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Abstract The Amami Islands in southern Japan host
many endemic species, including Amami Jay (Garrulus
lidthi). Following the introduction of Small Indian Mon-
goose (Herpestes auropunctatus) in 1979, populations of
Amami Rabbit (Pentalagus furnessi), Amami Woodcock
(Scolopax mira), Amami Ishikawa’s Frog (Odorrana
splendida), and other endemic species declined in the
1990s, as the mongoose expanded its population. A
mongoose control project since 2000 successfully reduced
the mongoose population to a very low density by 2014,
resulting in the initial recovery of severely affected animal
populations. Amami Jay was removed from Japan’s
endangered species list in 2008. However the population
and range of Amami Jay are still small (ca. 700 pairs,
sometimes with other family member(s), in 700 km?), and
other invasive species, such as cats and black rats, con-
tinue to damage the native ecosystem. Additionally there
is a constant threat of new invasions to the Amami Islands.
Our research shows that Amami Jay breeding success
depends on the dominant oak (Castanopsis sieboldii)
acorn production as much as predation. Therefore con-
servation plans should consider both short- and long-term
effects and potential interaction by both invasive species
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and other natural factors. Understanding the Amami Jay
population dynamics and sustainability from the multiple
view points of, such as, population ecology, disease
ecology, genetics, and also with ex situ conservation
efforts as they relate to invasive species demands, will
sophisticate our ecosystem research and management. We
discuss how this endeavor of ours might develop as a
model activity for maintaining biodiversity under threat
from multiple invasive species.
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Introduction

Islands are hot spots of evolution (MacArthur and Wilson
1967; Whittaker and Fernandez-Palacios 2007), and
endemic species most of which are small in number and
vulnerable against environmental change. Island species
populations basically fluctuate dynamically with their
normal environment (Whittaker and Fernandez-Palacios
2007; Grant and Grant 2014). Invasive species bring one of
the most significant environmental changes (Elton 1958).
Introduced mammal predators and infectious disease have
severely damaged island bird populations or caused their
extinction (Courchamp et al. 2003; Kratt et al. 2009). The
impacts of biological invasions are usually synergistic and
complex on most larger islands with higher biodiversity
(Courchamp et al. 2003). Habitat loss and exploitation, the
two other most important drivers of extinction, are
anthropogenic and natural disturbances together, and man
is most invasive. On the other hand, there is also natural
disturbance (Begon et al. 2005). Understanding these fac-
tors we must consider both anthropogenic and natural
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disturbances together to conserve most island species and
their habitat systematically.

Islands in the Pacific Ocean have included sites of long-
standing biological studies of organisms, especially on
Hawaii and the Galapagos Islands (Kratt et al. 2009; Grant
and Grant 2014; Arcilla et al. 2015). Japanese archipelagos
and neighboring islands located in the northwest Pacific
form a biodiversity hot spot (and feature great linguistics
diversity; Gorenfloa et al. 2012), yet bird studies in this Far
East region are still relatively nascent. Amami-oshima
Island is located here. There are many endemic organisms,
including birds such as Amami Jay (Garrulus lidthi),
Amami Thrush (Zoothera major), Amami Woodpecker
(Dendrocopos owstoni), Amami Woodcock (Scolopax
mira), and other vertebrates such as Amami Rabbit (Pen-
talagus furnessi), Amami Spiny Rat (Tokudaia osimensis),
Ryukyu Long-haired Rat (Diplothrix legata), Otton Frog
(Babina subaspera), and Amami Ishikawa’s Frog (Odor-
rana splendida).

The Small Indian Mongoose (Herpestes auropunctatus)
was introduced to Amami-oshima in 1979 for the control of
native Habu Viper (Protobothrops flavoviridis) and the
alien rat (Rattus rattus), and increased its population and
distribution in the 1990s (Fig. 1). There are also feral cats
(Felis silvestris), goats (Capra hircus), many other invasive
organisms, and the possible constant threat of other inva-
sions. This area is a major migration route of birds and
butterflies, and there is a significant international trade and
tourism from East Asia, with its rapidly growing human
population and economies. To conserve endemic island
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Fig. 1 Location of Amami-oshima Island and the history of the
Small Indian Mongoose distribution
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species in this kind of complex and diverse ecosystem,
investigation of a single issue such as endangered and/or
flagship species is not enough (Ishida et al. 2003; Sim-
berloff 1998). Instead we expect the study of ecosystem
dynamics with several significant (keystone-like) and
indicator species and with multiple aims (Table 1) will
contribute for the sustainable biodiversity of the island.

Amami Jay is omnivorous and a top predator. The fact
that it depends on the dominant oak acorn production
means that Amami Jay can be a good indicator species to
monitor the forest ecosystem dynamics and biodiversity.
Our goals are to determine the key factors driving natural
population dynamics and the processes for each target
species, such as oak masting for the Amami Jay.

Materials and methods
Amami Jay and study sites

Amami Jay is endemic to Amami-oshima Island, 712 km?
in area, 300 km southwest from Kyushu Island, Japan, and
a couple of adjacent islets (+172 km?). About 85 % of the
islands are covered with native evergreen broadleaf forest
(Kagoshima Prefecture 2012). Observation of Amami Jay
breeding ecology with 10 nest boxes has been conducted
since 2003, and then with 20 nest boxes since 2009, at the
secondary forest of Ichiribaru district, northern Amami-
oshima Island (28°24'38"N, 129°36'42"). The nest box has
two entrances on opposite sides, low and high. Floor size is
30 cm x 30 cm and height is 45 cm. They are attached at
the top of a 2-m smooth plastic column to prevent

Table 1 Possible conservation factors relating to Amami Jay popu-
lation sustainability

Factors Tactic term* Priority® This study
Habitat loss Middle High Indirect
Exploitation = Low Protected
Invasive predator Long High Direct
Climate change Long Middle Indirect
Acorn dynamics Short High Direct
Other resources Short Low Indirect
Competition Middle Middle Indirect
Pathogen Short Middle Temporal
Parasite Short Middle Temporal
Gene diversity Long Middle Temporal
Ex situ conservation Long Middle Direct

* Supposed  observation term length in Amami birds;

long = 30-100 years, middle = 1040 years, short = 1-20 years
® Priority for Amami Jay conservation, in this period (2000-2050)

¢ Exploitation includes various kinds of wide term length, depending
on the culture and society systems, and international relations
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predation by snakes and mammals from the ground, and the
branches around the nest boxes are removed to decrease the
chance of predation from above. The nest boxes had been
improved according to our observations since 1997 (Ishida
et al. 1998). The old nest materials are removed clearly
during the winter before the jay starts their nest building in
January. Those nest boxes are moved to another place
when they are assumed to have been disturbed by predators
in the previous breeding season. Since 2010, automatic
interval cameras (Pentax Optio W60) have been fixed on
the roof of nest boxes to record the breeding stages of the
jay from above the nest. Photos were taken every
30-90 min. Till 2009, we checked inside the nest box
every week during the breeding season from January to
May.

Blood samples for parasitic and genetic analysis

Most of the nestlings were identified by a metal number
ring from the Ministry of the Environment. Nestling blood
was sampled from the brachial vein. Blood films were
made at once, which were air-dried, fixed in methanol, and
stained with Giemsa solution and then examined by
microscopy for haemosporidian parasites. The blood sam-
ples were also preserved in a micro tube with 0.2 ml
ethanol. DNA was extracted from them and the nested PCR
reaction targeted a partial region of the mitochondrial
cytochrome b (cytb) genes of avian malaria parasites
(Plasmodium and Haemoproteus) was performed. Phylo-
genetic analysis was performed using MEGA 4 (Tamura
et al. 2007) and distance analyses were performed using the
Kimura 2-parameter model with the neighbor-joining (NJ)
method. In this paper, we show the results of the samples
for 3 years of 2009-2011.

Blood samples of 33 individuals (28 adults; 24 captured
with mist nets, 1| museum specimen, 3 Ueno Zoo stock, and
5 nestlings from nest boxes mainly in 2009-2011) were
examined for microsatellite heterogeneity. Thirty-two were
from Amami-oshima Island, of which 22 were from the
northern area and 10 from the southwest, and only one
adult bird was from Kakeroma-jima. Twenty microsatellite
loci, which had more than four alleles from 100 loci
examined in Siberian Jay (Perisoreus infaustus), were
selected to test Amami Jay molecular diversity prelimi-
nary. We followed the protocol of Jaari et al. (2008).

Acorn production

Acorn production of oaks has been monitored with ten
bucket-traps placed at both Kinsakubaru (28°20'5”N,
129°27'10”) and Kawauchi (28°18'31”N, 129°24'30") for-
est since 2003. The open diameter of the traps is 50 cm.
The oak tree (Castanopsis sieboldii) is a dominant species

in most areas of natural old forest on Amami Islands. It
occupied 461 of 2928 trees (GBH > 15 cm, 15.7 %) and
30.02 of 58.24 m> with basal area (at breast height,
51.6 %), in our vegetation survey with 1 ha square plot at
an old and typical evergreen broadleaf natural forest at
Kinsakubaru National Forest in September 2005. The oaks
produced more than 300 kg acorns/ha in the rich crop year
of 2007. Monitoring with 25 circle litter traps of 0.5 m?
mouth area (total 12.5 m?) at the 1-ha vegetation plot every
half a month since August 2005, we found that almost all
sound acorns were matured and fell to the ground during
November and December, numbering 376,000 with a total
weight of approximately 240 kg/ha at the plot (Ishida and
Kawaguchi, unpublished data). The acorns were partly
foraged and harvested by Amami Jays, Varied Tits (Parus
varius), several insects, and maybe rats on the branches
before they fell.

Small Indian Mongoose

A small number of the invasive mongoose were released by
unauthorized persons at Naze City in 1979; this increased
its population and distribution on Amami-oshima Island,
mainly toward the southwest, where the area is larger
within the island and there is more native habitat (Fig. 1).
About 1 km/year, recorded here, is a typical expansion
speed in mongoose-invaded areas. The Ministry of the
Environment, Japan, started the mongoose control in 2000.
The total annual effort approaches two million trap-days
since 2005 (Fig. 2), and three mongoose control dogs and
handlers have been active to detect and capture the mon-
goose since 2010 (Ministry of the Environment, Japan
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Fig. 2 Captured number of Small Indian Mongoose and capture rate
per unit effort (1000 trap-days) in each fiscal year of mongoose
control project, the Ministry of the Environment, Japan. Arrow (1)
indicates the timing when the Amami Mongoose Busters (specialist
group for mongoose capture) covered the whole distribution area, and
arrow (2) when the Amami Jay was removed from the Japanese Red
List. CPUE Catch Per Unit Effort
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2014). More than 40 permanent staff, the Amami Mon-
goose Busters, have been implementing control to capture
mongoose. Fukasawa et al. (2013) estimated the mongoose
population trends in the past with Bayesian statistics, based
on the capture rates, a priori hypothesis, and prior proba-
bility. Trends of the estimated population change through
19792011, from dozens to 10,000, and then reduced to a
couple of hundred [less than 200 annual captures in 2012
and later, and the estimation of 169 (95 % CI 42-408) by
2011], seems to be realistic, but there is uncertainty due to
trap shyness (Barun et al. 2011). Partial recovery of several
indigenous vertebrates has been subsequently reported after
the mongoose decline (Watari et al. 2013; Amami
Ornithologists’ Club 2013, unpublished data).

Results

Acorn production, Amami Jay breeding,
and ecosystem dynamics

During 11 years from 2003 to 2013, we observed two
consequent poor acorn crop periods (2004-2005 and
2012-2013), and acorn crop was rich in 2003, 2007, and
2010 (Fig. 3). We know it was also rich in 1997 and 2000
from general observations. The acorn production among
the Amami Islands or even in a wider range from Kyushu
Island to Ryukyu Islands, is nearly synchronous, though
there is some variation (Suzuki et al. 2012). Amami Jay
breeding success has been fluctuating over the years, and it
depended mostly on the acorn production. Acorn produc-
tion, predation, and competition in higher density seasons
are all factors that may influence the jay breeding success
(Fig. 4). In the later year of the poor-acorn production
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Fig. 3 Dynamics of acorn production by an oak, C. sieboldii,
monitored with ten 50-cm-diameter mouth bucket traps at each site. It
takes 1.5 years for the acorns to mature from the flowers. Some of
them stop immature, or empty even when they grow into a mature
size. Amami Jay forages on the acorn on both branches and the
ground
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sequence, the breeding dates of the Amami Jay population
were delayed (Table 2). Even in the worst season, how-
ever, some pairs produced successful clutches, sometimes
twice at the same nest box with the normal three or four
fledglings. The temporal result during 12 breeding seasons
indicates that large acorn production is a fundamental
driver of Amami Jay’s higher breeding performance, and
acorn production sequence is also affected by the moderate
jay breeding density through predation and competition
(Fig. 5).

Avian malaria parasites’ infection and genetics
of Amami Jay

During the 3-year study period, 30 adults and 69 nestlings
of Amami Jay were examined. A total of 12 of 30 adult
birds (40 %) were PCR positive for avian malaria parasites
over the 3 years, and no positive cases were found in
nestlings (Table 3a). Comparing to the results for the small
samples of other birds (Table 3b), collected in Amami
islands, the prevalence of avian malaria parasites in adult
Amami Jay is not high, though it is higher than most of
those at central high mountain bird populations (Imura
et al. 2012). A temporal phylogenetic analysis of avian
malaria parasites revealed that cytb sequences from two of
the seven Amami Jay samples were close to those from
birds in Myanmar, one was close to those from birds in the
other area of Japan, and the others were identical among
Amami birds.

Seven among 20 tested microsatellite loci were poly-
morphic without deviation from Hardy—Weinberg equilib-
rium. The numbers of alleles in each microsatellite locus
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Fig. 4 Breeding performance of the Amami Jay, estimated by the
number of egg-laying clutches and fledged at the ten nest boxes in
Ichiribaru district, Amami-oshima Island. Clutch number decreases
after poor or no acorn production, and the breeding success of the
population is not directly dependent on the acorn-rich condition, as
the disadvantages caused by predation and competition are higher
sometimes, probably while the Amami Jay breeding density is high (it
was most salient in 2010)
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Table 2 Breeding dates of Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Amami Jay: earliest and latest
clutch (first egg laid), hatch, Earliest egg 34 25 85 43 49 26 24 26 25 40 66 64
fledge dates in each year
Latest egg 56 62 128 81 79 41 65 41 56 112 103 95
Earliest hatch 85 62 102 81 79 46 43 33 43 60 83 83
Latest hatch 101 90 128 — 91 83 70 8 76 131 126 115
Earliest fledge 85 76 115 81 84 70 70 70 78 83 104 105
Latest fledge 101 120 153 118 93 100 112 100 111 155 138 131

The dates were estimated from the observation of every week till 2009, then interval pictures, taken every
30-90 min, were referred to later

January 1 = day 1; 2003-2008, 10 nest boxes; 2009-2014, 20 nest boxes
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Fig. 5 Relation between previous autumn oak acorn production and
the fledged number of clutches. Acorn production is shown as
collected density (/m?) with 20 traps of two sites, shown as the
averages of the two plots. Both total number of clutches (at least one
egg laid, circle) and fledged clutch number (triangle) are shown,
decrease between the two indicates predation of eggs or nestlings

were 13 (f9) in SJ059, 6 (f 4) in SJO83, 4 (f9) in SJO14, 4
(f 7) in SJ101, 3 (f 8) in SJ066, 2 (f 6) in SJ065, 2 (f 7) in
SJ106, and the average number of alleles was 4.86 (f 7.14).
Comparing the numbers to those in Siberian Jay in Finland
(f n in parentheses; Jaari et al. 2008), Amami Jay has fewer
alleles than Siberian Jay, though the sample size is still
small. The alleles found in the loci of SJO83 (size of allele
264) and SJ014 (270) from a Kakeroma-jima individual
were rare haplotypes in those among Amami-oshima
individuals.

Discussion

Through our 12-year observation of Amami Jay nest
ecology and oak acorn production, we detected the rela-
tionship between jay population and forest ecosystem
dynamics. A few decades of study is not sufficient to
understand ecosystem processes as they relate to bird

populations; 40 years may be a minimum (Grant and Grant
2014). Mougi and Kondoh (2014) showed that predator—
prey trophic cascades are an important factor for the
preservation of species richness and stability of an organ-
ism community. Ecosystems are complex and dynamic,
especially those of island forests. So our study of Amami
Jay is still in development.

The invasive mongoose and invasive snake (Boiga
irregularis) controls for the recovery of the Okinawa Rail
(Gallirallus okinawae) and the restoration of the Guam
Rail (G. owstoni, Arcilla et al., current issue) indicate that
in situ and ex situ conservation activity requires substan-
tial (Haig et al. 1990), sustained effort and we have some
experience with Amami Jay to achieve our goals. A model
species study and trials of both in situ and ex situ with a
native population are indispensable for the future island
biodiversity conservation, and Amami Jay is one of the
candidates for this kind of study (Table 4). We collect only
one smallest nestling for the zoo stock from each nest,
considering genetic biodiversity, for which information on
genetic structure in the species will also contribute signif-
icantly (Tracy et al. 2011). Ex situ conservation activities
assume the possibility of future restoration from the captive
population to the native wild. Reserving the original
genetic diversity is one of the important issues. Armstrong
and Seddon (2008) also noted on this concern. Much is left
to investigate and evaluate; it should be useful to study it in
Amami Jay, as it is endemic only to Amami Islands and the
whole gene pool can be within the scope of our work.

The common avian malaria species with the birds of
Myanmar and other Japanese areas found in Amami Jay
blood samples indicates their interactions with migratory
birds within this wide area. We often found a rare beetle,
Protaetia lewisi, several ants (Formicidae), and cock-
roaches (Blattellidae) in the Amami Jay nests. Nestlings
often have several parasitic leaches (Metastigmata and
Prostigmata) and/or louse flies (Hippoboscidae). Nasu et al.
(unpublished data) have been investigating the invertebrate
community in the Amami Jay nest materials since 2011,
and found also Lepidoptera and other many kinds. There
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Table 3 Avian malaria-positive individual numbers in each site of Amami Jay (a) and other birds (b)

a

Ichiribaru Hatohama Tsunagu Santaro Yuidake  Ariya Hokoku Kinsakubaru Sutarumata Yuwan Kachiura Saneku
YEAR RATE A B C D E G H | J K L

2009 0375 1 /1 1/1 1/72 0/1 0/1 0/2
ADULT 2010 042/8 1/1 17/

2011 0417 4/9 1/1 0/1 0/1
................. 200900”6
NESTLING 2010 00/12 0/1

2011 00/26 0/3 0/4 0/4 0/3

Vs b 2010 2011 LOCATION
i BF Turdus pallidus 6/6 6/6 ABDM
= C £ Hypsipetes amaurotis 0/3 2/2 AM
J Accipiter gularis 0/1 A
E"K,.F Parus varius 0/1 E
. " @ Zoothera major /74 (o]
Treron formosae 1/72 A
M Ninox scutulata 1/1 =

are some parasites of the nestlings and a small community
at the bird nest. Our work is still ongoing, but this kind of
multiple ecosystem study is important and practical to
protect species from anthropogenic decline and extinction.
Monitoring this kind of environment and species interac-
tion can provide basic information to help preserve or
restore the bird nest conditions and prepare for invasive
parasites, e.g., Cimadom et al. (2014) showed that a
recently introduced fly (Philornis downsi) had damaged the
birds on the Galdapagos. Monitoring the normal parasite

Table 4 Ex situ progress of Amami Jay at Ueno Zoo and Hirakawa
Zoo

Collect Survivor Pair Clutch Fledge
2009 3319
2010 33 63
2011 63
2012 2319 63 19
2013 18 49 58 59 1
2014 43 492 2 2° 0

% A male was transferred to Hirakawa Zoo, Kagoshima city

® Two chicks died early in one clutch

@ Springer

Sumiyama, Ishida, Murata, unpubl.

community in the bird nests may contribute to find inva-
sions of parasites in the future. Fraser et al. (2014) intro-
duced an example of natural invasion of a plover (Vanellus
miles novaehollandiae) which also changed the wader
community in New Zealand. Also, restored male stokes
(Ciconia boyciana) from Toyooka City, Hyogo, have been
staying on Amami-oshima and Tokunoshima Islands for
more than a year, and there is some possibility of natural
invasion.

Through the dramatic density decrease of the invasive
mongoose on Amami-oshima Island, the restoration of
most native animal communities is apparent (Fukasawa
et al. 2013; Watari et al. 2013; Leadley et al. 2014). It was
achieved with many small innovations in trap structure and
trapping techniques during the last decade (Simberloff
2009). The Small Indian Mongoose is a worldwide island
invasive and we have very few examples of successful
control or eradication from large islands (Barun et al.
2011). Ministry of the Environment, Japan (2013) details
the mongoose eradication project during 2013-2022 fiscal
years and targeting the mongoose eradication from the
island. It is actually, however, difficult to achieve mon-
goose eradication on an island with plenty of native species
including several rats, a rabbit, birds, and frogs in a forest
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ecosystem. So we have to continue monitoring the
ecosystem with several indicator and flagship species.

Simberloff (1998) discussed how to monitor and man-
age biodiversity, and compared the advantages and disad-
vantages of several conservational and/or ecological
concepts—indicator, umbrella, flagship, keystone species,
and ecosystem management, for preservation of more
native or original organisms or less extinction of them. He
thought using indicator species was the best approach, but
it was often impossible to find a good one or define the
fittest one in each ecosystem or habitat. Umbrella and
flagship species are usually a political or subjective (pre-
ferred or charismatic for the public) concept, not a scien-
tific one. So Simberloff thought a small number of them
might sacrifice many other species, and costs were often
high. Blackburn (2009) wrote: “we have failed to make
progress (in these 80 years)”, and we agree with him. We
have not yet understood the processes of invasion biology
and failed to describe patterns clearly. We will continue
with more research to determine the processes between
Amami Jay and acorn production, and the relationship
among the indicator species. We hope our trials on Amami-
oshima, including the Amami Jay study and mongoose
control, will contribute to the solutions.
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