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Resumen. – Variación temporal de la ecología alimentaria de la Bandurria (Theristicus melanopis)
en praderas agrícolas del sur de Chile. – Las variaciones temporales en la disponibilidad de alimento
pueden generar cambios en las estrategias alimentarias y preferencias tróficas de los animales. Entre
Mayo 1999 y Enero 2000 evaluamos la variación temporal del comportamiento alimentario, la com-
posición de la dieta y la disponibilidad de presas para la Bandurria (Theristicus melanopis) en praderas
agrícolas del sur de Chile. Las muestras de suelo mostraron que los invertebrados hipógeos tales como
las lombrices de tierra (Lumbricus spp.), el Gusano cortador (Agrotis spp.), la Cuncunilla negra (Dalaca
spp.) y el Pololo verde (Hylamorpha elegans) fueron las presas más abundantes en las praderas y sus
poblaciones experimentaron marcadas variaciones durante el período de estudio. Las larvas de insectos
fueron los principales constituyentes de la dieta de la Bandurria y fueron consumidas en mayor propor-
ción que lo esperado por azar. La composición de la dieta (basada en análisis fecales) y las preferencias
tróficas coincidieron con la variación en la disponibilidad de estas presas. Durante períodos con una
reducida abundancia de presas, las bandurrias consumieron mayor número de presas diferentes y se
redujo la tasa de consumo. Al mismo tiempo, la abundancia de bandurrias disminuyó en el área de estu-
dio. Estas variaciones fueron más evidentes a fines de la primavera y el verano, cuando la abundancia
de presas en las praderas es menor que en las otras estaciones. Nuestros resultados sugieren que los
ciclos de vida de las presas constituyen el principal factor causal que influye en la ecología trófica de la
Bandurria en praderas agrícolas del sur de Chile. 

Abstract. – Temporal variation in food availability may generate changes in the feeding strategies and
trophic preferences of animals. We studied the temporal variation in feeding behavior, diet composition,
and prey availability of the Black-faced Ibis (Theristicus melanopis) in pastures of southern Chile
between May 1999 and January 2000. Soil core samples showed that hypogeous invertebrates such as,
earthworms (Lumbricus spp.), black cutworm larvae (Agrotis spp.), black pasture caterpillars (Dalaca
spp.), and southern green chafers (Hylamorpha elegans) were the most abundant prey in the pastures
and that their populations experienced pronounced seasonal variations. Insect larvae were the main prey
of the Black-faced Ibis and were consumed in greater proportion than expected by chance. The diet com-
position (based on feces) and trophic preferences coincided with variations in prey availability. During
periods of reduced prey abundance Black-faced Ibises foraged on more different types of prey and their
consumption rate diminished. At the same time, the abundance of Black-faced Ibises decreased in the
study area. These variations were most evident in late spring and summer, when prey abundance in the
pastures was lower than in the other seasons. Our results suggest that the life cycle of the prey is the
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main causal factor that influences the feeding ecology of the Black-faced Ibis in pastures of southern
Chile. 

Key words: Agro-ecosystems, Black-faced Ibis, Chile, diet, prey availability, seasonality, Theristicus
melanopis, Threskiornithidae.
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INTRODUCTION

Temporal variation in food availability can
influence population dynamics, reproductive
success and generate changes in foraging
strategies (Martin 1987, Chamberlain et al.
1999, Gawlik 2002, Ardia et al. 2006, Ramos
2011). Numerous species of birds live in habi-
tats with significant fluctuations in food avail-
ability during the annual cycle and frequently
encounter periods of shortage (Newton
2013). As a consequence, many birds must
adopt more flexible feeding strategies in syn-
chrony with variations in prey availability
(Clergeau & Yésou 2006, Herring et al. 2010,
Herring & Gawlik 2013). Birds can respond
to shortages in resources, by increasing the
search time (Kushlan 1981, Beerens et al.
2011), changing their foraging behavior
(Lovette & Holmes 1995, Jahn et al. 2010,
Beerens et al. 2011, Ghosh et al. 2011), trophic
preferences (Morse 1990), and varying their
diet composition (Naef-Daenzer et al. 2000).
Foraging theory predicts that prey availability
influences feeding strategies, increasing the
trophic niche of species when food is scarce
and reducing niche size when food is abun-
dant (Krebs 1978, Todd et al. 1998, Beerens et
al. 2011, Margalida et al. 2012).

Environmental conditions and prey life
cycles are considered to be two important,
easily identifiable factors that determine food
availability for birds (Morse 1990). In tropical
and subtropical wetlands, wading birds, such
as many species of ibises (family Threskiorni-
thidae), modify their feeding strategies
according to prey availability which, in turn,

depends on the environmental conditions,
especially during the dry season (Kushlan
1979, Safrán et al. 2000, Lorenz et al. 2009,
Beerens et al. 2011, Herring & Gawlik 2013). 

In the agroecosystems of southern Chile,
earthworms and larvae of Agrotis spp. (Lepi-
doptera, Noctuidae), Dalaca spp. (Lepi-
doptera, Hepialidae), and Hylamorpha elegans
(Coleoptera, Scarabaeidae) constitute the
most important prey items in the diet of the
Black-faced Ibis (Theristicus melanopis) (Gantz
& Schlatter 1995, Gantz 2010). However,
existing information on diet is restricted to
the Austral winter, and the relationships
between temporal variation in prey availability
and ibis feeding ecology remain unexplored.
Seasonal fluctuations in climatic conditions
may change invertebrate assemblages avail-
able as food in the temperate agroecosystems
of southern Chile. It is likely that the Black-
faced Ibis responds to such changes by modi-
fying its feeding strategies accordingly
throughout the annual cycle. In this study, we
assess whether diet composition and trophic
preferences of the Black-faced Ibis correlate
with variations in the availability and compo-
sition of invertebrate assemblages present in
southern Chilean pastures.  

METHODS

Study area. We carried out this study in an area
of 178 ha near Chahuilco (40º43’37’’S,
72º51’13’’W), province of Osorno, southern
Chile over a period of 9 months, between
May 1999 and January 2000. This area corre-
sponds to pastures destined for intensive cat-
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tle production, and is commonly used for
foraging by Black-faced Ibises. 

The vegetation is dominated by associa-
tions of annual grasses (Poaceae), with the
presence of dispersed Nothofagus dombeyi
(Nothofagaceae) and Laurelia sempervirens
(Atherospermataceae) trees used by the
Black-faced Ibis as nesting substrate. The cli-
mate in this region is warm-temperate, with
monthly mean temperatures between of 10
and 12oC and mean annual precipitation rang-
ing between 1200 and 1800 mm. The primary
rainy season occurs between May and August
(Subiabre & Rojas 1994, CONAMA 2008). 

Relative abundance of invertebrates. We used 39–80
random soil-core samples to estimate the total
relative monthly (May–January) abundance of
invertebrates (potential prey) (Lee 1985) in
order to establish temporal variation in inver-
tebrate species availability in pastures where
Black-faced Ibises were more abundant. Ran-
dom samples were obtained by throwing a
sharp pointed stick into the air with rotating
movement, indicating orientation (Mac
Arthur & MacArthur 1961). The distance to
the sample collection location was measured
according to number of steps obtained with
a random number table. We obtained a soil
volume of 19 x 19 cm width and 10 cm depth
(Lee 1985) using a square shovel. Given
that the mean beak length of the Black-faced
Ibis is 130.37 mm (SE = 8.31, n = 28; data
obtained from specimens collected in pre-
vious studies, Gantz unpub. data), all inver-
tebrates present within this depth range
were considered as potentially available and
accessible prey for the birds. Soil samples in
the field were thoroughly separated by hand
prior to the analysis, and all invertebrates
detected were counted. We weighed the inver-
tebrates separately by type with an Ohaus
portable balance (+/- 0.01 g) to quantify the
biomass contributed by each invertebrate
type. 

Diet. We evaluated monthly variation in the
diet of the Black-faced Ibis through fecal anal-
ysis. Although fecal analyses are subject to
biases due to different prey digestibility
(Rosemberg & Cooper 1990, Macías et al.
2004), this was the only ethically, economi-
cally, and logistically reasonable method to
study diet on a monthly basis. Fresh fecal
samples were collected in the field, stored in
bags, and transported to the laboratory for
analysis. Fecal samples were washed in a sieve
(ca. 0.1 mm mesh aperture) and deposited in
petri dishes to be examined under a stereo-
scopic microscope. We counted all the identi-
fiable remains of elytra and jaws (left and
right), and heads, then divided the number of
elytra and jaws by two and quantified the
heads (cephalic tagma) individually (Calver &
Wooler 1982). Two elytra and two jaws of
opposite sides, and one head were considered
as one individual. When possible, we identi-
fied all prey at species level with the aid of
entomological guides (González 1989, Etch-
everry & Herrera 1971), reference collections,
and the collaboration of experts at SAG
(Livestock and Agriculture Service) Entomol-
ogy Laboratory in Osorno, Chile.

Foraging behavior. We evaluated differences in
the prey consumption rate to verify if con-
sumption rate and relative prey abundance co-
varied. Foraging ibises were observed from a
vehicle at distances of ca. 15–400 m, using a
telescope (20–60 x 70). For each focal individ-
ual, selected as closest to the observer (Leh-
ner 1996), consumption rate (20–70 monthly
observations) and search time (66 observa-
tions in May, 90 in July, and 26 in December)
were recorded. Observations were stopped
when the focal individual moved out of sight
of the observer, and when the bird flew away,
e.g., as a result of any kind of disturbance. We
defined consumption rate as the number of
prey captured on or below the ground, per
minute. Direct observation of the sharp, iner-
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tial head movement, which precedes swallow-
ing, indicated prey consumption. Immediately
after determining the consumption rate, we
quantified the prey-search time of Black-faced
Ibis in the field (Lovette & Holmes 1995, Col-
lazo et al. 2010). We considered search time as
the time lapse between two successful cap-
tures measured with a digital chronometer. 

Environmental variables. Given that precipita-
tion can affect the availability of food
resources and soil hardness (Jahn et al. 2010,
Catry et al. 2012), we used monthly rain statis-
tics (through the study period) gathered at
Cañal Bajo Airport meteorological station
(Osorno, Chile), located approximately 20 km
away from the study area. Additionally, we
obtained 20–60 measures of soil hardness
(kg/cm2) every month, using a portable pene-
trometer. The sampling sites were selected
with the same criterion used with the earth
core sample. 

Black-faced Ibis abundance. We quantified the
number of Black-faced Ibises in the pastures
during the nine month of the study by direct
counting on either side of a 3100 m long
transect with indeterminate width (Bibby et al.
1992). We surveyed the transect by vehicle for
45 minutes in the morning (between 09:00 to
10:00 h) on three consecutive days. We used
this method because the Black-faced Ibis
might be highly susceptible to human pres-
ence and, therefore, the transect could not be
surveyed on foot. We determined the study
area of the field using a Placom KP-80N digi-
tal planimeter and a topographic map
(1:20,000 IGM, 1993). Monthly variation of
ibis numbers, expressed as the arithmetic
mean of birds in the study area, was evaluated
between May and January.  

Statistical analysis. A non-parametric test was
used when data did not fit a normal distribu-
tion, otherwise we used parametric analyses.

Thus, for correlational analysis we used the
Spearman rank-order correlation coefficient,
and for multiple sample analysis we used a
Kruskal-Wallis one-way analysis of variance
(Zar 1984, Siegel & Castellan 1988). Given
that search-time data fitted a normal distribu-
tion, we used a Tukey (HDS) test (Zar 1984)
to detect temporal variation in searching time,
comparing the Austral autumn (May) and
winter (July) with the beginning of summer
(December).

We determined Black-faced Ibis trophic
preferences by comparing the frequency of
occurrence of each prey type in the diet with
the frequency of available prey using the
goodness of fit test (Jaksic 1979, Dasgupta &
Aldredge 2000). Positive significant differ-
ences were interpreted as prey preference
(Jaksic 1979). Given that the Chi-square test
fails to discriminate the preferred prey, we
computed Bonferroni confidence intervals
for the most represented prey in the feces
(Neu et al. 1974, Byers et al. 1984, Schooley
1994, Dasgupta & Alldredge 2000, Dunstone
et al. 2002). 

To verify whether trophic opportunism in
the Black-faced Ibis increased in the month
when preferred prey items were scarce, we
evaluated temporal variation in the trophic
niche breadth over the periods May–August,
September–October, November–December,
and in January. We computed the Shannon-
Wiener (H’) Index to estimate trophic niche
breadth (Krebs 1989, Moreno 2001). This
index and its variance were calculated in the
DIVERS program using natural logarithms
(Franja 1993). In addition, we applied a
Hutcheson t-test to evaluate differences in the
index variances between periods of the year
(Hutcheson 1970, Zar 1984). 

RESULTS

Availability of invertebrates. In terms of abun-
dance, earthworms (Lumbricus spp.), black
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cutworm larvae (Agrotis spp.), black pasture
caterpillars (Dalaca spp.), and southern green
chafers (H. elegans) were the most represented
prey items in the pastures (Table 1). Mean
abundance of these species varied signifi-
cantly during the annual cycle (Earthworms,
Kruskal-Wallis ANOVA, H = 166.95, P <
0.001; black cutworm, Kruskal-Wallis ANO-
VA, H = 77.66, P < 0.001; black pasture cater-
pillar, Kruskal-Wallis ANOVA, H = 83.99, P
= 0.001, and southern green chafer, Kruskal-
Wallis ANOVA, H = 68.76, P < 0.001) and
abundance was greater during the months
with highest rainfall (May–September).

The mean total prey biomass varied signif-
icantly among months (Kruskal-Wallis
ANOVA, H = 156.37, P < 0.001), reaching a
maximum in September (Fig. 1). Southern
green chafer and black pasture caterpillar were
the invertebrates with greatest mean biomass
contribution during the study period (Fig. 1).
Neither ground hardness (Spearman, rs =
–0.455, P = 0.306) nor monthly precipitations
(Spearman, rs = 0.377, P = 0.461) correlated
with variation in mean total biomass of poten-
tial prey available in the pastures during the
nine months studied. Monthly precipitations
and soil hardness decreased from September
onwards, although soil hardness increased
again during summer (Fig. 2). However, soil
hardness did not correlate with monthly pre-
cipitation (Spearman, rs = –0.543, P = 0.266).

Diet and trophic preferences. The Black-faced Ibis
consumed a wide variety of prey during the
months analyzed (Table 2). The larvae of the
southern green chafer (Coleoptera, Scarabaei-
dae), black cutworm (Lepidoptera, Noctui-
dae), and black pasture caterpillar (Lepidop-
tera, Hepialidae) were the constituents that
contributed most to the diet, although earwigs
(Forficula auricularia) and beetles (family Cara-
bidae) were also common in the feces. 

The diet composition varied throughout
the study period. Consumption of insect lar-

vae was not significantly correlated with con-
sumption of the adult insects (Spearman, rs =
–0.217, P = 0.576). Subterranean insect larvae
were abundant in the diet throughout the
entire study period and a disproportionate
high consumption of black cutworm was
observed in January. The number of inverte-
brates species consumed by the Black-faced
Ibis during the nine months studied increased
from 6 prey types in the winter season to 12
in the summer period (Table 2). The trophic
niche breadth was higher during late spring
(November–December, H’ = 1.646, SD =
0.002), when food abundance was low, than in
winter (Shannon-Wiener, May–August H’ =
1.259, SD = 0.002), early spring (Septem-
ber–October H’ = 1.379, SD = 0.003), and
summer (January, H’ = 1.216, SD = 0.001). 

Although the availability of the main prey
items in the pastures was quite similar to diet
composition, consumption of southern green
chafer larvae, black pasture caterpillars, and
black cutworms, as well as adult stages of
unidentified species of Carabidae, was signifi-
cantly greater than expected, considering their
abundance in the pastures (Table 3). Prefer-
ence for Carabidae was marked between Sep-
tember and December (Table 3). However,
Carabidae might be underrepresented in the
soil samples therefore this effect should be
interpreted with caution. 

Consumption rate. Consumption rate decreased
significantly during the nine month study
period (Kruskal-Wallis ANOVA, H =
116.296, P < 0.001). The highest consump-
tion rate was in July and remained stable until
October, when it started to decrease to its
minimum in summer (January). The con-
sumption rate correlated strongly and posi-
tively with prey availability (Spearman, rs =
0.929, P = 0.003) and negatively with soil
hardness (Spearman, rs = –0.452, P = 0.01)
(Fig. 3). In addition, ibises spent significantly
more time searching for prey during summer
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(December, mean = 39.37, SE = 7.69, n = 26)
than during autumn (May, mean = 22.62, SE
= 1.86, n = 67) and winter (July, mean = 21.4,
SE = 1.76, n = 89) (Tukey HDS testq 3.182 =
0.537, P = 0.004).

Black-faced Ibis abundance. On average, we
counted 179.6 (SE = 32.2) ibises during one
observation tour. The population abundance
showed an increase with a maximum in winter
(July) followed by a progressive and sustained
decline from September, reaching a minimum
in December (Fig. 3). The number of ibises
did not correlate with seasonal precipitations
(Spearman, rs = 0.543, P = 0.266) but was
positively correlated with the overall inverte-
brate availability in the pastures (Spearman, rs
= 0.958, P = 0.001), and with abundance of
black cutworm and southern green chafer lar-
vae (Spearman, rs = 0.905, P = 0.001 and
Spearman, rs = 0.929, P = 0.001, respectively).

DISCUSSION

Consumption and trophic preferences of the
Black-faced Ibis for insect larvae were inde-
pendent of ground hardness and monthly

precipitations, but positively correlated to
variations in prey availability. This suggests
that the specific life cycle of the prey (in par-
ticular insect larvae) generates an annual alter-
nation in their population density and
availability, which probably constitutes the
main causal factor influencing the feeding
ecology of the Black-faced Ibis in the study
area. These results contrast with studies in
humid tropical environments, where fluctua-
tions in the hydrological conditions are a criti-
cal factor in prey availability, influencing the
trophic components of wading birds (Kush-
lan 1981, 1986, Ausden et al. 2001, Lorenz et
al. 2009, Beerens et al. 2011, Dorn et al. 2011,
Herring & Gawlik 2013). In this environ-
ment, a reduction in rainfall intensity during
the dry season causes the water level to
recede, and fishes and aquatic invertebrates
become concentrated into smaller, shallower
pools. This seasonal fluctuation determines
the foraging opportunities for many species
of wading birds (Kushlan 1981, Dorn et al.
2011).

During our nine-month study, the diet of
the Black-faced Ibis consisted mainly of soil
macro-invertebrates, with a marked prefer-

TABLE 1.  Total number of invertebrates in monthly soil samples taken from the pastures near Chahuilco,
Chile, between May 1999 and January 2000. (a) = adult stage, * = prey with scarce representation in the
soil samples. 

Prey May
n = 54

June
n = 80

Aug
n = 39

Sep
n = 39

Oct
n = 39

Nov
n = 39

Dec
n = 39

Jan
n = 39

Agrotis spp.
Asilidae
Carabidae (a)
Curculionidae
Dalaca spp.
Elateridae
Hylamorpha spp.
Lumbricus spp.
Tipulidae
Other prey*
TOTAL

45
0
2
14
8
7
47
430
0
2

555

103
4
8
35
127
39
104
786
0
5

1211

54
7
6
13
17
18
31
407
0
2

555

41
15
2
6
4
20
51
453
0
6

600

21
0
0
0
1
15
15
278
0
1

331

0
0
3
27
20
48
4
46
0
2

150

3
0
1
35
0
5
0
71
0
0

115

14
0
1
11
5
3
3
68
19
1

125
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ence for insect larvae, although the preference
varied throughout the year. However, we were
unable to detect earthworms, which are an
important diet component of the Black-faced

Ibis according to previous stomach-content
analyses (Gantz 2010). This is most likely due
to the fact that diet analyses using feces
may be biased towards prey with indigestible

FIG. 1.  Monthly variation in mean biomass (g) of all prey and for the four main prey items available to the
Black-faced Ibis (Theristicus melanopis) in the pastures near Chahuilco, southern Chile, between May 1999
and January 2000.

FIG. 2.  Monthly variation of environmental variables, precipitation (total mm per month) and mean soil
hardness (kg/cm2, ± SE), in the pastures near Chahuilco, southern Chile. 
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structures vs. the detriment of soft prey, such
as earthworms (Votier et al. 2003, Weiser &
Powell 2011). 

Variation in the feeding resources
exploited, and in the feeding strategies used
by the Black-faced Ibis, is in accordance with
the predictions of the optimal foraging theory.
One of these predictions is that in periods of
resource scarcity birds can expand their diet,
incorporating a greater variety of prey, while
in periods of abundant food availability their
diet is less varying and specialized on poten-
tially high-quality prey (Krebs 1978, Wiens
1989, Todd et al. 1998, Begg et al. 2003, Beer-
ens et al. 2011; Margalida et al. 2009, 2012;
Herring & Gawlik 2013). According to these
predictions, the pastures of the study area
would offer high food availability during
winter and early spring, and this could explain
the more specialized diet and preferences of
the Black-faced Ibis for insect larvae during
these periods. On the contrary, decreased
consumption rates and increased search times,
considered to be reliable indicators of low
prey availability in the environment (Collazo et
al. 2010, Jahn et al. 2010), show that during
late spring and summer food availability in the
pastures is more limited. During this period,
ibises show increased trophic plasticity,

incorporating a greater number of prey items
into its diet, in particular adult surface-dwell-
ing insects. The greater consumption of adult
insects during this period, which are less prof-
itable than their larvae for nutrition (Naef-
Daenzer et al. 2000, Newell et al. 2014), is cor-
related with the lower availability of the latter
in the pastures. Similarly, the greater con-
sumption of surface-dwelling insects during
months with lower food availability indicates
that the Black-faced Ibis increases its foraging
repertoire, using not only a tactile foraging
strategy (i.e., to capture subterranean larvae)
but also visual cues to capture surface-dwell-
ing insects. This variation in feeding strategies
has been documented in other species of
birds that experience food limitations
throughout the year (Wiens 1989, Todd et al.
1998, Begg et al. 2003, Beerens et al. 2011,
Margalida et al. 2012, Herring & Gawlik
2013). 

Changes in invertebrate abundance seem
to be the main explanatory factor of ibis
abundance during the nine months in the
study area. This is evidenced by the close
association between temporal reduction of
total prey biomass, availability of the most
profitable prey, and the concomitant decrease
in the abundance of the Black-faced Ibis. The

TABLE 3. Variation in prey preferences of the Black-faced Ibis (Theristicus melanopis) in pastures near
Chahuilco, southern Chile, between May 1999 and January 2000. * = p < 0.05.

Prey May–August
χ2 = 737.39, 
P = 0.001

September–October
χ2 = 8938.18, 

P = 0.001

November–December
χ2 = 1681.48, 

P = 0.001

January
χ2 = 980.46, 
P = 0.001

Bonferroni 
intervals 

for pi

Jacob D 
Index

Bonferroni 
intervals 

for pi

Jacob D 
Index

Bonferroni 
intervals 

for pi

Jacob D 
Index

Bonferroni 
intervals 

for pi

Jacob D 
Index

Agrotis spp.
Carabidae
Curculionidae
Dalaca spp.
Elateridae
Hylamorpha spp.

0.056-0.099
0.007-0.029
0.003-0.021
0.265-0.339
0.001-0.015
0.543-0.623

-0.672
-0.141
-0.781
 0.195*
-0.855
0.581

0.11-0.019
0.020-0.066
-0.003-0.011
0.653-0.758
-0.002-0.017
0.053-0.116

-0.493
0.594*
-0.807
0.976*
-0.941
-0.734

0.045-0.116
0.149-0.253
-0.004-0.014
0.613-0.735
0.003-0.041
0.002-0.034

0.615*
0.799*
-0.987
0.857*
-0.924
-0.235

0.941-0.975
0.020-0.052

-0.001-0.013

0.938*
-0.655

-1.000

-0.886
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reduction in the number of Black-faced Ibises
in the pastures during the nine-month study
period coincides with that reported for birds
that adopt a “search strategy” (as opposed to
an “exploiter strategy” sensu Beerens et al.
2011, Hearring & Gawlik 2013). These birds
abandon patches when food is scarce, to
search for other, more productive ones (Her-
ring & Gawlik 2013). Although reduced food
availability may be the cause for reductions in
ibis abundance (Gawlik 2002), establishing
breeding territories may have similar effects
on bird numbers. There is ample evidence
that breeding territories limit the number of
individuals in an area (Ridley et al. 2004,
López-Sepulcre & Hokko 2005, Newton
2013). In particular, when food is scarce, the
breeding territory is larger, and the territory
holders defend it by excluding conspecifics,
ultimately reducing bird density in the area.
However, aggressive interactions during the
breeding period are rare in the Black-faced
Ibis, suggesting that this species does not

establish or defend breeding territories.
Preliminary observations suggest that aggres-
sive behavior seems to be restricted to small
areas around the nest (AG unpub. data).
Hence, we consider that the start of the
breeding season is unlikely to constitute the
main explanation for the decrease in the num-
ber of Black-faced Ibises in the study area. 

To conclude, this study adds valuable data
on the trophic ecology of this little-known
Neotropical endemic ibis. It also contributes
to a better understanding of the seasonal vari-
ation in trophic conditions as parameter for
avian diet (Ramos et al. 2011). Additionally,
due to current climate change, it is of increas-
ing conservation concern to establish whether
birds show flexible responses to seasonal
changes (Fontaine et al. 2015) in food avail-
ability (Pearce-Higgins & Green 2014). Thus,
we consider the information gathered in this
study as relevant for future studies on the
potential effects of climate change in temper-
ate agro-ecosystems of southern Chile, using

FIG. 3.  Monthly variation of the mean number (± SE) of the Black-faced Ibis (Theristicus melanopis), con-
sumption rate (prey consumed/min), and number of prey items available in pastures near Chahuilco,
southern Chile, between May 1999 and January 2000. 
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the Black-faced Ibis as an appropriate avian
model. 

ACKNOWLEDGMENTS

We thank Eladio Rojas (Entomology Labora-
tory, SAG, Osorno, Chile) for the identifica-
tion of soil-dwelling invertebrates. We are
grateful to Osvaldo Dimter and Oscar Engler,
who kindly allowed us to work in their farms.
Financial support from the Research Depart-
ment of the Universidad de Los Lagos,
Osorno, Chile, is also gratefully acknowl-
edged. Collaboration of Susan Angus in the
translation of the manuscript, and of anony-
mous reviewers who helped to improve the
manuscript, is highly appreciated. JRR
acknowledges the support of the Department
of Geography of the University of Coimbra,
Portugal. 

REFERENCES

Ardia, D. R., M. F. Wasson, & D. W. Winkler. 2006.
Individual quality and food availability deter-
mine yolk and egg mass and egg composition
in Tree Swallow Tachycineta bicolor. J. Avian Biol.
37: 252–259.

Ausden, M, W. Sutherland, & R. James. 2001. The
effect of flooding lowland wet grassland on soil
macroinvertebates prey of breeding wading
birds. J. Appl. Ecol. 38: 320–338.

Beerens, J. M., D. E. Gawlik, G. Herring, & M. I.
Cook. 2011. Dynamic habitat selection by two
wading bird species with divergent foraging
strategies in a seasonal fluctuating wetland. Auk
128: 651–662.

Begg, C. M., K. S. Begg, J. T. Du Toit, & M. G. L.
Mills. 2003. Sexual and seasonal variation in
diet and foraging behaviour of a sexually
dimorphic carnivore, the honey badger (Melli-
vora capensis). J. Zool. 260: 301–316.

Best, L. B., K. E. Freemark, J. J. Dinsmore, & M.
Camp. 1995. A review and synthesis of habitat
use by breeding birds in agricultural landscapes
of Iowa. Am. Midl. Nat. 134: 1–29.

Bibby, C. J., N. D. Burgess, & D. A. Hill. 1992. Bird

census techniques. Academic Press, London,
UK. 

Byers, C. R., R. K. Steinhorst, & P. R. Krausman.
1984. Clarification of a technique for analysis of
utilization-availability data. J. Wildl. Manag. 48:
1050–1053.

Calver, M. C., & R. D. Wooler. 1982. A technique
for assessing the taxa, length, dry weight and
energy content of the arthropod prey of birds.
Aust. Wildl. Res. 9: 293–301.

Catry, I., A. Franco, & W. J. Sutherland. 2012.
Landscape and weather determinants of prey
availability: implications for the Lesser Kestrel
Falco naumanni. Ibis 154: 111–123.

Chamberlain, D. E., B. J. Hatchwell, & C. M. Per-
rins. 1999. Importance of feeding ecology to
the reproductive success of Blackbirds Turdus
merula nesting in rural areas. Ibis 141: 415–
427.

Clergeau, P., & P. Yésou. 2006. Behavioral flexibil-
ity and numerous potential sources of introduc-
tion for the sacred ibis: causes of concern in
Western Europe? Biol. Inv. 8: 1381–1388.

Collazo, J. A., J. F. Gilliam, & L. Miranda-Castro.
2010. Functional response models to estimate
feeding ecology rates of wading birds. Water-
birds 33: 33–40.

CONAMA (Consejo Nacional del Medio Ambi-
ente). 2008. Biodiversidad de Chile. Patrimonio
y desafíos. Ocho Libros Editores, Santiago,
Chile.

Dasgupta, N., & J. R. Alldredge. 2000. A Chi-
square goodness-of-fit analysis of dependent
resource selection data. Biometrics 56:
402–408.

Donald, P. F., R. E. Green, & M. F. Heath. 2010.
Agricultural intensification and the collapse of
Europe’s farmland bird populations. Proc. R.
Soc. Lond. B Biol. Sci. 268: 25–29. 

Dorn, N. J., M. I. Cook, G. Herring, R. A. Boyle, J.
Nelson, & D. E. Gawlik. 2011. Aquatic prey
switching and urban foraging by the White Ibis
Eudocimus albus are determined by wetland
hydrological conditions. Ibis 153: 323–335.

Dunstone, N., L. Durbin, I. Wyllie, R. Freer, G.
Acosta, M. Mazzoli, & S. Rose. 2002. Spatial
organization, ranging behaviour and habitat use
of the kodkod (Oncifelis guigna) in southern
Chile. J. Zool. 257: 1–11.



322

GANTZ ET AL.

Etcheverry, M., & J. Herrera. 1971. Curso teórico-
práctico de entomología. Editorial Universita-
ria, Santiago, Chile.

Fontaine, J. J., R. J. Stutzman, & L. Z. Gannes.
2015. Leaps, chains, and climate change for
western migratory birds. Pp. 3–15 in Wood, E.
M., & J. L. Kellermann (eds). Phenological syn-
chrony and bird migration. CRC Press, Boca
Raton, Florida, USA. 

Franja. 1993. Paquete estadístico especializado para
cálculos de diversidad biológica. Cátedra de
Entomología, Univ. de Granada, Granada,
España.

Gantz, A., & R. P. Schlatter. 1995. La dieta de la
bandurria (Theristicus caudatus melanopis Gmelin,
1789) en praderas agrícolas del sur de Chile.
Medio Ambiente (Chile) 12: 35–38.

Gantz, A. 2010. Winter prey preferences of Black-
faced Ibis (Theristicus melanopis, Gmelin 1789) in
pastures of southern Chile. Ornitol. Neotrop.
21: 241–250

Gawlik, D. E. 2002. The effects of prey availability
on the numerical response of wading birds.
Ecol. Monogr. 72: 329–346.

Ghosh, M., P. Singh, & D. Mohan. 2011. Seasonal
variation in foraging ecology of three species of
overwintering Leaf Warblers (genus Phylloscopus)
in the Himalayan foothills. J. Ornithol. 152:
869–877.

Gillings, S., & R. J. Fuller. 1998. Changes in bird
populations on sample lowland English farms
in relation to loss of hedgerows and other non-
crop habitats. Oecologia 116: 120–127.

Herring, G., D. E. Gawlick, M. I. Cook, & J. M.
Beerens. 2010. Sensitivity of nesting Great
Egrets (Ardea alba) and White Ibis (Eudocimus
albus) to reduced prey availability. Auk 127:
660–670.

Herring, G., & D. E. Gawlik. 2013. Differential
physiological responses to prey availability by
the Great Egret and White Ibis. J. Wildl.
Manag. 77: 58–76.

Hutcheson, K. 1970. A test for comparing diversi-
ties based on the Shannon formula. J. Theor.
Biol. 29: 151–154.

Jaksiç, F. M. 1979. Técnicas estadísticas simples
para evaluar selectividad dietaria en Strigifor-
mes. Medio Ambiente (Chile) 4: 114–118.

Jahn, A. E., D. J. Levey, A. M. Mamani, M. Saldias,

A. Alcoba, M. J. Ledezma, B. Flores, J. Q.
Vidoz, & F. Hilarion. 2010. Seasonal differ-
ences in rainfall, food availability, and the for-
aging behavior of Tropical Kingbirds in the
southern Amazon basin. J. Field Ornithol. 81:
340–348.

Krebs, C. L. 1989. Ecological methods. Harper
Collins Publishers, New York, New York,
USA.

Krebs, J. R. 1978. Optimal foraging: decision rules
for predators. Pp. 23–63 in Krebs, J. R., & N. B.
Davies (eds). An introduction to behavioral
ecology. Academic Press, London, UK.

Kushlan, J. A. 1979. Feeding ecology and prey
selection in the White Ibis. Condor 81:
376–389.

Kushlan, J. A. 1981. Resource use strategies of
wading birds. Wilson Bull. 93: 145–163.

Kushlan, J. A. 1986. Responses of wading birds to
seasonally fluctuating water levels: strategies
and their limits. Colon. Waterbirds 9: 155–162.

Lee, K. E. 1985. Earthworms. Their ecology and
relationships with soils and land use. Academic
Press, London, UK.

Lehner, P. N. 1996. Handbook of ethological
methods. 2nd ed. Cambridge Univ. Press, Cam-
bridge, UK.

López-Sepulcre, A., & H. Hokko. 2005. Territorial
defense, territory size and population regula-
tion. Am. Nat. 166: 317–329.  

Lorenz, J. J., B. Langan-Mulrooney, P. E. Frezza, R.
G. Harvey, & F. J. Mazzotti. 2009. Roseate
Spoonbill reproduction as an indicator for res-
toration of the Everglades and the Everglades
estuaries. Ecol. Indic. 9S: S96–S107.

Lovette, I. J., & R. T. Holmes. 1995. Foraging
behavior of American Redstarts in breeding
and wintering habitats: implications for relative
food availability. Condor 97: 782–791.

MacArthur, R. H., & J. W. MacArthur. 1961. On
bird species diversity. Ecology 42: 594–598.

Macías, M., A. J. Green, & M. I. Sánchez. 2004.
The diet of the Glossy Ibis during the breeding
season in Doñana, southwest Spain. Waterbirds
27: 234–239.

Margalida, A., J. Bertrán, & R. Heredia. 2009. Diet
and food preferences of the endangered
Bearded Vulture Gypaetus barbatus: a basis for
their conservation. Ibis 151: 235–243.



323

FEEDING ECOLOGY OF THE BLACK-FACED IBIS

Margalida, A., J. R. Benítez, J. A. Sánchez-Zapata,
E. Ávila, R. Arenas, & J. A. Donázar. 2012.
Long-term relationship between diet breath
and breeding success in a declining population
of Egyptian Vultures Neophron percnopterus. Ibis
154: 184–188.

Martin, T. E. 1987. Food as a limit on breeding
birds: a life history perspective. Annu. Rev.
Ecol. Syst. 18: 453–487.

Moreno, C. E. 2001. Métodos para medir la bio-
diversidad. M&T – Manuales y Tesis SEA,
Volume 1. Sociedad Entomológica Aragonesa,
Zaragoza, España.

Morse, D. H. 1990. Food exploitation by birds:
some current problems and future goals. Stud.
Avian Biol. 13: 134–143. 

Naef-Daenzer, L., B. Naef-Daenzer, & R. G.
Nager. 2000. Prey selection and foraging per-
formance of breeding Great Tits Parus major in
relation to food availability. J. Avian Biol. 31:
206–214.

Neu,C. W., C. R. Byers, & J. M. Peek. 1974. A tech-
nique for analysis of utilization-availability data.
J. Wildl. Manag. 38: 541–545.

Newell, F. L., T. A. Beachy, A. D. Rodewald, C. G.
Rengifo, I. J. Ausprey, & P. G. Rodewald. 2014.
Foraging behavior of Cerulean Warblers during
the breeding and non-breeding seasons: evi-
dence for the breeding currency hypothesis.
J. Field Ornithol. 85: 310–320.

Newton, I. 2013. Bird populations. Williams Col-
lins, London, UK.

Pearce-Higgins, J. W., & R. E. Green. 2014. Birds
and climate change. Impacts and conservation
responses. Cambridge Univ. Press, Cambridge,
UK.

Ramos, R., F. Ramírez, J. L. Carrasco, & L. Jover.
2011. Insights into the spatiotemporal compo-
nent of feeding ecology: an isotopic approach

for conservation management science. Divers.
Distrib. 17: 338–349.

Ridley, J. O., J. Komdeur, & W. J. Sutherland. 2004.
Incorporating territory compression into popu-
lation models. Oikos 105: 101–108.

Rosemberg, K. V., & R. J. Cooper. 1990.
Approaches to avian diet analysis. Stud. Avian
Biol. 13: 134–143. 

Safran, R. J., M. A. Colwell, C. R. Isola, & O. E.
Taft. 2000. Foraging site selection by non-
breeding White-faced Ibis. Condor 102:
211–215.

Schooley, R. L. 1994. Annual variation in habitat
selection: patterns concealed with pooled data.
J. Wildl. Manag. 58: 367–374.

Siegel, S., & N. J. Castellan, Jr. 1988. Nonpara-
metric statistics for the behavioral science.
McGraw Hill, New York, New York, USA.

Subiabre, A., & C. Rojas. 1994. Geografía física de
la Región de Los Lagos. Ediciones Univ. Aus-
tral de Chile, Valdivia, Chile.

Todd, L. D., R. G. Poulin, & R. M. Brigham. 1998.
Diet of Common Nighthawks (Chordeiles minor:
Caprimulgidae) relative to prey abundance.
Amer. Midl. Nat. 139: 20–28.

Votier, S. C., S. Bearhop, A. MacCormick, N. Rat-
cliffe, R. W. Furness. 2003. Assessing the diet of
Great Skuas, Catharacta skua, using five differ-
ent techniques. Polar Biol. 26: 20–26.

Weiser, E. L., & A. N. Powell. 2011. Evaluating gull
diets: a comparison of conventional methods
and stable isotope analysis. J. Field Ornithol. 82:
297–310.

Wiens, J. A. 1989. The ecology of bird communi-
ties. Vol. 1. Cambridge Univ. Press, New York,
USA. 

Zar, J. H. 1984. Biostatistical analysis. 2nd ed. Pren-
tice Hall, Upper Saddle River, New Jersey,
USA. 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


