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Abstract Awareness of parasite risks in translocations has
prompted the development of parasite management proto-
cols, including parasite risk assessment, parasite screening
and treatments. However, although the importance of such
measures seems obvious it is difficult to know whether the
measures taken are effective, especially when working with
wild populations. We review current methods in one
extensively researched case study, the endemic New
Zealand passerine bird, the hihi Notiomystis cincta. Our
review is structured around four of the 10 questions
proposed by Armstrong & Seddon (Trends in Ecology &
Evolution, 2008: 23, 20–25) for reintroduction biology. These
four questions can be related directly to parasites and
parasite management and we recommend using this
framework to help select and justify parasite management.
Our retrospective study of recent disease and health
screening in hihi reveals only partial overlap with these
questions. Current practice does not focus on, or aim to
reduce, the uncertainty in most steps of the risk assessment
process or on evaluating whether the measures are effective.
We encourage targeted parasite management that builds
more clearly on available disease risk assessment method-
ologies and integrates these tools within a complete
reintroduction plan.
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Introduction

The prevalence, impacts on individual health and
population effects of most parasites on wild hosts are

poorly understood. This lack of knowledge is alarming
considering that parasites are cited as major threats in
conservation (Daszak et al., 2000; Cleaveland et al., 2002;
Tompkins & Poulin, 2006) and that parasite management in
translocation programmes has been advocated (Viggers
et al., 1993; Cunningham, 1996; IUCN, 1998; Woodford,
2001; Armstrong et al., 2003; Mathews et al., 2006; Parker
et al., 2006; Breed et al., 2009). Among the problems we face
with regard to these threats are the large number of parasites
that can infect each host and the variable effects they have.
Predicting which parasites pose major threats is difficult and
often environment specific (Tompkins & Poulin, 2006).

Reintroduction, which involves translocation of organ-
isms, is an important part of conservation management
(Griffith et al., 1989; Fischer & Lindenmayer, 2000).
Armstrong & Seddon (2008) suggested 10 key questions
for reintroduction biology and four of these have direct
relevance to parasites (questions 2, 3, 8 and 9). When
applied specifically to parasite management, the four
questions are: (1) how is post-release survival affected by
parasites and parasite management, (2) how do parasites
affect suitability of release sites, (3) are parasites native to the
ecosystem, and (4) how will the ecosystem be affected by the
parasites?

Parasite management is often undertaken with little
reference information and is subject to high uncertainty.
A transparent risk assessment process is therefore required
to assess the costs and benefits of any parasite management
protocol. The risk assessment process requires input
from veterinarians, ecologists and conservation managers
to develop an integrated disease management protocol
that considers all aspects of the translocation including
logistical limitations and monetary cost. Where disease risk
is demonstrably high, a higher monetary cost of parasite
management may be more palatable to conservation
managers if a transparent risk assessment process has
been undertaken.

We present results from multiple wild-to-wild reintro-
ductions of the hihi, or stitchbird, Notiomystis cincta
consisting of: (1) health and parasite screening, (2) the
monetary cost of this screening, and (3) decisions arising
from the results obtained. These data encompass all
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translocations where parasite management has been
incorporated as a requirement under New Zealand
translocation permits. Our aim is to provide a current
perspective of disease risk assessment in reintroduction
biology. We hope that using our experience with this species
will highlight the reality of the current risk assessment
process so that other programmes can avoid similar
uncertainty and develop a more efficient approach.

We structure our retrospective review of the parasite
screening procedures around the four parasite-related
questions of Armstrong & Seddon (2008). The aim is to
provide a logical framework within which parasite manage-
ment should fit although it was not necessarily how the
parasite management process developed in this, or any
other, case study. Our methods and results include a
summary of original information used to assess disease risk
and the health screening and preventative medication given

to hihi during translocation. Reviewing current methods
within the framework of Armstrong & Seddon (2008)
clarifies the aims of parasite management and highlights
where protocols have either met or failed to meet them.

Methods

Hihi and hihi reintroductions

The population of hihi, an endemic New Zealand passerine,
declined from the northern half of the country to become
restricted to the offshore island Little Barrier, or Hauturu,
(3,083 ha) by c. 1890 (Taylor et al., 2005). The hihi is
categorized as Vulnerable on the IUCN Red List (BirdLife
International, 2008). Conservation management involves
translocation of hihi to reintroduce the species to additional
sites and the establishment of a captive population at the Mt
Bruce Wildlife Centre. Reintroductions that have incorpor-
ated health and parasite screening include the translocation
of two groups of hihi from Tiritiri Matangi Island to
Zealandia–Karori Wildlife Sanctuary in Wellington (2005)
and three groups of hihi from Tiritiri Matangi to the
Waitakere Ranges in Auckland (2007 & 2008; Fig. 1).

The hihi population on Tiritiri Matangi has no
immigration or emigration and remains stable at c. 200
adults, with a similar number of juveniles produced each
year (the population size is stable because of ongoing
harvesting; Armstrong & Ewen, in press). Translocations
from Tiritiri Matangi involving pathogen and health-
screening protocols targeted 191 juvenile and 52 adult
birds. We caught all birds at supplementary feeding stations
or in mist nets. In each translocation individuals were held
in a permanent aviary (8 × 6 × 2.5 m) and a portable aviary
(2.4 × 1.2 × 1.8 m) while parasite and health samples were
analysed (10–14 days). In all translocations we attempted to
obtain screening data from all individuals.

Hazard identification, risk assessment and risk evaluation

No formal record or publication of an initial disease risk
assessment was made for hihi pathogen management
during reintroductions. Instead expert judgement was
used by representative veterinarians, based predominantly
on results from the national necropsy database held at
Massey University. Diagnoses of hihi mortalities have been
recorded since 1991 and the results of 259 necropsies in
individuals aged. 3 weeks (i.e. not including neonates) are
available. We present a summary of disease diagnosis results
to assist in the interpretation of parasite screening fromwild
caught hihi. Additional parasites were also identified as
hazards based on expert judgement. Although most disease
risk assessment methods rely on scoring systems and
judgement to some level, many also advocate a wider

FIG. 1 New Zealand’s North Island, showing locations of the
remnant population of hihi Notiomystis cincta (Little Barrier),
the early reintroduction site of Kapiti, the captive breeding
facility at Mt Bruce, and the source population (Tiritiri Matangi)
and release locations (Zealandia Karori Wildlife Sanctuary and
the Waitakere Ranges) of recent hihi translocations that have
incorporated disease screening in the translocation process.
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approach to hazard identification that includes all possible
parasites rather than those found in the host species through
necropsy (for more details see Armstrong et al., 2003; Miller,
2007; Sainsbury et al., 2012).

Parasite risk assessments were further developed
during each subsequent translocation by reviewing pre-
vious results. In all cases this process was carried out by
consulting veterinarians. Designing protocols that fully
met the aims of parasite management was compromised
by a lack of information on pathogens present at the source
and release sites and by a lack of baseline health data for
hihi.

Parasite and health screening protocols

All birds were weighed and examined for external signs of
injury, disease or excessive ectoparasite loads: the mite
Ornithonyssus bursa and hippoboscid flies (Diptera,
Hippoboscidae). Individuals that passed this check were
retained for further health and parasite screening. A blood
smear was obtained, fixed in methanol and dried, for
examination of blood cell characteristics, including esti-
mated total white blood cell (WBC) count and detection of
haemoparasites. We considered estimated total WBC
counts important because elevated counts may be associated
with aspergillosis (a disease caused by the opportunistic
fungal pathogen Aspergillus fumigatus), which is observed
frequently in dead hihi and is otherwise difficult to detect in
living birds. Elevated counts could also indicate the presence
of other previously unreported diseases. During the 2007

and 2008 translocations we collected an additional 70 μL of
blood for total plasma protein and haematocrit quantifi-
cation and c. 35 μL of blood for polymerase chain reaction
(PCR)-based detection of haemoparasites. We also collected
a faecal sample that was stored at 4 °C for detection of
intestinal parasites (all translocations) and culture of the
enteric bacteria Salmonella, Yersinia spp. and Campylobac-
ter spp. (translocations in 2005 only). In 2007 and 2008 we
took cloacal swabs for subsequent culture of Salmonella and
Yersinia spp..

Parasite treatment protocols

In 2005 we medicated all birds retained for trans-
location with a single oral dose of 20 mg toltrazuril kg−1

(Coccidiocide for Piglets, Baycox, Bayer New Zealand) for
the reduction of coccidia, a single oral dose of 10mg
itraconazole kg−1 (Sporanox, Jannsen-Cilag, Australia) as
prophylaxis for aspergillosis, and a single oral dose of 4.5mg
pyrantel embonate kg−1 (Combantrin, Pfizer Laboratories,
Pfizer New Zealand) and of 10 mg praziquantel kg−1

(Droncit, Bayer New Zealand) to reduce intestinal nema-
todes, trematodes and cestodes before release into the

holding aviary. This treatment was a precautionary measure
to minimize the risk of a disease outbreak during captivity
and to reduce the potential harmful effects of parasites
during the stress of the translocation process. Our selection
of the diseases to treat was based on the known endemic
diseases of hihi identified by reviewing necropsy findings
(Table 1). During the holding period we gave the birds a
further daily dose of itraconazole presented in sugar water
supplementary feeders at an estimated dosage of 5mg kg−1

day−1. We provided this medication early in the morning for
1 hour during which all other food and water was removed
from the aviary. Two days before translocation we provided
a second dose of toltrazuril at c. 20mg kg−1 day−1, also added
to the sugar water.

In 2007 and 2008 we provided no direct oral dosage of
medication. Our results of faecal analysis from the previous
translocation detected few internal parasites, with the
exception of coccidia (in only five of 266 individuals
screened was Capillaria sp. detected). We therefore treated
coccidia by medication in the sugar water, to reduce
unnecessary handling stress. Following the capture of all
birds required for translocation we provided them with the
pig formulation of toltrazuril on 2 consecutive days at a
dosage of 0.125mgmL−1 of sugar water. Starting on the third
day and continuing daily until the day before translocation
we medicated the birds with itraconazole in the sugar water
at an estimated dosage of 5mg kg−1 day−1.

Laboratory analyses and decision framework

All blood smears, cloacal swabs and faecal samples were
examined by a commercial laboratory (Gribbles Veterinary
Pathology, Auckland, or the Institute of Veterinary, Animal
and Biomedical Sciences, Massey University, Palmerston
North; for detailed methods see Parker et al., 2006).
Estimated total WBC counts and visual examination for
blood parasites were made from each smear. Ten fields of
view were examined at 100× magnification for as long as it
took to find 100 white blood cells. WBC differential counts
were also made from smears in 2007 and 2008. Bacterial
culturing of cloacal swabs or faecal samples was used to test
for the presence of Salmonella and Yersinia. Faecal samples
were also examined for parasitic eggs as a screen for
intestinal parasites (including coccidia and Capillaria sp.).
The PCR-based haemoparasite screening from blood
samples was undertaken by a commercial contractor,
Landcare Research New Zealand, using protocols detailed
in Fallon et al. (2003), Hellgren et al. (2004) and Ewen
et al. (unpubl. data). The molecular primers used in both
protocols allow detection of haemoparasites of Plasmodium,
Haemoproteus and Leucocytozoon.

Once disease and health screening results were obtained
we made decisions either to translocate or release
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individuals back into the source population. Decisions were
a mix of stated a priori standards and ad hoc recommen-
dations from veterinary professionals following review of
the test results. In all cases we caught and reweighed each
bird to determine changes in mass during the holding
period.

Results

Information used to inform hazard identification and risk
assessment

Diagnoses of hihi mortalities are shown in Table 1. About
two-thirds of cases are from birds held in the captive
breeding centre. These data show some clear patterns.
Firstly, the most frequent diagnosed disease in both captive
and wild hihi was aspergillosis (diagnosed in 24% of all
cases). Secondly, some diagnoses are more prevalent in
captive birds, for example myocardial or skeletal myone-
crosis (only one of 14 cases was a wild bird), and these
diseases are often stress related and catecholamine induced
(M. Alley, unpubl. data).

Of the seven major diagnostic categories four have been
incorporated into pathogen management through direct
screening or preventative treatment (aspergillosis, cocci-
diosis, bacterial infection and nematodes) and another
(trauma) could be avoided barring accidents (Table 2). Two
additional pathogen hazards (haemoparasite presence and
ectoparasite burden; Table 2) have been identified despite
not being detected or noted as causing disease in adult hihi
(but see Howe et al., 2012 for a single case of Plasmodium
infection causing death in a hihi). They are included because
ectoparasitic mites cause nestling mortality in hihi (Ewen
et al., 2009) and may be indicative of a generally unhealthy
bird, and haemoparasites have been reported to cause the

mortality of several native New Zealand bird species
(Tompkins & Gleeson, 2006; Alley et al., 2010).

Assessment of health

During the 2007 and 2008 translocations five female hihi
were not transferred because their weights were , 29 g by
the end of quarantine. This weight is the lower quartile of
the capture weight distribution for female hihi and was
taken as a potential indicator of poor health and condition.
No similar cut-off was used for males.

The most consistently adopted haematological measure
was the estimated total WBC count from prepared blood
smears (n5 130 hihi). In the 2005 translocation birds were
rejected if estimated total WBC counts (total WBC × 10

g L−1) were > 20 × 10 g L−1 (n5 3 birds). In subsequent
translocations an additional three hihi were not translocated
because of the blood results; one bird presented with a very
low estimated WBC count (2 × 10 g L−1) and the other two
had abnormal differential counts and low red blood cell
(RBC) counts (see below). In the 2007 and 2008 transloca-
tions WBC differential counts were performed on blood
smears (n5 80 hihi). Differential counts were always made
up of a large proportion of lymphocytes and heterophils
(66.7 ± SE 3.3% and 18.6 ± SE 2.6%, respectively). A single
hihi was rejected for translocation because of a presumed
high proportion of monocytes.

During the 2007 and 2008 translocations total protein
levels and haematocrit volumes were also recorded. No
decisions to withhold hihi from translocation were made
based on either total protein or haematocrit volume. Two
birds (of 80 sampled) were considered anaemic because of
low RBC counts. However, no ranges were provided by the
commercial screening laboratories. Only one hihi was
rejected for translocation based on low RBC count.

TABLE 1 Post-mortem disease diagnosis categories for dead hihi Notiomystis cincta (excluding neonates , 3 weeks old) submitted to the
Institute of Veterinary and Biomedical Sciences between 1991 and 2008. Hihi were submitted from the single captive breeding population
and from dead individuals recovered across all monitored wild populations. Data from 1991 to 2000 contain few hihi recovered from wild
populations. We present results for the major categories of mortality (contributing> 5% of total records) and report numbers of diagnoses
from wild hihi and totals for both wild and captive cases in parentheses.

1991–2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

Aspergillosis 20 2 (9) 2 (4) 0 (2) 0 1 (2) 8 (12) 3 (6) 5 (6) 21 (61)
Coccidiosis 11 0 (3) 2 (3) 0 (2) 0 (1) 0 2 (2) 0 (2) 1 (2) 5 (26)
Trauma (excluding predation) 3 0 (1) 2 (3) 0 (1) 0 (1) 3 (5) 2 (3) 5 (6) 2 (3) 14 (26)
Hepatic haemosiderosis 10 0 0 (1) 1 (4) 0 (1) 0 (1) 2 (5) 0 1 (3) 4 (25)
Bacterial infection 8 0 (1) 2 (3) 1 (1) 0 2 (2) 2 (2) 2 (2) 1 (2) 7 (21)
Bacterial infection: salmonella* 0 0 0 0 0 0 6 (6) 0 0 6 (6)
Myocardial/skeletal myonecrosis 7 0 (1) 0 (2) 0 0 (1) 0 0 (1) 1 (2) 0 1 (14)
Nematodes 2 0 (2) 1 (1) 0 0 1 (1) 2 (2) 2 (2) 1 (2) 7 (12)
Other 20 1 (5) 2 (6) 1 (3) 1 (3) 0 (1) 8 (10) 7 (16) 1 (4) 21 (68)

*Denotes a special case of bacterial infection from an outbreak of a novel Salmonella strain in hihi on Tiritiri Matangi Island in 2006 that is treated separately
from the general bacterial infection category. There are often multiple disease diagnoses for an individual, in which case the pathologists made a decision on
which seemed most important.
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Question 1: how is post-release survival affected by
parasite management?

The current disease risk assessment process makes no
requirement for post-release monitoring to evaluate the
effects of parasites or parasite management. Few hihi died or
were injured as a result of capture and handling during
transfer. Of 243 hihi caught for translocation, one died from
blood sampling (blood loss), one was killed following a
broken leg caused by capture, one died in captivity from a
suspected head trauma injury, one died possibly as a result
of intraspecific aggression while in captivity, one had a
broken maxilla tip that may have occurred during capture
and one had a temporarily prolapsed cloaca caused by
swabbing.

As determined by weight change, holding hihi in
captivity for 10–14 days seemed to cause little distress. One
hundred and ninety-seven hihi had their weights recorded
at capture and again following quarantine and, on average,
gained weight during this period (t5 3.01, df5 195,
P , 0.01). Although not conclusive, weight gain suggests
that current husbandry practice is suitable for maintaining
hihi in captivity. However, some individuals may cope
particularly poorly with captivity or lose condition rapidly
because of disease, as extreme weight loss of up to 8 g (21%of
body weight) was observed.

Question 2: how do parasites affect suitability of release
sites?

The suitability of release sites for hihi is difficult to
determine because there is little available information on
parasites already present at these sites. There is no

requirement to survey release locations for parasites before
reintroduction. There is a recommendation that spore
counts of Aspergillus sp. within soil at release sites be low
(, 100,000 Colony Forming Units per gram of soil) given
previous evidence for poor population viability in habitats
with high spore counts (Taylor et al., 2005; Armstrong et al.,
2007; Perrott & Armstrong, 2011). Neither release site
assessed spore counts in the planning phase of hihi
reintroduction, partly because of the difficulties in doing
this and in determining the appropriate sampling scale, both
spatial and temporal.

Question 3: are parasites native to the ecosystem?

Limited information is available to judge the probability
that parasites detected on hihi are native at source and
release sites. There are two likely exceptions. Firstly,
ectoparasitic mites (O. bursa) and/or hippoboscid flies
(Diptera, Hippoboscidae) were detected frequently (mean
23 ± SE 4.8%of all birds). Both are generalist and widespread
parasites of birds in New Zealand and elsewhere (Boyd, 1951;
Walter & Proctor, 1999) and are likely to be present at both
source and release sites. In our sample no birds presented
abnormal infestations and none were rejected from
translocation because of the presence of ectoparasites. In
one translocation the presence of mites resulted in
treatment of the bird with the paraciticide Frontline Spray
(Merial Ancare, New Zealand). The long-term effectiveness
of these treatments in adult hihi is unknown but at
minimum they reduce the current ectoparasite load.

Secondly, intestinal coccidia are generally regarded as
host specific (Kawahara et al., 2008) and are frequently
found in hihi through analysis of faecal samples (Table 3).

TABLE 2 Pathogen hazards identified in hihi translocations, their justification as a hazard, and methods of diagnosis and treatment.

Hazard Why? Evaluation Treatment

Aspergillosis Most common cause of mortality
in hihi necropsies

Difficult to determine
infection status

Preventative treatment during holding &
hypothesized link between infection & elevated
white blood cell counts

Coccidiosis Mortality in hihi but mostly in
captivity

Screening faecal samples for
coccidian occysts

Preventative treatment during holding to reduce
development of disease & horizontal
transmission

Bacterial infection Mortality in hihi, particularly one
previous salmonellosis outbreak
in source population

Bacterial culture from faecal
material or cloacal swabs

No treatment. If detected, translocation is
cancelled & infected birds may be treated before
release back into source location

Nematodes Previous mortality Screening faecal samples Preventative treatment during holding to reduce
development of disease & horizontal
transmission

Haemoparasites Previously undetected in hihi Screening blood smears &
molecular-based detection

Current confusion of what to do once detection is
positive (see Discussion)

Ectoparasites Visual examination In one case treatment with miticide attempted
but in most cases a noticeably heavy ectoparasite
burden resulted in immediate release
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The prevalence of coccidian infections was 0–50% (mean
24 ± SE 7.4%) across the translocations and previous
sampling from Tiritiri Matangi Island. Coccidia were also
detected with a similar prevalence in the remnant
population on Little Barrier, suggesting they are native
and have been transferred during previous reintroductions.
Infection intensity with coccidia was highly variable, with a
mean shedding rate of 5,583 eggs g−1 of fresh faeces in May
2005 (Table 3).

Question 4: how will the ecosystem be affected by the
parasites?

No post-release monitoring has occurred in the wider
ecosystem of release sites to judge the effects of any co-
translocated parasites. However, based on known host
generality of the parasites and an unknown geographical
distribution, two groups of parasites were considered high
risk if co-translocated to the release ecosystem.

Firstly, haemoparasite lineages may not be shared
between source and release locations and some of these
parasites are host generalists and can cause disease. No
blood smears showed evidence of haemoparasite infection
but molecular methods did show evidence of infection with
a Plasmodium-type haemoparasite in seven of 69 individ-
uals during the 2008 translocation. None of these birds were
subsequently moved and at least five of them remained alive
and subsequently bred. In a more recent translocation in
2010 one juvenile hihi died during temporary holding due to
infection with a Plasmodium relictum parasite (strain type
GRW4; Howe et al., 2012).

Secondly is a group comprising the enteric bacteria
Salmonella and Yersinia. Salmonellosis has been recorded in
the hihi on Tiritiri Matangi and caused substantial mortality
(see Discussion). Neither bacterium, however, has been
isolated from cloacal swabs and faecal material (243 hihi
over 4 sampled years on Tiritiri Matangi, 27 hihi in 2004 on
Kapiti Island, and 29 hihi in 2004 on Little Barrier Island).

Cost and outcome

Disease screening costs made up a substantial component of
direct translocation costs (Table 4). Costs were reduced as
much as possible by relying on volunteers and in-kind
contributions. Parasite screening expenses are largely
encompassed by the commercial screening of samples,
with little spent on consumables and staff time at the
capture/quarantine site. Disease screening resulted in 25

birds being rejected from translocation, of which eight failed
the physical external examination (Table 5). Some costs
could have been further reduced by pooling samples and we
have not estimated the costs of the ongoing necropsy
database because it is under a more general, ongoing
contract between the Department of Conservation and
Massey University.

Discussion

Health and parasite screening in translocations is a relatively
new endeavour (Cunningham, 1996; IUCN, 1998;
Armstrong et al., 2003; Mathews et al., 2006; Miller, 2007).
Although these procedures are important screening does
not guarantee that parasite-free individuals are being
moved, that post-release survival will be improved or that
the risk of introducing undesirable parasites to new sites is
eliminated.

While trying to answer Armstrong & Seddon’s (2008)
four questions we must recognize the constraints. We have,
for example, a restricted armoury of tests and little
background information on the parasites in the host species
being translocated. Furthermore we may not have infor-
mation on whether the parasites we target for management
are present at the release site, whether parasites already at
the release site may compromise translocation success or
what impacts translocated parasites will have on other
species. This is not restricted to hihi. A recent review has
shown similar conclusions from a wide variety of vertebrate
and invertebrate host species in reintroduction biology

TABLE 3 Results from visual examination of single faecal samples for endoparasitic eggs in adult hihi during background disease
surveillance and quarantine disease assessment linked to translocation. Two endoparasites were found in faecal screens. Mean and median
scores are presented when recorded and are in eggs per g of faecal material.

Year Month Island N

Coccidia sp. Capillaria
sp. positiveNo. positive (%) Mean Median

2004 Jan. Little Barrier 27 6 (22) 223 116 1
Jan./Feb. Kapiti 11 0 0 0 1
Jan./Feb. Tiritiri Matangi 28 7 (25) 3,189 262 3

2005 Feb. Tiritiri Matangi 34 17 (50) 5,430 250 0
May Tiritiri Matangi 37 18 (49) 5,583 911 0

2007 Feb. Tiritiri Matangi 34 0 0
June Tiritiri Matangi 30 0 0

2008 May Tiritiri Matangi 65 30 (46) 0
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(Ewen et al., 2012). Holding wild animals in captivity for
pathogen management also induces social and environ-
mental stress that may itself lower post-release survival
(Dickens et al., 2010). We have reviewed our hihi case study
relative to each of Armstrong & Seddon’s (2008) four
questions and evaluated the disease risk assessment
protocols presented here.

Question 1: how is post-release survival affected by
parasite management?

A glaring gap in the current parasite management process is
the failure to monitor post-release survival. Again this is not
restricted to hihi. In most ad hoc reports of parasite
management and post-release mortality there is a recog-
nition that our information is limited (Ewen et al., 2012).
Furthermore, where any formal disease risk assessment has
been undertaken (in any host species) there is currently no

inclusion of a targeted monitoring post-release to inform
effectiveness of parasite management (Sainsbury et al.,
2012).

In hihi translocations for example, parasite and health
screening is meant to select only healthy individuals, to
maximize immediate post-release survival. The effectiveness
of this strategy is currently not estimated although it is the
focus of ongoing research. In all translocations we
encourage the integration of parasite management into the
wider translocation plan such that its aims can be set against
targeted monitoring and the feedback used to inform its
effectiveness and optimize its approach. This form of
adaptive management is advocated in reintroduction
biology (Armstrong & Reynolds, 2012) but has never been
used for parasite management in reintroduction (Sainsbury
et al., 2012).

Question 2: how do parasites affect suitability of release
sites?

Currently the only pathogen of concern in selecting re-
lease sites for hihi reintroduction is the opportunistic
A. fumigates. This is not an infectious agent and normally
causes disease as a secondary infection in immunosup-
pressed individuals. The best way of reducing the impacts of
aspergillosis may be to translocate generally healthy birds,
reduce stress during translocation and select release sites
with low spore counts. As with criticisms under question 1,
no effective tests of these claims have been made and they
are not built into current effective monitoring and
evaluation programmes. In other reintroduction pro-
grammes the presence of parasites has resulted in rejecting
release sites. These restrictions are justified when the
problem parasite causes disease at such a frequency that
reintroduced host populations will not be able to coexist. For
example, the canine distemper virus and Yersinia pestis are
widespread in the historic range of the threatened black-
footed ferretMustela nigripes, which requires careful release
site selection to avoid areas of high pathogen prevalence in
alternative hosts (Williams et al., 1994; Antolin et al., 2002;
Gober, 2008).

Question 3: are parasites native to the ecosystem?

We judged intestinal coccidia as probably native to the
ecosystem in hihi translocations because they are considered
host specific. Coccidia are most often detected as asympto-
matic chronic infections, although post-mortem analyses
have diagnosed coccidiosis in five wild birds (6% of all wild
bird cases) and in many more held permanently in captivity
(Table 1; Cork et al., 1999). A logistical complication in
screening coccidia is that hihi are confined in communal
aviaries where parasite transmission can occur through oral

TABLE 4 Financial cost in NZD of the various components of each
translocation. Disease screening varied depending on the number
of samples gathered and the tests performed (see Methods). N is
the total number of birds available for testing although not all birds
provided samples for all tests. Staff costs are estimated from
ecologist contractor rates charged to run more recent
reintroductions of hihi on Tiritiri Matangi because this role was
undertaken by experienced staff donating time to the
reintroductions detailed here. The zero cost for post-release
monitoring means this task was combined into an established
role at the site and no extra money was allocated.

Translocation/component N Cost (NZD)

Karori Sanctuary 2005 83
Estimated coordinating staff cost 5,000
Transfer logistics 5,000
Disease screening 3,162
Post-release monitoring 0
Total 13,162

Waitakere Ranges Feb. 2007 35
Estimated coordinating staff cost 5,000
Transfer logistics 1,888
Disease screening 5,148
Post-release monitoring 8,420
Total 20,456

Waitakere Ranges May 2007 38
Estimated coordinating staff cost 5,000
Transfer logistics 623
Disease screening 5,200
Post-release monitoring 9,251
Total 20,074

Waitakere Ranges May 2008 69
Estimated coordinating staff cost 5,000
Transfer logistics 1,592
Disease screening 9,699
Post-release monitoring 0
Total 16,291
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ingestion of contaminated faecal material. Given that the
risk to other species from this parasite is low, screening for
coccidia has been discontinued. However, it is assumed that
a proportion of birds will be infected and thus preventative
treatment is provided during captivity to minimize disease
emergence. A similar approach was used recently in
reintroductions of cirl bunting Emberiza cirlus in the UK,
with the a priori aim of maintaining intestinal coccidia in
the establishing populations (McGill et al., 2010).

Question 4: how will the ecosystem be affected by the
parasites?

Again there is little information in hihi reintroductions of
the ramifications of any co-introduction of parasites.
Although host-specific parasites should pose little threat,
in some cases it can be difficult to determine which parasites
are capable of host switching. Two groups of parasites were
deemed high risk in hihi reintroduction because of their
ability to switch host.

Firstly, screening for haemoparasites provided concern
when seven hihi tested positive to an unspecified
Plasmodium parasite, using PCR. This resulted in a
confused response. Some personnel encouraged transloca-
tion of these birds, yet they were rejected for translocation
by the project leader. Justification to move these birds was
based on Plasmodium parasites being detected in another
host species on Tiritiri Matangi (bellbird Anthornis
melanura; Barraclough et al., in press) with no obvious
pathogenicity. The suggestion to move parasitized hihi
highlights a lack of contingency planning and a clear
statement of aims. For example, if the intention was to gain
reference information then this should have been stated a
priori to avoid confusion between different stakeholders. A
lesson learned from this is that before any screening is
undertaken there must be stated ramifications following a
positive result. Post hoc decisions are not acceptable where a
clear a priori request for screening is made. This is even
more important given the financial costs and the extended
time birds are in quarantine while test results are pending.

Secondly, screening of hihi continues for Salmonella
enterica serotype Typhimurium DT195. This pathogen,
however, was only detected from necropsy examination

during the February 2006 outbreak (Ewen et al., 2007). The
source of this bacterium is unknown and there must be an
alternative reservoir host, or risk pathway, that could
provide a source of infection into the hihi population in
the future. Generalist pathogens with high virulence justify
greater investment in screening as they can affect alternative
hosts present at release sites. A problem with pathogens that
behave in this way is that they are often difficult to detect
because susceptible individuals die quickly. It may be,
however, that the pathogen is present at levels below the
pathogenic dose or that some of a population become
resistant and act as carriers (Palmgren et al., 2006).
S. enterica serotype Typhimurium DT195 remains a high-
risk pathogen but it does not seem to have established as a
sustained infection in hihi.

Published examples of ecosystem effects of parasite
co-introduction are rare in reintroduction biology (reviewed
in Ewen et al., 2012). One such example involves the
accidental co-introduction of Batrachochytrium dendroba-
tidis, the pathogen causing the disease chytridiomycosis, in
the Mallorcan midwife toad Alytes muletensis, from a
captive-breeding facility that had been used for reintrodu-
cing this species to the wild (Walker et al., 2008). However,
the most sobering examples come from host species
introductions where now infamous cases highlight the
sometimes disastrous consequences of exotic parasite
establishment (Plowright, 1982; van Riper et al., 1986;
Tompkins et al., 2002).

Qualitative disease risk assessment and parasite
management

The disease risk assessment process for hihi reintroductions
failed at the initial step of providing transparency to the
process. With no formal documentation of the disease risk
assessment it remains difficult to evaluate the criteria and
justification of decisions made. This is a key factor of the risk
assessment process (Armstrong et al., 2003; Miller, 2007;
Sainsbury et al., 2012). Perhaps associated with this we faced
numerous problems with the process and suggest that: (1)
the aims of disease screening need to be clearly stated a
priori, (2) justification is needed for each test, including
the acknowledgement of any limitations of test results, and

TABLE 5 Reasons birds were rejected from translocation.

No.
caught

No.
rejected Surplus

Physical
examination Died

Blood
cell count

Blood
parasite Coccidia Bacteria

Karori Feb. 2005 40 10 8 0 0 0 0 2 0
Karori May 2005 43 13 7 0 2 3 0 1 0
Waitakere Feb. 2007 35 5 0 3 0 2 0 0 0
Waitakere May 2007 38 9 7 0 0 2 0 0 0
Waitakere May 2008 69 13 0 5 1 0 7 0 0
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(3) responses to potential test results need to be decided a
priori. Having a contingency plan in place for non-
favourable results allows a rapid response and forces the
decision process to be thought through carefully rather than
being reactionary. Furthermore, multiple general health
assessments (clinical pathological parameters) can be useful
for evaluating the health of a bird. However, interpretation
will be much more valuable if results are related directly to
post-release survival (e.g. Mathews et al., 2006). Total
protein levels and haematocrit volumes are examples of tests
made on hihi that could benefit from this additional
information; their value needs consideration against the
costs of carrying out the tests (c. NZD 14.50 per bird).

Management implications

Using the information available from these hihi reintroduc-
tions and information that was used to inform initial disease
risk assessments we recommended reducing the parasite
screening and health testing, which provided little utility.
We recommend at least assessing standard health measures
of weight and estimated totalWBC counts to select generally
healthy birds for translocation (along with their parasites).
We must maintain vigilance for Salmonella serovars (by
detailed monitoring of the source population before
reintroduction and/or individual bacterial screens) given
the potential for this pathogen to infect other hosts. This
approach reduces costs. Maximal health and pathogen
screening costs for each bird amount to c. NZD 190 and this
can be reduced to NZD 58 with bacterial screens.
Implementation of these protocols in a more recent hihi
translocation also reduced the quarantine time from. 10 to
c. 3 days (Ewen et al., 2011).

More importantly we encourage a committed and
formalized approach to valid, useful and transparent disease
risk assessments. A recent summary of these approaches is
provided by Sainsbury et al. (2012) who concluded that
despite some detailed methodology of the disease risk
assessment process there are few published examples of its
use in reintroduction biology. Integrating parasite manage-
ment more fully into the reintroduction programme will
help to promote clear goal setting and strategies to assess the
effectiveness of these management options. We have
attempted to introduce the relevant framework by using
Armstrong & Seddon’s (2008) key questions in reintroduc-
tion biology as an overarching framework. Adaptive
management provides an additional strong framework
that is especially suitable for parasite management given
the level of uncertainty faced throughout the process (see
Sainsbury et al., 2012 for more detail). However, our critique
needs to be placed in context. Parasite management in
reintroduction biology is a recent development and the
techniques and methods are being continually refined. The

risks posed by parasites and addressed by the four questions
considered here are real, albeit poorly understood. Only
through ongoing implementation, evaluation and review
will this process be refined.
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