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Abstract. Ammonium affinity of New Caledonia lagoon 
benthic communities was measured during the course of 
33 in situ enrichment experiments, in order to estimate the 
contribution of benthos to ammonium fluxes. Ammonium 
chloride was injected into enclosures pushed into the 
sediment, in order to obtain a concentration of 20-22 
pmoll- ’ in the enclosed water which approximated the 
interstitial water content. Ammonium kinetic uptake was 
then followed for two hours. Grey-sand bottom displayed 
the highest affinity for ammonium, but white-sand and 
muddy bottom affinity was of the same order of magnitude. 
Macrophytes, and microphytes (when macrophytes are 
absent), account for the bulk of ammonium bottom 
uptake. As a result, grey-sand bottoms with their dense 
macrophyte cover represent a sink for water column 
nitrogen and play a key role in nutrient cycling of the 
lagoon. 

Introduction 

Despite the low levels of nutrients in reef waters (Cross- 
land 1983) benthic communities have a high productivity 
(Larkum 1983). Consequently, one of the most important 
problems facing coral reef biology is the question of 
nutrient limitation of organic matter production (Atkinson 
1988). Are benthic communities operating near their upper 
production limit set by metabolic rates associated with the 
photosynthetic processes, or are they nutrient depleted 
(Grigg et al. 1984)? Nitrogen fixation (Wiebe et al. 1975) 
and endo-‘upwelling (Rougerie and Wauthy 1986) could 
ease the problem by increasing nutrient availability in 
oligotrophic environments. The nutrient limitation hypo- 
thesis has been tested by fertilization experiments (Kinsey 
and Domm 1974; Hatcher and Larkum 1983). The conclu- 
sion was that long-term nutrient enrichments can at best 
produce relatively small increases in the rate of net 
community photosynthesis and plant biomass, but little 
increase in community respiration. It may be that nutrient 
limitation is of less significance than formerly believed, and 
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other factors could control primary productivity (Grigg 
et al. 1984; Capblancq 1990). In low nutrient environments, 
production depends mostly on internal mechanisms which 
act to recycle the limiting nutrient. In the lagoons of coral 
reef ecosystems, re-mineralization of organic inputs to the 
sediments is a potentially important pathway of recycling 
(Kinsey 1985). 

Our previous results in the SW New Caledonia lagoon 
indicated that benthic/pelagic coupling is low when 
compared to temperate ecosystems (Clavier et al. 1990; 
Boucher and Clavier 1990). The ammonium and nitrate 
efflux, and even dissolved organic nitrogen uptake at  the 
water-sediment interface, are too insignificant to account 
for the mineralization of a large amount of organic matter 
(mean net deposition: 0.84 gCmb2 d- ’ on an annual basis 
(Chardy and Clavier 1988)). Nutrient-poor conditions are 
generally described for interstitial water of coral reef 
sediments (Williams et al. 1985; Corredor and Capone 
1985). Active uptake of ammonium chloride against the 
concentration gradient has been demonstrated in Great 
Barrier Reef sediments (Johnstone et al. 1989). Uptake 
occurring during enrichment experiments was attributed 
to microbial processes and to utilization by microphytes 
in the uppermost layers of the sediment. 

In this paper, we experimentally evaluate the short- 
term rates of_n&gen uptake by benthic communities in 
the SW New Caledonia lagoon in order to determine if 
the sedimentary benthos is a source or a sink for dissolved 
ammonium in lagoon waters. We also partition the factors 
controlling flux rates at  the water/bottom interface to 
estimate the benthos contribution to the biological uptake 
of nitrogen. We use the term “affinity” for ammonium 
uptake in enrichment experiments in its simplest meaning, 
i.e. ability of an organism or a complex community to 
transport nutrient (Button 1986). 

Material and methods 

Study site 

During a cruise on board OV Alis, ammonium enrichments were 
investigated at 12 stations (Fig. 1) in the SW New Caledonia lagoon 
from 16th July to 2nd August 1990 (Clavier et al. 1991). Sampling 
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Fig. 1. Location of sampling stations 
in the southwest lagoon of New 
Caledonia. Muddy bottoms: 1 =Baie 
Maa 1 (Z=13m),2=BaieMaa2 
(Z = 12 m), 3 = Baie Sainte Marie 
(Z= 13 m);Grey-sand bottoms:4= llot 
Freycinet (Z=9m), 5=Rocher à la 
Voile I (Z = 10 m), 6 = Rocher à la Voile 
2 (Z=9m), 7=Sèche Croissant 2 
(Z= 1 1 m, test station), 8 = llot Signal 
(Z = 16 m), 9 = [lot La Régnére 
(Z= 16m); White-sand bottoms: 
10 = Récif Mbéré 3 (Z= 12 m), 1 1 = Hot 
Gotland (Z= 12m), 12=Grand Récif 
Aboré (Z= 16m) 
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sites were located in communities previously defined as muddy 
bottoms, grey-sand bottoms, and white-sand bottoms [relative 
surface area: 35, 50, 15% respectively (Chardy et al. 1988)l. At each 
station, triplicate enclosure experiments were performed during 
morning hours, when light was still increasing. Water temperature 
ranged from 24 to 25 "C and water depth from 8.6 to 15.4111 (mean: 
12.5 m). 

A grey-sand station (Sèche Croissant 2), which displayed the 
highest ammonium flux in previous experiments (Boucher et al. 
1990) and the densest macrophyte cover, was investigated to deter- 
mine ammonium content in interstitial water. Selection of a suitable 
ammonium concentration for injection in the enclosures could then 
be made. 

Incubation procedure 

Variations of oxygen and ammonium concentrations were measured 
in the circulating water trapped in dark or clear acrylic enclosures 
pushed into the sediment (50 cm diameter, volume 50-601 depending 
on core depth), according to a procedure described by Boucher and 
Boucher-Rodoni (1988) and Boucher and Clavier (1990). A calibrated 
polarographic electrode connected to a submersible container was 
placed on the recirculating close-circuit system of each enclosure for 
continuous oxygen recording (Yellow Spring Instruments). Samples 
for ammonium analysis were withdrawn with 60ml syringes, and 
external water was admitted through a port during sampling to 
avoid interstitial water release from the sediment. 

Dark oxygen uptake and ammonium flux were first measured at 
the ambient ammonium concentration of the contained water for 
two hours. After water renewal in the enclosure (10 min), by reopen- 
ing and reclosing the domes on the core inserted into the same 
sediment area, ammonium enrichment was performed with a syringe, 
through a port, by SCUBA divers. At the test station "Sèche 
Croissant 2", light uptake of NH,CI was estimated during the 
course of two successive series of triplicated incubations for two 
hours, on 2-8-90. Six concentrations were then tested to obtain - 
O, 6, 12.5, 25, 50 and 100pmol I - '  enrichments in the 50 litre en- 

closures. At other stations, only one concentration (25 pmol I - ' )  was 
tested on triplicated enclosures. 

Light ammonium kinetics was followed, at 5 min intervals in the 
first test experiment and at 20min intervals in the other experiments 
in order to obtain bottom ammonium affinity with each enrichment 
level and bottom type. Some control experiments were performed 
in enclosures isolated from the benthos. For each enclosure, the rate 
of change in oxygen (mg O, m-, h-') and ammonium (pmol m-' h-I) 
concentration, as a function of time, was calculated by linear 
regression of the 5-7 measures, normalized for water volume and 
for sediment surface area. Ammonium release to the water column 
was considered as positive and ammonium uptake or bottom 
affinity was considered as negative. 

Processing of the samples 

The interstitial water from the top five centimeters of replicate 
sediment cores (23 cm2 diameter) collected by SCUBA divers was 
obtained by gravity and poured through a glass filter to obtain 20 ml 
filtrate. Ammonium content of interstitial water and other water 
column samples were immediately analyzed on board using the 
indo-phenol blue reaction (Solorzano 1969). 

At the end of triplicated simultaneous incubations, three sedi- 
ment cores (5.3cm2 diameter) were collected in each enclosure, for 
measurement of ATP content and photosynthetic pigment in the 
top centimeter. ATP (mg m-,) was immediately extracted on board 
with lOml boiling NaHCO, (Bancroft et al. 1966) and the extract 
was deep-frozen for later analysis by the bioluminescence method 
(Charpy-Roubaud 1986). Pigments (mg m-') were extracted from 
the sediment in a refrigerator, after deep-freezing and lyophilisation, 
using 90% acetone for 18-2411 (Garrigue and Di Matteo 1990) and 
the extract was measured with a spectrophotometer (Lorenzen 
1967). Macrophytes and macrofauna were collected from the en- 
closures by an air-lift apparatus with a 1 mm sieve net. Species 
composition and total biomass were analyzed in the laboratory after 
fixation (using 10% formalin), followed by dessication at 60"C, and 
ash content determination at 550°C. 



Statistical trentmer~t of the results 

Non-parametric Kruskal-Wallis one-way analysis of variance (Siegel 
1956) was used to test for differences between the three bottom types. 
Ammonium affinity was related to oxygen uptake in ambient water 
and biomass (considered separately as ATP, microphytobenthos, 
macroflora and macrofauna) using linear regressions. A stepwise 
multiple regression analysis (Sokal and Rohlf 1981) was performed 
on components of macrophyte biomass (seagrass, seaweeds and 
Corallinacea). Independence between the variables was first tested 
using linear regression. 

Results 

Raw data including sediment grain size, benthic param- 
eters and flux measurements have been published else- 
where for each station (Clavier et al. 1991). 

Sediment type and interstitial water 

Sediment grain size was accepted as the main criterion to 
separate the stations in muddy bottoms (stations 1-3), 
grey-sand bottoms (stations 4-9), and white-sand bottoms 
(stations 10-12) according to Chardy et al. (1988). 
Ammonium concentration in interstitial water of the top 
five centimetres at  the grey-sand station “Sèche Croissant 
2” was constant for five replicates: 25.6 & 1.1 pmol 1-’ 
(s.e. = 0.6). We considered this concentration as the upper 
range of NH,C1 to be injected into the water trapped in 
the enclosures, without inverting the diffusion gradient. 
This grey-sand station was known to display the highest 
ammonium efflux (Boucher and Clavier 1990, and present 
results) and therefore should have had the highest inter- 
stitial water content. 

Ammonium uptake kinetics ’ 

Light was constant during the experiments: 128 pEm-, sa’. 
As the exact volume of the enclosures was greater than 
expected at  the beginning of the experiments, due to lower 
core insertion into the substrate, the actual enrichments 
in the trapped water were less than calculated, i.e., O, 5.4, 
10.7, 21.1, 42.9, 85.6pmoll-’. When a volume of ambient 
water or of 25 pmoll-’ enriched water was isolated from 
the sediment, no noticeable wall effects ammonium uptake 
in the water volume could be demonstrated inside the 
enclosure. 

The light ammonium uptake rate measured at different 
levels of enrichment at the test station was not linear for 
concentration, but increased exponentially (up to 20 times 
between 5.4 and 42.9pmol1-’ and then stabilized at 
higher concentrations (Fig. 2). Uptake was consistent 
with Michaelis-Menten kinetics, but present results did 
not allow the calculation of significant kinetic parameters. 
A 25 pmol 1- enrichment fulfilled the requirement of a 
concentration range expected to approximate interstitial 
water content and to allow maximum uptake without 
saturation effects. 
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Fig. 2. Ammonium bottom affinity (pmol N-NH,m-2 h-*) at dif- 
ferent levels of ammonium enrichment (pmol N-NH, CI I-’). Data 
from the test station “Sèche Croissant 2” during 2 hour light 
incubations 

Ammonium exchange in ambient water 
and enrichment experiments 

Initial dark experiments on the same sediment area as the 
enrichment experiments allowed the measurement of in 
situ ammonium flux. Uptake or release between sedi- 
ment and water column were low and erratic with rates 
ranging from -17.8 (s.e.=2.4, n=7), 12.5 (s.e.=10.5, 
n = 16), 12.9 (s.e. = 10.8, n = 7) pmol m b 2  h - l  for muddy, 
grey-sand and white-sand bottoms, respectively. No signi- 
ficant differences of ammonium fluxes between bottom 
types could be demonstrated (Kruskal-Wallis test not 
significant, P > 0.05). Ammonium affinity was measured in 
33 successful enrichment experiments in ambient light 
(Table 1). Uptake was found to be significantly different 
according to bottom type (Kruskal-Wallis test: P < 0.01). 
Ammonium uptake was generally far higher in grey-sand 
bottoms (580.8, n = 17, s.e. = 83.5 pmol m-’h-’) than in 
muddy bottoms (312.8, n = 8, s.e. = 39.8 pmol m-, h-’) 
and white-sand bottoms (334.4, n = 8, s.e. = 30.9 pmol 
mb2  h-l). The latter two did not differ significantly. 

Relation between ammonium uptake and oxygen flux 

Respiration during dark incubations at  ambient ammo- 
nium concentration ranged from 15.5 to 132.7mg O, 

. Oxygen uptake was similar at grey-sand bottom 
stations (58.8, n = 17, s.e. = 4.6mg O, m-, h-’) and at  
white-sand stations (52.7, n = 8, s.e. = 6.5 mg O, m-, h-’), 
and significantly higher (Kruskal-Wallis test: P < 0.03) 
than at muddy bottom stations (37.0, n = 9, s.e. 4.6 mg O, 
m-2h-1 ). Ammonium affinity in light enrichment experi- 
ments was linearly correlated with dark oxygen uptake in 
ambient water (ìi = 33, r = 0.70, P < 0.001) indicating that 
affinity is related to aerobic biological activity and not to 
chemosynthetic uptake. 

m-2h-1 



Table 1. Mean values and standard errors (s.e.) of sediment pa- 
rameters, oxygen uptake, ammonium flux and aflinity, and benthic 
biomass at 12 investigated stations in the SW New-Caledonia 
lagoon. Station: station numbers in Fig. 1 (test station=7); Silt 
= percentage of particles finer than 63pm; Oxygen uptake 
(mgm-2 h-l) = respiration in dark enclosures at am6ient nutrient 
concentration (n = 3 except stations 4 and 11: n = 2); Ammonium 
flux = NH, (pmol m-2 h-’) exchange in dark enclosures at ambient 

water concentration (n = 3 except stations 1: n = 1 , 4  n = 2,5: n = 2, 
11: n = 1); Affinity = ammonium chloride bottom uptake ( p o l  
N-NH,m-’h-’) at 25pmol1-’ enrichment in light incubations 
( n = 3  except stations 1: n=2,  4 n=2,  11: n=2); ATP=ATP 
content (ngcm-’) in the first centimeter of sediment (n = 3); Chl 
a = sediment chlorophyll a content (mgm-’) in the.first centimeter 
of sediment (n = 3); Flora = macrophyte biomass (gm-’A’FDW, 
n = 3); Fauna = macrofauna biomass = (g m-’ AFDW, n = 3) 

Bottom Station Silt Oxygen s.e. Ammonium s.e. .Ammonium s.e. ATP s.e Chl a s.e. Flora s.e. Fauna s.e. 
uptake nux aflinity 

Muddy 1 36.9 31 13 29 -282 56 156 32 52 9 O O 4.8 0.9 
2 14.4 16 7 -34 32 -226 42 200 47 20 1 O O 6.2 8.3 
3 19.1 41 6 -17 6 -420 108 232 31 82 11 46.5 16.6 12.6 5.9 

Grey-Sand 4 5.1 43 21 60 37 -504 268 80 84 19 18.1 7.6 44.8 18.9 
5 6.7 36 5 -55 8 -582 98 288 71 42 10 17.4 2 14.5 4.5 
6 6.4 43 20 37 9 -438 59 206 24 46 5 7.4 6.5 11.1 1.8 
7 6.2 88 33 2 16 -1151 463 331 42 27 8 47.1 24 14.4 9.6 
8 8.1 53 7 33 13 -545 142 318 44 20 4 29.9 5 12.3 12.4 
9 4.5 38 10 -8 46 -239 16 367 84 50 16 3.5 2.1 8.3 . 4.7 

White-Sand 10 4.2 28 18 7 42 -310 140 394 30 24 8 O O 1.6 1.1 
11 5.6 58 8 23 - 393 24 484 73 71 21 0.9 0.9 6.3 3.6 

O 3.1 1.8 12 3.4 52 9 15 16 -320 46 460 42 50 9 O 

Relation between ammonium uptake and benthic 
parameters 

No significant correlation was observed between ammo- 
nium affinity and silt content (r  = - 0.18, P = 0.31), or 
mean grain size ( P  = 0.10, P = 0.62), a result suggesting 
that affinity is not controlled by physical and biological 
properties of the sediment related to grain size. Similarly, 
there was no observed relationship between ammonium 
uptake and ATP pool or macrofauna (Table 2), indicating 
that secondary production is not a dominant factor in 
ammonium uptake processes. However, ammonium up- 
take was strongly correlated with macrophyte biomass 
(Table 2). When calcareous algae (Corallinacea) were 
omitted from biomass evaluation, r improved to 0.91 with 
P < 0.01 (Fig. 3) indicating that these calcareous algae 
have a lower ammonium affinity compared to other 
macrophytes. 

For the whole data set, ammonium uptake was not 
correlated with chlorophyll content in the top centimeter 
of sediment. Correlation coefficients become significant 
when calculated for white-sand bottom and muddy bottom 

stations alone (Table 2), demonstrating that microphyto- 
benthos ammonium uptake becomes significant only when 
macrophytes are absent or reduced. Both groups of primary 
producers are thus responsible for bottom ammonium 
affinity. However, when stations with macrophytes were 
omitted (Fig. 4), cancelling the prevailing influence of 
macrophyte cover, bottom ammonium affinity was signifi- 
cantly correlated with chlorophyll content (r = 0.65, P = 
0.04). The relationships with ATP and macrobenthos 
remained insignificant. 

As macrophyte biomass is the only measured parameter 
significantly related to affinity at all sites in the lagoon, 
we performed a stepwise multilinear regression of ammo- 
nium affinity (VNH) on respective independent com- 
ponent biomasses: seaweeds without Corallinaceae 
(ALGAE); Corallinaceae alone; seagrasses (PHANERO): 

VNH = 18.05 ALGAE + 11.87 PHANERO + 290.74 
(r2 = 0.85, P < 0.001) 

The contribution of calcareous algae (Corallinaceae) 
was too low to be included by the model. The influence 
of macroalgae on bottom nutrient affinity appears more 

Table 2. Relation between ammonium affinity and benthic parameters; n: number of measurements; r: linear correlation coefficient; P 
probability level; ns: non significant; *: significant at P < 0.05; **: highly significant at P < 0.01 

Parameters Muddy bottoms Grey sand bottoms White sand bottoms Whole lagoon 

n r  P n r  P n r  P n r  P 

V NH/ATP 7 0.17 0.71(ms) 17 0.07 0.77(ns) 8 -0.18 0.66(ns) 33 0.02 0.91 (ns) 
V NH/Macrofauna 7 0.11 0.82(ns) 17 0.08 0.77(ns) 8 0.3 0.47(ns) 33 0.26 O. 14 (ns) 
VNH/Macroflora 7 0.8 0.03(*) 17 0.92 O.OO(**) 8 0.39 0.34(ns) 33 0.73 O.OO(**) 
V NH/Chlorophyll 7 0.78 0.04(*) 17 -0.35 0.17(ns) 7 0.84 0.02(*) 33 -0.14 0.41(ns) 
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Fig. 3. Relationship between macrophyte biomass without Coral- 
linacea (gm-' AFDW) and bottom affinity (pmol N-NH,CIl-'); 
n = 33 experiments; r = 0.91; P < 0.01. Dashed lines = 95 and 99% 
confidence intervals 

- 4 1 0 F  I I i 

I. 1701, I _c. I I 

O 20 4 0  60 80 

Chlorophyll Q (mg.m-2) 

Fig. 4. Relationship between sediment chlorophyll a content 
(mg m-') and bottom ammonium affinity (pmol m-' h-') at stations 
without any macrophyte cover (n = 10 experiments; r = 0.65; 
P = 0.04). Dashed lines = 95 and 99% confidence intervals 

important than the influence of seagrass, although their 
respective biomasses (5.79 g mT2 and 4.84 g m-') were not 
significantly different (t = 0.38, P = 0.72). 

Discussion 

Ammonium uptake at the water-sediment interface was 
measured on a whole community, i.e. bottom-water and 
sediment with its living biomass (bacteria, microphyto- 
benthos, macrophyte cover, meiofauna and macrofauna). 
Ammonium affinity may be the result of different processes 
such as adsorption (accumulation on a solid surface), or 
absorption (uptake by living biomass). 

Exchangeable ammonium adsorption and desorption, 
between sediment particles and the water column, are 
known to be rapid (< 2 h) and linear with respect to con- 

centrations from 1 to 10 "oll-' (Rosenfeld 1979). The 
adsorption coefficient generally increases with decreasing 
grain size (Mackin and Aller 1984). No sterilized sediment 
controls were performed to assess adsorption, but our 
results demonstrate a non-significant relationship between 
ammonium affinity and granulometric parameters. Such 
a physical regulation of ammonium exchange does not 
appear to be a major process in the lagoon of New 
Caledonia. 

We measured low ammonium exchanges in enclosure 
incubations performed in ambient oligotrophic waters. 
Our enrichment experiments allowed high bottom uptake 
despite an opposing concentration gradient in the under- 
lying sediment, which indicates an active uptake process 
occurs in the top layers of sediments, as also found by 
Johnstone et al. (1989). Across living membranes, ion 
fluxes result (1) from passive diffusion (uptake propor- 
tional to external concentration) or (2) from facilitated 
diffusion, which allows transportation of solute down an 
electrochemical concentration gradient, and/or (3) from 
exchange diffusion which involves a carrier producing ion 
selectivity and saturation (DeBoer 1981). Such an active 
transport process moves a material across a membrane 
against a gradient, i.e. uptake is linked with metabolic 
processes and rates exhibit saturation kinetics following 
Michaelis-Menten equations. Our test experiments at 
"Sèche Croissant 2" station (Fig. 2) revealed a linear 
relation between uptake rate and external concentration 
up to 20 pmol 1- (which approximates the interstitial 
concentration) suggesting adsorption or diffusion at  low 
concentrations. At higher concentration, active transport 
may have prevailed as suggested by the subsequent 
rapid increase and saturation kinetics between 20 and 
100pmoll-'. At the 12 sampling stations, we measured 
ammonium kinetics that did not suggest enhanced initial 
ammonium uptake during the two hour incubations, and 
no saturation kinetics at the chosen enrichment concen- 
tration. At higher concentration and longer incubation 
time, Johnstone et al. (1989) observed saturation kinetics 
on fine and coarse sand from Great Barrier Reef. 

The uptake of ammonium tiy the enclosed water was 
insignificant compared to benthos uptake, as demonstrated 
by our control experiments. As ammonium ions were not 
significantly adsorbed on the enclosure walls, the enrich- 
ment was mainly taken up or modified by sediment 
and/or benthic organisms in the top layers of the substrate. 

A close coupling between dissolved nutrient efflux and 
bacterial productivity has been suggested by chamber 
experiments where antibiotics were added (Stanley et al. 
1987; Boto et al. 1989). However, short-term organic 
enrichment in temperate ecosystems suggest that such 
eutrophication has no effect on bottom community res- 
piration within 2 h (Van Es 1982), as found in our prelimi- 
nary experiments. It is probable that bacterial populations 
are not able to immediately use the nitrogen supply, as 
suggested by the absence of any correlation between 
affinity and ATP content of sediments in our experiments. 
In contrast, the microphytobenthos is known to im- 
mediately control the nutrient influx or efflux at the 
water-sediment interface (Höpner and Wonneberger 1985; 
Andersen and Kristensen 1988; Sundbäck and Grandi 

\ 
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1988). Ammonium enrichments in oligotrophic lake sedi- 
ments showed that oxygen production was stimulated by 
36% after 5-6 h incubation, indicating microphyte nitrogen 
deficiency (Dodds and Priscu 1990). Our results show that 
the microphytobenthos regulates ammonium fluxes at 
water sediment interface, but to a far lower extent than 
macrophytes. 

Seaweed ammonium saturation kinetics are known to 
be facilitated by diffusion or active transport (Raven 1976; 
Hanisak and Harlin 1978; DEila and DeBoer 1978). 
Ammonium uptake exceeds that of nitrate and no toxic 
effects were observed down to 30 pmoll- (Haines and 
Wheeler 1978). The process is a function not only of 
external but also internal nitrogen concentration (DEila 
and DeBoer 1978). This implies that seaweeds living in 
low nitrogen waters can only take up ammonium at 
maximal rates when supplies become available. 

Ammonium is considered as the preferred nitrogen 
source for seagrasses (Moriarty and Boon 1989). Seagrass 
adsorb ammonium by their leaves, but they also pump 
nutrients from the sediment by their roots (McRoy and 
Barsdate 1970; McRoy and Goering 1974). The ammonium 
kinetics are still uncertain, as some authors found linear 
ammonia uptake by leaves with ammonia concentrations 
up to 20pmoll-' (Iizumi and Hattori 1982) and some 
others described Michaelis-Menten kinetics with satura- 
tion occurring at  ca 15 pmoll-' and above (Thursby and 
Harlin 1982). Our results indicate no saturation effect 
during the course of two hour enrichment experiments 
within a similar range of ammonium concentrations. 
Algae and seagrass ammonium affinity were of the same 
order of magnitude, whereas Corallinaceae uptake was 
lower in our experimental conditions. 

We conclude that enrichment experiments can be used 
to evaluate nitrogen affinity of different benthic com- 
ponents of lagoon bottoms. Most of the affinity results 
from macrophytes, and to a lesser extent from microphytes. 
Previous studies have identified significant differences in 
benthic community structure of the SW New Caledonia 
lagoon (Chardy et al. 1988; Chardy and Clavier 1988a; 
Boucher and Clavier 1990). The three identified bottom 
types display significantly different physical, chemical 
and biological characteristics which would affect nutrient 
dynamics in the lagoon. The present results suggest that 
grey-sand bottoms (50% of the surface), which are the only 
community with a dense macrophyte cover, take up 
approximately 64.4% of available ammonium from the 
water column, whereas muddy bottoms (35% of the 
surface) and white-sand bottom (15% of the surface) 
consume 24.2 and 11.4% respectively. Grey-sand bottoms 
should thus approximately consume 2/3 of the ammo- 
nium circulating in the water column. It represents a 
major short-term nutrient sink in the New Caledonia 
lagoon system. 
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