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et al., 1984; Gsnool et al., 1984; FEnRARI et al., 1985), but growth dynamics

have been rarely investigated for the Adriatic saltmarshes (CeNrcI-re et al.,

1976 and 1978). In the Lagoon of Venice, detailed studies were recently car-

ried out on seagrasses above- and belowground production (RISMONDo et al.'

1995 and 1996) whereas no data seem to exist regarding aerial vegetation.

Biomass and production of coastal wetlands are good indicators of vegeta-

tion health and of their importance to the functioning of the overall ecosystem

(D^qy et al., 1989). Factors such as competition, salinity, degree of waterlog-

ging, and nutrient status play important roles in regulating production (PrNNncs

& cerrawey, 1992; M*rer-L & PARK, 1976a and 1976b). Previous literature

conceming primary production and decomposition of wetland vegetation is very

extensive (e. g., MASON & Bnyen r, 1975; HoprnqsoN et al., 1978; GnOexeNntx,

1984; LrNrHuRSr & REIMot'o, 1978a; HecrNn'v & Ds Le Cnuz, 1980; Gnop-

NENDTJK & VrNr-Lrsveenr, 1987); however, none of these papers refer to Me-

diterranean wetlands. As far as we know, the only compalable studies performed

in the Mediteffanean oî Arthrocnemumfruticosum are those of BBncsn et al.

(1978) and IseNBz et al. (1996) for the RhÓne Delta (France) and CuncÒ et al.

(1996) for the Ebro Delta (Spain). A study about plant production in the ve-

nice saltmarshes is of interest also because the north-western Adriatic coast has

unique environmental conditions when compafed to much of the remainder of

the Mediterranean, such as low mean temperature, relatively high rainfall di-

stributed over much of the year, and the highest tidal range (about one meter)

of the Meditefranean (Snsn1i11, 1992). This makes the coastal marshes of this

region important as a transition between Atlantic and Mediterranean vegetation

complexes (Dtrxrun et al., 1984; Fsnnenr et al.' 1985).

This study was carried out as part of a larger European community project

on the impact of climate change on thfee Mediterranean deltas; the Po, the

Rh6ne and the Ebro. This larger effort involved measurements of vegetation eco-

logy, accretionary dynamics in the deltaic plain, geomorphological change of

beach and dune systems along the fringes ofthe deltas and the physical ocea-

nography of the near shore zone (SeNcHnz-AncILLA et al., 1996) The primary

objectives of the vegetation studies were to determine organic soil formation

by the plant community and to quantify the role of this soil formation in con-

tributing to accretion to offset rising sea level. As part of the overall project, we

measured the growth, production, and decomposition of A. fruticosum in the

Venice Lagoon and of Phragmites australis in the Po Delta (scenroN & RI-

SMoNDo, 1996); here we report about the results of above and belowground pro-

duction for the first species. Nomenclature of species follows Fpnr'-lRt et al'

(198s).
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Sruov snp

The study area is located in southern Venice Lagoon (Fig. 1, at approxima-
tely 45' 15'N, l2o 15'E) in a saltmarsh area bordering the causeway which con-
nects the town of Chioggia and the mainland. The vegetation is mostly com-
posed of Arthro cnemum frutic o s um, Limonium s e ro t inum, H al imione p o rtul a-
coides and Puccinellia palustris. Patches of A. fruticosum are interspersed
within the marsh which is dominated by the other species, as is common for
the Venetian saltmarshes, where this species rarely covers large, homogeneous
areas. The study site, which has an elevation of0.35 m above sea level, is dis-
sected by a number of shallow creeks. The marsh is regularly inundated during
high tide; the mean tide range is 0.6 m while the range of the spring tide is I .1
m. Salt water is exchanged through the Chioggia inlet located about 5 km from
the site. Mean monthly air temperature at Venice ranges from 4.0 to 23.8 .C,

with a mean of 13.3 oC and yearly rainfall is 850 mm (A.P.V., 1986); in 1995
temperature ranged between 3.3 'C and 24.3 "C and rainfall was 1045 mm.
Groundwater salinity measured in a well located at the study site ranged from
20%o to 35 %o

Meterrar-s AND METHoDS

Measurements were carried out of above and belowground biomass and pro-
duction. In September and October 1994, preliminary measurements were car-
ried out to determine the number of biomass samples needed and the vertical
distribution of root biomass. Estimates of aboveground primary production
were calculated from periodic harvest of aboveground biomass (including sur-
face litter). In the study site, a 2500 m2 plot was randomly established; at each
sampling period, sampling locations within the plot were randomly selected.
Total aboveground biomass was sampled in March, September and October
1995. In March and October, tenO.25 m2 quadrats were chosen and in Sep-
tember, five 0.25 m2 quadrats were chosen and all live and dead aboveground
material was harvested. Each component (leafy stems and woody stems) of the
biomass samples was separated into live and dead material. The plant material
was taken to the laboratory and dried at 80"C for 48 hours and weighed to a
precision of 0.1 g. Ash content was calculated with ignition of dry material at
540 "C for 2h.

The belowground matter was sampled with a PVC cylinder 9.4 cm in dia-
meter, down to a depth of 40 cm; the material was then sieved in the laboratory
through a mesh of 0.1 cm, sorted (in large and small roots, live or dead) and
then treated as the aboveground material. Aboveground and belowground pro-
duction were estimated using the Smalley method (see Groenendijk, 1984 for
more details): This method is reported to underestimate production, but it is also
more suitable to saltmarshes compared to other methods (see Lnvruunsr & RBI-
tr,toln, 1978b for a comprehensive review).

Boll. Mus. civ. St. nal Venezia,48 (19
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rial (only dead woody stems) 9.3Va of the total aboveground biomass. Total live
biomass went from 345 g/m2+ l78.4in March to 1007 t 165.3 g/m2 in Sep-
tember, with increase in both the leafy and the woody stems.

For belowground material, in September large roots comprised 34.7Vo and
small roots 65.3Vo of total biomass; dead material was about 13.47o of the total
belowground material. Whereas for large roots, it was simple to discriminate
between live and dead; among small roots this was more difficult and a certain
degree of uncertainty was inherent. Overall, roots were abundant in the first 25-
30 cm and absent below this level. Due to the occurrence of other species
nearby (in particular L. serotinum and P palustrls) the values for belowground
material likely included a non-measured, but possibly small part of their roots.
The ratio of above to belowground live biomass ranged between 0.13 (March)
and 0.30 (October).

From March to September, the estimated aboveground production was 683
g/m2, with a turnover rate of l.0l (table 1). The estimated mean daily produc-
tion over the whole period was 3.8 g/m2. Belowground production for the same
period was 1260 g/m2, with a turnover rate of 0.45; a mean daily production
rate of 6.9 g/m2 was estimated. Based on the ash content of live material (table
1), I 13 g/m2 of the aboveground production was inorganic (18 g from woody
stems and 95 g from leafy stems), while 315 g/m2 of the belowground produc-
tion was inorganic.

DtscussroN AND coNcLUSIoNS

There are few other studies which deal withA. fruticosum growthand pro-
duction in the Mediterranean. Two of them were carried out in the Rhóne delta
(Bencrn et al., 1978; IseNsz et al., 1996) and one in the Ebro delta (CuncÒ et
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Table 1. Biomass, primary production and ash contenfîor A. fruticosum.

Mean live biomass (g/m2)

Peak live biomass (g/m2)

Production (g/m2)

Tumover rate (P/Mlb)

Ash content (Vo on d.w.)

woody stems

leafy stems
large roots

Aboveground

618
1008
683
1.01

5.3
29.2

Belowground

2829
3735
r260
0.45

25.1
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species at 2730-4100 t (dry weight) for the aboveground biomass and I I 300-
17000 t for the belowground biomass. The belowground production accumu-
lates in situ,where it decomposes very slowly (ScenroN & RrsuoNoo,1996).
Aboveground production is probably mostly exported outside, as it appears from
the virtual absence of surface litter, entering the detritus chain. our recent stu-
dies (Dev et al., 1998) have shown that most of the saltmarshes in the Lagoon
ofvenice are not able to cope with the future expected sea level rise (about 50
cm in the next 100 years; IPCC, 1995). As a result, prolonged flooding time of
the saltmarshes will probably severely affect the vegetation, with a progressive
reduction in the aboveground production and a consequent decrease in the or-
ganic and inorganic material available to the whole ecosystem.
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