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Introduction
Island endemics, such as the endangered Mauritius “Echo” parakeet (Psittacula eques), are
particularly exposed to emerging infectious diseases (EIDs) because their populations are often
naturally small, frequently have low genetic diversity (Wikelski et al. 2004; Carrete et al. 2009; Trinkel
et al. 2011) and have usually evolved in the presence of an impoverished pathogen community
(Wikelski et al. 2004; Carrete et al. 2009; Spurgin et al. 2012). The Mauritius parakeet, only recently
restored from the brink of extinction (Duffy 1993; Lovegrove et al. 1995), now faces a severe EID threat
in the form of Beak and feather disease virus (BFDV), the etiological agent of Psittacine beak and
feather disease (PBFD) (Kundu et al. 2012; Tollington et al. 2013). The parakeet population is confined
to the Black River Gorges National Park in the south west of the island and is the only remaining
endemic psittacine in the Mascarene Islands. From the mid-1970s the population was actively
managed, intensifying in 1987, through the collaborative efforts of the Mauritian Wildlife Foundation
(MWF), Mauritius National Parks and Conservation Services (NPCS), and international conservationists
in attempts to rapidly restore the population (Tatayah et al. 2007; Raisin et al. 2012). The result has
been a remarkable conservation success story, the population increasing from fewer than 20
individuals in the 1980s to more than 600 individuals today (Henshaw et al. 2014). Recovery was
achieved through captive breeding and reintroduction, artificial nest sites, supplementary feeding,
brood manipulation and control of introduced mammalian predators (Tatayah et al. 2007; Taylor and
Parkin 2009).
EID challenge
However, during the 2005/06 breeding season the species’ recovery faced a severe challenge in the
form of an outbreak of PBFD, a highly-infectious parrot-specific virus (Kundu et al. 2012; Tollington et
al. 2013). PBFD is one of the most common viral diseases of captive Psittaciformes; typically
characterised by symmetrical feather abnormalities but can also include symptoms such as severe
claw and beak deformities (Latimer et al. 1991; Bassami et al. 1998; Heath et al. 2004; Fogell et al.
2016) and immunosuppression, which increases susceptibility of the host to contracting fatal
secondary infections (Ritchie et al. 1989, 2003; Kondiah et al. 2006; Peters et al. 2014). The virus can
be transmitted both vertically, from mother to egg (Ritchie et al. 1989; Kundu et al. 2012), and
horizontally through feather dust and contact with contaminated surfaces or objects (Ritchie et al.
2003; Fogell et al. 2016).
Due to its highly contagious nature, the detection of BFDV within the parakeet population was
considered a severe threat to the species’ recovery and therefore movement of individuals and eggs
between nest sites has ceased since the outbreak (Tollington et al. 2013). This severe outbreak
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unfortunately coincided with a translocation and reintroduction attempt for further population
expansion, where 32 of 36 translocated birds, many of which displayed signs of PBFD, disappeared or
died (Tollington et al. 2013, 2015). Consequently, since 2006 conservation managers have been
striving to understand how the virus behaves and how best to manage the parakeet host population
in the face of disease.
Viral prevalence
Annual surveillance for BFDV prevalence has been carried out since 2005 in collaboration between
MWF and the Durrell Institute of Conservation and Ecology (DICE) at the University of Kent, UK.
Worryingly, this long-term dataset shows that the Mauritius parakeet population has experienced high
BFDV infection prevalence in two subsequent breeding seasons since the initial outbreak (D Fogell,
unpublished data), but crucially, it is difficult to plan for future species management without knowing
for how long levels of infection last in infected individuals. For other viruses, such as that which causes
‘flu’ in humans, quantifiable phases of progression are known: (i) a period of incubation after infection,
(ii) a stage in which clinical symptoms are displayed and (iii) a final phase in which the affected
individual is no longer contagious but continues to recover from the symptoms of the disease (Temte
2009). Understanding this cycle is particularly of conservation value when considering translocations
and introductions as it may impact on the selection of individuals for the establishment of a healthy
new subpopulation.
Aims and objectives
In this study we aimed to determine whether it was possible to assess how long BFDV infection lasts
within an individual, and how infection intensity varies with the onset of physiological symptoms.
Armed with a better understanding of whether an individual is contagious despite not displaying
clinical symptoms, we hoped to equip the field team to better manage the parakeet population more
effectively in the face of this EID. At the time of sampling we were fortunate to overlap with a new
translocation attempt for population expansion and recovery to a private nature reserve to the east
of Mauritius. Therefore, as a means to practically assess these concepts within the wild population,
we also evaluated the first Mauritius parakeet translocation cohort. We hoped to determine the
impacts of translocation on viral prevalence and load within this cohort and determine whether this
impacted on an individual’s body condition or disappearance.
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Methods
Aviary repeat sampling
Blood samples were taken from the nine captive Mauritius parakeets resident at the GDEWS captive
breeding facility (Appendix A) once a week over a 17-week period from November 2014 to February
2015. Blood was stored in 70% ethanol prior to transport to the Durrell Institute of Conservation and
Ecology for analysis. The details of the birds sampled are outlined in Table 1 below. Sampling was
conducted in conjunction with MWF under University of Kent ethical guidelines. Permission to sample
was obtained from NPCS and samples were imported into the UK under permit number
TARP/2014/085A.
Table 1: Mauritius parakeets housed at the Gerald Durrell Endemic Wildlife Sanctuary used in the
repeat sampling protocol
Individual

Hatch date

Weight (g)

Sex

1

11/1998

147

Male

2

10/2011

143

Male

3

09/2010

156

Male

4

10/2012

176

Female

5

10/2010

186

Male

6

10/2010

154

Male

7

10/2013

189

Female

8

10/2007

162

Male

9

10/2012

158

Male

Translocation cohort sampling
Blood samples are taken from all annually produced Mauritius parakeet nestlings at approximately
45-days old as part of standard population monitoring and screening for BFDV. These samples will
henceforth be referred to as the “Pre-translocation” samples. Fledglings from the 2014/15 breeding
season were selected for translocation from both the northern subpopulation (n = 13) and the
southern subpopulation (n = 1) within the Black River Gorges National Park (Figure 1) within an
approximately three-month window post-fledging. None displayed obvious signs of PBFD at selection.
Individuals were captured between mid-February to early April and transferred to the release site at
Le Vallée de Ferney (Appendix B), then held in release aviaries for between 6 and 36 days in groups of
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five or six. Blood was sampled one to two days prior to being released (Appendix B) and these samples
will henceforth be referred to as “Post-translocation”.

Figure 1: Distribution of Mauritius parakeets on Mauritius where: GDEWS = Gerald Durrell Endemic
Wildlife Sanctuary, Ferney = Vallée de Ferney (release site). Camp is the northern subpopulation and
Bel Ombre is the southern subpopulation within the Black River Gorges National Park.
Extraction and PCR
Samples were only available for analysis from 12 of the 14 translocated fledglings. For all blood
samples, an ammonium acetate DNA extraction method was used to extract both bird and viral DNA
prior to screening for BFDV (Bruford et al. 1998). In brief, approximately 50 to 100 μl of whole blood
was used from each sample and digested in 250 μl of DIGSOL lysis buffer with 10 μl of 10 mg/ml
proteinase K. Extractions were quantified using a Qubit dsDNA Assay Kit and standardized to
approximately 25 ng/µl for standard PCR screening for BFDV and to 10 ng/µl for qPCR analysis.
Standard PCR was initially run across a subset of two repeat samples from the nine captive individuals
to visually assess them for high viral loads and ensure high quality DNA extractions were obtained
from the blood samples. For the translocation cohorts, standard PCR was used to obtain high quality
product for genetic sequencing of the virus, where present. The standard PCR assay targeted a 717-
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bp region of Rep (Ypelaar et al. 1999) with DNA from a BFDV-infected Mauritius parakeet included as
a positive control (Kundu et al. 2012). Reactions comprised 1 μl of extracted DNA template, 5 μl
MyTaqTM HS Red Mix (Bioline, USA), 0.2 μl each of the forward and reverse primers at 10 pmol/μl
and made up to 10 μl with double-distilled water. PCR annealing temperature was set to 60⁰C for 30
cycles and products were resolved and visualized on a 1.5% agarose gel. A negative control of
molecular grade water was included in each PCR batch to ensure no contamination was present. All
positive PCR products were sent to Macrogen Europe (Amsterdam) for sequencing.
In the assessments of viral load, two replicates were performed for each individual using quantitative
PCR (qPCR) techniques. If these did not amplify within one cycle of each other, a third replicate was
performed. Viral load of each sample was determined using the methods as set out by Eastwood et
al. (2015) and each 96-well plate included two negative and two positive controls for standardisation
across runs. Each reaction consisted of 10.0 μl iTaq Universal Probes Supermix (Bio-Rad Inc.), 0.8 μl of
each of the forward (5'-TGGGTGGCTACCTTATTG-3') and reverse (5'-GGCTTATTGCTCGTGATAA-3')
primers, 0.2 μl of a FAM-labelled fluorescent probe (5'FAM-CTCTGCGACCGTTACCCACA-3'TAM), 5 μl
of DNA template and made up to 20 μl with ddH2O. PCR annealing temperature was set to 60⁰C for
50 cycles.
Data analysis
A basic t-test was run in R (R Core Team 2016) to determine whether significant differences in BFDV
viral loads were present between the pre- and post-translocation samples. Sequences obtained from
the translocation cohort were aligned and edited in GENEIOUS 8.1.7 (Kearse et al. 2012). Network
5.0.0.3 (Fluxus Technology Ltd 2017) was then used to create a 471 base pair Median-Joining
haplotype network to assess viral evolution and relationships.
Results
Aviary repeat sampling
No detectable bands were present in any of the eighteen samples screened using standard PCR from
the nine captive individuals (Figure 2). Additionally, the results of the qPCR analysis indicated no reliable
pattern of infection in any of the weekly samples taken (for example see Figure 3), where only low
levels of infection (amplification after 37 cycles) were detected sporadically across the sampling period.

5

Figure 2: BFDV screening of two consecutive weekly blood sample batches using standard PCR from
the nine captive Mauritius parakeets housed at GDEWS. P = positive control, N = negative control,
L = 100bp DNA ladder

Figure 3: Example of a visualised qPCR across five of the 17 consecutive weekly samples taken from
the nine captive Mauritius parakeets housed at GDEWS. Green = positive controls, Red = negative
controls, Blue = samples
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Translocation cohort
All of the 45-day old nestlings screened prior to translocation to Le Vallée de Ferney were found to be
infected with BFDV. The second blood samples taken from the fledglings, post-translocation, were
found to be of significantly higher viral load across the cohort (mean log(viral load) = -2.06) than those
taken pre-translocation (mean log(viral load) = -6.91, df = 10.99, t = 7.10, p < 0.001) (Figure 4). In
observation of the birds post-translocation, five individuals were noted to have yellow feathers
indicative of PBFD, five were noted to have down feathers showing with a scruffy appearance and
three were noted to have feathers missing. Eight of the 14 translocated individuals were classified as
“missing” after a period of monitoring after their release, whilst the other six returned to their place
of origin. There was no apparent correlation present between higher viral load at time of sampling
post-translocation, and the disappearance of an individual or the severity of physiological signs
described during the post-release monitoring.

Figure 4: The BFDV viral load (VL) of the first Mauritius parakeet translocation cohort at 45-day old
nestling stage (Pre) and prior to release at Le Vallée de Ferney (Post)
BFDV genetic structure
Twelve sequences were obtained from all of the samples taken from the translocation cohort (both
pre- and post-translocation). Five closely related BFDV viral haplotypes are present at Le Vallée de
Ferney, with eight individuals carrying the same haplotype (Figure 5).
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Figure 5: Network displaying the relationships between BFDV haplotypes present in the translocation
cohort at Le Vallée de Ferney
Discussion
The lack of pattern found in the repeat samples taken from the captive Mauritius parakeets resident
at GDEWS could be due to a number of reasons. The individuals ranged from one to 16 years old at
the time of sampling, with most falling outside of the below three-year age range at which the effects
of PBFD are thought to be most apparent (Ritchie 1995). We would therefore have expected the
younger birds to have had the highest viral loads due to their more recent exposure to BFDV and
therefore the least amount of time to have developed resistance to infection. However, this captive
cohort is thought to be chronically infected, with all of them exposed to the virus from hatching and
some displaying ongoing signs of PBFD (Appendix A). It is perhaps unsurprising that little variation, or
indeed any BFDV detection in some cases, exists in the weekly samples due to the birds’ long period
of exposure to the virus. Despite the inability to answer some of the key research questions
surrounding our study objectives, these results remain a valuable contribution to the body of
knowledge regarding BFDV infection, chronic exposure to a pathogen and how better to approach a
sampling regime in the future.
BFDV viral loads may change over time in response to breeding, seasonality, or immune system
challenges and are hypothesized to increase with stress (Bonne et al. 2009). Therefore viral loads in
wild birds could be exacerbated by capture, handling, and periods of captivity, all of which are factors
in avian translocations (Dickens et al. 2009). Whilst all precautions were taken to ensure that the
cohort translocated to Le Vallée de Ferney underwent the least stress possible, the increase in viral
load between sampling periods was not unexpected. The data regarding the five BFDV haplotypes
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present at the translocation site is valuable for the continued monitoring of the evolution of the BFDV
strain present on Mauritius and critically assessing any mutations that may be of increased virulence.
BFDV has been detected within the wild population of Mauritius parakeets from as early as 1994
(Kundu et al. 2012) and population prevalence estimates from annually produced nestlings over the
last decade have ranged from as low as 2% to over 40% since the first serious outbreak of PBFD in
2005 (D. Fogell, unpublished data). Despite the best efforts of the Mauritius parakeet field team to
select healthy birds on the basis of their physical appearance, the narrow window in which they were
able to translocate birds due to age and permitting did not allow for disease screening at the DICE
laboratory to occur prior to translocation. Constraints such as this are a regular contributory factor to
the lack of thorough disease screening in translocations for population recovery internationally
(Cunningham 1996). Indeed, even with the presence of the necessary facilities within Mauritius for
standard PCR screening (one of the most common and cost effective methods (Fogell et al. 2016)), it
was still unlikely that an infection-free population would be translocated. All but one of the
translocated birds were infected with BFDV at too low a viral load to be detectable with visualisation
on an electrophoresis gel (Pers. Obs. D. Fogell) pre-translocation.
An intensively managed system such as the Mauritius parakeet population provides the opportunity
to use active, successful conservation programs to assess current translocation guidelines and
evaluate their practicalities. Any situation where individuals are naturally or artificially maintained at
comparatively high densities has the potential to affect disease dynamics and virulence through host
population size effects and can increase infectious disease transmission rates (Suzán et al. 2011;
McCallum 2012; Julian et al. 2013) and/or exacerbate infection states, as inferred here. Thus,
especially in this and other susceptible species, translocations must be managed carefully. Where
some levels of infection are inevitable, improved management has been key in avoiding negative
impacts on productivity and continues to improve based on ongoing studies such as this.
We have demonstrated here that if we are to better understand the cycle of BFDV infection within
the host it should be done within individuals that have not had long term exposure. However, this may
only be possible to demonstrate within newly infected captive companion parrots due to the
impracticalities and ethical constraints surrounding the repeat sampling of wild individuals over an
extended period. Since this study was conducted, three larger cohorts of fledglings have been
successfully translocated to Le Vallée de Ferney, with a small population now established in the
reserve (Pers. Comm. N. Zuel and S. Henshaw). Adaptive management and cautionary approaches
have enabled new, more carefully managed attempts at translocations since the first failed attempt
over a decade ago (Tollington et al. 2013).
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Financial breakdown
Item Description

Quantity

Unit Cost

Total

Flight

1

£774

£774

Accommodation and subsistence

1

£1050

£1050

DNA Primers

2

£7.99

£15.98

iTaq Universal Probes Supermix

1

£224

£224

MyTaq HS redmix

1

£129

£129

Genetic sequencing

12

£5.64

£67.68

£125.86

£125.86

Field costs:

Lab expenses:

Lab consumables
Sub Total

£2386.52

Funding from ABC

£2000

Match funding from DICE

£400
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Appendix A

(a.) The Mauritius parakeet aviaries at the Gerald Durrell Endemic Wildlife Sanctuary (GDEWS) in
Mauritius, (b.) One of the captive Mauritius parakeet males sampled as part of this study with no
obvious signs of PBFD, (c.) Nadine Lamarque from MWF, Andrew Greenwood from IZVG and Deborah
Fogell from DICE in the aviaries for sampling, (d.) Andrew Greenwood obtaining a sample from a
captive Mauritius parakeet displaying signs of PBFD. Photos c and d courtesy of J. Groombridge.
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Appendix B

(a.) The location of the Mauritius parakeet soft release aviaries at Le Vallée de Ferney, (b.) Members
of the first Mauritius parakeet translocation cohort for the formation of a new subpopulation to the
eats of the island, (c.) The Mauritius parakeet field team taking blood samples prior to release.
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