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Abstract

The intertidal areas on Inhaca island provide important
food resources for shorebirds as well as the local popula-
tion. Average bird density is 2-6 individuals/ha during
summer, decreasing to 0.3 in winter, which is one of the
lowest records for the African coasts. Whimbrels Nume-
nius phacopus and curlew sandpipers Calidris ferruginea
are the most abundant species. Total littoral fauna con-
sumption is low, estimated at 2.5 g ash-free dry weight/m?/
year, of which only 18% is harvested by humans. Species
preferences, numbers and weights are given for humans
who collect invertebrates. The influence of human presence
on bird behaviour is measured, using Minimal Approach
Distances (MAD), foraging activity changes and people-
bird abundance correlation. Larger birds have longer
MADs and their foraging activity decreases earlier when
approached by humans. The large, territorial whimbrel is
most influenced by human presence and this interference
competition is responsible for a 34% reduction of foraging
time. Copyright © 1996 Published by Elsevier Science
Limited

Keywords. shorebirds, humans,
disturbance, benthos.

consumption,

INTRODUCTION

In recent years much work has been carried out on inter-
tidal ecology, including studies on palearctic migrant
waders in various staging areas around the world in
relation to the available food supply. Much information
is available regarding foraging strategies, available bio-
mass of littoral fauna and related consumption, ther-
moregulation and other aspects of this fascinating
phenomenon (Klaassen et al., 1990; Zwarts et al., 1990,
Kalejta & Hockey, 1991; Wolff, 1991; Piersma et al., 1993).
However, most of this work has been done on isolated
sites, often in specially protected areas with extremely
high wader densities without any human interference.
Intertidal areas are important for coastal human
communities as a source of proteins and minerals
(Wynter, 1990). Moreover, the coastal areas of

Correspondence to: W. F. de Boer.
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Mozambique have come under increasing pressure, as
people moved from the inland to the coast during the
civil war (1978-1992).

This paper focuses on consumption of littoral fauna
by shorebirds and humans in Maputo Bay where bird
densities are relatively low and where birds are obliged
to survive in the presence of people collecting crabs,
clams and other invertebrates. This situation is
probably characteristic for African coastal areas in
general. We analyse the joint exploitation of the inter-
tidal area by birds and humans, estimate total con-
sumption by both birds and humans and quantify
the human influence of disturbance on bird foraging
behaviour.

Study area

Inhaca Island is located 35 km east of Maputo, southern
Mozambique, at 26° 00'S and 33° O0'E (Fig. 1). Its
general ecology is described in Macnae and Kalk (1962,
1969). The island is surrounded by the Indian Ocean in
the east and by Maputo Bay in the west. The intertidal
area of Maputo Bay is estimated at 234 km?, equal to
22% of the total area, of which 52 km? is directly adja-
cent to Inhaca. Tides are semi-diurnal with a maximum
spring tidal range of 3.9 m.

The mean annual rainfall is 800 mm (30 yearly data
from broken series between 1955 and 1993, Inhaca
Marine Biological Station), the mean monthly max-
imum temperature during the study period was 28.2°C
(maximum in February: 30.3°C), whilst the mean
monthly minimum temperature was 20.5°C (minimum
in June: 16.3°C).

A large bay is situated in the southern part of the
island, the Saco da Inhaca. The study area, with a total
area of 66 ha (referred to hereafter as the Saco) is loca-
ted in the northern part of this bay and is almost totally
exposed at low tides: 94% of the flats emerge during
spring tides and 78% during neap tides. A subtropical
mangrove forest characterized by high species diversity
(Macnae & Kalk, 1962; Guerreiro ef al., in press) fringes
the area with large extensions in the northern and
southern part of the Saco. A channel in the eastern part
provides access to the open sea.

Six habitat types can be distinguished in the Saco
(Fig. 1), namely: the mangrove fringe with short pencil
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roots of the white mangrove Avicennia marina; sandflats
composed of sandy substrate always exposed during low
tides; mudflats, a lower lying muddier area exposed only
partially at low neap tides; two major sand banks with
coarser sand, which are important roosting areas because
of their exposure during high neap tides; and a channel
fringed by two channel banks which are strewn with
rocks and blocks of old coral. The littoral biomass is
dominated by fiddler crabs Uca annulipes and U. vocans
and other sand crabs Macrophthalmus grandidieri, M.
depressus and Dotilla fenestrata. More details about the
substrate characteristics, the littoral fauna and the crab
distribution are given by Guerreiro et al. (in press).

METHODS

Birds

Data on bird presence and feeding were collected on a
monthly basis from January to June 1994, in periods
between 2 h before and 2 h after low tide. Each habitat
type was mapped and divided into different observation
zones (26 in total), separated by natural boundaries or
other identifiable marks such as substrate differences,
canals, presence of death shells, fishing poles and small

africa

INDIAN OCEAN

PORTUGUESE
MAPUT ISLAND

MAPUTO
BAY

Ve
/

]

INHACA
ISLAND%/

paths. These zones could be easily observed from a dis-
tance. The number and distribution of the different bird
species (nomenclature in Table 1 follows Urban et al.,
1986) was determined with the aid of 10 x 40 binoculars
or a 25 x telescope. Mangroves served as cover and the
small paths, frequently used by the local population,
were used in order to minimize disturbance by the
observer. Data were collected with reference to date,
time, tidal depth and the number of birds per species per
zone. The presence of people was recorded, indicating
their activity: walking, fishing (using nets, lines or
spears) or collecting invertebrates. These scans were
done at least twice a month except for March when only
one scan was made.

Intake by the birds was estimated using the formula
described in Kersten and Piersma (1987) which relates
bird body mass (M, in kg) to consumption (organic
matter expressed as Ash-Free Dry Weight, AFDW).
Basal Metabolic Rate (BMR in kJ/day) is estimated at
437M%7%_ The energy requirements of waders in the
tropics is assumed to equal 1.8 BMR. To correct for
differences between ingestion and actual assimilation,
assimilation efficiency is estimated at 80% (Klaassen et
al., 1990; Velasquez et al., 1991). One gram of AFDW
equals 21.1 kJ.
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Fig. 1. Localization of the study area and main habitat types in the Saco.



297

Exploitation by shorebirds and humans

[4 £ [4
Y gEE 6t L'91 61 6
0 0 S0 £T1 0 0
[4 9 y'e Ll §0 SL
St §ic ¢l L't S'6l IR
01 9L  §'81 IS Sev  §°LET
0 Ll L4 £S1 4 ¢ee
$o §0c S0 L6l 09 oLt
I Sl ¢l 0 0 0 0
[ 0 0 0 0 9 9
0 S Sl 60 Ll 0 0
0 Sl St 'l | [4 €
0 0 0 0 0 S0 )]
0 0 0 0 0 0 0
0 0 0 0 0 Sl Sl
0 0 0 0 0 S0 S0
€0 0 0 0 0 0 0
[ S0 S0 0 0 0 0
1 [4 S1 §0 el §o sol
1 $0 ] 0 0 0 0
I 0 0 0 0 0 0
{ 0 0 80 S §'1e  §6E
I 0 [4 $0 £l 0 0
1 0 0 0 0 14 113
I 0 0 0 0 (4! cl
{ 0 0 0 0 8 L1
I 0 0 80 [4 L I3y
1 Sl 14 0 0 ST §T
l 0 0 0 0 S0 S0
0 0 0 0 0 0 0
0 0 0 0 0 €0 S0
0 0 0 0 0 0 0
0 [4 [4 0 0 0 0
! S8 Se€T 9l £01 vl $91
1 0 0 0 0 ¢l ¢l
1 4 $9 60 L'e St §'1
I 0 0 S0 £0 0 0
I 0 o1 9% €9 [4 L
so 0 0 0 0 4 91
§0 $0 $9 L'l UL € 01
S0 ¢0 €0 0 I ¢0 4
pis 8ae pis Sae pis 3ar
D aunf Ken dy

09¢
S1
Pt

OOSOOOOOCOOOO

6¢l

O = —
V)~ 0 (o]

—

—_ OO TONCOONOCOoOOQ
—_—

YoIB

[4
Sy Sel
Sl 4
0 0
€ 6
LS 88C
0 01
A X
0 0
0 0
0 0
1 1
0 0
S0 §o
0 0
0 0
Sl &'l
0 0
S'01 S'101
0 0
0 0
§8l  S¥6
S'6 (174
Sl St
S e
Sl Sl
4! 1€
$o 0
14 91
0 !
0 0
Sl Sl
0 0
0 0
0 0
0 0
0 0
I 9
0 0
I [4
0 4
p1s Sae
Kreniqaq

(sAep) ssjdwes jo Jaquinn
suBwWInYy [B10,

8
L'6 8'C¢
[ ¥l Sunoefjo)
194 3¢ Surysig
14 99 Fuiyrem
LS9 124
6y 1'81
79 6'0cT
0 0 896 SnGID SNAI0)) MOID palg
be 67T LOE sudpuapds snaio)) MOID ISNOH
0 0 Sl DDISLAD S1I0Y140)) Joysy3ury ayoe[e A
€1 Sl ¥8 sipna 91443 Jaysyduny patd
0 0 £ SU0AfiqIv DULAIS w2y A
Lo €0 0T S1SuaIP8uaq vULIS UI9} PIISAID JISSI]
0 0 1323 n843q vuidlg WIs) YImg
I ¥0 €9 v1dspd DUIdIS wig) ueidse)
$'0 0 gLy smoydasorod smpydadoasos snivy (n8 papeayfain
0 0 L0E SRIDINIIULAIA SNUIYING doyyip ey
0l $99 S6E sndoavyd sndoavyd smuatuny [eaquuy
0 0 She voroddp] psouiry 1mpog pojrel-legq
€0 e 94! bq[v SLpHDD Fuigapueg
9TT 665  LL DUISNLIBS SLPIDD Jsadydpues mapin)
1'9 €81 €17 prpngau v8utsy JurYsusaId uowwo)
1 S 4 €9 soonajoddy sioy tadidpues uounuor)
§TT 1yl ¥8 sn42u1d snuax Iadidpues yars ]
8P 8¢ €€l $a4d121up $24d 123Ul DIDUILY auoIsuIn ]
s 124 1444 vjo.vivnbs syvian)g 1r01d K15
I'l l 14 SNIDUWBADW SMPDIDYD) 19A0[d PAUOIJ-AYM
19 86 €9 aDIpun) pnINoY SRIIPDIDY ) &0>O~Q UOMC—M
S0 90 8C61 SnpavYvY UOIPUD Ka1dsQ
0 0 7961 sipa012ad snjapoa1)  31Fed ayeus pIsearqoe[g
60 <0 9 Supadn snajipy 291y Yorlg
0 0 09L1 A0UIWL SDIDUOIIUIOY oFurwey 135537}
€9 $'s 50¢ 42qnu snazidoouaoy oBurey 19ealn
0 0 921 ysopadvy vuadiisog SIql epepRY
0 0 0£S1 vordonyan spaorysaay | SIq1 paloeg
0 0 W pi1a.1qun sndoog doysowreH
€ 3 i ak4 SNOLLYS SIPLIOING uoJIay Udv1D)
0 0 943 Siqr snopnqng 10132 3E)
6°C 8L Lyy 01122403 P1)24357 12182 apry
1T Ve 13341 vadould paply uolay 310
p1s 3ae (8)
Krenuef Y3M

uwnjod Jse] Y} ul uaAIS s (D) uopdumsuwod eunej [gIoNI| Jo UonORLy paumnsse ML (€661)

SURWIN Y
Sp1q [BJOL
Jepraply
Iperey)

pig

uBdPBIA pue (9861) ‘77 12 ukqi() uo pIseq e (3) SIYSIOM IFBIAY "pG6] UNp pue AIenuer UIIMIIG 0dBS Y} Ul (PIS) UOLBIAIP paepue)s pue (Sae) spiiq Jo Pdqumu Ljyjuow ZesAy °] Jjqe]



298 W. F. de Boer, F. A. Longamane

Human exploitation of littoral fauna

Exploitation of littoral organisms by the local popula-
tion was measured at the end of the tidal exposure per-
iod. Forty-four individuals were interviewed regarding
locality and duration of collecting and group size. They
were asked to estimate how long they had spent search-
ing for animals and for how long they would continue
doing so. The collected animals were counted and iden-
tified, carapace length of individual crabs was measured
and the total wet weight per species was measured using
a portable electronic balance. Total biomass taken was
calculated from the measured weights but a correction
factor (1+ time continuing searching/total time sear-
ched) was applied to people who would continue
searching after the questionnaire, to improve the esti-
mate of daily total biomass consumption. Wet weight
was transformed to ash-free dry weight using the bio-
metric formulae (power functions, Croes & De Boer,
unpublished) relating carapace width to WW, and
AFDW for Dotilla fenestrata, Uca spp. and Macro-
phthalmus spp. For the other crustacea the average of
the different formulae was used, which yielded a WW-
AFDW conversion constant of 0.148 (n=294), similar
to the 0.15 calculated by Wolff er al. (1993) (see also
Lappalainen & Kangas, 1975), which was used for the
other invertebrates.

Disturbance
Disturbance (Cayford, 1993) between the local popula-
tion and birds was determined using the scan data (as
described above) to test the null hypothesis that human
presence does not negatively influence bird numbers and
distribution. Due to low bird abundance in winter, only
data from the summer period are used for this analysis.
The minimal approach distance (MAD, Pierce et al.,
1993) was measured for each species while directly
approaching birds. At every 10 m the behaviour of a
randomly chosen bird during 1 min was registered on a
portable micro-cassette recorder, distinguishing between
foraging and non-foraging. After each registration, the
observer approached the bird by 10 m for another

observation, until the bird flew away, after which the
MAD was measured. Foraging behaviour observations
were only made for whimbrel, curlew sandpiper and
common greenshank.

Statistical tests were used as described in Pollard
(1977), Sokal and Rohlf (1981) and Wonnacott and
Wonnacott (1990).

RESULTS

Bird behaviour and food consumption

The bird species observed in the Saco and their average
number per month are given in Table 1. Waders and
especially whimbrel, grey plover and curlew sandpiper
were the most common in the area. During the study
period migratory birds left the area and numbers of
shorebirds declined rapidly in the first two weeks of
April. The observations from January to April are
referred to as the summer period, after April as the
winter period. Significant differences in abundance per
day between summer and winter period, were detected
for whimbrel, grey plover, curlew sandpiper, ringed
plover and osprey (AOV, n=18, all p<0.005) with
higher abundance scores in summer. Sacred ibis and
malachite kingfisher increased significantly in the winter
period (AOV, n=18, p<0.001). Most other species
showed expected fluctuations (wader species declining in
winter) but these were not significant, probably due to
the small number of scans and number of birds present.
No difference could be detected between abundance
during low spring and neap tides.

Some species were not foraging on littoral fauna, for
example piscivorous terns, kingfishers and birds of prey.
Species such as little egrets, grey heron and grey-headed
gull were estimated to feed 50% on benthic fauna.
Sacred ibis and green heron fed entirely on benthos. The
proportion of littoral fauna to total diet composition
was estimated from observations (Table 1). Although a
subjective estimation, total ash-free dry weight con-
sumption was insensitive to changes (within 10% of the

Table 2. Total AFDW consumption (g/day) in summer and winter periods and the % consumption by individual species

Summer Winter
Jan Feb Mar Apr avg May June avg
Species % % % % % % % Y%
Little egret 2 1 3 3 2 5 2 4
Green heron 3 2 1 2 2 5 4 5
Sacred ibis 0 0 3 2 1 9 11 10
Greater flamingo 22 0 0 42 16 61 71 66
Grey plover 15 11 17 18 16 2 0 1
Common greenshank 6 7 8 0 5 1 1 1
Curlew sandpiper 9 16 22 6 13 2 0 1
Whimbrel 35 57 34 5 33 14 9 11
Other waders 5 4 10 11 8 0 1 1
Others non-waders 3 2 2 11 4 1 1 1
Total consumption
g AFDW/day 4635 4326 4638 4643 4561 2003 3945 2974
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estimated total consumption) if the fraction of daily
consumption of benthic fauna by birds, excluding
waders and greater flamingos, was changed to 0 or
100%. Total consumptions in AFDW for the most
important species and for other categories are given in
Table 2. It is clear that whimbrels and greater flamingos
were the most important species with regard to food
consumption. Mean total consumption by birds was 69
g AFDW/ha/day in the summer period and 45 ¢
AFDW/ha/day in the winter period. Total annual con-
sumption was estimated at 2.08 g AFDW/m?.

Human exploitation

The number of people and their activity per month is
given in Table 1. No significant changes in number or
activity were found during the study period.

Twelve species of Crustacea and five Mollusca were
collected in the Saco by the local population (Table 3).
The blue swimming crab Portunus pelagica was the most
important animal collected in terms of weight, whilst
the moon shell Polynices mamilla was the most collected
species. Carapace width, measured on a subsample of
the animals collected (Table 3), indicated that people
preferred larger specimens: the average carapace width
of collected army crabs Dotilla fenestrata, long-eyed
crabs Macrophthalmus grandidieri, the two fiddler crabs
Uca vocans and Uca annulipes, and Thalamita danae was
always higher than the average carapace width of the
species (all significant at p<0.02, Mann-Whitney U-
test) (Croes & De Boer, unpublished).

The total consumption of invertebrates per person is
estimated at 119.4 g AFDW. Extrapolating this figure,
consumption by the local population can be estimated
at 13.5 g AFDW/ha/day in summer and 11.1 g AFDW/
ha/day in winter, totalling 0.45 g AFDW,/m?/year.

Disturbance experiment

The distance at which birds flew up when approached
(MAD), was different among waders (equal variances:
AOQYV, F35,=15.5, p<0.0001). MAD of whimbrel was
significantly greater than for grey plover, common
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Fig. 2. Minimal Approach Distances, standard deviation
(small error bar) and minimum-maximum values (large error
bar) for waders: whimbrel in summer (WHS, »=11) and win-
ter (WHW, n=3), grey plover (GP, n=9), common green-
shank (GS, n=7) and curlew sandpiper (CS, n=9).

greenshank or curlew sandpiper (Fig. 2) (minimum sig-
nificant difference at p=0.05). Grey plover MAD was
higher than for curlew sandpiper. MAD was smaller for
whimbrels in summer compared to winter (Fy,2=12.3,
p <0.005), probably due to a difference in age of the
birds; younger, first-year birds remain in the Saco dur-
ing winter, while adults migrate (own observations).
Younger birds are more wary and MADs are higher.

The percentage of time spent foraging declined for all
three species as observers approached (Fig. 3). Whim-
brel were most sensitive, showing a larger MAD and a
longer decrease in foraging activity than the other species.
There is a positive association between average MAD
and the distance at which birds’ foraging behaviour started
to decline when approached (compare Figs 2 and 3).

Bird response to human presence

Observing birds and humans per zone during summer,
showed that 78% of total whimbrels foraged in zones
without humans present compared to 60% when people
were present (F) 06 =11.25, p<0.001). However, con-
trary to expectation, zones without humans had an
average of 1.9 whimbrels compared to 2.5 for zones
with humans present, though the standard deviations
are high (both 4.6, n=306 and 94) and differences are
therefore not significant. This higher whimbrel density
in zones where humans where present could be caused
by the fact that they both concentrate in areas with
higher littoral biomass. Analysing just the zones with
human presence, whimbrel numbers were higher when
only a few people were present in the same observation
zone compared to a high human presence (r,=—0,314,
n=94, p<0.01). Other species showed similar reactions
but these could not be confirmed statistically.

In the summer period, 13 days’ data were used to
investigate negative correlation between people and bird
numbers. The first indication of this is given by the fact
that the highest bird numbers were recorded on 20 Jan-
uary, the day with the lowest number of people in the
Saco. On the other hand, the highest human presence
was recorded on 28 April coinciding with the lowest
total bird numbers of one (but also with the period of
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Fig. 3. The percentage of time foraging by whimbrel, common
greenshank and curlew sandpiper in relation to human
approach distance
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Fig. 4. The relation between the total number of people and
birds counted per day (» =13) in the summer period.

returning migrating birds). Negative correlations were
found between the number of people and bird abun-
dance, but only that for total waders was significant
(rs=-0,492, n=13, p<0.05, Fig. 4).

DISCUSSION

Palearctic migrant wader density during the summer
period varied between 1.9 and 6.1 individuals/ha, which
is low compared to other sites in tropical Africa (Wolff,
1991; Velasquez et al., 1991). Outside the palearctic
migration period, density decreased to 0.3 individuals/
ha.

The human consumption of littoral fauna (0.45 g
AFDW/m?) is probably important at a household level,
mainly as a supplementary food source, although some
invertebrates are marketed (Wynter, 1990).

The annual littoral consumption by birds (2.08 g
AFDW/m?) is considerably greater but is still one of the
lowest values recorded for wader consumption in Africa
(Velasquez et al., 1991; Wolff, 1991; Kalejta, 1992),
highlighting the atypical character of other study areas
which concentrate on protected areas known for high
bird densities.
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Competition between humans and birds can be dis-
tinguished as interference competition or exploitation
competition (Begon et al., 1990). The latter is probably
small, because prey species of humans are in general
larger and do not include polychaetes and small gastro-
pods which are taken by the majority of the shorebirds.
However, competition could occur with the smaller
crustacea such as Dotilla fenestrata, Uca spp. and Mac-
rophthalmus spp. Our observations confirm the joint
exploitation of these species but more information is
necessary.

Interference competition was studied by measuring
MAD and foraging behaviour changes. Although based
on relatively few data, body weight was strongly posi-
tively correlated (R°=98%) with average MAD for dif-
ferent species (¢=9,04, p<0.012, Fig. 5(a)). The
observed trend of heavier birds with larger MADs is
consistent with the two hypotheses described by Holmes
et al. (1993) (see also Ydenberg & Dill, 1986; Roberts &
Evans, 1993; Smit & Visser, 1993). Smaller, incon-
spicuous birds have shorter MADs because of less risk
of being detected or because of relatively higher energy
costs for flying away. The negative correlation coefhi-
cients found between different birds and human pre-
sence in zones can likewise be related to species weight
(Fig. 5(b)) with a significant linear relationship (n=9,
t=-2.61, p<0.05, R>=0.49).

The influence on whimbrel foraging behaviour by
human presence starts at ¢. 90 m (Fig. 2). At the MAD
(66.5 m), half of all whimbrels had flown and foraging
declined to a minimum of around 30% of the total time
(Fig. 3). Foraging time reduction is estimated at 36%
{86 minus 50) between 90 and 66.5 m to human presence
and 56% (86 minus 30) for birds closer than the MAD.
Assuming a regular distribution of birds and humans
within habitats, with densities per habitat equal to the
observed values (de Boer, unpublished data), it is possi-
ble to estimate the average costs in terms of foraging
reduction by human presence (see also Smit & Visser,
1993): for whimbrels a total reduction in foraging time
of 34%, from 86% to 52%. This calculation can also be
done for common greenshank and curlew sandpiper and
yields foraging time reductions of respectively 8% and
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Fig. 5. (a) Linear relation between body weight and MAD of four wader species (whimbrel, grey plover, common greenshank, curlew
sandpiper). (b) Spearman’s rank correlation coefficient between human presence and bird numbers per zone, for wader species
(including terek sandpiper, common sandpiper, white-fronted and ringed plover and turnstone), plotted against bird species weight.
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2%. These values are rather crude and conservative
estimates which do not take account of foraging effi-
ciency and energetic costs of displacements. Whimbrels,
especially territorial individuals, are more regularly dis-
tributed than the sandpipers which forage in flocks, and
are therefore more affected by human presence than the
smaller species.

The influence of human exploitation in the Saco
is diverse, with direct and indirect influences. Daily
biomass intake is only 18% of the total taken but a
secondary consequence of human exploitation is the
reduction of bird foraging. This effect is of the same
magnitude as daily exploitation and equals a 34%
reduction for whimbrel alone, estimated at 511 g
AFDW/day in the summer period (Table 2). Although
human exploitation of the intertidal fauna probably
increases the availability of prey for birds on disturbed
substrates (Wynberg & Branch, 1991, 1994; Pierce ef al.,
1993; Brosnan & Crumrine, 1994; and own observa-
tions), no positive associations between birds and
people were found.

People walking in the Saco disturb birds who fly to
other areas. Human group size is important as well as
their activity; larger groups who enter the Saco singing
and beating their plastic jerrycans have probably a lar-
ger influence than single women searching for crabs.
Foraging efficiency is negatively affected, because of
reduced foraging time and increasing energetic cost
related to disturbance. It is quite possible that dis-
turbance during day time will result in a increase in (1)
night time foraging, which can be as important as day-
time foraging (Zwarts et al., 1990; Turpie & Hockey,
1993), (2) foraging during high tides (Velasquez &
Hockey, 1991) or (3) bird densities in undisturbed areas.

No negative correlation was found between bird
numbers in general and humans over the study period,
even for whimbrels with a relatively high MAD. This
suggests habituation (Smit & Visser, 1993), the birds
having adjusted their numbers to a certain level of
human disturbance.

This work shows that the joint exploitation of the
intertidal areas by both shorebirds and people is com-
plex. The results indicate that the mere presence of
people collecting invertebrates decreases the overall
total consumption. However, more work is necessary,
including night observations and control areas without
human interference, to quantify the importance of this
effect.
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