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Avian Botulism

Cause Target Signs Treatment & Mitigation
Ingestion of neurotoxin Commonly filter-feeding & Progressive ascending Prompt veterinary
produced by common dabbling water- and paralysis - usually fatal supportive care - prognosis

soil bacterium shorebirds ingesting in 1-2 days? if untreated: poor in recumbent birds.”8
Clostridium botulinum contaminated water or food, death by drowning, Prompt carcass removal in
(thrives in shallow, incl. toxin-laden maggots. starvation, predator wetlands and maintenance
warm, stagnant & Kills millions of waterbirds attacks, respiratory or of water levels and quality®
nutrient-rich water)'2 annually? cardiac paralysis*56
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Figure 1
Avian Botulism Ecology: The Self-Perpetuating Maggot-Carcass Cycle

C. botulinum ». loxins are produced when

spores in C. botulinum grows in low-oxygen,
sediment warm, decaying organic material,
(warm, including animal carcasses 78

anaerobic)10

Maggots
feed on,
absorb and
concentrate

the toxin”:8

Death of
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carcass additional
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accelerates the cycle’8
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Impact of Avian Botulism

- Significance
« Outbreaks have been reported across all continents?
« Responsible for millions of wild bird deaths — even in a single year 8.9
« Serious risk to aquatic bird biodiversity and conservation’13
« Single outbreaks can kill up to 15% of a population™
« Extinction of entire populations has been linked to botulism?®14.1°

* Relevance
« Globally stable botulism incidence rate since 20152

« BUT, frequency of outbreaks and impacts are expected to increase due to
climate change and habitat loss through urbanisation®.13.16

... but the impact on New Zealand is not well known.
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Objective

Retrospectively review BirdCare Aotearoa’s (BCA) admission data
from 2018 to 2025 to determine the

* Prevalence of botulism in admitted birds

« Geographic distribution of botulism affected birds
« Species affected by botulism

« Outcomes for birds with botulism

" Hypothesis
Outbreaks will centre around man-made or -managed bodies of water with

high bird density, admission numbers will be peak during warmer months,
and species within the Anatidae family (ducks) will account for the largest
number of admitted cases. QJ
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Retrospective
study of

39,391

patient
records
from

/

BirdCare

Aptearoa

2018-2025

Methodology

Manual filtering
removed incorrect
entries, duplicates,
inappropriate species

38,717

Data coding

* Admission date

* Species

* Endemicity level

» Conservation status
* Admission reason

* Rescue location

» Disposition

Non-botulism
cases:

36,808

Confirmed and
suspected
botulism cases:

1,909

presumptive
botulism cases

Descriptive
analyses in
Microsoft Excel®
to identify:

» proportion of
cases,

« seasonal,

« geographical,

* species, and

e outcome
trends

Geospatial
analysis in
ArcGIS Pro 3.5
to identify
hotspot
locations
where affected
birds were
picked up
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Results: Scale of the Prolem

Annual Range: o )
Overall g Admissions Peak:

Prevalence: Lowest 1% January to
4.9% (2023) March

. 2 admissions/d -
(n=1,909; 38,717) Highest-=11% ( 18% of all

(2022) admissions)
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Results: Prevalence

Figure 2
Seasonality and Prevalence of Botulism Cases, 2018-2025

» : " " Highest:
pring ummer utumn inter o Summel' (58.6%; 1 ,118/1 ’909)

* Autumn (37.2%; 710/1,909)

Lowest:
» Spring (3.3%; 63/1,909)
* Winter (0.9%; 18/1,909)

Significant annual and seasonal
variation (x* = 1,143.10, p < 0.001;
x2=1,775.27, p < 0.001)
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Results: Prevalence

Figure 3
Botulism Prevalence in Admitted Birds (Monthly, 2018-2025)
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Results: Prevalence

Figure 4
Botulism Prevalence in Admitted Birds (Monthly, 2018-2025)

m Botulism admissions

2021/22:
5th hottest
on record’’

Number of admissions

Note. Total admissions removed and axis scaled to highlight monthly predation patterns.
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Results: Species Affected

Figure 6

Relative Proportions of the 10 Most Affected Species (representing 97.17% of all botulism cases)

Mallard — Grey Duck Complex (MGDC)

1,298 (68%)

Shown as one group due to identification uncertainty's.

Mallard duck (Anas platyrhynchos) & Hybrid
(A. platyrhynchos X superciliosa)

1,271 (66.6%)

Paradise shelduck
(PSD)

(Tadorna variegata)

307 (16%)

Black Grey

Teal
(sI;vSa)ns 32 (1.7%)

(Cygnus

atratus) uT :
17

88 (5%) (0.9%)

Canada
Goose

28 (1.5%)

Note. Introduced species on light orange, native on shades of green. Atrisk | Threatened|(NZ Threat Classification System)

30 species affected
Only 4 introduced species
26 native species

1.8% (34/1,909) of all cases
are DOC Priority 1
threatened natives

Teals (counted as two species)
« | BT - Brown teal (Anas chlorotis)

* UT - Unidentified teals
* Grey teal (Anas gracilis)

SBBG - Southern black-backed gull
(Larus domenicanus)

BBIG - Black-billed gull
(Chroicocephalus bulleri)

RBG - Red-billed gull
(Chroicocephalus novaehollandiae)

Canada goose

(Branta canadensis)
WFH - White-faced heron LlJJ

(Egretta novaehollandiae)
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Results: Geographic Distribution

Figure 5
Spatial Mapping of Total Birds Rescued with Botulism
(n = 1,882 records with known locations)
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Table 1

Botulism Hotspots: Top 5 Locations Contributing 75.8% of all Cases

| Location

Number of
Affected Species

| Percentage of |
Total Cases

MGDC
(incl. 18 GD)

PSD
MGDC

Mangere

Glen Eden

[ Most Commonly
Rescued Species

Western 7.7% 10 MGDC 66%

Springs BS 12%

Long Bay 2.6% 4 MGDC 88%
PSD 8%

These Top 5 are all
 either a wetland, stream, or lake system,
« either natural, restored, or engineered,

 blending human use (parks, infrastructure)
with habitat restoration.
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Results: Outcomes

Figure 7
Mortality and Release Rates for the Top 10 Most Frequently Affected Species (descending release rate order)

B Mortality rate H Release Rate

Mortality Rate: 42.2% (806/1,909)
Early Mortality (< 24hrs): 79.3%

Release Rate: 56.6% (1,081/1,909)
Survival >24hr: 85.1% released

36.8% 63.3%

33.3% 66.7%
36.8% 63.2%

Mallard - Grey duck Complex: Mallard and Mallard X Grey Duck
Grey duck (Anas superciliosa)

Mallard duck (Anas platyrhynchos)

43.0% 57.0%

Paradise shelduck (Tadorna variegata)

46.3% 53.7%
41.2% 58.8%
46.9% 53.1%
60.0% 40.0%

Teals

Unidentified teal

Grey teal (Anas gracilis)

Brown teal (Anas chlorotis)

58.0% 42.1%

64.5% 38.5%
64.7% 35.3%

67.9% 32.1%

100.0% 0.0%

100.0% 0.0%

100 90 80 70 60 50 40 30 20 10 O 10 20 30 40 50 60

Black swan (Cygnus atratus)
Red-billed gull (Chroicocephalus novaehollandiae)
White-faced heron (Egretta novaehollandiae)

Southern black-backed qull (Larus domenicanus)

Black-billed gull (Chroicocephalus bulleri)

Canada goose (Branta canadensis)
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Discussion:
Prevalence

» Botulism accounted for 4.9% of all admissions — comparable
to numbers in other countries'®

« Admissions peaked in Summer and early Autumn
consistent with international literature?°

 Significant outbreak (652 admissions, but also 410
carcasses collected??) in Summer 2021-22:

« 5t hottest on record with a 37-day dry-spell from
17 December to 22 January (2"9 longest in history)'”

« La Nifla and marine heatwave conditions’”

created optimal conditions for C. botulinum growth and toxin
production&?2
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Discussion:
Geographic Distribution

* Most significant hotspot in the Auckland region: Mangere

* 49.4% of all admissions

 Wastewater treatment plants and adjacent restored
wetland and coastal areas are known for outbreaks#*’

« Supports large numbers of shorebirds and ducks (permanent
water, abundant food, safety, urban proximity)

« Actively managed by Auckland Council (as is Western
Springs Lakeside Park) with signage, monitoring activities
and carcass removal?? — both not early or frequent enough?3

« All Top 5 Hotspots meet C. botulinum needs:
« Abundance of debris, mud, and decaying organic matter

« Shallow water, slow or no flow, water-level or water
management changes

« High aggregation of birds
« Human activity?’

I...l".
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Discussion:
Species Affected

 Limited taxonomic reach 22.4% of species admitted

* Introduced species (4) represented disproportionately large
number of cases (68.1%)

« Mostly ducks, 86.9% confirming Anatidae are at higher risk”1"

* Most affected: Mallard — Grey Duck Complex with 66.6%
(greater abundance, association with urban wetlands, ecological &
behavioural factors — or rescue and/or reporting bias)?+2°

« BUT, while large population can absorb losses — endangered
species with limited distribution risk extinction from a single
event 51113

* Immediate risk for endemic and threatened species:
» Grey ducks (rare due to habitat loss, hybridisation)?6-2”
« Brown teal (only 2,000-2500 left)?8
* New Zealand dabchick (1,900-2,000)%° LUJ
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Discussion:
Outcomes

* 56.6% were released to the wild, exceeding rates reported in
the US30, Canada3'32, Australia33

« Significant variation in release rates among Top 10 species
(x> =115.02, p < 0.001)

* High release rate for ducks (58%) — low compared to
international reported 75-90% (antitoxin treatment available)?®
« High mortality in gulls (72.6%):
» Different C. botulinum strain (Type E vs. C or C/D in ducks)?
« Opportunistic scavenging behaviour = ingest higher doses?°
» High population density roosting in contaminated habitat
* Unexpected natural deaths (20%) showed a non-significant

downward trend - possibly reflecting improved triage and
evolving treatment protocols

BirdCare
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Limitations

Lack of Rescue G-i?‘p Population Outcome
egrsglﬁcal or data context measurement
g gdatl?a\ reporting bias collection limitation limitation
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» Botulism does not discriminate and is a significant,
' ongoing seasonal ecological threat to our native birdlife,
intensified by climate change and urbanisation.

« Waterbirds are at risk in environments such as man-made
water catchments, wastewater treatment plants, and urban
lakes or ponds where bird density and human activity are high.

 Given the severity of avian botulism, effective outbreak
management is increasingly critical.

* Insights from wildlife rehabilitation data improve our
understanding of outbreak scale and patterns, and support
evidence-based mitigation strategies that minimise animal
suffering and reduce the impact of future outbreaks.
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This work reflects the collective efforts of many people, whose help and advice | deeply appreciate. | would like to Unitec
thank BirdCare Aotearoa for sharing their data, images and expertise. Special thanks go to Paolina Lloren for her
collaboration and support in conquering the data, to Dr. Nigel Adams for his time and feedback, and | am especially 7
thankful to Chloe McMenamin and Dr. Caralyn Kemp for their patience and unwavering support.
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