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Summary

Habitat loss is a major factor that can potentially affeet sarvival of wader pop-
ulations (Aves: Charadrii) in many estuaries of Europe. Abar of studies have
been made on this subject in northern Europe, in the last agadks, but there is
a lack of data regarding the southern half of the continent.

The main objective of this thesis was to investigate whatdccba the short to
medium—term effects on waders of changes in the estuaripiéateaas a conse-
quence of two important factors directly or indirectly #atitable to human action
in the Mondego estuary (west Portugal): the loss of suptak-iabitats (mainly
salinas) and the increase of eutrophication in the mudiisressed as periodic
‘blooms’ of green macroalgae. The salinas are being abattand converted into
fish-farms, which can not be used as feeding grounds by waatens alarming rate
(5.2 ha.yearlin the the period 1984—94). Of about 305 ha of salinas in theagg
35% have been deserted or drained, 23% have been convexdisimfarms and
only 42% were still producing during the course of this study

The Mondego estuary still hold a numerous and diversifiedewadsemblage,
which was particularly important in winter and during theisg and autumn mi-
gratory passages. It includes one species (Avdeeturvirostra avosetjaof in-
ternational importance, according to the criterion of tleeriRar Convention{1%
of the flyway population in winter) and at least 8 species difonal importance
(>1% of the national winter numbers).

Part of the birds that used the estuary throughout the yemained in the
salinas both at low-tide (30%) and at high-tide (58%), andtbthem feed there.
The active salinas were clearly more used for feeding thanrihictive ones, but
these could still hold a number of birds for a long time (up Goy2ars) after they
have been abandoned, depending on the particular envirdah@onditions of
each salina. An hypothetical destruction of the salinasldvmean that the feeding
would subsequently be restricted to the mudflats. Accorttinthe calculations
developed in this study, such increase could reach up to 43fe dirds—feeding
hours that presently occur in the mudflats. However, notpgties were likely to
be affected in the same way by the loss of feeding opporasiti case the salinas
were lost. Little Stint,Calidris minutg Redshanklringa totanusand Common
SandpiperActitis hipoleucoswould be the species more affected by the loss of
space, while TurnstonArenaria interpresand DunlinCalidris alpina would be
those more affected by the loss of feeding time at high—water

The predicted increase in the birds feeding—hours thatdvoctur in the mud-
flats, if the salinas were to be destroyed, could be potgntilgtrimental for the
survival of the estuarine populations of many species ifi¢kiels of inter-specific
competition in the flats (which ultimately determine therging capacity of an
area) were already high. The two tests used to assess thaeyumi of inter-
specific competition (feeding interference among birds @epletion of the prey
resources) suggested that the phenomenon was probablyeaiotavbe perceived
in the Mondego, at least with the methodology used. Thus.esemt, the mudflats



are probably still able to buffer the potential effects af thss of space if the sali-
nas were lost. However, the displaced birds would also lesdifig time, and this
could not be recovered in the mudflats.

The increasing process of eutrophication in the area magesept a direct
threat to the mudflats, while feeding grounds for wadergyuhn changes in the
composition of the invertebrate communities and in the dhapes of the main
prey species. The present study did not present any evideattne algae repelled
the birds. Indeed, some species (e.g. Dunlin) may even hexnwefited of a surplus
of food provided by the mats when they first appear, in earlingp but not in
autumn, after the algal crash. This suggests that, at gretsenoccurrence of
the algae on the flats do not represent an immediate threla¢ todders’ feeding
in the Mondego. Nevertheless, the situation can changeeiotig-term if the
eutrophication process can not be reduced.

The main conclusion of this study is that, in spite of the lydavman pressure
in the estuary, the survival of the wader populations seashsorbe threatened in
the short-term. However, in the medium-term, the desbmaif the salinas could
seriously affect the survival of some species, and thet&tuaould still become
worse if it was accompanied by a global change in the comipaositf the prey
communities caused by an increase of the eutrophicatiorepsan the estuary.

Nevertheless, both these drastic alterations can stillrbeepted. Possible
ways of achieving that in the salinas could be to find sustdénavays of keeping
them actively producing, to manage inactive ones in ordarake them suitable for
waders, to carefully control the establishment of new festmE in old salinas, and
to improve the design of the fish—ponds in order to provideessdith alternative
feeding places to the destroyed salinas. As to the eutrafiicprocess, any action
to reduce it would have to be taken at a regional level, anddvialke more time.
In any case, a long—term monitoring of the process at alldesfethe trophic chain
would be greatly welcome.



Resumo

A perda de habitat € uma das principais causas que podenaradesbbrevivén-
cia das limicolas (Aves: Charadrii) em muitos estuarios dia. Um razoavel
namero de estudos tem sido feito sobre este tema no norterdpeEdurante os
ultimos 20 anos, mas continua a existir uma lacuna no quefese i@ metade sul
do continente.

O principal objectivo deste estudo foi investigar quaisasequéncias para as
limicolas, a médio e curto prazo, de determinadas altesagde habitats estuari-
nos provocadas pela ac¢cdo humana que, directa ou indirtt@n@&m tido lugar
no estuario do Mondego: a perda de habitats supra—mareai®iigdo salinas) e
os bloomsde macroalgas que ocorrem periodicamente nas vaseirasnigieais
devido ao progressivo aumento do processo de eutrofizagéstudrio. As salinas
estao a ser abandonadas e convertidas em areas para agaacuitn ritmo alar-
mante: 5.2 ha.andno periodo 1984-94. Dos cerca de 305 ha de salinas existentes
no estuério, 35% encontravam-se abandonadas ou tinharaterdadas, 23% tin-
ham sido transformadas em tanques para aquacultura e #@86a& encontravam
ainda activas no decurso deste estudo.

O estuario do Mondego ainda possui uma comunidade de liasidmstante
numerosa e diversificada, especialmente no inverno e duaannigracdes de ou-
tono e de primavera. Esta comunidade inclui uma espéciai@ddfRecurvirostra
avosetta de importancia internacional, de acordo com os critéreadnvencado
de Ramsarx¥1% do total de individuos que constituem a populagéo da viaide
gracao do Atlantico Oriental no inverno) e pelo menos 8 eéspéle importancia
nacional £1% da populacdo nacional de uma espécie que inverne reguigrm
no pais).

Parte dos individuos que passaram pelo estuario durant® asaram as sali-
nas quer na baixa—mar (30%), quer na preia—mar (58%), e aienfelo para
se alimentar. As salinas activas foram nitidamente mdigadas como areas de
alimentacdo do que as inactivas, mas estas podem aindailizaidas por aves
a alimentar-se por periodos relativamente longos (até 20 anos) depois
de terem sido abandonadas, dependendo das condi¢dediespa cada salina.
Uma hipotética destruicdo de todas as salinas significamigto provavelmente,
gque a maioria das aves que actualmente usam este habitaepalimentarem se
concentraria sobretudo nas vaseiras inter—-mareais dariestu

De acordo com os calculos desenvolvidos neste estudo,fedéa assistir a
um incremento até 45% do nimero de horas de alimentacio*auesactualmente
tem lugar nas vaseiras durante a baixa—mar. Contudo, asespéo seriam todas
afectadas da mesma forma pela perda de oportunidades dm@géo (que in-
cluem a perda de espaco e tempo de alimentacdo). O PilrijoepeCalidris min-
uta, o Perna—vermelh@ringa totanuse o Macarico—das—rochdsctitis hypoleucos
seriam as espécies mais afectadas pela perda de locaisnéatalfdo, ao passo
que parte das populacdes da Rola—do-Aranaria interprese do Pilrito—comum
Calidris alpina perderiam um consideravel nimero de horas de alimentagéo du



rante a preia—mar.

O incremento previsto do nimero de horas de alimentac&o gwgie ocorre-
ria nas vaseiras se as salinas fossem destruidas, poderesecialmente desvan-
tajoso para a sobrevivéncia das populagdes de muitas esjgéads niveis de com-
peticdo inter—especifica ha zona inter-mareal (que detarmim Ultima andlise, a
‘capacidade de suporte’ da area) fossem ja elevados. Otedtas utilizados neste
estudo para avaliar os niveis de competicdo inter—espe(ifiterferéncia entre
aves em alimentacao e uso dos recursos alimentares pttesrdi@ disponiveis)
sugeriram que o fenébmeno era provavelmente pouco relemaste estuario, pelo
menos para poder ser detectado com a metodologia utilizasiim, é provavel
gue as vaseiras possuam ainda uma boa capacidade—tampabgaver eventu-
ais individuos deslocados das salinas. Contudo, o probdienpeerda de horas de
alimentagéo, que ndo poderiam ser recuperadas na zoramateal, manter—se—
ia para muitas aves.

O acelerar do processo de eutrofizagcdo no estuario podétgonsha ameaca
directa para as vaseiras, enquanto areas de alimentaciimitadas, através de
alteracdes na composicdo das comunidades de presas e c&ordds respectivas
abundancias. O presente estudo ndo mostrou nenhuma eaidéngue as algas
afectassem de alguma forma as densidades de limicolasentdimse nas zonas
por elas colonizadas. Na realidade, algumas espécieso@iyito—comum) po-
dem até ter beneficiado da presenca das algas no inicio despoode colonizagao,
na primavera, embora ndo no outono, depois do ‘crash’ algi@l.sugere que, de
momento, a presenca de algas no sedimento parece ndo né@resaa ameaca
para a alimentacao das limicolas no estuario do Mondegdu#acsio pode alterar—
se, contudo, a longo prazo, se a eutrofizacédo do estuarioud@o ger reduzida.

A principal conclusdao que se pode tirar deste estudo é a deapesar da
intensa pressao humana que se verifica actualmente ndestoddondego, a so-
brevivéncia das populagées de limicolas ndo parece estas@wimediato. Con-
tudo, a médio prazo, a destruicdo das salinas pode vir sanfiettitas espécies,
e a situagdo pode piorar ainda mais se for acompanhada podeter@oracao
das condi¢des alimentares nas vaseiras inter—-mareaisreerievido crescimento
incontrolavel das areas periodicamente afectadas pdtasris’ algais, como con-
sequéncia do processo de eutrofizacao acelerado que aamtitelse verifica.

No entanto, qualquer destas drasticas alteragbes nositsathit alimentacao
das limicolas no estuario do Mondego pode ainda ser preverdgumas for-
mas de conseguir isso, nas salinas, poderiam incluir a ssficede apoios para
manter as salinas activas a produzir de uma forma econoritarsustentavel, a
gestdo das salinas abandonadas, de modo a torna—lasragrgetia as limicolas,
e uma cuidadosa politica de autorizagcao de novos estabeletis de aquacultura
no estuario, assim como alteracdesdasignde novos tanques para piscicultura,
de modo a proporcionar as limicolas areas de alimentag@maiivas as salinas
destruidas no processo de construcdo das pisciculturas.

Quanto ao processo de eutrofizacdo, uma eventual ac¢do pardrolar fu-
giria do ambito meramente local, necessitando do envohtionea varios niveis,



de muitas entidades, publicas e privadas.

Entretanto, o estabelecimento de um programa de monigé@izalongo prazo,
abarcando todos os niveis da teia tréfica, para acompanledeitss do processo
de eutrofizacdo seria extremamente (til.
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Chapter 1

General Introduction

1.1 The significance of estuaries for waders

Estuaries are known to be important areas for wading birdgjcplarly for the
group of species generally designated as shorebirds orrsvéflees: Charadrii)
(McLusky, 1989). According to the more recent estimatesi{&®Riersma, 1989),
some 7.5 million waders winter along the Atlantic coasts afdpe and west
Africa, which forms the East Atlantic flywa¥. Most of these birds are found in
estuaries or related coastal areas. In Europe, 38 of thiesessipport a wintering
population of 2.6 million birds, 80% of the whole Europearaftic population
(Smit & Piersma, 1989).

By far, the most important area for waders in Europe is thecB«Berman—
Danish Wadden Sea. In winter, its large intertidal flats &sloime 0.9 to 1.2 million
birds (Smit & Piersma, 1989; Meltoftet al, 1994). The other European sites
considered by Smit & Piersma (1989) support considerablgllsmpopulations.
Still, numbers range from some 22 000 (Duddon estuary, Asestern England)
to 250 000 birds (the Delta, Netherlands), with an averag€di00 per site (Smit
& Piersma, 1989). The significance of these areas for wadensti confined,
however, to the winter season, although this is the mostitapbone. Numbers
recorded during the migratory seasons can reach high values For instance,
Meltofte et al. (1994) estimated that the international Wadden Sea heltb2%
million birds from September to November (autumn migratjevhile some 1.3 to
2.2 million used the area between March and May (spring rtiara

1According to the definition of Campbell and Lack (1985 Smit & Piersma, 1989), a ‘flyway’

is “a major route for birds on migration” and encompassestiteial migration routes followed by
waders between their breeding and wintering areas, inujutlie stopover sites between the two
(Smit & Piersma, 1989). In Europe there are two recognizedayss. The most important, and
intensively studied, is the East Atlantic flyway, which lgnérctic breeding grounds of eastern North
America and western Siberia to the wintering areas rangiogy ficeland and Scandinavia to the
central part of the Mediterranean and West Africa as far athsas the Ivory Coast. The other is the
Mediterranean flyway, which crosses the eastern Mediteatranwith wintering areas in Egypt and
in the African coast between Ghana and Angola (Smit & Pierdr9@9)
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Such an impressive demographic pressure of waders orvedydimited areas
is due to the high values of secondary productivity that atterises the estuarine
environments, which matches that of the most productiveseial ecosystem, the
tropical forests (Whittaker, 1970). In fact, waders seerake full advantage of the
important food supply (mainly macroinvertebrates) addéain estuaries. Goss-
Custard (1980, 1984) present values for the winter redudtidghe standing stock
of prey densities in 16 English estuaries by several spediagders? of 25% to
45%. In a more recent review, Székely & Bamberger (1992pBstases, ranging
from 1% to 99%, for periods from 13-22 days up to 9 months. O#tedies,
however, failed to find a significant reduction in prey ddasi{e.g. Botton, 1984;
Raffaelli & Milne, 1987).

The impact of predation by wading birds has also been higtdiyin produc-
tion studies, in which it is measured against the annualymtich of the prey and
not just to their standing crop present at the start of onssseaBairdet al. (1985)
reviewed the available information, mostly in northern&pe, and found that 44%
of the secundary production in the Tees estuary (northeestegland), 36% in the
Ythan (Scotland), 17% in the intertidal area of the Dutch WadSea and 6% in the
Gravelingen estuary (Netherlands) was taken by birds. &aethors also reported
partial values for parts of estuaries, or for a limited numdfevader and/or inver-
tebrate species. For instance, in Lindisfarne estuantheastern England), 13%
to 22% of the annual production dfotomastusScoloplosand Arenicolaworms
was removed by Ringed Plove@haradrius hiaticulaand Grey Plover®luvialis
squatarola(Baird et al., 1985).

In the African feeding grounds the impact seems to be quitdlasi — 17% in
the Langebaan Lagoon (Puttick, 198Maird et al., 1985), 26% in the Berg River
estuary (Kalejta, 1992), both in South Africa, and 14% inBlaec d’Arguin, Mau-
ritanea (Wolff & Smit, 1990) — in spite of the higher produxctivalues recorded for
the southern Hemisphere sites, as compared to their nortbenterparts (Kalejta
& Hockey, 1991; Hocket al.,, 1992).

Despite the observed variability in the proportion of theeitiebrate production
consumed by waders, these studies agree on the generdikcsigre of the birds
to the energy flows in the estuarine ecosystémshus, in summary, most wader
species depend strongly on the abundant estuarine respbuath in winter and in
the migratory periods, and may exploit them heavily.

2QystercatcherHaematopus ostralegusRedshankTringa totanus Grey Plover Pluvialis
squatarola Curlew Numenius arquataBar—tailed GodwitLimosa lapponicaand Knot Calidris
canutus

3The values for some estuaries (Wadden Sea, Gravelingeargsttihan Estuary) include other
non-wader carnivorous birds (gulls, terns, herons, gjelBsrd et al,, 1985). Therefore, the strict
contribution of waders to the energy transfer between imlglvels must be somewhat lower than
that presented.
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1.2 The human usage of estuaries and its consequences
for waders

Estuaries are among the oldest and most human intensigelg-aoastal wetlands
(McLusky, 1989; Prater, 1981). Because of the mani—foldsaafyusing estuarine
resources (Smit al,, 1987; Lambeclet al,, 1996), the impact of human activities
may take several forms. In a recent review, Sehial. (1987) described, largely in
qualitative terms, the potential threats to the estuari¢seoEast Atlantic flyway,
a summarised version of which can be found in Table 1.1. Tha®rs consid-
ered that the most serious threat to the estuarine wetlamisby extension, to
their wader populations, was the irreversible loss of lagbitosed mostly by land—
claims. This has been confirmed by an impressive number diestin northern
Europe (e.g. Goss-Custard, 1977a, 1979; Ewtral, 1979; Prater, 1981; Smit
et al, 1987; Davidsoret al,, 1991; Goss-Custaret al., 1991; Schekkermaet al.,
1994; Meireet al., 1994).

Table 1.1: Threats or potential threats to estuarine ecosystems almndgeast Atlantic flyway
(adapted from Smiet al. (1987), and their potential impact on waders. Symbols devist 1)
Type of effect: (l) irreversible; (L/M) long to medium—terrecoverable; (S) short—term recover-
able; 2) Geographical scale: (*) restricted to a few sit&%:) (spread along the whole flyway; 3)
Frequency, (+) rare; (++++) very frequent in most estuanfethe flyway 4) Effect on waders: (Y)
confirmed direct effect; (y) probable direct effect, stilldonfirm; (Y?) confirmed side—way effect;
(y?) probable side—way effect, still to confirirect effectsare defined as those that caer se
conditionate the waders’ fithess or survival hability, irpopition to theside-way effectswvhich act
indirectly, sometimes potentiating direct effects (elge $and extraction may leave long-term holes
in the flats that cause the loss of feeding habitats)

Type of Geographical Frequency Effecton

Threats effect scale waders
1. Habitat loss
1.1 Land-claims | ko ++(++) Y
1.2 Sea-wall construction | rkk ++(++) y?
1.3 Other constructions | b +(+) y?
2. Pollution effects
2.1 Industrial, direct (heavy metals, chemicals)  L/M ok ++ Y
2.2 Industrial, indirect (noise, termal pollution)  L/M b ++++ yly?
2.3 Sand & shell extraction and dredging L/M ekl +(+++) Y?
2.4 Agriculture, direct (aquaculture, pesticides) L/M b +4+ YIY?
2.5 Agriculture, indirect (eutrophication) L/M b ++++ Y?
2.6 Accidental (oil spills, broken pipelines) L/M * + Y
3. Human disturbance
3.1 Fisheries S *kk ++++ y?
3.2 Bait-digging and cockle dredging S ** +++ y?
3.3 Aquatic sports S ** ++++ Y
3.4 Shipping activities S (%) ++++ y
3.5 Military activities S **(¥) +++ Y
3.6 Hunting S *x(*) ++++ Y

3.7 Other (tidal walking, research, planes) S *(*) ++(+) Yy
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More rare have been the studies dealing with the indireettffon waders of
the construction of sea defenses and other coastal pmisctDavidsoret al,
1991). An elegant and classic example of this was the studgasfs-Custard
& Moser (1988) who showed that the decrease in numbers ofiD@dlidris
alpina from 1977/78 in some British estuaries was associated Wwétspreading
of Spartina anglica

Although not so abundant, some work has been made regatunkprg to
medium-term effects of industrial and agricultural pahits on the survival of the
wader populations (references in Sreital, 1987; Lambeclet al,, 1996). The
direct, deleterious effects of pesticides on the breedamgmeters of waders, for
instance, have been documented (Dewrted., 1994; Denker & Buthe, 1995; Diet-
rich et al,, 1997) as well as the bioacumulation of organochlorine aumgs and
heavy metals in wintering (Lambeek al,, 1991; Ferns & Matthews, 1994) and
migratory shorebirds (Tatsukaved al., 1994).

An expanding field of interest within this area has been them@l effects
of eutrophication at the higher trophic levels of estuadhains, particularly birds
(Soulsbyet al, 1982; Raffaelliet al, 1989; Despreet al., 1994; Metzmacher &
Reise, 1994, and references therein). The actual stateedneh suggests that ben-
eficial short—term effects of eutrophication can occur dua momentary surplus
in the food available to waders (e.g. Van Impe, 1985; Met4rané Reise, 1994).
Long—term effects, however, are likely to be detrimentaltipularly if the weed
mats become contiguous because, in these circumstandbe, rfuges in the un-
weeded areas, from which macroinvertebrates can receltimsaffected areas in
autumn and winter, would be lost (Raffaedli al., 1989).

Finally, the short—term effects of the diverse forms of hardsturbance have
only recently begun to be analyzed (Davidson & Rothwell,3t9%mbecket al,,
1996). It seems, though, that disturbance effects can ptagra important role in
the waders ability to survive, particularly in winter, thiamvas thought.

1.3 Present status of the Portuguese estuaries

In contrast with the situation in the north European estisarthe influence of hu-
man activities in the more southern sites of the Atlanticst®af Europe have only
recently received some attention.

In Portugal, the contamination of the larger estuaries gfigides and heavy
metals is well known (e.g. Castro & Vale, 1995; Ferreira &6/al995; Pereira
et al,, 1995). However, only recently has a study analysed thecbioaulation of
heavy metals (cadmium and zinc) in chicks of a wader spettiesBlack—winged
Stilt Himantopus himantopysesting in the salinas of the Sado estuary (Pimentel
& Costa, 1996).

Eutrophication is also a widespread phenomenon, partlgulathe smaller
estuaries (Marquest al, 1993a,b). Yet, no assessment has been made of the im-
pact of eutrophication on estuarine waders, even thoughstudies were initiated
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for the lower levels of the trophic chain in the Mondego estudartins, 1995;
Marqueset al., 1997).

The effects of loss of habitat for estuarine breeding walave recently been
examined in relation to the destruction of the salinas,i@aerly with regard to
the Black—winged Stilt (Rufino & Neves, 1992; Neves & Rufin®93). However,
no attempts have yet been made to extend the analysis tothémeeding waders,
although the importance of the salinas for wintering andrataryy birds has now
been generally recognised (Rufiebal,, 1984; Luis, 1989; Batty, 1991, 1992).

Furthermore, no formal studies have been performed on feetedf human
disturbance on waders in any of the Portuguese estuariesptefor Batty’s pre-
liminary study in the ‘Ria’ Formosa, Algarve (Batty, 199)his too is an aspect
of human impact on waders that needs attention.

1.4 Justification, objectives and structure of the present
study

A major reason why so few studies on the potential damage miahuaction to
estuarine waders have been performed lies, for most estiian the lack of a suit-
able database on which these kind of studies must be basdiduRaly important
are (1) comprehensive mapping of the biological communibieer the whole es-
tuarine areas, (2) detailed quantitative data on abundadeosities and production
of the main prey species, and (3) a detailed knowledge of tieements of the
waders within the area, as well as their use of other supdatidbitats nearby
(Moreira, 1995). These data are only possible to achievar@elestuaries with a
considerable logistic staff and/or with enough time, tw@artant constraints in
most scientific studies.

In this sense, the estuary of the Mondego provides a gootbsiteidy the po-
tential consequences of, at least, some human-inducedehakirst, it is small
in area (roughly 2 000 ha) and thus easy to survey, even waiiteld human and
logistic facilities. Second, the most important intertideea is located in a narrow,
relatively quiet and easily accessible branch of the rivéird, the location of the
main supratidal habitats for waders — mostly salinas — inrdrakisland and in
the left margin of the south arm, makes them easy to survdyimé short time.
Fourth, the wader populations are not too numerous, andfaesfore, easy to
census. Fifth, a considerable amount of information on tiertidal prey com-
munities in the whole estuary is already available. Lastnog least, the estuary
is currently under a severe human pressure, these beingunaabd industrial fa-
cilities, dredging activities, organic pollution from upsam the river and locally
installed fish—farms, increasing eutrophication, andmt@kloss of habitat due to
the destruction of the ancient salinas.

These reasons led to the examination of the possible coasegs of some of
the human activities in the estuary for the wader populati@pecifically, one tried
to answer to the following questionvhat may be the consequences for waders
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of the main anthropogenic changes that can be foreseen at tmeoment in the
estuary, these being (1) the reduction in the number of acti salinas and (2)
the increase in eutrophication

This study is subdivided into several independent but coredeChapters. Af-
ter a brief description of the study area and a review of tesgmt status of knowl-
edge about its biology (Chapter 2), the data on the compasithd seasonal dy-
namics of the wader assemblages in the estuary are det@itegier 3), in order
to highlight the significance of the Mondego from the ornitigical point of view.

The following part (Chapters 4 to 6) deal with the potentfé¢ets arising from
(1) the loss of habitat and (2) eutrophication. Specific8lyapter 4 assesses the
importance of the salinas for waders as feeding groundsheenplatential effects, in
terms of the quantity of space and time that the birds wilk&avere this habitat to
disappear in the near future. Chapter 5 focuses on the drtevitich birds in the
intertidal areas already compete for food, in order to eatalwhether these feeding
areas could accommodate all the birds displaced from theasalwere these to be
destroyed. Finally, Chapter 6, discusses the eutropbitati the estuarine waters
and its possible influence on the feeding of waders in theagstof Mondego.

The last part of the study (Chapter 7) summarizes and irteegjthe informa-
tion presented, and attempt to discuss the implicationseofihdings for the whole
ecosystem of the Mondego estuary.



Chapter 2

Study Area

2.1 Description of the study area

2.1.1 Location and general characterisation of the estuary

The Mondego estuary (808’ N, 8°50" W) is the most important estuarine system
of the Portuguese Atlantic coast between the Ria de Aveirthe north, and the
Tagus and Sado estuaries in the south. The Mondego estugrgsisntly about
7 km long and 2-3 km wide, covering an area of approximately’2 i@a with
wetland habitats, although the tidal influence extends s&miem to the east (D.
N. Duarte, pers. comm.). Just before it enters the sea, tmel& river is divided
into two arms around an alluvian—formed island, the MoriraceThe two arms
(north and south) join again before opening to the sea, imt wbFigueira da Foz
harbour (Figure 2.1). A small tributary, the Pranto rivgeens directly into the
downstream part of the south arm.

2.1.2 Climate and weather

The Mondego estuary is located in a warm—temperate zonsemieg character-
istics of transition between the Atlantic and the Mediteean climates (Borges,
1988). The winters are mild (268 —16°C ) and the summers not very hot PZD—
22°C ), the average annual temperature bein§Cl5 Daily temperature ranges
are of 7.4C in winter, 6.3C in summer and 6°C annually (Proenca, 1988).
The rainfall is concentrated mainly in late autumn, wintad &arly spring, as
in Mediterranean climates. The average annual precipitdtr the area is 627.1
mm (Borges, 1988). For the period 1931-1960, the driest imaast July, with an
average rainfall of 5 1.m?, and the wettest was December, with 800 1niJorge,
1991). According to Proenca (1988), average values of atisml and humidity
are high: 2 772 hours.year and 79.4%, respectively. The predominant winds are
those from the NW quadrant (NNW). The estuary receives sawtegtion from
the N and NW winds, due to the location of the Serra da Boa Viegee below).
On the other hand, it is exposed to the winds from W and S quo&siréin summer
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Figure 2.1: Map of the study area, showing the intertidal mudflats (ligiety) and the saltmarshes
(dark grey) areas of the south arm. Also shown are the positid the three fixed stations used to
census the waders in the south arm

there is a frequent occurrence of ‘nortadas’, strong winosifthe north, that can
last 3-5 days (Proenca, 1988).

2.1.3 Geology

The whole area around the estuary resulted from a complss#itectonic move-
ments and sedimentation processes which took place in tt#aiei Mesozoic
(Jurassic—Cretacic periods), and led to the formation @fSbrra da Boa Viagem
(253 m above sea—level), some 10 km N of the estuary, whi@ndstfor 6—7 km
in a general E-W direction (Proenca, 1988). The basic asgetie coast line
has not changed over the last centuries. However, somataites took place in
the configuration of the area around the mouth of the estulaigy,both to natu-
ral and human—induced high sedimentation processes (¥esgd991).The first
documented proof of the existence of the Morraceira Islatdsiback to the 12th
century, when King Afonso Henrigues donated it to the Samtez Gonastery of
Coimbra (Proenca, 1988). However, because of the stromgniecactivity that
once occurred in the area, some authors (e.g. Ribeiro, ih88&enca, 1988) con-
sidered that the formation of the Morraceira Island is mudemoand was due not
only to the accumulation of sediments in the formerly degpienitive estuary, but
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also to the emersion movements of the coast.

Although the main geological formations in the estuarineirenment are of
sedimentary nature, mainly alluvium and sandstone (RFarr&D91), some differ-
ences can be found in the geologic composition of the sadisgathe margins of
the two arms. In the north arm (and also in the Morraceiranthlathe soils are
mainly formed by Cretacic sandstone with Cenomanian—Taro(Cretacic) cal-
careous spots. In Lavos (south arm), on the other hand, teapestly constituted
of clays with sandstone deposits (Ferreira, 1991).

2.1.4 Hydrography and bathimetry

The two arms are clearly different with regard to their hygtephic characteris-
tics. The total submerged aréaver an average high—water, amounts to 541 ha, of
which 59.7% (323 ha) is in the north arm and 40.3% (220 ha) thénsouth arm
(Jorge, 1991). The freshwater flows mainly through the narth, where the har-
bour facilities are located. The south arm, on the other hanldeavily silted—up
and presents many of the characteristics of a tidal lagoardiveset al,, 1993b).
The average depth in the north arm is 8-10 m at high—tide evitnithe south arm
it is only 2-4 m. According to the tide—tables published by flunta Autbnoma
do Porto da Figueira da Foz (JAPFF), the average tidal rand®95 was 2.06
m. Average tidal heights were 0.97 m (low—water) and 3.03 ighffwater), while
extreme values (spring tides) were, respectively, 0.23 dh38 m (Anonymous,
1995).

2.1.5 Salinity and water temperature

Salinity values? differ between the two arms, reaching higher annual valoes i
the north arm (range: 0%&—35)o, average: 21%) than in the south arm (range:
0%0—25)0, average: 7.%0) (Marques, 1989). This contrast is most strongly marked
in winter; in summer, on the other hand, it seems that theiffce is not so clear,
with sites in both arms presenting similar values (Marcgtes., 1993b,a).

The water surface temperature fall in the range 42.321.8C in the north
arm, and 10.8C —21.4C in the south arm (minimum values in February and max-
imum values in July and August). A seasonal pattern simdathat previously
described for salinity is also observed. In both cases, iffierehces found be-
tween the two arms can be attributed to different pattermsater circulation in the
estuary, and also to depth differences from the mouth (Mezgual., 1993b,a).

As to the salinas, there is virtually no information, at jgres Some preliminary
measurements of salinity and water temperature made 00.28.in three active
salinas fall in the range 18i6—37%. and 18C —22C , respectively, depending
on the type of pond within the salina (pers. observ.), buse¢healues are likely

1From the mouth of the estuary to the bifurcation of the twosarm
2Taken in high—water spring tides (Marques, 1989)
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to be substantially higher during the salt extraction gk see Batty, 1991, for
comparison).

2.1.6 Sediments

A comprehensive description of the major sediment typeséneistuary remains
to be published. Most of the data presented here were kindlyiged in a pre—
publication form by D. N. Duarte.

The particular hydrodinamic conditions in each arm of thaay are the main
factor that affected the distribution of the sediments. He more open and ac-
tive north arm, the coarse—grained sediments predomigéter brought by the
river, or dragged into the estuary by the tidal movementsie Fediments are
found only in ‘sheltered’ environments (e.g. within the thaur perimeter), al-
though these are not so fine as the south arm’s sediments BeiReis & Duarte,
1990). In the closed south arm, on the other hand, a more esnpalttern of
sediment distribution can be found. In those flats adjaaetihé margins of the
south arm, or of the Morraceira Island, a gradient of indrepsoarser sediments
(mud to muddy-sand) take place from the shore to the rivenr#laalong the
whole reach of the south arm. In the more exposed flats bettixeerhannels, an
upstream—downstream gradient is observed. The coarsesediments dominate
the upstream central flats (although an area of softer sedsnsan be found in the
middle section, around tH&partinamarshes) and the upper part of the downstream
central flats (Figure 2.2).

Moreover, the bottom of the channels change from sandy ssdgo sandy—
mud and finally muddy sediments in the innermost area.

2.2 Biological characterisation

2.2.1 Preliminary studies

Despite the recognised importance of the Mondego estuaheiregional context
(Marques, 1989), almost no studies of its biological commies existed before
1984-1985. Concerning the benthic invertebrates, onlysthdies of Nobre, in
1938-1940, and Maren, in 1974, included information on stanaistic groups
and, even so, only as part of a more global survey of the Pagagycoast (Marques
etal, 1984). A comprehensive and detailed survey was initiatdyglin 1983-1984
by the Zoology Department of the University of Coimbra. Tl af this work
was to set up the basis for a better knowledge of the biolbgamamunities of the
estuary, mainly focusing on the intertidal and subtidaltbierinvertebrates.
Marqueset al. (1984) presented the first preliminary analysis of the migor
tertidal macrobenthonic communities in the estuary. Tloewated and described
the main biotopes from both hard and soft sediments, as weheir associated
fauna. According to this work, the most representative tiergpecies were the
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polychaeteNereis diveriscolorand the bivalvescrobicularia planaand Cerasto-
derme eduleThe main epibenthic species were the crustac€amsinus maenas
Crangon crangonPaleamon longirostri@ndP. serratusand the fisPAnguilla an-
guilla andPotamochistus minutus

As the sequel to this study, a considerable amount of worlkeas performed,
embracing a variety of individual groups and/or commuaiti& summarised ac-
count of these studies is given below.

2.2.2 Studies on individual species and other taxonomic groups
Primary producers

General descriptions of the main communities of marine tplgeither algae or
vascular plants) have been given on several occasions (idsrd 989; Marques
et al, 1984, 1993b), but until now, no detailed studies of palticspecies or
groups have been attempted. A preliminary survey, indiaie 995 detected a total
of 10 species of vascular plants in the inner area of the gstiie in the intertidal
zone Eoostera noltij Spartina maritimaHalimione portulanoidesSalicorniasp.
andArthrochnemum fruticosuyrand five in the supratidal habitatsithariumsp.,
Atriplex prostratumBetta maritima Sacrocornio pereniandS. fruticosur (M. J.
Martins, pers. comm.).

Zooplancton

Gongalves (1991) described the general structure andrsdasccurrence of the
zooplanctonic community of the estuary, as well as seveyad@s of its ecology
(larval emission, transport and retention, recruitmeiak artical migration of the

zooplanctonic species, distribution patterns and nigdneycles). He also studied
in some detail the larval development of the crustadehitropanopnaeus arisii

both in the field and under laboratory conditions.

Ichtyoplancton

Ribeiro (1991) made a preliminary description of the icipfgmcton community
of the estuary and studied several aspects of its ecologylddemade a detailed
study of the ecology of the larval stages of the anch&ngraulis encrasicolus

Polychaetes

The first study dealing with this group was performed by Gbrga& Ribeiro
(1987). These authors made a preliminary inventory of tHgchaetes of the
estuarine intertidal sediments, as well as of their spaigttibution. They con-
cluded thailNereis diversicolorStroblospio dekhuyzeandAmage adspersaere
the most abundant species. Moreover, the first species s@diatributed over the
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whole estuary. These authors also studied, in some déiaiife cycle ofN. diver-
sicolor, obtaining values of 1.6 to 3.6 for the P/B ratio of the adwdtsd maximum
densities of 575.5 indivdualsTA.

Pardalet al. (1993) investigated the subtidal polychaete populatibo#) spa-
tially and over the year. They found an impoverished fauegarding the number
of species. The two arms had a clearly different faunal caitipo, with a large
number of species and individuals in the south arm and aeraetfaunal impov-
erishment in the north arm. The dominant species Avagge adspersdollowed
by numerically less important populations©épitella capitata Heteromastus fil-
iformis, Polydora cyliataand Streblospio shrubjiin the south arm, andlereis
diversicolorand S. shrubij in the north arm. The highest total abundance was
recorded in June, with 1 204 individuals.fm

Pardal (1995) studied the life cycle and population dynaroicthe sedentary
polychaeteAmage adspersia the subtidal zone.

Molluscs

A preliminary study on some aspects of the life cycle (groattid reproduction)
and of the spatial distribution @crobicularia planawas undertaken by Guilher-
mino (1985), who found stable populations in two sampliragighs in the south
arm, but a decreasing one in a sampling station of the north arhe highest
density occurred in the south arm, with 460—470 individuats.

Marques & Guilhermino (1988) made the inventory and stuthedlistribution
of the intertidal molluscs. They assigned 22 species, theermoportant which
were Haminea hydatilis Hydrobia ulvae Littorina litorea, Cerastoderme edule
Mytilus galloprovincialisandScrobicularia plana

The life cycle, population dynamics and productionHyfdrobia ulvaein re-
lation to the occurrence of macroalgal blooms were recesitigied by Baptista
(1997).

Crustaceans

This was the most intensively studied group. A preliminaryestigation of the
Peracarid crustaceans (Amphipods and Isopods) in thdidakearea was pub-
lished by Marqueet al. (1988). These authors recorded 21 species of Amphipods
and 14 species of IsopodSyathura carinata Sphaeroma rugicaud&chinogam-
marus marinus Melitta palmataand Hyale stebbingiwere the most abundant
species.

Marques (1989) described the life cycleEthinogammarus marinusser two
years. He found a maximum density of 1 781 individuals?na net production of
6.36 g.nT2.year and 8.81 g.nt.year in the first and the second years, respectively,
and P/B ratios of 6.35 and 6.08. This author has also inastigthe importance
of the Amphipods in the macrobentihc communities of the Mmywdestuary.
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Marqueset al. (1994) studied the population dynamics, life cycle and poad
tion of Cyathura carinatain two sampling stations of the south arm. They found
maximum densities of about 1 000 individualsfrand a P/B ratio of 1.65-2.03.

Fishes

Apart from some data on the biology and ecology of a&umgjraulis encrasicolus
presented by Ribeiro (1991), the only published study diggrthe fish of the es-
tuary was that of Jorge (1991). This author described theafisemblages of the
Mondego estuary, recording 48 genus and 67 species, distilmver 30 families.
She also presented data on the growing period and spat@lisation of the ju-
veniles of the most important species of economic inte@&iefitrarchus labrax
Sparus aurata Scopthalmus rhombu®iplodus vulgaris D. sargus Soleaspp.
andPlatichthys flesys

Birds

Up to very recently, the only known data on the wading birdthefMondego estu-
ary were some winter census of waders coordinated by the @E{@R(fino, 1979,
1989, 1990; Rufino & Neves, 1986). Additionally, information ringed waders
deliberately shot or ‘found dead’ (most probably also shothis estuary was scat-
tered through several ringing reports (Freire, 1969; Qlivel974; Ferreira, 1979;
Silva & Castro, 1991, 1992).

A preliminary study on the relative abundance and distigoubf the wading
birds in the estuary was performed by Mdrias & Ferrand de Ada¢1991), who
counted 39 species and 10 families. The waders (familiesa@halae, Scolopaci-
dae and Recurvirostridae) accounted for nearly 50% of theiep represented.

Following this first approach, a series of studies on sewaspécts of the ecol-
ogy (particularly the feeding ecology) and the behaviouthef estuarine waders
were undertaken. Mdriast al. (1991) made a preliminary study of the seasonal
and tidal pattern of use of some selected salinas in the Narealsland by the
waders.

Rodrigues (1991) performed the first study on the behaviéanoestuarine
species in this estuary: she analysed the feeding vigilaebaviour of the Dun-
lin Calidris alpinain the field under a variety of conditions (feeding place, Kloc
density, flock composition).

Murias (1993) studied the relationship between the den$ityaders and those
of their prey in two selected sampling stations of the souti and made a prelim-
inary description of the general feeding behaviour of thalbuand Grey Plover
Pluvialis squatarola

3The CEMPA (Centro de Estudo das Migragbes e Proteccdo das-A@enter for Study of
Migrations and Bird Protection) was founded in 1976 as tiseaech branch of the Secretary of
State for Environment. Today, it is a section of the ReseanthEcological Studies Division of the
National Conservancy Institute (ICN).
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Cabral (1995) studied the effect of the algal increase ordisigibution and
on the behavioural response of some wader species (Durriay, Bover, Ringed
PloverCharadrius hiaticula and Kentish Plove€. alexandrinusin three marked
plots of the intertidal feeding grounds of the south arm.

Lopeset al. (1995) presented the first data on the diet of Dunlin and Grey
plover. A preliminary study of the time—budgets of some laater mudflat feed-
ing species was also made by Logtsl. (1996).

In a preliminary analysis, Neves al. (1996) compared the reproductive suc-
cess of the Kentish Plover and the Black—winged &lithantopus himantopus
active and deserted salinas of the Morraceira Island.

A more detailed experimental study of the immediate conseces of eutroph-
icaton to the estuarine waders is currently in progress (Rek, pers. comm.).

2.2.3 General community analysis

Based in part on the preliminary studies on specific grougpecies of macroben-
thic invertebrates referred above, and on the work of Ma889), a reference
study of the intertidal macrobenthic communities was edrdut by Marquest al.
(1993b). These authors analysed the structural variatiotie Mondego commu-
nities both in time (summer and winter) and in space (northsmuth arms). They
identified 90 species of macrobenthic invertebrates digied over 14 higher taxa.
The south arm provided better conditions for the develogroéthe typical estu-
arine species than did the north arm. The more favourablsighychemical con-
ditions in this arm, particularly the salinity, were the m&actors that accounted
for the faunistic differences between the two arms.

A similar analysis was performed on the composition of thgtidal commu-
nity (Marqueset al,, 1993a). A similar, although less diversified fauna than dfia
the intertidal sediments, occurred in the subtidal aredseoéstuary. A total of 58
species, distributed through 11 higher taxa was found. Abdayeneral aspects
of the spatial distribution, and to the influence of enviremtal factors, they were
essentially similar to those of the intertidal community.

2.2.4 Other studies

The recent tendency of the studies presently taking plateeitMondego estuary
is to evaluate and try to predict the consequences of humi@gnanamely the
problem of increasing eutrophication, in the compositiod & the structure of
the biological communities.

The use of simulation procedures to achieve this goal iasing. For in-
stance, Martins (1995) studied, by simulation, the possitshg—term effects of
eutrophication on the biology and reproductionQyfathura carinata The conse-
quences of the substitution of tE®ostera noltimeadows by green algae species
(mainly Enteromorphaspp. andJlva spp.), and its possible influence on the pop-
ulations of some estuarine species, is also being studidbftins, pers. comm.).
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Ongoing studies deal with the attempts to devise a mateoztbperational
parameter to measure and to monitor the ‘health’ of the astu@cosystem in
order to detect early the effects of the increasing eutaatinn (Marquest al,,
1997). In parallel with these global studies, in—depth wamkhe general biology
of the estuarine key—species (e.gchinogammarus marinuis progressing (P.
Maranh&o, pers. comm.).

2.3 The waders’ prey: potential feeding resources

2.3.1 The intertidal zone

The above mentioned studies on the invertebrate commsinitéticularly that of
Marqueset al. (1993b), provided a guidance to what could be expected mger
of the potential prey for waders in the Mondego estuary. Basethese studies,
Murias (1993) presented the first comprehensive data ondtemel prey avail-
able for waders in two sampling plots of the south arm, whatktinto account
the fact that only certain size—classes of prey are takemdwaders (Zwarts &
Wanink, 1993).

According to Murias (1993), the most abundant potentiay peeorded in those
two study plots werddydrobia ulvae(more than 6 000 individuals.m), Scro-
bicularia plana (828 individuals.m?), Cyathura carinata(731 individuals.m?)
and 13 species of small polychaetes, largely dominated \B§2%Amage adspersa
(6 614 individuals.m?) (Table 2.1).

If only the individuals of the appropriate size clas$egere taken into account,
the available densities decreased a lot (Table 2.1). Defhisdvay, the numbers
may be directly compared with the data from Margeesal. (1993b), which refer
to individuals larger than 1 mm long. In most cases, the @edensities obtained
by Mdrias (1993) were higher than those found by Margetesl. (1993b). Sur-
prisingly, the densities dlereis diversicolara main prey of most wader species
(see review of Goss-Custadd al., 1991), were greatly reduced from 1986-87 to
1991-92. This seems to correspond to a real change and rmay $oran effect of
the spatial distribution of this species, as more receneysrclearly indicate (J. C.
Marqgues, pers. comm.; M. Pardal, unpublished). In contthstsmall polychaete
Amage adspersdramatically increased during this period (Table 2.1; Mrdah
umpublished ).

These and other changes observed in some species may bg tldse to
the growth of extensive macroalgae mats that have peribdingaded the estuary
since the mid 1980’s. The consequences of such alteratiotte imacrofauna to
the waders are discussed in more detail in Chapter 6.

4Considering only the individuals above 2 mm, according ®réview made by Goss-Custard
etal.(1991)
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Table 2.1: Estimates of the main prey densities (ind#in the estuary of Mondego in 1986—87
(adapted from Marquest al., 1993a) and in 1991-92 (according to Murias, 1993). All galare
average densities for several periods of the year (two irfiteecase, four, in the second). (1)
represents total densities and (2) densities of the sizsetaabove 2 mm. The percentage of the
densities of the higher classesd mm) for 1991-92 is also shown.

1986-87 1991-92 1991-92 %
1) (2

Hidrobia ulvae 1420 6308 2955 47.0
Scrobicularia plana 193 828 261 32.0
Cyathura carinata 225 731 598 88.0
Other crustaceans 43 40 - -
Carcinus maenas 14 9 - -
Small polichaetes 185 6614 a_ -
Nereis diversicolor 776 23 10 43.0
Oligochaetes <1 245 2 -
Diptera larvae 6 - - -

8n most cases they were inferior to 2 mm, so their division tiasses was considered unneces-
sary

2.3.2 The salinas

Knowledge of the benthic fauna that can be taken by waderseisalinas is still
very poor in most Portuguese areas. In Algarve, where maodiest have been
performed, Rufincet al. (1984) found that most of the potential prey to waders
in a group of salinas of the Ria Formosa, in winter, were Gturnidae (0-1 300
individuals.m 2 and Ephydridae (0-440 individuals.R) larvae, andHydrobia ul-
vae Batty (1991), in his study of a large and traditional saiimahe same area,
confirmed the numerical importance of the Chironomidae ératlitumn and winter
months (reaching more than 5 000 individuals?in late winter). Conversely, the
potential prey in the salina drastically decreased, by tfauf about ten, in the
spring, summer and early autumn months (April to Augustiemtiney were dom-
inated by a variety of other invertebrates, from larger Biatlarvae and pupae to
crustaceans Artemia— and beetles. A marked seasonal cycle on prey availability
seems, therefore to take place in the salinas.

In the Mondego estuary, there is still no information avaldaon the macro-
fauna of the salinas and adjacent channels. Only in late Mafd 995 was an
attempt made to collect some benthic invertebrates frontirrasaere many birds
were seen feeding. Eight samples were taken with a corerr(8%wp to 5 cm
deep and transported to the laboratory, where they wereasdlasieved through
a 0.5 mm mesh, and stored in 4% neutralised formol. The deliecrganisms
were later separated, preserved in 70% alcohol and idehtfid counted under a
binocular microscope. The results are displayed in Tal2e 2.

Apart from the Chironomidae, the taxa present belong albteapteran fam-
ilies. Nevertheless, the Chironomidae larvae and pupaguated for 85% of the
total densities present, with 1 037 and 133 individuat$nrespectively. The
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Table 2.2: Density (ind.nT2) of invertebrate taxa present in a salina of the Morracaii@nt, in late
March of 1995. All taxa were identified, at most, to the fandyel.

Taxa Density
Chironomidae larvae 1307
Chironomidae pupae 133
Dysticidae 114
Corixidae 5
Hygronemidae 20
Hygrobiidae 54
Hydrophylidae 20
Hydrobiidae 44

coleoptera of the family Dysticidae were the third most ntoue group (114
individuals.nm 2, while all the other families presented densities below 168
individuals.

These albeit very preliminary results, suggest that theidant benthic fauna
of the Morraceira’s salinas must be similar to that of otletuaries, at least in late
winter. This is, however, an aspect that needs to be moréudigrexamined.

At present, there is no quantitative information on the piest lives in the
water column, which are also consumed by waders (Batty,)139dcasional ob-
servations suggest that adult diptera may be speciallydamirover the water sur-
face in spring and summer, but no data has yet been colldwd¢ddn show how
important these, and other free-living species, can begoviders’ diets.

2.4 Major habitats for waders

Of the 1 600 ha of wetlands in the estuary, only 67% (1 072 rejeally available
to the waders (Table 2.3). The remaining areas are subthtahigh—water, the
percentage accessible is reduced to some 55%, corresgotudie supratidal
habitats.

A little more than 53% of the potential feeding habitats iading both the
intertidal and supratidal habitats) for waders is occugigdhannels (‘esteiros’)
and reservoirs (‘viveiros’) that feed the salinas with water from the estuary
(see Chapter 4 for a more detailed description). When theservoirs are full,
the waders are prevented from using them. However, mangitas’ are filled
with water only during the salt extraction period, while eth (specially those that
feed abandoned salinas), are open to the tidal regime, tbugling more feeding
opportunities to waders.

The salinassensu strictythat is, the storage, preparation and crystallisation
pans), are the second largest habitat present in the estlrsey occupy about 29%
of the feeding supratidal area (and 23% of the total feedaigtats in the estuary)
and are mainly located in the Morraceira Island and in thenhefrgin of the south
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Table 2.3: Main wader habitats and their approximate areas in the Mgmdstuary (maximum area
available in low—water spring tides). The area of salinakigles 21 ha of industrial salinas.

Habitats Area (ha) % of total area
Intertidal Habitats
Mud and sandflats 134 12.5
Intertidal marshes 62 5.8
Supratidal Habitats
Salinas 251 23.3
Aquaculture ponds 54 5.0
‘Viveiros’ and other 574 53.4
Total area 1072 100.00

arm®. Some salinas have been abandoned and later transforrekiatsive or
semi—intensive fish—farm ponds (Marquetsal., 1993b). They represent 5% of the
potential available habitats, but their extent is tendmmtrease (see Chapter 4).

The main intertidal habitats, representing about 13% oftdted area poten-
tially available for waders’ feeding in the estuary (Tabl8)2consist of mud and
muddy—sand flats, which cover most of the low—water areaettuth arm. Ac-
tually, there are some sandflats in the north arm, which tegsuhainly from the
constant dredging and engineering works that have beeorpezfl to improve the
harbour facilities. These flats were, until very recentiyiittle value for waders,
although they were often used for feeding by herons and egfetieidae) and
as low—water resting areas by gulls and shags (Phalacmdaed (pers. observ.).
However, the recent conclusion of the engineering worksetpulate and make
deeper the navigation channel of the north arm may haveedltéis situation (see
below).

A small area oSpartinamarsh (62 ha, about 6% of the total feeding area avail-
able) occurs in the south margin of the Morraceira Islandl@a.3), specially in
the upstream section. In addition, some brackish and fresmmarshes (mainly
with Typhaspp. andPhragmitesspp.) can be found in long—term abandoned sali-
nas, in the eastern part of the island. In the south—eastetrofthe estuary, there
are some hundreds of hectares of ricefields, a small paredf3000 ha present in
the lower Mondego river valley. Although not belonging te #stuarine wetlands,
this habitat can be used sporadically by some wader spdciepier 3).

2.5 Human activities and disturbance

The Mondego estuary has been for a long time the easiest waynuhunication
between the littoral and the inland areas of the centrabregf Portugal (Marques,
1989). Besides the busy trading harbour of the Figueira da Wwhich moved
400 000-700 000 tons of goods and 300—400 ships per yeamgdhg 1983—1993

5A number of abandoned or drained salinas located in the month which are not used by the
waders will not be considered here. A full description ofthroup can be found in Chapter 4.
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Figure 2.3: Seasonal changes in the number of people in the south armataifl1993-94 (open
circles) and in 1994-95 (closed circles)

period (Anonymous, 1995), this estuary also supports anfishort and an active
shipyard.

The need to improve the harbour facilities has recently detthé onset of im-
portant engineering works and dredging activities in themarm, which were
the cause of important physical disturbance to the bottormrdMeset al., 1993b).
These activities may have increased the feeding area foeraanl the north arm.
They allowed a considerable area of sandflats to estabdisl lietween the mar-
gin of the Morraceira Island and those of the new navigatieenoel. These flats,
which are exposed at low-tide were rapidly colonised byealyad are now formed
of much softer sediments (pers. observ.). The first wadeadnfinGreenshanks
Tringa nebulariaand Black—tailed Godwitsimosa limosawere observed there in
August 1996 and their numbers, along with the number of sgetiave shown a
tendency to increase since then, particularly in winterll&es, pers. comm.).

In addition to the harbour facilities, the estuary suppaeeseral industries,
salinas and fish—farms. Moreover, it receives the nutriedtchemical discharges
from agricultural fields of the lower Mondego river valley éijue<et al., 1993a).
These effluents are partially the cause of the macroalgasmsidmainly ofEn-
teromorphaspp. andJlva spp.) that periodically occur in the mudflats (Marques
et al, 1993b, see Chapter 6).

Also important are the traditional activities of bivalvelleoting and fishing.
Although especially significant in the spring and early stenmmonths, human
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disturbance in the mudflats in practically continuous tgimut the year (Figure
2.3).

The effects of the human presence on the mudflat biologicahmanities still
need to be evaluated. However, as regards to the waderscdheye potentially
detrimental. Recent studies (Davidson & Rothwell, 1993)ehdemonstrated that
this kind of human disturbance may have implications fordtevival of waders,
particularly in cold weather, as they are forced into an peeted and costly ener-
getic expenditure, when they have to run—off or fly away froendisturbed areas.
It is perhaps because of this that the major feeding areasdders in the Mon-
dego are located downstream, while most people conceirirréfte upstream and,
although slightly less, in the middle flats.

The intensive human usage of the estuary under all its fosmnsf icourse, an
important factor of disturbance of the estuarine commesijtand is the reason
why Marqueset al. (1993b,a) consider that the estuary is currently under ereev
environmental stress.






Chapter 3

The Wader Assemblage

3.1 Introduction

The first published data on the wader assemblage of the Mordkeigs from the
mid- seventies, and consists of exploratory winter couatfopmed by the CEMPA
in January—February 1977 and 1978 (Rufino, 1979) to evathateajor habitats
for coastal waders in the country. These censuses did nealréve presence of
quantitatively important populations of waders and theaamas, therefore, ex-
cluded from the regular counts in the following years (Anmiays, 1979, 1980,
1981, 1982; Oliveira, 1980). In 1986, the estuary was agaweyed, but less than
300 birds were counted (Rufino & Neves, 1986).

From 1987 onwards, a permanent team of the Zoology Depatt(hkriver-
sity of Coimbra) organised the winter counting program i@ #inea, on behalf of
the CEMPA. The counts of 1987 and 1988 still showed relatifelv birds to be
present (89 and 154, respectively) (Rufino, 1990, and pérsera.). However, in
the following two years, with a better knowledge of the atha,numbers recorded
increased significantly: 562 in 1989 and 754 in 1990 (Rufi®&91 1990).

No counts were performed in 1991, 1992 and 1993. Howeverjess# stud-
ies on several aspects of the estuarine wader assemblageavaed out (Mdrias
& Ferrand de Almeida, 1991; Mdrias al., 1991; Rodrigues, 1991; Mdrias, 1993;
Cabral, 1995). These studies led to the conclusion thatrthéqus winter censuses
probably under-estimated the numbers really present. d¥ere they provided
some data on the possible importance of the area outsideitiberiwg season, es-
pecially during the migration periods. The better knowkedfthe area and of the
species acquired through these initial and partial styaliegided a sound basis on
which to carry on a detailed census program that could filhegaps.

The main objectives of this Chapter were (1) to study the ispecomposi-
tion and its seasonal variation; (2) to assess the signd&cahthe area for several
species and (3) to place the Mondego estuary in the natiowkihéernational per-
spective, and to provide data on the ornithological segroktite estuarine food-
web that could be useful for future studies.
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3.2 General Methodology

3.2.1 The census method: advantages and limits of its use

The most frequently used method to assess wader numbersuglidirect counts
of the birds on their feeding or roosting sites because, aeP& Lloyd (1987)
state “...they are large, readily identifiable without lgecollected and easy to
see ...”. This method belongs to the familyaiisolute methodsas it allows, in
principle, the assessment of the total number of birds ptés¢he area to be made
(Blondel, 1969). In large estuaries, specially, countparérmed two hours either
side of high—water on spring tides, when birds are conctutiia a limited number
of roosts (Prater, 1981; Prater & Lloyd, 1987) and movembata/een areas are
at a minimum. In small estuaries, however, it is possiblel (@fiten advisable) to
make the counts at low—water (Prater & Lloyd, 1987). In bathes, the method
implies perfect knowledge of the area to be surveyed, inrdalaclude all, or at
least the most important, refuges and/or feeding arease{Pi1®81).

In practice, however, it is seldom possible to coatitthe birds in an area
even in the best conditions. When dealing with estimates facsingle count, it
is important to distinguish betwearecisionand accuracy(or reliability). The
first term refers to how close the estimate is to the numbeird§ beally present.
In practice, it will be very difficult to achieve (Bibbgt al,, 1992), but it tends
to improve with the increase in cover (e.g. by counting all ligh—tide roosts).
Accuracy, or reliability, on the other hand, deals with eysatic departures from
an average which cannot be improved by increasing the cBvely et al,, 1992).
Ideally, any count should be both precise and accurate r&are always present,
however, and the main goal of anyone who initiates a censgsgm should be to
minimise the effect of such errors.

Prater (1981) and Prater & Lloyd (1987) identify four maiwcttas that are
likely to affect the accuracy of wader counts. Of these, thksp identify two
which are directly applicable to counts in a single estugn): those that result
from incomplete countsand (b) those that derive from counting inaccuracy. The
latter error is most likely to arise when direct counts ofiwilial birds are not
possible. The magnitude of the errors arising from bothesican be explored.

The margin of error due tincomplete countgan be substantially reduced
through an increase in counting effort (usually resultingyf a good knowledge
of the area). An appraisal of the magnitude of error deriviirmgn this source
can be made by comparing high—water and low—water count® nmathe same
area and season. Although low—water counts may be as emae-ps high—water
counts, the close relationship shown in many studies betwigh and low—water
counts (e.g. Yates & Goss-Custard, 1991) does raise conédiat all roosting
areas have been located: it would seem unlikely for exah#ysame number of
birds to be missed when birds are concentrated at roosts laewl dispersed widely

IMostly due to the absence of birds that use, as resting afe#ding areas, the inland habitats
adjacent to the study area, and also to the omission of rodébvafeeding areas.
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over the feeding areas.

The errors associated witlounting inaccuracyare more difficult to overcome.
In most counting procedures it is necessary to resort tonastis: the observer
counts a small group of birds and, mentally, superimposegithup on to the rest
of the flock (Blondel, 1969; Luis, 1989). Although at firsthgighis would seem to
be inaccurate, the method is, nevertheless, surprisinglsige when the observers
are trained (Prater, 1979, 1981).

The accuracy of the counts depends of several factors,dimgjuhe species
involved, the dimension and the density of the flocks, thegoaphy, the weather
conditions, and even the observer’s experience (Prat8f,)1&enerally, there is a
tendency to overestimate small flocks (100—-400 birds) anohtterestimate large
ones (1000-3000), the error margin varying between 10% &84, Zccording
to flock size and observer experience (Prater, 1979, 1981hoimal conditions
with trained observers, the error is closer to the lowertl{f@londel, 1969; Prater,
1979, 1981; Prater & Lloyd, 1987). As a high degree of coasist has been found
between counts made by the same observer and between cadgsgndifferent
observers (Prater, 1979), the counts from different aranusually be compared
with confidence.

The test of counting accuracy, the second error factor, ddmprecise counts
of the number of birds present which can be used in compavisiimrepeat esti-
mates made using the some counting procedure. Althouglogtagths of flocks
of different sizes can be used to test the accuracy of an\aser inter-observer
reliability, a photograph may not completely reflect thedigituation, since factors
such as habitat type, weather conditions, and the chaistitterof dispersion, con-
spicuiness and behaviour of the species involved, canglyramfluence the results
(Prater, 1981). Therefore, it is highly advisable to reghat kind of test in the
field from time to time, as indeed is usual with professioeahs (Prater, 1979).

3.2.2 Counting procedure
Field methods

According to several authors (in Batty, 1991), the accuestenate of wader as-
semblage composition is best made on falling tides, justrieethe birds begin
to spread throughout their feeding areas. Alternativeiggsbcan be counted in
their refuge areas at high—water, which is the most widedgusethod (see above)
(Prater, 1981; Prater & Lloyd, 1987).

However, the method used in this study was that of low—waiants because
(1) another part of the study required the birds to be censaisthis time (Chapters
5 and 6) and (2) accurate high—water counts were thought todse difficult in
this estuary, due to the particular nature and scatterédbdison of the supratidal
habitats which led to a scatter distribution of the birdsrikelves. Even so, birds
may also have been missed in the low—water counts. Therefaeries of high—
water counts was made in the Morraceira’s salinas on the dagnthat low—water
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counts for the purposes of comparison (see below).

The censuses were performed fortnigthfsom July 1993 (in the salinas) or
October 1993 (in the mudflats) to May 1995. Whenever possitle-water and
high—water censuses were carried out in the absence ofyswvord and/or rain
or fog, since adverse weather conditions can strongly infle¢he results (Prater,
1981; Luis, 1989). The whole of the south arm mudflats wasesed from three
fixed stations located downstream (Chapters 5 and 6), whilarsect was used
to survey the supratidal habitats (salinas, ‘viveiroshffarms and saltmarshes)
in the Morraceira (Chapter %) The position of the fixed stations was such that,
in order to get there, it was necessary to cross most of thih som supratidal
habitats that were, in this way, also surveyed. Howevesglmabitats proved to be
seldom used, at least at low—water.

Initially, each census was completed in three days (twoHerintertidal mud-
flats and one for the supratidal habitats). But with the eigeegained, from Febru-
ary 1994, it was possible to do the work in just to two days (fumeeach type of
habitats), which greatly reduced the likelihood of doulerting.

Counts were made by two persons using binoculars§0) and a telescope
(30-90< 60), within 2 hours of low—water on spring tides. Birds were identi-
fied and counted, or estimated, and some additional infeom#aken (details on
Chapters 4 to 6). A total of 38 visits was made to the studysarea

Checking the reliability of the counts

Errors due to incomplete coverage In order to look for errors due to incomplete
coverage, the total number of birds counted on the estudoyaivater was com-
pared with the number counted at high—water roosts/feedliegs in the salinas of
Morraceira. In most cases, fewer birds were found in the-higtter censuses of
the Morraceira than at low—water on the estuary by a prapottiat was variable,
but especially high in the first winter (Figure 3*1)

This deficit in bird numbers at high—water was in contradictwith the gen-
eral tendency found elsewhere (e.g. Prater, 1981; Yatess&-@aistard, 1991) and
could be due to (1) a deficient coverage of the main high—watest/feeding ar-
eas, (2) inaccuracy in the high—water counts, due to thedtiohs and difficulties
already mentioned, and (3) double-counting at low—watdthoigh none of the
hypothesis can be completely eliminated, it is believed tiast of the difference
between high—water and low—water counts were indeed dule$s good coverage
of the high—tide feeding areas in 1993-94.

In fact, from July 1994 onwards, after six new salinas hachtzsded to the
number visited in the Morraceira, most of the differencesveen high—water and

2Except prior to February 1994, when only monthly counts weaele.

3For a description of the study area, see Chapter 2

4The Avocet and the Grey plover were excluded, since theydcalllbe counted at low—water.
Conversely, the Black-winged Stilt and the Curlew Sandpipere only found in the salinas and,
therefore, were also excluded.
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Figure 3.1: Percentage of difference between total low—water and fgker counts from October
1993 to May 1995.

low—water counts fell within the 50% limit of variation whesrs, until then, they
had largely exceeded this limit. Moreover, in the winter 4996 (November to
February), a series of regular high—water counts was aldorpgd in the suprati-
dal habitats of the south arm. The average difference betwiegh—water and
low—water winter counts generally dropped in 1994-95 (899, as compared to
the previous year (-53.2%), which further suggest that timounted areas may
have also been used by waders in the winter of 1993-94. Qvepato 77.8% of
the counts differed by 50% or less, with only 22.2% being abibns limit, which
was considered a good correspondence (see Yates & Gosa@;u€991).

Errors in counting accuracy In general, it was possible in the mudflat areas to
count the birds one by one, as they usually fed far apart. Bitomne occasions,
particularly in winter, birds fed in large and compact flocksd estimates had to be
made instead. Compact flocks also occurred in the salinagtatwater. To verify
the accuracy of the estimates, several trials were madeth dites with flocks
of different sizes of Dunlin (small sized species) and Avdtarge sized species)
(Table 3.1).

An overall, and acceptable, average difference of 14% wteraal, which is
in agreement with the values of Prater (1981). The resultiasfe trials also sug-
gests that inaccuracies in high—water counts in salinas n@rtoo large, and these
counts could provide, in some cases, a better estimatidreafumbers present than
the low—water counts, particularly for the small sizedesge (e.g. Dunlin).
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Table 3.1: Comparison between estimates of the same Avocet and Duadksflin the two main
habitats. Flock sizes are the means of each set of estimates.

Species Habitat Date Number of Mean flock Average
estimates size difference

from the

mean

Dunlin Salinas 7.1.94 3 395 12.6

Avocet Mudflats 25.1.94 3 477 5.0
Dunlin Mudflats 27.4.94 2 1986 10.1
Avocet Mudflats 1.2.95 2 555 12.6
Avocet Mudflats 17.3.95 4 160 18.5
Dunlin Salinas 15.4.95 2 95 14.7
Average (SE) 13.3(5.3)

To control for the inter-observer variability, regular cpanisons of the results
of simultaneous counts performed by the two observers wakem

3.2.3 Which counts to use?

Given the results presented in section 3.2.2, the highesitsmbtained for each
species in each sampling occasion were used in the anabystbe grounds that
the most serious errors arose from birds being missed rdithebeing not counted
accurately, independently of the tidal state. They weresiclemed to represent the
minimum number of birds present in the estuary in a givenueasd suited well

the purposes of this Chapter.

Data analysis

The individual censuses were used in all analyses. The fesging ones were
interpolated by calculating the average of the two nearessuses made before
and after the missing data (Wolff & Smit, 1990). For the eadibn the seasonal
variations in the birds’ populations, the simple totals éaich count were used.
However, when refering to the total use of the area for thelevistudy period
(i.e. from July 1993 to May 1995), total bird-days were thiouig provide a better
measurement. Bird-days were calulated as: average nuriinied®per monttx 30
days< 23 months. The widely used index of Shannon-Wienner (Washir) 1984)
was used to measure wader diversity. Factorial AnalysisaféSpondence, or
simply Correspondence Analysis (COA) (Legendre & Legentie84), was used
to study the affinities between the wader assemblages of dlive portuguese estu-
aries.

Factorial analysis belongs to the group of ordination méshehose purpose is
to simplify and condense a massive data matigg, with Srows (species) an
columns (sampling units, SU), into a smaller matrigewith a minimum of infor-
mation loss, in which there is one dimension or axis for epelties where the SUs
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are positioned by orders of magnitude of the variable meas(e.g. abundance),
into in a reduced space, preserving the relations betwestecst.

This corresponds to a reduction of thedimentional space into a smallpr
dimentional space, where the relations between SUs can be mrapidly exam-
ined: this operation is called ‘reduction of dimensional{Ludwig & Reynolds,
1988). SUs (and species) located on opposite sides of aamxtgghly different;
conversely, those located side by side along an axis ardyhaymilar (Ludwig
& Reynolds, 1988). If the SU ordination is based on the resende between
species (i.e. rows) it is called R—mode ordination. Corelgrsf it is based on SU
resemblance (i.e by columns) it takes the name of Q—modeairdn (Legendre
& Legendre, 1984).

The number of axes that is extracted is equal to the numbegreaies (or SUs,
depending of the mode selected for the analysis). Howevere tian three axes
(or dimensions) are not able to be plotted on a graph and pedted visually and
are, therefore, difficult to interpret (Legendre & Legendr@84). Fortunately, the
majority of the variability in most data sets is ‘captured’the first two or three
axes, which greatly simplifies the analysis (Ludwig & Reyl$|1988).

The correspondence analysis deals with sets of data dedcip only two
qualitative characters (estuaries and species, in themirease), whose quantities
are (1) homogeneous (in this case, the unit is the numberrd$)hi(2) can be
summed (e.g. number of birds of all species in an estuarg)(3)rare amenable to
being transformed into frequencies (e.g. proportion addof a species in a given
estuary) (Ribeiro, 1991). The analysis is based orxfaistances of the weighted
sums of the n species in the k SUs (estuaries, in this casgglidee & Legendre,
1984). The COA presents several advantages over otheratimdinmethods: it
does not need to fulfil the stringent conditions requiredtifi@r use of parametric
tests, and allows both the individual species and SUs torbeltsineously plotted,
thus making the interpretation easier (Ludwig & Reynol@®88; Ribeiro, 1991).

The winter assemblages were chosen for this analysis, hotlae to the lack
of data for most estuaries for bird numbers outside the witigt also because
it is in winter that the Portuguese estuaries are of greatgstrtance for waders
(Smit & Piersma, 1989). A matrix of 22 wader speci@ssites (estuaries) was
constructed, using the database of the winter nationausegs—ordinated by the
CEMPA. In the absence of more recent data, the numbers ofrevéatethe period
1991 to 1993 (Rufino, 1991, 1992; Rufino & Costa, 1993) wereage, for each
species and site, except for the Ria de Aveiro, for which ontyyears data (1992
and 1993) were available. Averaging across years had trentabe of reducing
inter-annual variability.

Ideally, data for the Mondego from the same period shoulc HBeen used,;
however, no complete counts were available for this area i1993-94. On the
other hand, these data existed for the winters of 1993-84-295 and 1995-96,
S0 an average across these three years was used. This alfbe@uipensate for
any over-estimations due to the counting method used bEfruary of 1994 (see
above). In fact, it was found that the 1993-94 count in the dégo overestimated
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the mean number of waders recorded for the winters of 1998>9495-96 by

an average, across species, of 6.2%, although individeaiep differences could
be as high as 44%. Moreover, six species were not presetieasvere recorded
only in later years. But as these species were present ongrinlow numbers

(<15 birds), it was considered that their omission was notyike affect the final

results.

The following zones (from the north to the south of Portugadfe considered:
the Minho estuary, on the northern portuguese border; thel&Aveiro, the Mon-
dego, Tagus and Sado estuaries, along the western atlaatt the Ria de Alvor
and the Ria Formosa, in western Algarve; and the saltmarSlastro Marim (Gua-
diana estuary) in the eastern Algarve. The calculationg ywerformed with the
program NTSYS—-PC, version 1.7 software (Rohlf, 1988).

3.3 Results

3.3.1 The wader assemblage
Permanence time

The number of months in which a species is present in an gdtiaalled the ‘per-
manence time’ (Amat, 198#h Batty, 1991). As Batty (1991) notes, permanence
time refers to species, not to individual birds, which usuaémain for shorter
periods.

In the Mondego estuary, six species (Golden Pl&®larialis apricaria Snipe
Gallinago gallinagg LapwingVannelus vannelyCurlew Sandpipe€alidris fer-
rugineg GreenshanKringa nebularia and Sanderlingalidris alba) used the es-
tuary for short periods (1 to 4 months). Seven species (Ruiffomachus pugnax
TurnstoneArenaria interpres Avocet Recurvirostra avosettaBar-tailed Godwit
Limosa lapponicaCurlewNumenius arquataknot Calidris canutusand Whim-
brel Numenius phaeoplsvere present for about half a year. Finaly, nine species
(Black-winged StiltHimantopus himantopysGrey PloverPluvialis squatarola
Black-tailed GodwitLimosa limosalLittle Stint Calidris minutg Common Sand-
piper Actitis hipoleucosRedshanKiringa totanus Ringed PlovelCharadrius hi-
aticula, Kentish PloveCharadrius alexandrinuand DunlinCalidris alpina) were
present for most of the year (7 to 12 months)). (Figure 3.2).

Seasonal variations in total bird numbers, species numbersdiversity and
species composition in the Mondego estuary

Total numbers, species numbers and diversity A total of 591 909 bird—days
and 22 species were recorded in the Mondego during the seritydp Across all
species, more birds were present in 1993-94 than in thenoltpyear; however,
the patterns of seasonal variation in total numbers werissirthe maximum val-
ues in individual counts occurred during the winter montievember—February).
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Figure 3.2: Permanence time of the species in the Mondego. Data refee toumber of months in
which a species was recorded, independently of the yearcofr@nce.

A second peak ocurred in April-May (pre—nuptial migratiarjile a smaller peak
was recorded from late July to September (post—nuptial atigr). During the
summer months (June, early July), few birds remained onstuagy (Figure 3.3).
The number of species in the Mondego varied between 10-t@ghout the year
(Figure 3.3).

The highest number of species was recorded during the spigiatory pas-
sages (March—May), while the lowest number was presennglithe summer
months (June and early July).

In spite of the seasonal variations in humbers, the Mondegader assem-
blage was a diversified one, as was demonstrated by the galhehggh values of
diversity (Shannon’s H) (Figure 3.4).

The diversity values decreased in late April-May, coirmaidivith the over-
whelming numerical dominance of Dunlin during this periasd in June-July,
where the nesting species (Kentish Plover and Black—wirigjgt] were virtually
the only species present.

Species composition A particular group of species dominated the assemblage
numerically throughout the study period. The winter morisvember—February)
were largely dominated by Dunlin and Avocet (Figure 3.5).

In late February—early March, the onset of migration reslln the increase
of the representativeness of another group of specieskBldnged Stilt, Ringed
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Figure 3.5: Species composition, in % of all the waders counted duriradp sampling occasion.
Refer to Figure 3.3 to see total numbers

Plover). The spring passage (March—May) was again dondnatthough briefly,
by Dunlin, while Black—winged Stilt replaced the Avocet he second most abun-
dant species. In the summer months (June-July), the Blanged Stilt and the
Kentish Plover were the dominant species, as both nesteteimrea. The as-
semblage was more diversified in the autumn passage (Augctstser), although
Dunlin and the two small plovers (Kentish and Ringed Ploversre, again the
most represented species.

Variations in the specific patterns of abundance Each species showed a char-
acteristic pattern of occurrence throughout the year. Thmits for July, August
and September 1993 were the maximum numbers found in timasalhly, and so
may underestimate the actual numbers. Nevertheless, thgyr@sented as they
are thought to be adequate to illustrate the general pattdérseasonal variation in
species abundance. Data are presented in Figures 3.6 to 3.9

Kentish Plover. This species was present during the whole study perioth, wit
atotal of 76 479 bird—days. The highest values in indivichaaints were reached in
August and early September, during the passage of autunmamtégand probably
also of juveniles born in the estuary in this year) and in mighter (December and
January). This species is one of the two that nest in the gstoieeding in the
salinas of the Morraceira and elsewhere (see Chapter 4)tdloat was made to
count the number of nests. However, based on the total nuofltdnds present in
late March and April in the Morraceira, a minimum number oft8@0 pairs may
have nested in the island in the 1994 breeding season.
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Ringed Plover. This species was also present throughout most of the year,
excluding late June and early July, with 45 528 bird—dayscdurred in the highest
numbers during the autumn passage, although the peak valmebvidual counts
recorded at that time of the year differed between yearsl§24 in October 1993,
and 319 in August 1994). In contrast, mid—winter numbersevaenall, although
similar between the two years (163 and 160 in January of 199&nd 199495,
respectively). Maximum numbers in spring differed betwéntwo years (146
birds in April 94, and only 55 in April 95).

Grey Plover. This was a typical wintering species. Some 35 528 bird—days
were recorded, mainly from October to May. The maximum nusitoé birds
present in individual counts were recorded in winter, bifedtd between the two
years, with 217 in 1993-94 and 152 in 1994-95. However, tlely@attern of
occurrence was much more regular than that of most spedishigher numbers
consistently being recorded in mid—winter, followed by @&réase in late winter
and a smaller peak in late March to April/May, correspondioghe migratory
passages. Maximum numbers recorded during this migrat@geovaried between
125 (in 1994) and 152 (in 1995).

Curlew and Whimbrel. The two species of the gendbaimeniusvere some-
times difficult to distinguish in the field. However, Curlé\wv arquatawas mainly
a winter visitor, while WhimbreN. phaeopugould be found intermittently from
early spring to late autumn. The number of total bird—daysew&8 for Curlew
and 4 830 for Whimbrel. The peak number in individual countsGurlew was 12
birds in late February of 1994, while Whimbrel reached itghleist numbers of 35
birds in July 1994. Recent information seem to indicate Whtmbrel is present
more continuously from April to October than is suggestedhgycounts, because
at low—water Whimbrel also use the saltmarshes, where ieaaity be missed.

Black-tailed Godwit. This species occurred mostly in January and February.
Total bird—days for this species was 22 955, and the maximuntenpeaks in indi-
vidual counts were 1 285 in 1993-94 and 346 in 1994-95. A piakogcurred in
March 94 (160 birds), probably associated with the passbggring migrants. The
autumn passage, from late July to October, was much longerttie spring pas-
sage, but the maximum number was considerably lower (63)hifthe 199495
numbers may be underestimated because, apart from a sl tirat remained
in the salinas throughout the tidal cycle, this species mavi the rice—fields of
the Lower Mondego river valley during the day, returning loa éstuary mainly at
dusk to roost.

Common Sandpiper Although present for most of the year, except from late
May to June, this species also occurred in the greatest ngnibavinter. The
peak for individual counts in both years were similar: 2@bim early February
1994 and 18 birds in late January 1995. The first birds ariiivéide estuary in late
July, and the numbers increased until January. Howevemuhebers fluctuated
a lot more in 1994-95 than in the previous year. A total of 2 BdD8-days was
recorded.
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Redshank This species was present only during the migratory seasdgtis
a total of 9 056 bird—days. The maximum numbers in individc@lnts were
recorded in July (77 birds) and September 1994 (68 birdgsetmumbers be-
ing very high compared with the autumn of the previous yegring migration
numbers were similar in both years (late March, 34 birds #41@nd 41 in 1995).
However, recent information suggest that some individoedy remain on the estu-
ary over the winter. Although breeding in this species hdsyabbeen recorded in
the Mondego, Redshanks breed in the more southern estoaties Tagus, Sado
and in the eastern Algarve (Jardim, 1984; Rufino, 1989). § ierhowever, some
recent evidence that one or two pairs may have nested in theabira’s salinas
during the study period (pers. observ., J.P. Neves, pensnch

Dunlin. This was the most abundant species in the estuary, withahdbt
265 231 bird—days. A large wintering population was pregent early November
to late February, with more birds being counted in the firatr ymaximum of 1 228
birds, in January of 1994) than in the second (774, in Janoiat®95). However,
the peak counts in each year were reached during the briefjgpaissages (2 112
in late April of 1994, and 1 211 in early May of 1995). In comigan, the autumn
passage lasted for much longer — from late July to late Sduemwith a small
peak count in August (182) and a major one in September (698).

This apparently bimodal timing of the passage of migratinglins may be
due to different geographic populations migrating throtigh region at different
times. Batty (1991, 1992), found that, in the Ria Formosagrly migrants (late
July) were adults belonging to the continergahiinzirace. These were then fol-
lowed, from August to October, by the juveniles of this rand by both the adults
and juveniles of the icelandischiinzirace. The birds of thalpina race, which
winter on the estuary, were present mainly in September ardb®r. In view of
these findings, it is possible that the July peak in the Moaddgo corresponded
to the passage achiinzibirds, while the September peak was mostly formed by
birds of thealpina and icelandicschiinziraces.

Little Stint . This small calidriid occurred mainly in the winter, withditional
peaks in numbers occurring during the autumn and springatigr periods. Some
7 910 bird—days were recorded, and the highest peak in thdivicounts occurred
in November (221 birds) and December of 1993 (109 birds)ceSihen, the max-
imum numbers have not exceeded 60. The spring migrationr@ztdrom late
February to late April, although this pattern was not vegaclin 1993-94. In con-
trast, the autumn passage, which apparently took place guguand September,
was more evident during the first year of the study.

These annual differences in autumn passage numbers maytlyespalained
by difficulties in counting — particularly in the salinas —dato the possibility of
confusion with similar species at a distance.

Ruff. A typical saltmarsh bird (Haymaat al, 1991; Cramp & Simmons,
1983), the Ruff was observed during the migratory periodsusively, in a total
of 1 355 bird—days. Peak numbers in individual counts wefgsptember of 1993
(21 birds) and late March of 1994 (17 birds).
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Avocet With a total of 76 713 bird—days, the Avocet was the secondtmo
abundant species. It was found from late October to earlycMawith peak num-
bers in individual counts in mid—winter (815 birds in Jaryui994 and 687 in early
February 1994). This is perhaps the only species that wadedwery accurately,
as all birds gathered in a single flock to feed at low—waterhensouth—eastern
mudflats. As such, the changes in its abundance in the estaarge confidently
traced back to the late 1970’s. In fact, from 1975 to 1978, iRufiL979) found
an average of 322 birds in the Mondego during January cowritis &§ maximum
count of 700 in 1975). From 1988 onwards, regular Januargusss were carried
out, the following numbers of Avocets being counted: 270988/89 (unpublished
data); 510 in 1989/90 (Rufino, 1989, 1990); 325 in 1991/92p(blished data);
815 in 1993-94 (Costa & Rufino, 1994, this study); 687 in 1994this study);
and 968 in 1995/96 (unpublished data). The average of 598 lsiounted from
1989/90 to 1995/96 represents, thus, an increase of 85%tfrermid—seventies
average.

Black-winged Stilt. This is the second species that breeds in the estuary. A
total of 33 453 bird—days was recorded during the study deribhe species is
present from early March to August or September, the pealbeusrin individual
counts being reached in early April (148 in 1994, 203 in 198&)bably due to the
presence of migrating birds. Most birds were found in thetfslcgira Island, where
the largest colony in Lower Mondego river valley occurs (Rof& Neves, 1991,
unpublished data). Based on counts of individual birds asdming that two birds
correspond to a breeding pair, the number of pairs in thedsfar the nesting
seasorsof 1990 (Rufino & Neves, 1991), 1994, 1995 and 1996 was, réispsg
36, 49, 42 and 41. These data suggest that the numbers lydedia stabilised
over the past few years.

Other species Other species were present in small numbers and for very lim
ited periods of time. Some used the area for brief perioda,raggratory stopover,
in spring and/or autumn. For example, fhernstonewas recorded only in spring
(April-May). The pattern was similar in both years, with rmaxm numbers of 18
(1994) and 16 birds (1995). Some 1294 bird—days were redorde

TheBar-tailed Godwitoccurred in both autumn (September—October) and spring
(April-May), but the numbers present varied from year taryeigher between sea-
sons and in the same season. The peak number was reachdg Maaof 1994,
with 42 birds, but the average number was 8 birds. Total bizgls reached 2 514.

TheKnotwas also present during the migratory seasons althougi®98-b4,
some birds were seen in November and December. As with thiéopeespecies,

5Rufino & Neves (1991), in their estimation of the nationahtstf breeding pairs for the Black-
winged Stilt, used two counts at the beginning (April) andha middle (early June) of the nesting
season. As a more complete set of counts was available isttidy, the number of breeding pairs
was found by selecting the highest count made when the dévenalbers stabilised. In this way it
was avoided the introduction of biases due to the preseneeégoéting birds (in April) or the year’s
young birds (from July onwards), as the seasonal dynamitiseo$pecies may sligthly vary from
year to year.
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the numbers varied a lot. Two peaks in numbers occurrederBaptember of 1994
(42 birds) and in early May of 1995 (38 birds). Total bird—sldgr this species was
2612.

The Sanderlingwas present from mid—winter (January or early February) to
early spring (late March), with 1 479 bird—days. This spgégemostly found on
sandy beaches in winter (Smit & Piersma, 1989), but is fretipdéound in more
inland waters and saline lakes during migration (Hayretual, 1991). So, the
high numbers observed from mid—February to late March irsdiimas probably
reflects the passage of migrating birds from southern tg#&u The numbers found
were similar in both years, although the peak counts wererded in January of
1994 (22) and in late February 1995 (21 birds).

The Curlew Sandpipemwas recorded continuously from the late summer to
early autumn of 1994 (late July, August and early Septemian)y 35 birds were
observed. This pattern is in agreement with what is knowheftenology of this
species, which occurs in western Europe mostly during thenau migration in
scattered groups (Smit & Piersma, 1989; Hayreaal., 1991), with only a small
number wintering here (Encarnagéo, 1992; Perez-Hurtadwm&ald, 1991). The
timing of migration found for this species was very similarthat observed by
Rufino (1984) in the autumn of 1981 in the Tagus estuary. Ah \ittle Stint,
some confusion with the more abundant Dunlin may have oedumvhich may
have led to an underestimation of the numbers present.

Four species used the area intermittently, mainly in wiritéey were mostly
inland species that, for some reason, were driven to themstemporarily. The
Lapwingand theSnipeare mainly ricefield users that occasionally occurred in the
Morraceira’s salinas in winter or early spring. No more tttabirds from the
first species and 15 from the second were recorded. Nevesthehe Snipe may
be more frequent in the supratidal habitats of the estuagy thappears, as the
census method used is likely to have underestimated the ensnalb this highly
inconspicuous species.

The Greenshanican be found in both estuarine and inland habitats (Smit &
Piersma, 1989; Haymast al, 1991). In the Mondego, it was only detected in the
second year, from October to March, probably because itlynaged the ricefields
and the adjacent south-eastern salinas of the Morraceiniahwvere visited only
from August 1994 onwards. Total bird—days amounted to 9h2.Golden Plover
on the other hand, is a typical inland species (Smit & Pier4989; Haymaret al.,
1991), and its presence in early March of 1994 in the Morratesalinas (2 birds)
must be considered accidental.

3.3.2 The Mondego’s wader assemblage in the national context
Qualitative comparisons: permanence time of the species

The permanence time of the species found in the estuary oflbgmwas com-
pared with that of other Portuguese estuaries, for which diathe annual cycle of
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Table 3.2: The permanence time of wader species in the Mondego and Esfuaries and in the
Rias de Faro and Aveiro. Values are ranks, as follows: 1: 1eihs; 2: 3—4 months; 3: 5—-6 months;
4: 7-8 months; 5: 9—10 months; 6: 11-12 months. (?) meanstacaglailable. The comparison
of ranks gives the qualitative ranking similarity betwe@eaces according to the four sites in the
sequence presented in the table. 1 means that the spec@sreesh shares the ranking value with
other estuaries; 0, means a ranking different from all oitess. Thus, 1101, for example, means
that the ranking of the species concerned is the same ind\Wdivndego and Faro, but is different in
Tagus. In case of double pairs (e.g. 1100), the 1 value ibuatidd to the Mondego and its co-sites.
Values for the Mondego are in bold.

R. Aveiro Mondego Tejo R. Faro Comparison
of ranks
Kentish Plover 6 6 6 6 111
Ringed Plover 5 5 6 5 101
Lapwing ? 2 1 2 201
Snipe ? 1 2 1 201
Golden Plover ? 1 1 2 210
Grey Plover 6 4 6 4 0101
Curlew 6 3 2 2 11
Whimbrel 4 3 1 4 1001
Black-tailed Godwit 5 5 6 1 1100
Bar—tailed Godwit 6 3 6 ? 1012
Common Sandpiper ? 5 5 1 2110
Redshank 6 5 6 6 1011
Greenshank ? 5 6 2 000
Ruff ? 3 4 4 011
Knot ? 3 5 3 201
Dunlin 5 6 6 6 0111
Curlew Sandpiper ? 2 4 2 201
Sanderling ? 5 4 2 000
Avocet 4 3 6 3 0101
Black—winged Stilt 4 6 6 4 0110

occurrence of the species were available: Ria de Aveiros(L1889), Ria de Faro
(Encarnacédo, 1992) and Tagus estuary (Meradesd., 1996). The species were
ranked according the number of months spent in each sitée(Bad).

Some 60% of the species examined had a similar permaneneédtitine birds
of, at least, one of the other estuaries, although no cemiititudinal trend was
evident. Among these species, and excluding those that reeoeded in only
some of the four sites, four species (Grey Plover, BladkedaGodwit, Avocet
and Black—winged Stilt) were present during the same nurobetonths in the
Mondego as they were on only one other estuary or ‘ria’ (3§.4%vo species
(Ringed Plover and Dunlin) were present for the same peffidiine in two other
estuaries or ‘rias’ apart from the Mondego (18.2%). Only epecies (Kentish
Plover) was present for the same period of time in all sites.
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Figure 3.10: Analysis of the winter distribution of the waders amongst thost important por-
tuguese estuaries, as determined by correspondenceianalifge matrix speciessites (estuaries).
TA — Tagus estuaryCM — Castro Marim saltmarsiL — Ria de Alvor;FA — Ria FormosaSA —
Sado estuaryiO — Mondego estuanV — Ria de Aveiro;Ml — Minho estuary. Numbers refer to
the following species (the scientific names of the speciésaumrded in this study on the Mondego
are given in brackets.): 1. Oystercatclhtematopus ostralegusBlack-winged Stilt; 3. Avocet; 4.
Ringed Plover; 5. Kentish Plover; 6. Grey Plover; 7. Turnstd8. Dunlin; 9. Curlew Sandpiper;
10. Little Stint; 11. Knot; 12. Sanderling; 13. Redshank; $fpotted Redsharnkringa erythropus
15. Greenshank; 16. Green Sandpipenga ochropus17. Curlew; 18. Whimbrel; 19. Black-tailed
Godwit; 20. Bar-tailed godwit; 21. Ruff; 22. Common Sandpip

Quantitative comparisons: the winter assemblage

The results from correspondence analysis showed the porjeaf both wintering
wader species and the different estuaries and ‘rias’ cersitialong the Portuguese
coast in the space of the first two axis of variability (Fig8r&0).

The Tagus estuary was clearly at the other extreme of axibicfwaccounted
for 65.1% of the total variability), compared to the otheéesj being characterised
by the presence of abundant Black-tailed Godwit. Along #xi81% of the vari-
ability), the separation was especially marked betweertparve zones (namely
Ria de Alvor and Ria Formosa) and the estuaries of the Adardast, exclud-
ing the Tagus. The species that characterised these solRbeuguese wetlands
were Curlew Sandpiper, Turnstone, Knot, Black-winged, 3intish Plover, Dun-
lin, Oystercatcher Haematopus ostralegus, Little Stinge@shank and Bar-tailed
Godwit. Conversely, the group of estuaries of the Atlantiagt, including the
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Mondego, was not clearly distinguished by the presence ricpkar species, al-
though the positions of Curlew, Sanderling and Common Spedgeemed to be
more liked to these sites.

3.4 Discussion

The results of this study generally confirmed the idea thatitiportance of the
Mondego estuary as an habitat for waders had been underagsti. The average
winter number&for the period 1994-96 (738) increased by 67.7% the figukesgi
by Rufino (1979) for 1975-78 (440). This increase should tréated more to a
better coverage of the area than to a real increase in numlnefiact, a complete
count of the area, including all the habitats suitable fodeva (although not the
total area available for each habitat), was only achievedi9®4, the first year
of the present study. The total number counted in the Jaragaryus of 1994 was
significantly higher than in previous years: 2 396 birds, nobthem being Avocets
(815) and Dunlins (1 093).

The numbers of the smaller species may have been overestinaatthe winter
counts in 1994 were spread over three days and, in a smadrgsiuch as the
Mondego, this is likely to increase the probability of daibbunting. However, the
high numbers that were recorded agreed well with the ineceasmbers recorded
in the national winter census of 1994 relative to the previgear (Costa & Rufino,
1994). As Dunlin was one of the species that increased by ribatast amount
nationally, the increased numbers recorded in the Mondegy e viewed with
some confidence. Similar total numbers (1 877 and 2 079, cteply), were
recorded in the Mondego in 1995 (this study) and 1996 (unghéd data), in
spite of the adverse weather conditions of the 1996 countho@iph these data
cannot be compared with the national counts for these twisyaa they are yet to
be published, the inter—annual similarity in bird numbershe Mondego estuary
further suggest that the main feeding/roosting grounds naw been located and
censused.

As expected, the winter wader assemblage of the Mondegayssimilar to
those of other estuaries along the western coast of Poytogidl qualitatively and
quantitatively, but different from the Algarve sites. Tlésprobably due to the
geographic position of the Algarve coast in one of the cazds of the European-
African migratory routes — the Gibraltar Strait. Also, thigarve is situated near
the northern border of the wintering area for a number of isgee.g. Kentish
Plover, Black—winged Stilt) (Smit & Piersma, 1989; Batt@9P).

Regarding the numerical importance of the wintering pajpuis of waders,
the position occupied by the Mondego among the other Poesegestuaries is
modest. According to Farinha & Trindade (1994), the estudrilondego only
accounted for less than 2% of the total number of winteringles in the Por-

6Calculated as the average of species’ averages, in ordéowothe comparison with the data
from Rufino (1979)
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Table 3.3: National and international importance of the Mondego egtia selected wader species
in winter. An estuary is considered to be of national impaeta (N) if it supports>1% of the
total population of a species or a particular race winteimg given country, and of international
importance (1), if it supports-1% of the population of a species or a particular race winggin a
given flyway (the East Atlantic Flyway, in this case). Data 66 tresholds taken from Farinha &
Trindade (1994)

Average
1% of the national population population of Importance
1986-1991 1986-1992 Mondego (1% threshold)
(1994-1996)

Black-winged Stilt 3 10 - -
Avocet 185 186 727 N, |
Kentish Plover 25 60 141 N
Ringed Plover 29 36 129 N
Grey Plover 115 115 157 N
Knot 16 16 -
Sanderling 2 4 18 N
Little Stint 3 15 26 N
Dunlin 502 571 861 N
Black-tailed Godwit 370 527 75
Bar-tailed Godwit 41 41 13
Curlew 21 33 8
Redshank 60 60 2
Common Sandpiper 3 3 17 N
Turnstone 4 4 — -

tuguese wetlands for the period 1989-92. In fact, this ptapowas still below
1% (0.5%), placing this estuary in the third position amalng four smaller es-
tuaries and rias of Portugal. However, the proportion of ih&onal wintering
populations of waders accounted for in the Mondego raiseth Up5% in the pe-
riod 1994-96, probably as a consequence of the better agweehieved, placing
the estuary in the second position within its group.

On the other hand, the data from the present study revealduefperiod 1993—
96 the presence of 8 species in nationally important numtieasis, above 1% of
the national populatiof), according to the values given by Farinha & Trindade
(1994) (Table 3.3).

Also, most of these species are, in some way, protected nah{Red Data
Book) or international (EU's Wild Birds Directive and Berro@ention) agree-
ments (Table 3.4).

It is true that the 1% values refer to the national populatstimates made
over 1986-91 and 1986-92 periods, as no more recent estirasgeavailable.

“According to the Ramsar Convention, a given wetland may heidered ‘internationally impor-
tant to the waterbirds’ if (a) it usually supports more th&®0RO0 birds, or (b) it supports a significant
number of birds belonging to a group of species indicatorthefvalue, productivity and diversity
of the wetland, or (c) it usually supports at least 1% of thpybation of a species or sub—species
of waterbird of a given biogeographic region (Farinha & Tiade, 1994). These criteria are also
applied to one country’s specific fauna.
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Table 3.4: Wader species that regularly occur in the Mondego estuasyeqted by national (por-
tuguese Red Data BooRB) or international (Birds DirectiveBD; Bern ConventionBC) conven-
tions

BD BC RB
Black-winged Stilt + +
Avocet + + +
Kentish Plover +
Ringed Plover +
Sanderling +
Little Stint +
Dunlin +
Ruff + +

However, in most cases, the values obtained in this studwdikt above these

limits. Considering this, and also that the most recentipbibt counts for Portugal
(1993 and 1994) did not reveal any significant increase fersftecies concerned
(Rufino & Costa, 1993; Costa & Rufino, 1994), the above comhssare probably

still valid. Moreover, this estuary acquires internationgportance for the Avocet,

whose 1% threshold limit is between 670 and 700, accordirtheanore recent
estimates (Smit & Piersma, 1989; Farinha & Trindade, 198%jact, in the three

last winters, the estuary retained this status in 1994 (8dds)and 1996 (968

birds).

The winter counts have been adopted as the most accuratefweatiroating
the population sizes of wader species along the east atiyviay as, by then, the
inter—site movements are minimal (Prater, 1981; Smit &dPex, 1989). However,
the phenologic cycles of most species also include migratmvements between
the breeding and wintering areas, and many estuaries aretatggly (although
briefly) used during these periods (Smit & Piersma, 1989).

The estuary of Mondego was shown to be important for a numbspecies
during the spring and autumn migratory periods. Partitulsignificant was the
number of Dunlins that used the area in spring, reachingegatven higher than
in winter. Also, the estuary supports two confirmed breedipecies, the Kentish
Plover and the Black—winged Stilt. At least in the secondecdise area is the
most important one for the breeding populations in the whedgon of the Lower
Mondego valley (Rufino & Neves, 1991, pers. observ.).

Overall, the Mondego estuary may be considered an impaateatfor waders,
reaching national and/or international standards in bahaditative and a quanti-
tative way.



Chapter 4

The use of the salinas by waders
In the Mondego estuary

4.1 Introduction

Migrating waders (Aves: Charadrii) inhabiting or passihgptigh an estuary face
a set of problems in finding enough food for self-maintenander putting on fat
to continue their migratory journey. In fact, since most @maspecies are unable
to feed while swimming, they are confined to looking for foadyoduring low—
tide, when their main intertidal feeding sites are exposeddme 7.5 to 8.5 hours
(Prater, 1981, Puttick, 1984). A series of biotic factotg;hsas high bird densities
and fluctuations in prey populations, and abiotic factaushsas short day length,
low temperatures and adverse weather conditions, actimgplation or in com-
bination, may further constrain the potential rate of foatisumption (Evans &
Dugan, 1984; Burger, 1984; Puttick, 1984).

As an adaptation to these limitations, waders have develageries of alterna-
tive feeding behaviours, like foraging for longer periodsl/@r foraging at night,
increasing their intake rate by foraging faster, and preyipon more rewarding
size classes of their usual prey, or upon more rewarding gpegies (see Puttick,
1984, for a review). Nevertheless, even employing thesgraltive feeding be-
haviours may, sometimes, be insufficient for them to fulfiitlenergetic demands
(Davidson & Evans, 1986). Therefore, the use of supplemgmtean—made or
man-modified supratidal habitats can be of great value wherwater feeding
habitats are unavailable, or their use is restricted (&sstard, 1969; Davidson &
Evans, 1986).

The salinas are among the most important man—-made halitatany estuar-
ies and shores of the southern European countries (Martifilaita, 1985; Britton
& Johnson, 1987; Casiret al, 1995; Rufino & Neves, 1992; Perez-Hurtado &
Hortas, 1993b; Aymerich, 1995). Such habitats might prewaltiernative or supple-
mentary feeding areas to the usual intertidal sites usedanymwader species, al-
though this depends on their management regime (Pereaddudt Hortas, 1991;
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Velasquez, 1992; Perez-Hurtado & Hortas, 1993a).

The termalternative areass used here to refer to those non—tidal areas that are
used over the low—water period, when the intertidal flatseaposed. The salinas
provide then the most important alternative areas and aguéntly used by birds
at low tide, even though the mudflats of the estuary are fulgilable. The term
supplementary area®n the other hand, refers to areas used at high—tide by the
birds that at low water fed on the intertidal flats of the estuaVhen the flats
are covered by the tide, birds can continue feeding by usiegssabove the water
mark, such as the salinas. Thus, such areas provide feddihgs tsupplementary
to the feeding done in the intertidal areas at low—tide.

In Portugal, the salt industry goes back to, at least, thie @@ntury and, un-
til the 17th century, there were salinas in almost all egtsagind coastal lagoons
(Rufino & Neves, 1992; Neves & Rufino, 1995). In the 16th centsalt produc-
tion reached 300 000 tons/year (Oliveira, 1992) and, by #ggriming of the 20th
century, some 190 000 tons were still produced annually. é¥ew from 1936
onwards, salt production entered a deep crisis. Despitgdhernment’s interven-
tion in the early 1950’s and a full-scale mechanisation értiost important areas
in the late 1960's, more and more salinas were abandonedoog, racently, con-
verted into more profitable activities, such as rice prodncdr fish—farms (Rufino
& Neves, 1992; Neves & Rufino, 1995).

These changes in land—use, namely the conversion of oldasailito fish—
farms, are likely to have a direct and important effect onwhaeler populations
which use the salinas, and need therefore to be carefulbsiigated.

In the Mondego estuary, there still remains an extensiva afeunchanged
traditional salinas. Nevertheless, since 1984, the anezected into fish—farms has
increased considerably, as has the number of abandonedssalin spite of this,
and of the recognised importance of the salinas to estuaramer populations,
there is still only a limited amount of information availaldn the use made of the
salinas by waders in the Mondego estuary (MUrias & Ferrandldeida, 1991;
Mdriaset al,, 1991).

The objective of this Chapter is to assess how, and by whiebiap, the Mon-
dego salinas are used as feeding areas in order to provioleniafion on the im-
portance of these habitats for the estuarine populatiomsdérs. Specifically, the
following aspects were examined:

(a) the general use made of the Mondego’s salinas by estuadders, by de-
scribing the birds’ temporal, spatial and tidal distribatipatterns;

(b) the effects of human management (or the lack of it) on #eglunade of the
salinas by waders;

(c) the possible effect of the salinas destruction on theawpdpulations, through
an evaluation of the present use made of this habitat by tbeiesp con-
cerned, in terms of feeding space and of feeding time.
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Figure 4.1: Location of the main area of artisanal salinas (light grégh—farms (dark grey) and
industrial salinas (black) in the estuary of Mondego. Tharaloned salinas in the north arm and in
the insua are not represented

4.2 Study Area and Methods

4.2.1 Study Area
The Mondego’s salinas: location and characterisation

Location and history The Mondego’s salinas extend for approximately 5 km
from the mouth of the estuary and comprise an area of 305.Thea.salinas are
distributed between the two arms of the estuary, the Vila®&roup, in the north
arm, and the Lavos Group, in the south arm, and in the Momadsliand (Figure
4.1, Table 4.1).

Historically, the first mention of the salinas in the Mondeggtuary dates back
to the beginning of the 12th century. This first group of sadinvas located near
Figueira da Foz, in the right margin of the north arm (Vilad&eGroup). Those of
the Lavos Group are slightly more recent, while the Mornacgsalinas — the most
important group today — were not built until the 16th cent{(Pyoenca, 1988).
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Table 4.1: The contribution of each group of salinas of all types in teiary of Mondego to the
total area of salinas. The number of salinas and cdmorosc(pesductive units of a salina — see
text) in each group is also given (adapted from Lopes, 1955).

Salinas Group N. of salinas N. of cémoros Area (in ha) %
Vila Verde (North Arm) 5 15 12.8 4.2

Lavos (South Arm) 32 78 101.3 33.2
Morraceira (M. Island) 42 136 191.0 62.6
Total 79 229 305.1 100.0

The salinas: structural and functional characterisation The basic unit of a
salina in the Mondego is the ‘comoro’ or ‘talhdo’. Usuallysalina is divided
into several ‘comoros’, which are exploited by single saltwers (‘marnoteiros’)
(Figure 4.2).

There are, on average, 3.2 ‘cobmoros’ per salina. Each of tiseformed
by three sets of pans of decreasing depth linked throughveonieof walls and
ditches, allowing the water to circulate until the sodiurtt peecipitates. The wa-
ter coming from the estuary first entergeservoir (‘viveiro’' ) through asluice
(‘greiro’) and is stored there. The water depth in the viveian reach more than 1
m, although it usually does not exceed 50 to 80 cm (Lopes,;1R6Bno & Neves,
1992; Neves & Rufino, 1995). The ‘viveiro’ opens into thierage pang'vasa’),
the first true, as well as the largest, compartments of thieassalhose function is
to allow the precipitation of unwanted salts, mainly Fessaltd CaG (Rufino &
Neves, 1992; Neves & Rufino, 1995). There are usually one orstarage pans
per salina, and their depth usually varies between 20 andr3@Githough in the
Mondego’s salinas it reaches only 6 cm (Lopes, 1955). Themflaws next to
the smallempreparation pang‘comedorias’), where most of the evaporation takes
place. Usually they are grouped in several rows and haveth degcending from
5 cm to 4 cm. They open to the last group of pans,dtystallisation pang‘pra-
ias’), where the NaCl finally precipitates. These are thellestaponds, and are
also grouped in several rows, the depth ranging from 3 cm ta 2Rigure 4.2).

In contrast to thenechanised salindsthe Mondego salinas belong to a group
generally calledrtisanal or traditional salinaswhere all the work is done by hand
(Rufino & Neves, 1992; Neves & Rufino, 1995). The main struadtdifference
between artisanal and mechanised salinas lies in to&il areg this being less
than 10 to 15 ha for the artisanal salinas but sometimes rharet00 ha for the
mechanised ones. In the Mondego, the average area of a safr@-0.4 (SE)
ha. Furthermore, thproportion of the area occupied by the chrystallis@susu-
ally less than 10% of the total area in the artisanal saligasnat 20% to 40% in
mechanised salinas. Finally, there Enger but fewer chrystallisors1 mechanised
salinas, as compared to the artisanal ones (Neves & Rufigd)19

1The nomenclature is that used in the Mondego’s salinas
2|n their turn, these are further subdivided irgemi—industrial salinasif part of the work is
mechanized, aniohdustrial salinas where the labour is fully mechanized



4.2. STUDY AREA AND METHODS 51

1 “VIVEIRO” 1

1
1

1 1
1

1 1
1
! 7~ 7~
! «GREIRO” =
' (SLUICE)
1
LN 1 :

- “COMOROS” OR

' T “TALHOES”
1
1
' ¥
1
' \/
1
1

RIVER OR CHANNEL ("ESTEIRO")

> 'TALHOS'

STORAGE PANS PREPARATION PANS EVAPORATION PANS
(“VASA”) (“COMEDORIAS”) (“PRAIAS™)

Figure 4.2: Plan of a salina, showing its general structure, with theeivd’ and the ‘cémoros’, the
minimum area required for salt production (above), and aildet description of a ‘coémoro’, with its
storage, preparation and crystallization surfaces (bel@we ‘talhos’ are the actual sites were the
NaCl precipitates.
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Although they are structurally very similar to the Aveirdisas — which are
also artisanal — the Mondego salinas show an importanndiste characteristic:
because they were built inland, they lie above the tidallléveean high water,
spring tides). Therefore, they must be excavated in ordedltov the water to
enter. In contrast, in Aveiro, they are built at low levelslame separated from the
sea by the construction of a protective wall (Proencga, 1888icalves & Sobreiro,
1992).

This feature brings significant implications to the chantiest occur in the
salinas after they have been deserted. In Aveiro, the laakafitenance of a
deserted salina leads, in time, to the destruction of theeptive walls and to the
establishment of a confined tidal flat (A. Luis, pers. comim)he Mondego, on
the other hand, where the salinas are not subjected to diesnt from the river,
the walls are usually maintained intact and, because tieeslare, in general, kept
closed, the ancient salinas become stagnant saltmarshes.

Annual cycle of the salt exploration The ‘salt extraction season’ usually lasts
from May to September/October and is preceded by a preparptase of ap-
proximately one and a half month, when the ponds are cleam:depaired in turn
(Lopes, 1955; Rufino & Neves, 1992; Neves & Rufino, 1995). tisanal salinas,
the salt is collected four to five times per season, while léiger mechanised
salinas, a maximum of only two crops is possible (Neves & Ryfi®95). In gen-
eral, the harvested salt is not immediately stored; instieéglaccumulated in the
salina, being then progressively removed and stored thrtug winter (Neves &
Rufino, 1995). The Mondego salinas, where the crop is staréteaend of the
season (Lopes, 1955), are the exception to this. Duringaheesason, the sluices
are opened only twice: the first occasion is at the onset opteparatory phase,
to drain the accumulated rainwater from the winter, and- difiet, to fill the ponds
in order to begin the evaporation process. At the end of tasme the salinas are
flooded again and abandoned until the next spring.

Recent evolution of the salt industry in the Mondego

Situation of the Mondego salinas in 1993—-95 During the study period, some
40% of the total area of the salinas was still occupied bwacsalinas, while
31% was occupied by inactive ones (34%, if the drained salara included in
this number). About 2% were active industrial salinas, Whidfered from the
artisanal salinas in their structure and methods of exailoit, while the fish—farms
only accounted for 18% of the total area (Table 4.2). Howeberimportance of
the fish—farms is slightly increased (to about 23%) if the haminstead of the
area of the cémoros, is considered.

The distribution of each category of land—use (active aaliinactive salinas;
fish—farms) differed between the three groups of salinasdriMondego, irrespec-
tive of the total area of each group (Table 4.2).
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Table 4.2: Present—day land use (1993-95) of the former area of satirie three main groups of
the Mondego estuary. Values are percentage of each catieg@gch area. Original data as in Table
4.1.

Morraceird Lavos Vila Verdé All estuary

Area  Comoros Area  Coémoros Area  Cémoros Area  COmoros
Salinas
Active 37.7 39.0 54.8 50.0 0.0 0.0 41.8 40.2
Inactive 43.5 39.0 4.4 14.1 46.0 46.7 31.0 31.0
Levelled 1.3 0.7 0.0 0.0 54.0 53.3 2.8 3.9
Salinas, rock—salt 0.0 0.0 20.6 5.1 0.0 0.0 6.8 1.7
fish—farms 28.2 21.3 20.2 30.8 0.0 0.0 17.6 23.1

aExcluding two salinas for whom was not possible obtain arig da

Thus, in the Morraceira Island (the largest group), 43.5%efarea was oc-
cupied by inactive salinas, against 37.7% for active saliswad only 28.2% for
fish—farms. In spite of these differences in area, the péagenof ‘comoros’ in
each category of salinas was nevertheless similar (39.0%).

In the Lavos (south arm) group, most of the salinas wereagtill’e (54.8% of
the area and 50.0% of the ‘cémoros’), but the fish—farms wapeitant, especially
in terms of the percentage of ‘comoros’ occupied (30.8%).s Was the only
group which included an area of industrial (rock—salt)redi It had the typical
characteristics of this type of salina (see above): a larga €0.6% of the total)
but a small number of ‘cémoros’ (only 5%).

The remaining group of the estuary, the Vila Verde (north)agnoup, was
completely inactive during the study period. More than 5(the salinas’ area,
and of the number of ‘cémoros’, had been drained, and theinémgaareas had
been deserted during the past decade.

The active salinas The crisis that affected the Portuguese salt industry dlso a
fected the Mondego salinas. According to Lopes (1955), 28nbros’ were ex-
ploited in 1954, and produced a total of 33 000 tons of salindst forty years
later, these figures have decreased to 6 200 tons produceadhbg® ‘comoros’
(Direccao—Geral dos Portos, pers. comm.), and the trerat igréduction still to
decrease (Figure 4.3).

With the exception of the rock—salt industrial salinas mefe above, mecha-
nised extraction processes have not been introduced iatMtndego’s salinas.
The increase in industrial salinas usually imply the agatieg and complete re-
shaping of the ancient salinas. It is possible that the feagad distribution of the
salinas and the relatively small area of the ponds made trairction of mecha-
nised extraction processes rather costly and unprofitable.

The fish—farms As in other areas, the establishment of fish—farms in thexgstu
took place during the last decade, and tends still to growcofding to Alves &
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Figure 4.3: Change in the salt production (bars) in the estuary of Moadegm 1953 to 1991, as
compared to the number of active salinas (line). The totallrer of ‘comoros’ are shown. Data
extracted from Lopes (1955) and DGP.

Marqgues (1995), some 22 fish—farms were already workingarethuary of Mon-
dego in 1995, or had been authorised to do so. Of these, 11extmesive mixed
farms and 11 were intensive or semi—intensive monocultafeshich only 6 were
active. From 1984 to the present, a total of 56.4 ha of sdlimase converted
into fish—farms (Table 4.3, which represents approxima2&§6 of the total area
available. The most significant increases occurred frond 1681990, when 14
fish—farms, occupying 40.4 ha, where established.

In spite of the appreciable proportion of the total area kizast been converted
into fish—farms since 1984, the rate of transformation desgé from 1984-1990
to 1990-1994, whether measured in terms of the number ofasala reduction
of 13%, from 2.3 salinas/year to 2.0 salinas/year, resgagji or in the area de-
stroyed (a considerable reduction of 40%, from 6.7 ha/yedrQ ha/year).

This apparent disinvestment in fish—farming in the Mondesjoagy from 1990
onwards is in opposition to a worldwide increase of thisvtgt{Alves & Marques,
1995). The main reason for this seems to be the low profitplafithe fish—farm
industry at the local scale. Factors such as a heavy beagyoéit takes more
than 3 years to build a production unit), the lack of a fulbdsgrofessional frame-
work, the low diversification of the species used (mostly inemigratory fish)
and the problems linked to the quality of water are limitihg tapid development

3Excluding the area formerly occupied by ‘viveiros’ (see fies 2)
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Table 4.3: Increase in fish—farm establishments in the Mondego esfumry1984 until the present.
The area of salinas converted into fish—farms in each peffidane considered (1984-1990 and
1990-1994), as well as their respective percentage catitiis to the total area of salinas, are also
presented. All types of fish—farms that were establisheddsalinas were included.

Before 1984 1984-1990 1990-1994
Number of fish—farms - 14 8
Converted area/period (ha) 0.0 40.4 16.0
Converted area (%) 0.0 141 5.6
Cumulative converted area 0.0 40.4 56.4
Cumulative converted area (%) 0.0 14.1 19.7

of the fish—farming in the estuary (Alves & Marques, 1995)widwer, albeit at a
slower rate, the conversion of salinas to fish—farms isgtilhg on, and it would
be expected to increase exponentially if the limiting fe€twere removed, or con-
siderably reduced.

In the Mondego estuary, the fish—farms are rather narrow apgd,dand have
very steep margins, with each main pond being subdividedsieeral rectangular—
shaped pans. This avoids their use by waders as feedingdgoeven when they
have been emptied, which, in normal conditions, occursamately once a year.
However, they are frequently used as high—water refuges.

The abandoned salinas Even if notimmediately converted into fish—farms, many
salinas were nevertheless deserted. At present, 93.7grasemting 43.3% of the
total area of the unchanged salinas (i.e those not draingdrsformed into fish—
farms or ricefields) in the estuary have been deserted. intfa total area de-
serted in Morraceira Island decreased by some 28% overshtelayears (1984—
1994), when compared to the previous 30—year period (25&nHa35.3 ha, re-
spectively). However, theate of desertiorincreased about three—fold, from 1.2 ha
deserted/period before 1984 to an average of 5.2 ha in 1984-Table 4.4).

At this rate of desertion (assuming that it will remain cams$t as seems to
have been the case in the past decade), the Morraceiraiasalill be completely
abandoned within 14 years. Many of these deserted salinbbentonverted, in
the short to medium—term, into fish—farms.

In contrast to what happened in the Tagus and Sado estuaigsew salinas
in the Mondego were transformed into anything other than-fegims. The excep-
tion was a group of the easternmost salinas on the right biathle morth arm (Vila
Verde Group), described by Lopes in 1955, and still exisitint984. These salinas
were partly converted into agricultural fields and partlgided as part of the work
carried out to regulate the banks in the outermost sectidheoMondego estuary,
which happened in the late 1980's.

After desertion, a salina goes through a series of sucecedsiteps which, if
they are not interrupted by fish—farm conversion or revelseckactivation of the
salina, usually end up in a brackish lagoon or an area ofwgater marshland. The
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Table 4.4: The abandonment of the salinas in the Morraceira Island tipl®94. The values for the
first period may be slightly underestimated, since the aaltonverted into fish—farms which were
usually abandoned earlier, were not considered.

Before 1984 1984-1990 1990-1994
Number of ‘cémoros’ 26 13 17
Area (ha) 35.3 29.9 211
Cumulative area 35.3 65.2 86.3
% of total salinas aréa 12.4 12.2 9.2
Deserted ha/periéd 1.2 5.0 5.3

2Calculated in each period by excluding the total area of faims.
bThe number of years is: pre—1984 — 30 years; 1984-90 — 6 ViG96-96 — 6 years

fate of each individual salina, as well as the rate of tramsédion, is highly vari-
able, depending on a combination of factors, such as thedegrcommunication
between the different ponds and with the main water bodystilepermeability
in the salina, and the colonisation pattern of allophytiangd (Neves & Rufino,
1995).

Therefore, excluding the long—term abandoned salinas thiose abandoned
for 20 years or more — it is possible to find a variety of habieasten among salinas
deserted at the same time. Not all inactive salinas are tlostigh. Sometimes,
a salina is not used for 1 to 3 years, being left in ‘poisio¢ading to the local
terminology, and then is reactivated. Nevertheless, thisoi the most common
case and complete desertion is a widespreading phenomenon.

4.2.2 Methods
Field data collection

The counts Counts of waders were carried out in the salinas of the Memrac
Island, approximately 2 hours around dead low—water and tégh—water on
spring tides. They were made monthly, from July 1993 to Janii@94, and every
two weeks, from February 1994 to May 1995. From July 1993 te 11994, counts
were also carried out monthly on neap tides in the week faigwhe spring tide
counts. But since no tidal or seasonal differences weredienrthe number of
birds present in the salinas on neap and spring tides (twpAMDVA, p>0.05),
all counts were grouped for the analysis.

A car was used to move between salinas, following a fixed rand all the
birds seen were counted with 260 binoculars and a 30-9®0 telescope. Each
count lasted about 2 hours, although it depended on the nuohttbérds present.
With few exceptions, the study area was surveyed in a sirjeod at most, on
two consecutive days, whether it was spring or neap tides.

The counts were carried out in such a way that the route chosered 24
of the 33 (72.7%) salinas still extant in the Morraceiranslaas well as all the
fish—farms and most of the ‘viveiros’. In July 1994, six neirss of more dif-
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ficult access were included, allowing a better coverage6f@).of the total area:
see Chapter 3 for a detailed analysis of the accuracy of tinetsoOnly three sali-
nas, located in the remote northern part of the island, weteurveyed because
previous observations showed that waders seldom used them.

In the south arm salinas and fish—farms, regular low—watentsovere carried
out from October 1993 onwards when the mudflat birds weregbeininted (see
Chapter 3). Occasional high—water censuses were alsoripedoin this area,
particularly in winter and spring. No attempt was made todeam counts in the
few salinas of north arm, since no waders were ever foun@ ther

Apart from identifying and counting the birds in each salittee number of
birds feeding and not feedingesting, preening, standing) and ttype of salina
used (active or inactive) were recorded.

Assessing the macrohabitat variables: water depth and sality Several au-
thors (Britton & Johnson, 1987; Velasquez, 1992; Verlatibl., 1993) suggested
that the water depth and salinity were two of the more immprtactors that af-
fected the use of hyper—saline habitats by birds, eithexcty, by limiting prey

accessibility (water depth) or indirectly, through chasgethe composition and
density of the prey populations (salinity). In this studye ttwo variables were
assessed indirectly in 199394 (but not in the followingryes recording:

1. the water depth at which each feeding bird was observed in thmaal
adapted from the scoring system used by Perez-Hurtado &abkl¢1991),
based on the mean ‘leg level’ of the bird:

W — internal wall of the salina

0 —wet ground but no water

1 — shallow watek5 cm ( water<tibio—tarsal joint)
2 — water level 5-11 cm (water = tibio—tarsal joint)
3 — water level 11-20 cm (watertibio—tarsal joint)

For some species, the original data matrix contained marptyecells (i.e.
with 0 values), which prevented the use of jféest. Because of this, data
were grouped and only three ‘water levels’ were used: (1), (&) dry soil
and shallow depth (0 and 1 levels) and higher depths (2 ande&)e This
procedure allowed to increase the sample size.

2. the preciséocationwithin the salina where the focal bird stood, correspond-
ing to an increasing level of salinity (Britton & Johnson 8¥%:

S — storage pans (lowest salinity)
P — preparation pans (medium salinity)
C — crystallisation pans (highest salinity)
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Table 4.5: Identification, total area and state of management of theasatonsidered in this study.
See Appendix for more details concerning the specific aradstt®e number of comoros in each
management state.

N. of the Name of the Area (ha) Actual state of management
salina salina

1 Cavalo Branco 3.400 Partially active

2 Filipas 3.175 Active

3 Cruz 1.445 Active

4 Corredor do Padre 7.735 Partially active, includes an @freatensive
fish—farms

5 C. do Cabaco 6.810 Inactive

6 Praias Grandes 8.000 Partially active

7 Morro 4.180 Partially active

8 Alhos 1 3.694 Partially active

9 Alhos 2 1.798 Partially active

10 Tapada Norte 6.230 Partially active

11 Tapada Sul 6.230 Active

12 Cerco 5.805 Partially active

13 Pestanas 5.145 Partially active

14 Corredor Novo 4.190 Inactive

15 Doutores 1 1.725 Active

16 Doutores 2 5.380 Inactive

17 Pontéo 9.545 Inactive

18 Amante 1 1.585 Partially active

19 Amante 2 2.995 Inactive

20 Feras 7.800 Partially active

21 Donato 1 5.665 Partially active

22 Donato 2 4.835 Partially active

23 insua 3.400 Inactive

24 Uxaria 9.630 Partially active

25 Venturas de Baixo 3.965 Partially active

26 Casa da Pedra 4.005 Partially active

Characterisation of the salinas The salinas in the Mondego estuary were mapped
from aerial photographs, backed up by visits to establigir thctual condition.
Following the work of Lopes (1955), the number of ‘comorodiieh were ac-
tive, inactive, transformed into fish—farm, or simply dexdn were assigned, by
visual inspection, for each salina. The local salt-worlerd fishermen were fur-
ther contacted for approximate information on the time afedgon of the inactive
‘cdmoros’ (or entire salinas), since no official records evavailable. The area
of each salina was obtained from Lopes (1955) for the Momralseand the north
arm'’s salinas. For the remaining salinas, a detailed mapeohtea was used to
estimate areas. The name, location, total area and praaembs management of
the studied salinas in the Morraceira Island are presemidadble 4.5. A more
detailed characterisation of the whole complex of salifat@®Mondego estuary
is given in Appendix.

In order to calculate the average value of water level an@tatign cover in
each salina and each season, the level of water and the tiegetaver were as-
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sessed in each visit to each salina, according to a preyi@sshblished ranking
scale. The two scales were as follows: Forléheel of water

0 —dry soll

1-Low level 5 cm)

2 — Medium level (5-10 cm)
3 —High level (10-15 cm)

4 — Flooded salinax15 cm)

The water level was estimated visually from the banks of #lie@, by compar-
ison with the height of the main internal walls. This methedif course, subject to
some imprecision, particularly because the depth of theasa not homogeneous,
varying according to the type of pan. Thus, we selected, dohease, the value
that seemed to occur in 50% or more of the pans. Fovégetation cover

0 — No vegetation

1 — Sparse and low vegetatiog %0 cm)

2 — Dense but low vegetation, covering less than 50% of thee are

3 — Dense but low vegetation, covering more than 50% of the are
4 — Dense and tall vegetation-$0%), covering almost all the pans

As in the previous case, the estimates were made visually fn@ banks of
the salina.

The distance of each salina to the nearest low—water areaals@measured,
as the minimum distance (in meters) from the center of theasab the edge of
the intertidal mudflats. Additionally, human pressure weseased by counting the
number and thus density of people in all the salinas in eaakose In practice,
this variable was only relevant in autumn, when the salt veasgocollected from
the pans and stored.

4.2.3 General data analysis

Counts were grouped by season and year. Although this reetdgsavolved the
loss of some information, it was required in order to simydife analysis, given the
large number of species involved. Given the small numbeoohts available from
each month, it also allowed within season variations to lpoeed. The number
of counts varied from one (in summer 1993) to eight (in wirli@®4—-95).

The seasons considered were: gl)mmer, June and July2) autumn, Au-
gust to October (3) winter, November to Februayyand (4) spring, March to
May. Although this seasonal division was chosen for the Mond@gdrias &
Ferrand de Almeida, 1991), itis similar to that used by otheéhors (Batty, 1992).
It roughly corresponds to the phenologic cycle of most wagercies along the
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Atlantic coasts of southern Europe (Luis, 1989; Batty, 1¥®&arnacdo, 1992).
While this seasonal categorisation provided the main bastbe analysis, the data
were sometimes combined in different ways (e.g., wikegsusother seasons), or
only part of the data set was used, according to the pantieuwalysis being per-
formed.

Following Komolgorov—Smirnov tests to test for normalidgta were statisti-
cally analysed using ANOVA tests and simple regressiorsteSategorical data
were analysed witly’tests. When required, data were transforneedsin(n) for
percentage data amdg(n) or log(n+ 1), for other data.

In order to study the multi—specific and simultaneous patéselection of the
salinas by waders, a correspondence analysis was perfammibeé matrixdensity
of birdsx salinas(see Chapter 3 for a full description of the method), excigdhe
salinas where no birds were ever recorded, as well as thakeonly one species
and/or low densities<0.1 birds.10 ha'). The analysis was carried out for the
autumn and sprirfgof 1994-95, when most of the salinas of the Morraceira Island
were surveyed. Only low—water counts were employed, tomise the chances
of including the non—feeding birds which moved to the saliabhigh—water. The
numbers of birds recorded in each salina at each count weraged per season
and converted into numbers.10Haf salinas, due to the generally small average
densities €0.1 birds.salinal) observed in individual salinas.

To investigate what could possibly determine the distiibbubf the feeding
birds among the salinas, a preliminary analysis was mating a set of poten-
tially important environmental factors (area of the saliwater depth, amount of
vegetation, disturbance — density of people — only testediiomn, and the nearest
distance to the mudflats) to the density of the birds in thmas| excluding, for
each species, those salinas where no birds were recorded.

This was achieved through an indirect gradient analysishflig & Reynolds,
1988). The salinas coordinates obtained through the COgh#otwo first facto-
rial axes (PC | and PC II) were correlated with the respectalaes for the envi-
ronmental factors considered (Spearmai.sA significant correlation (g0.05)
indicates that the salinas (SUs) are positioned along tiheipal component axis
(PC | and/or PC II) based on the overall variations in thegcégs abundances,
and these variations are significantly related to an unuteylgradient of the fac-
tor(s) under study. Because the species coordinates aenpee in the same scale
than the SUs, they can be readily positioned along the graébeind for a given
environmental factor.

4The winter was excluded as, by then, most salinas were flo@aethe distribution of the birds
among them could simply reflect the accessibility of the fiegdreas, rather than any structural or
human-induced factors
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4.3 Results

4.3.1 Temporal and spatial patterns of use of the salinas by waders
Global use of the habitat

Morraceira Considering the study period as a whole, and thus excludiyg a
seasonal or yearly variation, the 11 species commonly prés¢he Morraceira’s
salinas can be assembled into four groups (Table 4.6):

1. Species that were rarely found in the salinas (0% to 0.1%eofotal num-
bers): Avocet

2. Species that used the salinas mostly at high—water (26824, but seldom
at low—water: Grey Plover and Whimbrel,

3. Species that mostly used the salinas at high—water, ilubcgturred there
in high numbers (12% to 20%) at low—water: the small spetilesDunlin,
Kentish Plover and Ringed Plover.

4. Species that were present in roughly the same proporéibheth high and
low—water, usually with more than 50% of their total numteegg present:
the true ‘salinas species’, Black-tailed Godwit, Blackrged Stilt, Com-
mon Sandpiper, Little Stint and Redshank.

Across all species combined, approximately 30%, on averafy¢he birds
counted in the estuary used the Morraceira’s salinas overd@ter, while about
58% used them at high—water. Although, these figures illitestthe significance
of the Morraceira’s salinas as a habitat for waders in the dégo, they do not
indicate how the birds used it. In particular, the high pmipas of birds in most
species that were present at high—water suggest that thasabuld have been
used mainly as a resting area when the mudflats are inadegssibis often the
case with other supratidal habitats.

This possibility was explored by comparing the proportiofi®irds recorded
in the salinas at high and low tides that were feeding whemteou Depending
on the species, most (42%—-70%) of the birds of the speci¢sitiedl the salinas
extensively at both high and low—water were feeding (Tabl§.4Grey Plover
and Whimbrel fed only irregularly in the salinas (less th@@alof the individuals
present), and the Avocet seldom fed there, particularlgvativater (less than 5%).

Thus, with the exception of these 3 species, the resultslylealicated that
(1) in all cases but the Kentish Plover, the proportion afdiieeding at both low—
water and high—water was very high (more than 50%) and (2)gmifisant differ-
ences were found between high and low—water in the propotttiat were feeding.
It seems that, in the Mondego, the salinas were used mairigedsg areas.
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Table 4.6: PercentageH{SE) of the total number of birds counted in the whole study atdow—
water (N) that used the Morraceira’s salinas at low and higtter. The groups are described in the
text. Values represent the average number of birds presertopint in the estuary over the whole
study period (maximum n=38 counts). Only the species withréskper season and per year, or
more, were considered.

N+SE n low— high— Time of occurrence
water water
%+SE %tSE
Group 1
Avocet 388.6:53.4 18 <0.1 0.5H0.0  Winter
Group 2
Grey Plover 86.610.8 28 1.21.0 14.3t7.9  Allyear, excl. summer
Whimbrel 7.9:3.4 7 6.9:3.0 25.5:11.1 Late spring to autumn
Group 3
Dunlin 451.6:74.4 37 20.6.3.3 60.0:1.8 Allyear
Kentish Plover 91.510.6 38 18.86.3 59.4:6.3 Allyear
Ringed Plover 66F#11.3 34 12.%#1.7 57.43.6 Winter, autumn and spring
Group 4

Bl.—tailed Godwit 143.485.7 16 30.820.9 52.2:14.3 Mainly winter
Black-winged Stilt 62.49.9 22 79.45.5 87.4:t20.6 Spring, summer

Little Stint 25.3t11.1 21 52.98.3 77.4:11.7 Mainly winter
Redshank 12437 26 53.31.3 69.0:t17.5 Asabove
C. Sandpiper 55809 29 655111 64.6:16.3 Allyear, excl. summer

Table 4.7: Percentagef SE) of total low—water birds of some selected species tlbitfehe salinas
at both high and low—water. Original data as in Table 4.6.

low—water high—water
% +SE %+SE
Dunlin 70.1+10.1 71.23.8
Black-winged Stilt 68.93.7 70.t1.1
Redshank 65.8:18.9 67.4£6.2
Ringed Plover 61%53.9 50.7+11.2
Little Stint 59.3t2.9 59.3t2.9
Kentish Plover 48.30.1 42.4:2.1
Whimbrel 5.0£3.5 3.6:3.6
Grey Plover 3.83.6 8.4t5.8

Avocet 0.5t0.5 3. 437
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Other sites Approximately 42% of the waders present in the estuary, wever
found in the Morraceira’s salinas. These birds were disteith among other feed-
ing or roosting sites around the estuary and on the islael {fEable 4.8).

The most important of these sites were fish—farms, namelsetiod the left
bank of the south arm. They were used only as roosting sitegritrast to what
has been found in other estuaries (Perez-Hurtado & Horé@34d). The south arm
salinas were also important sites, although they seem ® heen used mostly in
the migratory seasons or in winter when the Morraceiramaalwere particularly
flooded, and thus unavailable to many species. Saltmarshes anly used on
neap tides, when these sites were uncovered even at higi—wite ricefields
were used for short and variable periods mainly in springgerminey were flooded
at the beginning of the rice cropping cycle.

Seasonal differences

Low—water The proportions of the total number of birds of the more alambd
species that were recorded in all habitats at low—waterilveinéeeding or not, that
were present in the salinas were not significantly influermeseason and/or year
effects (Table 4.9, left column). The only exception was ti&nPlover, which was
present in the salinas in higher numbers in spring and sumwhen the birds were
attending their eggs and chicks, than in winter or autufgag=13.84, p<0.00001,
Tukey test).

The proportion of the total number of birds recorded in tHmaa at low—water
that were feeding did not vary significantly between seaso@asy of the species
considered (Table 4.9, right column). Only the proportiohfeeding Little Stints
differed between the two years, with more birds feeding i83t®4 than in the
following year €1,14=5.84, p<0.046, Tukey test). A significant, albeit weak, inter-
action between season and year in the proportion of feedlidg Wwas only found in
the RedshankH 9=5.29, p<0.046). This might have been due to the small propor-
tion of birds that fed in the autumn of 1993, as compared tefhimg of that year
and to the autumn and spring of 1994. However, a multiple @rispn test (Tukey
test) did not detect any significant groups that might confirisi hypothesis.

High—water The proportion of all birds, whether feeding or not, that evierthe
salinas during high—water remained constant for most epdxtween seasons and
between years (Table 4.10, left column). The only exceptiasthe Black—winged
Stilt (F2,15=6.07, p<0.01), for which the proportion of birds using the salinas at
high—tide was higher in autumn than in summer and in sprinéy test). This

is an unexpected result, as the numbers present in autuninlfrimaAugust and
early September) were clearly less than during the sprirggation and the early
breeding seasons (see Chapter 3). In fact, it was obseragdathen arriving on
the estuary in late March/early April prior to establishihgir breeding territories
or resuming their migration, the birds usually aggregatethé large ‘viveiros’ to
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Table 4.8: Sites other than the Morraceira’s salinas that were usedauers at high—tide. Most of them were also used to some eitefegeding at low—water,
particularly in winter and spring.

Site When used and for what How much By which species
South arm salinas Winter, all tides; feedingand  Large flocks £200) gathered ina Mainly Dunlin, but alsocCharadrius
roosting; spring/autumn, all tides, few salinas (winter); small flocks spp.
mostly roosting. In winter, used as (<50) largely dispersed
alternative sites to the Morraceira’s (spring/autumn)
salinas
South arm fish—farms Winter, all tides; roosting Large flocks. A sinigirge Specially Grey Plover and Dunlin
fish—farm seem to be particulary
used
South arm industrial salinas  In winter, when other sites become  Small to medium flocks Dunlin an@haradrius eventuallly
unavailable; feeding other species
Morraceira’s fish—farms All seasons and tides, although Large flocks. Rotative use of two or Grey Plover, DunlinCharadrius
somewhat irregularly; roosting three ponds spp, other species.
Morraceira’s saltmarshes Neap tides of all seasons; feedinigarge flocks in the southern area. A In S marshes, all species. In W
and roosting few birds in the western marshes marshes, Curlew, Whimbrel,
Limosaspp.
Ricefields Mainly in spring, although also in Small flocks. Black—winged Stilt, Dunlih,imosa
winter for some species; feeding, spp. In winter, also Curlew,
moslty Lapwing and Snipe
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Table 4.9: Two—way analysis of variance to test the effect of seasoe#4a@s — summer, autumn,
winter and spring — but see note below) and year (1993/94 884/25), on (1) the proportion of all
birds in the estuary that used the salinas at low—water @rti€i proportion of the birds recorded in
the salinas at low—water that were feeding (arcsin transfdrvalues). Number of counts as in Table
4.6 Significance levels as: ***10.001, **p<0.01, *p<0.05. The number of seasons was three for
Ringed Plover (excluding summer), two for Black—wingedt$éxcluding winter and autumn) and
two for Redshank (excluding summer and winter).

All birds Feeding
Season Year sY Season Year sY
Kentish Plover 0.000*** 0.102 0.578 0.457 0.987 0.443
Ringed Plover 0.353 0.935 0.603 0.495 0.161 0.237
Dunlin 0.793 0.477 0.304 0.259 0.208 0.776
Little Stint 0.952 0.630 0.148 0.280 0.030* 0.100
Redshank 0.738 0.618 0.637 0.287 0.836 0.047*
Black—winged Stilt 0.542 0.630 0.121 0.185 0.653 0.052

Table 4.10: Two—way analysis of variance to test the effect of seasoed4@s — summer, autumn,
winter and spring — but see note below) and year (1993/94 884/95), on (1) the proportion of all
birds in the estuary that used the salinas at high—wateriilg proportion of the birds recorded in
the salinas at high—water that were feeding (arcsin tram&fd values). Number of counts as in Table
4.6. Significance levels as: ***0.001, **p<0.01, *p<0.05. The number of seasons was three for
Ringed Plover (excluding summer), two for Black—wingedt$éxcluding winter and autumn) and
two for Redshank (excluding summer and winter) at both sttaies and three for Dunlin (excluding
summer) at low—water.

All birds Feeding
Season Year SY Season Year sY
Kentish Plover 0.072 0.362 0.459 0.296 0.810 0.423
Ringed Plover 0.521 0.882 0.150 0.369 0.398 0.038*
Dunlin 0.556 0.707 0.878 0.863 0.579 0.017*
Little Stint 0.857 0.844 0.216 0.068 0.818 0.136
Redshank 0.201 0.956 0.631 0.159 0.362 0.092
Black—-winged Stilt ~ 0.012* 0.381 0.080 0.000*** 0.591 0.532

feed and roost, rather than in the salinas, which were oedupily later in the
spring.

Seasonal changes in the proportions of the birds in thessatirat were feeding
were only detected in Black-winged StilFx14=14.98, p<0.0003) (Table 4.10,
right column). A higher proportion feeding was found in thadirgas in spring,
compared to the other two seasons (Tukey test). Annualtiarsain the proportion
feeding occurred in some seasons in both Ringed Pl&yes£3.77, p<0.037) and
Dunlin (F325=4.13, p<0.016). While it was not possible to distinguish were the
seasonal differences occurred in Ringed Plover (Tukey, iesthe case of Dunlin
the significant interaction between the two variables wéissdy due to an increase
in the proportion feeding in the autumn of 1994, as comparede previous year.

With these few exceptions, the results suggest that, aafbspecies, the pro-
portion of the birds in the salinas that were feeding in angy season was largely
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independent of yearly differences in the population nusiber

Spatial use of the habitat

Species—specific patterns of occurrence in the salinasVaders may distribute
themselves among salinas according to three basic patkduispersion: (1) ran-
dom, (2) even or (3) clumped. Because these patterns cansbetdsl by well—
known statistical frequency distributions that are chimased by specific mean—
variance relationships (Poisson, negative binomial arsitige binomial, respec-
tively), they are amenable to certain statistical testsl{lig & Reynolds, 1988). In
this study the simple variance—to—mean ratio was usedtttheeaull hypothesis of
a random distribution for all species in each specific seésrin other words, to
test the goodness—of—fit with a Poisson series) (Elliot712ddwig & Reynolds,
1988). This index, also called Index of Dispersion (ID), iiseq by:

ID = &/x (4.1)

wheres? = sample variance, and= sample mean.

If the sample is in agreement with a Poisson series, |D shogilelqual to 1.0.
Significant departures from unity can be tested by a chi+eganalysis (Elliot,
1977; Ludwig & Reynolds, 1988). For small samples(30, wheren = number of
sample units), thg?distribution can be used, witm - 1) degrees of freedom. The
significance of the analysis (and the corresponding digtah type) was assessed
visually by a graph relating the degrees of freedom (x—axishe x2values (y—
axis) (see Elliot, 1977; Ludwig & Reynolds, 1988, for a dietdidescription of
the method). All species occurring in autumn, winter andngpin all the salinas
that were searched in the Morraceira Island=(26), in 1994—95 were used in the
analysis.

The results (Table 4.11) suggested that, in winter and autumost species
aggregated in certain salinas, while in spring they spreatemvenly between
salinas. It should be noted, however, that the apparenvmmiy in the distribu-
tions of most species in spring may simply have arisen froestimall numbers
present (usually less than 0.1 birds.10Ha

Despite these general trends, some consistent pattermgazinelhe Ringed
Plover seemed to be distributed at random irrespectiveeo$éason. Conversely,
the Dunlin always aggregated in a few salinas. In those spdhat were present
mainly in autumn and winter, and whose distribution in spraould have been
affected by their low densities, the Common Sandpiper disaved a random dis-
persion while, at the other extreme, the Little Stint and Biteeck—tailed Godwit
always congregated in a limited number of salinas. The ahamghe distribu-
tion pattern in Kentish Plover and Black—winged Stilt fromtiann and winter
to spring may have been associated with the spreading ofittie through their
breeding territories from April onwards. But with these egtions, the results as
a whole were very consistent and suggested that most speeiesnot distributed
at random among the available salinas within the Morracairaplex.
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Table 4.11: Distribution of wader species among the Morraceira’s salim autumn, winter and
spring of 1994-95. The Index of Dispersion (1.D.) is giveora] with thex2value to assess its
goodness—of-fit to a Poisson series (random distributamjyell as actual dispersion type of each
species for a given season: C — clumped distribution; R —arandistribution; Rg — regular distribu-
tion.

Autumn Winter Spring
I.D. x? Dist. I.D. x® Distr. ID. x%2 Distr
Kentish Plover 231 57.73 C 6.94 17343 C 046 1158 Rg
Ringed Plover 139 3481 R 101 2529 R 0.67 6275 R
Dunlin 208.32 5208.12 C 6.54 163.58 C 251 6275 C
Little Stint 189 4729 C 207 5181 C 0.14 342 Rg
Curlew Sandpiper 275 68.77 C - - - - - -
Knot 2471 61765 C - - 0.15 3.65 Rg

Sanderling - - - 3.62 90.49 C 0.26 6.60 Rg
Common Sandpiper  0.53 13.13 R 1.01 25.15 R 0.09 2.36 Rg
Whimbrel 1.79 4467 C - - - 0.08 191 Rg
Greenshank 131 328 C 493 12332 C - - -

Redshank 6.87 17173 C - - - 1.24 3107 R
Ru ff 322 8055 C - - - 0.81 20.15 Rg
Black—tailed Godwit 15.06 376.48 C 50.74 1268.50 C 0.36 9.03Rg
Bar—tailed Godwit 3.53 88.20 C - - - 0.08 191 Rg
Black-winged Stilt 870 21751 C - - - 0.47 1166 Rg

Multi-specific analysis The distribution of the wader species throughout the
salinas was found to be different in autumn and spring (igud). In autumn,
salinas 14 and 24, which were characterised by the three ‘teorestrial’ species
(Redshank, Ruff and Black—tailed Godwit), appeared sépéfaom all the other
salinas along the first axis of variability. On the other haBthck—winged Stilt
and Dunlin, and their associated salinas (18, in the first,casd 12, 23 and 7, in
the second), were not included in either of the two main gsoup

Along the second axis of variability, the Black—winged tSiitd Dunlin groups
appeared separated from the rest. In spring, Black—winditdaBd its associ-
ated salinas (5, 3 and 24) were separated from an indistinapgormed by the
other salinas and species along axis I. In contrast, a ctadiemnt was found along
axis |l, with Kentish Plover on the positive side and Redgham the negative
one. Nevertheless, two distinct sub—groups were appasaat:formed by Kentish
Plover, Little Stint and Common Sadpiper, with salinas 17,69, 10, 14 and 18,
and the other characterised by Ringed Plover, Dunlin andiRewk, with salinas
4,8, 11, 12 and 22.

The gradient analysis did not reveal any significant retetidps between the
selected factors and the salinas location along both axear@ibility in autumn
(Table 4.12). In spring, only the distance to the nearestfi@udias negatively
correlated with principal components in axis | (Table 4.4#)t is, those species
lying in the negative side of the axis (all but Black—wingeddtSfed mostly in the
salinas away from the mudflats, somewhat contrary to expectaThis relation
was, however, barely significant<0.05) (Table 4.12).
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Figure 4.4: The first two axis of a correspondence analysis for autumovi@band spring (below),
of the matrix representing the occurrence of waders (difdka 1) in the salinas (excluding, for
each season, those salinas were no birds where recordexbe @kis explain 59.2% of the total data
variability in autumn (36.9% in the first axis and 22.3% in seeond) and 64.9% in spring (41.4%
and 23.5%, respectively). Numbers refer to the identificatif the salinas, as in Table 4.5.Species
abbreviations as follows: KP — Kentish Plover; RP — Ringea®; D — Dunlin; LST — Little Stint;
CSP — Common Sandpiper; RDS — Redshank; BTG — Black-taileiEBWS — Black—winged

Stilt
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Table 4.12: Values of the Spearman correlation coefficients of envinwgrgtal factors against salinas
coordinates in the two first axis of the correspondence aiga(?C | and PC Il) for autumn (n=20)
and spring (n=21). * g0.05.

Autumn Spring
PCI PCIl PCI PCIl
Area -0.37 +0.39 +0.11 -0.10
Water depth -0.14 -0.30 -0.25 -0.37
Distance -0.19 +0.13 -0.43* +0.30
Density of people -0.12 -0.20 - -
Vegetation +0.001 +0.28 -0.14 +0.31

4.3.2 Use of the salinas by feeding waders in relation to human man-
agement

This section investigates how the birds’ use of some salmaso—habitats was
affected by the management regime or the lack of it.

Active and inactive salinas differ in several importantexgp (water level, den-
sity of vegetation, intensity of disturbance by man). Hoerewactive salinas are
abandoned in late autumn, after the ‘salt season’ (sectii)dand remain so un-
til the next spring. Therefore, for the duration of the winthe direct effects of
management in the active salinas (particularly the levdisitirbance and the con-
trol of the water level in the pans) are annulled, and botksyaf salinas apparently
present similar characteristics.

Taking into account the seasonal differences mentionedealtbe data were
split, for each type of salinas (active and inactive), into groups: winter period
(November to February), and migratory periddMarch to May and August to
October). The summer months were excluded, as by then tmasalere only
used by the two breeding species, the Kentish Plover and ldekBvinged Stilt
(see Chapter 3). All analyses were performed with low—wgdat in order to avoid
any possible influence of birds that used the salinas onlgdbat high—water.

Active salinas vs. abandoned/inactive salinas: global p&trns of use

Active salinas were more attractive to most of the specias thactive ones as, in
all the cases, active salinas were used by more than 50% birtteepresent (Table
4.13). Only the Black—winged Stilt showed no particularfprence for any type
of salina. All species that occurred in both seasons, weletteption of the Little
Stint, used the active salinas significantly more in win@mtin spring or autumn.

5The two migratory seasons were grouped because of the sanaflls sizes for some months
both in spring and in autumn, particularly in the inactivéress. It is true that differences in some
salinas’s characteristics (e.g. water level, disturbpoee occur between the two seasons. How-
ever, between-season differences of spring and autumikeletb be small when compared to the
differences that both seasons present regarding the vgitetion.
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Table 4.13: Mean use (%) of the active salinas by selected species ofravatthe spring to autumn
and winter periods. Data for the two years were averaged &gose(Sample sizes per season as
follows: spring to autumn, n=14 (1993-94) and n=11 (1994—@fter, n=8 and n=5, respectively.
These values represent the maximum number of counts; ¢hai/species may have lower values.).
Lettera denottes significant differences<(p.05) in the proportion of waders (birds.10 Haarcsin—
transformed) in active and abandoned salinas, for a givenisp and season (one—way ANOVA,
data combined for the two years). Letteshows where significant differences were found between
seasons in a two—way ANOVA (testing for seasonal and anrifietehces), based on the proportion
of birds in active salinas. See text for more details.

March—October November—February
Birds.10 % in active Birds.10 % in active
ha 1(SE) salinas ha1(SE) salinas
Kentish Plover 1.40.1 58.6ab 2.60.8 95.4ab
Ringed Plover 140.2 59.6a 2.20.8 80.9a
Dunlin 8.0+4.9 58.1ab 20F%7.9 89.7ab
Little Stint 4.8£1.2 62.6a 13 100.0a
Redshank 0460.5 62.6a - -
Black-winged Stilt 2.20.3 54.1 - -

aData for the first study year (1993-94), only.

Seasonal differences in microhabitat use in active and indige salinas: pond
type and water depth

A salina is a stratified habitat (see section 4.2.1), and @achis characterised
mainly by its water level and salinity which may provide difnt biological con-

ditions and hence different microhabitats for waders. édght species are likely to
use the pans in different ways according to their leg mowo(Perez-Hurtado &
Hortas, 1991) and feeding ecology. The human managemethie tack of it, may

force the waders to change the way in which they use the nabitdt because it
changes the structural and physico—chemical conditiomassafina.

To examine this possibility, the response of waders to tyweets of the micro-
habitat — the water level and the type of pan (as an indicatione salinity) — were
investigated in active and inactive salinas in both wintad during the migratory
seasons of spring and autumn. Four of the more abundanespeith different
leg morphology were used for this analysis: the two visuahting plovers (Ken-
tish and Ringed Plover) and the facultative sight—huntingnlid (short—legged
species), and the facultative sight—hunting Black—wingtitl(long—legged species).
Only data from 1993-94 were used because no detailed resottie microhabitat
use were taken in 1994-95. Data are depicted in Figures 4.8.8n

Kentish Plover. In the active salinas, Kentish Plover tended to feed more on
the storage and preparation pans than on the chrystallisdieth seasons, al-
though the difference was more pronounced in wingé=85.37, df=2, p:0.001)
than during autumn and spring%10.78, df=2, gz0.0045). In contrast, no dif-
ferences in microhabitat use were observed in the inactiiras at any time of
the year (winterx?=5.20, df=2, p<0.07; spring/autumny?=3.85, df=2, p<0.15).
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Figure 4.5: Water—depth selection by some wader species in activec@ftnn) and inactive (right
column) salinas, during the wintel{, black bars) and spring/autumNy, grey bars) in the season
1993-94. W = internal wall of a salina.
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In both active and inactive salinas, Kentish Plover fed tyaimshallow water (O

to 5 cm) outside the wintering seasq(f£92.84, df=2, gz0.001, andx?=30.47,
df=2, p<0.001, respectively). In winter, it fed from the walls in thetive salinas
(x?=100.28, df=2, gz0.001). An apparent selection of the shallow water in the in-
active salinas could not be statistically validated, ppshdue to the small sample
size. In both cases, very few birds fed in deep water.

Ringed Plover. In the active salinas, Ringed Plover fed in the intermediat
pans (the preparation pans) in wintgf£200.09, df=2, p:0.001; no statistical
validation was possible for the inactive salinas), but agreut over all the other
microhabitats during spring/autumn, both in actix€=2.14, df=2, p<0.34, ns)
and in inactive salinaxf=0.8, df=2, p<0.57). This species restricted its feeding to
shallow water in active salinas (winte{?=673.36, df=2, p:0.001; spring/autumn:
x?=88.91, df=2, pc0.001) but did not show any depth preference in inactive sali
nas (spring—autumny?=1.00, df=2, p<0.9; no statistical validation possible for
winter).

Dunlin. In the active salinas this species also fed mainly in th@amation
pans throughout the year (winteg?=1851.66, df=2, p0.001; spring—autumn:
X°=241.42, df=2, g0.001). In inactive salinas, however, Dunlin showed clear
seasonal variations: in spring/autumn the storage parswsed most?=308.51,
df=2, p<0.001), while in winter the birds moved to the chrystaIISQ(2:22.69,
df=2, p<0.001). This species almost always fed in deep water, bothciive
salinas (winter:x?=1706.16, df=2, g0.001; spring/autumny?=468.62, df=2,
p<0.001) and in inactive salinas (wintgg?=26.91, df=2, p:0.001, spring/autumn:
x?=301.66, df=2, gz0.001).

Black—winged Stilt. The only long—legged species studied, the Black—winged
Stilt, was absent from the salinas in winter. During the Oieg/migratory sea-
sons, it consistently chose the storage pans as its maimfeadcea, both in ac-
tive (x2=113.36, df=2, g0.001) and inactive salinax4=48.18, df=2, p0.001).
However, somewhat contrary to expectation, it fed more alletv waters than in
deep waters both in active saling$£184.48, df=2, gz0.001), and inactive salinas
(x?=107.92, df=2, p0.001).

In summary, most of the studied species were more selectibhaegard to the
type of pond used in winter than in spring and autumn, thiadpearticularly evi-
dent in the active salinas. The exception was the DunlincivbBhowed a different
pattern of use of the ponds in both seasons and in both typedinés. In contrast,
in all species, few differences in the feeding depth werendobetween the two
types of salinas, although they could occur between seasdapendently of the
type of salina (e.g. in the two plovers).

Long-term use of inactive salinas

Even a long abandoned salina can still be used by waders. \‘owesage is
likely to decline over time because of the lack of managemdue partly to the
development of an impenetrable layer of vegetation andlydartirastic alterations
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in the water level. To establish the duration of the perioerevhich the waders can
use the deserted salinas, the average number of birds ofestipecies feeding at
low—water in several abandoned salinas was related tortiredlapsed since the
salina had been deserted, as given by local salt—-workense Siot all the salinas
were visited in the same year, the analysis was performeatatety for each year.

The usage of deserted salinas by the species analysed wearredated with
the period of time elapsed since the salinas were deserigar¢M4.7). This sug-
gests that inactive salinas may provide adequate feedindit@ans over a long
period. Even a salina deserted for 25 years can support s@ibeifew — birds.
In fact, only the salinas that had been deserted for more4bao 50 years, and
which by now had changed into brackish—water marshes, weatytignored by
waders.

The reason for the lack of a correlation between the timeseldysince the de-
sertion of a salina and the number of birds that still usesiprobably the highly
variable rate at which the ecology of deserted salinas @&aag) pointed out by
Neves & Rufino (1995), and discussed above (section 4.22may be wise,
however, to interpret the present results with some caupdomarily because the
method for estimating the time elapsed since desertion athsmrcrude.

4.3.3 Consequences of the loss of the salinas

The previous sections have demonstrated the significante sflinas as feeding
areas for most wader species in the estuary, as well as havwtgemay be influ-

enced by human management. This section deals with some pradictions of

how much feeding opportunity, defined in terms of feedingemnd feeding time,
would be lost to the waders if all the Morraceira’s salinasengestroyed.

The data for the two years were analysed separately, in todBustrate the
year—to-year variability that would be likely to occur irettmpact of such a loss
of habitat. In each case, the average of autumn, winter amigigsmeans of the
feeding opportunities lost (see section 4.3.2) were used.

In case the effect of habitat loss varied between specieffefaht size, the re-
sults were related to body mass. Body masses were taken frampC Simmons
(1983) selecting, for each season and species, the sitéfs)he nearest latitude
to the Mondego. Monthly data from southern Portugal werdaiia for Dunlin,
Kentish Plover and Redshank (Batty, 1991). This authorrtegpfor Dunlin, an
average mass of 48£2.9 (SD) g in April. This value was not statistically differte
(t=0.32, df=23, ns) from the average mass of a sample of Bsidaptured with
mist—nets in the Mondego in April 1996 (444.5 g)(C. Pacheco, pers. comm.).
It was therefore assumed that the body masses were likelg sintilar, within a
given month, between the Algarve and the Mondego and, coasdly, the values
given by Batty (1991) both for Dunlin and for the other two Gjps were used in
this study, as well.
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Calculating the loss of feeding opportunities in the salina

The basic assumption of the analysis was that the birdsagiegdlfrom the Morra-
ceira’s salinas would not redistribute themselves ovestligmas remaining in the
south arm. In fact, it is possible that some birds would ogcilng@ south arm’s
salinas.

There are, however, reasons to believe that these salindg not entirely
substitute for those of the Morraceira, mainly because efdifference in areas
involved: the total area of the south arm’s salinas repttesanly about 42% of that
of the Morraceira’s salinas (80.4 ha against 192.6 ha). Uy the area occupied
by fish—farms and drained salinas in both sites, the disgldiels — assuming
that they would distribute randomly among the south armlisas — would have
an area of suitable feeding equivalent to only 37% of thay tleuld have lost
in the Morraceira. However, on the few cases when the waders abserved
in the south arm’s salinas, they seemed to consistentlyhessdme pans, even
on occasions when they might have been expected to occuplyeafiotentially
available feeding places in the salinas; for example, iegeweather conditions
(e.g. winter gales), or when large numbers were presentiagtuary (e.g. Dunlin,
in spring). This suggests that the real feeding area avaifabwaders in the south
arm was probably even more restricted that the figure predeiiove and that the
‘best’ solution for most waders would be to redistributentiselves mainly over
the intertidal flats of the estuary itself.

The importance of an area for feeding can be viewed in terrbstbfits spatial
and temporal dimensions. Although each dimension wastlesgparately in this
analysis, for the sake of clarity, biological realism denfgthat they should also
be considered together. Here, the combined dimension®dinfg space and time
available for feeding are terméeeding opportunity

The spatial dimension It is not easy to clearly assess the value of an area
for feeding, as its quality will largely depend on the availity of food, and on
the way this changes through autumn, winter and spring (Bwawanink, 1993).
However, an approximate idea can be obtained by calcul#tiegotal amount of
feeding done by waders in that area over a given period, ssiehcamplete tidal
cycle. The easiest and least ambiguous measure to use @dheumber of bird—
feeding hours during a complete tidal cycle, ithe number of feeding birdghe
number of hours available for feeding in a given habitat caesingle tidal cycle
This measure is easy to understand and can be readily useeagure the effect
of the loss of space: if the area is destroyed, the birds @gk ithe number of bird—
feeding hours that they previously had in that area. For latitypit was assumed
that the estuarine populations of most species could adbptwo strategies when
feeding in the salinas: either they (1) remained in the aalthroughout the whole
tidal cycle or (2) they used the salinas only at high—-wagtgrning to the mudflats
with the ebbing tide.

Therefore, for the birds that remained in the salinas thmougthe tidal cycle
(hereafter designated aalinas birds or SB), the following formula was used:
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SFH=TSw x 125h 4.2)

where

SFH-number of bird—feeding hours of the salinas populatiortidat
cycle

TSw — number of feeding birds counted in the salinas at low—water

and 12.5 h represents the average duration of a tidal cyola, lbw—water to high—
water (see Chapter 2).

For themudflat birdgMB), a more complex calculation was needed in order to
include both the hours spent feeding at low—water on the mtsil#hnd those spent
feeding in the salinas at high—water. For this, the numbenodflat birds that
joined salinas birds in the salinas at high—water had albe &stimated. Moreover,
because some birds used the salinas at high—water onlystimgethese also had
to be taken into account in the calculations. It was assumatall the feeding
birds counted on the mudflats fed there for the duration ofettnersion period
of the intertidal flats, even if they actually made some pauwskile feeding (e.g.
Zwarts & Dirksen, 1990). The formula used was:

MFH = Myw x 8h+ [(S—|W — S_W) — (N FSw— NFS_V\/)] x 4.5h (43)

where

MFH — number of bird—feeding hours of the mudflat birds per tidal
cycle

Myow — number of feeding birds counted in the mudflats at low—water

Siw — number of birds (feeding + non—feeding) counted in thanaali
at high—-water (salinas birds + mudflat birds that go to thanaalat
high—water)

Sw — humber of birds (feeding + non—feeding) counted in thenaali
at low—water

NFS;w — number of non—feeding birds in the salinas at high—water
(mudflat birds + salinas birds)

NFSw — number of non—feeding birds in the salinas at low—water
(salinas birds)

with SHyw > Sw. The term §yw — Sw) indicates the number ahudflat
birds (feeding and non—feeding) that went to the salinas at higltenvit was thus
assumed that the number of salinas birds feeding remainestasd throughout
the tidal cycle and was equal to the total number presentvatviater (that is,
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Sw). The term NFSyw — NFSpw), on the other hand, is the number rain—
feeding mudflat birdé the salinas at high—water. Consequent{$4{y — Sw) —
(NFSiw — NFSw)] represents the number ofudflat birdsthat used the salinas
for feedingat high—water. Occasionalljw > NFS4w. In this circumstance,
the non—feeding birds were considered to be only mudflaspadd a simplified
eguation was used:

MFH = MLWX8h+[(S4W_S_W)_(NFS-IW] x 4.5h (4.4)

This situation, however, was rare. As in the previous cagec8rresponded
to the maximum time available for feeding in the mudflats atevater and 4.5 h
was the maximum feeding time available at high—water in #imas, before the
flats were again exposed.

The temporal dimension The removal of the salinas would remove all the
feeding space presently used by the salinas birds, whichdvwbus lose all the
current feeding time as well. But the mudflat birds would nolydoose feeding
space, but alséeeding timeif all salinas were lost, because they would then be
deprived of the extra—feeding time provided by the saliridsgh—water.

A detailed assessment, for each species, of the time thepveda whole
tidal cycle was impossible, as it would have been too timasaming. It would
have required, for example, the proportion of the birds oth ke mudflats and
the salinas that were feeding to be measured as the tideectegd advanced as
well as over dead low and high—-water, and this would have te leeen done
throughout all seasons. However, a simplified estimatioa @@ained using the
following formulae:

FTuw = (FM x 8h) + (FSx 4.5h) (4.5)
SFTw = (FT —8h)/8h x 100 (4.6)

where

FT — total feeding time of the mudflat birds (in hours)

FM — proportion of the mudflat birds that were feeding on the nausifl
at low—water

FS— proportion of the mudflat birds that were feeding in thereadiat
high—water

SFTw — the shortfall in feeding time following the salinas lossaas
percentage of maximum time that could be spent feeding omtite
flats after the salinas had been removed.

and 8 h and 4.5 h is the time available for feeding in the mwifiad in the
salinas at high—water, respectively, as defined above. Blyiag Equation 4.5,
the number of hours of feeding done by an average mudflat bedhmth habitats
per tidal cycle could be calculated. Equation 4.6 was thexu us calculate the
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amount by which the present—day feeding time of the mudftaskexceeded the
maximum possible available feeding time in the mudflats (8lbie, as would be
the case if the salinas were to be removed. This calculasidrased, of course,
on the assumption that birds could feed continuously for 8ut §ee Zwarts &
Dirksen, 1990).

If FT<8 h in a particular species, mudflat birds were assumed atsatitfy
their energey requirements in the time that the mudflats wegp®sed. Values
greater than 1 mean that, after the salinas had been lo&irtisenvould not be able
to feed for as many hours as they do now over the whole 12.5Hhalal cycle.
Equation 4.6 thus provided a measure ofplecentage of the present—day feeding
time that would be lost by the birdisthe Morraceira’s salinas were destroyed.

Assumptions and limitations of the approach

The methodology made a number of assumptions that introdsmme limitations
on what could be done. It was necessary to assume that theenwhkeeding
birds in the salinas remained constant through low and kigter. In fact, the
values may have been overestimated, since the amount dfiggednany species
changes through the tidal cycle, both in the intertidal su@aatzemberg & Exo,
1994), and in supra—tidal areas, such as the salinas (Reifinb, 1984; Batty,
1991). Moreover, the use of ‘average’ values is an overdfitqtion, since the
feeding requirements of individuals are likely to vary, deging on the sex, age,
body condition, and also on the season (Pienkowski & Eva®85;1Davidson &
Evans, 1986; Goss-Custagtial, 1996a,b,c).

The method for calculating the effect of the loss of salinae assumed that
two identifiable sub—populations — salinas and mudflat bird&d exist. Prelimi-
nary observations did indeed suggest that some birds refig¢tle salinas only as
supplementary high—water feeding areas to their main igedieas in intertidal
mudflats (the mudflat birds), whereas others did remain irs#tieas throughout
the tidal cycle (salinas birds). The best way to find out wchdgle been to indi-
vidually mark some birds with colour rings, die—marks orioaglansmitters, and
to follow them for some weeks. This was not possible, duente tand logistic
constraints. Nonetheless, the following evidence in fawfuthe distinction be-
tween salinas and mudflat birds hypothesis was obtained fiedthobservations
and bibliographic sources:

1. No birds were ever seen flying during low—water from thensal to the
adjacent intertidal mudflats. In fact, salinas birds shoadtgh degree of
site—fidelity to their low—water feeding sites. Even wheeytlvere disturbed
and forced to fly, they quickly returned after the disturlaoneased. If dis-
turbance persisted for a long time, the flocks flew over thea&dbr some
minutes before going away, but in many cases they returried Bimilarly,
no flights from the mudflats to the salinas were recorded dwefdw-tide
period, at least when most of the intertidal areas had erdefgeours either
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side of low—tide;

2. Large flocks £1000 birds) of the smaller—sized species where rarely seen

in a single salina at low—water. Therefore, when presemt) fliocks could
be used as a marker to compare with the numbers present aif@Eggr. On
two occasions, in the winter 1993-94, large flocks of Duntingisting of
approximately the same numbers were counted in the samedhg, same
salinas, at both high and low—water;

3. In other salinas in southern Portugal and Spain, variegsegs of fidelity
throughout the tidal cycle to the salinas have been repartetghter (Rufino
et al, 1984; Perez-Hurtado & Hortas, 1993a) and spring (Evar5)19n
the Portuguese areas, the fidelity seems to be quite highendgcsome
dye—marking experiments performed in the Ria de Aveiro,es6@hkm north
from the Mondego estuary, supported the conclusion th&iodndividuals
remained in the salinas throughout low and high—water geri@. Luis,
pers. comm.).

These facts suggest that some degree of site—fidelity is ammmthe pop-
ulations that use the salinas as feeding habitats, and itilessgme strength to
the assumption made. However, they do not show for how loagsite fidelity
is maintained by a single bird within a given season. In thes@nt analysis, it
was assumed that the number of birds using the salinas thwatighe tidal cycle
remained constant throughout a given season, and thatahmeed a distinct sub—
population. This is likely to be the case during the mignatperiods when the
birds remain in the area for just some days (Evans, 1995, ard pbserv.) and,
obviously, in the breeding season. In winter, however, $miaption that birds
are faithful to the salinas is less well-founded, as th@aslare thought to provide
less rewarding feeding areas than the mudflats (Batty, 1981g possibility that
they can move once in a while to the mudflats to feed, in ordaxtid starvation
is, therefore, very plausible (see, for instance, Davids@vans, 1986).

But in spite of these limitations, the present approachcivinias adopted be-
cause of both human and logistic constraints, provide a éliseit rough estimate
of the reduction in feeding opportunities that would folltire complete removal
of the salinas.

Loss of feeding opportunities

Loss of feeding space The complete disappearance of the Morraceira’s salinas

would have different impacts on the populations of the déifé species studied
(Tables 4.14 and 4.15).

Independently of year, the loss of the alternative feedialitat would have
an important (more than 50%) impact in the three ‘salinasispt— Redshank
(74% reduction), Little Stint (72%) and Common Sandpipe8%§. The effect
would be less severe for Kentish Plover (25%), Dunlin (24%ixnstone (24%),
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Table 4.14: The alternative (salinas birds feeding hours, SFH) and lsupmtary (mudflat birds
feeding hours, MFH) feeding opportunities lost if the Mae&a’s salinas were to be destroyed,
expressed as a percentage of total bird—feeding hours: Béldes refer to 1993-94, averaged for
autumn, winter and spring; therefore, n=3 except for Bléaiked Godwit and Whimbrel, for which
n=2. The species are ranked according to the percentageeniative feeding—hours that would be
lost.

Rank Order  Species Total feeding in % %
the estuary feeding—hours  feeding—hours
(BFH+1SD) lost (SFH) lost (MFH)
1 Redshank 122.789.7 66.2 72.9
2 Little Stint 486.7-396.6 63.8 14.8
3 Common Sandpiper 961818.6 44.4 11.2
4 Kentish Plover 597:9304.7 249 111
5 Dunlin 5555.2-3323.5 23.2 10.4
6 Turnstone 93464.1 24.0 26.0
7 Black-tailed Godwit  4100-85753.8 33.4 3.5
8 Ringed Plover 631:6297.4 13.8 18.8
9 Grey Plover 5108393.5 7.0 0.0
10 Avocet 1644.62082.7 0.7 0.2
11 Whimbrel 63.8:51.6 0.0 0.0

Table 4.15: The alternative (salinas birds feeding hours, SFH) and|sommtary (mudflat birds
feeding hours, MFH) feeding opportunities lost if the Maeaa’s salinas were to be destroyed,
expressed as a percentage of total bird—feeding hours: B&lHes refer to 1994-95, averaged for
autumn, winter and spring; therefore, n=3 except for Bléaiked Godwit, Whimbrel and Turnstone,
in 1993-94, and Avocet, in 1994-95, for which n=2. The speaie ranked according to the per-
centage of alternative feeding—hours that would be lost.

Rank Order  Especies Total feeding in % %
the estuary feeding—hours  feeding—hours
(BFH+1 SD) lost (SFH) lost (MFH)

1 Redshank 2774246.7 73.7 0.9

2 Little Stint 181.3:137.7 72.2 22.2
3 Common Sandpiper 70i84.2 62.9 5.2

4 Black-tailed Godwit 721:8460.0 59.7 25.3
5 Avocet 867.9-1209.6 50.0 0.0
6 Dunlin 4080.9-1533.9 24.2 22.9
7 Kentish Plover 739:8373.1 19.3 21.8
8 Whimbrel 50.3:44.4 16.2 19.2
9 Turnstone 20224.2 13.0 24.0
9 Ringed Plover 5894290.4 57 22.6
11 Grey Plover 3878366.8 0.0 21.9
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Table 4.16: Total feeding time used at present by the mudflat birds angéneentage of it that
would be lost were the Morraceira’s salinas to be removetliegaare means of up to three seasonal
(autumn, winter and spring) average values . In bracketsntimber of seasons considered in each
case. TFT=Total feeding time (hodt& SD); % TL= % of time lost by removal of the salinas.

1993-94 1994-95

TFT n % TL TFT n % TL
Turnstone 12.45.1 2 55.0 11.20.0 1 41.3
Dunlin 10.8:0.7 3 35.0 11.215 3 40.0
Common Sandpiper 1025 3 28.8 3.126.4 3 0.0
Kentish Plover 9.20.8 3 13.8 8.41.9 3 5.0
Ringed Plover 9.11.4 3 13.8 9.50.9 3 18.8
Grey Plover 8.83.2 3 10.0 9.32.3 3 16.3
Redshank 828.0 3 25 10.9-2.0 3 36.2
Whimbrel 7.8£0.0 1 0.0 11.80.8 2 475
Black—tailed Godwit 6.12.1 2 0.0 9.@:8.2 3 12.5
Avocet 6.4:2.2 3 0.0 4.50.0 1 0.0
Little Stint 4.8+6.1 3 0.0 3.246.7 3 0.0

and Ringed Plover (14%), and negligible for the Avocet (0. #%d Whimbrel

(0.0%P. The species most affected by the loss of their high-wateplemen-

tary feeding would be the Redshank (73% reduction). Tungst®unlin, Ringed

Plover and Little Stint would be moderately affected, tlgioweductions of 26%,
23%, 23% and 22%, respectively, while the other speciesdvogk less than 20%
of feeding. The least affected species would be the Avoc@egld In the Grey

Plover and Black—tailed Godwit, the impact of the loss oéralative and supple-
mentary feeding would be more variable. Grey Plover woulfes@ maximum

of 7.0% reduction in its alternative feeding, but some 23%srsupplementary
feeding. Black—tailed Godwit, on the other hand, would enégeductions of,
respectively, 60% and 25% in its feeding space.

Two main conclusions can, therefore, be drawn from the tatioms using
equations 4.2 and 4.3: (1) In general, the impact of the [b&=edling space in the
salinas would be more severe for those parts of the popuotatitat used the salinas
at low—water as alternative habitats to the mudflats, angdajly differences in
the impact would occur, particularly in some species.

Loss of feeding time by the mudflatbirds The time available for feeding through-
out a complete tidal cycle for the mudflat populations of s@mecies would also
be affected by the loss of the salinas. Yearly differencethénpredicted impact
were less marked than those for the loss of space, excegtddCommon Sand-
piper, the Redshank, the Whimbrel and the Black—tailed Godable 4.16).

The mudflat—feeding Turnstones and Dunlins would lose, mi#ipg on the
year, up to 55% and 40%, respectively, of their present—dagifig time. Less

6The value for the Avocet in 1994-95 is probably overestimhads it refers to the presence of a
single bird, in spring. The same is applicable to the Whirhbre
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Table 4.17: The birds feeding—hours in the Morraceira’s salinas (himi#st1 SD) by the main
species of waders (high—water and low—water combined)wark the salinas to be destroyed, the
predicted increase (in %) in the bird—feeding hours at thdftats that would have to take place over
low—water period for the present—day amount of bird—fegdiours to be maintained. Data details
as in Tables 4.14 and 4.15.

1993-94 1994-95
Total feeding % of the total Total feeding % of the total
in salinas feeding hours in salinas feeding hours
Little Stint 377.0£494.3 84.8 108:3132.8 95.2
Redshank 34488.2 72.9 104.8148.6 59.1
Common Sandpiper 103913.5 65.3 183.84220.4 74.7
Kentish Plover 200481.5 38.5 167.293.8 31.0
Dunlin 2009.5:1948.1 37.2 1707#715.7 47.9
Turnstone 20.235.2 37.0 18.426.1 55.6
Ringed Plover 599.8670.9 28.2 1818102.1 25.6
Black—tailed Godwit 1005F1741.9 18.5 6779474.1 89.7
Grey Plover 14.3:24.8 8.0 4545 1.0
Avocet 6.0t5.9 0.8 6.38.8 14
Whimbrel 0.0t0.0 0.0 8.37.2 16.2

dramatic losses would be faced by the Ringed Plover (13% %)1¢he Grey
Plover (10% to 16%) and the Kentish Plover (5% to 14%). Thecav@nd Little
Stint would be least affected, as they require, on averags, feeding time than
the 8 h available during the low—water period. Whimbrel, §tethk, Common
Sandpiper and Black—tailed Godwit, would require up to 43886, 29% and 13%
extra—feeding, but it is likely that these values could tiyeehange from year to
year, as shown during the two years of study.

Extra—feeding pressure in the mudflats

An hypothetical destruction of the salinas would mean teeding would sub-
sequently be concentrated mainly on the mudflats. Accortirte calculations
developed in this study, and depending on the species, thikhimply an increase
in bird—feeding hours on the mudflats of up to 55%, althoughaiferage increase
would be of 35.6%:-28.8%(SD) or 45.2%33.1%, depending on the year. At the
species level, there is a remarkable uniformity betweensy@able 4.17).

The species that would contribute the most to the extraiffigepressure on
the mudfltas would be, of course, those that presently depersd on the salinas:
the Little Stint (85% to 95% of extra—feeding bird—hourslyn@mon Sandpiper
(65% to 74%) and Redshank (59% to 73%). Several species i(QDuhk two
small plovers, Turnstone), would contribute with betwe@#3nd 55% of the total
extra bird—feeding hours across all species. The Bladkét&odwit would have
a variable contribution (19% to 90%), as well as the Whimi@éb to 16%), as a
consequence of the more intermittent use made of the sdljnthese species. The
same applies to the Grey Plover and to the Avocet, whose tateontributions
can probably be ignored (0% to 8%).
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4.3.4 s the loss of feeding opportunities a function of the species—
specific metabolic requirements?

The above section showed that different species are likdbe differently affected
by the loss of the salinas. Why is this so? One explanatioinbig that the impact
is related to the different metabolic requirements of epeties. Small birds with
high metabolic needs per unit of biomass tend to feed for atgrgoroportion of
the tidal cycle than waders with large body size (Davidsonvars, 1986; Zwarts
et al, 1990). If this holds for the Mondego, it would be expectedt ttmaller
species would spend a proportionally larger part of thdaltfeeding time in the
salinas than the larger ones. Consequently, the smalt-sipglflat species should
be most affected by any loss of supratidal habitat that reméseding time.

The salinas birds, on the other hand, are not so time—cametaas they can,
at present, feed for the entire duration of the tidal cycléhigir preferred salinas
habitats. For these species, the loss of feeding oppdesnitould be translated
into the loss of alternative feeding space at low—water. sTlfuthe small-sized
salinas species were to be more affected by the loss of fgegiportunities than
the larger ones, they would lose proportionally more aligve area than these
species.

If the predictions regarding the mudflat birds and the salipieds in relation
to body mass were both met, then, the hypothesis that theasdbss would most
affect the small-sized species would be supported. Thitoseested the above
predictions separately for each year. The time spent indlimas by the mudflat
birds at high—water was given by the percentage of hoursethett species used
over and above the time for which the mudflats were exposed, éshBuming that
only the salinas were used for feeding at high—water. The ¢dsspace, on the
other hand, was measured as the percentage of bird—howredif§l spent in the
salinas at low—water in relation to the total feeding howescuat low—water in both
the intertidal areas plus the salinas.

Both the percentage of extra time needed by the mudflat lorfied over and
above the 8 h that the intertidal areas were exposed, an@tberage of feeding—
hours used by the salinas birds were correlated with bodg ma®993-94, but not
in 1994-95 (Figure 4.8).

This suggests that the small-sized species would indeedobe affected by
both the loss of time and space than the larger ones in somg yea

4.4 Discussion

4.4.1 Use of the salinas by waders: conservation implications

The results of this study generally confirmed the findingsliphbd elsewhere
(Rufino et al,, 1984; Velasquez & Hockey, 1991; Batty, 1991; Perez-Huart&d
Hortas, 1991, 1993a,b) regarding the importance of theasin providing high—
water supplementary feeding for many species of wadertcplarly the smaller
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Figure 4.8: Relation between body mass and (A) percentage of time usdddding in the salinas
by mudflat birds, (B) percentage of bird—hours of feedingedomthe salinas at low—water by the
salinas birds. Data were plotted separately for 1993-941894-95. Values are averageSE)
of seasonal means in autumn, winter and spring. Coeffic@nterrelation (Spearman’s r) are also
given.

species, irrespective of their type of management. In thisa, the salinas may be
regarded as south European supra—tidal feeding areasabtito the fields and
peripheral wetlands of northern Europe (Goss-Custard9;19évidson & Evans,
1986; Lambeclet al.,, 1996).

However, contrasting with many northern supra—tidal tzbjtthe salinas are
also frequently used as alternative low—water feedingsaigaspective of the sea-
son. Values for the proportion of birds, relatively to theolkhestuarine popula-
tions, that use the salinas at low—water range from 17%—-F%ir(oet al., 1984;
Velasquez & Hockey, 1990) to 34% (Perez-Hurtado & Horta®349, compared
to the 8.3% recorded in the peripheral wetlands in Englarali@@on & Evans,
1986). The Mondego salinas were not an exception to thisnpattvith some 30%
of the birds across all species using the habitat at low-wéP5% of which, on
average, actively foraging there. The double role of thimaalas supplementary
and alternative feeding areas in the estuary of Mondegaecend this habitat an
added value, from the conservationist perspective, asgégdhe question of how
detrimental for waders could be the transformation or dieseof the salinas.

The birds seemed to take advantage of the large number absghiresent,
which presumably offered them a gradient of physico—chahtonditions (and
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therefore feeding resources) from which they could cholesertost profitable, ac-
cording to their energetic requirements. Due to the lackeofranent management
(e.g. Velasquez, 1992), the feeding conditions in eachaalie likely to vary over
the year, which could explain why the birds changed the@aar salinas they used
on a seasonal basis. Both the importance of the salinas-disl@alfeeding areas,
and the fact that the birds changed their preferred salinasseasonal basis, have
implications for the conservation of the habitat, as theglinthat the integrity of
the whole area of salinas should be maintained.

The abandonment of the salinas also contributes to the fdseding habitat
if the waders are not able to use the inactive salinas. Thereapublished infor-
mation on the relative use made of the active and inactiveasaby feeding birds,
although there are indications that inactive salinas a®fevoured feeding places
(R. Rufino, pers. comm.).

In the Mondego, the active salinas were generally more uséekaing places
than the inactive ones. Although more detailed data areatkdlde preliminary re-
sults from the examination of the macrohabitat variableseh (water depth and
salinity) suggest that most species selected the pans ef lealinity (storage and
preparation pans) for feeding or, when they used the higiligity pans (the crys-
tallizing pans), they did so in the abandoned salinas, wtheraalt concentration
is likely to be much less than in the actively producing ailiting pans. Possibly,
the more constant and controlable level of water in the adalinas provide sta-
ble salinity conditions for the development of both the benand epibenthic prey
(Velasquez, 1992) and is the main reason behind the obspattsin.

However, as suggested in this study, inactive salinas dbsugtport waders for
a variable period of time, depending on the particular attersstics of each salina.
Also, a deserted salina is nearly always recoverable, \alsldina transformed into
a fish—farming area is completely lost for waders. Moreavespite of the severe
losses sometimes caused by unexpected floods (Rufino & NE3&2), abandoned
salinas are also used by breeding species (e.g., KentigarPBlack—winged Stilt).
Thus, a main feature of the Mondego salinas is the diver§itgacrohabitats that
can be found even in the deserted salinas. The maintenartbés afiversity is
perhaps the key—factor that allow the waders’ survival i ittmportant supratidal
habitat of the Mondego estuary.

This reasoning points towards the need to keep a nucleusacfiva salinas
available alongside active ones in any future managemantfpt the area. Such
salinas should be selected among those mostly used at pbgstbe waders. Obvi-
ously, itis unrealistic to think of reactivating most of #fesesalinas, when the current
tendency is for the salt production to decline. However, agdd & Rufino (1995)
suggested, it would be possible to pay their owners to maistane of them in a
relatively clean and undamaged state. This would help taigecadequate feeding
opportunities for waders, at least in the energetically erdegmanding periods of
the yearly cycle, notably during the migratory seasons.
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4.4.2 The effect of losing salinas

Considering the importance of the salinas in providing ilegdpportunities for

waders in the Mondego estuary, what could be the consegudacehe wader

populations if this habitat was destroyed? The prelimireigulations developed
in this study should not be considered as predictions, istitiet sense of the term,
because they are too crude and subjected to a number of méestathassump-
tions. They suggest, however, that the loss of the habitatdvaot have the same
effect for all species, or species’ sub—populations. Thezse some indications
that the loss of feeding opportunities could proportionalifect more the small—
sized species than the larger ones, but this tendency oldyfdre1993-94. How

can these differences between years be explained? Sedgterahces in feeding

opportunities could have been involved.

In fact, Zwartset al. (1990) found that, in the Banc d’Arguin, many waders
increased their feeding time in early spring, when pregafor their migratory
departure, as compared to the winter. Furthermore, thiséise was not the same
across all species: it occurred mostly in the large spe@eause the smaller ones
were already feeding close to 100% of the time in winter. Beeaof this, no
correlation was obtained between feeding time and body mas#ly spring.

Although the Mondego data refer to yearly averages, thegwased on sea-
sonal means. Accordingly, it is possible to test whetherma@aal change, similar
to that described by Zwartst al. (1990), took place in this estuary. In fact, the
mudflat birds of some larger species (Grey Plover, Blacleddbodwit, Common
Sandpiper) increased their feeding time in 199495, coetparthe previous year,
which could arise from significant seasonal differences984t-95, as suggested
by the large SE for these species (Figure 4.8). On the othmet, hlae considerable
increase in feeding time between years (from less than 1Q$étteeen 40%—50%)
for some small species as Redshank and Turnstone was ajhpacgrdue to sea-
sonal variations in the feeding time (small SE values). Res¢ species, the av-
erage feeding time could have really changed, for some wmkmeason, between
the two years.

Methodological problems may also have been involved. Toetlfeat only two
counts on peak—tides were used to represent the whole {idi& bave certainly
led either to under—estimations or over—estimations ofréta feeding time for
some species, particularly for those that occurred in smathbers and only in
some seasons. This could have been the case in mudflat-gdedashank and
Turnstones, as these species used the mudflats intertyitiening the migratorey
periods.

However, the fact that a consistent, although not statifjisignificant, nega-
tive relation between body mass and the loss of feeding fimtbé¢ case of mudflat
birds) or feeding space (in the salinas birds) was obtaimé994-95, suggests that
the idea that the small-sized species may be more affectélietgss of feeding
opportunities than the larger ones, should not yet be cdeipldiscarded.

Despite this uncertainty, it is clear that the Mondego'snsal represent an in-
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valuable feeding area for many species, either at low—veaigiat high—water. The
need to protect this important man—-made habitat in the Mgméstuary becomes
even more urgent if it is recalled that the other estuarimeatidal habitats are not
able to replace the Morraceira’s salinas, either becagsealders do not use them
for feeding (the fish—farms), or because they occupy a muctisnarea (the salt-
marshes and the south arm salinas). Assuming that the srepdleies are indeed
more affected by a potential loss of this habitat, and siheg form the bulk of the
estuarine avifauna, the destruction of the Morraceirdimas could imply either
that (1) most birds would be driven to the mudflats, with aegponding increase
in the competition for feeding in these areas (see Chaptenr5R) they would
simply leave the estuary. In either case, the ecologicadequences for the whole
estuarine ecosystem could be large.

The conclusions of this study contrast with the opinion fiemitet al. (1987),
who claim that the construction of salinas inevitably cahsdoss of feeding habi-
tat, since they are usually built on intertidal mudflats dinsarshes. This is prob-
ably true in the case of the large industrial Mediterraneainas, such as those
of the Camargue, south of France (Britton & Johnson, 198 twéver, in Portu-
gal (and in the Atlantic coast of Spain), the salinas are pdiuilt inland (Lopes,
1955; Gongalves & Sobreiro, 1992), and even industriahaaliare usually built
in areas formerly occupied by artisanal salinas. This nt axwoids the loss of
intertidal areas, but even increases the potential feeatiegs available for waders.



Chapter 5

Competition for Feeding In the
Intertidal Areas of the Mondego
Estuary

5.1 Introduction

The loss of feeding area in an estuary may pose a problem dow#ters that
usually feed there. While it is true that birds may leave treaaand move to
another estuary, it might be expected that the first reactidhe birds affected by
such an event is to redistribute themselves among the remgdeeding areas of
the estuary (Goss-Custard, 1977a, 1979; Goss-Custad 1993, 1994; Dolman
& Sutherland, 1994).

Waders usually aggregate in the areas where the densititeiofpotential
prey are highest, thus allowing the birds to maximise thaiie of energy intake
and, therefore, their chances of survival (Brown & O’Conrd®74; Goss-Custard,
1977a, 1979, 1984; Goss-Custatdl, 1977a,b, 1991; O’Connor & Brown, 1977;
Bryant, 1979; Evangt al, 1979; Evans & Dugan, 1984; Piersraaal., 1993b;
Mercier & McNeill, 1994; Kalejta & Hockey, 1994). So, the inediate conse-
quence of redistribution following habitat loss is an irage in the densities of
birds feeding in those areas that remain.

As densities rise, competition between birds for resounckgicrease leading,
in turn, to a reduction in intake rate. At a certain point aspetition intensifies,
the rates of emigration and/or mortality become densitgeddent. Eventually,
the point will be reached as densities increase at whichedoh new individual
that arrives, one will leave or die. Then, tbarrying capacityof the area will have
been reached and corresponds tortteximum number of individuals that the area
can suppor{Goss-Custard, 1985).

In fact, the densities of birds in most estuaries are likelp¢ well below the
maximum possible, although individual areas within thenyraleady be at ca-
pacity (Goss-Custard, 1985, but see Maitaal, 1994 and Goss—Custaed al,,
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1996b). Up to now, only by simulation has it been possibleragljet the carrying
capacity of an entire estuary (Goss-Custtrdl., 1994, 1995a,b,c,d, 1996a,b). The
ability to accurately predict when carrying capacity hasrbeeached has a practi-
cal significance as it may help to guide conservation effatien major develop-
ments are planned in estuarine areas. For this reason,iemfait of research has
been stimulated in the past 20 years (Davidson & Pienkow8id7; Goss-Custard
et al, 1994, 1995a,b,c,d, 1996a,b).

As competition between individuals of the same spédiethe factor that ulti-
mately leads to carrying capacity being reached, it is ingmrto study the mech-
anisms through which competition can operate. Moreovemany cases, its de-
tection may constitute the first, and often the only accéssiue for determining
whether an area is approaching carrying capacity.

According to Goss-Custard (1980), intra—specific comipetitnay depress in-
take rate in two ways — interference and depletion. Interfee may be defined as
the depression of intake rate caused by the presence oflitdsr The effect is
reversible and operates in the short—term, as the densdyaifble prey usually
recovers quickly after the birds leave the area. Depletiarthe other hand, is the
decrease in the food stocks due to predation. It takes nmmeetti operate — usually
some months in waders — but is irreversible, at least urgiptiey densities are re—
established through growth and reproduction in the follmépring and summer
(Goss-Custard, 1980). While depletion is a function of ptieth pressure only,
interference may arise through a variety of mechanismsyfaithich lead to the
reversible depression in the individual intake rates. €hadseady known include
encounters over food, kleptoparasitism, disturbance ancking, exploitation of
available prey, depression of prey availability and insieg use of poorer areas
(Goss-Custard, 1980).

In practice, the existence of competition among foragingleva has been
tested by investigating the occurrence of both interfezgfit at least some of its
forms) and depletion (Goss-Custard, 1977a, 1979, 1980tethas been chosen
as the appropriate season to study competition in the texgpkatitudes. During
this season, food resources are usually low due to the lackcofiitment and/or
immigration in most prey species and to the low availabitifymost prey, as a di-
rect consequence of the prevailing bad weather conditiéwans & Dugan, 1984).
Furthermore, it is in winter that the bird numbers reachrthigihest values in most
estuaries (Smit & Piersma, 1989), and the birds’ energetjairements are great-
est, due to increased thermoregulation costs (Evans, Fa&&ma, 1996).

In the estuary of Mondego, any tendency for the increasiag & the salinas
over the last decade to be continued (see Chapter 4) mayuallgntause birds
that normally feed there to move to the intertidal mudflathie Effect that this
would have on the estuarine populations of many speciegleflend on the levels

Linter—specific competition, although it certainly occtissjikely to be of less significance in
waders, as most species are ecologically segregatedlylgmgying upon different prey species or
size classes (Baker & Baker, 1973; Baker, 1977).
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of competition in the flats that would then occur. Accordinghe objective of this
Chapter was to test for the occurrence of intra—specific @ditigm in the intertidal

area of the Mondego estuary, through both interference esmlirce depletion, in
order to make a preliminary assessment of the effects onrvpagbeilations of the
loss of the supratidal feeding areas in the estuary.

5.2 Study Area and Methods

5.2.1 Study area

The study was undertaken on the 134 ha of intertidal mudftatise south arm of

the Mondego estuary. In spite of the small area, there wappreeiable variation

in the type of sediments present. In general, the flats aolj@oethe margins of

the south arm of the Morraceira Island were made—up of firdinsmnts, while the

central banks in the estuary consisted mainly of coars@agissediments (sand
or muddy—sand, see Chapter 2) (D.N. Duarte, pers. comm.practice, it was

possible to subdivide the estuary into three discrete ghehsA2 and A3, Figure

5.1), naturally delimited by channels and creeks. A dSysatinaspp. marsh was
present in the margin of the island, while sparse meadowsret downstream,
inarea Al.

Due to the small width of the south arm, the exposure time didvary too
much between and within the three zones: between 0.5 houhtd from Al
to A3, in an ‘average’ — 0.8 m — tide (J. Cabral, pers. commbayiers 2 and 6
furnish more details on the prey populations and eutrogibicaf the estuary.

5.2.2 Methods
Interference

Selection of the method used With the exception of increased use of the poorer
areas, all the interference mechanisms reviewed by Gost@u(1980) require
the measurement of intake rates. Unfortunately, this wapwssible in the present
study as the species concerned mainly ate prey too smallitiebfied, or even to
be seen being swallowed (Murias, 1993; Cabral, 1995; Lepat, 1996). There-
fore, the chosen test for interference was based on the texpesdistribution of
birds over the feeding areas when the total number of birdh@mstuary rapidly
increased.

The hypothesis of interference competition predicts amemsed use of the
poorer ones, as total bird numbers — and thus interferenogetition — increases.
As densities increase, thetal densitiesof birds in both the preferred and non—
preferred feeding areas may grow. However, if competitioesdndeed occur, the
less competitive birds will be displaced from the more pabli¢ feeding areas,
redistributing themselves among the less used (and poomes. Theproportion
of birds in the preferred areas, relatively to the total nampresent, will then
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500 m

Figure 5.1: Map of the study area in the south arm of the estuary. The selsaonsidered are
shown, as well as the transects used for sampling the maertébrates
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decrease while the proportion in the non—preferred ondsasilrespondingly, in-
crease.

Therefore, the occurrence of interference competitionbeashown by plotting
the change in densities and proportion of birds in both prefeand non—preferred
areas against rapid changes in the total population size.

This method only requires counts of birds over short periaising which
total population size increased and prey depletion can &sorebly assumed to
be minimal. Given the preliminary nature of the study, aslaslthe short time
available, this option was considered to be adequate ag attespt.

Field work Wader counts were performed monthly, from October 1993 e Ja
uary 1994, and fortnightly, from February 1994 to May 199%hwt0x 50 binoc-
ulars and a 30-9050 telescope from three fixed positions around the mudflats
(Figure 5.1). All counts were made within two hours of low-+t&reon spring—tides
because (1) all the main feeding areas were then exposedirall the birds to
freely choose among them, and (2) very few movements of bietiseen mudflat
feeding areas, or between mudflats and the salinas, a @btentirce of bias, were
observed at this tidal phase (Chapter 3). All waders seeg identified, counted
and plotted on a map of the mudflats, drawn from aerial phafutg. Within two
days, the numbers of birds present in the Morraceira’s @slfthe most important
supratidal area) were also counted (see Chapter 4, for netads).

It was assumed that all the birds present fed in the areasewthey were ob-
served, even if they were not feeding at the very moment trerg wounted. This
is likely to be the case, because few birds usually restedhemiudflats at dead
low—water. In contrast, at high—water in the salinas, ohtyse mudflat birds that
were feeding were considered because, many birds useddadarroosting at
this period of the tidal cycle (see Chapter 4). The inclugibthe roosting birds in
the analyses could thus have biased it.

Depletion

Difficulties in measuring food depletion At present, there are no absolutely sat-
isfactory methods with which to measure the effect of wadersheir food re-
sources. Bairet al. (1985) reviewed the four main methods available. Two focus
on temporal changes in the density of prey, and the other iy fd@d require-
ments of the birds.

They are (1) direct measurement of the changes in the foaudaibce before
and after a period of supposedly intense predation by beds (winter); (2) use
of exclosures, in conjunction with open control areas, tepkeut avian predators
and compare the changes in food abundance within each;ré&} distimation of
the food consumption of the birds, through measurementsenintake rates, the
number of birds feeding in the area, and the proportion oétfaeding, which
are multiplied by each other and compared to the standintkstof prey; and
(4) calculation of the food consumption of birds by meansllohaetric equations
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relating basal metabolic rate (BMR) to body mass (e.g. léer& Piersma, 1987),
multiplied by a factor of 3.5-5 to allow for the free-livingergetic demands from
thermoregulation and daily activities (feeding, flyingpsting etc.) (Pienkowski
et al, 1984; Bairdet al,, 1985).

All methods have advantages, but also serious drawbaclss{Gostard, 1980;
Bairdet al., 1985). For example, simply measuring the densities of tbg Ipefore
and after a period of predation by waders, without usingesuies [method 1] may
introduce bias due to the movements of the mobile prey in amthe area. Simi-
larly, the use of BMR, in method 4, can be suspect because tftglying factor
vary to a certain extent with season and with latitude (Beirdl, 1985; Zwarts
et al, 1990; Castret al, 1992). Therefore, the safer procedure is to combine two
or more methods in order to get a number of independent @stinf@oss-Custard,
1977a).

Selection of the methods used Due to the difficulties of accurately estimating
the intake rates of the species studied, no attempt was roace tmethod 3 in the
present study. The second approach considered was to ugsuers. This method
has been successfully used in several situations wherea¢datpn pressure was
thought to be high due to the large number of birds presehgrein intertidal (e.g.
Goss-Custard, 1977a; Quammen, 1981; Botton, 1984; Wil@81 ; Thrustet al,,
1994), or in non-tidal (Székely & Bamberger, 1992) sites.

However, as some authors (e.g. Goss-Custard, 1980; Bamt, 1985; Hall
etal, 1990; Thrustet al,, 1994) argue, exclosures may introduce some bias into the
results through the action of potentially confounding dast The most significant
of these factors are: (1) the mobility of some prey, which mayse the difference
in the changes in prey abundance in the exclosure and cam&as to be reduced,;
(2) the alteration of the microhabitat inside the exclosyszdiment, water flow,
growth of green algae), which may attract many invertelsragad (3) the increase
in predation pressure by epibenthic predators other tharbitids (invertebrates,
fish) that move into the exclosures to exploit the locallyhhiensities of prey
caused by the reduction in bird predation (Székely & Bamdrert992).

Moreover, as Kalejta (1993) demonstrated on a mudflat ardeedderg River
estuary (South Africa) , the exclosure method may fail tedethe effects of quite
heavy prey removal because of high variability between peayples. The use of
exclosures in the present case — where bird numbers wetmebldow — would
have required large number of samples in order to ensureistist validation of
the results (D. Raffaelli, pers. comm.), a very time—conisgntask, which was
beyond the resources available. As a result, the exclosued®sod was abandoned.
Instead, only the densities of some prey at selected poiete measured before
and after a period of (supposedly) intense predation.

In most estuaries the food resources decline during theewiat no recruit-
ment usually occurs during this period. Consequently, aoseiase in the number
of birds in an area will lead to an increase in the rate of prgletion and thus,
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perhaps, to a decrease in the individuals’ rate of intakéhaiothe competition be-
tween them will increase (Goss-Custard, 1977a, 1979, 1I984). In general, for
sedentary or essentially immobile prey, the percentagketiep of prey is likely to
be higher where the initial stocks of prey are high than whewy &re low, because
the predators congregate where prey are abundant, i.erettiatipn rate is density—
dependent (Goss-Custard, 1977b). Since waders alsoysgaitegate where the
densities of their prey are highest (e.g. Goss-Custard))1®7e decreases in their
prey will be greatest in such areas. To assess prey depiet8uth circumstances,
overwinter loss must be related to initial density in eath. si

But as there are predators of the macrobenthos other thaersvadsuch as
fishes — it is advisable to check whether waders are likelyetthle major cause
of any spatially density—dependent prey loss over the wirfter this, method 4
was also used. This method is based on the comparison ofateldwestimates of
the bird populations’ total energy requirements and thal temergy of the main
prey available in the feeding areas at the beginning of timéari Assuming that no
or little growth or recruitment of the prey occurs in wintéidLusky, 1989), the
proportion of the standing stocks of prey depleted by oveteving waders may be
assessed.

Although this method may under—estimate the real food enthle to, e.g., dif-
ficulties in measuring nocturnal feeding (Goss-Custar8418 may, nevertheless,
provide a useful and independent clue as to the magnitudeealdpletion due to
waders. It also provides a useful additional test of thei@amce of predation in
the event that the overwinter prey loss proves to be derisdgpendent.

Field and laboratory work  In October of 1994, a series of transects were marked
out in each of the three main feeding areas. The number (facamwas a compro-
mise between the need to cover the most significant partscof a®a for waders
while keeping sediment and exposure time as homogenoussaibieo and the lo-
gistic and human resources available. Six transects waceglin area A1, four in
area A2 and six in area A3 (Figure 5.1). Each transect caedaan average of five,
regularly spaced sampling points, except in area A2 were tduhe characteris-
tics of the terrain, the average number of sampling point¢rpasect was 8. Points
were marked with bamboo stakes. A total of 90 sampling ppBQger area, was
used.

In late November and in late March, one sample was taken &t saopling
point in each transect, with a small core of 95%cp to 5 cm deep. This was con-
sidered to be the maximum depth to which Dunlin, the numbyicaost important
wader could forage (Kelsey & Hassall, 1989; Mouritsen & &m4992; Zwarts &
Wanink, 19933. Because many mobile prey (e.g. large polychaetes sudlerass

2As to the other important species, the three plovers (KenRinged and Grey Plover) capture
the prey at the surface (Pienkowski, 1981, 1982, 1983), tleeét (only numerically important in
winter) scythes the mud with the bill at roughly the same kiéptoreira, 1994c), and the long-billed
species (the two Godwitsmosaspp., the twdNumeniuspp , which usually forage at higher depths,
were not numerically important.
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diversicolor) can burrow deeper than 5 cm, the sampling method may hawe int
duced a potential bias in the results, unless the smald-simividuals taken by
Dunlin spend all this time near the sediment surface, as radlydbcase. However,
as a precaution, the analysis was limited to the gastrépatiobia ulvae Besides
being one of the most abundant and consumed prey of mosesp@hapter 2),
Hydrobiais usually found in the top 2 cm of sediment, with most indidts lying

in the first 2 mm (Mouritsen & Jensen, 1992).

The samples were taken to the laboratory, washed and sibveadgh a 0.5
mm mesh and stored in 4% neutralized formol. The collectgdrisms were later
separated, preserved in 70% alcohol and identified and edwnmtder a binocular
microscope.

The sieving procedure used was able to catch most of the Enpresent but
the smallest individuals (i.e., in the present case, lems th73 mm). According to
Marques (1989) more than 90% of all the benthic individu&isiost species were
caugth in this way. As such, it was considered that the ptapobof individuals
not caught was negligible and unable to strongly influeneadsults.

Simultaneous but independent data on invertebrates gengiere collected
fortnightly in three representative areas of the estuaryasdal and co—workers
(M. Pardal, unpubl. information) between January 1993 amg 1994. On each
occasion, six to ten replicates were taken with a core (14%) tona depth of 20
cm. The samples were treated according to the method ded@afiove, except that
no measurement of individuals were made. This provided tlusepplementary
source of data.

5.2.3 General data analysis
Interference

Counts A total of 30 counts on the mudflats and in the salinas wasaaifrom

the period of late July—-May in 1993-94 and 1994-95. Howedee, to the lack
of autumn and some early winter counts in 1993-94, only diatiacosecond year
were used. This provided a total of 20 counts, from late J@841to May 1995.
Some additional counts made on consecutive days in SepteanddeOctober of
1994 were also considered.

Selection of preferred areas Goss-Custarckt al. (1982) operationally defined
preferred areas in two ways. They are those areas whichécaupied first, as
bird numbers increase from late summer with the arrival efwhintering birds,

and/or which (2) attract high densities of birds at all timkesthe Mondego, num-
bers fluctuated a lot between late July and December-Jant@rgsponding to
brief passage of migratory birds in August—Septemberofatd by a general de-
crease in late September—early October and by the mainmbotiel-up phase,
from late October to early January (see Chapter 3).
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Perhaps because of these variations, and of the relativefl iumber of
counts for each of the above periods (3-5 counts), the otionpaf the feeding
areas proved to be rather erratic. Moreover, the identificadf discrete feed-
ing areas proved to be quite difficult as the wader speciesidered preyed upon
widely distributed prey (e.g-Hydrobia or small polichaetes) and so ranged widely
themselves. Therefore, preferred areas could not be wadritbed, in the present
circumstances, by the first operational definition of Goastérdet al. (1982).

However, some areas were found to be, on average, more usie lnyds than
others. This was in agreement with the second operatiotiitien of preferred
areas Goss-Custad al. (1982). In view of this, preferred areas were defined, in
this study, aghose areas that, in average, attracted higher densitidsirdt over
the entire study period.

Redistribution over the feeding areas In order to study redistribution over the
feeding areas as the population increased, the three nesn af the estuary (Al,
A2 and A3) were subdivided into several sub—areas on the bésatural features,
such as creeks (Figure 5.1). Whenever possible, each s#beansisted of an
homogeneous sediment type. Sediment homogeneity wasceabyain for most
areas, apart from the uppermost central flats (area Al.1Figeee 5.1) where
there was a mixture of sandy and muddy—sand flats. Howevénefusubdivision
of this area on the basis of sediment type did not reveal ardetecy of the birds to
distribute according to a given sediment type, partly bseai the imprecisions in
the location of both the flocks and the sediments inherertigartapping method
(see below). Therefore, only one large area of mixed sedsngas considered,
this being area A1.1. A total of 11 sub—-areas (3 in area Al aimdeéch of the
other main areas) was thereby obtained. The size of the eaeas between 27.1
ha and 0.7 ha (average 10-6P1.8 (SD) ha).

The maps of the bird flocks recorded in each visit were latpesmposed on
the map of the sub—areas, allowing the allocation of eack flocpart of it) to a
given sub-area to be made. Whenever a flock spread over Issubrareas, the
number of birds composing it was assigned to each sub—am®jiortion to the
respective area occupied by the flock.

All the analyses were restricted to the three species magy lto be affected
by interference due to their high abundance and widesprisadbdtion, both in
space and in time: the Kentish Plover, the Ringed Plover hadounlin. More
details on the methods used will be given when appropriatiedriResults.

Depletion

Overwinter depletion The mean densities (individuals) of Hydrobia ulvae
of the 30 samples in each area were used as the measure obprelaace in each
of the three areas (A1, A2 and A3) in early winter (DecemUejore the main ar-
rival of the wintering birds, and in early spring (March)teafmost wintering birds
had gone, but before the arrival of the spring migrants. Wiemessary, data were
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divided into two groups, roughly corresponding to the smaalll presumably less
profitable size classes<1.5 mm — and the larger and presumably more profitable
size classes >1.5 mm — of this prey (see Goss-Custatdl., 1991, for a review

of this subject).

Food requirements of birds For measuring the food requirements of birds, the
main prey species known to be taken by waders were selegedi®ve) and data
on their biomass densities in early winter (November) of 3384, were supplied
by M. Pardal (Pardatt al., unpublished). The prey species and groups used were
the gastropodHydrobia ulvae the polychaetéereis diversicoloand all the com-
bined species of crustaceans and polychaetes (otheNbiig. In all cases, it
was assumed that all the size classes were taken by wadeite thit was prob-
ably true for the small polychaetes (Goss-Custir@l, 1991), this assumption
may have over—estimated the energy available from the ptlegrspecies/groups,
as only the larger size classes are usually consumed by ttie (Rienkowski,
1982; Goss-Custard, 1984; Piersma, 1986; Goss-Custaaitl 1991; Velasquez
& Navarro, 1993; Moreira, 1994a,b). Nevertheless, thetgegacan be used as a
measure of the total gross energy available to waders in thiflats (Evangt al.,
1979)

The total gross energy preseitGE) on a given date for the whole area of
mudflats (in kJ) was calculated as:

TGE=BxAXx525x4.19 (5.1)

whereB is the average biomass density (g AFDW4hof the prey species, ac-
cording to the data obtained from Pardal et al (unpublisheajA is the total area
of the mudflats (134 ha). The value of 5.25 represents thegeezaloric content
(kcal.g AFDW-1) of a sample of invertebrate groups (Goss-Custard, 197@), a
the value 4.19 is the equivalent energetic value (in kJ) afdl.k

Only the gross energy requirements of the birds were catmllas these de-
termine prey loss. The birds’ gross energy requirement® walculated for the
total bird—days BD) present during the period considered (November to March of
1993-94), calculated for each species as follows:

BD =N x 30 (5.2)

whereN is the sum of the average monthly number of birds presentulzaéd
from the mean of all the counts in each month, and 30 repredeativerage num-
ber of days in a month.

The daily gross energy requirements Dt E, were calculated for each species
by two methods:

(1) as a multiple of the Basal Metabolic RA{MR), the traditional approach

3Defined as the amount of energy consumed by a resting, nosrtiabsbird in a thermoneutral
environment (Kersten & Piersma, 1987; Pienkowetial., 1984; Piersma, 1996).
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(Pienkowskiet al., 1984) where:

DEE = nx BMR, (5.3)

in which BMR= 437 x BM®72° (Kersten & Piersma, 1987), wheBM is

the body mass and is a factor that represents the extra energy expended
on thermoregulation costs and the normal daily activitfeeding, roosting,
preening, flying), estimated from measured daily energygbtgifor several
species (Pienkowsldt al,, 1984; Kersten & Piersma, 1987). In the present
study, n=2.5 following the value provisionally used by Moreira (5)Jor

the Portuguese Tagus estuary, assuming that the birdsilassth85% of

the energy ingested (Kersten & Piersma, 1987).

(2) through the equation derived by Nagy (1987, in Turpie &kky, 1993), in
his revision of published studies using the labelled wddef)) method, the
Field Metabolic RateR MR):

FMR = 10.9 x BM0604 (5.4)

whereF MR represents the gross daily energy expenditure of a birdviedo
in ‘normal’ activities, as above. This value was corrected dssimilation
efficiency in a similar way to method 1 by dividingMR by 0.85. The
values oBMR DEE andFMR are expressed in kJ.bird.day

Both methods have been widely applied, but Nagy’'s methodthasadvan-
tage of avoiding the need to use the multiplicative factquieed by the traditional
method of calculating th®EE. This is particularly important in this case, be-
cause no published estimates of the multiplicative factoBMIR exist for any
south temperate European estdanjs the energy expenditure usually decreases
with latitude (Klaasseet al,, 1990; Castret al,, 1992), the use of the multiplica-
tive values derived to the north temperate estuaries ifylieeintroduce a bias
when uncritically employed (Batty, 1991).

The total gross biomass consum@&d3B), in kJ.bird.period?, for each species
was then calculated as:

TGB=BD x grossDEE (5.5)
or

TGB=BD x grossFMR (5.6)

in case (1) and case (2), respectively, whebeis the number of bird—days, calcu-
lated as above.

4In fact, Batty (1991) has calculated these factors for tisgeeies (Dunlin, Kentish Plover and
Redshank) in Ria Formosa, Algarve (south Portugal). Howeke climatic conditions in Algarve
are unique in the country, and the results, therefore, shaatl be extrapolated to the more northern
estuaries and rias of Portugal, including the Mondego.
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5.3 Results

5.3.1 Interference
Redistribution of birds on the feeding areas

In order to test for the redistribution of the birds over theferred and non-
preferred feeding areas as total numbers increased dagragtumn/winter build—
up phase, the numbers found in each count, from late July t9%dnuary 1995 in
all preferred areas were added and compared to the totalersmiesent on all the
mudflats for the same count. The same method was applied twthereferred
areas, excluding those where no birds were ever recordedpifiportion of birds
present in each type of area, in relation to total numbersthes calculated and
plotted along with numbers in the same graph. Because chtikeof independence
between the variables in both axes, no statistical anatgsikl be performed.

The number in both the preferred and in the non—preferredsagenerally
increased as the numbers in the estuary increased (Fig)rd-mwever, the plots
of the proportions gave no indication that the proportiomiodls in the preferred
areas declined as total numbers increased. The preseits$ résus, did not present
any clear evidence that the birds’ redistribution as tasahbers increased occurred
in a manner consistent with the interference hypothesis.

Alternative approaches to testing for interference

The failure to demonstrate the presence of interferenceettion through changes
in their redistribution over the feeding areas as total tiessincreased, may in-
dicate either (1) thathe Mondego estuary has unusually low bird densities and is
thus free from interference competitjar (2) thatcompetition exists but it is weak
and/or difficult to demonstrateor simply (3) thatall areas are equally preferred
These hypothesis were tested in turn.

Hypothesis (1) Prater (1981) showed that the mid—winter peak numbers of

waders in British estuaries were positively correlatedwtie size of the estuaries.
It is possible that bird densities on the Mondego are so lat tine area is free
of interference and, indeed, other forms of competition. tassumption that
the general relationship described by Prater (1981) isl\valitside Britain, and
that the mid—winter numbers are the best approximationgartaximum numbers
that occur on a given estuary (Prater, 1981; Smit & Piersi®89}l. the possibility
that bird numbers (and hence, densities) were unusuallyridive Mondego was
tested.

The mid—winter numbers of Kentish Plover, Ringed Plover Badlin on the
intertidal areas of the Mondego estuary were compared ithet of other British,
Dutch, French and Portuguese estudriés order to avoid any possible biases due
to the inclusion of unsuitable feeding areas in the calmriat a possibility that is

5In the case of Kentish Plover, only the Iberian and north aretwfrican sites were used, due
to the more southern distribution of the species in winter.
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Figure 5.2: Number (closed squares) and percentage (open squares)®bbcurring in a preferred

(left column) and no—preferred (right column) feeding aaea function of the total number of birds
in the mudflats for three selected species of waders (frontadmttom, Kentish Plover, Ringed

Plover and Dunlin).

more likely to occur with the increasing size of the estusa(ferater, 1981), only
the intertidal areas of medium-size (100-2 000 ha) estiamze usetl

These areas are thought to represent the main feeding sit®hioh interfer-
ence competition usually occurs. Data for British estisaviere taken from the
counts of the Wetland Bird Survey for 1993-94, publishedhgyBritish Trust for
Ornithology, and from Smit & Piersma (1989). Data for theestRuropean and
North African estuaries were extracted from Smit & Piersih@80), and for the
Portuguese areas, from Rufino (1991, 1992), Rufino & Costa3)1@nd Costa &
Rufino (1994). All data were log—transformed.

6Except in the case of Kentish Plover were the lack of sitesgfbtto include the Banc d’Arguin
(180 000 ha) in the analysis
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Positive correlations between bird numbers and the esgizeywere obtained
for Kentish Plover and Dunlin, as expected (Figure 5.3halgh not for Ringed
Plover.

This allowed the numbers of the Mondego’s population of KénPlover and
Dunlin to be compared with the average to be expected for tamysof its size
(regression line). In both species, the Mondego estuakglfede to the regression
line, suggesting that the numbers of the two species in Mymdeere in the range
expected for an estuary of its size.

But although bird numbers (and thus, probably, densiti€shany species in
the Mondego were quite typical for the flyway, food may haverbso unusually
abundant that little competition occurred there. This vessad by comparing the
abundance of food in the Mondego with that in other estuaries the East At-
lantic Flyway.

Food abundance is likely to vary with the area of the estudrgtér, 1981) but
also with latitude. Although this seems not to be an absaluie (see Piersma
et al, 1993a), some evidence of a north—south latitudinal gradié increasing
food abundanceloes exist (Kalejta & Hockey, 1991; Hockey al, 1992), and it
has been attributed to the more favourably higher tempesin the more southern
sites.

Therefore, food abundance (in grams of ash—free dry weigh).in the Mon-
dego and other European and African estuaries were redrassa multiple re-
gression analysis, against estuary size and latitude d@tioelto the equator, over
the a range of 57N to 34 S. Data on estuary size, latitude and total invertebrate
biomass on European and African estuaries of the East Atl&iyway were ob-
tained from Kalejta & Hockey (1991), Hockest al. (1992) and Piersmat al.
(1993a). For the Mondego, data given in Mdrias (1993) for teresentative ar-
eas of the estuary were used, excludiBgobicularia plana as this species was
not an important prey for the wader species considered @ eipal., 1995).

There was no relationship between either estuary sizeidpart0.2, ns) or
latitude (partial r=-0.18, ns) with food abundance, whethlaependent variables
were analysed in a multiple regression analysis@r03, F,5=0.11, ns, n=11) (Fig-
ure 5.4)

It is possible that these results may have arise in part frifiereinces in field
methodologies and sampling periods, as illustrated in€rabbf Piersmeet al.
(1993a). However, a visual inspection of data plotted iruFégs.4 shows that the
Mondego was consistently located among the main clustesiofq whether these
were plotted against estuary size or latitude. This suggbst the food supplies
in this estuary are not different from other European sifesboth bird numbers
and food abundance on the Mondego seem to be quite typieahybothesis that
the Mondego estuary is a competition—free area seems toiteeimyrobable.

Hypothesis (2)As bird numbers and also probably food abundance were quite
typical in the Mondego, competition may have existed butayrhave been too

"Taking food abundance as equal to invertebrate produddookeyet al., 1992).
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Figure 5.3: Relationshiop between the number of birds and estuariedia&l area for three species
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weak to be demonstrated by the traditional method of assp#isé sequential oc-
cupation of the feeding areas. If so, an alternative aralysis needed to test for
competition in this area. This was done by studying the changhe use made
of the alternative feeding and supplementary areas (th@asalas the numbers of
birds in the estuary increased.

The competition hypothesis gives the prediction that, estrerall number of
birds increases in the estuary, an increasing proportiaridime forced, by intensi-
fying competition, to use salinas, either at low—water ghkiwater, or both.. This
was tested with data from both low—tide and high-tide pesidnd the later case,
only the surplus of birds that moved to the salinas as thdltoued (see Chapter 4)
was considered. Only counts from spring and autumn (Mardap and August
to October, respectively) were used, as counts in the sdlirthe winter may have
been influenced by the restriction in the available feedimgsiin salinas due to
flooding in many of them. To allow for any differences betwgears, a multiple
regression analysis was performed, including the yearolys{1994 and 1995) as
a 0/1 dummy variable. There was no evidence that the prapodi birds occur-
ring in the salinas at low—water increased as the numbehgiagtuary as a whole
increased (Figure 5.5).

No trend was apparent for the proportion of birds in the salito vary in rela-
tion either to total numbers or to the year, in Ringed Plov&r-0.06, R 14=0.56,
ns) and Dunlin ¢=-0.07, F14=0.48, ns). Indeed, contrary to expectation, the pro-
portion of Kentish Plover in the salinas decreased sigmifiggr?=-0.51, K 14=7.26,
p<0.007) as the total numbers present in the whole area irextdpartial r=-0.43,
p<0.04), although independent annual differences may alsaviodved (partial
r=-0.48, p<0.03).

This may suggest that, instead of competition on the int@irfeeding grounds
determining the numbers feeding in the salinas, the revaggpéied. That is, in-
creased competition in the salinas as numbers increasechavaycaused more
birds to move to the estuary at low—water. However, the traagl not be related
to competition on the feeding areas, but rather to the od¢mupaf the breeding
grounds in the salinas, as the high percentages of occeriartbis habitat were
recorded in spring counts, independently of the year cens@d To test this, the
analysis was repeated for Kentish Plover, using the autuwunts for the 1994-95
season, as only one autumn count was available for the 1898&. Again, a
strong negative association was found (r=-0.820002, n=7), suggesting that the
negative association previously observed may be indeegtiagsd to some form
of competition for the salinas at low—water in Kentish Plove

There was, therefore, no evidence to suggest that an ircieasimbers in the
estuary directly influenced the numbers that use the sainas/—water. However,
increased numbers may have had some effect in those bittslthaugh feeding
in the mudflats at low—water, used the salinas at high—whtdact, if these birds
were to be affected by competition on the mudflats, they wbeléxpected to use
more the salinas at high water, in order to achieve theirggnequirements. If so,
numbers in the salinas at high—tide should increase as #ralbmumbers on the
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Figure 5.5: Relationship between the percentage of birds of selecteciespin the salinas at low—
water and the total population of each species present iestuary and salinas combined. Data are
for the periods of March to May and August to September of 1@%adsed dots) and 1995 (open
dots). A multiple regression on percentege of birds and year performed. Results are statisti-
cally significant for Kentish Plover {£-0.51, F.14=7.26, p<0.007; total numbers: partial r=-0.43,
p<0.04; year: partial r=-0.48,40.03), but not for the other two species (Ringed Plov&r;0.06,
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Table 5.1: Relationship between the pecking rate of selected wadeiespand the density of birds
around the focal bird. *u0.05.

Species Foraging sr n Method of measuring Source
method densities

Kentish Plover Visual +0.24* 144 Direct measurenient  Cabral, 1995

Ringed Plover " -0.09 149 " !

Grey Plover " -0.001 133 ” "

Dunlin Visual/tactile  -0.12 135 Ranking of densifles  Mdrias, 1993

aBirds in 1 ha plots.
bRank order as follows: (1) <5 birds around the focal birds; (2) — 5-10 birds; (3}20 birds.

estuary at low—tide increased. However, for none of theetlspgecies considered
was there any obvious tendency for the percentage of lovervnittds that fed in
the salinas at high—water to increase as the numbers in thargsit low—water
increased (Figure 5.6).

These results are consistent with the hypothesis that tdeénence competi-
tion, if it existed, was too weak to be detected.

Hypothesis (3) Another possibility is that either all areas were non-gmmefd
or they were all preferred, and the birds moved between thera daily basis,
thus making difficult to get a clear pattern of the usage. otlas, day—to—day
variations in the use of the feeding areas were investigatddentish and Ringed
Plover and Dunlin, using a serie of three consecutive coim&eptember (21,
22 and 23) and in October (7, 8 and 9) of 1994. All areas wersidered, and
relativized densities were used in each count.

Significant day-to—day changes in the relative densitidsirdé using the dif-
ferent sub—areas were observed in September and patijdnl@rctober for Ringed
Plover and Dunlin, but less so for Kentish Plover (Figurg.5.7

As a whole, there was no clear evidence that the birds cengligtchose the
same areas in the short—term (i.e. over the three—daysdpeoioin the medium—
term (i.e. in the 15—days period between the September atab&rccounts) al-
though some areas were more often used than others. Thetpresalts, thus,
reject the hypothesis that all areas were consistentlyvelguit, but they do not
clearly show any tendency for some areas to be preferredhersteither.

Behaviour changes with competitor density

The above analysis suggested that competition levels iresiaary were low.
Direct confirmation of this would be provided by studying tiiake rates of
waders as densities increased, but this was not possiblevdn, previous stud-
ies (Mdurias, 1993; Cabral, 1995) measured some other pteesnef feeding in
selected species, over a range of densities. These dateetiad possibility that
foraging behaviour was affected by bird density to be testedummary of the
results is given on Table 5.1.
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Figure 5.7: Daily change in the use of the sub—areas in the mudflats orex ttonsecutive days in
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Densities were calculated in two different ways. CabraBg)9measured true
densities, as all observations and subsequent bird coenéesperformed in marked
1 ha plots. The study by Mdrias (1993), on the other hand, mdprded relative
densities, as this author counted the number of birds wittired distance (about
1 m, measured in bird—lengths) of the focal bird. Although itiethods used to es-
timate densities were not the same for all species, the noaiclesion that emerges
from these studies is that the increase in densities seeotdd affect any of the
foraging activities measured in any species and this ceimiuvas unaffected by
the hunting method used by each spéeties

Conclusion

Overall, the tests of the interference hypothesis sugdesiat the competition
through interference in the feeding areas of the mudflakeeiid not occur or
was too weak to be demonstrated.

5.3.2 Depletion
Overwinter reduction in prey abundance

Overwinter reduction was found to be spatially density-ethefent in the smaller
size—classes<{(1.5 mm) but, quite unexpectedly, not in the larger size-selss
(>1.5 mm), which showed the exactly opposite trend to thateege(Figure 5.8).

When both classes were combined, the density—independanerof the overwin-

ter change in prey abundance was even more clear.

The possibility, remained, however, that the growth of theaker individu-
als into the larger size—classes replaced the losses dusder\predation, thereby
preventing the detection of the expected density—depenéddnction in the prey
densities of the adult (and hence profitali)drobia In fact, the overwinter re-
duction in the small-sized classes suggests that this ¢t@wiel occurred.

In order to test this hypothesis, the densities of all silBsses were compared
over the two periods considered (i.e. early winter and laitges/early spring),
along with the total densities. If the food had decreaseoigin the winter, a sig-
nificant decrease should be noted in the small-sized classt¢chatural mortality
and growth into larger individuals), in the larger—sizealssl (through mortality and
predation) and, consequently, in all size classes compsiede no recruitment of
Hydrobiatook place in winter in the estuary (Baptista, 1997).

The results (Figure 5.9) do not support this hypothesis.atn, fthey showed
an increase in the large—sized classes by approximatelyatine amount that the
small-sized animals decreased, while the total denséiesined stable. This sug-
gest either that (1) depletion by waders and other predatassslight or (2) new

8Those species that use sight—hunting techniques (therp)ave expected to be more vulnerable
to the effects of interference, both due to the presenceedbitids themselves, and due to the indirect
effects in the prey behaviour (decrease in prey availghilitoss-Custard, 1970).
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Table 5.2: Total estimated gross biomass consumption (TGB) of the wsecies present in the
winter of 1993-94 in the Mondego estuary. TGB (1) is cal@dais 2.5 x BMR (DEE), and TGB (2)
is calculated from bird time budgets, as described by Nagytaulae (Nagy, 1987). An assimilation
value of 85% was used in both cases to account for non—-metatiaénergy (Kersten & Piersma,
1987). See text for detalils.

Species Body mass DEE FMR Bird—-days TGB (1) TGB(2)
(kg) (kd.day'1) (kJ.day?1) (1fkd)  (1FKJ)
Kentish Plover 0.05 105 98 15930 1.67 1.57
Ringed Plover 0.05 105 98 18960 1.98 1.87
Grey Plover 0.19 277 220 22260 6.16 491
Numeniusspp? 0.56 609 423 690 0.42 0.20
Black—tailed Godwit 0.29 377 285 19410 7.31 5.52
Comm. Sandpiper 0.05 105 98 960 0.10 0.09
Knot 0.14 221 183 840 0.19 0.15
Dunlin 0.05 105 98 91200 9.54 8.97
Little Stint 0.03 72 72 1650 0.12 0.12
All species 52.57 52.90

@Numenius arquatandN. phaeopusThe values for these especies were averaged in all cases.

prey moved into the estuary from elsewhere, or (3) smallviddals grew into
large animals, replacing those lost. But in all cases, thefhect of birds’ preda-
tion seems to have been low.

Energy requirements of the birds

This conclusion was reinforced by the analysis which comgbaine birds’ energy
requirements through the winter of 1993-94, with the eneadyes of the standing
stocks of the main prey species present in November of 19813¢3 5.2 and 5.3).

Depending on the method used to calcult@B (see section 5.2.3), the birds
removed only some 4%-5% of the gross energy available. Thasealues were,
of course, due to the overwhelming contributionHyfdrobia ulvaeto the total en-
ergy available. If this species was excluded, the predatiessure in the remaining
groups was very high (78% to 96%, according to the method)udézlertheless,
given the importance dflydrobia ulvaein the diet of, at least, the most abundant
species, it is reasonable to conclude that food was not lyedepleted over the
winter.

5.4 Discussion

Many studies have attempted to assess the consequencdstaf logs for waders
in their wintering or staging sites, but they have been mamgcerned with the
role of food depletion than with that of interference conitpet (e.g. O’'Connor &
Brown, 1977; Evangt al,, 1979; Meireet al,, 1994). However, as several authors
showed (Goss-Custard, 1977a, 1979, 1980, 1985, 1993; Qesiardet al., 1994,
1995a,b,c,d, 1996a,b), the overall effects of competitidhe feeding areas arises
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Table 5.3: Energy potentially available to waders in November 1993EJ@nd the percentage taken
by the birds over the winter, given the estimated birds’ comgtion (TGB). (1) and (2) represent the
estimates from the two methods of calculating TGB (see Tal#lg. See text for details on the
calculation of the total energy.

Taxa Densities Average dry Total biomass Total energy %oes by
(indiv.m~1) weigth of soft g AFDW)in  (16kJ) waders by
parts (g) (Nov. 1993) in Nov. 1993 March 1994
@) 2

Hydrobia ulvae 49991 0.00075 50:2106 1105

Polichaetes 3868 0.00015 6.806 17

Crustaceans 1982 0.00024 Q106 14

Nereis diversicolor 27 0.03000 1.%106 24

All taxa 1160 4.7 3.7

primarily from a close interrelationship between the twdapendent feed—back
processes of interference and food depletion. In the Maméstuary, an attempt
to study both processes was made in this study.

The occurrence of redistribution could not be detected gyreditional method
(Goss-Custardet al, 1982), nor by alternative tests using bird numbers in the
supratidal habitats. If interference did occur, its efectust have been operat-
ing only at low level, and so probably not affecting the itafates of the birds.
This is further suggested by the lack of relationship betwgecking rates and in-
creasing bird densities, measured in the Mondego estuagnire charadrids, for
which pecking rates roughly correspond to the intake r&enkowski, 1982). In-
deed, in one case, (Kentish Plover), the pecking rate eweedsed with increasing
densities (Cabral, 1995).

The overwinter reduction in the main food supply Kydrobia was negligi-
ble. In fact, the abundance of the largerl(5 mm) size classes actually increased,
while that of the smaller ones decreased almost the sameraumbhis could be
attributable mainly to the effects of (1) the growth of theadler animals into the
larger size classes and (2) the low total energy requiresngintne birds, as cal-
culated for this estuary. According to these calculatidhs,birds would remove,
through the winter, only 4%—5% of the total gross energyqmes November, a
value well below the typical percentage given by Goss-Qdsth984) for north
temperate estuaries (22% to 45%).

The possibility that the estimate of the waders’ impact airthrey was too
low must be considered, though, as the invertebrate saghpérried out by M.
Pardal and co—workers was designed specifically to covedectareas, or areas
that would be covered by algae at some time in the year, wioene snvertebrate
species reach very high densities. Some of the sampling aseal in their study,
therefore, may not have been representative of the whalamgstAs an example,
the densities oHydrobiain the Zoosterameadows in November of 1993 reached
some 80 000 individuals.n?, compared with the 30 000 to 44 000 recorded in
the less weeded areas (Pardtkl., unpublished). Indeed, if the area Ddbost-
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erawas excluded from the calculations, the total estimate efehergy present
would decrease by 24.3% (from 1120 to 937 k0). But even if this allowance for
algae—covered areas is made, the impact of waders wouldcctEaged only 2%,
compared to the original values. The estimated impact ofivéders on their prey
thus remains very low.

Without Hydrobia ulvae the potential predation pressure on the remaining taxa
present (total small polichaetes, pldereis diversicolorand total crustaceans)
would increase to 78% to 96%, which would lie within the ramgeémpact de-
scribed by several other authors (Evaasl., 1979; Bairdet al., 1985; Székely &
Bamberger, 1992). Rates of prey depletion of this magnitafetranslate into a
depression of intake rate in the order of 5% to 25%, or mores¢c&eustard, 1984;
Székely & Bamberger, 1992). Clearly, this could be detritakio the waders that
fed in the Mondego’s mudflats. This underlines the imporaotthe abundant
food supply provided by. ulvag which is the main prey of most species in the
Mondego (Lope®t al., 1995).

In summary, the present data indicate that competitionutftranterference and
depletion on the mudflats of the Mondego estuary must haveweeak during the
study period. In consequence, the mudflats were probabéy tathccommodate
some hundreds of birds more, before food competition waikhisify to the point
at which some birds would die or leave the estuary. This sstggeat, were the
salinas to be lost, most birds would still be able to remaitherestuary simply by
moving themselves to the mudflats, thereby buffering the ¢dshe salinas.

However, this conclusion must be viewed with some cautiome Jalinas are
used either at low—water, as alternative feeding areasetoniidflats, or at high—
water, as supplementary feeding areas (Chapter 4). Highsl®f competition
on the mudflats would only affect the loss of space/feedimplsufor the birds.
However, not all the birds were able to meet their requirdmenly at low—water
(Chapter 4). For whatever reason, and apparently not becdeempetition, some
birds need to supplement their feeding in the salinas atigker. These birds
would be in trouble if the salinas were lost. Therefore, lewels of competition
on the mudflats do not necessarily mean that this feedingveoedd be able to
substitute all the feeding currently made on the salinasdily balinas birds and
mudflat birds.

Furthermore, the loss of the salinas would also be detriahémthe breeding
populations of at least two species. In fact, they are théusixe or, at least, the
most important breeding areas for Kentish Plovers and Blaaiged Stilts (Rufino
& Neves, 1991, see also Chapters 3 and 4). The complete ldiss sélinas could
bring about the disappearance from the area of the wholelgtigny or part of it,
of these species.

Finally, even if at the present the effect of competitionnsde be low, it is
not known by how much it would increase if all the salinas biveere displaced
onto the mudflats. This would depend not only of the numberiofshpresent,
but also of the seasonal fluctuations in the populations efibtential prey and,
perhaps more importantly, of their availability to the lsirdOnly long—term field
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studies combined with simulation analysis of the habitss koould predict whether
the complete loss of the salinas would reduce competitiee, (8.g. Grant, 1981,
Goss-Custareét al, 1994, 1995a,b,c,d, 1996a,b).






Chapter 6

Short—term Effects of Intertidal
Macroalgal Blooms on the
Macrohabitat Selection of
Waders

6.1 Introduction

The intake rate of wading birds (Charadrii), can be affedtgdvariations in
prey abundance and accessibility (Goss-Custard, 1984rtZ&aNanink, 1993).
The presence of thick layers of algae on the sediments dugraphication affect
both of these aspects of the food supply of these birds ovier the short—term
and long—-term (Raffaelkt al, 1989). Short—term direct effects on prey abundance
can be either positive or negative, depending on the spaviet/ed (Raffaelli
etal, 1989; Everett, 1994). Similarly, accessibility can béeitncreased, because
the vertical migration of many species is impaired (Kaléjtédlockey, 1991), or
decreased, because the mats can provide a refuge agaifestopseon the surface
(Everett, 1994). Indirect positive effects can occur tigloa general increase in
the productivity of adjacent unweeded areas (Raffa¢lil, 1991) and through an
increase on sediment penetrability under the mats due temgetbstrates (Kalejta
& Hockey, 1991).

Waders might respond to these changes in a variety of waykelshort term,
they could (1) only select for feeding either the unweedecbwered areas accord-
ing to which is the more profitable, or (2) use alternativedieg habitats if their
normal areas are rendered unusable by weed cover, or (Jeliaeir foraging be-
haviour, depending on the foraging strategy they use. Ifetiter case, it might be
expected the tactile—hunting scolopacids to be more fletitan the sight—hunting
plovers, which rely on prey movement at the sediment sutiacketect their food
(Pienkowski, 1980). Here, the response of the birds with dispend on the way in
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which the presence of algae modifies the normal behavioureoptey.

In the estuary of Mondego, where eutrophication has beeritaned over the
last eight years (Marque=t al,, 1984, 1993b), both areas covered by macroalgae
and areas free from algae can be found throughout the year.sifimtion thus
provides a very good opportunity to study the short—ternporse of shorebirds
to eutrophication. The aim of this Chapter was to discussaég in which the
presence of algae in the sediments affected selection difigé&abitats, as well as
the feeding behaviour of waders. In view of the exploratagure of the study, it
was chosen in the later case to look only for gross differemcebservable prey
taken and in the rates of at which birds foraged. The adogtddsophy was that,
if such simple behaviour data did not help to interpret afgo$ of algae on bird
numbers, it would be possible to go on and to examine mordesinfluences of
algae on bird behaviour at a later stage.

6.2 Study area and methods

6.2.1 Study area

Fieldwork was performed on the 134 ha of mudflats of the southad the Mon-
dego estuary, as well as in 21 salinas in the adjacent Muraaiséand,from Octo-
ber to May, in 1993-94, and from August to May, in 1994-95. seheepresented
57% of the total number of pans and 52.2% of the total areadbeypy. The south
arm and these salinas provided the main low—tide feediragdioe the wading birds
in the estuary (Murias & Ferrand de Almeida, 1991). See pteviChapters, for a
more detailed description of the area.

In recent years, periodic blooms of macroalgae (makhteromorphaspp.
andUlva spp.) have been occurring in the Mondego, covering largasané the
flats. Usually, they last from late March to September/Oetd@h.C. Marques, pers.
comm.). Apparently, the mats are not restricted to a pdaidavel, although they
colonize muddy substrates more easily than the sandy ones.

6.2.2 Methods
Wader counts and behaviour

Monthly and, from February 1994 onwards, fortnightlyader counts were made
using 10<50 binoculars and a 30—-9®0 telescope from three vantage points ad-
jacent to the mudflats (see Chapter 2) and from the banks ahplsaf salinas.
Feeding birds were counted and, along with these of the alg#d, their positions
were plotted on a map, drawn from published aerial photosréfhre, it was pos-
sible to assign each bird as to whether or not it was on sedgtieat were covered
by algae. Censuses were made within 2 hours of low—water imggjides, as the
flats were exposed to their maximum extent at this time so itits vere able to

1Except in August of 1995 in which only a single count could ke
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select amongst all feeding places. The algae, and most svati¢his stage of the
tide, were distributed without obvious regard to the shevell apart from the Grey
Plover, which tended to favour the upper levels.

Data on the feeding behaviour of a visually—feeding spetiesGrey Plover,
and a sight—feeding species, the Dunlin, were obtained94-492 (Murias, 1993),
using standard techniques (e.g. Goss-Custard, 1969;d®skk 1982, 1983). Only
pacing rate (number of paces.mi) — a gross measure of the searching effort —
and pecking rate (number of pecks.30S§avere measured. As already noted in
previous Chapters, it was not possible to measure the sicatsbecause most
prey taken were too small to be seen as they were being inlyebtes was con-
firmed by the analysis of fecal pellets obtained from DunhrX70) and Grey
Plover (n=200) in February and March of 1995. In both spetliesgastropod
Hydrobia ulvag(with 32% and 25% of the total percentage of individuals ¥ p
let, respectively) and unidentified amphipods (34%, in hxztbes) were the most
utilised species (Lope=t al., 1995). However, in the visually—hunting Grey Plover,
it is likely that the pecking rate corresponds roughly todb#ial sucess rate, since
Pienkowski (1982, 1983) calculated that the charadriidewacessfull in 93-98%
of their capture attempts.

Determination of the algae biomass

The proportion of the sediments covered by algae may naohatdiaccurately the
amount present because the density of the matts is not hamoge A much more
appropriate measure of algae abundance is its biomassg@fainy weight.m?).
Data on algae biomass were available for areas Al and A2 &ee)but not for
area A3 (M. Pardal, pers. comm.). An indirect method was=fioee used to cal-
culate the average algae biomass present in that area foceant. This was done
in three steps. First, the proportion weeded was mappedafiir area. Next, the
average amount of algae biomass present in areas Al and Aaleatated based
on a data set of weekly samples of 10 to 20 cores taken in eaehsairice Jan-
uary 1993, and selecting those corresponding to the cemsiglp of the present
study. Finally, a regression equation of algal biomass asetibn of the propor-
tion of area that was weeded was obtained from these gata{(0.972+ 58.76x,
p<0.01, n=11) and used to predict the biomass in area A3 in eagbdp The
same equation was used to calculate the biomass valueefh9€4-95 year.

This method is rather imprecise, mainly due to inaccuratiethe mapping
work, but it was the only one available in the present cirdamses, in view of
time and logistic constraints. Nevertheless, it was casid sufficient for the
purpose of this study. The original data on percentagesgakatover in the flats
was used just to illustrate between—year differences, lamdeiationship between
the percentage of cover and biomass.
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6.2.3 Data Analysis

For the purpose of the present study, the whole area wasvdddlinto three sub—
areas on the basis of the main water channels, named fronihiga iof the estuary,
Al (66.8 h), A2 (30.93 ha) and A3 (36.12 ha) (see Chapter 5)hdrevent, these
proved to correspond, effectively, with distinct feedirrgas. For most analyses,
the counts made in each area on a given census were treatedtep In order
to calculate the waders’ preferences, if any, for weededgareafree sediments,
the average numbers of birds in weeded and unweeded area<alenlated. A
total of 84 counts were obtained for the whole study periastriduted as fol-
lows: 33 counts (3 areadl1 occasions) in 1993-94 (October—May) and 51 counts
(3 areax 17 occasions) in 1994-95 (August—May). Not all these datee wsed
simultaneously, however, depending on the particular kihdnalysis to be per-
formed. Details will be given as necessary in the text.

The species that fed regularly on the mudflats differed iir taeerage densi-
ties and sesonal peak of occurrence (see Chapter 3). Inimimaly analysis of
the whole wader species assemblage, the number of all spagisent was com-
bined, regardless of their typical densities. Clearly,rémilts were dominated by
the most numerous species, which tended to be the smatHsims. In order to
compensate for the species differences in body size, spruoimbers were trans-
formed to biomass values by multiplying the species’ nuaatiensities by their
body mass in December, obtained from Cramp & Simmons (1988).analysis of
single species were restricted to those present in moseafahnts (-8, in each
year) at sufficient high densities-0.5 birds.ha'). These were the three plover
species, the Dunlin, the Curlew and the Avocet. Howeverha<urlew did not
met the above conditions in the second year, it was excluded the analysis. On
the other hand, although the Avocet fulfilled the condititoranclusion, it avoided
the weeded areas completely, so there was no point in imgjuti

Since the absolute abundance of both the birds and the atgasel \between
months, both variables were standardized to a common szaladst analyses.
The procedure used was that of Goss-Custard (1977b) andtshsf express-
ing each individual value for a given month as a proportiorthef total for the
three areas combined. Unfortunately, because of the laitiddependence in data
treated this way, probability values cannot be determif@ok§-Custard, 1977b).
To assess the probable importance of the correlations,ntipirieal classification
of Guilford (in Martin & Bateson, 1993) was followed, and a#ises wherex0.4
were considered as a strong association.

The null hypotheses were that (1) the birds would distrikbemselves in-
differently between the weeded and unweeded areas, andr(®)d two species
studied, the feeding and searching rates, as revealed Ipettkéng/probing rates
and by pacing rates, would not differ between the two kindareés. In the latter
case, such a result would either imply that the birds did hahge their behaviour
or that adaptations occur at a more subtle and unobsenai#é [In particular,
birds may have changed the types of prey captured or the tsikes which, in
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view of the small sizes of those consumed could not be detecte

Statistical analysis included the non—parametric Mannitve U-test, the
Kruskall-Wallis ANOVA by ranks and the Spearman correlattmefficient. The
multiple regression analysis was preceded by Kolmogormir®v tests to assess
the normality of data (Zar, 1984).

6.3 Results

6.3.1 Temporal and spatial variations in the abundance of algae

The quantity of algae present in the three areas variedgitivenstudy periotifrom
barely none to about 70 g DW.TR, in 1993-94, and 50 g DW.n% in 1994-95.
Average monthly biomass values were similar for both ye2ads3t22.4 (SD) g
DW.m 2, in 1993-94; 23.414.0 g DW.m 2, in 1994-95; Mann-Withney U—test,
U=74.0, nsn;=11,n,=16 ). The maximum percentage of algae cover was reached
in 199495, with 82.1% of the total area being covered in Agidl, whereas in
1993-94, coverage never exceeded 36.7% (late May). Hownexenage monthly
values did not differ significantly between the two years.Q¥+12.4% of total
area in 1993-94 and 35.5827.4%, in 1994-95; Mann-Withney U-test, U=91.0,
ns; =11, n,=16 ) (Figure 6.1a). The total biomass present was low in mi a
late—winter months (January and February), although highlees were found in
1994-95 (range: 6.94 to 12.7 g DW:A) than in 1993-94 (range: 1.58 t0 5.11 g
DW.m2). However, a rapid increase occurred, in both years, fraenNgarch on-
wards (range: 31.2 to 62.3 g DW.rf) in 1993-94; range: 10.2 to 49.5 g DW:A)

in 1994-95) (Figure 6.1b).

Apart from the total quantitative differences that haverbeentioned so far,
there were also obvious temporal differences in the totaluarhof algae present
during the spring months. In 1993-94, there was a continimmisase in the algae
biomass until late May, where the highest value was readhetie following year,
on the other hand, the peak biomass value was reached earligte April, and
an appreciable decrease in the amount present (of about@&$yed in May. In
general, higher biomass values were recorded in late autdrwiater in 1994—95
than in 1993-94, while the reverse applied in spring.

Spatial variations were also found in the pattern of oceureeof the algae in
the two years of study. In 1993-94, marked seasonal fluongin the biomass
of the algae occurred near the mouth of the estuary (areawkillg the upstream
section (area A3) showed a much more regular pattern. Irasinthe middle
section (area A2) was colonized by the algae only later isdason, with a sudden
burst in April (Figure 6.2a). Conversely, in 1994-95, vaoias in the biomass of
algae among the three areas were much less pronounced amdedcmainly in
autumn and early winter (August—November) (Figure 6.2b).

2Excluding the months of August and September of 1994, inralallow proper comparisons
between the two years
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6.3.2 Distribution of the feeding waders on the mudflats in relation to
the presence of algae: spatial and temporal analysis

Absolute avoidance or attractiveness of the algae by feedirbirds

In order to test the hypothesis that the birds were eitheaic#d or repelled abso-
lutely by the algae, a test was conducted for two extrematsitos: (1) when the
average algae biomass was lows(g DW.nT2 perarea, in winter and early spring
months — January and February, in 1993-94 and late JanuaarloMarch, in
1994-95) and (2) when the algae was abundadid(g DW.nT? — late March to
May, in both years). The average numbers of feeding birdth lweeded and
unweeded areas were calculated for both cases and compatsd 6.1).

In general, more birds fed on unweeded areas when the algal was scarce,
the difference being statistically significant in all cabess one (the Grey Plover,
in 1993-94). On the other hand, when the amount of algae wasdaht, most
species distributed themselves indifferently betweeneslffee and weeded areas,
and no statistically significant differences were foundasen the two, with the
exception of Ringed Plover, which was found to use the weededs more in
1994-95. Clearly, waders were not deterred completely fotanes where algae
were abundant.

Temporal and spatial variations in the use of weeded and unwezled areas by
birds

However, even though the algae did not deter the birds cdetpl¢hey may have
reduced bird densities This possibility was tested botlpate and in time. Data on
bird density and algae abundance were available for eadidodl census made
in each month. A minimum value for the algae abundance of 5 gnDWin at
least one of the three areas was imposed as the conditiossaggeo include the
month in the analysis. Therefore, counts from January abdugey, in 1993-94,
and from late January to early March, in 199495, were exdud

Overall, there was no association between relativizeddirdhdance and rela-
tivized algae abundance, whether the species were coedittagether or individu-
ally (Figure 6.3, Table 6.2). Indeed, two of the ten assamiathad a positive sign,
both in 1993-94 and in 1994-95. However, visual inspectiothe data (Figure
6.3), suggested an association for some periods of the s@arseparate analysis
was performed for each of these periods (autumn, winter priig.

Strong (r>0.4) and negative associations, as predicted predictduldyypoth-
esis that algae reduced bird densities were obtained iras#is; except for Dun-
lin, only in 1993-94 (Table 6.2). In all other seasons an@sxiboth two years,
a mixture of positive and negative associations were obthiwith four positive
(Kentish Plover, in spring 1993-94 and winter 1994-95, Rihglover in winter
1994-95, and Dunlin, in spring 1994-95), and one negativey(Blover, in spring
1994-95) strong associations. Across all species and,ya@aysGrey Plover con-
sistently showed a negative association with algae, alihnaignificantly so in only
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Table 6.1: Bird feeding numbers (averagi@ SE) in weeded and unweeded areas when algae was scarcenfi2edanuary to early March) and when it was abundant

(late March to May) in 1993-94 and in 1994-95. n, number ohtguJ, Mannn—-Whitney U-test;p<0.05;** p<0.01;** p<0.001

Scarce £5 g DW.nT?)

Abundant 10 g DW.nT?)

n No algae Algae U n No algae Algae U
1993-94
Kentish Plover 7 15234.9 0.3t0.3 49.0* 10 4511 4.0£2.5 69.5
Ringed Plover 5 37417.4 5.8:5.8 22.0* 10 8.43.9 1.9-0.9 75.0
Grey Plover 10 4219.0 13.8:5.6 715 10 8.14.8 12.145.7 67.5
Dunlin 8 207.1%75.4  14.%#5.9 54.0* 11 223.£162.1 14.a7.3 70.0
1994-95
Kentish Plover 15 35:86.3 3.3t2.0 12.0%** 21 21.3t6.4 12.4:4.3 167.0
Ringed Plover 13 35:£86.0 1.8:0.9 9.0*** 21 2.5+1.2 9.0:1.8 82.5**
Grey Plover 19 122+#20.5 9.3:3.2 68.0** 12 9.6:3.4 12.#2.4 46.0
Dunlin 17 188.6:31.4 55.125.2 53.0** 23 28.824.8 77.524.8 180.0
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symbols). See Table 6.2.

one case. Overall, these results indicate that there wascmisistent effect of al-
gae on the bird densities.

The results raised the possibility that the strong assoomivere spurious, and
perhaps, due to another factor (e.g. sediment) which intkpely affected both
the abundance of birds and the abundance of the algae. Tihigsassociations
between bird density and algal abundance over time weretbfik. If birds were
repelled by the algae, the densities in one area should lereabed over time as
the abundance of algae in that area increased, taking chamtfee algae cover in
the other two areas into account. Such a negative assoriatald suggest that
algae deterred the birds, since any confounding factor dvbapefully have not
changed.

A temporal analysis was, therefore, carried out in two stefpsst, general
trends in the total bird numbers over the whole estuary weokdd for. Sec-
ond, changes in bird densities between the three areasgwangined both for all
species combined and for the most abundant species indlyidiAs bird densities
in the whole study area varied with time, those months in tiambers were
more—or—less stable (that is, when no emigration or imrtimravas taking place)
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Table 6.2: Values of the Spearman correlation coefficient of algae bEsyagainst the total biomass densities of all the speciabined and the numerical densities
of individual species during the study period of 1993 to 198%&r: (1) the whole period (excluding January and Febroamts in 1993-94 and late January, february
and early March counts in 1994-95), (2) the autumn monthly ar994-95: August, September and October), (3) the wimtenths (November and December
and, in 1994-95, also early January) and (4) the spring mdqiMarch—late May in 199394, and April-May, in 1994—-95) eTtumber of counts for each period is
given in bracketts. "Significant" values for the individaaéas (0.4, see text for explanation) are shown in bold typing.

1993-94 1994-95

All year Autumr? Winter Spring All year Autumn Winter Spring

(n=27) (n=6) (n=18) (n=46) (n=15) (n=16) (n=15)
All species -0.24 - -0.43 -0.07 -0.10 -0.07 -0.03 -0.004
Kentish Plover +0.18 — -0.46 +0.55 -0.10 -0.11 +0.53 -0.11
Ringed Plover +0.05 - -0.41 +0.31 +0.12 +0.06 +0.40 -0.06
Grey Plover -0.24 - -0.43 -0.30 -0.14 -0.32 -0.26 -0.42
Dunlin -0.11 - -0.09 -0.03 +0.11 +0.13 +0.07 +0.43

a0nly two observations for October of 1993 were availablerafore this periods was left out of the analysis
bThe Area A2 was not considered in the counts, since no algeepresent in the months sampled
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were selected for the analysis. These were the winter ahdsgamg counts from
November to March, in both years. For the whole—estuaryyarsalraw data counts
were used, thus enabling statistical validation of theltesln the other cases, rel-
ativised data were used, so probability values could notsbebished formally.
Because of this impossibility of establishing formal prolisy values in the case
of the individual areas, the results of the whole—estuaglyais and those of the
individual areas on all species were not directly comparablowever, if similar
trends were observed in the whole—estuary and in the indiVidreas’ analyses ,
this would have strongly supported the hypothesis that li@eaindeed affected
the densities of all species combined.

Total bird density did not correlate with the changes in tlgalebiomass over
the whole estuary in 1993-94, but showed the expected signifnegative asso-
ciation in 1994-95 (Table 6.3). In the individual areasorstr and contradictory
associations of bird densities with algae biomass weredauareas A2 (negative
association) and A3 (positive association) in 1993—94|enin strong associations
were found in 1994-95. The results for the individual spewiere similarly vari-
able and contradictory. The sign of the association diffdretween areas and/or
years in all species except Ringed Plover. Across all spesid areas combined,
there were five positive associations and seven negatieeiaiens in 1993-94,
and six positive associations and six negative assocsitint994-95, but high val-
ues of correlation — above 0.7, see Martin and Bateson (19@4ye only found in
two occasions, both in 1993— 94: Kentish Plover in A1 (+0a4d Ringed Plover
in A2 (-0.92) . Only Ringed Plover exhibited the same tremdbath years, but
the strong associations were recorded in different areasn{A993-94 and A3 in
1994-95).

In view of the small data sets, particularly in 1993-94, sarhéhese corre-
lations may have arisen by chance, of course. But even wifloomal statistical
testing, there is little to suggest that the birds changeit fleeding areas in re-
sponse to temporal variations in the abundance of algae.

6.3.3 Use of alternative habitats: the salinas

Another way to test whether the algae deterred shorebirdstavaee if birds left
the mudflats altogether to feed in the alternative areadged\by the salinas when
algae was particularly abundant. This was done by relatisgptoportion of the
whole population that was feeding over low—tide in the sdito the total algae
biomass on the flats. The total population was all the birdthéentire study
area, the estuary and the salinas combined. The analysiagaas performed for
both the whole estuarine population of waders and for thet mimsndant species
individually. As the size of the study area did not changeyalcbird numbers
were used, both for the total population biomass of all gsecombined and for
the individual species. Only data from the winter monthsv@&uober—February)
were used.
There were no clear or statistically significant trends Bottthe whole popu-
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Table 6.3: Values of the Spearman correlation coefficient of algae besragainst total bird biomass densities for the whole Bstiza the separate areas (Al, A2
and A3, see Chapter 5) and for the relative densities of iddal species in each area during the winter (November tougey) and early spring (early March) months
of 1993-94 and 1994-95 years.n=7 in 1993-94 and n=10 in P34=ormal statistical tests were performed for the wholeagy situation( p<0.05). Otherwise,

‘significant’ values for the individual areas<6.4, see text for explanation) are in bold typing.

1993-94 1994-95
All estuary Area Al Area A2 Area A3 All estuary Area Al Area A2 re|a A3
All species -0.53 +0.29 -0.89 +0.46 -0.65* +0.05 +0.38 +0.00
Kentish Plover - +0.74 -0.29 +0.07 - -0.06 -0.57 -0.39
Ringed Plover - +0.14 -0.14 -0.92 - +0.40 -0.07 -0.23
Grey Plover - -0.26 -0.37 -0.25 - -0.49 +0.03 +0.06
Dunlin - +0.67 -0.84 +0.32 - +0.46 +0.47 +0.06
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Table 6.4: Values of the Spearman correlation coefficient of algae hsstwith the proporton of
birds feeding in salinas in the winter seasons (Novembéirtfagy) of 1993-94 and 1994-95.
p<0.05,** p<0.01

Winter 1993-94 Winter 1994-95

(n=5) (n=8)
All species +0.50 -0.24
Kentish Plover -0.60 -0.43
Ringed Plover -0.50 0.00
Dunlin +0.50 -0.24

lation and for individual species that the proportion ofdkiin the salinas tended
to be high when the overall algae biomass was high (Figurar@4rable 6.4). On
the contrary, with the exception of the Kentish Plover, &tpsuggested precisely
the general opposite tendency, although seasonal and yweaitions could be
observed.

There was the possibility, however, that any effect of algaendance may
have been masked by variations in competitive pressureciagsg with changes
in total bird numbers (Chapter 5). The possible joint efaftalgae and total bird
numbers were therefore tested by a multiple regressiorysiaalcontrolling for
the year of study and the season. This allowed to cover betipehiod (winter)
where bird numbers were more stable, but the algae biomassess abundant,
and the migratory periods, where high variation in bird nemstiook place, but the
amounts of algae reached their highest values. As some fieiddexclusively in
one of the habitats (see Chapter 4), the individual analyses restricted to those
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Table 6.5: Multiple regression analysis of the effect of algal biomasd the total number of birds
of each species in the estuary (controlling for the yearwudytnd the season), on the proportion of
the birds feeding in the salina. Values of the coefficientgfach variable are shown, as well as their
sign, r and F values. n=31,p<0.05,** p<0.01

Algae Total Year SeasBn Constant r Fa,26)
biomass numbers
All species +0.07 -0.29 -0.15 -0.05 +35.96 0.31 0.70
Kentish Plover  +0.06 -0.05 -0.14 +0.70** -11.26 0.72 6.03**
Ringed Plover  -0.33 -0.35 -0.16 +0.45* +25.56 0.51 2.31
Dunlin -0.33 -0.30 -0.13 -0.01 +60.10 0.30 0.61

aMeasured as the number of days since the beginning of thenauf@ctober, in 1993-94, and
August, in 1994-95)

species that used both the salinas and the mudflats at loerwat

Again, there was little to suggest that shorebirds as a whmiendividual
species, used the salinas more when algae were abundat inuiiiflats (Table
6.5). More Kentish Plovers were found in the salinas as the@eadvanced from
autumn to spring, but this is likely to be linked to the onskthe reproductive
period in this species, which breeds exclusively in thensali(see Chapters 3 and
4).

6.3.4 Foraging behaviour

Only small differences were observed in the foraging pataraeg(pecking and
pace rates) studied, in both the tactile—feeding Dunlinthed/isual-feeding Grey
Plover (Figure 6.5a and 6.5b, respectively). In fact, Dushowed a significant
tendency to increase its pecking rate in areas covered lag h.19-2.91 ver-
sus 35.52+2.39 pecks.30 sect, n= 46 and n=68 respectively; Kruskal-Wallis
ANOVA by ranks, x?= 6.72, p<0.01), whereas the pacing rate did not change
(114.19:5.11 and 102.5%4.2 paces.min', n= 46 and n =68;x>= 2.24, ns).
On the other hand, Grey Plover maintained the same peckirgirraboth cov-
ered and uncovered areas (44238 and 4.14:0.33 pecks.30 se¢, n=52 and
n=67; x?=0.01, ns), but walked significantly more quickly on unceesedi-
ments (53..38:3.56versus28.313.14 paces.mint, n =52 and n = 67x%= 24.87,
p<0.001).

6.4 Discussion

The possible effect of the presence of algae on the feedihgvimur of wading
birds has only just begun to be studied (see, e.g. Rafadli, 1989, for a review),
and there is, therefore, a lack of data on the subject. Butitdethis, two major
conclusions are already emerging. First, most of any effee¢m to operate in the
long—term. Second, the response of the birds is stronglsiepespecific, depend-
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Figure 6.5: Pecking rate (a) and pace rate (b) of Grey Plover (GP) andib(n) in weeded and
unweeded areas. Significant differences are signaled witisterisk. see text for more details
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ing on the particular prey and on the feeding behaviour ofsfiecies concerned
(Raffaelliet al, 1989; Despreet al,, 1994). Viewed in this light, the results of the
present short—term study are not surprising. Generalyathount of algae present
during the study period seemed not to deter the birds, andgeeies responded
differently. This conclusion was reinforced by the absesfcany evidence that the
waders left the mudflats to feed on the saltpans when algaabuaiant.

In view of these results, it seems more likely that an altéredactor actually
influenced the spatial distribution of the birds, the sedittgpe being a strong
possibility. Indeed, algae can trap fine particles which idatherwise be re—
suspended and redeposited elsewhere, thus leading to eljefieer substrate
type (Everett, 1994). This, combined with the anoxia observeneath the mats,
could lead to the development of a totally new, and sometiichsr, macrofaunal
community (Everett, 1994) which, in turn, might attractesst some bird species,
as Metzmacher & Reise (1994) have experimentally demdastrd here is some
indication that this could have happened with Dunlin in therldego. In spring,
when the abundance of invertebrates was generally higheinmiits (M. Pardal,
pers. comm.), there was a strong positive association leet®enlin density and
algae biomass (r=+0.43). Conversely, in autumn, after aatézh in prey abun-
dance through predation or, as the algae decayed in late synimough emigra-
tion or death by suffocation (Everett, 1994; Martins, 199@)d taken place, no as-
sociation between Dunlin density and algae biomass waseampp@=+0.13). Even
though the data were not amenable to statistical testiegsahsiderable difference
between the two coefficients of correlation is suggestiviee fiypothesis that the
birds distributed themselves indifferently regardingplosition of the mats, or that
they might even have been attracted to them in some casesinpisrced by the
absence of any evidence that the waders left the mudflatetbde the salinas
when algae were generally abundant (Table 6.1).

Perhaps the birds were able to continue feeding on weededesats by chang-
ing their foraging behaviour. Although the tactile—feegibunlin was more flexi-
ble in its response to the presence of algae than the sigldinfg plover, if this did
happen in the Mondego, it must have been achieved througé suibtle changes
in feeding behaviour. In neither of the two species studiedewstriking differ-
ences found in the feeding behaviours in weeded and algeeafeas. Although
the prey could not be identified as they were taken, no laegestwere seen to be
swallowed in either algae—free areas or in the weeded ahedact, in the Mon-
dego, all wader species seemed to consume small-sizedhgEeyajority probable
being small polychaetes amtlydrobia ulvae These prey are extremely abundant
(see Marquest al,, 1993b) in the weeded areas (M. Pardal, pers. comm.).

Overall, the results suggest that the presence of algaeeoreitiment does
not strongly influence the feeding distribution of the biiishe Mondego estuary.
However, for three main reasons this cannot be a definitimelasion:

1. The average percentage cover of the flats by weed duringttldy period
did not exceed 40% and values obtained at any one time wegaeindy
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lower than 30%, whereas Soulsby al. (1982), found that changes in the
infauna related to the presence of the mats only occur whé&#-25% of
the area is covered by algae. Assuming, as these authotbatithe change
occurs when 50% of the area is covered, it is evident that siderable area
of the mudflats may still be occupied by algae before the nusntieavian
predators exploiting the infaunal species may serioustyirek

2. Too few data for each period of the year were available aovditatistically
strong inferences, and the need to use relativised valessmied a full test
of the statistical significance of the associations revkhiethe analysis.

3. The short duration of the study. As showed previously fiaéf et al., 1989;
Desprezt al,, 1994), changes in both the numbers of birds and in theirfeed
ing behaviour in response to an increase of algae, occuteimedium to
long—term, thus proceeding in parallel with the slow charigeghe densities
and structure of the prey populations.

Only more intensive and extensive studies carried out irldhger—term can
more critically evaluate the effect that algae has on thdifgeof the waders in the
Mondego estuary.






Chapter 7

General Discussion

Habitat loss is probably the most intensively examined ef#ictors that are known
to potentially affect the survival of estuarine wader pagiohs (Goss-Custard
et al,, 1996a,b). Most studied cases have focused on the consexgufem waders
of direct loss of intertidal low—water feeding areas thioland reclamation for in-
dustrial, agricultural or water storage purposes (Davigg@l., 1991), and of indi-
rect losses due to the submersion of previously accessbliirfg areas following
the construction of tidal power or storm-surge barriergea—walls (Meiret al,
1994; Lambeclet al,, 1996). In contrast, there have been few studies dealirg wit
the consequences of the loss of supratidal feeding aresisalgy because in north
European estuaries, these are not heavily used, or dsitieatlangered, although
their importance is recognised (Davidson & Evans, 1986keint1994).

The situation may be different in the south European Attaedtuaries. Suprati-
dal habitats, such as the salinas, usually occupy larges avigthin the estuaries
and ‘rias’, and seem to be intensively used throughout tta tiycle, by a lot of
species (Rufinet al, 1984; Perez-Hurtado & Hortas, 1991, 1993b). These man—
made wetlands are currently more threatened in the southwmpean estuaries
than the natural intertidal areas, mainly due to their abantknt and/or transfor-
mation into fish—farms or ricefields (Rufino & Neves, 1992; e Rufino, 1995;
Perez-Hurtado & Hortas, 1993a).

The loss of the supratidal habitats raises a major problerestuarine waders,
which differs from that faced by waders when they lose iidaftthabitats. When
birds are able to meet most of their daily energy requiremémtthe intertidal
areas at low—water, and are displaced from them, they wilittpdose feeding
space. They can always (and do) try to re—establish thepss@ivthe remaining
intertidal areas (Meiret al,, 1994; Lambeclet al,, 1996). Whether or not they can
recover equally good feeding opportunities as the oneswbed lost, and if this
redistribution will affect the carrying capacity of the atgand thus the survival or
the permanency of all birds in it, is another question.

However, birds that rely heavily on the supratidal habitatfulfil their ener-

1Defined in thesenswf Goss-Custard (1985), see Chapter 5
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getic needs at high—water, when intertidal habitats arensuiped, will also lose
feeding time if supratidal habitats disappear. On many siooa, particularly in
the more energetically-demanding periods of the yearethigds will not be able
to recover this feeding time by extending their foragingaat-water through an
increase in the foraging time and/or in the intake rate (Bsom & Evans, 1986;
Goss-Custareét al., 1996¢). Their only chance, if they are to remain on the aea i
therefore, to look for alternative supratidal sites.

The results of this study suggest that, in the estuary of Mgaodmany birds
could be in trouble if all the salinas were to be destroyed wutime loss. The
present data suggest that the effects of competition on titHlats, either through
interference or through resource depletion, are curremtigk (Chapter 5). There-
fore, a number of the birds that use the salinas as alteentgeding areas to the
mudflats could eventually re—establish themselves in ttertidal flats at low—
water, buffering the loss of low—tide feeding space. Howeggen these birds
seemed to intensively use the salinas for feeding at higterw@hapter 4). So,
the need for finding supplementary supratidal feeding azeakl involve both the
mudflat—feeders and the salinas—feeders.

The problem arises because no other supratidal habitaeiagtuary is likely
to offer the good feeding conditions that birds can pregdiintid in the salinas.
The ricefields are only usable at certain times of the yedweratise being too
flooded (in winter) or too dry (in summer). Furthermore, itidikely that some
bare—sediment specialists, such as the small ploversi@kesmid Ringed Plovers)
would use this habitat at all. Saltmarshes are also commedy supplementary
feeding sites for mudflat feeders, both in Europe and in Séitica (Davidson
& Evans, 1986; Velasquez & Hockey, 1990, 1991). Howeverhin Mondego,
they are mainly formed bgpartinasp., whose dense stands are known to drive
out many small species, such as Dunlin (Goss-Custard & Ma8&8). Only the
larger species (Grey Plovédumeniusspp., godwits) were occasionally seen using
this habitat in the Mondego, but these would probably bedhstlaffected species
by the loss of the salinas (Chapter 4).

A less suitable but still usable alternative supratidag sit the salinas could
be provided by the fish—farms. They have the advantage ofjbaigircled by
wire fences, thus providing quiet and relatively safe patem attack by most
terrestrial predatofs In fact, waders use them now as roosting sites. However, the
ponds are usually too deep for waders, even for the longefbgpecies, and in
practice they are used only when they are periodically eedgtr cleaning (Perez-
Hurtado & Hortas, 1993a,b). In the Mondego, even this périadage seems to be
infrequent (at least it was never observed during the ptetady), probably due
to the depth and to the narrow dimensions of the ponds.

Loss of intertidal habitat could also occur in the estudmpugh the increas-

2The predation effects of birds of prey on adult or juvenileia seem to be relatively unimpor-
tant in this estuary, at least judging from the absence obasgrvations of raptor attacks on feeding
or resting waders
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ingly extensive ‘blooms’ of green macroalgae that occusseally due to eutroph-
ication (Marqueset al, 1993b,a). The presence of contiguous and extensive algae
mats would be expect to decrease the abundance of many pegs(see, e.g. Ev-
erett, 1994), and the subsequent recolonisation aftelgéaash, from the small
islets of unweeded areas that would remain, would be ingesftico replace the
losses (Raffaellet al, 1989, 1991). Waders could then be unable to find enough
food to meet their daily requirements in the previously weskdreas.

In fact, although the effects of the eutrophication at thelkvels of the trophic
chain can be assessed in a matter of 2-3 years (e.g. Sailahy1982; Desprez
et al, 1994; Everett, 1994), its consequences for waders maynake time to
be established. Subtle changes in the diets of some wadgespesually appear
when the populations of their main prey are being affectany before any change
in numbers begin to be noted (Despedzal., 1994). Only in a later stage of the
process do waders respond by changing their feeding aretie Mondego, no in-
dication was obtained that the waders changed of feedirzs al@e to the presence
of algae (Chapter 6). On the contrary, although circumsthnbere was evidence
that some species (e.g Dunlin) could even be attracted tmé#te during, or soon
after, the algal ‘bloom’, in early spring.

Apart from some methodological reasons and the time—scald, wetailed in
Chapter 6, another factor may account for the lack of ratatigp between bird
numbers and algae in the Mondego. The most consumed preydarsvan this
estuary seem to be mobile sediment—water interface feeslerth as some errant
polychaetes an#lydrobia ulvae(Lopeset al., 1995), which may be favoured, at
least in the earlier stages of the season, by the growth ekeal§oulsbyet al,
1982; Everett, 1994), thus providing enhanced, even thaegisonally—limited,
food resources.

In summary, this study suggest that the main threat to estuaraders in the
Mondego at present is the ongoing destruction of the swaddtiabitats. It seems
that there is some buffering capacity on the mudflats to vecainumber of dis-
placed birds from the salinas. However, the lack of sufficégaa on the supratidal
habitats themselves that would enable birds to recovertwdirig time that would
be lost with the salinas, could be detrimental to the ponatof many species.
In the long—term, the effects of the loss of supratidal lzdlibuld be further aggra-
vated if the eutrophication continues to increase at thegmierate, thereby perhaps
also reducing the available feeding space for waders ati@ater.

From a conservation point of view, there is always the pdgyiof creating
artificial supratidal habitats to replace those lost (Dsoid& Evans, 1986, 1987;
Hotker, 1994). There are, however, some limitations on tieaton of artificial
supratidal wetlands, these being (1) the large areas thakeguired to allow the
settlement of all the displaced birds; (2) the need to pesichilar habitats to those
destroyed, particularly in terms of their sediment types iamertebrate faunas, in
order to attract the same species that were displaced; atige(8eed to begin the
work some years (2-3) in advance of the destruction of thegw habitat, due
to the time required to find an appropriate place, preparetba and allow the
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settlement and growth of the invertebrate prey (Davidsorvéris, 1987).

But even if these constraints can be overtaken, there is swleth assurance
that waders will accept the new sites. Hotker (1994) shovined &t least two
of three artificially—created supratidal habitats in ther@an and Danish part of
the Wadden Sea, that were constructed to compensate foosheot reclaimed
intertidal habitats, did contribute to the increase the Inenof bird species and
densities in the area, but they did not fully compensatedssds due to land claims.

It seems that prevention is still the best way to avoid theaw®ieterious ef-
fects of habitat loss. In the Mondego, there may still be timeverse the present
trend. Many salinas have been abandoned, but not yet tramesfio As this study
showed (Chapter 4), deserted salinas are not completelyractave to waders,
although they are far less used than the active ones. Antigéesnd relatively
inexpensive way of recovering these salinas for wadersavoeito pay their own-
ers to keep them clean and to maintain a permanently coedrolhter level. This
would avoid the salinas conversion or drainage. An altaraatr, even better,
complementary solution would be to impose strict rules ecttnstruction of new
fish—farms in the estuary, by improving the design of the pealis, in order to cre-
ate areas of shallow water, as it was suggested by Rehfiséd)(1& man—made
brackish lagoons in England. This could allow even the ssnalhders to use the
ponds, although some care should be taken to prevent thesaoteiscivourous
birds (e.g. herons).

Regarding eutrophication, any local intervention (e.girbgosing some form
of treatment of the urban, agriculture and fish—farm dispésirto the estuary)
would not be enough. It would be also necessary to controutban and agri-
cultural discharges along the whole lower river valley, ihiet the majority of
ricefields and other extensively irrigated lands are latatéhis is a very difficult
task, however, as it requires the involvement of many diffieiofficial and private
organisations.

Besides the obvious need to preserve the estuarine bisijvand the health
of the whole ecosystem, of which waders are an important coet, there is
another important reason why the quality of the habitat faders should be main-
tained or even enhanced in this estuary. Small estuariegh#& Mondego, with
relatively low number of waders, as compared to the majaragsts of the East
Atlantic Flyway (Chapter 3), may act as ‘emergency’ sitassmame migrating or
wintering birds. Emergency sites are areas where, in nocoraditions, few birds
land, but where, under adverse weather, they stage in grediaers (Piersma, 1987
in Smit & Piersma, 1989). This may prevent many birds frommvétg, avoiding
the high mortality rates which, otherwise, would probabtgur. Moreover, the
real number of birds of all species that use the estuary ofddga may have been
underestimated, particularly during the migratory pesiod\s Kersten and Smit
(1984) and Kersteet al (unpubl.) (in Smit & Piersma, 1989) showed for a small
Moroccan estuary (Sidi Moussa), the spring migration pdat000 birds underes-
timated by 3 times the real number of birds that crossed e @rer a two—month
period, as inverstigated by an intensive counting (3-5 daysts) and colour—
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marking program. If this is also the case in the Mondego,ets@ived importance
for waders would naturally increase.

The present study was intended to be a preliminary studyedhtiportant issue
of habitat loss in the environmentally stressed estuary ofidiégo. In the course
of this work, many new questions were raised. As a guidelimduture work on
the subject, some suggestions are made:

1. Detailed studies on the feeding ecology of the most ingpbrspecies (in-
cluding diet, time—budgets and measurement of intake)ratesvery badly
needed, as they constitute the basis for assessing theeetaportance of
the main feeding areas. Such studies should be performédrbtite inter-
tidal areas and in the salinas and, preferentially, be apaorad by detailed
measurements of the food supply.

2. The patterns of between—habitats movements in the gspaaticularly those
related to the tidal cycle, should be more fully investigateoth in winter
and during the migratory seasons, possibly by means of catwarked or
radio—tagged birds. This would help to determine how rédiab one of
the main assumptions of this study, viz. the existence ofdistnct sub—
populations that preferentially use either the mudflathersalinas. Such a
study could also provide more complete data on the use oftties suprati-
dal habitats, and on the relative importance of all habitltisng specific
periods of the year, and/or weather conditions.

3. Detailed studies of the factors that determine the setedf active versus
inactive salinas by feeding waders should be conducteds#iple using ex-
perimental approaches. Such studies could be very hetpfuibividing basic
information for future management plans of the area. Erpenis to attract
waders could be conducted in the existing fish—farms (e.grdagually low-
ering the water level when the ponds are being cleaned, oxtanding
the period where these ponds are more accessible to waderspperation
with the respective owners. Testing new designs for fismdathat would
allow waders to feed there, would be invaluable, and coulddieeved in
the preparatory and initial stages of the construction of pends.

4. A refinement of the methodology to study the competitidieat$ on the
mudflats would be greatly welcome. In particular, it shouddgmssible to
measure intake rates of at least some species and use thiseppn com-
bination with the one developed in this study. It would alealesirable (and
possibly easier) to extend the study to the salinas.

5. Along—-term study of the effects of algal growth on wadembers should be
conducted by monitoring both parameters for some years.eMervdetailed
studies on how algae could affect bird diets could be peréormver shorter
periods and should be also conducted, both empirically apdramentally.
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6. The significance of the estuary for migratory populatiohsome selected
species (e.g. Dunlin) should be more fully examined. Thigdd¢de evalu-
ated by an intensive counting and marking program. Data enotial num-
ber of waders that stage on the estuary in each period, gapuktructure
and habitat use could be obtained in this way.
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Appendix

Table 0.1: Present status of the salinas in the Mondego estuary. Timasalurveyed in more detail
in this study (Chapter 4) are marked with an asterisk. Thetifieation of some salinas may differ
from that presented in Table 4.5. In such occasions, the siafrtbe salinas as they appear in Table
4.5 are given in brackets.

Group Salina Area (ha) N.ofcomoros Actual status
of management
Morraceira  Adeiro Velho 2.572 1 Inactive
Island 1.725 6 Fish-farm
Alhos* 1.790 1 Active
1.725 1 Inactive
Amante* 2.995 2 Inactive
1.585 3 Active
Aveird 1.280 1 Active
1.770 1 Extensive fish-farm
Casa da Pedra* 1.030 1 Inactive
2.975 1 Active
Cavalo Branco* 1.076 2 Active
2.560 1 Drained
0.800 1 Extensive fish-farm
2.230 1 Active
Cerco* 3.045 4 Active
1.861 2 Inactive
Corredor do Cabago* 6.810 1 Inactive
Corredor Novo* 4,190 1 Inactive
Corredor do Padre* 1.660 2 Active
6.830 7 Inactive
1.775 2 Extensive fish—farm
Corredor do Reveles 1.830 1 Active
1.515 2 Inactive
Corredor do Sol 5.880 3 Active
Correias 3.045 2 Fish-farm
Cruz* 1.445 1 Active
Esteiro de Aveird
(Filipas)* 3.175 1 Active
Donato* 4.230 2 Active
2.830 2 Inactive
(insua) 3.400 3 Inactive




Group Salina Area (ha) N.ofcomoros Actual status
of management
D. Maria 4,715 3 Inactive
1.730 1 Active
Doutores* 1.725 1 Active
5.380 2 Inactive
Feras* 5.205 4 Active
2.595 1 Inactive
(Donato 1) 3.070 3 Active
1.765 1 Inactive
insua 3.250 4 Extensive fish-farm
Isca 3.815 3 Extensive fish-farm
Joaquim da Fonte* 5.110 1 Inactive
Moleiras 3.635 3 Fish-farm
Mondeguinho 3.150 1 Fish-farm
Morro* 1.485 2 Active
1.515 2 Inactive
6.005 5 Inactive
Norte 2.640 2 Active
1.665 1 Inactive
Praias Grandes* 2.205 1 Active
Pestanas* 2.640 3 Active
2.505 3 Inactive
Pinheiros 5.865 3 Fish-farm
Pontao* 9.545 8 Inactive
S. Julido 1.715 1 Fish-farm
Tapada Norte* 3.110 3 Active
3.165 2 Inactive
Tapada Sul* 4.440 3 Active
Ucharia* 3.255 2 Active
6.105 2 Inactive
Venturas de Baixo* 2.800 2 Active
1.165 1 Inactive
Venturas de Cima 1.040 1 Active
2.175 3 Inactive
2.785 2 Fish-farm
Lavos Boca da Veia 0.937 2 Inactive
(South Arm) 0.449 1 Extensive fish-farm
Torrdo 0.599 1 Active
Torréo, Negra,
Estacas 5.927 5 Fish-farm
Vale da Vinha,
Estacas, Armazéns 4,790 3 Fish-farm
Vale da Vinha 0.837 2 Active
0.074 2 Inactive
Freiras 0.262 0.5 Fish-farm
0.166 0.25 Active
0.581 0.25 Inactive




Group Salina Area (ha) N.ofcémoros Actual status
of management
Jorge 0.531 1 Active
1.062 2 Inactive
Toscano, Tabudes,
Corredor Velho 20.891 4 Active
Negrdo 4578 6 Active
Caldeira 1.312 2 Active
Cobra 2.338 1 Active
Quebradita 0.975 1 Active
Quebrada 1.925 1 Active
Morgada 1.438 2 Active
Armazéns 1.325 2 Active
0.837 3 Fishfarm
Pedrosa 0.074 1 Inactive
Corredio 0.462 1 Active
Terca 0.975 1 Active
Vermelha 6.955 5 Active
Cavada 3.327 0.66 Active
1.225 0.33 Fish-farm
Morro Comprido 2.451 3 Fish-farm
Eiras Largas 0.887 2 Inactive
0.612 2 Active
Craveiras de Baixo 3.063 2.66 Active
0.692 0.33 Inactive
Craveiras 3.302 0.5 Fish-farm
Marachdes 1.200 0.5 Active
Quadros 0.599 1 Fish-farm
Areia 0.324 1 Active
Craveiras de Cima 1.663 2 Active
Noventa Talhos 0.187 1 Inactive
0.612 1 Extensive fish-farm
insua d’el Rei - 2 Inactive
Vila Verde Salmanha - 1 Drained
(North Arm)  Salmanha - 1 Inactive
Herdeiros 2.435 3 Drained
Gramatal 6.895 6 Inactive
Ladeiras 3.450 6 Drained
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