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Addaia Bay is a rather small (85 ha), shallow (less than 12 m depth) and sheltered bay situated on the northern
coast of Menorca (Balearic Islands, western Mediterranean), where the seabed is mostly covered by seagrass
meadows. The seagrass Cymodocea nodosa dominates the inner parts of the bay, with densities up to 2325
shoots m~2, while Posidonia oceanica covers most of the outer part, with shoot densities ranging from 235
shoots m™2 in deep waters to 950 shoots m~2 at a depth of 2.5 m. Other widespread phytobenthic communi-
ties are dominated by Caulerpa prolifera (muddy bottoms), photophilic algal stands (rocks and dead Posidonia
rhizomes), and Ruppia cirrhosa (very sheltered sites). The presence of a well preserved barrier reef made up
of Posidonia oceanica in the eastern part of the bay is noteworthy, since these formations have disappeared
or are in regression all over the Mediterranean coasts. The lagoon, situated at the inner side of the Posidonia
reef, is covered by dense Cymodocea nodosa stands and free-living algae (Valonia aegagropila, Rytiphloea
tinctoria and maérl). The only anthropic disturbances affecting the bay seem to be the construction of a
marina and dredging. Considering the biomass values and the surfaces occupied by each community, the
total phytobenthic standing crop of Addaia Bay in summer has been estimated as 1220 t dw (491 t dw if the
below ground biomass of Posidonia oceanica is not considered). Seagrasses account for nearly the 95% of the
total biomass. Average primary production has been estimated to be around 530 g dw m~2 y~!, which empha-
sizes the important contribution of these bays to the total productivity of Mediterranean coastal areas and

the predominant role played by seagrass meadows in these environments.

Introduction

Shallow, sheltered bays are some of the most vulner-
able benthic ecosystems to anthropic disturbances. In
fact, undisturbed sheltered bays are extremely rare in
the northwestern Mediterranean, since they have
been favourite sites for human settlement from pre-
Roman times and at present they are preferential
places for touristic development (Boudouresque et al.
1985).

Seagrass meadows dominate the benthic assem-
blages of Mediterranean, non-heavily disturbed, shel-
tered bays. The development and long-term suc-
cession of these meadows is well documented (Molin-
ier and Picard 1952, Pérés and Picard 1964, Augier
and Boudouresque 1970, Boudouresque and Meinesz
1982) and several studies have been devoted to the
description of their structure and productivity (e. g.
Bédhomme et al. 1983, Bay 1984, Caye and Meinesz
1985, Pérez and Camp 1986, Pérez and Romero 1991,
Terrados and Ros 1992, Pergent-Martini et al. 1994,
Marba et al. 1996).

Nevertheless, little attention has been paid to the
cartography of seagrass meadows (Meinesz et al.
1988), although their distribution and extension are
of major importance to determine their relative im-

portance in the functioning of these bays. The avail-
ability of an accurate cartography is also useful for
monitoring eventual changes that can be induced by
human activities (Colantoni et al. 1982).

In this paper we describe and chart the benthic
communities thriving in Addaia Bay, a rather undis-
turbed sheltered bay situated on the northern coast of
Menorca (Balearic Islands). The exceptionally good
conservation of the assemblages found in Addaia are
important as they may represent most of the benthic
communities once widespread in similar habitats
throughout the western Mediterranean.

Materials and Methods

Addaia Bay is a long (2200 m) and narrow (100 to
400 m) irregular, small (85ha) bay located on
Menorca (40°0'0" N, 4°12'0" E) (Fig. 1). In the early
seventies most of the bay was not urbanized except
for some country houses and a small fishermen’s vil-
lage (Na Macaret) situated at the outer western part
of the bay. In the early eighties Na Macaret ex-
panded, and a new urbanization and a small (1.6 ha)
marina were built on the western part of the bay.
Nowadays, 28% of the coastline has been somehow
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Fig. 1. Location of Addaia Bay.

modified (urbanization, marina), and 15% is occu-
pied by grassland. Shrub-dominated Mediterranean
vegetation covers the rest of the non-modified coast-
line, with sparse small forests of Tamarix and patches
of halophile vegetation (Juncus, Arthrocnemum).
Other human impacts include permanent offshore
moorings, the occasional anchorages, and the conse-
quences of boat traffic. The watershed is very reduced
and no perennial freshwater sources flow into the
bay, the innermost part of the bay being occupied by
a salt pan.

Aerial photography and diving observations were
used to make the chart of Addaia Bay, following me-
thods described in Meinesz et al (1981), Ramos
(1984), Boudouresque et al. (1985) and Meinesz et al.
(1988). Bay bathymetry was prepared from a series
of echo-sounder transects spaced at 100 meters inter-
vals. An aerial photograph (Flight Par 3, colour shot
9580, July 1990, scale 1:5000) was used to delimit
different colour and texture patches. The shoreline
and all the boundaries and patches delimited were
transferred to a first draft chart. The bathymetric
transects were examined by snorkeling or SCUBA
diving in September 1995 and the patches identified
in the aerial photograph were attributed to benthic
communities characterized by dominant species and
substrate. Every small patch not crossed by the tran-
sects and the inner-bay deep waters, where aerial
photographs had no resolution, was accurately
scanned by diving. Diving exploration also allowed
segregation of different communites (e. g. dead Posi-

donia rhizome from photophilic algae on rocky sub-
strate) that were not distinguishable on the photo-
graph. Additional boundaries, not apparent on the
photographs, were also traced. This procedure pro-
vided a second draft map, which was corrected and
improved by several new dives in August 1996 to ob-
tain a final map. Surfaces occupied by each com-
munity were estimated after computer preparation of
the final map using CANVAS software for Macin-
tosh.

Macroalgal and seagrass biomass were quantified
for each community from samples collected in
August and September. Shoot density of Posidonia
oceanica (L.) Delile was measured at depths of 0.5,
2.5, 4.5 and 9.0 m by means of 20 quadrats of 20 cm
X 20 cm placed at random in the meadow (Giraud
1977, Boudouresque et al. 1980). Sixteen shoots were
collected at each depth and leaf and epiphyte dry bi-
omass (48 hours at 70 °C) for each shoot was calcu-
lated. Above-ground total plant biomass was
estimated taking into account density and shoot bio-
mass measures. Sampling on Ruppia cirrhosa, Cymo-
docea nodosa, Caulerpa prolifera, and rocky photo-
philic algal communities was performed by collecting
from an area of 400 cm? of seabed using the pro-
cedures described in Boudouresque (1971). On soft
bottoms, the depth of the sediment collected always
exceeded 15cm, so underground biomass was also
removed. The resultant block of macrophytes and
sediment was carried up to the surface, cleaned of
sediment and detritus, fixed in 4% formaldehyde :
seawater, and sorted in the laboratory. Abundance of
each species was quantified as dry biomass (48 hours
at 70 °C) and the number of shoots of the different
seagrass species was counted.

Results
Cartography

Addaia Bay has extensive zones of very shallow water
situated at the end of three different basins. The cen-
tral basin is the longest and most of it has a central,
relatively deep, channel. The western basin has a
similar morphology although being shorter. The east-
ern basin lacks a central channel and ends up in a
shallow, sheltered lagoon (Fig. 2).

Twelve main benthic communities have been con-
sidered to draw the final bionomic chart of Addaia
Bay (Fig. 3). Six seagrass-dominated communities
were distinguished. Pure Posidonia oceanica stands
and Posidonia oceanica patches among dead rhizome
were the dominant communities at the outer part of
the bay, although small areas with Posidonia oc-
curred in the shallows-of the inner central and eastern
basins. A barrier reef of Posidonia oceanica (Molinier
and Picard 1952, Ros et al. 1985) delimited a shallow
lagoon at the innermost part of the eastern basin.
Cymodocea nodosa meadows (mixed with the green
alga Caulerpa prolifera, without Caulerpa, or patchy
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outgrowths between boulders) were dominant at the
inner parts of the three basins, at depths ranging
from 0 to 4 m. A small Ruppia cirrhosa meadow was
found in an extremely sheltered, shallow part of the
central basin. Small areas of dead rhizomes of Posi-
donia oceanica covered by photophilic algae were pre-
sent in the shoals at the entrance of the bay and close
to Na Macaret quay. Stands of Caulerpa prolifera co-
vered some of the muddy bottoms of the central ba-
sin, at depths between 2 and 9 meters. Scattered rocks
and the areas of rocky coastline, between 0 and 2
meters depth, were covered with photophilic brown
and red algae. Littoral muddy bottoms with filamen-
tous blue green algae occurred in a sheltered part of
the lagoon of the eastern basin. Muddy bottoms de-
void of macrophyte development covered extensive
areas in the channels of the western and central bas-
ins. Finally, small patches of sandy bottoms were
found in the more exposed zones near the shoals at
the entrance of the bay, and in the eastern basin.
The total surface covered by each community is
summarized in Table I. Cymodocea nodosa meadows
occupy 44% of the bay, while Posidonia oceanica
beds, healthy or mixed with dead rhizomes, cover

basin 5

100m

I

,': Eastern basin

\ Central
basin

Fig. 2. Bathymetric map of Addaia Bay (depth in meters).

30%. Therefore, seagrass meadows cover nearly the
75% of the bay. Muddy bottoms with or without a
sparse coverage of Caulerpa prolifera account for a

D Posidonia oceanica reef

D Posidonia oceanica
Y| Posidonia/dead rhizome

D Cymuodocea nodosa
E] Cymadocea/Caulerpa
(] cauterpa prolifera
Ruppia cirrhosa
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[[[m Blue green algae
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Fig. 3. Cartography of the sea-bottom communities of Ad-
daia Bay.

Table I. Surface area (in ha) occupied by each phytobenthic
community distinguished in Addaia Bay and represented in
Figure 3.

Community Hectares
Cymodocea nodosa 26.84
Posidonia oceanica 22.61
Cymodoceal Caulerpa 10.01
Caulerpa prolifera 8.70
Mud devoid of macrophytes 8.62
Posidonialdead rhizome 2.75
Dead rhizome 2.55
Sand devoid of macrophytes 1.17
Photophilic algae 0.58
Cymodocea/boulders 0.47
Blue green algae 0.26
Ruppia cirrhosa 0.24
Total surface 84.80

Brought to you by | Swets (Swets)
Authenticated | 172.16.1.226
. Download Date | 5/2/12 1:10 PM



526 G. Ribera et al.

high 20%, while the other communities only account
for the remaining 5%.

Description of communities

At least three kinds of Posidonia oceanica meadows
can be distinguished in Addaia Bay according to their
morphological features. The Posidonia barrier reef lo-
calized at the end of the eastern basin and the
shallow patches of Posidonia thriving in sheltered
areas of the central basin have an irregular struc-
ture, with raised and sunken parts covered with
Posidonia or dead rhizome; their density averages
600 shoots m~2 and leaves are heavily colonized by
epiphytes in summer (Table II). Meadows situated
at depths ranging from 2 to 12 meters are continu-
ous and patches of sand or dead rhizome are rare;
their density ranges from 950 shoots m~2 in shallow
waters to 240 shoots m~2 in deep waters; epiphyte
biomass is the highest in meadows at intermediate
depths (Table II). In some shallow areas shoots of
Posidonia are scarce and dead rhizome, overgrown
by photophilic algae, dominate. There are also
some meadows that develop in the steep channel
slopes of the central basin, where shoot density is
patchy and usually very low.

Three kinds of Cymodocea nodosa meadows can
also be distinguished depending on their dominant

Table Il. Average above-ground biomass, epiphyte bio-
mass, and shoot density at different depths, in the Posidonia
oceanica meadows from Addaia Bay in summer.

Posidonia oceanica 0.5m 25m 45m 95m

Leaves and sheaths 674 1205 607 337
(g dwm™2)

Epiphytes (g dw m™?) 315 164 272 80

Shoots m™2 606 952 531 235

Data estimated from measures in 20 quadrats of 20 cm
X 20 cm.

species composition. Pure Cymodocea stands have
the highest density and biomass (Table III). Cymodo-
cea nodosa coexists with Zostera noltii in some parts
of the inner part of the central basin and Zostera
even can be the dominant species in some areas.
However, there are no pure Zostera beds in Addaia.
Shoot density and biomass of these species in these
mixed meadows are highly variable (Table III). Cym-
odocea nodosa can also constitute mixed meadows
with Caulerpa prolifera that can be considered as
a transition between Cymodocea stands from very
shallow waters and the muddy bottoms with Cau-
lerpa prolifera thriving in relatively deep waters;
density and biomass of Cymodocea is usually high
(Table III). Other species that are occasionally
abundant in these Cymodocea meadows are the
green algae Halimeda tuna, Valonia aegagropila and
Chaetomorpha linum, and the red algae Rytiphloea
tinctoria, Lithothamnion corallioides and Alsidium
corallinum (Table IV).

Although the distribution of Ruppia cirrhosa is
very reduced (Fig. 3), the meadow is well delimited
and has a very high shoot density. The total biomass
of the community amounts to 280 g dw m~2 (Table
IV). Some shoots of Cymodocea nodosa can also be
present. Cladophora liniformis was abundant in Sep-
tember 1995 (Table IV) but Chaetomorpha linum and
blue green algae bloomed in August 1996 completely
removing the above-ground biomass of Ruppia
cirrhosa.

Density and biomass of Caulerpa prolifera in the
communities dominated by this species is very vari-
able since there are all the possible situations from
dense stands thriving in compact sediments to muddy
bottoms almost devoid of Caulerpa. Species compo-
sition and abundances of dense stands are given in
Table IV. Caulerpa prolifera is always the dominant
species although the seagrass Zostera noltii and Cym-
odocea nodosa are usually present. Other abundant
macroalgae are Cystoseira ercegovicii, Cladophora va-
gabunda and Cladophora rupestris.

Table III. Minimal, maximal and average shoot biomass, rhizome biomass, root biomass, and shoot densities for stands
of Ruppia cirrhosa, Cymodocea nodosa and Zostera noltii from Addaia Bay.

Ruppia cirrhosa  Cymodocea Cymodocea Cymodocea Zostera noltii
nodosa pure nodosa with nodosa with with Cymodocea
Zostera Caulerpa
n=2 n=3§ n=4 n=3 n=3
Leaves and sheaths 106—185 (146) 95— 240 (133) 13— 90 (49) 27~ 109 (75) 18— 54 (31)
(g dwm™?)
Rhizomes 59—105 (82) 99— 397 (219) 18—-223 (146) . 148— 223 (182) 15— 44 (32)
(g dwm™) .
Roots 16— 24 (20) 59— 349 (154) 6— 60 (33) 9— 59 (42) 6— 31(19)
(gdwm™) ,
Shoots m~?2 9425 1000—2325 (1656) 75—1750 (394) 200-1550 (833)  200—1600 (875)

n = number of samples collected.
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Table IV. Species composition and average biomass (g dw m~2) for Ruppia cirrhosa, Cymodocea nodosa and Caulerpa

prt_:lifera meadows, and macroalgal stands on rocky substrata or dead rhizome of Posidonia oceanica dominated by Cysto-
seira spp. or Padina pavonica.

Ruppia Cymodocea  Caulerpa Cystoseira  Padina

n=2 n=14 n=3 n=7 n=2
Alsidium corallinum C. Agardh - 1.53 1.44 1.79 -
Alsidium helminthochorton (La Tourette) Kiitzing - - - 20.30 -
Amphiroa rigida Lamouroux - - - - 9.03
Anadyomene stellata (Wulfen) C. Agardh - - - 1.64 0.81
Caulerpa prolifera (Forsskél) Lamouroux - 6.68 147.84 9.78 -
Cladophora echinus (Biasoletto) Kiitzing - - 0.80 - -
Cladophora liniformis Kiitzing 15.80 - - - -
Cladophora nigrescens Zanardini ex Frauenfeld - - -~ 1.99 -
Cladophora prolifera (Roth) Kiitzing - - - 0.51 -
Cladophora retroflexa (Bonnemaison) Crouan - 0.13 - - -
Cladophora rupestris (L.) Kiitzing - 1.02 4.20 - -
Cladophora vagabunda (L.) Hoek - - 524 - -
Cladophora sp. - - - 0.04 -
Cladophoropsis monodensis (Kiitzing) Reinbold - 0.27 - - -
Corallina granifera Ellis et Solander - 0.36 - 305.05 0.71
Cryptonemia lomation (Bertoloni) J. Agardh - - - 0.02 -
Cymodocea nodosa (Ucria) Ascherson 16.89 420.95 12.01 - -
Cystoseira compressa (Esper) Gerloff et - - - 30.88 24.17
Nizamuddin v. pustulata Ercegovic

Cystoseira crinita (Desfontaines) Bory ex Montagne - - - 948.50 -
Cystoseira ercegovicii Giaccone - 0.53 6.62 119.25 -
Cystoseira sp. - 0.95 - 72.77 -
Chaetomorpha linum (O. F. Miiller) Kiitzing - 2.88 - - -
Dasycladus vermicularis (Scopoli) Krasser - - - 10.35 8.58
Delesseriaceae unidentified - - - 0.12 -
Dictyopteris membranacea (Stackhouse) Batters - - - 0.11 -
Dictyota linearis (C. Agardh) Greville - 0.05 - 3.08 1.06
Dictyotaceae unidentified - - 0.01 0.48 0.29
Dictyota fasciola (Roth) Lamouroux - - - - 4.72 -
Flabellia petiolata (Turra) Nizamuddin - 0.32 - 1.35 -
Halimeda tuna (Ellis et Solander) Lamouroux - 9.43 - 4.37 38.18
Halopteris filicina (Grateloup) Kiitzing - - - 0.24 -
Halopteris scoparia (L.) Sauvageau - 0.03 - 13.59 26.75
Laurencia gr. obtusa (Hudson) Lamouroux - 0.57 0.05 6.93 -
Laurencia sp. - 0.33 0.19 0.01 -
Lithothamnion corallioides Crouan et Crouan - 8.44 - - -
Lobophora variegata (Lamouroux) Womersley - - - 4.53 -
Lophosiphonia reptabunda (Suhr) Kylin - 0.02 - 8.50 -
Nitophyllum punctatum (Stackhouse) Greville - - - 0.01 -
Padina pavonica (L.) Thivy - - - 9.19 208.01
Penicillus capitatus Lamarck - - - 1.13 -
Polysiphonia furcellata (C. Agardh) Harvey - - - 0.34 -
Polysiphonia subulifera (C. Agardh) Harvey - 0.12 - 0.25 0.20
Pseudolithoderma adriaticum (Hauck) Verlaque - - - 5.36 -
Rhodymenia ardissonei J. Feldmann - - - 0.03 -
Unidentified encrusting Rhodophyta - - - 0.75 3.50
Ruppia cirrhosa (Petagna) Grande 247.34 - - - -
Rytiphloea tinctoria (Clemente) C. Agardh = 32.23 0.19 0.10 -
Sargassum vulgare C. Agardh - - - - 1.33
Spermothamnion flabellatum Bornet - - - 0.05 -
Sphacelaria cirrosa (Roth) C. Agardh - - - 15.55 -
Spongites notarisii (Dufour) Athanasiadis - - - 502.39 605.94
Symploca hydnoides Kiitzing - 0.20 - 0.23 -
Valonia aegagropila J. Agardh - 9.95 - 8.27 -
Valonia utricularis (Roth) C. Agardh - - - 0.12 -
Zanardinia prototypus (Nardo) Nardo - - - 2.06 -
Zostera noltii Hornemann - 13.58 20.61 - -
Seagrass biomass 264.23 434.53 32.63 - -
Algal biomass 15.80 76.04 166.59 2116.74 928.54

Total biomass 280.03 510.57 199.22 2116.74 928.54

n = number of samples collected.
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The rocky coastline and the scattered rocky bot-
toms are covered by photophilic algal communities.
Cystoseira species (mainly Cystoseira crinita and Cys-
toseira ercegovicii) and the epiphyte Corallina grani-
fera dominate at shallow depths (0—1 m), while Pad-
ina pavonica dominates in deeper areas. The en-
crusting coralline Spongites notarisii is always the
dominant species in the basal stratum (Table IV).
Species richness is high and the average algal biomass
ranges from 2120 g dw m~2 for Cystoseira-dominated
communities to 930 g dw m~2 for Padina-dominated
communities (Table IV).

Macrophyte cover in sandy and muddy bottoms is
restricted to scattered shoots of seagrasses (Cymodo-
cea, Zostera) and some fronds of Caulerpa. Blue
green algal beds in the eastern basin lagoon are
mainly made up of filamentous species, with no mac-
roalgae or seagrasses present.

Discussion

Cartography of shallow, highly patchy, benthic com-
munities is a rather difficult and long task. Sub-
sequently, detailed bionomic charts of coastal areas
are very scarce in the Mediterranean. They are usu-
ally restricted to marine reserves or national parks
such as Port-Cros (Augier and Boudouresque 1970,
1976), Medes islands (Gili and Ros 1985), Nueva Tab-
arca (Ramos 1985), Columbretes islands (Garcia
Carrascosa 1987) or Elbu Bay (Meinesz et al. 1988),
coastal lagoons (Pérez-Ruzafa et al. 1989), harbours
(Pergent et al. 1991), or noteworthy underwater bio-
genic structures (Boudouresque et al. 1985). Addaia
Bay is an excellent example of an enclosed bay with
a broad representation of the major benthic Mediter-
ranean communities thriving in sheltered shallow
areas. Cymodocea nodosa is restricted to sedimentary
bottoms from sheltered areas not occupied by Posi-
donia oceanica, which prefers open areas. Cymodocea
nodosa beds also colonize dead rhizomes of Posidonia
oceanica in the shallow lagoon at the inner part of
the eastern basin and in the margins of the central
basin, in agreement with the hypothesis of the Posi-
donia barrier reef formation (Pérés and Picard 1964),
and in accordance with Posidonia and Cymodocea
ecological requirements (den Hartog 1970). Zostera
noltii is always mixed with Cymodocea nodosa in very
shallow areas and never forms pure stands, as has
been found in other Mediterranean bays and lagoons
(e. g. Molinier and Picard 1953, Hoek 1960, Augier
and Boudouresque 1970, Pérez and Camp 1986).
Ruppia cirrhosa meadows are restricted to the most
sheltered areas where fluctuations in temperature and
salinity may be higher, also in accordance with its
eurybiontic attributes (Verhoeven 1979). Finally,
Caulerpa prolifera preferentially develops in muddy
areas with low Cymodocea and Zostera coverage, as
indicated by Meinesz (1972).

The existence of a well-developed Posidonia ocean-
ica barrier reef is noteworthy, since most of these for-
mations have disappeared or are in clear regression
all over the Mediterranean due to pollution, dredging
or other anthropic disturbances (Augier and Boudou-
resque 1970; Boudouresque et al. 1975, 1980, 1985).
The structure of the reef and the adjacent lagoon is
similar to the structure described for the Port-Cros
formation (Augier and Boudouresque 1970). How-
ever, some differences can be pointed out. The lagoon
is very extense and shallow, with a maximum depth
above 1 m, and it is covered by a luxuriant meadow
of Cymodocea nodosa. The absence of silty sediments,
even in the shallowest parts, probably accounts for
the lack of a Zostera noltii meadow at the inner part
of the lagoon, since this species preferably thrives on
silt and mud (Pérés and Picard 1964). The lack of
freshwater inputs into the lagoon also prevents the
development of Zostera noltii, since the speed and
rate of success of germination are increased by per-
1ods of low salinity (Hootsmans et al. 1987, Loques
et al. 1990). There is a great development of bentho-
pleustophytes (mainly Valonia aegagrophila, Ry-
tiphloea tinctoria and Lithothamnion corallioides)
which lie below the leaves of Cymodocea nodosa.
Similar populations are also found in other parts of
the central basin of Addaia, always on Cymodocea
bottoms with sand or gravel, as previously described
from lagoons and coastal valleys from Italy (Calvo
et al. 1982, Giaccone et al. 1994).

Shoot densities of Posidonia oceanica recorded in
Addaia (Table II) are similar to those recorded in
Medes Islands or Port-Cros (Romero 1989, Pergent-
Martini and Pergent 1994), but rather low when com-
pared to other meadows (Pergent-Martini and Per-
gent 1994). Epiphyte biomass is also similar or higher
than other values reported in the literature (Thélin
and Bédhomme 1983, Mazzella and Ott 1984, Balles-
teros 1987, Romero 1988). Living root and rhizome
biomass, although not measured in our samples, can
be roughly estimated as 3050 g dw m~2, taking into
account the average below-ground biomass of shal-
low (above 13 m) Posidonia oceanica meadows meas-
ured in Ischia (Romero et al. 1992) and Medes Is-
lands (Mateo 1995). Shoot densities (1000—1900
shoots m~2) and biomass (up to 170 g dw m~?) of
Cymodocea nodosa are also in the ranges reported
from other meadows (Pérez and Camp 1986, Peduzzi
and Vukovic 1990, Terrados and Ros 1992, Reyes et
al. 1995). On the contrary, Zostera noltii densities
(200—1600 shoots m~2) are lower than those re-
ported by other authors (Pérez and Camp 1986, Ver-
maat et al. 1987, Lent et al. 1991, Vermaat et al. 1993,
Pérez-Llorens and Niell 1993), probably because Zo-
stera always constitutes mixed meadows with Cymo-
docea in Addaia. Although seasonal and interannual
variations in biomass of Ruppia cirrhosa are very im-
portant, our biomass measures from September 1994
in Addaia, are higher than those found in northern
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Table V. Estimates of total plant (seagrass and algal) bio-
mass of the different phytobenthic communities from an
areal basis (g dw m~2) and for the whole Addaia Bay (t dw),
considering the area occupied by each community. Area oc-
cupied by the communities Posidonia/dead rhizome and Cy-
modocea/boulders (see Table I) have been considered to esti-
mate the total area covered by Cymodocea nodosa, Posi-
donia oceanica and Dead Rhizome.

Community Surface Biomass Total
Biomass
(ha) (gdwm™2) (tdw)
Cymodocea 37,08 511 189.3
Posidonia 0—4 m 14,95 4231 632.5
Posidonia 4—12m 9,04 .. 3700 334.5
Caulerpa 8,7 199 17.3
Dead rhizome 3,93 929 36.5
Photophilic Algae 0,58 2117 12.3
Ruppia 0,24 280 0.7
Total 1223.1

Europe (Verhoeven 1980), and similar to other data
reported from shallow bays and lagoons, also in Sep-
tember, in the Ebro Delta (Spain) (Pérez 1989,
Menéndez and Comin 1989). Biomass of Caulerpa
prolifera (90—190 g dw m™?) is also similar to bio-
mass from other Mediterranean meadows of this
species (Meinesz 1979, Ballester 1985, Ballesteros
1990, Terrados and Ros 1995). Finally, the biomass
of photophilic algae, collected from rocky substrata
or dead seagrass rhizome, is consistent with values
obtained by Ballesteros (1992).

Pollution, unbalanced sediment budgets, and erod-
ing processes (anchoring, digging, trawl fishing)
cause the disappearance of Posidonia oceanica mea-
dows (Meinesz and Lefevre 1978, Pérés 1984), and

the substitution of Cymodocea nodosa meadows by
muddy bottoms, sometimes covered by Caulerpa pro-
lifera or by highly seasonal, abnormal developments
of Ulvales, Cladophorales, Gracilaria, and other
ubiquitous algae (Cecere et al. 1991, Giaccone 1993,
Sfriso et al. 1993, Morand and Briand 1996). Dredg-
ing, trampling and pollution cause the regression of
Posidonia oceanica reefs (Boudouresque et al. 1975).
On shallow rocky areas affected by pollution or ov-
erfishing, the Cystoseira-dominated communities are
substituted by communities dominated by Dictyot-
ales and Corallinales (Ballesteros et al. 1984, Ver-
laque 1987, Hoffmann et al. 1988, Boudouresque et
al. 1990, Giaccone 1993). Thus, according to the
composition and extension of its phytobenthic com-
munities, it can be stated that Addaia Bay is in a
rather healthy condition. The only important an-
thropic disturbance seems to be the marina construc-
tion and the dredging of the marina and of the cen-
tral channel of the main basin, which probably ac-
counted for the die-off of all the vegetation from this
area and the spreading of the muddy bottoms devoid
of macrophytes.

Considering the biomass values and the surfaces
occupied by each community, the total phytobenthic
standing crop of Addaia Bay in summer (August) can
be estimated as 1220 t dw (491 t if below-ground bio-
mass of Posidonia oceanica is not considered) (Table
V). Posidonia oceanica meadows account for most of
the standing crop of the bay (79%), even if below-
ground biomass is not considered (48%). Seagrasses
account for nearly the 95% of the total biomass. A
rough estimate of benthic primary production can be
obtained from the summer biomass values of the
main species, the area occupied by each species, and
the productivity data obtained from the literature
(Table VI). The figure of 459 t dw y~! for the whole

Table VI. Estimates of primary production (per m? and total) of each species or groups of species from the different
phytobenthic communities distinguished in Addaia Bay, considering productivity data from the literature, summer biomass
of the different species (see tables II to IV), and area occupied by each species or groups of species. Differences on the
productivity of leaves, rhizomes, and roots have been taken into account to estimate seagrass production.

Species Community Surface  Pro- Total P and P/B data references

duction  Production

(ha) (g dw tdwy™)

m~2y™")
Cymodocea nodosa Cymodocea 37.08 286 106.1 Pérez (1989), Terrados and Ros (1992)
Photophilic Algae Cymodocea 37.08 76 282 Ballesteros (1992)
Zostera noltii Cymodocea 37.08 31 11.5 Pérez (1989)
Posidonia oceanica Posidonia 0—4 m 14.95 870 130.1 Pergent-Martini et al. (1994)
Posidonia oceanica Posidonia 4—12 m 9.04 470 425 Pergent-Martini er al. (1994)
Epiphytes Posidonia 0—12 m 23.99 240 57.6 Romero (1988), Ballesteros (1987)
Caulerpa prolifera Caulerpa 8.70 270 235 Meinesz (1979)
Photophilic Algae Dead rhizome 3.93 1000 . 39.3 Ballesteros (1992)
Photophilic Algae Rocky substrate 0.58 1700 9.9 Ballesteros (1989)
Ruppia cirrhosa Ruppia 0.24 475 1.1 Pérez (1989)
Total 449.8
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bay represents an average areal production of 530 g
dw m~2y~!, which is rather high when compared to
estimates from other Mediterranean bays (75t0 230 g
dw m~2y~!; Pérez 1989) and similar to the roughly
600 g dw m~2 ~! obtained for the Mar Menor lagoon
(Terrados and Ros 1991). These values emphasize the
important contribution of benthic primary pro-
duction to the productivity of Mediterranean coastal
areas and the predominant role played by seagrass
meadows in these environments.
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