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Abstract: Over the last 20 years, Australian white ibis populations (Threskiornis molucca) have expanded into

urban areas, leading to increased contact between ibis, domestic animals, and humans. This has led to concern

that ibis may transmit pathogens that threaten public health or food production. Here we report results from a

study of ibis viral serology and bacterial culture that indicate that ibis are hosts of zoonotic and livestock

pathogens such as Salmonella spp., Newcastle disease virus, avian influenza virus, and flaviviruses in Australia.

We also performed a behavioral study to measure contact rates among ibis, people, and livestock that

determine the potential for disease transmission.
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INTRODUCTION

In coastal southeastern Queensland and northern New South

Wales, Australia, urban populations of Australian white ibis

(hereafter, ibis), Threskiornis molucca, have increased sig-

nificantly since 1983 (Shaw, 2000). A range of factors have

changed ibis distribution and led to population increase:

drought; escape of captive birds; and increased availability of

anthropogenic food sources due to rapid urban expansion in

the region (Woodall, 1985; Shaw, 2000). Ibis are generalist

predators and scavengers that naturally feed on saltwater and

freshwater wetland invertebrates and fish (Marchant and

Higgins, 1990). They have become habituated to humans and

are frequently observed in close contact with people, par-

ticularly in urban recreational areas (Shaw, 2000). They have

learned to forage at landfills, public recreational areas, and on

farms. These ibis–human and ibis–livestock interactions

provide opportunity for disease transmission.

Many wild avian species, including some related to

ibis, carry pathogens which are of particular importance to

human or animal health such as influenza A virus (AIV),

Salmonella spp., Kunjin virus (and other flaviviruses), and

Newcastle disease virus (NDV) (all but NDV have zoonotic

potential) (Stallknecht and Shane, 1988; Mackenzie et al.,

1995; Feare et al., 1999; Alexander, 2000; Craven et al.,

2000; Yu et al., 2002; Delogu et al., 2003a). Salmonella spp.,
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NDV, and AIV can lead to economically significant loss in

domestic poultry industries (Webster, 1998; Degefa et al.,

2004). It has been suggested that some historical influenza

outbreaks in humans that originated from avian viruses

have used pigs as an intermediate host in which avian and

human influenza viruses have re-assorted, making them

transmissible to humans (Alexander and Brown, 2000).

However, in 1997, highly pathogenic H5N1 avian influenza

(HPAI) was directly transmitted from domestic poultry to

humans in Hong Kong (Capua and Alexander, 2004). More

recently, there have been global outbreaks of H5N1 in

domestic poultry populations, some of which have led to

human infection and mortality in Southeast Asia without

the involvement of porcine hosts (Li et al., 2004; Olsen et

al., 2006). Migratory waterfowl and shorebirds are con-

sidered the natural reservoir for influenza A viruses and

have been shown to carry all subtypes of influenza A viruses

(Webster et al., 1992). Several subtypes have been isolated

from Australian species of waterfowl, although little is

known about how influenza viruses are transmitted be-

tween wild birds and poultry (Mackenzie et al., 1984;

Webster, 1998). Although the vast majority of cases of

highly pathogenic avian influenza (HPAI H5N1) in hu-

mans have been caused by contact with infected poultry,

another subtype of influenza A virus (H11N9) has been

transmitted directly from wild birds to humans, suggesting

that it also may be possible for transmission of other

subtypes to occur in this way (Gill et al., 2006).

Salmonella and Campylobacter spp. are two of the most

common food-borne zoonotic pathogens in developed

countries including USA, UK, and Australia (Thorns, 2000).

In Australia, salmonellosis continues to be one of the major

causes of foodborne gastroenteritis (Hall et al., 2005), largely

through consumption of infected poultry and beef. How-

ever, wild birds have been implicated as a source of livestock

contamination or direct transmission to humans (Craven et

al., 2000; Thorns, 2000). S. typhimurium, S. virchow, and S.

Birkenhead are among the 10 most common serovars found

in people in Australia (Blurner et al., 2003).

Newcastle disease, while having little clinical impact on

humans, is a globally important pathogen of poultry, causing

mortality rates often greater than 50% in its most pathogenic

form (Alexander, 2000; Swayne and King, 2003). Newcastle

disease virus has been isolated from several wild waterfowl

species in Australia, which supports the idea that wild birds

may act as a reservoir for this virus (Mackenzie et al., 1984).

Migratory waterfowl are also known to be reservoirs of

several important insect-borne zoonotic encephalitis viru-

ses (Hubalek, 2004). Murray Valley encephalitis virus

(MVE), Japanese encephalitis virus (JE), and Kunjin virus

are all part of the JE complex of encephalitis viruses, be-

lieved to be one of the most important flavivirus groups on

a global scale (Mackenzie, 2005). This particular group of

flaviviruses is enzootic to Australia, and flaviviruses in

general can be found in wild birds on every other continent

except Antarctica (Mackenzie et al., 1984, 1995; Kay et al.,

1987; Broom et al., 2003; Johansen et al., 2004; Russell and

Kay, 2004). Murray Valley encephalitis, Kunjin, and Japa-

nese encephalitis virus have all been identified in mosquito

vectors in Australia (Broom et al., 1998; Russell, 1998).

Murray Valley encephalitis causes severe, sometimes fatal

encephalitis. Kunjin virus, which causes less severe disease

than MVE, is a genetic variant of West Nile virus and shares

the same transmission cycle involving bird reservoirs and

mosquito vectors (Hall et al., 2001). Japanese encephalitis

virus has, so far, been limited to northern Queensland, and

migratory water birds have been suggested as a likely means

of entry into Australia from Papua New Guinea and the

Torres Strait (Johansen et al., 2004).

In this article, we report on a study set up by The Ibis

Management Coordination Group to assess the potential

for ibis to transmit zoonotic and livestock pathogens in

Queensland.

MATERIALS AND METHODS

Survey Sites and Bird Capture

In 1995, 60 Australian white ibis were captured by cage-

trapping at Coolangatta and Currumbin in southeastern

Queensland, Australia (28� 08¢¢S, 153� 29¢¢E) between

September 1994 and June 1995. There is a wildlife sanc-

tuary in Currumbin where ibis are known to nest and breed

[McKee, unpublished observations]. In 1997, 54 ibis were

captured by cannon-netting at Suntown Landfill in Arundel

(27� 57¢¢S, 153� 21¢¢E) during the same period. In 2000, 100

ibis were captured at the suburban Brown Plains Landfill,

Queensland (27� 38¢¢S, 153� 01¢¢E) between June and Au-

gust 2000, using a cannon net. This site was chosen because

of its proximity to the other field sites in this study and its

large population of ibis. Each captured ibis was banded to

prevent repeated sampling. The age class and sex of each

bird were determined by size and plumage characteristics

(Marchant and Higgins, 1990).

Behavioral surveys were conducted at two locations

where ibis forage and interact with either people or
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domestic animals: Cascade Gardens, Gold Coast, Queens-

land (28� 01¢¢S, 153� 25¢¢E), a public recreational park with

a resident population of 50 ibis; and a commercial mixed

poultry and cattle farm in southeast Queensland (name and

location withheld to preserve anonymity). The farm con-

tained a laying shed with battery cages, two covered

enclosures with free-ranging chickens inside, and a field in

which chickens, cows, and ibis could intermingle. Ibis also

roosted in a tree in the middle of this field.

Disease Survey

Seven milliliters of blood was drawn from 100 ibis using

either the ulnar or tibiotarsal vein and divided between 1.0

ml EDTA tubes and 6.0 ml serum separator tubes (Vacu-

tainer; Becton-Dickinson, Franklin Lanes, NJ). In 1995, 38/

60 sera were used for serologic tests and in 2000, 88/100

were used due to hemolysis in some samples which pre-

cluded accurate ELISA interpretation. Blood smears were

made on-site. Cloacal and choanal swabs were collected

and stored in bacterial culture and viral transport medium,

respectively.; Serum tubes were centrifuged and stored at

4�C. Choanal swabs were stored at –70�C and saved for

future testing for viral pathogens. Cloacal swabs were

stored at room temperature in plastic zip bags. One hun-

dred cloacal swabs for salmonellae were cultured in Gram

Negative Broth (Oxoid Australia, Adelaide, Australia) and

Rapports Broth (Oxoid Australia) for 24 hours at 37�C.

Both enrichments were then subcultured onto Xylose-ly-

sine-desoxycholate (XLD; Oxoid Australia) and Bismuth

sulphite agar (BSA; Oxoid Australia) and incubated at 37�C

for 24 hours and 48 hours, respectively. Typical colonies,

i.e., nonlactose fermenting, nonspreading, H2S colonies on

XLD and H2S producing colonies with characteristic

metallic sheen on BSA were picked off for further identi-

fication, initially by conventional biochemical tests and

progressively by the use of Salmonella Serobact Latex kit

(Medvet Australia, Adelaide, Australia) and confirmation

using Microbact 24E system (Medvet Australia).

All confirmed isolates were serotyped according to the

Kauffmann–White Scheme, based on their ‘‘O’’ Somatic

antigens and ‘‘H’’ Flagella antigens using specific antisera

(Medvet Australia), and are presented using the LeMinor

and Popoff nomenclature (Leminor et al., 1990).

Parasite ova and coccidia were identified by micro-

scopic examination of wet mounts of fecal smears following

fecal flotation on a Nikon Epson 2000 microscope. Samples

were collected for bacteriology and mycology using alginate

swabs and immediately plated onto horse blood agar,

chocolate agar, MacConkey agar, thiosulphate-citrate-bile-

sucrose agar, and Sabauraud�s agar. Bacterial isolates were

identified by Gram stain, Microbact 24 NE (Medvet Science

Pty Ltd, Adelaide, Australia) and API 20E (bioMerieux,

Marcy-l�Etoile, France) systems.

Diagnostic assays for ibis pathogens and antibodies to

specific pathogens are summarized in Table 1 for each

study. A hemagglutination inhibition test was used to de-

tect antibodies to Newcastle disease virus; an agar gel

immunodiffusion test and cELISA for influenza A (OIE,

2004) [P. Selleck, personal communication]; cELISA for

Japanese encephalitis and related flaviviruses (Hall et al.,

1995); and a serum neutralization test for Hendra virus

(Daniels et al., 2001) were conducted using 88 sera

according to standard Office International des Epizooties

(OIE) and internal protocols at The Australian Animal

Health Laboratory, Geelong, Australia. Test methods were

consistent across all three studies (1995, 1997, and 2000).

For the purpose of age and disease prevalence com-

parisons, data from juvenile and subadult birds were

combined to form a ‘‘young’’ group which was compared

to data from adults. Prevalence and proximity data were

analyzed using chi-squared and Fisher�s exact tests. For 3 ·
2 tables, we also performed pair-wise analyses using a

Bonferroni correction.

Behavioral Survey

We assessed the nature and frequency of interaction be-

tween ibis and humans, cattle, and chickens during typical

ibis foraging behaviors. The One-Zero sampling technique

was used for behavioral observations (Altmann, 1974). We

recorded the instantaneous behavior and proximity of five

randomly chosen ibis to people, food objects, free-range

chickens, or laying sheds that contained caged chickens and

egg racks every 2 minutes for 5 hours (1100–1600 hours)

over 4 days at each location. We used binoculars (Pentax 10

· 24 ucf WR) to observe each bird. Each set of observations

was termed a ‘‘bird-observation period.’’ Only one distance

estimation was assigned to each bird per observation. Re-

sults of the behavioral survey are not reported here. Results

of proximity observations are reported from two sites:

Cascade Gardens, and a mixed poultry and cattle farm.

Food objects were considered important for pathogen

transmission from ibis via the fecal–oral route. A food

object was defined as any item that either was food or in

direct contact with food. On the poultry farm, a food object
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refers to chicken or cow food resources. During each

observation period, if an ibis was observed within 3 meters

of an object of interest, it was assigned a proximity cate-

gory: 0, contact with; 1, between 0 and 1 meter of; or 3,

between 1 and 3 meters of the object. Preliminary obser-

vations suggested that people or chickens tended to utilize

an approximate area within a 3-meter radius of their

location during eating activities, so the presence of ibis,

feces, or oronasal fluids on the ground or on food objects

within this area was considered as having the highest po-

tential for contact with people or chickens. Examples of

food objects included picnic tables, grills, picnic blankets,

food containers, water fountains or faucets at Cascade

Gardens, and feed and food and water troughs for cattle or

chickens at the poultry farm. The ‘‘frequency’’ at which an

ibis stood at a certain distance from an object was calcu-

lated by dividing the number of observations at that dis-

tance by the total number of observations. The ‘‘relative

frequency’’ was calculated by dividing the number of

observations in each distance category by the total number

of observations that included an ibis within 3 meters.

RESULTS

Pathogen Prevalence

Table 1 summarizes the results of disease surveys con-

ducted in 1995, 1997, and 2000. The seroprevalence of AIV

and NDV antibodies differed between the 3 years of the

survey (AIV: v2 = 19.7, df = 2, P < 0.001; and NDV: v2 =

13.8, df = 2, P < 0.001). The prevalence increased between

1995 and 1997 (AIV: v2 = 20.0, df = 1, P < 0.001; NDV: v2

= 11.8, df = 1, P < 0.001 both significant at the 0.01 level

after Bonferroni correction), but not between 1997 and

2000 (AIV: v2 = 1.5, df = 1, P = 0.220; NDV: v2 = 0.03, df =

1, P = 0.860). The prevalence of generic flaviviruses was

Table 1. Summary of Prevalence of Various Pathogens Detected in AWI 1995–2000

AWI disease screening results 1995–2000 1995 1997 2000

Mean overall

(±1 SE)

Organism Disease

Potential

hazard to: Test N =

Prev.

(%) N =

Prev.

(%) N =

Prev.

(%)

Prev.

(%)

Avian influenza virus Avian influenza Poultry, humans AGID ELISA 38 0* 54 41� 88 31� 24 (±12.30)

Candida Fungal infection Ibis Culture 38 26 26

Coccidia GI tract parasitism Ibis Flotation 60 2 2

Flavivirus, generic Various Humans PRNT 54 15* 88 1� 8 (±5.70)

Haemoproteus Blood protozoan

infection

Ibis Blood smear 21 38 38

Helminths Intestinal parasitism Ibis Fecal flotation 60 2 2

Hendra virus Pneumonia Humans, horses SNT 54 0 0

Japanese encephalitis virus Japanese encephalitis Humans, pigs PRNT 88 0 0

Kunjin virus Kunjin encephalitis Humans ELISA, PRNT 38 0� 88 2� 1 (±0.82)

Murray Valley encephalitis

virus

Murray Valley

encephalitis

Humans ELISA 38 0 88 0 0

Newcastle disease virus Newcastle disease Poultry HI 38 3* 54 31� 88 32� 22 (±9.50)

Salmonella spp. Salmonellosis Humans and

livestock

Culture 38 3* 100 7� 5 (±1.60)

S. Birkenhead 100 1 1

S. Oranienburg 100 1 1

S. Typhimurium 100 1 1

S. Virchow 100 4 4

Vibrio cholerae Humans Culture 38 3 3

AWI, Australian white ibis; AGID, agar-gel immunodiffusion; ELISA, enzyme-linked immunosorbent assay; PRNT, plaque reduction neutralization test;

SNT, serum neutralization test; HI, hemagglutin inhibition.
*, �Items are significantly different (P < 0.05).
�, �Items are not significantly different (P ‡ 0.05).
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significantly higher in 1997 than 2000 (and Fisher�s exact

test, P = 0.002). The prevalences of Salmonella and Kunjin

virus infection did not vary significantly between 1995

and 2000 (Fisher�s exact tests, P = 0.44 and P = 1.00,

respectively).

Age and Sex

Of 100 birds sampled in 2000, 45 were male, 36 were female,

and 19 were of unknown sex. There were 29 juveniles, 8

subadults, 61 adults, and 2 birds whose age was not deter-

mined. There was no significant difference in prevalence

between males and females for any of the pathogens exam-

ined; however, adults had a significantly higher prevalence of

AIV and NDV antibodies than younger birds (Table 2).

Behavioral Study

At Cascade Gardens, ibis were observed either in contact

with or within 3 meters of a food object in 20% (610/3025)

of the total observations, and people were present at the

food object during 72% (432) of those observation periods

(Fig. 1a). Ibis were observed making contact with a food

object 5% (151) of the time (Fig. 1b). Figure 2 shows an

example of ibis bathing in and drinking from a food object,

in this case a water tap, which was subsequently used by

two young boys who drank from it. Ibis made contact with

unattended food objects more than twice as often as when

people were present (3.8% vs. 1.5% (610); v2 = 6.29, df = 1,

P = 0.012). There were 20 bird observation periods in

which people were seen either actively feeding ibis or pas-

sively feeding ibis by leaving food scraps behind after eat-

ing, and 70% of those bird observation periods included

one or more ibis eating human-provided food.

At the poultry farm, 19% (402/2135) of the observa-

tions included an ibis within 3 meters of a food object,

chickens, or laying shed (Fig. 1c). Ibis were only present at

the poultry farm for 3 of the 4 days during the observation

period. Ibis were regularly observed in close proximity to

free-range hens, as well as caged hens in the laying sheds, to

which they had unrestricted access. Ibis were observed

between 0 and 3 meters of free-ranging chickens in 11%

(43/402) of proximity measurements with 28% (12/43) of

those including ibis in direct contact with chickens

(Fig. 1d). Ibis were frequently observed inside the laying

shed (32%, 132/402), foraging under the elevated chicken

cages, poking their bills into piles of excrement under the

cages and occasionally taking an egg from the rack. Ibis

were also observed scavenging meat from chicken carcasses,

which were laid out in an outdoor wire cage into which ibis

could reach with their bills. Forty-one percent (164/402) of

proximity observations included one or more ibis within 3

meters of an animal food object, and of those, 74% in-

cluded an ibis making contact with the food object—most

frequently the cows� water trough at the base of a large tree

in which the ibis perched daily. There was no direct contact

between ibis and cows observed in this study.

DISCUSSION

This is the first published report of Salmonella infection, or

the presence of antibodies to NDV, AIV, and flaviviruses in

Australian white ibis. AIV, Salmonella, and flaviviruses are

significant to public health, while NDV, AIV, and Salmo-

nella are important livestock diseases (Alexander, 2000;

Capua and Alexander, 2004). These pathogens have been

previously described in other free-ranging birds (Stallkn-

Table 2. Comparative Prevalences for AIV, NDV, and Salmonella spp. between Sexes and Age Classe

AIV NDV Salmonella spp.

Males 25% (40) 28% (40) 15% (44)

Females 42% (31) 42% (31) 3% (32)

Comparisona v2 = 2.5, df = 1, P = 0.11 v2 = 2.00, df = 1, P = 0.16 v2 = 2.99, df = 1, P = 0.08

Adults 37% (54) 48% (54) 7% (57)

Juveniles + subadults 21% (33) 9%(33) 8%(36)

Comparisona v2 = 13.1, df = 1, P < 0.001 v2 = 11.4, df =1, P < 0.001 P = 0.702, FET

AIV, avian influenza virus; NDV, Newcastle disease virus; FET, Fisher�s exact test.
aEither a chi-square analysis or Fisher�s exact test (FET) was used to measure differences. Significant differences have a P-value < 0.05.
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echt and Shane, 1988; Feare et al., 1999; Pfitzer et al., 2000;

Stanislawek et al., 2002; Yu et al., 2002; Delogu et al., 2003a;

Mackenzie, 2005). The recent regional epizootic of highly

pathogenic avian influenza (HPAI H5N1), which began in

2003 in Asia, has led to the slaughter of hundreds of mil-

lions of chickens, and 241 human cases, including 141

deaths (WHO, 2006). To date, Australia has not had any

reported cases of H5N1 infection in either poultry or hu-

mans (WHO, 2006). Ducks (Family Anseriformes) are

considered the natural reservoir for HPAI H5N1 in

Southeast Asia (Webster et al., 1992; Hulse-Post et al.,

2005). Ibis share aquatic environments with several duck

species (Marchant and Higgins, 1990). We found 41% and

31% of ibis had antibodies to influenza A in 1997 and 2000,
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Figure. 1. a–d: Estimates of ibis� distance from objects considered

important for disease transmission were obtained in three categories:

0, an ibis was either on top of, under, or otherwise in contact with an

object; 1, an ibis was between 0 and 1 meter of said object; or 3, an

ibis was between 1 and 3 meters from the object. The ‘‘frequency’’ at

which an ibis stood at a certain distance from an object was

calculated by dividing the number of observations at that distance by

the total number of observations. The ‘‘relative frequency’’ was

calculated by dividing the number of observations in each distance

category by the total number of observations that included an ibis

within 3 meters. a, b: Frequency and relative frequency of ibis within

3 meters of food objects occupied by people (FOP), and unoccupied

food objects (FO), at Cascade Gardens (n = 3025 and n = 610,

respectively). c, d: Frequency and relative frequency of ibis within 3

meters of free-range chickens (CH), laying sheds (LS), and FOs (n =

2135 and n = 402, respectively).

Figure. 2. a: Ibis bathing and drinking under a

water tap in Cascade Gardens. Ibis were observed

shaking their head and body under the tap. This

could potentially contaminate the tap with

excretions such as saliva, mucous, or feces—-

which may contribute to transmission of zoo-

notic pathogens. b: Moments later, 2 young boys

were seen drinking from the same tap.
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respectively. It is unknown which subtypes of AIV ibis

carry, or whether they maintain subclinical infections, or

exhibit clinical disease and succumb to the virus. Experi-

mental infections in several bird species have shown that

influenza A viruses have variable shedding periods

depending on the bird species and viral subtype. Ducks

shed H5N1 between 11 and 17 days and had higher viral

titers in the trachea not the cloaca, however, the opposite

was true when infected with a different H5N1 strain

(Hulse-Post et al., 2005). Pheasants can shed virus for up to

45 days post-infection (Humberd et al., 2006). The primary

route and duration of viral shedding in ibis is unknown.

Future testing should include AIV subtyping, and perhaps

more importantly, fecal culture to determine the presence

of specific subtypes of avian influenza viruses.

Human infection with HPAI H5N1 from poultry is still

uncommon; however, these events may lead to pandemic

spread of influenza A virus (Smith et al., 2006). While there

has been no reported transmission of H5N1 between wild

birds and humans (WHO, 2005), transmission of H11N9

has occurred between wild ducks and hunters, raising the

possibility that direct transmission of more pathogenic

subtypes of influenza A viruses is possible (Gill et al., 2006).

If ibis shed influenza A virus when acutely infected, like

other birds, then there would be ample opportunity for

them to transmit the virus to conspecifics, other bird spe-

cies including domestic poultry, and possibly humans.

Kunjin and Murray Valley encephalitis viruses are

endemic to Australia (Hall et al., 2001; Johansen et al.,

2001; DOHA, 2006). The low antibody prevalence to fla-

viviruses in ibis suggests a low level of exposure to these

pathogens at a population level, a poor ability to mount an

immune response, or high mortality. The ELISA used in

this study was unable to differentiate among antibodies to

each of the three flaviviruses, although a blocking ELISA

has been described that is able to differentiate between

antibodies to Murray Valley encephalitis virus and Kunjin

virus (Hall et al., 1995).

It was not surprising to find older birds with a sig-

nificantly higher seroprevalence of NDV and AIV anti-

bodies, assuming that horizontal transmission occurs and

that antibodies persist at a detectable level after exposure,

because older birds would have had more time to be ex-

posed to these pathogens. Ibis were observed co-roosting

with flying foxes (Pteropus spp.), a known reservoir for

Hendra virus, and were tested to see whether cross-species

transmission had occurred (Halpin et al., 2000). All ibis

were negative for Hendra-neutralizing antibodies, which is

consistent with data that show Hendra virus is primarily

found in mammals (Westbury et al., 1995). The similar

prevalence of Salmonella spp. between adult and juvenile

ibis is consistent with previous studies on gulls (Monaghan,

1986). Landfills have been identified as a source of Sal-

monella for gulls and other scavenging birds, and this may

be a source of infection for ibis as well (Tizard, 2004).

Our behavioral study shows that Australian white ibis

interact either with humans or domestic animals directly

and indirectly on a daily basis, depending on the location.

To date, there have been no documented reports of sal-

monellosis in humans that have been linked to ibis.

However, 3 of the 4 serovars isolated from ibis in this study

(S. typhimurium, S. virchow, and S. Birkenhead) are among

the 10 most common in people (Blurner et al., 2003).

Human salmonellosis typically occurs by consumption of

raw or undercooked chicken or eggs (Thorns, 2000). It is

possible that these serovars that are common to people and

ibis may be exchanged between ibis and poultry.

Ibis at the poultry farm had easy access to hen houses

because of the open-sided design of the laying sheds.

Contact was observed between ibis and free-ranging

chicken, caged hens, eggs, and chicken feces deposited be-

low battery cages. This may be a potential route of path-

ogen transmission between poultry and ibis. The dispersive

nature of ibis would then provide a mechanism for the

spread of these pathogens among farms.

Installing physical barriers that exclude ibis from poul-

try sheds and that prevent opportunities for interaction with

free-range chickens may reduce the risk of NDV, AIV, or

Salmonella transmission from Australian white ibis, or other

wild birds, to poultry and other livestock. A comparative

study of these pathogens between poultry flocks that are, or

are not, associated with ibis would provide further insight

into the occurrence of transmission between these species.

Our observations of ibis standing on picnic tables and

drinking from or bathing under public water faucets also

used by children for drinking indicate possible opportu-

nities for the transfer of zoonotic agents like salmonellae or

possibly influenza A virus via environmental contamina-

tion with feces or oronasal secretions (Fig. 2). Water is

believed to play a central role in the interspecies trans-

mission of influenza virus among water birds (Stallknecht

et al., 1990; Delogu et al., 2003b). Influenza A viruses have

been shown to survive in fresh water at 28�C for up to 60

days, depending on the strain, the temperature of the water,

and the pH (Stallknecht et al., 1990). The high frequency of

people feeding ibis at this park, and the higher frequency at
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which ibis were close to (within 3 meters), or in contact

with, a food object when people were present compared to

when people were not present, suggest that ibis have not

only been highly habituated to humans, but have learned to

identify people as a source of food. The data suggest that

people, likewise, tolerate the presence of ibis, as seen in the

highest frequency of proximity observations with occupied

food objects. Ibis were also seen standing on food objects

when people were not present, which allows for contami-

nation of food surfaces without a person�s knowledge.

The behavioral data, coupled with the presence of

Salmonella spp. and antibodies to AIV, NDV, and fla-

viviruses in ibis at different times within a 7-year period,

suggests a long-term presence of these pathogens in ibis

populations in southeastern Queensland. Ibis have adap-

ted to urbanized landscapes, become overabundant,

habituated to humans, and readily utilize anthropogenic

food sources. The continued growth and geographic

expansion of ibis populations into rural and urbanized

settings provides more opportunity for ibis to interact

with humans and livestock, and the nature of these

interactions may represent an increased risk of pathogen

transmission. Public education that leads to increased

hygiene (i.e., hand-washing and cleaning surfaces of tables

and grills prior to use), and reduces the interactions be-

tween ibis and people will reduce the chance of zoonotic

pathogen transmission.
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