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Abstract
Background: Parasites have adverse effects on the life and survival of many migratory waterbirds, especially birds
on the endangered species list. Hooded Cranes are large migratory colonial waterbirds wintering in wetlands,
which are prone to parasite infection, thus monitoring the diversity of parasites is important for sound wetland
management and protection of this species.
Methods: From November 2012 to April 2013, we collected 821 fresh faecal samples from the three lakes (Poyang,
Caizi and Shengjin Lake) in the lower and middle Yangtze River floodplain, and detected with saturated brine
floating and centrifugal sedimentation methods. Parasite eggs were quantified with a modified McMaster’s
counting method.
Results: In this study, 11 species of parasites were discovered, i.e., two coccidium (Eimeria gruis, E. reichenowi), five
nematodes (Capillaria sp., Strongyloides sp., Ascaridia sp., Trichostrongylus sp., Ancylostomatidae), three trematodes
(Echinostoma sp., Echinochasmus sp., Fasciolopsis sp.) and one cestode (Hymenolepis sp.). About 57.7% of the faecal
samples showed parasitic infection. All species of parasites were found at the three sites except Hymenolepis which
was not found at Poyang Lake. While most samples were affected by only one or two species of parasites, infection
by Eimeria spp. was the most common (53.1%). From One-Way ANOVA analysis of the three lakes, parasite species
richness index (p = 0.656), diversity index (p = 0.598) and evenness index (p = 0.612) showed no significant
difference. According to the statistical analysis of our data, there were no significant difference in parasite species
richness index (p = 0.678) and evenness index (p = 0.238) between wintering periods, but a strong difference in
diversity index (p < 0.05).
Conclusions: Our study suggests that in the wintering Hooded Crane populations, parasite diversity is more
sensitive to changes in the overwintering periods than to locations. This also indicates that with the limitations of
migration distance, the parasites may not form the differentiation in Hooded Crane populations of the three lakes.
Keywords: Hooded Crane, Wintering population, Migratory waterbirds, Faecal parasite, Parasite diversity

* Correspondence: zhoulz@ahu.edu.cn
1
Institute of Biodiversity and Wetland Ecology, School of Resources and
Environmental Engineering, Anhui University, Hefei 230601, China
2
Anhui Provincial Species Information Center, Hefei 230601, China
Full list of author information is available at the end of the article
© 2014 Huang et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Huang et al. Avian Research 2014, 5:6
http://www.avianres.com/content/5/1/6

Background
Parasitic infection can result in an increase in mortality
and a decrease in the birth rate of birds, thus regulating
their population structure (Poulin et al. 2004; Marzal
et al. 2005; Donovan et al. 2008; Traill et al. 2009; Hervías
et al. 2013). Some authors are of the opinion that the effect of parasites on individual birds can affect the dynamics and sustainability of a bird population (Poulin 1999;
Preston and Johnson 2010), thus functioning as a key
component in conservation biology (May 1988). Several
studies have gradually added avian parasites to the plethora of effects on seasonal change and the habitat of their
hosts (Mellor and Rockwell 2006; Zamora-Vilchis et al.
2012; Woog et al. 2013). These studies provide insights
into the ability of birds to cope with their natural, changing environment and their potential future reactions to
environmental extremes. Migratory waterbirds should suffer more from parasites than other birds, due to their immunological suppression during migration and the high
risk of infection in group living. Waterbirds in migration
may encounter novel pathogens and, due to migratory
pressures on the inhibition of their immunity, would be
faced with a relapse of the disease that would otherwise
have been limited to specific areas (Jourdain et al. 2007;
Altizer et al. 2011). Group living means high population
densities, where broad intraspecific crossing of parasite infections takes place (Dobson and Hudson 1986). Some
rare species, like cranes, are an important focus for conservation efforts, while an understanding of the role that
parasites play in wild populations will become vital for future conservation and management decisions. However,
there is still a lack of baseline information about intestinal
parasite infections for most crane species under natural
conditions, which perhaps mainly due to sampling difficulties and a dearth of quantitative methods. The prevalence (percentage of infected individuals in a population)
and infection intensity of parasites can provide some basic
features of parasitic species (Poulin 1998; Poulin and
Morand 2004), while richness, diversity and evenness are
important measures of community structures of parasites
(Poulin 1996; Marcogliese and Cone 1997). This provides
an important clue to understanding the fitness and adaptive capacity of cranes to their parasites.
Hooded Cranes (Grus monacha) are large migratory
colonial wading birds, breeding in south-central and
south-eastern Siberia, Russia and winter in Japan, China
and South Korea. An estimated 1050–1150 individuals
overwinter in China, including between 300–400 at Poyang,
more than 600 at Shengjin and Caizi and over 100 at
Chongming (IUCN 2013). They generally arrive in late
October and fly away in early April. They winter in
freshwater marshes, wet grassland, coastal tidal flats and
farmland. The roots and tubers of plants and rice, especially the tubers of hydrophytes, constitute the major food
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sources of Hooded Cranes, with small animals (e.g. earthworms, snails, mussels) also preferred sources of food.
The population of this species is classified as Vulnerable
on the IUCN Red List (IUCN 2013). As a way to cope
with the lack of food and human disturbance, Hooded
Cranes prefer to forage together in areas where food resources are relatively abundant (Zhou et al. 2010) and
serve as an ideal research option for our study. The
demography and behavior of the Hooded Crane has
been studied extensively (Masatomi 2004; Zhou et al.
2010; Luo et al. 2012), yet information on infection by
parasites, a factor increasingly acknowledged as an important ecological and evolutionary force, is very limited.
In our investigation, we largely focus on the parasitic
diversity of wintering Hooded Crane populations to shed
some light on the diversity of parasites, their intensity
and spatial and temporal characteristics through fecal
sample analyses. The aim was to determine: 1) the taxa
of intestinal parasites occurring in these populations;
2) whether the parasites are homogeneously distributed in
the three lakes; 3) the effect of various wintering areas and
wintering periods on the diversity of parasites. Furthermore, some basic data are provided for the management
and protection of the wintering population.

Methods
Research areas

Our research areas are the main wintering grounds of
the Hooded Cranes in the lakes of the middle and lower
Yangtze River floodplain, specifically Poyang Lake (28.37°–
29.75°N, 115.78°–116.75°E), Shengjin Lake (30.25°–30.50°N,
116.92°–117.25°E) and Caizi Lake (30.75°–30.97°N, 117.00°–
117.15°E) (Figure 1). All the three lakes are located in the
northern subtropical monsoon climate zone, with an average annual temperature of 14–18°C. Annual precipitation
is 1000–1400 mm, concentrated in the spring and summer seasons. The winter climate is cold and dry, with
the occasional frost. The coldest month is January, with
an average monthly temperature of 0–5.5°C, while the
lowest temperature during our study period was −3°C.
The spring climate, however, is warm and moist, with
an average monthly temperature of 10°C. These three
lakes are shallow, surrounded by mud flats, grass lands
and paddy fields in winter and serve as stopovers and
wintering sites for migratory waterbirds on the East
Asian-Australian Flyway. The dry season usually lasts
from December to February of the next year, with abundant food sources on the hydro-fluctuation belt exposed
on the beaches. Seasonal changes in vegetation during
the wintering period have an effect on the food sources
available to Hooded Cranes, leading to changes in cluster
size and group behavior. The three lakes are protected as
natural reserves.
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Figure 1 Sampling sites of faecal samples from wintering Hooded Cranes.

Sample collection

According to the migratory time of the cranes, the sampling times were divided into early (before February) and
late wintering (after February) periods. From November
2012 to April 2013, a non-invasive sampling technique
was used to collect the faeces of wintering crane populations from the three lake sites. Visits to each region were
repeated three times during different sampling periods,
once a week in turn. The foraging sites of Hooded Crane
flocks were observed with a telescope before sampling, to
ensure there were no flocks of other species. Only those
flocks with more than 80 individuals were selected for
sampling, and we collected 50 fresh fecal samples within
each sampling period (Gregory and Blackburn 1991;
Jovani and Tella 2006). To avoid individual sampling
repetition, we collected samples with a minimum distance
of at least 2 m (Zhang et al. 2012). Fresh faeces were collected in separate and clean plastic bags immediately after
the cranes left and stored at −20°C in our laboratory. To
facilitate the analysis, samples of cranes from Poyang,
Caizi and Shengjin were abbreviated respectively as PY,
CZ and SJ.
Parasite inspection and enumeration

Samples were processed using the modified flotation and
sedimentation method (Wascher et al. 2012). Parasitic
morphological identification was assessed by propagule
size, shape, wall width and distinctive arrangement or
identity of internal components. The preparation to enumerate was conducted with 1 g fresh faeces dissolved in a
saturated saline solution (unit weight 1.195 g/L) in a 10 ml
centrifuge tube and centrifuged for 5 min at 3000 r/min.
The supernatant was transferred to a McMaster Egg Slide
Counting Chamber and after three minutes the number of

parasites was counted with 100 or 200-fold amplification
by checking the total number of eggs/oocysts on slides.
For samples with a heavy parasite load, we performed
preparation with another 1 g fecal sample, from where the
supernatant was transferred into a conical flask with a
constant volume to 60 mL with a saturated saline solution.
This uniform mixture was then transferred to the McMaster
Egg Slide Counting Chamber. The eggs/oocysts in the two
counting rooms were counted; this count was multiplied
by 200 which supplied the total number per 1 g of fecal
sample (EPG/OPG). The sediment in the tube was conducted with filtration and centrifugal cleaning. The final
residuum was a constant volume of 1 mL, from which a
0.1 mL uniform mixture was used to check for trematodes.
The final number was this quantity expanded ten times.
Each count was repeated three times with a solution from
the same operation. The results were recorded as number of eggs/oocysts per gram of feces for each parasite
identified.
Statistics

We calculated the prevalence of all parasite species, i.e., the
proportion of fecal samples in which we detected parasite
propagules (eggs or oocysts). The intensity was measured
by the number of eggs/oocysts per gram of fecal samples
(EPG/OPG). Parasitic diversity was described by richness,
diversity and evenness. Richness (S) is defined as the total
number of parasite species present in a fecal sample per
site, where all levels of identifiable taxa were considered
for species richness. Evenness (J) is defined as a measure
of disparity in the number of species identified in a collection (Bush et al. 1997) and diversity (H′) is the composition of a parasite community in terms of the number of
species present (Bush et al. 1997).
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Prevalence:
P = number of positive samples/number of all samples
tested (%) at each sampling site;
Pi = number of specific parasite propagules/number of
all parasite propagules in sample tests of a collection.
Shannon-Wiener index:
XS
H′ ¼ − i¼1 P i ðlnP i Þ
Maximum diversity index:
H max ¼ lnS
Evenness index:
J ¼ H′=H max
Our data were classified according to their sampling
areas and collection periods. For parasitic contrasts
among the three lakes, the data were listed as separate
collections with a different order of sampling. For the
comparison between wintering periods, the data were
listed as the total collection of the three lakes with the
same sampling order and sampling periods. Chi-square
and Fisher’s exact tests were carried out to determine
the statistical significance of differences in proportions
of parasitic fauna between wintering periods. Parasite
richness, diversity and evenness were compared among
groups of different lakes by One-Way ANOVA and then
between groups of different sampling periods. The IBM

SPSS Statistics v19.0 was used for statistical analyses.
Statistical significance was assumed at p < 0.05.

Results
Parasite community structure and prevalence

Eleven parasites were observed from 821 fecal samples
of Hooded Cranes from our research areas, i.e., Eimeria
gruis (32.6%), E. reichenowi (41.8%), Capillaria sp. (3.7%),
Strongyloides sp. (4.1%), Ascaridia sp. (6.1%), Trichostrongylus sp. (2.3%), Ancylostomatidae (2.6%), Echinostoma sp.
(2.1%), Echinochasmus sp. (1.6%), Fasciolopsis sp. (1.1%)
and Hymenolepis sp. (0.4%). About 57.7% (n = 474) of faecal samples showed parasitic infection. All of the 11 species of parasites were present in the three regions, except
for the Hymenolepis sp. which was not found at Poyang
Lake. Eimeria was the most common species with the
highest infection rate, i.e., 53.1%. The prevalence of protozoa, nematodes and trematodes detected in PY was higher
than that in SJ and CZ (Table 1).
A significant difference was found in the prevalence
between early and late wintering periods (Table 2). The
prevalence of protozoa, nematodes and trematodes was
higher at the late wintering sites except that of trematodes at CZ. Coccidia and nematode prevalence in late
winter was significantly higher than that in early winter,
while the prevalence of trematodes and cestodes in late
winter was smaller than that in early winter. Significant
differences were found in the infection rates of both
protozoa (χ2 = 32.174, df = 1, p < 0.05) and nematodes
(χ2 = 6.012, df = 1, p < 0.05), while no significant

Table 1 Distribution of parasites collected for Grus monacha from three lakes in the middle and lower Yangtze River
floodplain, China, 2012–2013
Taxon

PY (N = 204)

CZ (N = 312)

SJ (N = 305)

Total (N = 821)

Frequency

Prevalence (%)

Frequency

Prevalence (%)

Frequency

Prevalence (%)

Frequency

Prevalence (%)

PROTOZOAN

125

61.3

172

55.1

139

45.6

436

53.1

Eimeria gruis

71

34.8

98

31.4

99

32.5

268

32.6

Eimeria reichenowi

104

51.0

122

39.1

117

38.4

343

41.8

NEMATODE

40

19.6

47

15.1

52

17.0

139

16.9

Capillaria sp.

15

7.4

9

2.9

6

2.0

30

3.7

Strongyloides sp.

5

2.5

16

5.1

13

4.3

34

4.1

Ascaridia sp.

8

3.9

18

5.8

24

7.9

50

6.1

Trichostrongylus sp.

2

1.0

6

1.9

11

3.6

19

2.3

Ancylostomatidae

12

5.9

5

1.6

4

1.3

21

2.6

TREMATODE

14

6.9

11

3.5

14

4.6

39

4.8

Echinostoma sp.

4

2.0

7

2.2

6

2.0

17

2.1

Echinochasmus sp.

4

2.0

3

1.0

6

2.0

13

1.6

Fasciolopsis sp.

6

2.9

1

0.3

2

0.7

9

1.1

CESTODE

0

0

2

0.6

1

0.3

3

0.4

Hymenolepis sp.

0

0

2

0.6

1

0.3

3

0.4
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Table 2 Specific composition of parasites between
sampling periods
Taxon

Number of infected samples

Test statistics

Early wintering

Late wintering

χ2

(N = 404)

(N = 417)

Protozoan

174

262

32.174

0.000*

Nematode

32

55

6.012

0.014*

Trematode

20

19

0.070

0.791

Cestode

3

0

-

0.119b

pa

a
Difference in prevalence of parasite fauna of two sampling periods using
Pearson's chi-square test.
b
Analyzed with Fisher’s exact test.
*p < 0.05.

differences were found in these rates in trematodes
(χ2 = 0.070, df = 1, p = 0.791) and cestodes (p = 0.119).
Parasite distribution in the three lakes

Considerable differences were found in the infection intensity among parasite species (Table 3). The most abundant
species were coccidian oocysts (41.8% for E. reichenowi
and 32.6% for E. gruis), followed by Ascaridia sp. (13.9%),
Strongyloides sp. (5.4%), Capillaria sp. (3.3%) and Ancylostomatidae (1.6%). E. reichenowi dominated while Fasciolopsis
sp. made a rare appearance. Trematodes occupied a
smaller percentage of the total number, with lower intensity compared to nematodes and coccidium. Species
with the highest infection intensity do not, as a rule,
mean the largest abundance. Despite the differences in
the number of species, the distributions of species dominance in the three lakes were nearly the same.
Most positive samples contained one or two species of
parasites. Uninfected samples accounted for 29.9% (n = 61,
95% CI: 23.6–36.2%) in PY, 45.5% (n = 142, 95% CI: 40.0–

51.0%) in CZ and 47.2% (n = 144, 95% CI: 41.6–52.8%) in
SJ. Samples with a single species of parasites were more
common than those containing two or more. Their
prevalence at PY was higher than that at CZ and SJ,
where it was similar. Samples containing three or more
species were significantly smaller in number in all parasitic
fauna. Less than 1% of the samples contained four species
(Figure 2).

Parasitic diversity

In decreasing order of parasitic diversity and evenness,
the following order prevailed: PY > SJ > CZ (Table 4). Although Hymenolepis sp. was not detected at PY (S = 10,
N = 204), there was no significant difference in species
richness (ANOVA, F2,15 = 0.666, p = 0.656) among the
three lakes. No significant differences were detected in
parasitic diversity (F2,15 = 0.756, p = 0.598) and evenness
(F2,15 = 0.733, p = 0.612) among the three lakes. The
maximum diversity index was 1.436 at PY. Parasitic evenness indices were 0.624, 0.571 and 0.582 for PY, CZ and
SJ, respectively. In general, parasitic diversity and evenness
of the Hooded Cranes at the three lakes were similar.
During the two sampling periods, we observed variation
in the parasitic diversity and evenness indices (Table 5). In
the two sampling periods, the parasitic richness index was
not significant different (F1,4 = 0.200, p = 0.678), while
the diversity index was higher in the late wintering period
than during early wintering and showed significant
statistical difference (F1,4 = 12.317, p < 0.05). Though
some changes were observed in evenness, there was no
significant statistical difference (F1,4 = 1.925, p = 0.238).
The highest parasitic diversity index (H′ = 1.571) was
observed in late wintering, while the lowest (H′ = 1.340)
occurred during early wintering.

Table 3 Median intensity and range of parasitic propagules (oocysts or eggs) detected in sample tests of faeces from
821 Hooded Cranes from the three lakes (OPG/EPG)
Taxon

PY

CZ

SJ

Total percentage

Median

Range

Median

Range

Median

Range

(%)

Eimeria gruis

233

7–2700

200

2–4300

250

5–5500

32.6

E. reichenowi

467

4–3200

233

3–8200

267

3–7600

41.8

Capillaria sp.

150

39–767

73

24–467

75

12–800

3.3

Strongyloides sp.

75

10-1200

200

13–733

167

22–1000

5.4

Ascaridia sp.

250

35–3733

70

2–1400

217

18–2100

13.9

Trichostrongylus sp.

40

34,46

34

4–300

51

13–400

1.0

Ancylostomatidae

100

28–467

41

19–233

70

22–400

1.6

Echinostoma sp.

15

10–47

23

10–70

20

10–50

0.2

Echinochasmus sp.

13

3–40

10

7–27

20

10–43

0.1

Fasciolopsis sp.

7

3–20

10

10

12

3,20

0.1

Hymenolepis sp.

0

0

66

26,105

43

43

0.1
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Strongyloides sp. and Capillaria sp. observed in our
study have been reported earlier in other wild cranes
(Gaines et al. 1984; Spalding et al. 1996), while infection
can lead to anemia, weakness and other diseases to
many waterbirds. Porrocaecum sp. (Forreste et al. 1974)
and Contracaecum sp. (Spalding et al. 1996) also have
been reported earlier in cranes but have not been detected in Hooded Cranes. Echinostoma sp. is a species of
trematodes accounting for 2.1% in our research; it sucks
blood from many waterbirds (Ballweber 2004). Most
parasites have low prevalence and positive samples could
be found only within short periods. This is probably the
reason why wild Hooded Cranes do not often show significant disease characteristics. Parasitic infection and
environmental pressures often lead to host weakness,
weight loss or even death (Mowlavi et al. 2006). Cranes
with a heavy parasitic burden suffer considerably from
adverse conditions, such as disease, predators, hunger
and other negative factors (Novilla and Carpenter 2004),
which makes them vulnerable.

Figure 2 Proportion of various species richness detected in
fecal samples. PY: Poyang Lake; CZ: Caizi Lake; SJ: Shengjin Lake.

Discussion
Characteristics of parasitic infection

Temporal and spatial variation of prevalence and
diversity

Parasitic infection levels in Hooded Cranes seem to be
low compared with previous reports on intestinal parasites of free-range Eurasian Cranes (Grus grus) (78.9%,
N = 728) (Fanke et al. 2011). The most common parasite was coccidia (53.1%, n = 436), followed by Ascaridia sp. (6.1%, n = 50), Strongyloides sp. (4.1%, n = 34)
and Capillaria sp. (3.7%, n = 30). Possible interpretation
is that all species of parasites mentioned were newly discovered in the wild Hooded Cranes, with the exception
of Eimeria coccidian.
It was reported that at least seven species of wild
cranes can be infected by Eimeria coccidia at high frequencies (Honma et al. 2011), causing serious injury or
death to young birds (Novilla and Carpenter 2004;
Spalding et al. 2009). High population densities are believed to increase the risk of infection (Honma et al.
2011). The incidence of Eimeria coccidia infection in
our investigation was clearly lower than that reported
for the Hooded Cranes wintering in Japan, which is most
likely due to a lower host density. Nematodes are also an
important part of the intestinal parasitic community, a
lethal factor for migratory cranes (Varela et al. 2001;
Mowlavi et al. 2006; Fanke et al. 2011). Ascaridia sp.,

Prevalence among parasitic communities (protozoa,
nematodes, trematodes, cestodes) is relatively similar,
suggesting that the community structure of the parasites
is stable. Eimeria and nematodes are the most common
species, probably because of their direct life cycles, while
lower levels of trematode and cestode infections may be
due to an indirect life history (Rausch 1983). From the
results of this study, we found that the prevalence of
parasites was higher in the Poyang population, suggesting that it is more prone to infection.
The similarity of parasitic communities tends to have
a negative correlation with geographical distance and environmental conditions (Poulin et al. 2011). Whether a
single ecological factor determines the uniformity of a
particular host-parasite community is not clear. Parasitic
species and prevalence varied among the three lakes, but
the richness, diversity and evenness indices did not show
significant statistical differences over the spatial divide.
Similar diversity and evenness indicates that most of
these parasitic species occur in these three lakes, with
some species present at high levels.
Prevalence of Hooded Crane parasites in the late wintering period was significantly higher than that in the

Table 4 Diversity indices of parasites at different sampling sites
Index

PY (N = 204)

CZ (N = 312)

SJ (N = 305)

F

p

Species richness (S)

10

11

11

0.666

0.656

Shannon-Wiener Index (H′)

1.436

1.369

1.395

0.756

0.598

Pielou Index (J)

0.624

0.571

0.582

0.733

0.612
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Table 5 Diversity indices of parasites between sampling periods
Index

Early wintering

Late wintering

Statistics test

1st sampling

2nd sampling

3rd sampling

1st sampling

2nd sampling

3rd sampling

(N = 136)

(N = 130)

(N = 138)

(N = 134)

(N = 144)

(N = 139)

F

p

Species richness (S)

8

10

10

10

9

10

0.200

0.678

Shannon-Wiener Index (H′)

1.436

1.340

1.362

1.571

1.474

1.518

12.317

0.025*

Pielou Index (J)

0.691

0.582

0.591

0.682

0.671

0.659

1.925

0.238

*p < 0.05.

early period. A significant difference was found between
the prevalence of protozoa and nematodes. The consistency
of results found in the three parasitic fauna is not a coincidence. Parasitic diversity of the wintering Hooded
Cranes in the late wintering period was substantially
higher than that in the early wintering period. This
suggests that parasitic diversity is more sensitive to the
wintering period than to location.

Reasons for differences in parasitic diversity

Earlier investigations, for example in the case of the
Eurasian Crane, have also reported variation in parasitic infection in different seasons and migratory paths
(Gottschalk and Prange 2001). The results may have
many explanations. In the first place, the intestinal parasitic community could be altered by migration dynamics.
Studies have shown that bird migration is likely to be an
escape strategy in response to heavy concentrations of
parasites due to excessive use of habitats (Altizer et al.
2011; Møller and Szép 2011). Before migration habitats
are excessively used, and this increases the risk of parasitic
infection (Mellor and Rockwell 2006). Parasite pressure
may be relieved during migration. In addition, different arrival times of the Hooded Cranes also affect the abundance of parasites (Figuerola et al. 2000). For example, in
our sampling period, early-arriving cranes lost a large
number of parasitic species from the breeding sites, while
cranes which joined late may have preserved them. Secondly, parasitic infection is subjected to environmental
effects (Pietrock and Marcogliese 2003). For parasites
where eggs are deposited in faeces, temperature, rainfall
and humidity can affect both rates of parasitic development and the survival of external stages (Altizer et al.
2006). Eggs or oocysts ingestion appeared to be the most
common mode of infection in our study. The infectious
stages for intestinal parasites are vulnerable to variation in
temperature and humidity (Calegaro-Marques and Amato
2013). The climate in the early wintering period is cold
and dry and parasitic eggs will not easily survive, leading
to a reduction in infection. In the late wintering period,
however, there are many moist and warm shelters and
parasites may then have developed a strong capacity for

infection due to favorable habitat factors. Furthermore,
ecological factors such as habitat use or the availability of
other resources of their hosts may affect the composition
of these parasite clusters (Esch et al. 1990). When resources, including food, are exhausted in late wintering
periods, the Hooded Cranes gather in lager flock size
more often at paddy fields and later transferred to grasslands for limited food resources (Zhou et al. 2010). Faecal
contamination may increase parasitism by increasing host
susceptibility or by increasing the abundance of intermediate hosts and vectors (Lafferty 1999). Oocysts or
eggs exposed to repeatedly used habitats could easily be
ingested, leading to a significant rise in prevalence and
diversity. In contrast to free ranging birds always living
in a limited range, wild Hooded Cranes would freely
choose preferred habitats during some periods, which
reduces outbreak of diseases and keeps their population
healthy.
Habitat disturbance could lead to disease outbreaks
by creating suitable conditions for individual species
(Dobson and May 1986) and the Hooded Cranes in
wetlands are prone to human disturbance. Thus, monitoring the diversity of parasites is important for sound
wetland management. Intestinal parasites in the wild
Hooded Cranes in our present research are only roughly
portrayed and further research is needed to gain more information about parasites. Although fecal flotation technique will underestimate the true prevalence and might
miss the rare parasite, we believe that this approach remains accurate in revealing the infection regularity of parasites in the Hooded Cranes (Wagner et al. 2012).

Conclusion
Our study suggests that in the wintering Hooded Cranes
populations, parasite diversity is more sensitive to
changes in the overwintering periods than to locations.
Given the similarity of parasitic community structures in
the three lakes and the limitations related to Hooded
Crane migration, our results also suggest that the parasites may fail to be isolated due to geographical factors.
Molecular genetic analyses in future research may better
reveal this phenomenon.
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