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Freshly excreted droppings from Canada geese (n =80), black swans (n =80), ducks (n =80) and
gulls (n =80) were collected from sites around New Zealand. The droppings were enumerated for
Escherichia coli, enterococci and Salmonella spp., and for the presence/absence of
Cryptosporidium spp. Overall prevalence of E. coli and enterococci in samples was 95% and
94%, respectively. Cryptosporidium spp. was detected in 2% of the samples, whereas no
Salmonella spp. were detected in the survey. Preliminary estimates of daily microbial outputs
suggest that ducks will produce the highest loadings of E. coli and enterococci per bird, whereas
Canada geese will produce the highest loadings of Campylobacter spp. per bird. This study
provides the first set of indicator and pathogen counts for one of the largest sources of diffuse
faecal contamination of natural waters in New Zealand.
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Introduction

Concern has arisen over the contribution of
waterfowl to the microbial loadings of surface
waters, and their consequent impacts on
bathing water quality (Wither et al. 2005)
and industries such as shellfish harvesting
(Albarnaz et al. 2007). Waterfowl, such as
mallard ducks (4nas platyrhynchos), Canada
geese (Branta canadensis), black swans
(Cygnus atratus), and species of gull are
abundant in New Zealand. Mallard duck
numbers are estimated at 4.5 million (Fish
and Game NZ 2009), and Canada geese and
black swan numbers are each estimated at less
than 100,000 (Heather and Robertson 2005),
but there are no published national totals of
gull numbers. These birds live on and near
coastlines, estuaries, rivers, streams, wetlands
and lakes, and they are also found on and
around waste stabilisation ponds.

Waterfowl harbour a range of potentially
pathogenic  microorganisms (Waldenstrom
et al. 2002; Nielsen et al. 2004), and as such,
are important reservoirs of nonpoint sources of
faecal contamination. Overseas studies have
identified a range of potentially zoonotic
pathogens in gull faeces, including Salmonella
spp., Campylobacter coli and Campylobacter

Jejuni (Quessy and Messier 1992; Moore et al.

2002). Cryptosporidium spp. has been fre-
quently isolated from the faeces of Canada
geese (Jellison et al. 2004; Kassa et al. 2004;
Zhou et al. 2004), along with bacterial patho-
gens, including Campylobacter spp. and
Salmonella spp. (Pacha et al. 1988; Wahlstrom
et al. 2003). There appears to be little published
information on the microbial loading from
black swans, although one study noted the
presence of Cryptosporidium spp. in the faeces
of the birds at a zoo (Rohela et al. 2005).
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Apart from one study of ducks, which
identified the presence of potentially patho-
genic bacteria, including C.jejuni, in their
faeces (Murphy et al. 2005), there is little
published information on the microbial loading
of waterfowl in New Zealand. However, their
likely contribution to microbial contamination
of recreational and shellfishing waters is recog-
nised in the New Zealand Ministry for the
Environment and Ministry for Health guide-
lines (Ministry for the Environment 2003).

This paper describes a survey of the faeces
of several waterfowl species in New Zealand—
Canada geese, black swans, gulls and ducks—
to evaluate their potential contribution to
microbial pollution of surface waters. Faecal
concentrations of the bacterial indicators
Escherichia coli and enterococci, and the patho-
gens Campylobacter spp. and Salmonella spp.
were determined, as well as the presence of
Cryptosporidium spp. These data will inform
scientists modelling wildfowl versus other
sources of faecal and pathogen contamination.

Material and methods

Sampling sites and sample collection

Freshly deposited faecal droppings (n=2380)
from each of the four waterfowl groups—
Canada goose, duck, gull and black swan—
were collected in sterile faecal specimen contain-
ers. Samples were returned to the laboratory in a
chilled, darkened, insulated container for ana-
lysis within 24 h. Samples were collected from
four locations in NZ: Auckland, Hamilton,
Farewell Spit and Christchurch.

Microbial analysis

Laboratory methods

Depending on the size of the faecal matter
available for collection, a portion of the
sample, ranging from 1 to 25g, was added to
a sterile filter stomacher bag containing buf-
fered peptone water (Oxoid, UK), to create a

10-fold dilution. The mixture was homogenised
using a Bag Mixer (Interscience, Ontario,
Canada). An aliquot (20 ml) was removed and
I ml of this sub-sample was used to create a
series of 10-fold dilutions in 9ml of peptone
water (0.1%) (Fort Richards, NZ). This proce-
dure was repeated for all samples.

Enterococci/E. coli

Enterococci and E. coli were enumerated using
the Enterolert® and Colilert® systems, respec-
tively (Idexx Laboratories Inc., Westbrook,
ME, US), according to the manufacturer’s
instructions, with the modification of an ele-
vated incubation temperature (44.5°C) for
faecal coliform detection (Yakub et al. 2002).
The limit of detection for the Enterolert® and
Colilert® systems was determined to be 10
colony-forming units/g of faecal sample.

Campylobacter spp.

Campylobacter spp. were enumerated by a 3 x 5
MPN procedure in 30-ml volumes of Exeter
Broth and incubated at 42°C for 48h under
microaerophilic conditions (10% CO,). MPN
tubes were plated onto m-Exeter agar (Fort
Richards, Auckland, New Zealand) and incu-
bated at 37 °C for a minimum of 4 h, followed
by 42 °C for 44 h under microaerophilic condi-
tions (10% CO,). The dilutions used for the
MPN series differed according to the expected
concentration of Campylobacter spp. in the
samples. Despite this, a number of samples
(n=35) were above the limit of detection for
Campylobacter spp. A multiplex PCR was used
to identify the isolates as C.jejuni, C.coli or
thermotolerant Campylobacter, as previously
described (Wong et al. 2004; Moriarty et al.
2008). Isolates that were classified as thermo-
tolerant by multiplex PCR were further ana-
lysed by real-time PCR for the detection of
C. lari (Chaban et al. 2009).
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Salmonella spp.

Salmonella spp. were enumerated using a 3 x 3
MPN procedure giving limits of detection from
4 to 1.1 x 10> MPN Salmonella spp. per gram
of faeces. One-millilitre samples were dispensed
into 9-ml vials of Selenite Cystine broth (Fort
Richards, Auckland, New Zealand), incubated
at 35°C for 24h, plated onto Hektoen and
XLD agar (Fort Richards, Auckland, New
Zealand), and incubated at 35°C for 24h. All
suspect colonies were re-streaked to purify
them, and biochemical and latex agglutination
tests were carried out to confirm the presence of
Salmonella.

Cryptosporidium spp.

Faecal samples were analysed for
Cryptosporidium spp. according to the method
of Ng et al. (2006), which employs both a
freeze-thaw step to release the DNA from
robust oocysts and QIAmp DNA Stool Kit to
clean up the DNA (QIAGEN, Hilden, Ger-
many). The samples were tested only for the
presence/absence of Cryptosporidium spp.

Estimation of microbial loadings

Preliminary estimates were made of the likely
daily microbial outputs of the waterfowl using
published information on daily faecal outputs
(Geldreich 1966; Wood & Trust 1972; Hussong
et al. 1979; Mitchell & Wass 1995), and the
microbial concentrations recorded in this study.
These estimates are given in Table 1.

Statistical analysis

Values below the limit of detection were
assumed to be zero, whereas those above it
were assigned a value equal to the limit of
detection of that particular dilution series. All
counts were expressed as arithmetic means,
based on 80 samples from each bird type.
Arithmetic means were calculated in order to
provide estimates of the daily microbial output
per bird (McBride 2005). XLSTAT version

2008.4.02 was used to calculate inferential
statistics such as Spearman rank correlations.

Results

The arithmetic mean counts per gram (wet
weight) and prevalence of E.coli, enterococci,
Salmonella spp., Campylobacter spp. and
Cryptosporidium spp. determined for each type
of bird are presented in Fig. 1 and Table 1. The
principal findings were the presence of E. coli in
over 94% of samples and enterococci in over
79% of the samples. Salmonella spp. was
not detected in any of the samples, and
Campylobacter spp. ranged in prevalence from
29% in ducks to 59% in gulls. Cryptosporidium
spp. was present in the faeces of four Canada
geese, two black swans and one duck.

Of the 176 faccal samples that were positive
for Campylobacter spp., all were identified as
C.jejuni, with the exception of nine isolates
from gulls, which were identified as C. lari.

A wide range of counts of E.coli, enter-
ococci and Campylobacter spp. was observed in
individual bird faeces ranging from <10 g~!
to >10° g~ ! for Campylobacter and >10° g !
for E. coli and enterococci (Fig. 1). The ranking
for the highest average concentration of indi-
cator organisms (E. coli and enterococci) in the
faeces of the wildfowl was ducks > gulls >
black swans > Canada geese. This order
changed for Campylobacter spp. with the high-
est average concentration of the pathogen
recorded in Canada geese, followed by gull,
black swan and duck.

Spearman rank correlation of individual
droppings (Table 4) suggest that there is
strong evidence that E.coli is correlated with
both enterococci (P <0.0001) and
Campylobacter (P =0.038), though overall
there is no significant association between
enterococci and Campylobacter. The associa-
tion is a moderately strong positive
(ry=0.489) between E.coli and enterococci
and a weekly positive (r;=0.116) between
E.coli and Campylobacter.



Table 1 Counts and prevalence of key enteric microorganisms in freshly-deposited faecal samples from selected New Zealand waterfowl, and
(where applicable) estimated daily microbial output per bird, based on previously reported daily faecal outputs.

Estimated daily

Mean count (g ! microbial
Waterfowl Microorganism® wet weight) Prevalence (%) Mean daily faecal output (g) output per bird
Black swan E.coli 1.91 x 10° 94 418 (Mitchell & Wass 1995) 7.98 x 10°
Enterococci 1.10 x 10° 79 4.59 x 10°
Campylobacter spp. 2.04 x 102 45 8.53 x 10*
Salmonella spp. 0 0 0
Cryptosporidium spp. (+) 2.5 -
Canada goose E. coli 3.61 x 10* 95 250 (Hussong et al. 1979) 9.03 x 108
Enterococci 2.50 x 10* 98 6.25 x 10°
Campylobacter spp. 4.84 x10° 40 1.21 x10°
Salmonella spp. 0 0 0
Cryptosporidium spp. (+) 5.0 -
Duck E. coli 9.46 x 107 95 336 (Geldreich 1966) 3.18 x 10'°
Enterococci 1.01 x 10° 100 3.39 x 10"
Campylobacter spp. 5.92 x 10! 29 1.99 x 10*
Salmonella spp. 0 0 0
Cryptosporidium spp. (+) 1.3 -
Gull E.coli 1.87 x 10’ 96 50 (Wood & Trust 1972) 9.35 x 10°
Enterococci 8.90 x 10° 99 4.45x10*
Campylobacter spp. 7.66 x 102 59 3.83 x 10*
Salmonella spp. 0 0 0
Cryptosporidium spp. (-) 0 -

#All counts are arithmetic means, based on 80 samples from each bird type. For Cryptosporidium spp., the samples were tested for presence/absence only. For
calculation of the arithmetic means, all values above ( >) and below ( <) the limits of detection were, respectively, assigned a value equal to the limit of detection,
and assumed to be zero.
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Figure 1 Variability associated with faecal samples from each of the wildfowl sampled. The horizontal line
represents the median, boxes are the 25th to 75th percentile, whiskers 10th and 90th percentile and points are
the 5th and 95th percentile values. The maximum value is unknown for Campylobacter spp. as 35 samples
exceeded the detection threshold of the MPN procedure.

Discussion

This paper provides the first comprehensive
set of data on the incidence of microbial
indicators and selected pathogens in the faeces
of common waterfowl in New Zealand. The
study highlights the role birds play in pollut-
ing waters and recreational areas. The high
variability in the concentrations of indicator
and pathogens in their faeces presents diffi-
culties in assessing the extent of their role in
dissemination of waterborne disease.

The prevalence of E. coli was high (>94%)
in all the waterfowl droppings analysed in this
study. The highest mean concentration of
E. coli was recorded in duck faeces, followed
by lower levels in gull faeces (almost 10-fold
lower), black swan faeces (almost 100-fold
lower) and Canada geese faeces (almost
10,000-fold lower). The mean E.coli values
are similar to those previously published
(Wood & Trust 1972; Alderisio & DelLuca
1999; Fogarty et al. 2003; Lévesque et al.
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Table 2 Prevalence and concentration of indicator bacteria in avian faeces from literature.

Bird Microorganism Conc./Prevalence Reference

Canada goose E.coli 63% Fallacara et al. 2001
Canada goose E.coli 2-94% Kullas et al. 2002

Canada goose E.coli 3.6 x 10°/74.6% Middleton & Ambrose 2005
Canada goose Faecal coliform 1.5 x 10* Alderisio & DeLuca 1999
Canada goose Faecal coliform 3.6 x 10 Hussong et al. 1979
Canada goose enterococci 7.3 x 10 Middleton & Ambrose 2005
Duck E.coli 89% Fallacara et al. 2001

Duck E.coli >1.0 x 10° Murphy et al. 2005

Gull E.coli <1.0 x10°—10° Fogarty et al. 2003

Gull Faecal coliform 3.69 x 10° Alderisio & DeLuca 1999
Gull Faecal coliform 1.2%x10°— > 1.1 x10" Lévesque et al. 2000

Gull Faecal coliform 1.7 x 108 Wood & Trust 1972

Gull Enterococcus faecalis 0-38% Kuntz et al. 2004

Gull enterococci 1.8 x 10° Wood & Trust 1972

Gulls Faecal streptococcus 2.2 x10*1.5 x 10° Pourcher et al. 1991

2000). Although the black swan is widespread
in both Australia and New Zealand, literature
searches did not reveal any studies on E. coli
prevalence or counts for this bird.

While almost all the faeces from ducks, gulls
and Canada geese contained enterococci, this
organism was recovered from only 79% of the
black swan faeces. Enterococci counts were
similar to the E.coli counts, with the same
pattern of highest counts in duck faeces, and

the lowest counts in Canada geese, the latter
being four orders of magnitude lower. There
are few published studies of enterococci counts
or incidences in waterfowl (Table 2).

Direct comparisons of the current data with
previously published data are hindered by
methodological differences used in each of
these studies to enumerate the organisms. The
data from our study and those previously
reported (Table 2 and 3) clearly demonstrate

Table 3 Prevalence and concentration of microorganisms in avian faeces from literature.

Bird Microorganism

Canada goose
Canada goose
Duck

Gull

Gull

Gulls

Gulls

Gulls

Gulls

Free living waterfowl
Migratory birds
Swan

Wild birds

Conc./ prevalence Reference
Cryptosporidium 23.4% Zhou et al. 2004
Salmonella 0% Hussong et al. 1979
C. jejuni 45% Luechtefeld et al. 1980
Cryptosporidium 0 Moore et al. 2002
Salmonella 6.3% Ferns & Mudge 2000
Salmonella 51% Sixl et al. 1997

Campylobacter spp.
Campylobacter spp.

Campylobacter spp.
Campylobacter spp.

Salmonella

Campylobacter spp.

49 x10' - 1.7 x10°
3.0 x 10°-1.2 x 107

Fenlon et al. 1982
Lévesque et al. 2000

14% Moore et al. 2002
50% Fallacara et al. 2001
5% Pacha et al. 1988
0% Hussong et al. 1979
12.5 French et al. 2009
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Table 4 Spearman Rank correlation coefficients () between microbial species.

Spearman Rank correlation coefficients (r;) between microbial species

Bird species E. coli-Campylobacter Enterococci— Campylobacter E. coli-Enterococci n

Gull 0.118 0.134 0.447 80
Duck 0.366 0.439 0.540 80
Canada goose 0.245 0.017 0.403 80
Black swan 0.130 —0.041 0.018 80
All birds 0.116 0.049 0.489 320

Values in bold are significantly different from 0 with a significance level alpha = 0.05.

that there is a large variability in concentration
of these indicator bacteria in the faeces of
individual wildfowl types.

Campylobacter spp. prevalence ranged from
29-59%, with a ranking of gulls > black swans
> Canada geese > ducks. The highest average
concentration was found in Canada geese,
followed by gulls, black swans and ducks.
Despite the use of an MPN system, which can
measure up to 10° g ~! (i.e. spanning up to five
dilutions), a large number of samples (35/320)
in our study contained concentrations of
Campylobacter spp. in excess of our upper limit
of detection.

The reasonably high prevalence (28.8—
45.0%) and concentrations (up to 10°g~") of
Campylobacter spp. in waterfowl faeces, sug-
gest that waterfowl may constitute significant
reservoirs for this organism. Previous studies
(Table 3) have documented a range of preva-
lence of Campylobacter spp. in the faeces of
waterfowl. However, the proportion of zoono-
tic strains and, thereby, the avian contribution
to campylobacteriosis in New Zealand, is not
yet fully understood. The genetic fingerprinting
techniques of Pulse Field Gel Electrophoresis
(PFGE) and Multi Locus Sequence Typing
(MLST) were carried out on C.jejuni isolated
from wild bird faeces in children’s playgrounds
in New Zealand. The results of these molecular
typing techniques revealed profiles for the
C. jejuni isolates, which were indistinguishable
from previous human cases in New Zealand
(French et al. 2009). This suggests that wild

birds may shed strains of Campylobacter spp.,
which are associated with human illness.

Concentrations of Campylobacter spp. re-
ported in the literature in avian faeces vary
widely (Table 3). Waldenstrom et al. (2002)
noted that the prevalence of Campylobacter
spp. infection in wild birds seems to be linked
to various ecological and phylogenetic factors,
with considerable variation in carriage rates
among different taxa and species.

The Spearman correlation analysis (Table 4)
confirms that in freshly deposited faeces, E. coil
is a reasonable indicator for the level of
enteroccoci. The presence of fresh avian faecal
material is a good indicator that Campylobacter
spp may be present. The relative concentrations
of E.coli and Campylobacter spp. in the wild-
fowl samples assayed in our survey also enable
preliminary calculations on microbial impact of
waterfowl faeces on water quality. If all the
Campylobacter from these wildfowl are assumed
to be equally infective to humans, then one
implication of this study is that in water
contaminated with wildfowl faeces, assessments
of water quality using E. coli or enterococci need
to take account of particular wildfowl present to
evaluate the risk of Campylobacter infection.
For example, our results suggest that water
containing 1000 E.coli per 100 ml, may only
contain between 0.1 and 0.001 Campylobacter
per 100 ml water if the faeces are from black
swans, gulls or ducks, but it will contain more
than 100 Campylobacter per 100ml water if
all the E. coli present are from Canada geese.
This is because of the higher concentration of
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Campylobacter spp. per gram in Canada goose
faeces, compared with the other wildfowl
sampled in our study. The absence of
Salmonella spp. in the faeces of the waterfowl
surveyed in our study concurs with the findings
of Hussong et al. (1979), although highly
variable concentrations of Salmonella spp.
have been reported for gulls (Table 3).

Cryptosporidium spp. was present in the
faeces of four Canada geese, two black swans
and one duck. As speciation was not carried
out, their potential health impacts cannot be
determined. Similarly, Moore et al. (2002) did
not isolate Cryptosporidium spp. from 205 gull
faecal specimens. In contrast, Zhou et al. (2004)
found that 23.4% of Canada goose faecal
samples contained Cryptosporidium spp., which
is considerably higher than the prevalence
determined in our study. However, only
10.2% of the isolates were potentially zoonotic
strains (C. parvum/C. hominis), suggesting that
Canada geese play a minor role in the animal to
human transmission.

The daily faecal output of various bird
species has been measured by a number of
researchers. Daily wet weight faecal outputs
have been estimated at 50 g for gulls (Wood &
Trust 1972), 250 g for Canada geese (Hussong
et al. 1979), 418 g for black swan (Mitchell &
Wass 1995) and 336 g for ducks (Geldreich
1966). These data allow preliminary estimates
to be made of the likely daily microbial outputs
of the selected wildfowl (Table 1). However,
their relative contributions to the microbial
pollution of a water body will obviously depend
on the sizes of the bird populations in a
particular region, and their overall proximities
to the waters.

The data from this survey, together with
the results of an associated study of the
survival of enteric indicators and pathogens
in Canada goose faeces, will be used contribute
to the knowledge of microbial carriage in
waterfowl. It will assist modellers in determin-
ing the size and wide variability in concentra-
tion of key enteric microbes in waterfowl in
New Zealand.
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