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Abstract — The present paper examined the possible impact of macroalgal blooms, among other influential factors, on prey abundance and
availability to waders, assessing the consequences for feeding behaviour and for the specific patterns of use of the intertidal areas by these birds
when macroalgal mats become dense and contiguous covering large areas of the Mondego estuary (west Portugal). Three representative
microhabitats were chosen in intertidal flats to control and evaluate the effects of various factors on waders. This study shows that foraging
waders did not seem to be indifferent to the effects of some biological factors, sediment characteristics and epistructures when selecting feeding
microhabitats. Overall, the results suggest that the predominant and constant negative effects on specific patterns of use of the intertidal
sub-areas by the majority of waders were determined by two main factors: gull perturbation and macroalgal biomass. The macroalgal blooms
assumed, by their persistence over a period of several months, a different magnitude of effect when compared with sporadic factors such as gull
presence. Contrary to the effects on distribution, macroalgal blooms do not influence negatively the feeding behaviour parameters considered.
Moreover, we were unable to prove that the presence of macroalgae on the sediment was pernicious to the wader prey organisms, perhaps
because the total amount of the area of the estuary affected by weed during the study period never exceeded 36 % and was surrounded by
important algal-free areas that ensured a healthy prey population. Nevertheless, on the long-term, an increase of dense and contiguous
macroalgal mats due to the progressive eutrophication of the Mondego estuary, covering large areas of the intertidal flats, may affect directly
or indirectly all wader species. © 1999 Editions scientifiques et médicales Elsevier SAS

Shorebirds / waders (Charadrii) / eutrophication / foraging behaviour / zoobenthos

1. INTRODUCTION following the blooms, the decline of algal populations
contributes significant quantities of dead organic ma-
terial to the sediments. This causes, at least in some
places, anoxic conditions in the underlying sediments.
As a result of competition with algae, the extension of
the seagrass meadows (maidlystera nolti) has been
reduced, which may cause a shift in primary produc-
ers. Through time, this process may give origin to a
new trophic structure. The energy flow at the second-
ary and tertiary levels will be affected, which may
finally affect the populations from the upper trophic

Most European estuaries are affected by organic
pollution, which often gives rise to eutrophication [6,
16, 52]. Eutrophication as a response to nutrient
enrichment, may commonly cause proliferation of
opportunistic green macroalgae, suchEgeromor-
pha spp. andUIva spp., which can cover extensive
areas of the estuarine intertidal zone [21, 22]. The
increase in macroalgal biomass, and possible shift of
other primary producers resulting from eutrophication,
may have profound effects on underlying invertebrate . PR :
assemblages through deoxygenation of the Sedi_l;(\i/eélli)]rganlsms in this case dominated by waders [14,
ment[2, 5, 9, 15, 17, 28, 29, 41, 44, 48]. B

In the Mondego estuary, blooms of green macroal- In a broad-scale overview of the Mondego estuary,
gae, primarilyEnteromorphaspp., have been observed Mdurias et al. [32] suggested that the presence of algae
from early spring to late summer [23, 24, 25, 34], over the sediments did not strongly influence the
which is a clear sign of nutrient enrichment. Each year, distribution of the feeding waders or, alternatively, that
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most waders were able to adapt to feeding on weed-
covered areas. A fine-scale perspective, in plots where| -
the information related to prey abundance, macroalgal
biomass and bird densities are well controlled, is
indispensable to corroborate this overview.

The aims of the present paper were to test if
macroalgal growth influences, among other influential
factors and by its potential effect on prey abundance
and availability, the feeding behaviour and specific
patterns of use of the intertidal areas by waders when
macroalgal mats become dense and contiguous, cov
ering large areas of the estuary.

2. MATERIALS AND METHODS

2.1. Study area

The Mondego estuary is warm-temperate in a region
with a basic Mediterranean climate. The terminal part
of the estuary consists of two arms, north and south,
that surround the Murraceira islanéiglire 19. The

two arms of the estuary are hydrologically very l \
' i . . k
different. The north arm is deeper, and most of the /\W | \

freshwater discharge from the river flows through it.
The south arm is almost silted up in the upstream areas
and the water circulation in this arm is almost entirely

P :
due to tides and to the freshwater input of a tributary, \Y‘f P, \ ’
the Pranto river figure 19. Intertidal mud flats are \ * . \ \
much more extensive in the south arm, and therefore{\ —*

provide the most suitable areas for feeding by waders.
The present study was therefore focused on the sout
arm mud flats.

r.lzigure 1. (@) Mondego estuary. (b) The south arm of the estuary
where three sub-areas (1, 2 and 3) were chosen for sampling counts,
representing the principal feeding microhabitats (in grey). (c) Detall
2.2. Wader census of a sub-area with quadrangular references.

The counts were carried out from October 1993 to
May 1994, including the two main periods for wader ) .
abundance in the Mondego estuary, the wintering andrecorded for each count in each sub-arkgu(e 19.
spring migration periods. For the purpose of this study, The mean specific densities (D) estimated from each
three sub-areas (1, 2 and 3) were chosen for countssequence of five counts allowed us to determine the
(figure 18, since this procedure is considered the best mean proportion (P) of feeding waders that occurred in
way to control and evaluate the effects of factors on €ach sub-area. For example the proportion of feeding
the specific patterns of use of the intertidal area by waders represented in sub-area 1, in a given petriod
waders [35]. These sub-areas, all of 1 ha, representedvas calculated by:
the principal feeding microhabitats that characterised
the south arm. Considering the muddy substrates Pl =D1t/ (D1t + D2t + D3t)
covered by vegetation, sub-areas 1 and 2 corresponded h 1 2 and 3 el b 1 2
respectively to dense and sparse eelgra&sstera  Wnere 1, 2 and 3 are, respectively, sub-areas 1,
noltii) meadows. Sub-area 3 corresponded to muddy-and 3. ) o
sand substrates withoi. nolti meadows [23, 24]. P was considered an indicator of sub-area prefer-
During the study period, we carried out ten monthly €nce by waders, integrating the natural and seasonal
counts in each sub-area, five on spring tides and fivefluctuations in abundance over the study period.
on neap tides. Every sequence of five counts was made Four wader species were considered in detail be-
from 2 h before to 2 h after the time of low-water peak cause of their importance in number and permanency:
(one count per h). Bird densities (bifdg™) were family Charadriidae - Kentish ploverCharadrius
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alexandrinu$, ringed plover Charadrius hiaticulg weighed, then ignited in a muffle furnace for 8 h at
and grey plover Rluvialis squatarolg, family Scolo- 450 °C to obtain ash free dry weights (AFDW).
pacidae - dunlin Calidris alping) [33].

2.5. Waders faeces analysis

2.3. Behavioural observations In 1995, during both the winter and summer, waders

The behavioural study is concerned with plovers f€€ding at various points were watched to make sure
(Charadriidae), which forage by a visual technique thatthey had been feeding in the study area for at least
apparently without the element of tactile searching 1 h. The footprints of each species were distinguished
normally used by the Scolopacidae [3, 7, 14, 30, 36, 2nd followed, and any droppings collected and frozen.
37, 40], for three reasons. First, plovers feed in the Droppings contained very little identifiable material so
highly characteristic and stereotyped ‘stop-run-peck’ they were collected in batches of five.
manner [3, 30, 37], which permits a reliable record of  Dropping samples were washed with water through
feeding behaviour. Second, plovers have a high feed-& 0.05-mm mesh and examined in the laboratory, using
ing success with peck rates close to the real food-2a low powered (6-45x) binocular microscope. The
intake rates [4, 36, 47, 54], which is a direct function identifiable material was removed and measured.
of the density of harvestable prey [38]. Third, plovers = Two methods were used to express the representa-
forage almost entirely visually, detecting and catching tiveness of the prey groups in the study wader diets.
prey by exploiting their periods of surface activity, First, the average total number of each prey type items
reflecting surface food detectability [36, 37]. per dropping is expressed as a percentage of the

The field work was carried out during the same average total number of prey fragments per dropping.
period as the bird census (above). Observations ofS€cond, the occurrence of each prey in a dropping is
feeding behaviour were made between the counts ofcounted and expressed as a percentage of the total
birds on the three sub-areas chosen in the south arnflumber of droppings. An index of the frequency of
(figure 18). utilisation is obtained [27].

The duration of each observation was between 30 s it ;
and 1 min[36, 37] and was recorded on tape. An 2.6 Stat!stlcal ahaly3|s ) i
observation was terminated if the bird stopped feeding ~Stepwise multiple-regression analysis [53] was used
or moved out of sight or was disturbed. A total of to test for any association between dependent and
427 feeding sequences were recorded: 133 grey plo€nvironmental variables. The dependent variables
ver, 145 Kentish plover and 149 ringed plover. Data Were: wader occurrence, peck rates and movement
were extracted from the tapes using a multi-event Periods. A step-down procedure was used so that the
recorder computer program and peck rates and move-£ffect of each variable in the presence of all others
ment periods (per min) determined. The movement could be examined first, with the least significant
period, proportional to plover pacing rate, is a gross variable being removed at every step. The analysis
measure of the searching effort [30, 37]. stopped when all the surviving variables had a signifi-

For each time period and for each sub-area, gull €&NC€ levek 0.05 [53]. Tests for normality (Kolmo-

densities, total bird densities and air temperatures wered2rov-Smirnov test) and for homogeneity of variances
recorded. (Cochran’s C and Bartlett’s tests) were performed for

. . the dependent variables before carrying out the

All data were collected using 2050 binoculars 1 jtile-regression analysis [53]. Specific proportions
and a 30-9& 60 telescope. of occurrence were arcsine transformed.
Co Analysis of variance (ANOVA) followed by
2.4. Macroalgal and macrobenthic biomass Tukey’s multiple comparison tests was used to esti-

Quantitative samples were taken fortnightly in the mate differences in'the_ occurrence between the three
three sub-areas, from October 1993 to May 1994, for sub-areas. The objective of this procedure was to
macrobenthos, and with a fortnightly periodicity from evaluate the importance of the empirical and nominal
October to December 1993 and weekly from January classmcatlon of the sediments and seagrass m_eadows,
to May 1994 for macroalgae. Ten replicates were attributed to the three sub-areas, on the specific pat-
randomly sampled in each sub-area by manual corerterns of use by the waders. The same procedure was
[1] (141 cn? area, approximately 3 L volume). All the  used to compare the macroalgal biomasses of the three
biological samples were sieved in situ over a 0.5-mm sub-areas.
mesh, and then fixed in 4 % neutralised formalin. In  The non-parametric Spearman rank correlation was
the laboratory, the organisms were separated, pre-used to explore inter-relationships between prey abun-
served in 70 % ethanol, and identified. The inverte- dance (biomass and densities) and macroalgal bio-
brates and macroalgae were dried for 48 h at 60 °C andmass.
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Table I. Occurrence frequency (Fr) of prey in droppings (%) and their mean percentage (Pe) per dropping (%) of ringed plover, Kentish plover,
grey plover and dunlin from the Mondego estuary.

Ringed plover Kentish plover Grey plover Dunlin
n=50 n=135 n=200 n=170

Fr (%) Pe (%) Fr (%) Pe (%) Fr (%) Pe (%) Fr (%) Pe (%)

Polychaeta

Nereis diversicolor 66.67 31.58 37.04 10.64 60.00 16.33 35.20 18.71

Other 33.33 10.53 11.10 2.41 22.50 8.80 29.41 7.48
Gastropoda

Hydrobia ulvae 33.33 26.32 74.07 59.04 47.50 24.55 50.00 31.97
Bivalvia

Cerastoderma edule 33.33 10.53 37.04 9.64 - - 2.94 0.38

Scrobicularia plana 16.67 5.26 22.22 6.02 30.00 9.89 2.94 1.20
Amphipoda 33.33 15.79 11.11 4.22 27.50 34.14 44.12 33.74
Decapoda

Carcinus maenas - - 18.5 6.83 15.00 5.67 17.65 6.15
Diptera - - 7.41 1.20 2.50 0.63 2.94 0.38
3. RESULTS wader figure 2. With regard to positive associations,

the total bird densities and one of the main prey of

3.1. Effects of environmental factors on dunlin, Nereis diversicolor(seetable I), contributed
distribution patterns and feeding behaviour significantly to the presence of feeding dunlin in the
of waders study areasfigure 2.

A total of 62 macrobenthic species was identified.
Table Ishows the eight main prey groups selected by
waders, and their representativeness in the diet. With
respect to the average total number of each prey type - , _ ,
items per dropping (%), the amphipods constituted the Table Il. Specification of all variables considered for this study.
principal prey for grey plover (34.14 %) and for dunlin , —
(33.74 %).Hydrobia ulvaewas the principal prey for ~ Vanaples Specification
Kentish plover (59.04 %) and also an important prey Wader variables
for the other SpeCieS, ringed plover (2632 %), grey  Specific proportion of occurrence (P) See text

plover (24.55 %) and dunlin (31.97 %). The principal  peck rates (PEK) Pecks per minute
prey for ringed plover wasNereis diversicolor Movement periods (MOV) Seconds per minute
(31.58 %). | .
. ndependent variables
A total of three dependent and twelve independent Macroalgal biomass (ALG) G2 (AFDW) (4 species)

variables were considered in the multiple-regression
analysis to test any possible correlation between the
occurrence and feeding behaviour of waders and the
environmental variables: macroalgal biomass, gull

Gull densities (GUL) Bird&ia™ (3 species)
Total bird densities (TOT) Birdea* (waders, gulls,
herons, terns)

densities, total bird densities (excluding the species inAl" temperature (AIR) °C
focus), air temperature and prey biomatsble I1). Nereis diversicolo(NER) g2 (AFDW)
Other Polychaeta (POL) ldp—2 (AFDW) (31 species)
3.1.1. Dunlin (Calidris alpina) Hydrobia ulvae(ULV) glm2 (AFDW)
L . Cerastoderma eduléEDU) glih~2 (AFDW)
Dunlin distribution seemed to be negatively affected g;.opicularia planaPLA) g2 (AFDW)

by gull densities and macroalgal biomass. Clearly,
dunlin were deterred from places where gulls were
more abundant and/or the macroalgal biomass wa
higher, causing a decrease in the occurrence of this

Amphipoda (AMP) @2 (AFDW) (5 species)
Carcinus maenagCAR) g2 (AFDW)
iptera larvae (DIP) @2 (AFDW) (3 species)
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3.1.2. Kentish plovefCharadrius alexandrinus)

With regard to distribution, gull density andydro-
bia ulvae biomass were negatively associated with
Kentish plover presence. As for dunlin, the presence of
high gull densities seemed to decrease Kentish plover
occurrence flgure 39. The negative association with
H. ulvae was unexpected since it involved a very
important prey for this plovertéble I, figure 34 The
positive association between Kentish Plover presence
in feeding areas and total bird densities were also
statistically significantfigure 33.

With regard to feeding behaviour, peck rates of
Kentish plover were negatively associated viiéreis
diversicolorbiomass and positively witBcrobicularia
plana Diptera larvae and macroalgal biomass
(figure 3h. Unexpected were the decrease in Kentish
plover peck rate with the increase of the relatively

Figure 2. The correlates, selected by automatic stepwise regressionimportant preyN. diversicolor and the increase with
analysis, of the variation in dunlin occurrence. The codes found in the macroalgal growthfigure 3). With regard to

table Il of the variables selected, t-values and significance levels
(* P<0.05; ** P<0.01; ** P <0.001) are shown. For variables not

selected, the t-values are not shown.

\ol.

t-values

t-values
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Movement Periods

searching effort, the increase of the important prey
H. ulvaewas associated with low movement periods
(figure 39. Air temperature was negatively associated
with Kentish plover movement periodigure 39.

Figure 3. The correlates, selected by au-
tomatic stepwise regression analysis, of the
variation in proportion of occurrence (a),

peck rates (b) and movement periods (c) of
Kentish plover. The codes found fable Il

of the variables selected, t-values and sig-
nificance levels (*P <0.05; ** P <0.01;

" € e P <0.001) are shown. For variables

not selected, the t-values are not shown.

- T e
ALG GUL TOT AIR NER POL ULV EDU PLA AMP CAR DIP

Independent Variables
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Figure 4. The correlates, selected by
automatic stepwise regression analysis,

AL G ToT A R ro Uy e s aue can o of the variation in proportion of occur-
rence (a), peck rates (b) and movement
Peck Rate Movement Periods periods (c) of ringed plover. The codes

found in table Il of the variables se-
lected, t-values and significance levels
b ¢ (*P<0.05; *P<0.01; ** P<0.001)

! - 1 = are shown. For variables not selected,
! the t-values are not shown.
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Independent Variables
3.1.3. Ringed plove(Charadrius hiaticula) mon with the general trend seen for other waders,

As for the preceding species, total bird density had INCreases in grey plover occurrence were related to
a positive influence on ringed plover occurrence total bird densities figure 59. The increase in the

(figure 49. The negative associations were concerned PiPtera larvae group biomass corresponded to high

with the effects of gull densities and macroalgal 9€Y Plover abundancefigure 5§. The other prey
biomass figure 43. influences on grey plover distribution were negative

With regards to feeding behaviour, only gull density and associated with the increaseGarcinus maenas
seemed to contribute to increase ringed plover s;earch-alnd polychaete group. b|oma§£ggre 53_‘
ing effort (figure 49. In all other significant associa-  With regard to feeding behaviour, air temperatures
tions, the independent variable increase had an appar@"d polychaetes were negatively associated with
ent positive impact on ringed plover feeding 9rey plover peck ratefigure Sh. Diptera larvae
behaviour. High total bird densities were associated 970UP andScrobicularia planabiomass appeared to
with a decrease in the movement periofigufe 49. have a positive influence on grey plover peck rate
Increase in air temperature was associated with an(figure 5B. Relative to grey plover movement period,
increase in peck rate and a decrease of movemen@i’ témperatures and two of the main prey groups were
periods figure 4b, ¢. Regarding ringed plover prey, associated with low grey plover movement periods
only bivalves biomass had an apparent positive effect(figure 59.
on feeding behaviour. The increase $€robicularia The regression equations, and their significance, for
planawas associated with high peck ratéigre 49 all the combinations reported are showntatle I11.
and the increase dferastoderma edulgvas associ-

ated with low movement periodsigure 4. ﬁ:z. Prey abundance in relation to macroalgal
iomass

3.1.4. Grey pIov'e(PIuwahs squatarola? Contrary to investigations from around the world [5,
Macroalgal biomass was responsible for the de- 9, 15, 17, 28, 43, 44, 48], there was no evidence that
crease in grey plover occurrendg(re 53. In com- tidal flats covered by green algal mats are pernicious to

Acta Oecologica



The impact of macroalgal blooms on feeding waders 423

Proportion of Occurrence

t-values

Figure 5. The correlates, selected by au-
tomatic stepwise regression analysis, of the
variation in proportion of occurrence (a),
peck rates (b) and movement periods (c) of
Peck Rate Movement Periods grey plover. The codes found table Il of
the variables selected, t-values and signifi-
b c cance levels (P<0.05; **P<0.01;
- - ** P <0.001) are shown. For variables

Sy I h I not selected, the t-values are not shown.
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Independent Variables

the most important macroinvertebrate groups [22, 25]. significant associations, all the significant associations
In our sampling plots or sub-areas, the reverse was inbetween prey densities or biomass and macroalgal
fact the case. Apart from some statistically non- biomass were positive. The Spearman rank correlation

Table lll. The regression equations, the coefficient of determinaf®8pdnd F-values and their significance level @< 0.01; *** P < 0.001)
for all combinations reported, as selected by stepwise multiple regression. The specification of all variable codes is expabtséd in

Equations DF R? F
Calidris alpina
P =0.192 — 0.006(GUL) + 0.004(TOT) — 0.010(ALG) + 0.102(NER) a7 0.64 19,51 %+
Charadrius alexandrinus
P =0.373 - 0.003(GUL) + 0.002(TOT) — 0.006(ULV) 47 0.40 9.88***
PEK =12.232 + 0.089(ALG) — 3.002(NER) + 0.521(PLA) + 171.655(DIP) 143 0.11 4.47**
MOV = 32.257 — 0.98(AIR) — 0.117(ULV) 143 0.16 13.56%**
Charadrius hiaticula
P =0.3 - 0.005(GUL) + 0.003(TOT) — 0.005(ALG) 47 0.40 9.90%**
PEK =5.015 + 0.28(AIR) + 0.342(PLA) 148 0.11 8.62%+*
MOV = 37.635 — 0.022(TOT) + 0.186(GUL) — 0.743(AIR) — 1.688(EDU) 148 0.15 6.56%**
Pluvialis squatarola
P =0.339 + 0.001(TOT) — 0.008(ALG) — 0.305(POL) — 0.49(CAR) + 6.698(DIP) 47 0.37 4.89**
PEK =9.973 — 0.343(AIR) — 12.62(POL) + 0.574(PLA) + 95.372(DIP) 132 0.40 21.07***
MOV =42.261 — 1.084(AIR) — 4.51(NER) — 23.213(AMP) 132 0.12 6.02%**
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Table IV. Values of the Spearman correlation coefficient (rs) and Macroalgal biomass was less intense in sub-area 3,
their significance level (*f <0.01; *** P <0.001) with macroalgal but this was not confirmed by Tukey’s test

biomass against macroinvertebrate density and bionmes8). (F2,45 = 3.340P < 0.05)
Macroinvertebrates Macroalgae biomassn(d)
Dens“:y (|ndﬁr2) rs 4 DISCUSSION

Nereis diversicolor 0.2716

This study shows that foraging waders are not

:33’:;??3\?;2“‘3 0_25006755 indifferent to the (_eﬁgcts of erjvironmental factors,

Cerastoderma edule 0.4043%* sediment characteristics and epistructures when select-
o : ing feeding microhabitats. The results confirmed that

Scrobicularia plana 0.1546 . waders did indeed respond directly or indirectly in

émphlpoda group 005;22431?** their distribution patterns to these factors.

arcinus maenas .
B_Diptera(g:"%p 0.49947 4.1. Macroalgal blooms

lomass | Is

Nereis diversicolor 0.1682 In agreement with some previous studies that inves-

Polychaeta group 0.2296 tigated the biological consequences of macroalgal

Hydrobia ulvae 0.2427 blooms on estuarine upper trophic level organisms in

Cerastoderma edule 0.4551% general [8, 9, 28] and on waders in particular [5, 29,
i ) ’ 41, 42], we found that tidal flats covered by macroal-

Scrobicularia plana 0.1004 gal mats were unattractive to feeding waders. In fact,

Amphipoda group 0.4133* when macroalgal growth had a significant effect on use

Carcinus maenas 0.4251** of intertidal sub-areas by waders, it was always nega-

Diptera group 0.4471%** tive for most of the species studied. In an earlier study

on the possible effects of macroalgal blooms on birds
in the Mondego estuary, Mdrias et al. [32] suggested
that the presence of macroalgae on the sediment does
not strongly influence the feeding distribution of the
waders. These apparent conflicting results are ex-
plained by the different spatial scales of the two
. - studies and in the level of control of potentially
3'3d' Inf!utencte of sub-area sediment characteristics  jnfiential variables. At the large scale (for the total
and epistructures intertidal area and with gross information on the
In order to test the hypothesis that foraging birds biomass of macroalgal mats), the capacity to discern
were not indifferent to tidal flats distinguished by and detect effects was naturally limited. The present
different sediment characteristics or by the presence orstudy clarified, at a local scale, that several factors
absence of epistructures such as green algal mats andere important.
seagrass meadows, a one-way ANOVA was conducted Contrary to the effects on distribution, macroalgal
for two situations: (i) for wader preference between plooms do not influence negatively the feeding behav-
the three distinct sub-areas with respect to sedimentjour parameters of the three plovers. For Kentish
characteristics and to seagrass presence; and (i) foplover, the reverse was the case, increasing their peck
macroalgal growth differences between these sub-rate when macroalgal blooms occurred. Nevertheless,
areas. Kentish plover clearly preferred sub-area 3 which
Only Kentish plover clearly preferred sub-area 3 seemed less affected by macroalgal blooms. Conse-
(F2,45=8.177,P<0.001) which corresponded to quently, most of the behavioural records for this plover
muddy-sand substrates withodbstera noltii mead- were made in sub-area 3 where tidal flat sediments
ows. Considering the muddy substrates covered bywere only covered by a very sparse thick layer of
vegetation, Kentish plover preferred sub-area 2, cor-macroalgae. Everett [9] reported that the anoxia ob-
responding to sparsé. noltii meadows. Nevertheless, served beneath such mats could lead either to killing
the statistically significant trend for preferred sub-area invertebrates or forcing them to escape by moving to
3, was not supported by the Tukey’s test for dunlin the algal-free sediment surface. On the other hand,
(F2,45=3.959, P<0.05) and ringed plover some species are able to develop new opportunistic
(F2,45 =3.662,P <0.05). There was no statistically communities associated with high algal biomass [9].
significant sub-area preference by grey plover Our results suggest that macroinvertebrates that are
(F2,45 =0.079, ns). normally associated with algal mats such as amphi-

coefficients, and their significance, for the prey groups
correlates of variations in macroalgal biomass, are
shown intable IV.
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pods [45] andCarcinus maenafL8] proliferated when  4.2.3. Total bird density

macroalgal biomass was higtable V). These species . L
then become more visible to the plovers, contributing 1€ total bird density in the sub-areas was recorded

to the observed increased Kentish plover peck rates 0 measure and examine the importance of interference

For grey and ringed p|0ver, birds Seemed not to be on feed|ng Interference |S deﬁned as the |mmed|ate
significantly influenced in their feeding behaviour and reversible reduction in intake rate associated with

during the macroalgal season. increased bird density [11]. The mechanisms of inter-
ference proposed by Goss-Custard [11, 12] is that at

4.2. Other influential factors high bird densities, prey are less available because, in
response to superficial vibration, they retreat down

4.2.1. Prey abundance their burrows, or the small vulnerable fraction is

depleted, or individual birds are unable to pursue the
optimum search path encouraging flocking birds to
spread out. Contrary to this thesis, we did not find that

Several studies have shown, at local or regional
levels, that the distribution of waders within and
between estuaries is determined by the distribution and ; o ;

X : the total bird density increase negatively affected
abundance of their prey[13, 20, 39]. The optimal y 9 y

X . feeding. In fact, the reverse was the case. At high bird
foraging theory predicts that predators should aggre- jensities, waders tended to flock and some of them

gate in areas where their net rate of energy gain is; raased their feedin L ; )
; . : : ; g efficiency (decreasing search
maximal [46]. The quality of different feeding habitats g eftort). One possible explanation for this is that the

pa;nkbe dltrectly rgeo"l".st’rﬁdt.m stud;;es on f?Od Sa‘e'ect'on'maximum numbers recorded in sub-areas were not
Intaxe rales and distribution patlerns ot waders eXx- g giciently high to cause interference.

plained accordingly [11]. The present study indicates
that close positive relationships exist between the
distribution and peck rate (the converse for the search-
ing effort) of some study waders and prey abundance Air temperature, which is highly correlated with

(biomass). However, there are several apparent deviamud temperature [3], was recorded because it might
tions from these theoretical predictions and more affect prey behaviour, with repercussions on predator
careful examination avoiding linear interpretations and behaviour and distribution. Many intertidal inverte-

considering the possible masked effect of other factors,brates reduce their level of activity and tend to move
such as physical habitat properties [20, 51], would be deeper into the sediment when the temperature falls [3,

4.2.4. Air temperature

useful. 7, 10, 12, 35, 39, 50, 54]. As a result, most of the
important prey are less active and less available at low
4.2.2. Gull density temperatures. With the exception of grey plover peck

rate, lower air temperatures were associated with a
'tendency for plovers to decrease peck rates and/or
; increase searching effort. Nevertheless, the expecta-
backed gull (. fuscu, and yellowlegs gulll(. cachin- 5 that temperature would be a reliable predictor of
nang are kleptoparasitic on waders (Cabral, unpubl. foqqing hehaviour and distribution patterns was only
data). On rare occasions, waders also stole from eachy o5y supported here since grey plover peck rate had
other (both within and between species). Kal- e reverse tendency and no significant effect was
lander [19] and Thompson and Barnard [49] reported ¢, \nd on wader distributions
that black-headed gulls can obtain food in excess of '
their daily energy requirement solely by stealing prey
from plovers. When gulls were present at the study
sites, kleptoparasitism might represent a real perturba- Sediment characteristics can be crucial in micro-
tion to wader distribution and feeding behaviour. Our habitat selection by waders since prey abundance
results suggested that increased gull densities had alepends largely on the particle size composition of the
persistent negative impact on most wader distributions substratum [24]. It is possible that wader densities
and on the feeding behaviour of one of the three responded directly to sediment characteristics rather
plovers by increasing searching effort. Only grey than to the abundance of their prey per se [51]. In the
plover did not appear to be significantly affected by the analysis of variance, the effect of sub-area attributes,
presence of gulls. The low numbers of this species namely sediment structure and seagrass presence, on
might have reduced the probability of interactions with microhabitat selection was significant for most waders.
gulls. With the exception of grey plover, waders seemed to

The three gull species that occurred in the study
black-headed gull L@rus ridibundu$, lesser black-

4.2.5. Sediment characteristics and epistructures
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prefer sub-area 3 characterised by muddy-sand sub- [5] Desprez M., Rybarczyk H., Wilson J.G., Ducrotoy J.P., Sueur

strates without seagrass. Moreira [31] reported the

same preference for Kentish plover and similar pref-
erences for ringed plover and dunlin in the Tagus

estuary (Portugal). However, sub-area 3 was also less

affected by macroalgal blooms and it is difficult to
separate the effects of these two factors.

Overall, the results suggest predominant and con- [7]

sistent negative effects of gull densities and macroal-
gal biomass on waders. The macroalgal blooms persist
for several months and hence have a different magni-

tude of effect when compared with sporadic and

aleatory factors such as the presence of gulls. How-
ever, we were unable to prove that the presence of
macroalgae on the sediment is detrimental to wader

(6]

(8]

(9]

prey, perhaps because the total amount of the area of

the estuary covered by weed during the study period
never exceeded 36 % [32], and the affected areas were
surrounded by important algal-free adjacent areas that

[10]

ensured renewable prey recruitment. Nevertheless, an[i1]

increase in biomass of macroalgae due to the progres-

sive eutrophication of the Mondego estuary, may

eliminate the seagrass meadows, and consequently, th
loss of invertebrate species dependent on this habit

with a general reduction in prey species diversity, and

the

long-term perspective, an increase of dense and con-

consequent alteration of food webs[28]. In a

12]

at

tiguous macroalgal mats, covering large areas of the [13]
intertidal flats, may affect directly or indirectly all
wader species in the Mondego estuary.
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