted  changes in below -ground

b iom ass can  be fo und  in  the ir g ood  fit to  hypo the t­
ical p red ic tio n s: low values in the  beg inn ing  o f  the 
grow ing seaso n  follow ed by a n  increase in July- 
N ovem ber a n d  a  decrease tow ards the  next growing 
seaso n  (cf. Brouw er, 1963; Tyler, 1971; Ketner, 
1972).

O u r h igh  b io m ass an d  p rim a ry  p ro d u ctio n  val­
ues m ake  it c lear th a t fo r an  assessm en t o f  the  con­
tr ib u tio n  o f  th e  sa lt-m arsh  p rim ary  p ro d u c tio n  to  
the energy a n d  n u tr ie n t levels o f  the  estuarine 
ecosystem s, d a ta  o n  th e  above-ground  com ponen t 
a lone  give a  very incom ple te  view. T h e  q u an tity  o f  
below -ground  b iom ass as a  p o ten tia l source o f  
n u trien ts , availab le to  h e te ro tro p h s in  th e  salt- 
m arsh  itse lf  a n d  in  th e  a d jac en t es tu arin e  waters, is 
considerab le. F u tu re  research  sh o u ld  focus o n  the 
below -ground  processes fo r a  b e tte r u nderstand ing  
o f  th e  w hole es tu arin e  ecosystem .
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