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A b strac t

The M ira estuary is a narrow  entrenched pristine estuary o f  the Ria type, about 30 km long. It com prises an area of 
285 ha of salt marsh, o f  w hich 250 ha have been proposed for reclam ation for aquaculture. D redging, village and 
recreation developm ent m enace the yet undisturbed estuarine ecosystem . To assess the biological im portance o f  this 
w etland, a m ultidisciplinary study was conducted in a part o f the salt m arsh, considered as being representative of 
the whole area. Halophytic vegetation covering 75%  o f  the total salt m arsh site is dom inated by Spartina maritima  
(28%  o f  total vegetation area). Total prim ary production attains 63,766 kg/yr (dw). A  net export o f  1541 kg/yr of 
COM  to the relatively oligotrophic adjacent waters was also found.

Insects and birds are described for the first time in the saltmarsh. M acrobenthic com m unities are dom inated by 
Hediste diversicolor, N epthys caeca  and Scrobicularia plana. T he fiddler crab Uca tangeri attains here its north 
distribution limit. The m ud flats and creeks associated with the salt m arsh act as a  nursery for 40.8%  o f  the fish 
species present.

The food w eb is dom inated by dctritivorous species like the grey mullets. The results obtained in this study 
support the need for an effective conservation o f  this area.

In tro d u c tio n

Salt m arshes are generally considered as being among 
the m ost productive ecosystem s in the world (M itsch 
and Gosselink, 1993). T heir high prim ary production 
has been, from  the beginning, presum ed to  be exported 
to adjacent estuarine and coastal waters.

A ccording to Teal (1962) \ . .  at the sam e tim e the 
tides rem ove 45% o f  the production before the marsh 
consum ers have a chance to use it and, in so doing per­
mit the estuaries to support an abundance o f  anim als’. 
The concept o f  salt m arshes as ‘exporting ecosystem s’ 
in the early 1960’s rapidly becam e an accepted idea 
(Nixon, 1980). O dum  (1980) argued that salt marshes 
produce m ore material than can be stored within the 
system  and the excess is  exported to coastal waters 
where it supports oceanic productivity, the ‘outwelling 
hypothesis’.

These outstanding functional properties have been 
repeatedly used as an argum ent to preserve estuarine 
marshes. T hese views, however, becam e controversial, 
as some European and A m erican researchers found 
salt m arshes to be net im porters instead o f  net export­
ers o f  organic m atter and, eventually, nutrients (Vegter, 
1975; Hackney, 1977; Haines et al., 1977; Lam m ens 
and Van Eeden, 1977; W oodwell et al., 1977; Wolff, 
1977; W olff et al., 1979; D ankers et al., 1984).

In 1984, a proposal was subm itted to the Por­
tuguese D epartm ent of Environm ent, to reclaim  about 
250 ha, (80% ) o f  the existing 285 ha o f  salt marshes 
form ations in the M ira estuary in order to install 
aquaculture tanks (Bettencourt, 1985). A t that time 
there was little inform ation on the fauna and flora 
of the estuary as well as on its ecology. The first 
system atic scientific report appearing only in 1986 
(A ndrade). Therefore, in view of the drastic im plic­
ations of the aquaculture project for the ecological
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Figure  /. T h e  M ira estuary. S3 Salt-marsh.

processes w ithin the estuary and the controversy about 
the outwelling theory, it was decided to postpone any 
decision on aquaculture projects until the necessary 
research has been carried out.

W ith th is goal, some prelim inary work w as done in 
the following years (Costa, 1988). An adequate frame­
work favouring a m ultidisciplinary approach was only 
found, however, within the EEC Project ‘C om parat­
ive Studies o f  Salt M arsh Processes’, which ran from 
1990 to 1992 and aim ed at com paring the functional 
behaviour o f  salt m arshes along the European coast, 
from the W adden Zee to the Portuguese south coast.

We present here results on vegetation, fauna and 
organic m atter and nutrient budgets obtained within 
that Project, and subsequent diversification, for a plot 
o f  the M ira salt marshes which aid in the understand­
ing of the structure and functional role o f  these partic­

u lar ecosystem s in order to support a decision on their 
conservation from  present and future anthropogenic 
im pacts, such as the aquaculture projects.

S tu d y  site

T he M ira in the southwest Portugal is a narrow incised 
estuary about 30 km  long, 150 m w ide in the lower part 
and 100 m in the upper reaches (Figure 1). The salt- 
w edge reaches O dem ira in sum m er and the dynam ic 
tide goes up in the  estuary for m ore than 15 km up ­
stream  o f this city (Bettencourt and M atos, 1988). In 
the selected saltm arsh site (Figures 1 and 2) the mean 
tide range is 2.4 m  and salinity varies between 15%o 
and 35%o. The m arsh, depicted in  Figure 2, corres­
ponds on the w hole to a m ature m arsh, its elevation
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F igure  2. T h e  vegetation o f  M ira sa lt m arsh.

varying betw een  -0 .2 0  m an d  +0.70 m  over m ean  high 
w ater level (M H W L). The m ean depth  is abou t 6  m 
w ith a m axim um  o f  13 m eters. M ean freshw ater inflow 
in 1992 w as 7 .13 m 3 s _1 , bu t in  dry years it can be 
close to  zero.

It is a  R ia  Type estuary (Fairbridge, 1980) bordered 
by 285 ha o f  salt-m arsh. T he tem perature o f  w ater var­
ies betw een 8  °C  and 11 °C  (w inter) and 2 0 -2 1  °C  
(sum m er). The insolation is  about 2950 hours per 
year (J.E .N . 1972). W ith the exception o f  a d am  co n ­
structed som e 50 years ago, 50 km  upstream  o f  the 
river m outh , the estuary is relatively  undisturbed and 
free from  industrial pollu tion. T he m outh is affected, 
m ainly during  the sum m er tourist season, by  the do­
m estic pollu tion com ing from  Vila N ova de M ilfontes, 
a very popu lar holiday village.

In o rder to  understand the structure and func­
tioning o f  the  salt-m arsh w e chose a  study site loc­
ated 4  km  from  the m outh o f the estuary. The site 
was chosen for its accessibility, confinem ent charac­
teristics and represen tativeness o f  h igher vegetation 
(B ettencourt et al., 1992a).

M ethods

F rom  D ecem ber 1990 to  M ay 1992, 27 tidal cycles 
w ere surveyed in the M ira salt m arsh site to  establish 
carbon , suspended  m atter and nutrien t budgets. T his 
covers a  w ide  range o f tides including 10 spring, 7 
average and 8  neap  tides. A significant part o f  these 
surveyed cycles were consecutive to  allow  for the 
eventual asym m etry  o f the tide.

Sam ples fo r am m onia, n itrate, nitrite, K jeldahl 
n itrogen , silicate, total and dissolved phosphorous, 
coarse  organic m atter and suspended  solids were taken 
by  standard  procedures, every half-hour along the tidal 
cycle , p reserved  and analysed by standards procedures 
(B ettencourt et al., 1992b).

T idal cycles w ere  integrated by the trapezoidal 
ru le , the concentration  o f the d ifferen t param eters hav­
ing  been prev iously  interpolated to  provide fo r a tim e 
in terval o f  D t =  15 m inutes. A rough annual budget 
w as com puted fo r  each p aram eter according to  the 
fo llow ing equation:

n e t b u d g e t  f o u n d  

n u m b e r  o f  c y c le s  s u r v e y e d  

x 7 0 6  t id a l  c y c le s  =  a n n u a l b u d g e t
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Table I . D istribution o f  the m ain  plant form ations in 
the studied sa lt m arsh  (A dapted from  B ettencourt c t al., 
1992a).

Form ation A rea

i r r c/c halophytic

S. m aritim a  (low  form) 745 6 37.8

A. perenne 2308 11.7

S. m aritim a  +  A. perenne 1720 8.7

S. m aritim a  (ta il form ) 5726 29.0

O thers (halophytic) 2529 1 2 . 8

Total halophytic 19738 1 0 0 . 0

N on -  halophytic 625 6

Total m apped 25994

F or som e param eters that presented a good seasonal 
coverage net-w eighted seasonal and annual budgets 
w ere further com puted averaging the net budgets o f 
spring, ordinary and neap tides for each season and 
m ultiplying by the num ber o f  spring, ordinary and 
neap tides occurring in each season (D am e et al., 
1986). T he annual budget w as obtained by the sum ­
m ation o f  the seasonal budgets.

For vegetation analysis (Figure 2), four sampling 
sites w ere selected according to the vegetation zona­
tion:

Site I: Spartina m aritima  (Low  form)
S i te II : A  rthrocnemum perenne
Site III: S. m aritim a  m ixed w ith A. perenne
Site IV: 5. m aritim a  (Tali form)

In all sectors. 0.25 x  0.25 m  (1/16 n r )  quadrats were 
used. In order to calculate the prim ary production 
paired  plots w ere clipped according to the W iegert and 
Evans technique (1964). H arvesting and processing o f 
vegetation was carried out follow ing Kirby and Gos- 
selink (1976). Tissues o f  Arthrocnem um  perenne  were 
separated into succulent and  non succulent parts. The 
benthic com m unities were studied taking four replic­
ates from th ree diferent sites at depth o f  2 0  cm  using 
a  cylindrical corer 12 cm  in diameter. Insects were 
caught by hand with a  sw eep net and a  M alaise trap 
(200m m  in height) fo r a period o f  6  days in  spring. All 
captured anim als were identified to order level and, in 
the case o f  C oleoptera and H ym enoptera to family or 
subfam ily level. The fish w ere caught m onthly over 2 
years in eight sam pling sites in the zone bordering the 
salt m arsh including those close to the creek. A bcam-

trawl (1.7 m  wide; 10 m m  m esh size; 15 m inutes per 
tow) w as used to cover an area o f  1 0 0 0  n r  at each 
site. B ird-w atching transects w ere also  done. In order 
to study the food web, the stom ach contents o f  the 
anim als caught w ere analysed. In the case o f  benthic 
species, w e m ade only a  qualitative analysis.

Results and discussion

Vegetation

The salt m arsh occupies, in the w hole estuary, an area 
o f  285 ha estim ated from  aerial photographs. Table 1 
shows the distribution o f  the m ain plant form ations 
by studied salt m arsh area.In F igures 3 and 4 w e can 
see the m onthly variation o f  standing living and dead 
biom ass in 1990-91 fo r A rthrocnem um  perenne  and 
Spartina m aritim a .

S. maritima, in contrast to northern salt m arshes, 
does not display a  well defined seasonal pattern, w hich 
suggests the continuous growth all year round. This 
can be explained m ainly by the ro le o f  tem perature 
in the processes o f  production and decom position. In 
fact, in the M ira salt m arshes, the tem perature during 
w inter does not fall to values lim iting growth.

The variation pattern betw een sectors o f  A rth ­
rocnem um  perenne , w as very stable with great differ­
ences in biom ass (attain ing 2,500 g  m - 2  in sector II 
against 500  g m - 2  in sector III).

Net aerial prim ary production (N A PP) for Spartina  
m aritim a  in three different sectors shows the occur­
rence o f  high productivity values (2698.2 g m - 2  y r_l 
for sector I; 3915.1 for sector III and  5915.3 for sector 
IV).

T hese data are o f  the sam e o rder o f  m agnitude of 
those obtained by different authors in other species o f 
Spartina  in U.S.A. (Table 2).

Im port/Export

T he ‘outw elling hypothesis' developed by A m erican 
ecologists has been generally  accepted fo r a w hile. It 
states that salt m arshes produce m ore that they can 
consum e, exporting organic m atter and nutrients to 
adjacent coastal waters. D espite the lim itations o f  this 
type o f  approach (B ettencourt et al., 1994a), some 
trends may be detected in term s o f  exchange o f  carbon 
suspended m atter and  nutrients in the M ira salt marsh 
site (Table 3). T he above m entioned trends, on an an­
nual base, are as follows. There is im port o f  oxidized 
forms o f  nitrogen (N O 3  +  NCb), suspended sedim ent
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F igure 3. M onthly variation o f  stand ing  living and  dead  biom ass for A rth ro cn em u m  perenne. (B ars represent standard  deviation).

(SS), particu late organic m atter (POM ), particulate 
phosphorous (PP), total d issolved phosphorous (TD P), 
total phosphorous (TP) and possibly orthophosphate 
(PO 4 ). T here is export o f  d issolved organic nitrogen 
(D O N ), coarse organic m atter (C O M ) and possibly 
d issolved organic carbon (D O C ). A relative equilib ­
rium  ( < 1 0 % net) is found fo r am m onia, total nitrogen 
and silicate. Particularly in teresting is the fact that ex ­
ports o f  D O N  m atch the im ports o f  N O 3  + N O 2 . Some 
fu rther seasonal trends m ay be detected  (Table 3 and 
4): there is export o f N O 3  in spring and im port dur­
ing the rest o f the year. T he sam e happens with NH 4 . 
Total nitrogen as w ell as silicate are exported in w inter 
and spring and im ported  in sum m er and fall, which 
suggests assim ilation by prim ary producers (Serôdio

et al., 1992). PO4 is exported in w inter and im ported 
in sum m er w ith relative equilibrium  in spring and fall. 
T D P  and T P  are exported in w inter and im ported in all 
o th er seasons, suggesting that the contribu tions o f PP 
and T D P  sm ooth out, to  a certain extent, the pattern 
observed fo r PO4.

In F igure 5, the concentration o f  C O M  in flood 
and ebb at several tides during  the y ear is presented. 
A clear correlation  was found betw een the transport 
o f  C O M  and tidal range (r =  0 .61) (Figure 6 ) but 
despite that correlation o ther factors, eventually  sea­
sonally  determ ined, seem  to have m ore influence on 
that transport (D am e and Stillwell, 1984, B ettencourt 
e t al., 1992b).
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F igure 5. C oncentration  o f  C oarse O rgan ic M aner (C O M ) in  flood and ebb  at several tides.

Table 2. C om parison  o f  N A P P  estim ates ob ta ined  in  the present 
s tudy w ith those o f  published studies, (adapted from  B ettencourt 
e t al., 1992a).

Source Location Species N A PP

estim ates

g m - 2 yr - 1

Kirby and G osselink Louisiana. Spartina 1323-2654

(1976) USA alterniflora

H opkinson ct al. Louisiana. Spartina 5812

(1980) USA patens

H opkinson et al. Louisiana. Spartina 2 1 0 0

(1980) USA alterniflora

D ickerm an et al. M ichigan. Typha 2266-2762
(1986) USA latifolia

T his study M ira E st., Spartina 2698-5915

Portugal m aritim a

POM  attains concentrations betw een 5.8 and 
45 m gl- 1 . For the en tire  set o f  observations from 
D ecem ber 1990 till M ay 1992, in 15 ou t o f  21 tides, 
there is im port o f POM  w ith som e export in spring and 
fall, and a  net import o f  213 Kg o f  PO M  represent­
ing 14% o f  the material transported in the flood (1490 
Kg). T he different pattern  o f  CO M  and POM can be 
explained by the different sedim entary behaviour o f  
the two fractions. DOC was m easured on only one

Table 3. A nnual budgets o f  nutrients.

A nnual budgets

Sim ple W eighted seasonal

Net (g) %  Flood N et (g) %  F lood g/m 2/y r

n o 3 54362 35 242281 2 2 1 . 6

n o 2 3978 26 2339 25 0.16

N H 4 7738 3 3227 1 0 . 2 2

DON -4 6 8 7 8 72 / / -3 .1

TD N -5 1 5 4 2 / f -0.3

PON 62340 44 / 1 4.1

T N 19285 2 28416 4 1.9

PO 4 -1 1 3 0 3 2901 9 0.19

T D P 7554 9 10136 13 0 . 6 8

PP 24428 33 25174 33 1.7

T P 260065 19 29025 2 1 1.9

S i0 4 -2 1 1 8 0.3 -1 6 0 1 7 2 1 . 1

SS 46483 25 50537 31 3400

COM -1 5 4 1 24 / / 0 . 1

D O C -2 8 2 4 70 / / -1 8 8

occasion. It ranged betw een 97 and 170 /¿m ol- 1 , con­
centrations being higher in the ebb than in the flood, 
w hich led to an export o f  0.4 Kg o f  DOC.



Table 4. W eighted seasonal budgets for the M ira salt 
m arsh  site. (A dapted from  B ettencourt e t a l.. 1994).

A nim al com m unities

Season Im port E xport N et budget

W inter 30466

N 0 3  (g)
-2 5 8 6 7 4 5 9 9

Spring 17913 -2 1 3 7 2 -3 4 5 9

Sum m er 28248 -1 6 8 5 2 11396

Autum n 35563 -2 3 8 1 8 11745

W inter 2784
n o 2  (g) 
-1 8 6 0 924

Spring 1369 -1 3 5 0 19

Sum m er 1892 -1 2 5 4 638

A utum n 3351 -2 5 9 3 758

W inter 8542

N H 4  (g)
-8 3 7 2 165

Spring 11180 -1 4 0 8 7 -2 9 0 7

Sum m er 246972 -2 4 5 3 8 8 21584

A utum n 45281 -4 0 8 8 6 4395

W inter 5587
P 0 4  (g)
-9 3 1 2 -3 7 2 5

Spring 2505 -2 5 0 2 0

S um m er 15400 -8 9 7 6 6424

A utum n 7374 -7 1 7 2 2 0 2

W inter 17776

T D P  (g)

-2 1 2 9 7 -3 5 2 1

S pring 22058 -1 8 5 8 9 3469

Sum m er 26708 -1 8 6 1 2 8096

A utum n 14678 -1 2 5 8 6 2092

W inter 22589

T P (g )

-2 3 4 4 5 -8 5 6

Spring 31976 -2 4 4 1 2 7564

S um m er 53856 -3 9 6 8 8 14168

A utum n 27500 -19351 8149

W inter 15165

P P (g )

-11411 3754

Spring 19580 -1 1 5 2 8 8052

S um m er 28160 -2 1 0 7 6 7084

A utum n 13944 -7 6 6 0 6284

W inter 50918

S S  (K g) 

-4 1 9 2 3 8995

Spring 33180 -26661 6519

S um m er 51397 -2 1 2 0 8 30184

A utum n 25434 -20595 4839

W inter 25187

S i 0 4  (g)

-278 7 8 0 -2 8 5 9 3

Spring 136863 -1 4 1 8 1 0 -4 9 4 7

Sum m er 195800 -1 9 4 9 2 0 8 80

A utum n 1857891 -1 7 1 2 4 8 10643

W inter 124690

T N  (g) 

-145 4 2 8 -2 0 7 3 8

Spring 61907 -7 5 7 0 3 -1 3 7 9 6

Sum m er 59840 -9 5 0 4 5 03 3 6

A utum n 487374 -4 7 4 7 6 0 12614

Salt m arsh plants have been well studied, however, 
little is know n in Europe, about anim al com m unities. 
A s this was the first attem pt to study these com m unit­
ies in the M ira  salt m arshes, w e began by m aking a 
m acro benth ic  and fish study, and an inventory o f  the 
insects.

Insects

C aptures w ere m ade during spring and sum m er 
(Table 5). A fter capture, all anim als w ere identified 
to the o rder and  fam ily o r subfam ily w hen possible. In 
sum m er the population o f  insects increased signific­
antly. Insects fro m  eight orders were caught. T he most 
representative orders w ere D iptera (169 individuals in 
spring, 216 in sum m er). H ym enoptera (28 in spring, 
70  in sum m er) and C oleoptera (12 in spring , 61 in 
sum m er).

Insects p lay  an im portant role in salt m arsh  ecosys­
tem, by  grazing  or sucking on  vascular p lants. M any 
o f  the C oleoptera fam ilies need a  habitat w hose char­
acteristics are  particularly well represented in the  salt 
m arsh. The m ajority  o f  the species live as larvae and/or 
adults in dead and wet decom posing m aterial o f  plants 
o r anim als. H ym enoptera fam ilies caught in the  salt 
marsh com prise m ainly parasites, a few predators and 
alm ost no  gatherers. Lepidoptera and T hysanoptera 
suck m ainly nectar o r cell sap.

B enthic fa u n a

M udflats ad jacent to salt m arshes are  dom inated  by 
H ediste d iversico lor  and N epthys caeca  populations 
and in low er parts by Scrobicularia p lana. T h is b i­
valve w as observed  both  in the m udflats and  salt 
marsh creeks. In the  salt m arsh and ad jacent m ud­
flats there are  3 species o f  crabs: Carcinus m aenas. 
Pachygrapsus m arm oratus  and Uca tangeri, w hich at­
tains here in the M ira esluaiy  the northern lim it o f  its 
distribution.

Bertness (1992) found in teractions betw een an­
other species o f  fiddler crab  Uca puynax  and  the 
growth o f  Spartina  alterniflora. H e noticed that U. 
puynax  is m ost abundant in stands o f  the tali form  o f 
S. alterniflora  w here the substrate is sufficiently co ­
hesive fo r burrow s to  be m aintained, but w here root 
density is low er than in stands o f  the short form  o f  this 
plant. A ssessm ent o f  sedim ent properties show ed that 
crab burrow s increased soil drainage, soil oxidation
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and the decom position o f below -ground debris. Bert- 
ness (1992) suggested the existence o f  a facultative 
m utualism : in soft sedim ents w here burrow s could not 
otherw ise be m aintained, the invasion o f  S. alterniflora  
and the presence o f  roots and rhizom es increases sedi­
m ent fitness and allows the crabs to burrow. At higher 
elevations, burrow ing activity creates soils conditions 
favouring plant productivity and prevents the estab­
lishm ent o f a  root mat. In elevated but poorly drained 
sites, the dense root mat in short-form  Spartina  stands, 
precludes crab burrowing. Uca tangeri in the M ira has 
the sam e pattern o f distribution and w e suppose it has 
a sim ilar role in environm ental interaction.

The density and biom ass o f  the ragw orm  H. diver­
sico lor  is shown in F igures 7 and 8 . B oth presented 
sim ilar pattern o f  variation with a m inim um  in Febru­
ary and a m axim um  in June. M onthly average biomass 
o f  1.99 g m - 2  (0.1 to 6 .4  g m - 2 ) is m uch lower 
than that obtained by o ther authors: Essex -  13.1 g 
m “ 2 (H um phreys, 1985), Loire -  16.0 g m “ 2  (Gillet, 
1990), Cantabrio S e a - 4 .2 8  to 11.61 g m - 2  (Sola and 
Ibañez, 1990). T hese low values are probably due to a 
high mortality in July, as m ost anim als die in the end at 
the reproductive period, together with an exceptionally 
dry year.
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Figure 8. M onthly  biom ass (g/m 2 ) o f H ediste  diversicolor.

Fish

The fish com m unity w as studied throughout the es­
tuary, because juven iles o f  m ost com m ercial species 
inhabiting adjacent w aters can  use the estuary, salt 
m arshes and adjacent m udflats as nursery grounds.

F ishes caught in this zone are shown in Table 6 . 
They w ere divided in resident species that accom ­
plish all the life cycle in the estuary (R); fishes that 
use the  estuary as a nursery (N ); anadrom ous m i­
grants (A M ); catadrom ous m igrants (CM ); m arine 
occasional m igrants (O M ) and freshw ater occasional 
m igrants (OF). From  the 49  species existing in the 
estuary 14 are resident and 2 0  use the estuary as a 
nursery. T he m ost abundant species (total num ber o f 
individuals) is the resident toadfish H alobatrachus d i­
dacty lus  (Schneider) a benthic fish inhabiting coastal 
and estuarine shallow  w aters w ith  a distribution range 
from  Portugal to the coast o f  Ghana.

In sp ite  o f  econom ical value and abundance o f  the 
toadfish in south eastern latitudes, very few studies o f 
this species exist. (Cardenas, 1977; C osta, 1993). It 
is a  sensitive species which num bers have decreased 
gradually  in the Mira. The toadfish has two differ­
ent patterns in the estuary: juveniles ( < 1 2 0  m m ) were 
m uch m ore  abundant in upper m iddle estuary and 
adults in  the low er m iddle estuary. The salt m arsh site 
is v isited  by both, w ith a density o f  1796 ( ±  74  SE) 
ind/ha fo r adults and 74  ( ±  34  SE) ind/ha for juveniles 
(these densities were calculated directly  from  captures 
as catches per hectare).

G rey m ullet are represented in the M ira estuary 
by five species. Liza aurata  (R isso) appears near the 
river m outh, Chelon labrosus (R isso) is present in the 
four estuarine areas, L. saliens  (R isso) occurs only 
in relation  to salt m arsh areas and L. ram ada  (Risso) 
clearly prefers the upper estuary. M ugil cephalus  (L.)

was rarely  caught, but it seem s to p refer the salt m arsh 
and upper estuarine sites (A lm eida, 1996).

A m ong the o ther species that use the estuary as 
a nursery the m ost im portant in the salt m arsh is the 
com m on sole Solea  vulgaris (Q uensel), w hich attains 
very high population densities during spring and sum ­
m er w hen large num bers o f  small individuals were 
captured.

T he juv en iles  o f  sea-bass D icentrarchus labrax  
(L .) are a lso  com m on in the estuary, in late sum m er 
and early  fall. Sparids are represented by the sea -  
bream  D iplodus vulgaris  (E .G . Saint-H ilaire), and the 
w hite sea-bream  D iplodus sargus  (L.). T he gilt-head 
Sparus aurata  (L .) and the salem a Sarpa salpa  also 
visit the sa lt m arsh, especially in the winter.

Birds

W e have observed 10 species o f  birds visiting the  salt 
m arsh  (Table 7). T his sm all num ber com pared with 
the o th e r European salt m arshes m ust be related to 
the physiography o f  the estuary and the salt m arsh. In 
fact the sa lt m arsh is ra ther sm all and borders the river 
banks in a narrow  valley w ith steep m argins.

N ursery grounds

O ne o f  the  m ost im portant role o f  estuaries is to act 
as a nursery area fo r m any species. The youngest life 
stages o f  som e m arine fishes use the shallow  and warm 
w aters o f  estuaries fo r initial grow th. There they find 
safety and good feeding conditions, w hich contribute 
to the im portan t role tha t estuaries play in preserving 
stocks o f  som e m arine species. W hat is not ye t c lear is 
the role played by salt m arshes as nurseries. M ost o f 
the w ork on this subject has been done in the U SA , the 
study o f  the role o f  salt m arshes having nevertheless

u v  u v c  Aueeie^. l m í x i  u u /u t u  um oo u j  ummvuio uvui m v o
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Table 5. Insects cap tu red  during spring and sum m er at M ira s ite  (n° 
o f  individuals).

O rder Fam ily/subfam ily Spring Sum m er

Psocoptera 32

H em iptera 1 46
Thysanoptera 13 17

N europtera 4

Coleoptera N ilionidae 4

C hrysom elidae 2 2

C antharidae 4

R hipiphoridae 18

M alachiidae 2 16

Erotylidae 9

C urculionidae 6

A nthicidae 3

Scolytidae 2

B uprcstidae 2

Ceram bycidae 1

Staphylinidae 1

N itidulidac 1

D iptera 169 214

Syrphidae 2

Lepidoptera 17 57
Hym enoptera Ichneum onidae 3

Braconidac 2 3
C ynipidae 2

Tory m  idae 2

Pterom alidae 1 4

Encyrtidae 1

E ulophidac 7 3

A phelinidae 1 1

M ym aridae 19

D iapriidae 3
Scclionidae 4 4

Platygasteridac 4 4
C eraphronidae 1 0

T iphiidae/T iphiinae 1 1

Form icidae/Form icinae 7 4

Sphccidae/Larrinae 2

Sphecidac/Sphecinae 1

Sphecidac/Philanthinae 1

M egachilidae 1 1

A pidae 1

Table 6. F ish species observed at M ira Estuary. (AM  -  A nadrom - 
ous m igrants; C M  -  C atadrom ous m igrants; N  -  N ursery; O M  -  
O ccasional m igrants; O F -  O ccasional freshw ater; R -  Residents).

Species Phenology

T o rp e d o  to r p e d o  (Linnaeus)(clcctric ray) OM □
R a ja  u n d u la ta  Laccpède (undulated ray) OM □
A lo s a  f a l l a x  Laccpède (twaitc shad) A M □
E n g r a u l is  e n c r a s ic o lu s  (Linnaeus) (anchovy) R A
A n g u i l l a  a n g u illa  (Linnaeus) (european cel) MC □
C o n g e r  c o n g e r  (Linnaeus) ( conger eel) N □
H ip p o c a m p u s  h ip p o c a m p u s  (Linnaeus) (sea-horse) R □
H ip p o c a m p u s  r a m u lo s u s  Leach, (sea-horse) R □
N e r o p h is  o p h id io n  (Linnaeus) (straight-nosed pipefish) R □
S y n g n a th u s  a c u s  Linnaeus (great pipefish) R □
S y n g n a th u s  ty p h le  Risso (deep-snouted pipefish) R □
C ilia ta  m u s te la  (Linnaeus) (fivc-bcard rockling) N □
S e r r a n u s  h e p a tu s  (Linnaeus) (rown comber) N □
D ic e n tr a r c h u s  la b r a x  (Linnaeus) (sea-bass) N □
M u llu s  s u m u le tu s  Linnaeus (red mullet) N □
D ip lo d u s  a n n u la r is  (Linnaeus) (anular sea bream) N □
D ip lo d u s  s a r g u s  (Linnaeus) (white sea bream) N A

D ip lo d u s  v u lg a r is  (E.G. Saint-Hilaire) N A

(two-banded sea bream)
D ip lo d u s  c e r v in u s  (Lowe) (zebra sea bream) OM □
D ip lo d u s  p u n ta z z o  (Cetti) (sharpsnout sea bream) OM □
P a g r u s  p a g r u s  (Linnaeus) (common sea bream) N □
S a r p a  s a lp a  (Linnaeus) (salenia) N □
S p a r u s  a u r a ta  Linnaeus (gilthead) N □
S p o n d y lio s o m a  c a n th a r u s  (Linnaeus) (black sea bream) N □
S y m p h o d u s  b a i l lo n i  (Valenciennes) (wrasse) R □
E c h i ic h th y s  v ip e r a  (Cuvier) (lesser weaver) OM □
Gobius auratus Risso (golden goby) R □
G o b iu s  n ig e r  (Linnaeus) (black goby) R A

G o b iu s  p a g a n e llu s  Linnaeus (rock goby) R □
P o m a to s c h is tu s  k n e r i i  (Steindachneri (kner's goby) R □

P o m a to s c h is tu s  m ic r o p s  (Kroyer) (common goby) R A

P o m a to s c h is tu s  m in u tu s  (Pallas) (sand goby) R A

P o m a to s c h is tu s  p ic tu s  (Malm) (painted goby) R □
C a llio n y m u s  ly r a  Linnaeus (dragonet) R A

C h e lo n  la b r o s u s  (Risso) (thick-lipped grey mullet) N o
L iz a  a u r a ta  (Risso) (golden grey mullet) N A

L iz a  r a m a d a  (Risso) (thinlip grey mullet) MC □
L iz a  s a l ie n s  (Risso) (leaping mullet) N □
M u g il  c e p h a lu s  Linnaeus (flat head grey mullet) N □
C y p r in u s  c a r p io  Linnaeus (carp) OF □
A th e r in a  p r e s b y te r  Cuvier (sand smelt) OM o
T r ig la  lu c e r n a  Linnaeus (tub gurnard) N □
L e p id o r h o m b u s  w h iff ia g o n is  (NValbaum) (melgrin) OM □
P s e tta  m a x im a  (Linnaeus) (turbot) OM □
P la tic h th y s  f l e s u s  (Linnaeus) (flounder) N □
M ic r o c h ir u s  a z e v ia  (Capello) (bastard sole) OM □
S o le a  s e n e g a le n s is  Kaup (sen egal sole) N □
S o le a  v u lg a r is  Qucnscl (common sole) N A

H a lo b a tr a c h u s  d id a c ty lu s  (Schneideri (toadfish) R A

□  R are <  1 ind/1000 m 2 .

A  C om m on <  10 and ^  1 ind/m 2 .

O  Very' C om m on >  10 ind/1000 m 2.
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Table 7. B irds observed in M ira estuary.

A rd ea  cinerea (grey heron)

E gretta  garzetta (little  egret)

A n a s p la tyrhynchos (m allard)

G al lim u la  chloropus (m oorhen)

C haradrius dub ius (little  ringed  plover)

P lu v ia lis  squatarola (grey plover)

L im osa  lapannica (bar -  tailed godw it)

Tringa totam us (redshank)

L a rus m elanocephalus (m editerranean guii)

L a ru s  ridibundus (b lack  -  headed guii)

recently been started in Europe (C attrijsse et al.. 1994; 
Costa et al., 1994; K neib, 1997). In M ira it was no­
ticed, com paring  different habitats in the  estuary, that 
salt m arshes act preferentially  as nursery fo r m ost fish 
species (C osta et al., 1994).

Food Web

For food w eb design we divided the  m arsh into three 
m ajor habitats according to M ontague and W iegert 
(1990) and M itsch and G osselink (1993): T he aerial 
habitat w hich is seldom  flooded, a benthic habitat 
the m arsh surface together with lower portions o f  the 
living p lants, and an aquatic habitat -  the marsh 
pools and creeks.

A eria l habita t

T he plants o f  the aerial habitat (m ainly S. maritim a) 
are grazed by herbivorous insects. T hey are also fre­
quented by Lepidoptera and T hysanoptera which suck 
m ainly nectar o r cell sap. In this habitat we can also 
find H ym enoptera w hich are generally  parasites or 
predators on  other insects. Som e beetles are usually 
seen hunting prey on the m arsh surface. Spiders also 
inhabit the salt m arsh and are predators on insects. F i­
nally, a  sm all num ber o f  b irds graze the vegetation or 
feed on fishes or crustaceans, and also the m icro and 
meiofauna.

Benthic habita t

W hen plants, m ainly S. m aritim a, die, they decom ­
pose and en te r the detritus pathway. M icrobial fungi 
and bacteria  are prim ary consum ers w hich are preyed 
on by m eiofauna, including small crustaceans. As an 
exam ple o f  deposit feeders we can find populations of 
H. diversico lor  w hich feed m ainly on  inorganic and

decom posed organic matter. They also ingest m icroal- 
gac, copepods and am phipods. T here is also some 
evidence o f  cannibalism . T his species seem s to adopt 
an om nivorous diet w ith detritivorous predom inance. 
Populations o f  N epthys caeca , w ith sim ilar food item s 
also exist in sm aller densities.

In the m udflats, there are large populations o f 
Scrobicularia p la n a , the peppery furrow  shell, a de­
tritus feeder. It sucks detritus from  the mud surface 
using the inhalant siphon. A m ong deposit detritus 
feeders, w e also have a  sm all population o f  Uca tan­
geri. A nother crab  Carcinus m aenas , feed  m ainly on 
shrim ps, isopods and am phipods, H. d iversico lor  o ther 
crabs and Pomatoschistus spp.

A quatic  habita t

As pointed ou t by M itsch and  G osselink  (1993), the 
anim als classified as aquatic overlap w ith  those in the 
benthic fauna.

C rustaceans existing in this area are m ainly 
shrim ps Palaemon serratus, P. adspersus , P. longirostris, 
P. elegans  and Crangon crangon  w hich use the salt 
m arsh and adjacent m ud flats to  feed. T he m ost im ­
portant food item s o f  these shrim ps are  polychaetes 
(m ainly H. diversicolor), m eiofauna and detritus.

Fishes are represented by residents such  as H alob­
atrachus d idactylus  w hich is an opportunistic  predator 
on  alm ost all aquatic fauna. T he m ost im portant food 
item s o f  this species in the M ira are crabs, isopods 
and am phipods, shrim ps, polychaetes, bivalves and 
gastropods, algae, detritus and fish. Som e cases o f 
cannibalism  w ere observed (Costa, pers. com .). Small 
gobies (Pom atoschistus spp.) are also resident and 
feed m ainly on  sm all crustacean and shrim ps.

The juven iles o f  the com m on sole S o lea  vulgaris 
use the mudflats adjacent to salt m arshes to feed. 
They eat m ainly bivalves, polychaetes, sm all crusta­
ceans and fish. In addition, juveniles o f  the sea bass 
(D icentrarchus labrax) use the  salt m arsh  and creeks 
a s  feeding ground but their d ie t is m ain ly  sm all crusta­
ceans, shrim ps, crabs, polychaetes and fish, including 
H. didactylus.

Sparids have a w ide diet range, presenting  diver­
sified food item s, especially  barnacles and cockles 
from  adjacent oysterbeds. sm all crustaceans. H. d iver­
sico lor  and m acroalge.

G rey m ullet (Liza aurata, L. sa liens , L. ramada. 
M ugil cephalus  and C helon labrosus) a re  iliophagous 
or detritus feeders. T heir stom ach conten ts showed 
the presence o f  B acilliarophycea, C yanophycea, Eu-
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clorphycea, Z ygophycea, Foram inifera and a  large 
am ount o f detritus.

C onclusions

In the budgets o f  organic m atter and nutrien ts the m ost 
striking feature  o f  the M ira  salt m arsh seem s to be a 
net export o f C O M  (-1542  Kg y r“ 1) an d  an im port of 
nutrients. T h is  suggest that the M ira salt m arsh site is 
c loser to the m arshes that have inspired  the early  ver­
sions o f  the ‘outw elling theory* than to  those European 
salt m arshes that w ere found to  be im porters o f  or­
ganic m atter and nutrients (Vegter, 1975; Wolff, 1977; 
W olff et al., 1979; Lam m ens and van E eden, 1977; 
W oodw ell et a l., 1977; H aines et al., 1977; Hackney, 
1977; D ankers e t al., 1984; D anais, 1985; W olaver 
and Spurrier, 1988; D am e and Lefeuvre, 1994). In 
addition  aerial net prim ary productiv ity  o f  the halo­
phytic vegetation is very high (B oorm an et al., 1994). 
The oligotrophy o f estuarine w aters can  be explained 
by the low nutrien t conditions o f  m arine w aters along 
the southern coast o f  Portugal and the low  level of 
agricultural fertilisers used in the w atershed.

A ll th is suggests a  food w eb that w e  m ay consider 
as being detritus-based, w ith species feeding directly 
on the detritus, bacteria fungi and m icroalgae (sur­
face m icrolayer). T his is the case w ith  grey  m ullet. 
The toadfish. a  residen t fish species, a lso  uses the salt 
m arsh as feed ing  ground in both its ju v en ile  and adult 
stages. The salt m arsh acts as a nursery  for com m er­
cial fish species. In the M ira estuary, the fisheries, 
although sm all, represent an im portan t asset to the 
local subsistence econom y. T his eco logical and eco­
nom ical value o f  the M ira  salt m arsh, together with the 
apparent confirm ation o f  the ‘outw elling hypothesis’ 
fo r an E uropean  estuary stresses the im portance of 
this ecosystem  and strongly  argues in  favour o f  its 
preservation.

We hope tha t these results w ill show  that it is 
critical that decisions about salt m arshes should be 
supported by a sound scientific understanding o f 
the ir function ing  and behaviour, and tha t in Europe, 
as in  U SA  w ill becom e the 'cause cé lèbre ’ for 
conservation-m inded people and organisations, as 
M itsch and G osselink  (1993), have p o in ted  out.
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