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ABSTRACT. In this study, we investigated the geographical distribution and seasonality of Leucocytozoon lovati infection in the Japanese
rock ptarmigan (Lagopus mutus japonicus); this bird is one of the special natural monuments of Japan that inhabits the Japanese alpine
regions. We examined blood samples from birds captured in the Kubiki, Hida, and Akaishi mountain ranges for three years from 2002
to 2005. Seventy-three blood samples from 42 males, 19 females, and 12 birds of unknown sex were used for this study. The rate of
infection with L. lovati was 78.1% in the 73 birds examined. We demonstrated that the L. lovati infection was distributed across wide
ranges of ptarmigan populations from the northern to the southern alpine zones. There was no sex bias in the prevalence ratio. The
prevalence of L. lovati and the level of parasitization of the blood cells tended to increase from spring through summer; in contrast, a
decrease was observed from summer through autumn. Although L. lovati infection was observed in a number of local populations inhab-
iting three mountainous regions, no infected birds were found in Mt. Johnen-dake and Mt. Maejohnen-dake. It is necessary to continue
surveying the relationship between the population dynamics of the ptarmigan and the density of the arthropod vector from the perspective

of in situ conservation of this endangered species.
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The rock ptarmigan (Lagopus mutus) is a bird species
belonging to the order Galliformes; it has adapted to the cold
environments of the Northern Hemisphere and 23 to 30 sub-
species have been recognized [5, 13]. The Japanese rock
ptarmigan (L. m. japonicus), one of these subspecies, inhab-
its mountain ranges in Japan situated at an altitude of 2,400
m above sea level or higher [10].

Presently, the Japanese ptarmigan inhabits regions above
the timberline in some mountainous regions isolated from
each other. In recent times, the number of birds in several
local populations has declined alarmingly and is presumed
to be less than 3,000 [18]; however, the causes of this
decline have not been elucidated yet. This decrease in the
population of this bird and its habitat being restricted to the
alpine environment led to the species being designated as a
special natural monument of Japan in 1955; further, it has
been listed among the vulnerable species in the Japanese
Red Data Book [18].

Recent studies have found that Japanese rock ptarmigans
are infected with Leucocytozoon lovati [10]. Infection with
these hematozoan parasites is reported to be prevalent in
wild ptarmigans and grouses in the Palearctic and Nearctic
regions [3], and the infection in the Japanese rock ptarmigan
indicates the distribution of L. lovati in the lower latitudes.

L. lovati is thought to be transmitted by the black fly
(Simulium spp.) [8], and infected birds generally show inap-
parent infection [7]. However, Clark (1935) reported fatal
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cases in chicks of the ruffed grouse (Bonasa umbellus) [4].
The survival rate among chicks of the Japanese rock ptarmi-
gan is low and it might drop to 10% or lower (T. Sakanakura
unpubl. data); therefore, a relation between the L. lovati
infection and the decrease in the population of the ptarmi-
gans is suspected [10]. Environmental deterioration and/or
climate changes because of global warming in the alpine
zones, which are the unique habitats of the rock ptarmigan,
is generally suspected to be the main cause of the declining
population of the species. On the other hand, few studies
have investigated the influence of etiologic agents on the
population of the species [10, 12, 14]. Therefore, we sur-
veyed the geographical distribution and seasonality of the
prevalence of L. lovati in wild Japanese rock ptarmigans in
order to identify and analyze the causes of the decrease in
their population. This study aimed at accumulating veteri-
nary medical information on this endangered bird species
and contributing to its in situ conservation in Japan.

MATERIALS AND METHODS

Number of birds surveyed: For this study, we collected
blood samples from wild ptarmigans for approximately
three years from April 2002 to June 2005. These samples
were collected from 16 mountainous regions in the Japanese
Alps spanning across the Kubiki, Hida (northern Japanese
Alps), and Akaishi (southern Japanese Alps) mountain
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Fig. 1. Sixteen mountainous areas belonging to the Kubiki, Hida, and Akaishi mountain ranges, where the
birds were captured to study the Leucocytozoon lovati infection in Japanese rock ptarmigans (Lagopus
mutus japonicus). The map was made by the freeware soft for 3D landscape navigator (KASHMIR-3D
version 8.6.9; http://www kashmir3d.com/index-e.html) with the digital maps from The Geographical
Survey Institute of Japan.

ranges (Fig. 1) during the population surveys by ornitholo- The total number of birds captured was 86 (male, 51;
gists. The birds were captured humanely by using a wire ~ female, 23; and sex unknown, 12) and they were all sexually
noose with the permission of the Ministry of the Environ-  matured (1-year-old or more). All birds were recognized
ment, Government of Japan. individually with their leg bands. The details of the number
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of birds captured in each districts are as follows: Kubiki
mountain range, 4 (all sex unknown); Hida mountain range,
35 (male, 23 and female, 12); and Akaishi mountain range,
47 (male, 28; female, 11; and sex unknown, 8).

Blood sampling and blood films: Blood was collected
from the wing vein of the birds, and heparin-Na was used as
an anticoagulant. Most of the blood films were prepared
and fixed with 99.5% methanol at the site of collection.
Some of the blood samples and blood films without metha-
nol fixation were collected and prepared by field researchers
on our request and transported to our laboratory.

Blood samples that had been transported to the laboratory
in cold storage within a plastic container were also used for
preparing blood films in the above mentioned manner. The
blood films were fixed with methanol and stained with
Giemsa solution (pH 7.2) and/or Hemacolor™ (Merck Ltd.,
Shimomeguro 1-chome, Meguro-ku, Tokyo, Japan).

Among the blood films prepared from 86 birds, 13 films
were unsuitable for microscopic observation and were
excluded. Eventually, 73 blood films from 42 males, 19
females, and 12 birds of unknown sex were used for this
study.

Morphological observation: Blood films were observed
under an optical microscope (x 100 — x 1,000). Approxi-
mately 100 fields were observed under a magnification of x
100, which indicates that we examined approximately
400,000 blood cells for the presence of infected cells. We
observed the infected cells and the morphological character-
istics of the gametes minutely with oil immersion objectives
under a magnification of X 400 and x 1,000.

Calculation of the infection rate: For evaluating the para-
sitemia, we used the Ashford Scale [2, 10]. This scale is
described as follows: grade 0, no infected cells are observed
in any of the fields under x 100 magnification; grade 1, less
than one infected cell is observed in 100 fields under x 400
magnification; grade 2, 1-10 infected cells are observed in
100 fields under x 400 magnification; grade 3, 11-100
infected cells are observed in 100 fields under x 400 magni-
fication; grade 4, more than 100 infected cells are observed
in 100 fields under x 400 magnification. The rate of parasit-
ized cells, which indicates the number of infected blood
cells against the total number of blood cells, was also calcu-
lated after observing 5,000 blood cells. All results were pre-
sented as mean * standard deviation with their ranges in
parentheses. :

Geographical distribution of infection: The number of
infected and uninfected birds in 16 mountainous areas
belonging to the Kubiki, Hida, and Akaishi mountain ranges
was examined (Fig. 1). For comparison of infection rate by
Ashford Scale among three mountain ranges, analysis of
variance (ANOVA) was used. Upon detection of significant
increases by ANOVA, post-hoc pairwise comparisons were
conducted using Tukey-Kramer’s HSD test, with the level
of statistical significance taken as P<0.05.

Seasonality of infection: The variation in the infection
rate of L. lovati across three seasons from spring to autumn
was compared among all the samples from the three moun-

tain ranges by the Ashford Scale. The three seasons were
defined as follows: spring, March to May; summer, June to
August; and autumn, September to November. Samples
could not be collected in winter because of the severe cli-
matic conditions in the high mountainous regions. We col-
lected blood samples from 73 birds in all the seasons; 15 in
spring, 35 in summer, and 23 in autumn. For comparison of
three seasons, we used the same statistical analysis as for the
geographical distribution of infection.

Sex difference between the infected and uninfected birds:
The sex difference in the infection rates was calculated by
examining 61 specimens comprising 42 males and 19
females. The presence of sex differences was examined sta-
tistically by using the Yates’ continuity cotrection chi-
square test for independence.

RESULTS

Morphological observation: On Giemsa staining, the
cytoplasm of the macrogametocyte was observed to be dark
violet-blue; further, we observed a vacuole and deep purple
granules. The nucleus acquired a bright red-violet color.
The nucleus of the host cell was pushed onto the edge of the
cell wall and was observed to be deep red-purple and elon-
gated. The cytoplasm and the nucleus of the microgameto-
cyte were observed to be pale blue and blue-violet,
respectively.

We observed that the cytoplasm of both macrogameto-
cytes and microgametocytes of the infected host cell was
distorted and acquired a fusiform shape (Fig. 2). On the
basis of the morphological characteristics described above,
the parasite was identified to be L. lovati [9, 10].

Representative stained blood films from infected birds
have been deposited in the Meguro Parasitological Museum
(4-1-1 Shimomeguro, Meguro, Tokyo 153-006, Japan;
accession numbers MPMCol. 18818-18819).

Fig. 2. Schema of Leucocytozoon lovati detected in Japanese
rock ptarmigan. The host cell infected with the macrogameo-
cytes (left) and the microgametocytes (right) was elongated at
the both ends and distorted into a fusiform shape. Bar = 10 um.
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Akaishi mountain range

Prevalence of Leucocytozoon lovati in each of the 16 mountainous areas consisting of three mountain ranges. The number shown

within each bar indicates the one of infected/uninfected birds examined in that area. The shaded bar shows the number of infected birds
and the white bar shows the uninfected birds. Altogether, the positive rate in 73 birds among the three mountain ranges was 78.1%.
Individually, the positive rate was 75.0% of 4 in the Kubiki, 66.7% of 35 in the Hida, and 96.3% of 47 in the Akaishi mountain ranges,

respectively.

Infection rate and geographical distribution of infection:
The percentage of birds belonging to each grade on the Ash-
ford Scale is as follows: grade 0, 22% (16/73); grade 1,
20.5% (15/73); grade 2, 34.2% (25/73); grade 3, 23.3% (17/
73); and grade 4, 0%. The parasitized rate in blood cells
among the 73 birds from the three mountain ranges was 0.02
1+ 0.019 % (0-0.1%). The infection rate observed in the
samples from each mountain range was as follows: 0.013 £
0.0 1% (0-0.02%) in 4 birds from Kubiki, 0.015 + 0.012%
(0-0.04%) in 42 birds from Hida, and 0.036 + 0.027% (0-
0.1%) in 27 birds from Akaishi.

The overall rate of infection with L. lovati as observed in
73 birds was 78.1%. On comparing the prevalence of the
hematozoa in the 16 areas belonging to the three mountain
ranges, we found that the birds in the Akaishi mountain
range showed the highest infection rates (96.3%), followed
by those in the Kubiki mountain range (75.0%) and those in
the Hida mountain range (66.7%) (Fig. 3). The difference in
the prevalence of this infection as scored on the Ashford
Scale was slightly significant among the three ranges (y* =
6.43, P=0.04); further, this difference was also significant
between the Hida and the Akaishi mountain ranges (> =
6.44, P=0.011). No infected birds were found in the habitats
around Mt. Johnen-dake and Mt. Maejohnen-dake of the
Hida mountain range.

Seasonality of infection: We compared the grades of par-
asitemia observed in the birds in the three seasons that were
obtained by using the Ashford Scale. Birds that had infec-
tions corresponding to grades 1 and 2 accounted for 33.3%
of the 15 birds examined in spring; the birds that had infec-
tions corresponding to grades 2 and 3, which signifies com-
paratively high parasitemia, accounted for 40% of those
examined in summer. In autumn, 91.3% of the 23 birds
examined were observed to be infected; this value was
higher than that observed in summer (88.6% of the 35
birds). However, 47.6% of the 21 infected birds had-infec-
tions of grade 1, which signifies low parasitemia. The num-
ber of birds with infections of grade 3 increased from spring
to summer and decreased thereafter to autumn; that of birds
with infections of grade 2 increased from spring to summer
and autumn (Fig. 4). The variations in the infection rate as
graded by the Ashford Scale across the three seasons were
statistically significant ()? = 27.32, P<0.001).

Difference in the infection rate among the sexes: The
prevalence of the L. lovati infection was 76% in males and
74% in females. No statistically significant differences
were observed between the male and female birds (x? =
0.012, P=0.912). Since the difference in the prevalence of
the infection in both sexes was not significant, individuals of
both sexes were included in the analysis for the geographi-
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Fig. 4. The parasitemia level of Loucocytozoon lovati in 73 birds
from the three mountain ranges using the Ashford Scale [2] was
demonstrated in the three seasons, from spring to autumn. The
numbers from O to 3 in the explanatory note and the four pat-
terns of the bar corresponding to each number indicates the
grades of the Ashford Scale. Blood samples were collected from
15 birds in spring, 35 birds in summer, and 23 birds in autumn
from the three mountain ranges.

cal distribution and the seasonality of the infection caused
by the parasite.

DISCUSSION

L. lovati infection was observed in 87.5% of the 16 areas
surveyed across the three mountain ranges, with the excep-
tion of Mt. Johnen-dake and Mt. Maejohnen-dake. Infec-
tion of the ptarmigan and the grouse with this parasite was
observed across a wide-range of their habitat in both Nearc-
tic and Palearctic regions [6, 11]. In our study, we clarified
that these hematozoa were distributed widely throughout the
northern and southern populations of the ptarmigan in the
Japanese Alps (Fig. 3). With regard to the prevalence of the
parasite and the level of parasitized blood cells in the species
in each mountain region, the highest infection rate (96.3%)
and the rate of parasitization of cells (0.036 £ 0.027%) were
observed in the population from the Akaishi mountain
range. The comparatively high prevalence observed in this
region might be attributed to the higher population density
and longer active period of the arthropod vector at lower lat-
itudes. It will be required to collect more blood samples
from birds in each mountain region for a comparative study
to determine whether the high infectious rate is caused by
regional characteristics or the sampling season. Antibody
detection for L. lovati infection should be also considered to
understand the infectious status more precisely near future.

No infected birds were observed among the population in
Mt. Johnen-dake and Mt. Maejohnen-dake in the Hida
mountain range. The absence of infected birds in these
areas, where ptarmigans exhibit comparatively stable popu-
lation dynamics (H. Nakamura unpubl. data), were sus-
pected to result from the absence of the arthropod vector of
L. lovati in these areas, absence of infected birds overall, or
undetectably low parasitemia. Since infected birds were
found in the population on Mt. Yokodoshi-dake, which is

proximal to Mt. Johnen-dake and Mt. Maejohnen-dake, it
could be inferred that the ptarmigans and the vector of L.
lovati are isolated from the neighboring regions where the
infected birds exist. As there is concern about the spread of
L. lovati infection from the infected area, future studies
should include the monitoring and surveillance of the popu-
lation on Mt. Johnen-dake and Mt. Maejohnen-dake.

The level of parasitemia in the 73 birds examined
increased significantly from spring to summer; in contrast,
the parasitemia level decreased from summer to autumn
(Fig. 4). A sharp increase in the prevalence of L. lovati in
June has been observed in the willow ptarmigan (L. lago-
pus) from northwestern British Columbia [15]. It is
assumed that the level of parasitemia is associated with the
population density of the arthropod vector, which is sur-
mised to belong to the Simulium spp. and whose breeding
season is the beginning of summer [15]. Therefore, control
measures against this vector in summer will be required if L.
lovati causes damage to small populations of the rock ptar-
migan in its isolated habitats in Japan.

There are many reports regarding the sex bias in parasite-
infected animal hosts [16]. Body size, reproductive behav-
ior of hosts, and other factors are indicated as reasons for the
sex bias [1]. A report by Mahrt (1981) showed that there
was no significant difference in the rate of infection with
hematozoa between the yearlings and adults of the willow
ptarmigan; the report, thus, supports this notion [15].

This study clarified that there is a geographical distribu-
tion and seasonality in the prevalence of L. lovati in the Jap-
anese rock ptarmigan. The detailed dynamics of L. lovati
infection in the ptarmigan population in each area could be
better understood by collecting more blood samples from
the birds every year. However, follow-up surveys on L.
lovati infections, which require frequent capturing of the
birds, are not simple because the Act for the Conservation of
Endangered Species of Wild Fauna and Flora strictly pro-
hibits the capture of the Japanese rock ptarmigan. There-
fore, in order to perform a diachronic study to understand
the effects of geographical distribution and seasonality of L.
lovati infection in this species, it will be practical to detect
the parasite gene from the arthropod vectors and study the
epidemiology of the infection indirectly by using molecular
techniques. The risk assessment of the L. lovati infection in
the Japanese rock ptarmigan could be carried out by study-
ing the relationship between the population density and the
prevalence of infection with L. lovati, which is transmitted
by the arthropod vector. It is necessary to explore practical
methods to study L. lovati infections in detail for the conser-
vation of this vulnerable species.
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