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Abstract — Decomposition of salt marsh plants results from physical, chemical and biological processes including abiotic and biotic
fragmentation, microbial decay and chemical transformation. According to literature data, only a few species have the ability to feed directly
on living plant material, so fungi and bacteria seem to be the principal competitors for the organic substrates. Nevertheless, by consuming
bacteria, protists and fungi associated to the detritus, macrofauna and meiofauna recycle the incorporated nutrients. Moreover, this nutrient
regeneration may be seen as an effective factor in maintaining and stimulating bacterial production. In fact, it is well known that many detritus
feeding species have very low assimilation efficiencies. The objective of the present study was to compare the nutrient mass balance of carbon;
nitrogen and phosphorus 8partina maritimacovered areas and bare bottom sediment, with and without contribution of macrofauna, meiofauna

and microbial populations. Nutrients mass balance was studied taking into account the initial and final nutrient concentrations in the sediment,
water and plant material. Faunal activity was measured as a function of remineralised carbon, nitrogen and phosphorus. The experimental set-up
included sixteen sub-experiments, which varied with respect to type of fauna, plant biomass and oxic status. Each sub-experiment was
performed in small glass containers (3 L) containing about 900 g wwt sediment and 2.5 L estuarine water. Plant material, cut from intact plants,
sediment cores and estuarine water were brought from the southern arm of the Mondego estuary (Portugal). The results showed that although
the bacterial activity was responsible for tBpartina maritimadegradation, the presence of meiofauna and macrofauna significantly enhanced

the process. Moreover, the presenc&pértina maritimapositively affected the mineralisation of the sediment carbon and nitrogen, especially

when the three faunal components were present, and denitrification rates were highest in the presence of the macrofauna and meiofauna. The
present study suggests that macrofauna and meiofauna have an important role on the ecosystem nutrient flux and that fauna might function as
a sink for excess nutrients, that otherwise could be exported to the coastal waters. © 1999 Editions scientifiques et médicales Elsevier SAS

Spartina maritima/ decomposition / fauna / nutrient mass balance

1. INTRODUCTION mechanically fractionates them. So, most of 8par-
tina production enters the detritus pathway and remain
Salt marshes are often considered as very produc-within the marsh area, or is exported to the coastal
tive aquatic ecosystems, where rooted macrophyteswaters [7, 18, 19]. As a result of the nutrient balance
such asSpartinasp. are able to reach high biomass and the amount of structural tissuBpartinahas a
during the growing season [4, 5, 19, 20, 21]. relatively low mineralisation rate.

Several studies on aquatic and terrestrial plants have Degradation includes several different temporal
shown that the decay of plant detritus depends on thephases [9] that can be resumed in three steps: 1) initial
availability of the plant nutrients [5, 6, 7, 12, 21]. The leaching of easy degradable low molecular cellular
amount of structural parts, such as lignin and cellulose, substances; 2) decomposition of the structural parts;
and the nutritional C:N:P ratio of the plant, affect the and 3) slow degradation of the more structural plant
overall mineralisation rates [5]. Several authors have material. In the initial stages of decomposition, the
shown that only a small fraction of the plant produc- impact of the macrofauna and meiofauna seems to be
tion is consumed by herbivores [5, 20]; instead the negligible, but the effect increases with time [21].
leaves are sloughed with ageing, or the tide motion Although, organic matter is primarily degraded by
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Table |I. Spartina maritimalaboratory experiment set-up. Plant biomass is expressed in g of wet weight.

Items Leaves Roots Oxic State Macrofauna Meiofauna Bacteria
Bare sediment 0.000 0.000 +
Bare sediment 0.000 0.000 + + + +
Bare sediment 0.000 0.000 - - - +
Bare sediment 0.000 0.000 - - - +
Spartina maritima 2.012 0.507 + + +
Spartina maritima 4.021 1.003 + + +
Spartina maritima 8.031 2.069 + + +
Spartina maritima 2.028 0.510 + - + +
Spartina maritima 4.011 1.059 + - + +
Spartina maritima 8.017 2.014 + - + +
Spartina maritima 2.030 0.506 + - - +
Spartina maritima 4.029 1.033 + - - +
Spartina maritima 8.017 2.071 + - - +
Spartina maritima 2.030 0.510 - - - +
Spartina maritima 4.013 1.003 - - - +
Spartina maritima 8.006 2.081 - - - +

micro-organisms, their presence also enhances theThe sediment was previously sieved (1-mm mesh size)
nutritional quality of leaf litter for the macro inverte- and mixed to improve the homogeneity among con-
brate [10]. This was verified after temporal measure- tainers.
ments showing that litter had a lower C:N ratio due to ) . i

It is known that benthic fauna can feed on detritus Water and weighed (g wwt) before being placed in
formed by bacterial decomposition &partina and containers. Different plant biomass, as outlined in
macroalgae [4, 19, 20, 21], but not much is known table I, were chosen to represent realistic values for
about the role of different fauna levels @partina € Salt marsh area of the Mondego estuspartina
maritima detritus degradation, or to what extent the maritimaleaves were St.'” green, when cut from intact
macrofauna and meiofauna affect the nutrient dynam_plants, and placed vertically on the sediment surface,

ics during the decay process. Therefore, this studyVle rOOth I}Nere l;)ugefd at ?;;]cm dgpth' l:/lacrgfaunah
focuses on the nutrient mass balance duBgnar- was carefully sortec from the sediment and eac

itima decomposition, and the role of the macrofauna Ndividual ‘used in the experiment was previously
and meiofauna compared with an oxic and anoxic measured (mm) or weighed (g wwi). Previous studies

microbial degradation oSpartinadetritus. on macrofauna population dynamics in the Mondego
estuary provided the regression models to calculate the

initial biomass values in AFDW (ash free dry
2. MATERIALS AND METHODS weight) [13, 14, 17].

Sediment, wateSpartina maritimaand macrofauna The effect of the bacterial degradation was mea-
were collected in the southern arm of the Mondego sured by isolating their activity, from the faunal
estuary (Portugal) (see also [2, 15]). The laboratory activity, by adding the eukariotic toxin cyclohexamide
set-up made it possible to measure the aerobic andnto the relevant containers. In other containers, mac-
anaerobic degradation of plant material and sedimentrofauna representing real field abundance was added to
organic matter, simulating in situ high tide conditions. the sieved sedimentaple Il), while meiofauna and
The experimental set-up included sixteen sub- bacteria only affected the plant degradation in other.
experiments, that were performed in small glass con-Bubbling with atmospheric air ensured oxic condi-
tainers of 3L (&: 14.0 cm), each containing about tions, while the anoxic conditions were formed during
900 g (wwt) of sediment, composed namely by silt and the first day of the experiment, due to the oxygen
clay, and 2.5 L GF/F filtered estuarine water (20 %o). consumption in the closed containers.
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Table II. Macrofauna species composition and total initial biomass MINITAB 10.1 software package. All data were pre-

AFDW). . . .
@ ) viously transformed as arcsifeVvalue), according
Species composition ltems Macrofauna to Zar [23].
(g AFDW)
Scrobicularia plana Bare sediment 0.2825 3. RESULTS
Nereis diversicolor Bare sediment 0.2822 Inth t stud bioti d
Hydrobia ulvae Spartina maritimé2 g AFDW) 0.2636 . nthe prese.” Stu .y’ anio I.C processes_ W.ere assume
. ) L irrelevant. Available information from a similar set-up,
Cyathura carinata ~ Spartina maritimgd g AFDW)  0.2753 concerningZostera marinzand Ulva sp. degradation
Oligochaetasp. Spartina maritima(8 g AFDW)  0.2821 p- deg '

showed that mineralisation of plant material was
purely biotic [6].

All containers were incubated in darkness at 20 °C, During the study period of 99 d, the degradation of
to avoid primary production. Samples were taken for S. maritimaleaves was significantly different (Tukey’s
nutrient analysis of plant, water and sediment, corre-test; one-way ANOVA,n=3, P=0.001) when the
sponding to the initial and final conditions of the three fauna levels were present, corresponding to 92 %
experiment. Plant material (leaves and roots) sub-of the initial biomass. With the decrease in faunal
samples were used to analyse plant dry weight, loss oncomplexity, there were no significant differences
ignition (3 h, 450 °C) and C, N and P content. All among the fauna levels, which corresponded to 74 %
water samples were filtered (GF/F) and kept frozen when meiofauna and bacteria were present and 67 %
until analysis. The removed water was replaced with when just bacteria were preseriigre 1A. During
filtered estuarine water with known concentrations of degradation of roots, 67 % of the root biomass were
nutrients. In the budget, this removal of nutrients and degraded in the presence of bacteria, when both
dilution were taken into account. Sediment triplicate meiofauna and bacteria were present, the degradation
sub-samples were analysed for dry weight, loss onrose up to 77 %figure 1B. For the same experiment,
ignition (8 h, 450 °C), total nitrogen and phosphorus. the role of macrofauna was not so conclusive and there

At the end of the experimenSpartinaleaves and ~ Were no_significant differences among the experi-
roots were easily identified and separated from the Mments. Results concernin§. maritima degradation
sediment and analysed for total C, N, P and loss on under anoxic conditions were very similar to the oxic
ignition. Sediment sub-samples from each Containerconditions in the presence of bacteria, and bacteria and
were removed, homogenised and analysed for total N,meiofauna.

P and loss on ignition. Macrofauna was carefully In theS. maritimadecomposition process, the min-
sorted from the sediment (1-mm mesh sieve) and theeralisation followed the order €N <P. Although

biomass quantified (g AFDW). there was always carbon conservation, carbon miner-
) alisation increased with the increase of fauna complex-
2.1. Analytical procedure ity. Considering the three elements (C, N, P), the

_Analyses for dissolved reactive phosphate, ammo- highest mineralisation rates of leaves occurred when
nia and nitrate were measured on a rapid flow au- macrofauna, meiofauna and bacteria were present:
fcoanalyser (RFA 300 Alpke_m) and performed accord- 93 9% C, 96 % N and 97 % Higure 2A. In fact, the
ing to Alpkem methodologies [1]. Before elementary presence of the three fauna levels was significantly
analyses, all plant material was dried to constant gifferent from the other containers in respect to min-
weight at 105 °C, and analysed for carbon and nitro- gralised carbon (Tukey's test; one-way ANOVA
gﬁ” c%ntent (CHN-anaIysgr, Car:jo_ Ertba),t Wg'le dtOtalthn = 3; P =0.001), and nitrogen (Tukey’s test; one-way
phosphorus was measured according to standard methy 2 p= ; ; _
ods. Organic carbon in the sediment was estimated aéANOVA' n=3Pp 0001) But th'e mineralised phos_

phorus was just significantly different from anoxic

40 % mass of the loss on ignition (8 h, 450 °C). ”» ; ¢ <
Denitrification was calculated considering the differ- conditions (Tukey's test; one-way ANOVA =3,

ence between the initial and the final amounts of P =0.022). The other fauna levels were not statisti-
nitrogen in the oxic systems, assuming a steady state irfally different from each other. At the end of the

the bacterial biomass, during the experiments [6].  experiment, 61 % of the initial C content of leaves
_ were already mineralised in the presence of bacteria,
2.2. Data analysis 72 % when both meiofauna and bacteria were present,

Statistical treatment (one-way ANOVA: 95% and 92 % when the three fauna levels were present
Tukey’s HSD intervals method) was performed with (figure 2A. These relationships were not so clear
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Figure 1. Weight loss ofSpartina maritima during 99 d of degra- Figure 2. Comparison of the initial percentage ®partina maritima

dation, in the presence of just bacteria, under anoxic and oxic Mineralisation, during 99 d, in the presence of bacteria only under

conditions; bacteria and meiofauna, and bacteria, meiofauna and@noxic and oxic conditions, bacteria and meiofauna, and bacteria,

macrofauna (meas standard deviatiom = 3). A: Leaves; B: roots. ~ Meiofauna and macrofauna (mesrstandard deviationp = 3). A:
Leaves; B: roots.

during the mineralisation of root and there were no
significant differences among the fauna levels. Never-
theless, mineralisation rates were slightly higher in the
presence of meiofauna and bactefrfigure 28. The

bottom containersfigure 3. Mineralisation was also
higher in the containers wits. maritimaunder oxic
conditions. The highest mineralisation occurred when
I plant material and macrofauna, meiofauna and bacteria
initial C/N, C/P and N/P values, for leaves and roots, were present. Nitrogen mineralisation increased from

are showh intable ”I_' o ) ~anoxic to oxic conditions and with the increase of
Regarding the mineralisation of POM in the sedi- fgna complexity.

ment pools, the addition and degradationSpiartina Considering mineralisation on a mass balance scale,

tr:g’lrg'r:ngne dnha;]%cse%;?ues mﬁéﬁ“ig:fnag dc?c:bt%r(]e’ l;';i'revery different amounts of mineralised dissolved nutri-
9 phosp ’ P ents appear in the water column during the experiment.

Under oxic conditions, organic carbon and nitrogen

Table lll. Spartina maritimainitial C/N, C/P and N/P value in concentrations were lower at the end of the experiment

leaves and roots. (figure 4A, B, while phosphorus to some extent was
reformed as phosphate in the water-phdipife 4Q.

Spartina maritima CIN cIp N/P Regarding nitrogen mass balance in the water-phase,

Leaves 16.22 94.92 585 results show that in the anoxic experiments, all min-

eralised sediment particulate organic nitrogen and

Roots 24.54 78.58 3.24 . .
plant component nitrogen were re-found as an increase
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in the ammonia poolfigure 5A; while in the oxic leaves’ surfaces [3] contribute to the fragmentation of
experiments, there was an increase in the nitrate poolthe plant material and stimulate the microbial activity.
(figure 5B. The highest nitrate concentrations were Moreover, meiofauna may also enhance the use of
found in the containers with bacteria, meiofauna and detritus by macrofauna [21]. The role of macrofaunain
macrofauna. At the end of the experiment and regard-root degradation is not well defined, probably because
ing phosphorus mass balance in the water-phasemost of the individuals belong to the epibenthic groups
concentrations in the water column clearly increased and roots were placed at 3 cm depth. Nevertheless, the
(figure 5Q. presence of meiofauna enhanced the degradation of
The highest nitrification processes occurred when roots by 9 %. The higher bacterial degradation re-
macrofauna, meiofauna and bacteria were presenicorded under anoxic conditions (without cyclohexam-
(figure 5B. This increase in nitrate production may ide), may result from the presence of anaerobic flagel-
allow denitrification to take place. In fact, denitrifica- lates, that could enhance the degradation processes by
tion rates were much higher under aerobic conditions 5 %, when compared to the aerobic microbial degra-
and in the presence of the three fauna levitgite 6. dation for the same period of time.
Considering the relative denitrification rates, it is clear
that it was higher in the experiments with maritima
and that it increases with the increase of fauna com-
plexity (figure 7. In the anoxic experiment with plant
material, the not-shown values corresponded to nega
tive denitrification rates that will be discussed further.

Although it seems that in the initial stages of
decomposition the impact of meiofauna may be neg-
ligible, it tends to increase in the course of time [21].
In fact, the highest mineralisation rate &partina
leaves occurred when macrofauna, meiofauna and
bacteria were present, and in root material, minerali-
sation rates were slightly higher in the presence of
4. DISCUSSION meiofauna. It seems that meiofauna and macrofauna

do not compete for bacteria as food resource since

For the same period of time (99 d), although micro- meiofauna species are able to support a bacterial
bial activity was responsible for at least 67 % of production, by recycling nutrients and inducing their
Spartina maritimadegradation, the increase in fauna activity [4]. Furthermore, micro-organisms’ activity
complexity increased the degradation process. In fact,may enrich the nutrient palatability and nutrient qual-
macrofauna detritus feeding activity may change theity of leaf litter for macro-invertebrate consump-
microbial flora and stimulate the microbial activ- tion [10]. Other studies showed that polychaetes can
ity [21]. In this experiment, macrofauna species, such incorporate significantly more carbon from detritus of
asHydrobia ulvae might by their feeding activity on ~ SpartinaandZosterawhen meiofauna is present [21].

Vol. 20 (4) 1999
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Figure 4. Mass balance of carbon, nitrogen and phosphorus in bare bottom and in pres8pegind maritimaand in the presence of bacteria
only under anoxic and oxic conditions, bacteria and meiofauna, and bacteria, meiofauna and macrofauna. The two bars per experiment represent
the initial and final amounts of the element in the sediment, water column and plant material, respectively. A: Carbon; B: nitrogen; C: phosphorus.
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0.5 7 Denitrification rates

Figure 6. Denitrification rates during
the experiments in bare bottom and in
presence ofSpartina maritima and in
the presence of bacteria only under
anoxic and oxic conditions, bacteria and
meiofauna, and bacteria, meiofauna and
macrofauna.
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Although, bacteria are the first catabolisers of organic S. maritimabiomass remaining was much higher in a
matter [10], benthic macrofauna feeds on detritus litter bag field study, the percentage of initial nitrogen
formed by bacterial decomposition activity and both and phosphorus mineralised, for the same period is
macrofauna and meiofauna may feed directly on comparable [19]. Several authors have considered that
bacteria [4]. the degradability of plant material is directly propor-

The faster mineralisation of N and P can be related tional to the nitrogen content [9, 12], and mentioned
to the fact that the initial C/N and C/P ratio of the that, during the early mineralisation of plant materials,
leachate were low [7]. This is a general tendency, More nitrogen than carbon is retained, through the
because most of the phosphorus is present in theaction of aerobic micro-organisms [12].

intracellular plant part as ATP, RNA and DNA, and |t is well known that decomposition of particulate
most of the nitrogen is found in the protein pool. All organic matter is faster under aerobic conditions. It
these substances are among the easy leaching compavas therefore an open question if the non-degraded
nents when the plant dies. Although the percentage ofplant material, instead of being mineralised, fertilised

the sediment organic pool as detritus. As a net result,

this did not happen either in the oxic or the anoxic

experiment. Sediment organic pools were also minera-

Relative Denitrification rates lised during the experiment and the additiorSofmar-

itima positively affected the mineralisation of sedi-
ment carbon and nitrogen, as well as the presence of
macrofauna, meiofauna and bacteria. These results are
consistent with results from other authors, although
fauna was not considered [7].

Considering mineralisation on a mass balance scale,
' - : very different amounts of mineralised dissolved nutri-
Macrofsmz+  Anoxc | Macrofsms+  Meiofumnat  Bacteria ents appear in the water column. At the end of the

Meiofauna+ Meiofauna+ Bacteria ” 4 -
Bacteria Bacteria experiment, organic carbon and nitrogen presented
Bare sediment Spartina maritima lower concentrations in the water column, while phos-

phorus to some extent was reformed as phosphate in

Figure 7. Relative denitrification rates during the experiments in the water-phase. Considering Valiela [21], phosphate
bare bottom and in presence &partina maritima and in the IS ma_'nly regenerated by the_ decay of p_qrﬂculatg
presence of bacteria only under anoxic and oxic conditions, bacteria Organic thSphorUS and by an_|ma|5- |'n addition, their
and meiofauna, and bacteria, meiofauna and macrofauna. concentration in water and sediments is to a very large
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extent determined by biological activity. Microbe and should probably not be taken under consideration
animal activity can control phosphorus distribution since it may result from inadequate methodology.

and dynamics, because biological activity can change The present study suggests that macrofauna and
the redox potential of the sediments and hence, themeiofauna have an important role in the ecosystem
chemical adsorption properties for phosphorus. Re-nutrient flux and that fauna might function as a sink for

garding nitrogen, in the anoxic experiments, all min- excess nutrients, that otherwise would be exported to
eralised sediment particulate organic nitrogen and coastal waters.

plant component nitrogen were found as an increase in
the ammonia pool, that diffused upward to the over-
lying water, and it was more abundant than in aerobic
situations. Although the concentration of dissolved  This study was carried out in the scope of the WET-project,
inorganic nitrogen was higher in the anaerobic sys- (Wetland Ecology and Technology), financed by the European

tems, the mineralisation rate of the nitrogen pool was iﬂfcr‘gfi(‘;TMR programme, (ITIMR_) (ERBf“ogl.PL .?.5'%832) a”ﬁ')bg

. . . . . . ortuguese National Institution for Scientific Researc Yy
higher ',n the O_X'f:, ex_perlment. Thls,' _'S _due_ to an conceding a Ph.D. grant (BD/ 9290/ 96) in the scope of the Praxis
uncoupling of nitrification and denitrification in the xxi programme.

anaerobic systems, which results in high concentra-

tions of ammonia [6, 11]. In the oxic systems, the
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