
Not so soft? Delayed release reduces long-term
survival in a passerine reintroduction
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Abstract Reintroduction success depends in part on the
release strategy used. Benefits are attributed to particular
release strategies but few studies have tested these assump-
tions. We examined the effect of delayed release (a form of
so-called soft release) on the survival of a threatened
passerine, the New Zealand hihi Notiomystis cincta, for up
to 7 months after translocation. Birds were captured at the
source site and then held in captivity for disease screening.
They were then taken to the release site, where 30 were
released immediately and 28were held for a further 2–4 days
in an on-site aviary. Twenty-four birds were fitted with
radio-transmitters. A 1,300 ha area around the release site
was searched fortnightly, and survival was analysed using
a multi-state model that accounted for the effect of
transmitters on detection probability. Our results indicated
that delayed release had a negative effect on long-term
survival, but no effect was apparent in the first 6 weeks.
Survival probability from 6 weeks to 7 months post-
release was 0.77 ± SE 0.20 for immediate-release birds and
0.04 ± SE 0.06 for delayed-release birds. Our results suggest
that there is a misconception about the benefits of delayed-
release strategies during translocation of wild animals.
Studies that have demonstrated a benefit of delayed release
in other bird species used captive-bred individuals, and we
suggest that wild individuals perceive captivity differently.
We recommend that biological context is considered before
delayed release is used in translocations.
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Introduction

Reintroduction, or returning a species to a part of its
historical range from which it has been extirpated, is

increasingly used in the conservation of threatened species
(Armstrong & Seddon, 2008). Reintroductions are often

unsuccessful and a more experimental or adaptive approach
has been advocated to identify the factors that determine the
success or failure of such projects (Armstrong et al., 1994;
Sarrazin & Barbault, 1996; Seddon et al., 2007).

The success of a reintroduction is partly dependent on
the translocation procedure and whether a ‘hard’ or ‘soft’
release strategy is employed (Scott & Carpenter, 1987). Hard
release involves releasing individuals into the new environ-
ment immediately, without any assistance such as provision
of supplementary food or shelter. Soft release involves a
delayed release, with animals held on-site prior to release,
and can also include the provision of supplementary food or
other resources after release.

The release strategy used in translocations must be
considered carefully but there are few data available on the
relationship between release strategies and post-release
survival probabilities (Armstrong & Seddon, 2008). Both
hard and soft release strategies have potential costs and
benefits. Some authors recommend delayed release as a
precaution (Wanless et al., 2002; Teixeira et al., 2007;
Mitchell et al., 2011), suggesting that holding individuals
in captivity on-site can provide an opportunity for them to
recover from the capture and handling process and possibly
enhance the potential for individuals to become site-
attached. However, studies of wild-to-wild bird trans-
locations have shown that delayed release has a negative
effect (Komdeur, 1994; Castro et al., 1995; Becker et al., 2010)
or in some cases no effect (Lovegrove, 1996). In contrast,
studies of wild-to-wild mammalian translocations have
demonstrated a benefit of delayed release (Bright & Morris,
1994; Hamilton et al., 2010), as have studies of captive-to-
wild translocations of birds (Mitchell et al., 2011). Jones &
Merton (2012) advocated delayed release for captive-bred
birds but immediate release for wild birds. Experimental
data suggest that the procedures associated with translo-
cation (including a captive period) have a cumulative
effect that can contribute to long-term changes in the
stress physiology of wild birds (Dickens et al., 2009, 2010).
Although the specific stressors vary between species and
translocations, three unifying themes that define a stressor
have emerged: lack of control, unpredictability and novelty
(Parker et al., 2012). A captive period prior to release can
include all of these.

The hihi is a forest passerine endemic to New Zealand. It
was once widespread throughout the North Island but by
the 1880s was reduced to a single population on a 3,083 ha
offshore island (Little Barrier Island/Hauturu, Fig. 1). This
decline is attributed to a combination of predation by
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introduced mammals, habitat clearance and perhaps disease
(Taylor et al., 2005). The species is categorized as Vulnerable
on the IUCN Red List of Threatened Species (IUCN, 2012).
It has been reintroduced to five islands and four mainland
sites, with varying levels of success.

Here we examine the effect of delayed release on the
survival of wild hihi Notiomystis cincta following trans-
location, over two time scales: immediate post-release
survival (first 6 weeks) and longer-term survival to first
breeding season (up to c. 7 months post-release).

Study area

Our source site was Tiritiri Matangi Island, a 220 ha
Scientific Reserve in the Hauraki Gulf, north east of
Auckland, New Zealand (Fig. 1). Hihi were reintroduced
to Tiritiri Matangi in 1995 and by 2005 the population was
sufficiently large for use as a source population for
subsequent reintroductions. The population is managed
through supplementary feeding and provision of nest boxes

(Taylor et al., 2005) and all hihi are colour banded in the nest
at 21 days of age.

Our release site was a mainland restoration area known
as Ark in the Park, in the Waitakere Ranges, west of
Auckland (Fig. 1). The area has mature native forest
considered suitable for hihi, and the restoration involves
control of predatory exotic mammals (Bellingham et al.,
2008). In 2007 this predator control covered an area of
1,300 ha, located within a contiguous 13,000 ha forest.

Methods

Pre-release management

We carried out two translocations of 59 hihi in total in
February and June 2007 (Table 1). For each translocation we
used mist nets and feeder traps to catch birds on Tiritiri
Matangi over 4 days. The birds were placed in cloth bags and
taken immediately to a processing room, where blood, faecal
and cloacal swab samples were taken, in compliance with
disease-screening requirements (Ewen et al., 2012). The
birds were then kept in an 8 × 6 × 2.5 m aviary on Tiritiri
Matangi while the samples were processed (12–14 days in
February and 9–12 days in June), which was standard
practice in previous successful translocations. The aviary
contained fresh vegetation and the birds were fed twice
daily. More detailed information on the catching and release
protocol used in the translocation is available in Richardson
& Jack (2008).

Release protocol

On the day of translocation we began catching the birds in
the aviary 1 hour after dawn, to ensure that they had an
opportunity to feed. All vegetation was carefully removed
from the aviary and handnets were used to catch the birds.
All birds were re-weighed and 12 had radio-transmitters
attached. They were then placed in transfer boxes (2–3 birds
per box, separated by sex, age and release strategy),
transferred to the mainland by ferry (c. 15 minutes) and
then to Ark in the Park by van (c. 1 hour).

In the February translocation c. 50% of the birds were
released immediately and the remaining birds were placed
in an on-site aviary (4 × 2 × 2 m) for 4 days (Table 1).
The same procedure was carried out in June but the birds
were released from the aviary after only 2 days because of
concerns about aggression between birds. One adult male
was found dead in the aviary at the time of release and
was excluded from the analysis. Like the Tiritiri Matangi
aviary, the Ark in the Park aviary was filled with fresh
vegetation and the birds were fed twice daily, with the same
diet and by the same personnel as on Tiritiri Matangi. More

FIG. 1 North Island, New Zealand, showing the location of the
remnant population of hihi Notiomystis cincta (Little Barrier
Island) and reintroduction sites to 2008 (Tiritiri Matangi and
Kapiti Islands, Karori Wildlife Sanctuary, and Ark in the Park).
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detailed information is available in Richardson & Jack
(2008).

Post-release management

Control of introduced mammalian predators is often the
most critical aspect of translocations of threatened species
to the mainland in New Zealand. It can be in the form of
eradication (such as on offshore islands or where predator-
proof fences have been constructed) or ongoing control.
In 2007 predators (specifically rats, mustelids, cats and
possums) were controlled over 1,300 ha at Ark in the Park
(Bellingham et al., 2008). Hihi are thought to be vulnerable
to such predators, and this was the first reintroduction
where predators persisted at low levels.

There were seven supplementary feeder stations within
500mof the release site at Ark in the Park. These were of the
same design as those used at the source site. Supplementary
food (sugar water) is provided at all hihi reintroduction
sites, to enhance survival and reproductive success
(Chauvenet et al., 2012; Low et al., 2012).

Hihi at the source site primarily breed in artificial nest
boxes, as opportunities for natural nest cavities are limited.
There were 60 such boxes at the release site but all observed
breeding attempts were in natural cavities (Warneford &
Gietl, 2008).

Post-release monitoring

We walked along set tracks within Ark in the Park at least
every second day to detect telemetry signals from the radio-
tagged birds. The operating life of the transmitters was
1–8 weeks. The tracks were selected to ensure even coverage
of the area and to maximize telemetry coverage. Searches
were also carried out beyond the Park boundaries, up to
6 km from the release site, to detect radio-tagged individuals
that had left the Park. Furthermonitoring was carried out by
dividing the Park into six areas and searching each once per
fortnight until the end of September 2007, listening for hihi
and attempting to attract birds using call playback. From
September monitoring focused on breeding attempts of
known hihi.

Wemonitored each supplementary feeder station weekly
and recorded the band combinations of visiting birds.

Data analysis

We analysed post-release survival using the multi-state
with live recaptures only model in MARK (White &
Burnham, 1999). Using the multi-state model we could
account for the effect of transmitters on detection
probability by having two states: T, where a bird was
carrying a working transmitter, and N, where a bird was not
carrying a working transmitter. The encounter histories file
recorded T, N or 0 (not detected) for each individual for
each fortnightly survey. All models considered estimated
separate detection probabilities for birds in states T and N,
and the probability of transition from T to N for each
of the first 4 fortnights after release. This transition took
place either when the transmitter fell off or when the
battery failed. The probability of transition from N to T was
fixed at 0.

We began with a preliminary analysis to assess potential
effects of sex, season of release (seas), and time since release
(time) on fortnightly survival probability. Time after release
was divided into three periods (0–2 weeks, 2–4 weeks,
4–6 weeks) and one long period (from 6 weeks post-release
to the end of September 2007). We found that season of
release and time since release were important factors, with
birds released in February having higher short-term survival
than those released in June, but there was no indication of
an effect of sex. Hence only season of release and time since
release were included in subsequent candidate models
(Table 2).

We compared 25 candidate models to assess the effect of
delayed release (del) and carrying a transmitter (tx) on
survival. The tx effect was considered to apply to any bird
that was fitted with a transmitter, unlike the state variable.
Candidate models differed in whether the del and/or tx
effects were included and whether these applied to short-
term (first 6 weeks) or longer-term survival, or both
(Table 2). If applying to both time frames, the effects could
be consistent or different for these time frames. The global
model was seas + time + tx*SL + del*SL, where the del and tx
effects applied differently to short- and long-term survival.
We assessed goodness of fit of this model, using the
bootstrap test in MARK, and estimated the overdispersion
parameter (c) by dividing the mean deviance from 1,000
bootstrap data sets by the observed deviance. This gave a

TABLE 1 Numbers of adult male, juvenile male and juvenile female hihi Notiomystis cincta released at Ark in the Park (Fig. 1) in February
and June 2007, with the number carrying transmitters in parentheses.

February June

Immediate Delayed Total Immediate Delayed Total

Adult males 2 (1) 3 (1) 5 (2) 1 (0) 2 (1) 3 (1)
Juvenile males 6 (2) 7 (4) 13 (6) 8 (3) 5 (3) 13 (6)
Juvenile females 6 (2) 6 (2) 12 (4) 7 (3) 5 (2) 12 (5)
Total 14 (5) 16 (7) 30 (12) 16 (6) 12 (6) 28 (12)
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value of ĉ5 1.25, indicating some overdispersion, but
correcting for this did not alter the ranking of the models.

Results

Comparing models showed that delayed release reduced
survival over the longer time frame (between 6 weeks
and 7 months). The top four models, which account for
62% of the corrected quasi Akaike information criterion
weight (Table 2), all include a long-term effect but no
short-term effect of delayed release. The only other models
with reasonable support included separate effects of delayed
release in both long and short periods but the effect
over the short term was estimated to be negligible. Based
on the fortnightly survival probabilities estimated using
the best model (0.98 for immediate release and 0.8 for
delayed release; Fig. 2), the overall probability of surviv-
ing the 6 months after the initial 6 weeks was estimated
to be 0.77 ± SE 0.20 for immediate-release birds and
0.04 ± SE 0.06 for delayed-release birds.

The results for effect of carrying a transmitter are more
ambiguous than those for release strategy. The best model

suggests a short-term effect of carrying a transmitter
(apparently increasing survival; Fig. 2). However, the next
three models indicate an effect of transmitters over the

TABLE 2 Comparison of candidate models for post-release survival of hihi translocated to Ark in the Park (Fig. 1), February–September
2007, in terms of quasi-Akaike information criterion adjusted for overdispersion (ĉ5 1.25) and small sample size bias (QAICc), difference
in QAICc relative to the best model (ΔQAICc), weight of evidence supporting each model (QAICc weight), number of parameters (K ), and
quasi-deviance.

Model* QAICc ΔQAICc QAICc weight K Quasi-deviance

seas + time + tx(short) + del(long) 341.55 0.00 0.24 13 243.34
seas + time + tx + del(long) 341.89 0.34 0.20 13 243.68
seas + time + del(long) 343.29 1.74 0.10 12 247.41
seas + time + tx*SL + del(long) 343.80 2.25 0.08 14 243.23
seas + time + tx(short) + del*SL 343.83 2.29 0.08 14 243.27
seas + time + tx + del*SL 344.13 2.58 0.07 14 243.56
seas + time + tx(long) + del(long) 345.33 3.78 0.04 13 247.12
seas + time + del*SL 345.59 4.04 0.03 13 247.38
seas + time + tx*SL + del*SL 346.09 4.54 0.02 15 243.14
seas + time + tx + del 346.26 4.71 0.02 13 248.05
seas + time + tx(short) + del 346.26 4.71 0.02 13 248.06
seas + time + tx 346.92 5.37 0.02 12 251.05
seas + time + tx(short) 347.07 5.52 0.02 12 251.19
seas + time + tx(long) + del*SL 347.65 6.10 0.01 14 247.08
seas + time + del 348.06 6.51 0.01 12 252.18
seas + time 348.10 6.55 0.01 11 254.52
seas + time + tx*SL + del 348.35 6.80 0.01 14 247.78
seas + time + tx + del(short) 348.98 7.43 0.01 13 250.77
seas + time + tx*SL 349.12 7.57 0.01 13 250.91
seas + time + tx(short) + del(short) 349.15 7.60 0.01 13 250.94
seas + time + tx(long) + del 349.96 8.41 0.00 13 251.75
seas + time + tx(long) 349.98 8.44 0.00 12 254.11
seas + time + del(short) 250.29 8.74 0.00 12 254.42
seas + time + tx*SL + del(short) 351.20 9.66 0.00 14 250.64

*The models consider the effects of release date (seas), time after release (time), whether or not a bird had a transmitter (tx), and if the release was immediate
or delayed (del). The tx and del effects may apply only to the first 6 weeks after release (short) or between 6 weeks and up to 7months (long), or there may be
different effects for these different time periods (*SL).

FIG. 2 Fortnightly survival probabilities (from best model,
{S(seas + time + tx(short) + del(long))}; Table 2) for hihi at Ark
in the Park (Fig. 1), with 95% confidence intervals. LT
(long term)> 6 weeks post-release, tx5 transmitter,
imm5 immediate release, del5 delayed release. The multi-state
model estimates separate detection probabilities for birds with
and without transmitters (T and N, respectively) thus accounting
for the differential capacity to detect each group.
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whole period, no effect of transmitters or a differential effect
over both time periods (Table 2).

Discussion

Our study showed that a delayed-release strategy can have a
negative effect on survival well beyond the first weeks of
release. The results suggest that the costs of delayed release
outweigh the benefits. However, delayed-release strategies
are commonly recommended for translocations (Wanless
et al., 2002; Teixeira et al., 2007; Mitchell et al., 2011) despite
the lack of information about the positive or negative effects
on post-release survival and behaviour of wild animals. Our
results corroborate and expand the findings of others
(Castro et al., 1995; Dickens et al., 2009, 2010) to suggest that
delayed release for wild-caught bird species may com-
promise the success of a translocation rather than improve
the outcome.

We found that survival probabilities were decreased for
delayed-release birds between 6 weeks and 7 months post-
release. Immediate-release birds had a 77% chance of
surviving this period, compared with 4% for delayed-release
birds. Although we were not able to measure long-term
physiological changes, the decreased survival probability in
the delayed-release group suggests that these individuals
were less able to adapt to their new environment than the
immediate-release group. Although all birds were held in
captivity prior to release at the source site, for disease
screening and to allow time to capture a sufficient number of
birds, the delayed-release birds endured a longer total
captivity time and an additional transfer to a novel
environment (the on-site aviary), with a different group of
birds and a change in personnel and feeding routines. This
meets all three scenarios that can constitute a stressor as
outlined by Parker et al. (2012): lack of control, unpredict-
ability and novelty.

In an experiment using chukar partridges Alectoris
chukar Dickens et al. (2009) found there was an additive
effect of the stressors involved in translocation (handling,
captivity, and introduction to a novel environment).
Similarly Waas et al. (1999) demonstrated a cumulative
physiological response that peaked during the transitional
stages of translocation of red deer Cervus elaphus (i.e. during
movement between captivity and modes of transport) and
recommended that the number of transitional events be
reduced. Aggression between birds was observed in June
(and was associated with the mortality of the adult male in
the on-site aviary) but not in February and may have been
an additional contributing factor, with social stress known
to cause changes in hormonal stress response in other
species (Bhatnagar et al., 2006). Adult hihi are territorial,
and in June juveniles are beginning to establish territories
for their first breeding season. In contrast, in February

juvenile hihi tend to be more social and forage together in
crèches; hence they may be better able to adjust to captivity
than juveniles in June. We suggest that the combination of
these factors increased the probability of some individuals
becoming chronically stressed and that this resulted in
differential survival probabilities between the two groups
between 6 weeks and 7 months post-release.

Two previous studies examined the effect of release
strategy on hihi survival in the short term (up to 6 weeks
post-release). The translocation of hihi to Karori Wildlife
Sanctuary in 2005 followed a similar protocol to this study
and found no effect of delayed release in the first 6 weeks
(Empson & Booth, 2007). In contrast, Castro et al. (1995)
found that delayed-release hihi had lower survival in the
first 4 weeks (46%) compared to hihi that were released
immediately (75%) on Kapiti Island. It is difficult to
compare these studies and our study because of differences
in the translocation protocols. The Kapiti translocation took
place later in the year, used adult birds rather than juveniles
and involved a greater total captivity time. Potentially these
factors may have combined to produce a greater effect on
the survival of delayed-release birds in the first 4 weeks than
was the case in our study. An effect was not looked for
beyond this period. In our study it may be that, with both
groups subject to a captive period at the source site, all birds
suffered the effects of translocation stress to some degree but
that these effects persisted longer in the delayed-release
birds; hence the difference was only apparent over the longer
time frame. In February the immediate-release birds were
released into an environment that did not contain existing
hihi, presenting a possible confounding factor, although the
size of the area makes it unlikely that the first birds to be
released had any major competitive advantage.

The significance of the long-term effects of stress
associated with translocations is becoming increasingly
recognized. Dickens et al. (2009) demonstrated that
physiological changes persisted beyond exposure to these
stressors, with a single capture event being sufficient to
cause a long-term decrease in endocrine responsiveness.
Chronic stress can result in immune and reproductive
suppression, altered metabolism and a decrease in fight-or-
flight responsiveness (Dickens et al., 2010; Parker et al., 2012)
that may make translocated individuals more vulnerable to
pathogens and predators long after release, thus increasing
the likelihood of translocation failure (Dickens et al., 2010).
Different aspects of the translocation process cause stress to
different species and perhaps even individuals. We therefore
encourage replication of this study in other species and
situations. We note that studies that have demonstrated or
suggested a benefit of delayed release in birds have referred
to captive-bred individuals (Wanless et al., 2002; Mitchell
et al., 2011) and we believe that the perception of a stressor
differs significantly between wild and captive-bred indivi-
duals (Jones & Merton, 2012; Parker et al., 2012). It should
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not be assumed that results from such studies will also
apply to translocations of wild animals. With wild-to-wild
translocations the priority must be to minimize stress and
transfer individuals from the source to the release site as
quickly as can be appropriately managed. Captive-to-wild
translocations are different and the focus must be on
ensuring that the animals have the necessary skills and
behaviour to survive the transition from captivity to a wild
environment.

A third translocation of hihi to Ark in the Park occurred
in 2008, using immediate-release methods only. Post-release
monitoring was limited in comparison to 2007 but a higher
percentage of hihi from this translocation apparently
survived to the first breeding season than in 2007

(Warneford & Gietl, 2008). Beyond this period birds from
both translocations declined and had disappeared from the
site by 2011. We attribute the failure of this population to
persist in the long term to predation by a small number of
mammalian predators, although this has not been demon-
strated conclusively. Increased susceptibility to predation is
one effect of chronic stress and is a potential explanation for
the lower survival probabilities of the delayed-release birds
in 2007. Hihi both nest and roost in tree cavities, leaving
them extremely vulnerable to predation by introduced
mammals year-round, and this is thought to be the primary
reason for their original extirpation from mainland
New Zealand.

Our results emphasize the need to monitor reintro-
ductions beyond the initial post-release period (i.e. the first
few weeks), and to investigate the effects of trans-
location strategies over longer time periods. The cumulative
effects of stress have the potential to undermine trans-
location success and we suggest that captive periods for wild
animals and the number of transition events be minimized
unless there is a good reason not to do so. Captivity should
never be assumed to be beneficial or benign for wild animals
and we advocate careful consideration of the effects of
delayed release before this is considered as a release strategy.
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