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Abstract.

 

—The Sacred Ibis (

 

Threskiornis aethiopicus

 

), is native to sub-Saharan Af-
rica. A small breeding population in southeastern Florida, USA, was established in 1992
and expanded to surrounding natural areas until 2008 when an eradication program
was initiated. This study investigated the degree to which the population of Sacred Ibis
in South Florida consumes food items derived from human activities which may have
contributed to its population expansion. Body measurements, the first such data for this
species in North America, were obtained for eight adult males and five adult females.
The contents of the esophageal tract and gizzards were used to classify ibis diets (N = 22)
as being of anthropogenic origin (derived from human activities) if they contained
cheese, meat, paper pulp, and/or pellet meal. The diet of the Sacred Ibis was comprised of
predominately anthropogenic food items (58% of the cumulative biomass). Ibises with
anthropogenic food items found in their diet consumed more biomass (26.99g ± SE 5.35g)
than did birds that contained only natural food items in their diet (8.74g ± SE 2.21g).
Natural diets, on average, contained a significantly greater percent vegetative matter
(63% ± SE 12%) than did anthropogenic diets (8% ± SE 3%). Novel organic and inorganic
items found in anthropogenic diets included bacon, glass, hot dog, pellet meal, and plas-
tic. A cluster analysis revealed that some ibises used anthropogenic food as a primary
food source whereas others used it as a supplement to natural food items. This study sug-
gests that human food resources, and the habitats that contain them, may have the abil-
ity to support this species’ establishment. Further investigation, of ecologically similar
species, may elucidate linkages between human food resources in urbanized areas and
impacts in nearby natural habitats.

 

The Sacred Ibis (

 

Threskiornis aethiopicus

 

), is endemic to sub-Sa-
haran Africa (del Hoyo et al. 1992), but as a result of anthropogenic in-
fluence (e.g., escape from captivity) it has expanded its range to include
areas of France, Spain, Italy, and Taiwan (Clergeau and Yesou 2006,
Agoramoorthy and Hsu 2007). In its native range, ecological attributes,
such as generalist feeding (Clark 1979) and a tendency for symbiotic
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relationships with humans, have allowed this wading bird to subsist
while experiencing habitat loss and disturbance of hydrological pat-
terns in its natural wetland habitat. Successful use of human dis-
turbed landscapes such as agricultural fields, parks, and refuse sites
has allowed this species to flourish in areas outside of its native range.

Although many wading bird species use both urban and natural
habitats, the Sacred Ibis seems particularly adept at exploiting anthro-
pogenic (derived from human influence) resources, which may have al-
lowed it to overcome the constraints of fluctuating food levels common
to wading birds (Ciconiiformes) in wetland ecosystems (Gawlik 2002,
Clergeau and Yesou 2006). In France, during 2005, refuse resources
and high fecundity resulted in the establishment of a Sacred Ibis
breeding population numbering in the thousands (Yesou and Clergeau
2005). A Sacred Ibis congener, the Australian White Ibis (

 

T. molucca

 

),
established itself in Sydney, Australia, as a result of the successful use
of botanical gardens and palm trees for nesting sites (Shaw 1999,
Temby 1999). In these instances, wading birds used anthropogenic re-
sources and impacted habitats in both urban and natural areas. Inva-
sive species, such as the Sacred Ibis, can thus serve as a model to
elucidate the linkage between urban and natural system dynamics.

It is believed that in North America the Sacred Ibis escaped from
zoo aviaries and private collections following the destruction caused by
Hurricane Andrew in 1992 (Constantin 2008). Sightings of the species
were restricted to urban areas until 2005 when breeding birds were de-
tected in wading bird colonies in the Arthur R. Marshall Loxahatchee
National Wildlife Refuge, and other parts of the Everglades region of
Florida (Herring et al. 2006). There was concern that the establish-
ment in the Everglades by this large wading bird would put pressure
on the larger bodied endangered Wood Stork (

 

Mycteria americana

 

),
and the smaller bodied White Ibis (

 

Eudocimus albus

 

), through nestling
predation and resource competition (Williams and Ward 2006, Herring
and Gawlik 2008). A modeling study of the species in Florida suggested
that there was a 73% chance the bird would become invasive if left to
its population trajectory (Herring and Gawlik 2008). An eradication
program was initiated by a consortium of government agencies in Flor-
ida in 2008 to avoid a case of exponential population growth of the Sa-
cred Ibis as was seen in Europe. Twenty-seven Sacred Ibises were shot,
29 were trapped and pinioned, and two were fitted with solar powered
GPS satellite transmitters and released to identify possible unknown
roosting and feeding sites (Constantin 2008). The telemetered birds
moved only between the Miami Metro Zoo and the Homestead landfill.
Subsequently the birds were recaptured and pinioned.

Despite the capacity of the Sacred Ibis for invasiveness and poten-
tial impact on natural ecosystems, there has been no investigation into
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the diet of this species outside of its native range. Our objective was to
determine the composition of the diet from 22 Sacred Ibis to determine
if anthropogenic food items were commonly consumed and could have
therefore contributed to its establishment in Florida. We classified di-
ets of birds, collected during the eradication program, as either anthro-
pogenic or natural based on esophageal and gizzard contents. Based on
foraging distances of other wading birds (Kahl 1964, Bancroft et al.
1994, Smith 1995), we assumed that individual Sacred Ibis could use
the entire landscape, both in urbanized areas and in natural wetlands.
We do not make inferences about habitat use but rather aim to quan-
tify the anthropogenic food that has been reported as supporting this
non-native species’ successful establishment. By doing so, we link hu-
man food resources, and the habitats that contain them, with other-
wise distinct natural habitats, such as the greater Everglades. We also
report the first body measurements for this species in North America.

 

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Twenty-two Sacred Ibis carcasses were acquired from the U.S. Department of Agri-
culture Wildlife Services in 2008. The birds were collected as part of an eradication pro-
gram overseen by the Everglades Cooperative Invasive Species Management Area
(ECISMA) and administered by U.S. Department of Agriculture Wildlife Services. All
birds were collected from Miami-Dade, Broward, and Palm Beach Counties. The collec-
tion site for an individual bird was not recorded. The 22 Sacred Ibises in our sample
taken over a range of 190 km in southeastern Florida (Fig. 1) represented 30% of the es-
timated population (N = 73) in North America. 

Upon collection, the birds were immediately frozen. Within 24 hours of defrost, the
contents of the esophageal tract and gizzards were sieved through a 75 µm Fisher Scien-
tific® test sieve, washed, and collected onto filter paper with a particle retention of >20-
25 µm; the contents were preserved in 70% ethanol. The total wet mass of the gut-con-
tent was obtained to the nearest 0.01 g. For this study, we assumed that the gut content
of a bird was a random sample of that bird’s diet. 

Gut content was visually identified under 10x magnification. Food items were identi-
fied to Class, when possible (Table 1). Total biomass and food item % biomass were cal-
culated for individual diets. These measures were summed across all birds to obtain
cumulative mass and % biomass. Individual diets were classified as being of anthropo-
genic origin if they contained any of the following food items: cheese, meat, paper pulp,
or pellet meal. Although hair, glass/porcelain, metal, plastic, synthetic fibers, and 

 

Zea
mays

 

 (yellow corn) may be indicative of anthropogenic diets these items were not used
for diet classification. 

 

Zea mays

 

 was not used as a metric due to difficulties of distin-
guishing yellow corn from naturally occurring seeds. 

 

Zea mays

 

 biomass was therefore
included in the category “seed”. Diets were classified as natural if they contained no an-
thropogenic food items. Anthropogenic food items can be obtained by foraging at refuse
sites, landfills, or near areas of human inhabitance (e.g., handouts such as pellet meal or
corn). Food items not derived from anthropogenic origin are termed natural food items.
The presence of anthropogenic food items in the gut contents did not preclude the pres-
ence of natural food items.

Statistical analyses were conducted using SAS Software, version 9.03 (SAS Institute,
Inc., Cary, North Carolina). After categorizing the diets by type (e.g., anthropogenic or
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Figure 1. Distribution of Sacred Ibis observations in South Florida, denoted by
black stars. Observation data obtained from the Everglades Cooperative Inva-
sive Species Management Area.
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natural), Kruskal-Wallis tests were conducted using the GLM procedure in the SAS
Software to investigate differences in: 1) gut-content biomass per individual between
anthropogenic and natural diets and 2) the total biomass of categorized food item (see
Appendix A) overlaps between diet types.

In order to determine if our a priori categorization was justified and perhaps identify
additional groupings based on diets, we performed agglomerative hierarchical cluster-
ing on the diets of individual birds using the CLUSTER technique in the Primer 6 Soft-
ware (Clarke and Gorley 2006). To give weight to each diet in the analysis, we analyzed
the percent contribution of a food item’s biomass to its corresponding individual total
diet biomass; we also applied a square-root transformation in order to give weight to the
low- and intermediary dietary contributors and to down weight otherwise dominant sin-
gle food items in the diet (Clarke 1993). Dendrograms were then constructed from a re-
semblance matrix of Bray-Curtis Similarities obtained using the average distance
between sample similarities.

A Pesola® Medio-line 2500 g precision scale, with 20 g divisions, was used to obtain
body mass (g). SPI ® 2000 150 mm dial calipers are used to obtain measurements of ex-
posed culmen, bill length from gape, and tarsus to the nearest 0.1 mm. An Alvin &
Bloomfield 46 cm stainless steel ruler, with a perpendicular stop at zero, was used to
record the wing chord. Body measurements were taken as described by Pyle (2008). The
right wing and right leg were used for all measurements of wing chord and tarsus, re-

 

Table 1. Pooled gut-content from 22 Sacred Ibises. Food item occurrence and
total biomass (g); arranged by % biomass.

 

Food Item Occurrence Biomass (g) % Biomass

Pellet meal

 

b

 

5 112.28 26.15
Meat

 

b

 

8 77.59 18.07
Seed 17 66.32 15.44
Vegetative matter 22 59.91 13.95
Paper pulp

 

b

 

2 31.74 7.39
Cheese

 

b

 

1 27.6 6.43
Diplopoda 7 13.52 3.15
Coleoptera 17 12.78 2.98
Vegetable/fruit 8 10.48 2.44
Insect larvae 10 9.75 2.27
Malacostraca 3 2.37 0.55
Mollusc 12 1.88 0.44
Insect imago 11 1.58 0.37
Osteichthye 2 1.04 0.24
Small vertebrate 2 0.58 0.14
Rock/pebble 13 0 0.00
Seed (

 

Zea mays

 

)

 

a

 

10 0 0.00
Glass/porcelain 10 0 00
Hair 6 0 0.00
Plastic 3 0 0.00
Medium vertebrate 6 0 0.00
Metal 3 0 0.00
Synthetic fibers 2 0 0.00
TOTAL 429.42 100.00

 

a

 

Zea mays

 

 total biomass is included in category “seed”.

 

b

 

Anthropogenic food item.
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spectively, in order to account for any variation between left and right appendages. Indi-
viduals were classified as adult or juvenile based on data from plumage characteristics
(e.g., presence of neck feathers, gray/brown coloration of plumage tips, molt) as well as
general morphology (Clark and Clark 1979). The sex of birds was determined using
DNA analysis provided by Zoogen® Inc.

 

R

 

ESULTS

 

Of the 22 specimens, 13 were identified as having consumed an-
thropogenic food items and 9 as having consumed only natural food
items (Table 2). The food item categories that define an anthropogenic
diet (e.g., cheese, meat, paper pulp, pellet meal) comprised 58% of the
cumulative gut-content biomass for all Sacred Ibises (Table 2).

Pellet meal was found in only five individuals, although it ac-
counted for 26% of the total biomass (Table 2). The most frequently oc-
curring food item category was vegetative matter, followed by seed, and
Coleoptera (Table 2). The “seed” category was preferentially distrib-
uted in anthropogenic diets (64% of total seed biomass); however, it is
possible that the inclusion of 

 

Zea mays

 

, an anthropogenic food item in
the “seed” category, may have inflated the biomass of natural diets
which contain seed. Inorganic items (e.g., glass, plastic, metal) present
in the diets may have been inadvertently ingested with organic food
items. Although medium vertebrate bones (possibly chicken femora),
as well as cartilage, were found in six individuals, these items were not
included in the analysis. 

A comparison of gut content biomass between diet types showed a
larger range (Fig. 2) and mean (Table 2; H = 8.05, d.f. = 1, p < 0.01) for
birds with anthropogenic food items found in their diet than birds with
only natural food items in their diet. Natural diets, on average, con-
tained a significantly greater percent vegetative matter (63% ± SE
12%) than anthropogenic diets (8% ± SE 3%) (H = 8.44, d.f. = 1, p <
0.01). The amount of other food items did not differ significantly be-
tween diet types (p > 0.05).

Body measurements (Appendix A), were obtained from eight adult
male and five adult female Sacred Ibises. Body mass, bill length, tarsus,
and wing chord measurements are all larger in males than females.
The range of body measurements in this sample set fell within the

 

Table 2. Descriptive statistics for the diet analysis. A 90% C.I. for the difference
of mean gut-content biomass per individual between diet types is 18.25 g ±
11.52 g (H = 8.44, d.f. = 1, p < 0.01). 

 

n Mean gut-content biomass (g) / individual (SE, CV)

Anthropogenic 13 26.99 g (5.30, 70.8)
Natural 9 8.74 g (2.21, 76.0)
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range of body measurements reported in the literature for various re-
gions of sub-Saharan Africa (Lowe and Richards 1991). Ten of 13
adults exhibited characteristics associated with breeding (Clark and
Clark 1979, del Hoyo et al. 1992), such as a red eye-ring and red color-
ation on the flesh of the underwing. The characters most accepted to
signify breeding, such as a yellow coloration of the auxiliaries and sec-
ondary upper coverts, as well as a copper coloration of the tarsus, were
present on three males and four females.The cluster technique identi-
fied five clusters with 40% similarity (Fig. 3). Diets classified a priori as
natural diets clustered tightly (seven of nine diets clustered at 60%
similarity) while a priori defined anthropogenic diets formed scattered
clusters (Fig. 3) at 40% similarity. Investigation of the anthropogenic
diet-clusters revealed that the diets of several birds were dominated by
one food item, either anthropogenic or natural food, which accounted
for greater than 50% of the individual’s total diet biomass. For other in-
dividual birds (diet of birds 13, 17, 18, and 22 in Fig. 3), the percent
contribution of anthropogenic food to the individual’s total diet biom-
ass was less than 50%. While cluster analysis did not affect our a priori

Figure 2. Individual gut-content biomass (g) per anthropogenic (n = 13) or nat-
ural diet (n = 9). Whiskers represent the 90th and 10th percentile; outliers are
represented by a diamond. The range of gut-content biomass for anthropo-
genic diets (5.89 g-93.97 g) is larger than natural diets (2.29 g-21.65 g).
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Figure 3. Dendrogram from hierarchical cluster analysis. Bray-Curtis Similar-
ity Index is used for clustering. Samples are standardized to individual totals,
and a square-root transformation is applied to the data-set to give weight to all
dietary contributors. Solid triangles denote diets with all natural food items
whereas outlined triangles denote diets with anthropogenic food items. The el-
lipse highlights the tight clustering of anthropogenic diets.
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categorization of diets, it did reveal a gradient of anthropogenic food
biomass in the diets. 

The DNA analysis identified 11 females, from which there were 5
adults and 6 juveniles based on the plumage characters. Eleven birds
were males, of which 8 were adults and 3 were juveniles. Our sample
size did not allow for characterization of sex or age differences in diet.

D

 

ISCUSSION

 

The results of this study underscored the Sacred Ibis’s exploitative
relationship with humans and its generalist foraging strategy. The
large number of birds with anthropogenic food in their diet confirmed
that this species is capable of exploiting human landscapes to become
established. Some birds consumed primarily anthropogenic food
whereas others used it only as a supplement to natural food items. It is
not clear whether this species prefers anthropogenic food or whether it
simply serves as a buffer when natural food items are scarce.

While this study has categorized ibis into distinct diet types, we
may have potentially underestimated the biomass of anthropogenic
food consumed by the Sacred Ibis. Kopij et al. (1996) found that Sacred
Ibises in South Africa were consuming “natural food” items, imagos of
Coleoptera and larvae of Diptera (family Calliphoridae), from anthro-
pogenic sites. These items increased in the diet from 1976 to 1996,
which the authors attributed to greater use of anthropogenic foraging
areas. It is unknown whether Coleoptera collected from the gut of Sa-
cred Ibises in our study, were obtained in natural habitat or, were actu-
ally acquired from anthropogenic habitats. Also, anthropogenic food
items are thought to digest quickly (Ottoni et al. 2009); consequently,
Sacred Ibises that appeared to consume only natural food, and were
categorized as having consumed a natural diet, may have also con-
sumed anthropogenic food.

We detected a greater biomass of food in the anthropogenic diets
relative to the natural diets. Although we do not know if this indicates
a higher-quality diet, it does suggest that Sacred Ibises commonly in-
gest novel food items, which could lead to the discovery, by the birds, of
new food sources. Such a trait would be advantageous for a species in-
troduced or expanding its range into new habitats.

The notion that some species of birds can adapt to newly available
anthropogenic resources has wide support. Landfills in particular have
long been known to be a resource opportunity available to avian popu-
lations (Burger and Gochfeld 1983, Belant et al. 1993, Bertellotti et al.
2001, Baxter and Allan 2006, Kruszyk and Ciach 2010). Smaller refuse
opportunities in human areas, such as development and household
trash containers, are able to support large populations of birds, such as
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corvids (Kristan et al. 2004). Even smaller sources of anthropogenic
supplements, such as those provided by bird feeders, have been shown
to affect nest initiation and clutch size as well as the length of the nest-
ing period, and have been successfully exploited by North American
passerine populations (Robb et al. 2008). The “free ecological niche”, as
Luniak (2004) describes human-manipulated environments, is an un-
derutilized resource available to those species, native or non-native,
that are capable of learning how to exploit this opportunity.

Studies, such as this one, have provided evidence of differential use
of anthropogenic and natural food in individuals and populations of
birds. A study of foraging Bald Eagles (

 

Haliaeetus leucocephalus

 

) in
Alaska, for example, revealed that there may be refuse specialists
within populations, and these resources may be used differentially be-
tween species (Elliot et al. 2006). Some populations that do exploit an-
thropogenic resources do so seasonally. Black Kites (

 

Milvus migrans

 

)
in Spain have shown higher consumption of anthropogenic food
(refuse) during the non-breeding season while shifting toward a more
natural diet when breeding (Blanco 1997). Exactly how differences of
nutrition between anthropogenic and natural food may affect avian de-
mographics, and even physiology or morphology, will require addi-
tional research (Tortosa et al. 2002, Campbell et al. 2003, Auman 2008,
Kruszyk and Ciach 2010).

There are conflicting reports on the effects of anthropogenic food on
the nesting success of breeding birds. A study of White Stork (

 

Ciconia
ciconia

 

) populations in Spain showed that birds using anthropogenic
resources during the breeding season had higher nesting success than
did those birds at control sites (Tortosa et al. 2002). In contrast, a
mixed colony of wading birds, observed foraging at a landfill in Palm
Beach County, Florida, had reproductive rates similar to those of other
colonies in the region (Rumbold et al. 2009). Thus, the question re-
mains about the degree of integration of anthropogenic food into the di-
ets of free-ranging birds, but evidence that it is occurring is mounting.

This study suggests that human food resources, and the habi-
tats that contain them, may have the ability to support the estab-
lishment of the Sacred Ibis in South Florida. It has been shown that
anthropogenic pressure has modified natural processes in many
parts of the globe (Vitousek et al. 1997a, Vitousek et al. 1997b, Ma-
sero 2003, Ludynia et al. 2005, Ellis and Ramankutty 2008), so if
restoration of impacted natural areas, like the Everglades, is to be
successful, urban habitats and their resources should be considered
for their potential influence on natural ecosystem dynamics. Fur-
ther investigation, of ecologically similar species, may elucidate
linkages between food resources in urbanized areas and impacts in
nearby natural habitats.
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Appendix A. Food item categories and descriptions.

Food Item category Description

Arthropod Coleoptera (beetle), Diplopoda (common millipede, Narceus
americanus), Insect imago,  Insect larvae, Malacostraca (crayfish) 

Cheesea White, identified by consistency, differing from vegetative matter
Fish Subclass Osteichthye, identified by gills & vertebrae
Meata Shredded meat, bacon strips, hot dog, unknown origin meat
Mollusc Entire shell, fragments
Paper pulpa Printed paper pulp with organic matter
Pellet Meala Entire, circular, dissolved
Seed Zea mays (yellow corn), unidentified seed, seed embryo, seed coat
Small Vertebrate Bone, cartilage
Vegetable/Fruit Carrot shavings, slices
Vegetative Matter Grass, wood, filamentous algae, leafy matter, cellulose fibers

aAnthropogenic food item.
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