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CLINICAL STUDY

Health impacts of poor water quality on an endangered shorebird breeding
programme in Aotearoa New Zealand
BD Gartrell a, S Huntera, R Collenb, M Jollya, K McInnesc, A Richardsond, C Reede, R Wardf and A Pitag

aWildbase, Tāwharau Ora – School of Veterinary Science, Massey University, Palmerston North, New Zealand; bDepartment of
Conservation, Invercargill, New Zealand; cDepartment of Conservation, Wellington, New Zealand; dThe Isaac Conservation and Wildlife
Trust, Harewood, Christchurch, New Zealand; ePūkaha National Wildlife Centre, Mount Bruce, New Zealand; fThe Cape Sanctuary, Cape
Kidnappers, Hawkes Bay, New Zealand; gMolecular Epidemiology and Public Health Laboratory, Hopkirk Research Institute, Massey
University, Palmerston North, New Zealand

ABSTRACT
Case history: Two clusters of mortality among endangered tūturuatu/tchūriwat’/shore plover
(Thinornis novaeseelandiae) have occurred at captive breeding facilities around New Zealand in
recent years. In the first, four chicks died at Pūkaha National Wildlife Centre (Mount Bruce, NZ)
in February 2016, and in the second five adult birds at the Cape Sanctuary (Cape Kidnappers,
NZ) died in 2022.
Clinical findings: In 2016, four chicks were noted to become weak, have increased
vocalisations and closed eyes prior to death. The remaining chicks were treated for 5 days
with amoxycillin/clavulanate orally twice daily. Water containers and brooders were cleaned
and disinfected with chlorhexidine. No further mortality was seen.

In the 2022 cluster, three adult breeding birds died acutely and five others showed
inappetence, weight loss and diarrhoea approximately 10 days after heavy rains flooded the
local river. The five birds were treated with amoxycillin/clavulanate orally twice daily and
oral fluids for 5 days. Two birds died and three survived. No breeding occurred in the
aviaries in the following season.
Pathological findings: In 2016, the chicks showed pulmonary changes ranging from
congestion and oedema to heterophilic inflammation consistent with septicaemia.

In 2022, the adult birds showed proliferation of bacteria in the distal small intestine
associated with mucosal ulceration and heterophilic infiltration. Acid-fast staining of the
caecal contents in one bird showed organisms consistent with Cryptosporidium spp.
Laboratory findings: Aerobic bacterial cultures of the lung and liver of two affected chicks
carried out in 2016 showed heavy growth of Plesiomonas shigelloides. The same organism
was cultured from water trays and holding tanks containing water boatmen (Sigara arguta)
on which the chicks were fed.

In 2022, cultures from the livers of three dead birds each showed a mixed bacterial growth
with differing dominant organisms (Aeromonas sobria, Hafnia alvei, Citrobacter freundii and an
Enterococcus sp.). PCR and sequencing confirmed Cryptosporidium parvum in the caecum of
one bird. Fresh faeces from 24 breeding birds from the captive breeding facilities were
negative by PCR for Cryptosporidium spp.

The captive breeding facilities obtain water for the aviaries and aquatic invertebrates to
feed to the chicks from local freshwater sources. Water quality testing at the Cape Sanctuary
revealed concentrations of faecal indicator bacteria in excess of safe drinking water
guidelines, with peaks following heavy rainfall.
Clinical relevance: Fluctuations in water quality associated with mammalian faecal bacteria
can adversely affect bird health and impact on captive rearing of endangered wildlife.

Abbreviations: MPN: Most probable number
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Introduction

The tūturuatu/tchūriwat’/shore plover (Thinornis
novaeseelandiae) is a critically endangered shore bird
endemic to New Zealand (Dowding and O’Connor
2013; Robertson et al. 2021). It was once widespread
throughout coastal New Zealand but by the 1800s
was restricted to the Chatham Islands due to the

species’ high susceptibility to avian and mammalian
predation (Dowding and O’Connor 2013). At the popu-
lation’s lowest ebb there was one wild breeding popu-
lation remaining on Rangatira Island and 21 birds on
Western Reef off the coast of Chatham Island, since
extirpated. Due to the very small population size and
limited distribution of the species, a predator irruption
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on the Chatham Islands would put the species at
serious risk of extinction, and considerable effort has
been put into the establishment of insurance popu-
lations. Initial attempts to establish offshore island
populations using wild bird translocations were unsuc-
cessful, primarily due to dispersal (Aikman 1999;
Dowding and O’Connor 2013). A captive breeding
population, established in the 1980s using eggs from
Rangatira Island, has had good breeding success.
Over 500 captive-bred juveniles have since been
released on predator-free islands around New
Zealand to establish new populations (Dowding and
O’Connor 2013; Dowding 2022). These populations
can only exist on predator-free islands, and in recent
years several well-established populations have been
lost or severely reduced when rat (Rattus spp.) or
stoat (Mustela erminea) incursions (usually only a
single animal) have occurred, or as a result of avian
predation, primarily by the karoro/southern black-
backed gull (Larus dominicanus), ruru/morepork
(Ninox novaeseelandiae) or kāhu/swamp harrier
(Circus approximans) (Dowding 2022). Currently there
are three captive breeding populations of tūturuatu;
at the Isaac Conservation and Wildlife Trust in Christch-
urch, Pūkaha National Wildlife Centre at Mount Bruce
near Masterton, and the Cape Sanctuary at Cape Kid-
nappers near Napier. The total population in 2023,
including both wild and captive birds, is 280 adult
birds.

The captive population of tūturuatu has a high inci-
dence of avian poxvirus affecting young birds (Gartrell
et al. 2002; Alley and Gartrell 2019) suspected to be
due to a high degree of genetic bottlenecking result-
ing from the rapid species decline and the establish-
ment of the captive population initially from only a
few translocations. These two factors have resulted in
low overall toll-like receptor gene diversity, and
genetic differentiation of captive and wild tūturuatu
(Magid et al. 2022). The captive breeding programme
has had to adapt to manage this disease, with young
birds being reared initially indoors, and then in mos-
quito proof aviaries.

The captive management of tūturuatu is similar
across all three sites as outlined in a husbandry
manual (Collen 2019), and the number of breeding
pairs held at each facility changes between years in
order to manage the breeding programme. Adult
breeding pairs of tūturuatu are held in outdoor aviaries
with freshwater streams diverted from natural water
sources (Figure 1). Egg-laying can occur from
October to January (Dowding 2022) with productive
pairs producing up to three clutches of 2–3 eggs per
year. To promote increased productivity, clutches of
eggs are removed from parents at 15–25 days of incu-
bation, which stimulates laying of replacement
clutches. Clutches are then artificially incubated and
hand-reared in indoor brooders (Figure 1) in clutch

groups, and are provided with supplemental heat,
shelter, and food placed in trays with salt water to
prevent pododermatitis. Chicks usually start feeding
on live aquatic invertebrates collected from local fresh-
water streams within their first 1–2 days of life and
gradually move on to an artificial diet of minced ox
heart mixed 50:50 with an insectivore diet (Collen
2019).

All three captive breeding facilities for tūturuatu
source water for the breeding aviaries from local fresh-
water streams or rivers. River water quality in New
Zealand is affected by widespread diffuse pollution
from developed land, particularly pastoral agriculture,
with fine sediment causing reduced visual clarity,
faecal microbial contamination, and nutrient enrich-
ment (Davies-Colley 2013). River water quality
depends strongly on flow state, and even rivers of
“good” water quality are typically turbid and faecally
polluted in stormflows. Grazing of livestock (on 40%
of New Zealand’s land area) mobilises all three major
categories of diffuse pollutant, with the result that
rivers draining pastoral catchments are moderately
degraded (Davies-Colley 2013; Larned et al. 2016,
2020). Pathogens capable of causing gastroenteritis
and other disease are also common. Phiri et al. (2020)
showed that environmental drivers of microbe

Figure 1. Photographs of facilities at Isaac Conservation and
Wildlife Trust (Christchurch, NZ) which are typical of those
for captive management of tūturuatu at all three facilities.
A) aviaries with internal dividers lifted for cleaning, showing
the flow of water and shingle substrate. B) Brooder set-up
for the rearing of neonatal tūturuatu, showing heat lamp,
brooding pad, shelter boxes, food tray and water tray with
aquatic invertebrates (arrow).
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abundance or presence/absence differed depending
on whether the microbe was protozoan or bacterial.
Protozoa were more prevalent in waterways with
lower water quality, higher numbers of ruminants in
the catchment area, and in September and December.
Bacteria were more abundant with higher rainfall, satu-
rated soils, and catchments with > 35% of the land in
agriculture (Phiri et al. 2020).

Here we document two clusters of mortality in
tūturuatu associated with water quality issues at two
of these facilities, the first in chicks in 2016 and the
second in adult breeding birds in 2022.

Cluster 1. Chicks at Pūkaha National Wildlife
Centre

Case history and clinical findings

In the first cluster of mortality in February 2016, four
chicks from two clutches being hand-reared at
Pūkaha National Wildlife Centre were noted to
become weak, with increased vocalisations and
closed eyes. The birds showed a short period (48–72
hours) of lethargy, inappetence and weakness prior
to death.

There had been no changes to the usual husbandry
or to the substrate of rubber tubing and non-slip mats.
Chicks from the two affected clutches were housed in
separate brooders in the same room. Weather con-
ditions in February 2016 were affected by El Niño pat-
terns resulting in humid conditions across the North
Island and an exceptionally warm month as recorded
in nearby Masterton (mean maximum temperature
27.8°C), but with only 5 days of rain and a total of 16
mm of rainfall for the month (NIWA 2016).

One surviving bird from a clutch of three was trans-
ferred to Wildbase Hospital (Massey University, Palmer-
ston North, NZ) where it was treated with 125 mg/kg
amoxycillin/clavulanate (Clavulox palatable drops;
Zoetis, Auckland, NZ) orally twice daily for 5 days.
This bird ate well and continued to gain weight (14 g
on admission to 16 g on discharge) and was dis-
charged back to the breeding facility after 6 days of
hospitalisation.

The water containers and brooders at Pūkaha
National Wildlife Centre were cleaned and disinfected
with chlorhexidine. Water boatmen (Sigara arguta)
were flushed through three changes of bottled water
before being fed out. No further mortality was seen.

Pathological findings

Post-mortem examination was carried out on four
chicks. The chicks weighed ∼6 grams and there were
no obvious gross abnormalities. Histopathological
examination of the first two birds to die showed mod-
erate congestion in the lungs, with low-to-moderate

numbers of parabronchi and adjacent air-capillaries
containing proteinaceous fluid. In the intestine, sec-
tions contained either large amounts of bacteria and/
or mineralised yolk material within lumina without an
associated inflammatory response. In the remaining
two birds, melaena was present in the intestinal con-
tents. Histopathological examination showed moder-
ate-to-marked pulmonary congestion and the
pulmonary interstitium was moderately hypercellular
due to the presence of increased numbers of hetero-
phils and fewer mononuclear cells consistent with sep-
ticaemia. Within the heart of one bird, multiple small
blood vessels contained short, rod-shaped Gram-nega-
tive bacteria. In these later deaths, the intestinal
mucosa was generally too autolysed to critically
interpret.

Microbiology

Samples of liver and lung from two birds were sub-
mitted to IDEXX Laboratories (Palmerston North, NZ)
for aerobic bacterial culture. This showed heavy
growths of Plesiomonas shigelloides. Environmental
samples were collected from the water sources avail-
able to the chicks, namely the trays containing water
boatmen in the chick brooders, and from the water
in which the water boatmen were kept after they
were collected from the local stream. Aerobic culture
of these samples isolated the same organism.

Cluster 2. Adult birds at the Cape Sanctuary

Case history and clinical findings

In the second mortality cluster in 2022, three adult
breeding birds at the Cape Sanctuary died acutely
and five others showed inappetence, weight loss and
diarrhoea approximately 10 days after heavy rains
flooded the local river. Nine remaining birds were
either removed from aviaries and placed into brooders
(four birds) or left in the aviaries after cleaning and dis-
infection (five birds). All birds were treated with 125
mg/kg amoxycillin/clavulanate (Clavulox palatable
drops; Zoetis) orally twice daily in mealworms (Teneb-
rio molitor).

The five birds that showed continuing signs of diar-
rhoea and fluffed plumage were transferred to Wild-
base Hospital. On arrival the birds were low in body
weight (mean 46.9 (min 42, max 53) g; species
normal mean 61 g; Dowding 2022). Three of five
birds showed matting of the vent with urates and
faecal matter. The faeces were brown, soft and volumi-
nous with a normal white urate component. Blood
samples were taken from three birds on day 2 of hos-
pitalisation for haematology (Table 1) and plasma bio-
chemical analysis (Table 2). Two birds were mildly
anaemic and borderline hypoproteinaemic. Two had

NEW ZEALAND VETERINARY JOURNAL 105



either moderate or marked hyperuricaemia and hypo-
kalaemia while another bird showed hypokalaemia
only.

The hospitalised birds were housed in individual
pens, and treatment with 125 mg/kg amoxycillin/cla-
vulanate orally twice daily was continued, with the
addition of oral fluids using compound sodium
lactate solution (Hartmanns; Baxter Healthcare, Auck-
land, NZ) at 50 mL/kg twice daily. The birds were fed
their usual diet of beef mince mixed 50:50 with an
insectivore diet (Insectivore Rearing Mix; Wombaroo)
supplemented with meal worms. Four of five birds
started gaining weight well on this treatment regime;
however, one bird had persistently low weight and
died after 10 days of hospitalisation. The remaining
birds were treated for 16 days in total with antibiotics.
Once this treatment had ceased, one bird died unex-
pectedly after 22 days of hospitalisation. The three sur-
viving birds gained weight (mean 58 (min 57, max 60)
g) and were discharged back to the captive rearing
facility after 33 days of hospitalisation.

Following discharge, the birds remained well but no
breeding activity was seen in the subsequent season.
The breeding aviaries at the Cape Sanctuary suffered
a further setback in February 2023 with severe
flooding due to Cyclone Gabrielle and the drowning

of four adult breeding birds including one of the pre-
viously hospitalised birds. At this time, the rapid
removal of the nine surviving birds into brooders,
and prophylactic treatment with amoxycillin/clavula-
nate was successful in preventing signs of illness
despite the birds being exposed to concentrations of
Escherichia coli (detected by the most probable
number (MPN) method) up to 133,000 MPN/100 mL
and enterococci up to 46,000 MPN/100 mL after
Cyclone Gabrielle.

Pathological findings

Post-mortem examination was carried out on the five
birds that died. Reddening of the lungs and mild hepa-
tomegaly were evident on gross examination. On his-
tological examination, all birds showed proliferation
of large numbers of Gram-positive cocci and rod-
shaped bacteria in the distal small intestine. This was
associated with foci of mucosal ulceration and replace-
ment with a thin layer of necrotic debris admixed with
Gram-positive cocci and heterophilic infiltration of the
subjacent lamina propria (Figure 2). Acid-fast staining
of the caecal contents of one of the birds that died
in hospital showed organisms consistent in mor-
phology with Cryptosporidium spp.

Table 1. Haematology results from adult tūturuatu (Thinornis novaeseelandiae) (n = 3) hospitalised with bacterial gastroenteritis
following a flood event at Cape Sanctuary (Cape Kidnappers, NZ) in 2022.

Reference ranges Bird A Bird B Bird C

Analyte CMa SCDb VIc Day 2 Day 7 Day 2 Day 7 Day 2

PCV (%) 49.1 45–56 38–59 48 48 35d 46 34d

TP (g/L) 45 28–45 25–46 41 38 26d 42 30d

WBCC (x 109 cells/L) 3.8 3–10 4.3–20.2 14.8 7.6 4.8 7.8 7.5
Heterophils (x 109 cells/L) 1.468 1.5–8 4.2–9.5 9.8 5.17 1.6 5.5 2.5
Lymphocytes (x 109 cells/L) 1.514 0.6–4.5 2.8–7.6 4.3 2.1 2.8 1.56 4.8
Monocytes (x 109 cells/L) 0.175 0–0.1 0.02–1.0 0.7 0.2 0 0.5 0.15
Eosinophils (x 109 cells/L) 0.566 0–0.2 0–0.9 0 0.07 0 0 0
Basophils (x 109 cells/L) 0.132 0–0.1 0–0.8 0 0 0 0 0
aReference ranges (means only) for the piping plover (Charadrius melodus; Ball 2003).
bReference ranges for the canary (Serinus canaria domestica; Carpenter and Marion 2018).
cReference ranges for the red-wattled lapwing (Vanellus indicus; Umar et al. 2016).
dResults considered clinically significant.
PCV = packed cell volume; TP = total plasma protein; WBCC = estimated total white blood cell count.

Table 2. Plasma biochemistry results from adult tūturuatu (Thinornis novaeseelandiae) (n = 3) hospitalised with bacterial
gastroenteritis following a flood event at Cape Sanctuary (Cape Kidnappers, NZ) in 2022.

Reference ranges

Analyte CMa SCDb VIc Bird A Bird B Bird C

Aspartate aminotransferase (IU/L) 412 14–345 138–603 316 372 379
Bile acids (µmol/L) ND 23–90 ND < 35 < 35 < 35
Creatine kinase (IU/L) ND 55–350 376–1623 1601d 1914d 641
Uric acid (µmol/L) 291 238–717 146–666 1315d 815d 451
Glucose (mmol/L) 19.9 11.38–24.14 6.66–16.37 19.7 21.2 25.8
Calcium (mmol/L) 2.74 1.37–3.37 1.32–3.22 2.3 2.11 2.37
Phosphate (mmol/L) ND 0.94–1.58 0.79–2.42 2.02d 1.25 0.96
Potassium (mmol/L) ND 2.2–4.5 ND 2.4d 3.7 2.1d

Sodium (mmol/L) ND 135–165 ND 158 149 155
aReference range (means only) for the piping plover (Charadrius melodus; Ball 2003).
bReference range for the canary (Serinus canaria domestica; Carpenter and Marion 2018).
cReference range for the red-wattled lapwing (Vanellus indicus; Umar et al. 2016).
dResults considered clinically significant.
ND = not done.
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Laboratory findings

Samples from the liver of three dead birds were sub-
mitted to IDEXX Laboratories (Palmerston North, NZ)
for aerobic bacterial culture. Each showed mixed
growth with differing dominant organisms (Aeromonas
sobria, Hafnia alvei, Citrobacter freundii and an Entero-
coccus sp.).

The caecal contents from the bird in which the Cryp-
tosporidium-like organisms were observed was tested for
Cryptosporidium spp. at the Hopkirk Research Institute
(Massey University, Palmerston North, NZ). DNA was
extracted using Quick-DNA Fecal/Soil Microbe Kits
(Zymo Research, Irvine, CA, USA) following the manufac-
turer’s instructions, after physical disruption of the oocyst
using a beadbeater (Tissue Lyser II; Qiagen, Venlo, Neth-
erlands) at 30 Hz for 5 minutes. DNA was subjected to
PCR to amplify a fragment of the gp60 gene using a
combination of external and internal primers (Glaber-
man et al. 2002; Waldron et al. 2011) specific for Cryptos-
poridium spp. Positive (human-derived C. parvum) and
negative (nuclease-free water) controls were included
in each PCR run. Amplicons were sequenced in both
directions using Big Dye Terminator version 3.1 reagents
and an ABI 3730XL automated DNA sequencer (Applied
Biosystems, Foster City, CA, USA). Comparison of the
resulting sequence with those in nucleotide databases
using BLAST (http://www.ncbi.nlm.nih.gov/blast/) ident-
ified the organism as C. parvum (99.44% identity, acces-
sion number JQ362496).

Faecal samples were collected from 24 healthy
captive breeding birds across all three captive breeding
facilities and tested for C. parvum as described above.
None of the faecal samples from the healthy birds
were positive for Cryptosporidium spp.

At the Cape Sanctuary, water quality testing (Water
Testing Hawkes Bay Laboratory, Hastings, NZ) was

carried out at the pump inlet in the river and in the avi-
aries over a period of 69 days, commencing 3 days
after the deaths of the adult breeding birds in 2022.
The parameters measured included faecal indicator
bacteria: E.coli; and Enterococcus spp. (Figure 3).
Initially nitrates and nitrites were also measured
(nitrate N 0.847 g/m3 and nitrite N 0.0033 g/m3), but
this was not continued as the concentrations found
were considered to be low in New Zealand freshwater
systems (Ministry for the Environment 2020). The levels
of faecal indicator bacteria in the river and aviaries
were well in excess of safe drinking water guidelines
(E. coli < 1 MPN/100 mL) and in the worst attribute

Figure 2. Histology of the distal small intestine of an adult
tūturuatu showing the margin of a foci of mucosal ulceration
(UM) and replacement with a thin layer of necrotic debris
admixed with cocci and heterophilic infiltration (HI) of the sub-
jacent lamina propria. The intestinal crypts (C) are unaffected
(H&E; bar = 20 µm).

Figure 3. Composite graphs showing rainfall (in mm; grey
bars) and bacterial counts (per 100 mL) of Escherichia coli
(squares with dotted line) and Enterococcus spp. (circles with
dashed line) in water sampled from the pump inlet from the
river (top) from which freshwater for the facility was drawn,
the open mesh aviary (middle), and the mosquito-proof avi-
aries (bottom) at the Cape Sanctuary (Cape Kidnappers, NZ)
over 69 days commencing 3 days after the death of three
adult tūturuatu.
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band (E (red): 50% of samples > 540 MPN/100 mL) of
the freshwater management guidelines (Ministry for
the Environment 2020) during the period of monitor-
ing, with noticeable peaks following heavy rainfall.

Additional key findings were that: after a large flood
event, the concentrations of faecal indicator bacteria
returned to ∼100 cfu/mL after approximately 1
month; after a single night of heavy rain, concen-
trations of faecal indicator bacteria spiked quickly
and returned to normal within 1 week; and after light
rain overnight, concentrations of faecal indicator bac-
teria spiked but returned to normal after 2–3 days.
Water flow in the breeding aviaries at the Cape Sanctu-
ary is restricted to 6–8 hours per day in the mesh avi-
aries and 1–2 hours per day in the insect proof
aviaries, and the remainder of the time the water sits
still in shallow pools. Unexpectedly, the still water in
the mesh aviaries had a much lower concentration of
faecal indicator bacteria (after sitting for a while)
than water at the pump inlet, while still water in the
mosquito-proof aviaries had a higher concentration.
We hypothesise that this reduction in microbial con-
centration in the mesh aviaries is due to solar disinfec-
tion (Gandhi and Prakash 2023), and that the netting in
the mosquito-proof aviaries reduces ultraviolet light
reaching the water.

Discussion

The pathogens involved in these two mortality clusters
represent a diversity of organisms associated with poor
water quality. P. shigelloides, the pathogen implicated
in the chick mortality cluster, is a known global patho-
gen of freshwater fish (Janda et al. 2016; Fuentes-
Valencia et al. 2022) but is also emerging as a cause
of gastroenteritis and, rarely, septicaemic disease in
people (Janda et al. 2016; Ekundayo et al. 2023). The
main risk factors for infection in people is the ingestion
of contaminated water or uncooked shellfish (Janda
et al. 2016). The concentration of P. shigelloides in
river water is highly associated with mammalian
faecal contamination (Janda et al. 2016), and concen-
trations increase with rising water temperature
(Janda et al. 2016; Ekundayo et al. 2023). This suggests
that the tūturuatu chicks may have ingested the
pathogen through contaminated water and water
invertebrates, with the warm temperatures of the
brooder environment potentially increasing bacterial
multiplication in the feeding trays prior to ingestion.

For the adult mortality cluster, no single pathogen
was isolated; instead, the range of bacterial species
and the single case of Cryptosporidium parvum isolated
from the affected tūturuatu are consistent with over-
whelming exposure to water heavily contaminated
with mammalian faeces, presumably from local live-
stock farms (Phiri et al. 2020, 2021). It is likely that
the single case of cryptosporidiosis is an isolated

spillover event possibly associated with co-infection
with bacterial pathogens. This is supported by our
wider survey of the breeding population of tūturuatu
where no further Cryptosporidium spp. were detected.

Rather than focusing on specific pathogens, these
two mortality clusters in the tūturuatu breeding pro-
gramme highlight a wider problem with freshwater
quality, with implications for both captive and free-
living animals in New Zealand. In particular, the
exposure of wild birds to mammalian faecal pathogens
has implications for their health, but also for the car-
riage and wider dissemination of these pathogens
(Smith et al. 2020), and the emergence and spread of
antimicrobial resistance (Carroll et al. 2015; Ekundayo
and Okoh 2020). We acknowledge that the measures
of freshwater quality used in this study are rudimen-
tary, and that more advanced tools such as genome
sequencing (Devane et al. 2020), targeted microarrays
(Dubinsky et al. 2016), and machine learning algor-
ithms (Dubinsky et al. 2016; Ekundayo et al. 2023)
can be used to explore sources of faecal indicator bac-
teria more accurately in freshwater systems. In relation
to this study, the sources of the contamination are less
important than mitigating its impacts. Further study is
required to investigate these questions in the New
Zealand context, so the remainder of this discussion
will focus on the implications of using freshwater
sources for the management of captive wildlife.

The provision of water that is clean and safe for drink-
ing and bathing is a basic requirement of animal hus-
bandry, especially for zoological species (Reiss and
Woods 2011). In urban facilities, the use of a treated
and monitored municipal water supply is a safe and
effective method of ensuring water quality. However,
for facilities that need to use local freshwater sources,
this is much more problematic. Ideally, each zoological
facility should regularly monitor freshwater quality for
disease agents and contaminants, and treat as appropri-
ate to meet standards suitable for equivalent livestock
consumption (Reiss and Woods 2011). However, this is
complicated with the management of shorebird and
aquatic species, where water courses are necessary for
birds to display a range of natural behaviours, including
foraging and grooming (Collen 2019). It may also be
inadvisable to set the threshold for water quality to be
equivalent to mammalian livestock for a critically
endangered bird species.

Monitoring of water quality is an expensive but vital
tool for zoological facilities that source water from
outside a municipal system. Regional councils and
private laboratories offer a range of water quality
testing, and the tūturuatu captive management group
have instituted regular testing of faecal indicator bac-
teria in all facilities and less regular monitoring of
nitrites, nitrates and heavy metals. Publicly available
information on monitored freshwater rivers is available
through the Land Air Water Aotearoa (LAWA)
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collaboration, but this information is most useful for
reporting long-term trends in water quality, rather
than real-time fluctuations (LAWA 2023). As was
demonstrated in the adult mortality cluster, having
early access to water quality results can enable pro-
active management to protect animal health.

In practical terms, managing water quality in facilities
that do not use a municipal water supply is often con-
strained by the facility’s finances. Within the facilities,
water quality can be improved by the use of intercep-
tor-collector systems, such as sand traps to remove
organic matter and particle filters (Merchán-Sanmartin
et al. 2022). Ultraviolet filters are commercially available
and are effective in reducing pathogen counts (Schia-
vano et al. 2018; de Boer et al. 2022). We consider chemi-
cal disinfection methods, such as chlorination, to be
inappropriate for the captive management of tūturuatu
due to the risks associated with the formation of disin-
fection by-products (Suarez et al. 2022; Sikder et al.
2023), but if the microbial contamination of the rivers
cannot be reduced with other methods, then the use
of chemical disinfection will need to be reviewed.

On the basis of the freshwater monitoring data, the
following management guidelines were set in place
for the Cape Sanctuary tūturuatu breeding facility. In
the event of heavy rainfall, prior to the local river
flooding, the intake of water for the aviaries is switched
off and no new water is brought into the aviaries until
the river has lowered to normal levels, river water
colour has cleared, the pump and sump have been
cleared and cleaned and debris/silt removed, and the
water in the source river has been tested and faecal indi-
cator bacteria concentrations have reduced to < 200
cfu/100 mL. In the event that contaminated flood-
water/silt enters the aviary before the water intake is
switched off, decisions on managing the situation will
be in consultation with veterinary staff. Options
include maintaining the birds in the aviary with/
without medication (depending on the results of
water testing); running contaminated water through
the ponds to clear silt then leaving it to sit and solar-dis-
infect; bail out or salting the ponds and providing water
bowls containing bottled water; or moving the birds
into brooders if the contamination level is too high.

Water testing following smaller rainfall events
(minor river rise, some water discolouration) indicates
that stream clarity correlates well with concentrations
of faecal indicator bacteria < 200 cfu/100 mL. Due to
the high cost of repeated testing after every rainfall
event, the facility has chosen to only test water
quality after a larger flood events (brown water and
water level raised by 0.5 m) and rely on clarity checks
by trained staff for small rainfall events.

These protocols will only have a limited effect on
mitigating freshwater contamination and, in the
longer term, improving freshwater quality in the water
courses that supply these aviaries is essential.

Members of the tūturuatu captive management team
have been working with landholders in the water catch-
ment areas to support riparian planting of streams and
fencing to exclude livestock (McKergow et al. 2016;
Daigneault et al. 2017). However, our results indicate
that heavy rainfall can overwhelm these barriers and
result in the large-scale movement of mammalian
faecal pollution into rivers and streams. It is important
to note that heavy rainfall events are predicted to
increase in frequency with climate change (Ministry
for the Environment 2018). Widescale improvements
in freshwater quality are likely to require the restoration
of natural infrastructure such as reforestation and in par-
ticular the restoration of wetlands along water courses
(Kurki-Fox et al. 2022). Without substantial improvement
in freshwater quality, the viability of the tūturuatu
breeding programme in its current locations will need
to be reconsidered.
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