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A behavioral ecology approach to traffic accidents:

BACK

Interspecific variation in causes of traffic casualties among birds

Anders Pape Moller', Helga Erritzoe® , Johannes Erritzoe”

(1. Department of Ecology, Systematics and Evolution, CNRS UMR 8079, University of Paris-South, Bdtiment 362, F-91405 Orsay Cedex, France;
2. Taps Old Rectory, DK-6070 Christiansfeld, Denmark)

Abstract: Birds and other animals are frequently killed by cars, causing the death of many million individuals per
year. Why some species are killed more often than others has never been investigated. In this work hypothesized that risk
taking behavior may affect the probability of certain kinds of individuals being killed disproportionately often.
Furthermore, behavior of individuals on roads, abundance, habitat preferences, breeding sociality, and health status may
all potentially affect the risk of being killed on roads. We used information on the abundance of road kills and the
abundance in the surrounding environment of 50 species of birds obtained during regular censuses in 2001-2006 in a rural
site in Denmark to test these predictions. The frequency of road kills increased linearly with abundance, while the
proportion of individuals sitting on the road or flying low across the road only explained little additional variation in
frequency of road casualties. After having accounted for abundance, we found that species with a short flight distance and
hence taking greater risks when approached by a potential cause of danger were killed disproportionately often. In
addition, solitary species, species with a high prevalence of Plasmodium infection, and species with a large bursa of
Fabricius for their body size had a high susceptibility to being killed by cars. These findings suggest that a range of
different factors indicative of risk-taking behavior, visual acuity and health status cause certain bird species to be
susceptible to casualties due to cars.
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The impact of humans on animals has intensified human populations and the resulting exploitation of
dramatically during the last decades due to increasing natural resources across the globe (Marzluff et al, 2001).
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Urbanization has a number of consequences for wild
animals because of the longer growing season associated
with altered micro-climatic conditions, a change in
abundance of habitats, an increase in food abundance and
hence population density of specific animals, and
proximity of humans that may be problematic for species
with low thresholds of fear (Batten, 1973; Klausnitzer,
1989; Gliwicz et al, 1994; Stephan, 1999; Shochat et al,
2006; Mgller, 2008a). A major impact of urbanization is
the construction of roads that disrupt animal movement,
but also affect everyday life of animals due to the
presence of cars and their effects. For example, recent
research has shown strong effects of noise from traffic on
song learning and change in composition and carrier
frequency of songs (e. g. Reindt, 2003; Warren et al,
2006). Second, roads can have dramatic effects on the
distribution of animals (Reijnen & Foppen, 1991;
Underhill & Angold, 2000; Forman & Alexander, 1998).
A third consequence is the large number of traffic kills
due to cars (Blimel & Bliimel, 1980; Bruun-Schmidt,
1994; Dunthorn & Errington, 1964; Erritzee et al, 2003;
Finnis, 1960; Goransson et al, 1978; Haas, 1964;
Heinrich, 1978; Hodson, 1960; Hodson & Snow, 1965;
Nankinov & Todorov, 1983; Smettan, 1988; Straube,
1988; Vignes, 1984; Wischer et al, 1988). For example,
the total number of birds killed by traffic in Denmark
alone (a small country of only 43,000 km?) was
estimated to be 3.50 million in the 1960’s and 3.27
million in 1980 (Hansen, 1969, 1982). Therefore, the
global estimates must at least be hundreds of millions per
year.

While the effect of cars on avian mortality is well
described, there is to the best of our knowledge no
information about the causes of interspecific variation in
such mortality. Superficially, one might assume that all
species are equally susceptible to traffic mortality
because the recent invention of cars has not allowed
adaptation to this cause of mortality. However, there
traits  that

might be behavioral or physiological

predispose particular species to elevated risk of mortality.

Are road-kills just reflecting a random sample of all
species according to their abundance and the probability
that individuals sit on the road or fly close to the ground,
thereby exposing them to traffic accidents, or do specific
characteristics of certain species render them more
susceptible to being killed by cars? The objectives of this
study were to address to which extent the abundance of
road-kills of different species could be explained by

ecological factors. To this end we estimated both the
frequency of road-kills of different species, but also their
expected frequency based on standardized birds censuses.

The aims of this study were to assess risk factors
associated with road-kills of birds. As a null hypothesis
we assessed the importance of abundance as a predictor
of the frequency of road-kills of different species,
because abundant species by necessity are more likely to
end up being killed by cars. Next, we calculated an index
of susceptibility to mortality due to cars by quantifying
residual variation for each species. First, we
hypothesized that species living in open habitats would
have a better ability to escape an approaching car
because of a better view of the approaching vehicle.
Second, Blumstein (2006) has in a study of the
evolutionary ecology of fear suggested that flight
initiation distance when approached by humans provides
a reliable metric of wariness. Flight distance to an
approaching human can be considered a metric of the
risk that individuals of a given species are willing to take
when encountering a potential predator (Blumstein,
2006). Importantly, Meller et al (2008) found that bird
species with relatively short flight distances suffered
from higher susceptibility to predation by sparrowhawks
Accipiter nisus, and susceptibility of birds to cat
predation is also related to flight distance (Moller et al,
2010). Therefore, species with short flight distances
should be particularly susceptible to traffic. Species
feeding on fast-moving prey may be better at motion
detection (Fleishman et al, 1995) and have more acute
visual systems (Garamszegi et al, 2002), making it likely
that species eating moving prey would be more flighty
than herbivores. Hence, species eating moving prey
should be less susceptible to traffic than herbivores.
Sociality may involve allocation of more time to monitor
conspecifics (Roberts, 1988), making social species more
vigilant to an approaching human being (Blumstein,
2006), but incidentally also to approaching cars. Third,
we predicted that a relatively short duration of the
nestling period for a given body size would imply that
fledglings had not fully developed when leaving the nest
(Starck & Ricklefs, 1998), resulting in an increased risk
of mortality due to cars in such species. Fourth, we
predicted that malaria and other blood parasites would
affect metabolic efficiency of hosts (Atkinson & Van
Riper, 1991; Chen et al, 2001), thereby reducing working
ability and hence escape ability when a car is rapidly
approaching. Thus, we predicted that bird species with a
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high prevalence of blood parasites, especially intra-
cellular blood parasites that cause erythrocytes to burst
and hence give rise to anemia, would be positively
related to susceptibility to car fatalities. Finally, we
expected that aspects of immunity in young birds would
predict susceptibility to car accidents because such
measures of immunity would have evolved in response
to parasite-mediated selection, causing species with
virulent parasites to have particularly large immune
defense organs for their body size. Thus, we predicted a
positive relationship between susceptibility to car
accidents and relative size of the bursa of Fabricius,
which is an important immune defense organ involved in
production of antibodies and responsible for
differentiation of the repertoire of B-cells in young birds
(Glick, 1983, 1994; Toivanen & Toivanen, 1987). Many
studies have shown that relative size of the bursa of
Fabricius is related to parasite impact on avian hosts (e.g.,
Garamszegi et al, 2003, 2007; Garamszegi & Moller,
2007; Meller, 2009; Mgller & Erritzeae, 1996).

In the present study we were able to assess traffic
casualties in relation to null expectations based on
and flight behavior.
performed post

abundance In addition, we

mortem autopsies of almost all
individuals, verifying that they indeed had died from
impact with a car. We tested our predictions concerning
risk factors associated with traffic fatalities of birds by
relying on an extensive data set of road-kills collected by
JE and HE, who also conducted standardized bird
censuses in the same sites to quantify the abundance of
different species. Therefore, the present study assessed
risk factors of traffic mortality in birds, because we could
compare observed and expected abundance of road-kills
of different species and relate such an index of
susceptibility to flight behavior, and ecological and life
history characteristics. Thus, we were able to assess the
relative importance of a range of different predictors of
susceptibility to traffic accidents.

1 Materials and Methods

1.1 Road Kkills

JE and HE biked or walked 10,500 km on a fixed
route during 2001-2006 around Taps (55°27° N, 9°26° E),
Denmark, with an even distribution of these sampling
events throughout the year. The habitat of this open
farmland area is open fields, with scattered hedges,
plantations and houses with gardens. Traffic is not
intense because less than 70 cars were recorded on most

censuses. Each trip covered at least 6 km, and they found
a total of 461 road-killed birds by carefully searching the
road and the verges during these trips. All individuals
were aged according to standard criteria reported by
Svensson (2006). In addition, all individuals were
inspected post mortem, and traffic casualty rather than
other causes of mortality was ascertained from severe
fractures, blood-filled lungs and other signs of a forceful
impact between a bird and a hard obstacle (a car). Thus,
we could exclude the possibility that the birds recorded
had died for other reasons such as collision with
overhead wires, poisoning, predation or other causes of
death. The species and their abundance are listed in the
Appendix.

JE also recorded all individuals seen during the
regular trips, carefully recording whether an individual
was sitting on the road or road verge, and whether an
individual flew at a height of less or more than 2 m, as
judged from our own height. We used this information to
estimate the proportion of individuals of each species
that was sitting on the road and the proportion of
individuals that flew below a height of 2 m as indicators
of elevated risk of impact with cars.

A total of 25 of 249 sparrows Passer sp. (10%)
could not be assigned to species with certainty, and we
attributed these unidentified sparrows to house sparrows
Passer domesticus and tree sparrows Passer montanus
according to the relative abundance of these two species
as road kills of actually identified individuals. However,
the results remained unchanged if these 25 unidentified
individuals were excluded from the analyses.

1.2 Bird censuses

JE conducted standardized point counts (Bibby et al,
2005) to quantify the abundance of birds during the
breeding season and the winter along the roads where
road-kills were recorded. In brief, the point counts
consisted of 5 minutes being spent per point looking and
listening for birds at any distance from the point, while
recording these, with 100 m between individual census
points, using a total of 20 points per census. Total
abundance during the breeding season was estimated as
the sum of the seven annual point count censuses made
between 2001 and 2006 during the breeding season
between 25 May and 1 June. Two winter censuses were
conducted on 5 January 2005 and 5 January 2006. We
obtained an estimate of total abundance of each species
by adding the number of breeding season observations to
the number of winter observations multiplied by 3.5, to
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account for the fact that there were 3.5 times as many
breeding season censuses as winter censuses. The bird
count results were repeatable among censuses during the
breeding season (one-way ANOVA based on the logo-
transformed counts: F = 3.72, df = 33,170, P < 0.0001)
and winter (F = 4.66, df = 7,8, P = 0.023), implying that
the abundance of different species was consistent among
years. The results of these censuses are reported in the
Appendix.

1.3 Ecological variables

We scored the main breeding habitats as open
grassland (a score of 0), bushes (a score of 1), or trees (a
score of 2), relying on information in Cramp & Perrins
(1977-1994).

During March-August 2006-2007 APM estimated
flight distances for birds in Ile-de-France and Bretagne,
France and Northern Jutland, Denmark, using a standard
technique developed by Blumstein (2006). Estimates of
flight distances are highly consistent among countries, as
reported by Meller (2008a, b), hence justifying the use of
flight distance data from another population than that
used for studying traffic mortality. In brief, when an
individual bird had been located while resting, foraging,
preening or singing, APM moved at a normal walking
speed towards the individual, while recording the
number of steps (which approximately equals the number
of meters). The distance at which the individual took
flight was defined as the flight distance, while in
accordance with Blumstein (2006) we defined starting
distance as the distance from where the observer started
walking until the position of the bird. If the individual
was positioned in the vegetation, the height above
ground, when APM started walking towards it, was
recorded to the nearest meter. While recording these
distances, APM also recorded date and time of day, age
and the sex of the individual if external characteristics
allowed sexing with binoculars. Juveniles were only
included when they were fully independent and not fed
by adults. Flight distance was estimated as the square-
root of the sum of the squared horizontal distance and the
squared height (Blumstein, 2006).

All recordings were made during the breeding
season, when most individuals are sedentary, thus
preventing the same individual from being recorded in
different sites, with each site being more than 100 m
apart (equaling a territory of 3.1 ha), and for larger
species such as herons and corvids APM used a distance
of 500 m (equaling a territory of 78.5 ha) because of

their larger territories. Using only breeding birds may
cause another problem if territorial individuals are less
likely to have long flight distances because they are
reluctant to cross territory boundaries. However, we can
dismiss this alternative explanation because an analysis
of 24 species (based on 2018 observations), assessed
during winter (December 2006 — February 2007) and
summer revealed a strong positive relationship between
the two sets of estimates (weighted regression: ' = 41.50,
df=1,3, 7" =0.64, P <0.0001).

We assessed the spatial and temporal consistency in
estimates of mean flight distances in three ways and
found high degrees of consistency (Mgller, 2008a,b).

Breeding sociality was quantified as colonial (a
score of 1) when individuals used territories that only
contained a nest site, and otherwise solitary (a score of 0),
using information in Cramp & Perrins (1977-1994).

We extracted information on duration of the
incubation and the nestling period from Cramp & Perrins
(1977-1994), relying on the value based on the largest
sample size if more than a single value was reported. If a
range of values was reported, we used the mean of the
extreme values. Likewise, we extracted mean body mass
from the breeding season from Cramp & Perrins
(1977-1994), using the largest sample if more data were
reported, and using the mean of means for adult males
and adult females, if masses were reported separately for
the two sexes.

We used information on prevalence of four genera
of blood parasites (Leucocytozoon, Haemoproteus,
Plasmodium, Trypanosoma), assuming that this would
reflect prevalence in the population, as done in previous
studies (e. g. Moller & Nielsen, 2007). We also extracted
information on the number of individuals examined for
each of the host species. In total, the study was based on
examination of infection level of 16,995 individual
juvenile and adult hosts belonging to 263 species based
on blood smears, with a range from 2 to 1539 individuals
each for the species [see Moller & Nielsen (2007) for a
complete list of sources]. Most of the blood parasite
information derived from Northern Europe, where the
study of road-kills was also conducted, providing a high
degree of overlap between the geographical location of
study sites for parasites and car casualties. Scheuerlein &
Ricklefs (2004) have shown that prevalence estimates are
repeatable across study sites, despite considerable
variation among sites and sampling periods. Such
variation among sites and sampling periods would make
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any investigation of relationships between prevalence
and ecological variables conservative.

We used information on the mass of the bursa of
Fabricius from Mgller et al (2005) and Garamszegi et al
(2007).

The entire data set is reported in the Appendix.

1.4 Statistical methods

We estimated a susceptibility index to quantify
likelihood for individuals of a given species to be killed
by traffic, as logjo-transformed number of road-kills
minus  logjo-transformed (number of individuals
observed of that species divided by the total number of
individuals of all species) multiplied by the total number
of road-kills). To avoid problems with species having an
abundance of road-kills or an overall abundance of zero,
we added one to all observations.

Nestling period, mass of bursa of Fabricius, body
mass and flight distance were logo-transformed, while
the proportion of individuals sitting on the road, the
proportion of individuals that flew at a height of less than
2 m and prevalence of blood parasites were square-root
arcsine-transformed before analysis.

Most statistical approaches assume that each data
point provides equally precise information about the
deterministic part of total process variation, i.e. the
standard deviation of the error term is constant over all
values of the predictor variables (Sokal & Rohlf, 1995).
We weighted each observation by sample size (the
number of individuals killed by traffic) in order to use all
data in an unbiased fashion, thereby giving each datum a
weight that reflects its degree of precision due to
sampling effort (Draper & Smith, 1981; Neter et al,
1996). Comparative analyses may be confounded by
sample size if sampling effort is important, and if sample
size varies considerably among taxa. In order to weight
regressions by sample size in the analysis of contrasts,
we calculated weights for each contrast by calculating
the mean sample size for the taxa immediately subtended
by that node in the phylogeny (Meller & Nielsen, 2007).

We calculated an estimate of effect size as the
Pearson product-moment correlation, using the equations
in Rosenthal (1991, pp. 73-74), relying on Cohen’s (1988)
conventions where » = 0.1 equals a small effect, » = 0.3
an intermediate effect and » = 0.5 equals a large effect).

The three most common species accounted for 75%
of all road-kills, implying that these species may have a
disproportionate influence on the conclusions. We re-did
all analyses after exclusion of these three common

species, but all conclusions

suggesting that the three most common species did not

remained unchanged,

bias the findings.
1.5 Comparative analyses

We controlled for similarity in frequency of traffic
casualties among species due to common ancestry by
calculating standardized independent linear contrasts
(Felsenstein, 1985), using the computer program CAIC
(Purvis & Rambaut, 1995). Standardization of contrast
values was checked by examination of absolute values of
standardized contrasts versus their standard deviations
(Garland et al, 1992). Plotting the resulting contrasts
against the variances of the corresponding nodes
revealed that these transformations made the variables
suitable for regression analyses. In cases where extreme
residuals were recorded, we tested for the robustness of
the conclusions by excluding contrasts with studentized
residuals greater than 3.00 (Jones & Purvis, 1997).
Likewise, we ranked the independent variable to test if
the conclusions remained unchanged (Moller & Birkhead,
1994), and in no case did this procedure give rise to
conclusions different from those obtained with the
contrast values. Ranking provides a very conservative
test of a hypothesis, and robustness of findings to
ranking of the independent variable thus suggests that
distributions of variables are not a confounding factor
leading to specific conclusions.

We constructed a composite phylogeny of the 50
species investigated to calculate standardized linear
contrasts, mainly based on Sibley & Ahlquist (1990),
combined with information from more recent sources
(Blondel et al, 1996; Barker et al, 2001, 2004; Crochet et
al, 2000; Helbig & Seibold, 1999)(Fig. 1). Because this
composite phylogeny was derived from different studies
using different phylogenetic methods and different
molecular markers, consistent estimates of branch
lengths were unavailable. Therefore, we considered
branch lengths to be equal in the analyses (this is
equivalent to an assumption of a punctuated model of
& Rambaut, 1995)). We used
MacClade to construct the phylogeny and make

evolution (Purvis

inferences about the ancestral state of susceptibility to
traffic (Maddison & Maddison, 1992).

Regressions of standardized linear contrasts were
forced through the origin because the comparative
analyses assume that there has been no evolutionary
change in a character when the predictor variable has not
changed (Purvis & Rambaut, 1995). We used multiple
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Fig. 1 Phylogeny of species of birds analyzed for road-kills
Species with a relatively low (open branches) and high frequency of road-kills (dark branches), relative to expectations from bird census data, are shown.

Hatched branches have equivocal states. See Material and methods for sources.

regression to find the best-fit model, using the software sample t-test, + = 0.08, df = 49, P = 0.94). The
JMP (Anon, 2000). The best-fit model was determined distribution of the relative frequency of road-kills on the

using Akaike’s information criterion as an estimate of phylogeny showed that the ancestral state among the
the improvement in fit for addition of wvariables species studied was a low frequency of traffic casualties
(Burnham & Anderson, 2002). There was no evidence of (Fig. 1). There were many transitions between different
collinearity between variables (Tabacknik & Fidell, states (Fig. 1), suggesting that ecological factors
1996). associated with a relatively high frequency of road-kills

Information was missing for some species for were labile.
certain variables, causing sample sizes to differ slightly 1000
among analyses.

Values reported are means (SE). °
2 Results é T *

'g

The number of individuals killed varied among 50 i
bird species from 0 to 199, with a mean = 9.2, median = “ 10
2.0, SE = 4.4. The three most abundant species were
house sparrow (199 individuals), blackbird Turdus 0L oeooeo ' o !
merula (95) and tree sparrow (49). The total abundance 0 10 Abundance 100 1000

during censuses of the 50 species varied from 0 to 261
individuals, with a mean = 12.5, median = 2.5, SE = 5.4.
The frequency of traffic kills increased significantly with
abundance in a linear fashion, explaining 42% of the
variance (Fig. 2), and the increase was significant both The proportion of individuals flying below 2 m
for analyses based on species-specific data and ranged from 0 to 1 among species, with a mean value of
independent contrasts (Tab. 1). The susceptibility index 0.36 (SE = 0.05). The proportion of individuals on the
varied from —1.235 to +0.699 with a mean of 0.005 (SE road varied from 0 to 1 among species, with a mean
= 0.061), not differing significantly from zero (one- value of 0.31 (SE = 0.05). These two variables were not

Fig. 2 Frequency of traffic kills in different species in
relation to their abundance

The line shows the linear regression line.
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Tab. 1 Linear regression of log-transformed number of road-kills for different species of birds in relation to

log-transformed abundance

Variable Sum of squares df F P Slope (SE) Effect size
Model A (Species):
log (Abundance) 441 1 29.76 <0.0001 0.513 (0.094) 0.62
Error 7.12 48
Model B (Contrasts):
log (Abundance) 0.63 1 18.79 <0.0001 0.452 (0.104) 0.53
Error 1.61 48

Model A was based on species-specific data, while model B was based on standardized linear contrasts. Effect size was estimated as the Pearson product

moment correlation coefficient.

significantly correlated (Pearson » = 0.06, ¢ = 0.44, df =
48, P = 0.66). The proportion of individuals on the road
explained a significant amount of variation in road-kills
(F'=6.65,df=1,48, P=0.013, slope (SE) = 0.32 (0.12),
effect size = 0.35), while that was not the case for the
proportion of individuals flying below 2 m (F = 0.38, df
= 1,48, P = 0.54, slope (SE) = 0.08 (0.12), effect size =
0.09). Neither variable explained a significant amount of
variation in susceptibility to traffic (proportion of
individuals on road: partial ' = 0.81, df= 1,47, P =0.37,
effect size = 0.13; proportion of individuals flying lower
than 2 m: partial = 0.07, df = 1,47, P = 0.80, effect size
= 0.04). Flight distance did not significantly predict
susceptibility to traffic in a model that included body
mass (partial F = 1.10, df = 1,42, P = 0.30, effect size =
0.16).

Age did not affect susceptibility to traffic because
the proportion of yearlings was not a significant
predictor in a model that included body mass as an
additional predictor variable (partial F = 0.14, df = 1,33,
P =0.71, effect size = 0.06).

Susceptibility to traffic increased from open habitats
and bushes to trees in analyses of species-specific data,
but not in analyses of contrasts (Tab. 2 models A—B).

Breeding sociality reduced susceptibility to traffic,
after inclusion of body mass as an additional predictor
variable (Fig. 3A; partial F = 11.52, df = 1,46, P =
0.0014, effect size = 0.45). In contrast, food did not
significantly predict susceptibility traffic,
inclusion of body mass as an additional predictor
variable (partial F = 0.00, df = 1,46, P = 0.99, effect size
=0.01).

Bird species with a long nestling period for their

to after

body size were less susceptible to traffic, and this effect
was independent of the effect of habitat in analyses of

species-specific data and contrasts (Tab. 2 Models A—B).
In contrast, the duration of the incubation period was not
a significant predictor (results not shown). In addition,
susceptibility increased with body mass, although only in
analyses of species-specific data (Tab. 2 Models A—B),
implying that large species were more susceptible than
small species in species-specific analyses.

The prevalence of two genera of blood parasites,
Leucocytozoon and Plasmodium, were both positively
related to susceptibility to traffic, with similar effects in
analyses of species-specific data and independent
contrasts (Tab. 2 Models C-D; Fig. 3B). In contrast, the
prevalence of Haemoproteus and Trypanosoma was not a
significant predictor (results not shown for simplicity).

The size of the bursa of Fabricius was positively
related to susceptibility to traffic, both in analyses of
species-specific data and independent contrasts (Tab. 2
Models E-F; Fig. 3C). This effect was independent of
body mass.

Finally, we developed best-fit models that included
all the predictor variables. An analysis of species-
specific data revealed a model that explained 60% of the
variance (Tab. 3 Model A). There were statistically
significant effects of flight distance after inclusion of the
other variables of interest (Fig. 3D; negative relationship
between distance and susceptibility), breeding sociality
(solitary species having greater susceptibility than
colonial species), and mass of bursa of Fabricius (species
with larger bursa being more susceptible) (Tab. 3 Model
A). A model based on independent contrasts revealed
intermediate to strong effects of flight distance (negative
relationship between distance and susceptibility), breeding
sociality (solitary species having greater susceptibility
than colonial species), food (species eating live prey
being less susceptible than herbivores), prevalence of
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Tab. 2 Best-fit models of the relationship between susceptibility to mortality due to traffic and (models A-B) habitat, log-
transformed nestling period and log-transformed body mass, (models C-D) square-root arcsine-transformed
prevalence of Leucocytozoon and Plasmodium and log-transformed body mass, (models E-F) log-transformed mass
of bursa of Fabricius and log-transformed body mass

Variable Sum of squares df F P Slope (SE) Effect size
Model A (Species):
Habitat 5.35 1 9.14 0.0041 0.12 (0.04) 0.41
Nestling period 6.03 1 10.30 0.0025 -1.20(0.37) 0.43
Body mass 8.00 1 13.67 0.0006 0.41 (0.11) 0.48
Error 26.33 45
Model B (Contrasts):
Habitat 0.76 1 2.01 0.16 0.10 (0.07) 0.20
Nestling period 1.84 1 4.89 0.032 —1.40 (0.63) 0.31
Body mass 0.31 1 0.82 0.37 -0.22 (0.24) 0.13
Error 17.38 46
Model C (Species):
Leucocyto-zoon 11.00 1 16.92 0.0002 0.72 (0.18) 0.51
Plasmodium 6.66 1 10.25 0.0025 0.84 (0.26) 0.42
Error 30.55 47
Model D (Contrasts):
Leucocyto-zoon 3.22 1 10.27 0.0027 0.84 (0.26) 0.46
Plasmodium 3.85 1 12.25 0.0012 1.27 (0.36) 0.49
Body mass 2.88 1 9.16 0.0044 —-0.76 (0.25) 0.44
Error 12.24 39
Model E (Species):
Bursa of Fabricius 13.93 1 18.61 <0.0001 0.41 (0.10) 0.55
Error 32.18 43
Model F (Contrasts):
Bursa of Fabricius 1.88 1 4.46 0.041 0.57 (0.27) 0.31
Body mass 2.70 1 6.42 0.015 —0.92 (0.36) 0.36
Error 17.66 42

Models A, C and E were based on species-specific data, while models B, D, and E were based on statistically independent contrasts. The overall models had the
following statistics: Model A: F = 12.03, df = 3,45, P = 0.45, P <0.0001, Model B: F=2.82, df = 3,46, 2= 0.15, P =0.049, Model C: F =13.13, df =2,47, 7
=0.36, P <0.0001, Model D: F=6.13, df = 3,39, * = 0.32, P = 0.0016, Model E: F = 18.62, df = 1,43, /> = 0.30, P < 0.0001, and Model F: F = 3.28, df = 2,42,
#*=0.14, P=0.047. Effect size was estimated as the Pearson product moment correlation coefficient.
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Fig. 3 Susceptibility to traffic death in different species of birds in relation to (A) breeding sociality, (B) relative prevalence
of Plasmodium (after adjusting for prevalence of Leucocytozoon and body mass), (C) mass of the Bursa of Fabricius (g),
and (D) flight distance (after adjusting for breeding sociality and mass of bursa of Fabricius)
The lines are the linear regression lines weighted by sample size.
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Tab. 3 Best-fit models of the relationship between susceptibility to mortality due to traffic and habitat, log-transformed
nestling period, square-root arcsine-transformed prevalence of Leucocytozoon and Plasmodium, log-transformed

mass of bursa of Fabricius and log-transformed body mass

Variable Sum of squares df F P Slope (SE) Effect size
Model A (Species):
Breeding sociality 9.83 1 19.77 <0.0001 —0.38 (0.08) 0.59
Flight distance 8.28 1 16.66 0.0002 —-0.76 (0.19) 0.56
Bursa of Fabricius 13.90 1 27.96 <0.0001 0.49 (0.09) 0.66
Error 18.40 37
Model B
(Contrasts) :
Flight distance 2.50 1 10.43 0.0029 —0.93 (0.29) 0.50
Breeding sociality 3.12 1 13.00 0.0010 —0.52 (0.14) 0.54
Food 1.29 1 5.36 0.027 —0.33 (0.14) 0.38
Plasmodium 2.94 1 12.24 0.0014 1.21 (0.35) 0.53
Bursa of Fabricius 342 1 14.25 0.0007 0.89 (0.24) 0.55
Body mass 2.67 1 11.12 0.0022 —-1.15(0.34) 0.51
Error 7.68 32

Model A was based on species-specific data, while model B was based on statistically independent contrasts. The overall models had the following statistics:
Model A: F=18.08, df=3,37, 2= 0.59, P <0.0001, and Model B: F=17.57,df=17,32, = 0.19, P <0.0001. Effect size was estimated as the Pearson product

moment correlation coefficient.

Plasmodium (species with higher prevalence being more
susceptible), bursa of Fabricius (species with larger bursa
being more susceptible), and body mass (larger species
being less susceptible) (Tab. 3 Model B).

3 Discussion

We provide evidence of avian mortality due to
traffic directly reflecting the abundance of different
species, but also phenotypic characteristics relating to
flight behavior, visual acuity and health status. The null
hypothesis investigated was that the abundance of traffic
casualties simply reflected the abundance of different
species, but also their behavior, with species with many
individuals sitting on the road or flying close to the
ground experiencing a high risk of mortality due to
traffic. Abundance and to a small extent the proportion
of individuals that were sitting on the road explained
variation in traffic casualties. In addition, risk-taking
behavior when approached by a human being estimated
in terms of flight distance, breeding sociality (solitary
species run higher risks), prevalence of the blood
parasites of the genus Plasmodium (species with high
prevalence run higher risks), and the size of the bursa of
Fabricius (species with large immune defense organs run
higher risks) all predicted susceptibility to traffic. We
will briefly discuss these findings.

Mortality among birds due to traffic may constitute
a non-negligible fraction of overall mortality, and
Svensson (1998) suggested that this factor is seriously
under-estimated. Hansen (1982) estimated that 3.27
million birds died on roads in Denmark in 1980—1981.
Given that the total population of birds, including
fledglings, consists of 16.29 million pairs (based on the
mean estimates reported by Grell (1998)), and assuming
that mean clutch size is 4.5 eggs (the mean for 512
species breeding in the Western Palearctic (Cramp &
Perrins, 1977-1994), the mean number of clutches per
year being 1.6 (the mean for 512 species breeding in the
Western Palearctic (Cramp & Perrins, 1977—1994)), and
mean nest predation rate being 24% for 72 species
1977-1994)), then the total
population can be estimated as (16.29 million pairs X 2

(Cramp & Perrins,

individuals per pair) + (16.29 million pairs X4.5 eggs
per clutch X 1.6 clutches per year X 0.76) = 121.72
million individuals. Therefore, mortality due to traffic
can be estimated as (3.27 million / 121.72 million), or
2.7%. Given that mean adult mortality rate for 172 bird
species from the Western Palearctic (Cramp & Perrins,
1977-1994) was 38%, mortality due to traffic accounted
for 2.7% / 38% 7.1% of overall mortality. This
proportion is bound to be an over-estimate because

juvenile mortality is likely to be greater than 38%.
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However, the conclusion remains that avian mortality
due to traffic constitutes a non-negligible fraction of
overall mortality in the order of 5%—10% of overall
mortality. Whether this has any effect on population size
will depend on whether mortality caused by traffic acts
in a density-dependent manner. To the best of our
knowledge this provides the first estimate of the relative
importance of traffic casualties for overall mortality in
any group of animals.

The null hypothesis for traffic casualties is that risk
of mortality should reflect the abundance of different
species and their flight behavior. Abundance explained
42% of the variance in traffic mortality among species.
Surprisingly, we found little evidence of flight behavior
affecting the abundance of traffic casualties. There was a
weak positive relationship between the proportion of
individuals of different species being recorded on the
road and road-kills, while the proportion of individuals
flying at a height of less than 2 m did not predict traffic
casualties. This leaves 60% of the variance to be
explained by other factors such as sampling effort,
ecological factors and other sources of variation.

Blumstein (2006) suggested in his hypothesis about
the evolutionary ecology of fear that flight distance
should provide a reliable metric reflecting the risk that
individuals are willing to take when trading foraging
against flight. Studies of flight distance in birds have
indicated that urban birds take greater risks than rural
conspecifics, as reflected by shorter flight distances
(Mpller, 2008a). A number of factors hypothesized to
provide increased visual acuity such as sociality and
reliance on live prey may also allow individuals to
escape when approached by a car. We found clear
evidence suggesting that flight distance and breeding
sociality both predicted susceptibility to traffic, and that
was also the case in analyses of contrasts.

Risk of mortality due to traffic was elevated in bird
species with high prevalence of blood parasites of the
genus Plasmodium. While we have no information
whether individuals killed by cars were infected by blood
parasites, we can conclude that species that had high
prevalence of Plasmodium suffered disproportionately
from traffic mortality. We have no a priori explanation
why there were no effects for the blood parasite genera
Haemoproteus and Trypanosoma, although previous
studies of blood parasites and predation also showed
similar variation among taxa (Mgller & Nielsen, 2007).
We hypothesize that this effect was due to the impact of

malaria as a cause of dramatic increases in the abundance
of damaged erythrocytes, thereby severely reducing the
efficiency of metabolism, but also restricting blood flow
to the brain and the spleen (Atkinson & Van Riper, 1991;
Chen et al, 2001). In addition blood parasites cause
immune responses, fever and induction of heat-shock
proteins (Wakelin, 1996; Merino et al, 1998; Chen et al,
2001), and these effects may affect the ability of an
individual to escape when approached by a car. Such
effects will be particularly strong for intra-erythrocytic
blood parasites like Plasmodium that is the cause of
severe anemia. Bird species with blood parasite
infections have shorter flight distances than uninfected
species (Mgller, 2008b), suggesting that species with
high level infections may take greater risks when
encountering potential danger. The increase in mortality
risk by traffic linked to blood parasite infections selects
against blood parasite infections. The findings reported
here also have implications for parasitological studies of
blood parasites. Given that traffic-induced mortality
disproportionately biases estimates of prevalence of
blood parasites downwards, any epidemiological
inference based on prevalence in populations of hosts is
likely to be biased likewise.

Given the relationship between blood parasite
infection and susceptibility to traffic, we should also
expect immunity to explain interspecific variation in risk
of being killed by a car. Indeed, we found a positive
relationship between susceptibility to car accidents and
size of the bursa of Fabricius. The bursa is an important
immune defense organ involved in production of
antibodies and responsible for differentiation of the
entire repertoire of B-cells in young birds (Glick, 1983,
1994; Toivanen & Toivanen, 1987). This effect was
independent of body mass.

Susceptibility traffic
increased with increasing body mass, when analyzing

to mortality caused by

species-specific data and contrasts. Large bird species
need longer distances for take-off, and climb rates
decrease with body mass (Hedenstrom & Alerstam,
1992), and species with large body mass have long flight
distances (Moller, 2008a,b). That may partly explain
why species with large body mass run a higher risk of
mortality due to traffic than small species, although other
factors relating to body size may explain this variation.
The best-fit model showed a negative relationship with
body mass still being present after other predictor
variables had been included.
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We also investigated susceptibility to traffic in
relation to habitat, flight behavior, duration of development
and several other factors, but found little evidence of
these factors explaining interspecific variation once other
factors were included in the phylogenetic analyses.

In conclusion, we have found that risk of mortality
in birds due to traffic increased with abundance. Once
abundance had been taken into account, solitary species
with short flight distances having a high prevalence of
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Appendix 1 Frequency of road-kills of 50 species of birds, abundance of these species during standard point count censuses, proportion of
individuals recorded on the road, proportion of individuals flying below 2 m, duration of nestling period (days), habitat (0 — grassland, 1 —
bushes, 2—trees), breeding sociality (0 — solitary, 1 — colonial), mean flight distance (m), body mass (g), prevalence of Leucocytozoon and

Plasmodium, and mass of bursa of Fabricius (g)

Flight Prevalence Mass of

Frequency Abun- Proportion of Proportion of Nestling Ha- Prevalence of

Breeding

Species of r.oad— dance individuals jndividuals period bitat sociality distance s (2) of Leucocy- Plasmodium bu}rs? of
kills onroad flying below2m (d) (m) tozoon Fabricius (g)

Acrocephalus scirpaceus 1 0 0.00 1.00 10.9 0 0 6.73 11.80 0.01 0.02 0.016
Actitis hypoleucos 1 0 1.00 1.00 27.0 0 0 17.00  47.75 - - -

Alauda arvensis 0 25 0.90 1.00 190 0 0 1392  36.40 0.00 0.00 0.050
Ardea cinerea 0 1 0.00 0.00 500 0 1 4736 1433.00 - - 1.663
Buteo buteo 0 7 0.29 0.40 52.5 1 0 51.07  806.50 0.05 0.00 0.663
Carduelis cannabina 6 5 0.50 0.00 13.5 1 0 10.87 18.95 0.00 0.01 0.045
C. chloris 4 15 0.70 0.00 144 2 0 6.82  27.65 0.00 0.07 0.024
Columba livia 3 0 1.00 0.00 360 0 1 3.50  261.00 0.00 0.00 0.197
C. palumbus 7 1 0.38 0.60 335 2 0 12.14 49450 0.13 0.14 0.049
Corvus corone corone 1 12 0.84 0.14 322 2 0 74.00 544.50 0.33 0.01 0.656
C. c. cornix 2 0 0.84 0.14 322 2 0 27.19  544.50 0.33 0.01 0.656
C. frugilegus 2 3 0.48 0.05 330 2 1 34.17 453.50 0.00 0.00 0.764
Cuculus canorus 0 1 0.00 0.67 19.0 1 0 25.57 120.50 0.00 0.00 0.068
Delichon urbica 1 5 0.00 0.60 270 0 1 6.34 19.55 0.00 0.00 -

Dendrocopos major 0 1 0.00 0.00 220 2 0 11.64  89.65 0.00 0.00 0.072
Emberiza citrinella 8 12 0.83 0.33 12.0 1 0 12.51  26.75 0.05 0.03 0.053
Erithacus rubecula 4 2 1.00 1.00 134 2 0 4.99 16.35 0.04 0.01 0.027
Fringilla coelebs 14 23 0.84 0.88 139 2 0 830 2420 0.14 0.00 0.036
Hippolais icterina 2 6 0.00 0.00 13.5 2 0 8.05 13.30 0.00 0.07 0.018
Hirundo rustica 8 39 0.03 0.50 195 0 1 10.19  19.10 0.01 0.00 0.032
Lanius collurio 1 0 0.00 0.00 14.5 1 0 6.10  30.70 0.02 0.03 0.045
Larus argentatus 0 1 0.00 1.00 37.5 0 1 - 895.00 - - 0.862
Larus canus 1 7 0.00 1.00 35.0 0 1 - 386.50 - - -

L. fuscus 0 1 0.00 1.00 350 0 1 25.00 817.50 - - -

L. ridibundus 0 4 0.00 1.00 350 0 1 - 280.50 - - 0.514
Luscinia luscinia 1 0 0.00 1.00 9.6 1 0 15.89  25.00 - - -

Motacilla alba 2 4 0.76 0.74 137 0 0 11.65 20.75 0.39 0.00 0.054
Parus caeruleus 4 0 0.00 0.80 190 2 0 5.59 11.75 0.16 0.01 0.027
P. major 4 22 0.07 0.57 189 2 0 5.32 18.50 0.03 0.04 0.030
P. palustris 2 4 0.00 0.70 185 2 0 6.88 11.90 0.00 0.00 0.027
Passer domesticus 199 261 0.83 0.85 14.1 0 1 339 3035 0.00 0.07 0.043
P. montanus 49 65 0.80 0.90 17.5 1 1 491 21.70 0.00 0.13 0.028
Phasianus colchicus 3 5 0.67 1.00 75.0 1 0 62.20 1389.10 0.15 0.50 0.157
Phoenicurus ochruros 1 0 0.00 1.00 15.5 0 0 6.78 16.00 0.00 0.00 0.006
Phylloscopus collybita 4 11 0.00 0.80 150 2 0 6.71 7.70 0.04 0.00 0.011
P. trochilus 0 2 0.00 0.20 132 2 0 8.06 9.35 0.04 0.01 0.009
Pica pica 1 0 0.67 1.00 270 2 0 14.16  228.00 0.45 0.00 0.470
Prunella modularis 3 0 0.00 0.80 115 2 0 5.09 18.95 0.06 0.00 0.045
Pyrrhula pyrrhula 0 1 0.09 0.00 150 2 0 590  31.05 0.05 0.00 0.019
Streptopelia decaocto 1 1 0.83 1.00 17.0 2 0 536 201.50 0.00 0.00 0.045
Strix aluco 1 0 0.00 0.00 345 2 0 - 491.00 1.00 0.00 0.442
Sturnus vulgaris 1 24 0.12 0.10 210 2 1 10.77  80.50 0.01 0.00 0.118
Sylvia atricapilla 3 0 0.00 0.50 11.0 2 0 5.73 18.85 0.01 0.00 0.044
S. borin 2 1 0.00 0.50 112 2 0 6.18 19.05 0.04 0.01 0.023
Sylvia communis 5 11 0.00 0.80 11.0 1 0 7.95 14.50 0.01 0.00 0.016
S. curruca 7 4 0.20 0.80 11.0 1 0 4.70 12.40 0.00 0.03 0.029
Troglodytes troglodytes 4 0 0.10 1.00 173 2 0 5.51 8.90 0.01 0.00 0.048
Turdus merula 95 35 0.36 0.83 136 2 0 743 9585 0.11 0.13 0.237
T. philomelos 2 3 0.40 0.80 132 2 0 896  70.50 0.30 0.02 0.153
T. torquatus 1 0 0.20 0.80 150 2 0 - 117.00 0.44 0.00 0.132
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Proximate and ultimate factors that promote aggregated
breeding in the Western Sandpiper BACK

Matthew Johnson', J effrey R Walters

(Department of Biological Sciences, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, USA4)

Abstract: We report that Western Sandpipers (Calidris mauri) on Alaska’s Yukon-Kuskokwim River Delta
exhibited aggregated breeding behavior at a relatively small spatial scale. Prior to clutch initiation, males performing song
flight displays on a 36 ha plot were aggregated as were subsequent initial nesting attempts on the plot. We tested three
hypotheses commonly invoked to explain aggregated breeding in territorial species (social mate choice, predation, and
material resources hypotheses), and found support for the material resources hypothesis, as dispersed individuals were
more often associated with tundra habitat patches, and aggregated individuals nested more often in undulating-tundra
habitat patches compared to patch availability. The pattern of habitat occupancy conformed to an ideal despotic
distribution with aggregated nesting birds in undulating-tundra patches experiencing lower reproductive success. On our
study plot, older, more aggressive males solicited females more often, and defended larger, more dispersed sites in tundra
habitat patches, compared to younger, less aggressive males that were aggregated in undulating-tundra habitat patches.
Breeding aggregations are often concentrated on or near a critical resource. In contrast, Western Sandpiper breeding
aggregations occur when dominant and/or older individuals exclude younger, subordinate individuals from preferred
habitat. Although many taxa of non-colonial birds have been reported to aggregate breeding territories, this is the first
quantitative report of aggregated breeding behavior in a non-colonial monogamous shorebird species prior to hatch.
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Breeding aggregations have been observed in (Itzkowitz, 1978), insects (Muller, 1998; Sumpter &
numerous aquatic and terrestrial animals including fish Broomhead, 2000), reptiles (Stamps, 1988), primates
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(Treves, 2000), and birds (Stamps, 1988; Muller et al,
1997). Presumably, animals aggregate when the benefits
of doing so exceed the costs of social interaction. The
benefits of joining a breeding aggregation may be either
resource-based, where (in birds) individuals select
habitats that offer foraging opportunities or safe nesting
sites (natural selection), or driven by sexual interactions
and mate choice (sexual selection hypotheses, Tarof &
Ratcliffe, 2004; Tarof et al, 2005). Mechanistic and
evolutionary processes that result in avian breeding
aggregations have most often been studied among
colonial nesting species where nesting and is the primary
activity within the aggregation, and among lekking
species where only mate choice and reproduction occur
(reviewed by Bradbury & Gibson, 1983, Brown &
Brown, 2001). Among colonial nesting species, potential
costs of nesting in close proximity to conspecifics
(increased levels of: resource competition, intraspecific
brood parasitism, nest predation, and parasite transmission)
appears to be offset by direct benefits including
increased food finding efficiency (material resources
hypothesis, Kiester & Slatkin, 1974; information center
Wittenburger & Hunt, 1985),
predation due to group defense or the dilution effect

hypothesis, reduced
(predation hypothesis, Hamilton, 1971), or increased
opportunities for extra-pair copulations (hidden lek
hypothesis, Wagner, 1997). Among lekking species,
theory on the evolution and maintenance of aggregative
behavior suggests individuals aggregate in response to:
the patchy distribution of ecological factors (e.g. display
sites or predators, material resources and predation
hypotheses), the patchy distribution of conspecifics
(males cluster in areas where females tend to be found,
low-quality males cluster around high-quality males), or
because females prefer aggregations of males (social
mate choice hypothesis; Allee, 1951; Darling, 1952).
Aggregation of multi-purpose breeding territories is
another common form of spatial structure in animals, and
occurs when individuals establish territories in close
proximity to conspecifics which results in clusters of
territories in apparently homogeneous breeding habitat
(Tarof & Ratcliffe, 2004). Study of breeding aggregations
among socially monogamous avian species (>90%
worlds’ species; Lack, 1968) has revealed that the spatial
distribution of breeding activities is most often correlated
with optimal displaying/nesting habitat, areas with high
food availability, low predation risk, and species specific
foraging and reproductive strategies (material resources,

predation, and hidden lek hypotheses; reviewed by
Hildén(1965), Cody (1985) and Morse (1989); but see
Tarof & Ratcliffe (2004)). Monogamous avian breeding
aggregations offer a manageable natural system for
testing alternative hypotheses explaining the relative
influence of social and environmental factors on the
spatial distribution and behavior of individuals. Avian
breeding behavior is typically observable, aggregations
can be measured accurately and habitat characteristics
can be quantified with reasonable effort. Shorebirds
(Charadriiformes) exhibit some of the most elaborate and
overt breeding displays of any avian group (Miller, 1985).
The 24 species
Calidridinae (Charadriiformes,

of sandpiper in the subfamily
Scolopacidae) exhibit
every described mating system, with territoriality and
mating strategy sometimes varying within a species
(Oring, 1982). Studies of intra- and inter-specific
variation in calidridine sandpiper social systems have
contributed greatly to understanding the evolution of
social behavior (Pitelka et al, 1974; Miller, 1979; Oring,
1982; Oring & Lank, 1985). The study of calidridine
sandpiper spatial structure offers an opportunity to extend
our understanding of how ecological and social factors
affect the distribution of breeding animals.

During six years of study in Western Alaska
(1999-2001, 2003—-2005), we observed apparent
aggregation of initial nesting attempts by a territorial
calidridine sandpiper, the Western Sandpiper (Calidris
mauri, Fig. 1). Western Sandpipers are socially and
genetically monogamous (i.e., extra-pair paternity is rare)
and exhibit biparental care of eggs and young (Holmes,
1971, 1973; Blomgqvist et al, 2002). After arriving on the
breeding grounds, males establish territories on upland
tundra habitat that are defended against conspecifics,
from which territorial males advertise for mates using
species-specific displays (Brown, 1962; Holmes, 1971).
Territories range from 0.2—0.3 ha, and males often
defend display territories in close proximity to one
another. Territorial males regularly engage in chases and
intense fighting; however, after some clutches are
completed, it is not uncommon for unpaired males to
display over nesting habitat in which females have
previously initiated nests (Holmes, 1971; Lanctot et al,
2000). Breeding displays are often performed with one or
more other males simultaneously, but not in a duetting
fashion (Lanctot et al, 2000). Adult Western Sandpipers
obtain some food in the vicinity of their nests but more
commonly forage in separate feeding areas along the
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Fig. 1 Habitat map and initial nesting attempts of Western
Sandpipers (2003) at the Yukon Delta National
Wildlife Field Station,
Yukon-Kuskokwim River Delta, Alaska (2003).

Habitat in white areas was not quantified.

Refuge’s Kanaryarmiut

shores of lakes, rivers, and sloughs, and in low-lying
marshes (Holmes, 1971; Lanctot et al, 2000).

In our study, we provide statistical support that
exhibit aggregated breeding
behavior. We then evaluate three hypotheses commonly

Western  Sandpipers

invoked to explain aggregated breeding in territorial
animals: (1) The social mate choice hypothesis, which
predicts that aggregated males have improved success at
attracting social partners compared to solitary individuals;
(2) The predation hypothesis, which predicts that
aggregated breeding reduces predation via antipredator
strategies; and (3) The material resources hypothesis,
which predicts that individuals aggregate in response to
patchily distributed resources (vegetation and/or food).
We tested the social mate choice hypothesis by
comparing clutch initiation dates and female age between
aggregated and dispersed nesting birds, the predation
between

hypothesis by comparing nest

aggregated and dispersed nesting birds, and the material

Success

resources hypothesis by comparing vegetation associated
with aggregated and dispersed nesting birds.

1 Materials and Methods

1.1 Study site

We studied Western Sandpiper breeding behavior
at the Yukon Delta National Wildlife Refuge’s
Kanaryarmiut Field Station, Yukon-Kuskokwim River
Delta, Alaska (61°22'N, 165°07'W).
surrounding Kanaryarmiut Field Station is a complex of

Vegetation

lakes, sloughs, wetlands, and upland tundra corresponding
to the “lowland moist low scrub” community described
by Jorgenson & Ely (2001). Upland tundra vegetation is
dominated by lichens, Sphagnum spp., Betula nana, Salix
fuscescens, Ledum decumbens, Empetrum nigrum, Rubus
chamaemorus, Eriophorum spp., and Poa eminens, and
wetland and lakeshore margin vegetation is predominately
characterized by sedges (Carex mackenziei, C. rariflora),
(Poa spp.,
Eriophorum spp.; Ely & Raveling, 1984). The upland

and grasses eminens, Calamagrostis
tundra vegetation community is a mosaic of patches that
can be classified into three basic types (Johnson &
McCaffery, 2004, Johnson et al, 2009). First is upland
tundra that contains graminoid species (hereafter tundra-
grass). The second type is upland tundra that lacks a
graminoid component (hereafter tundra). The third is
undulating-tundra, characterized by greater vertical relief
that results in retention of water for longer periods after
spring thaw and a sedge and grass component.
1.2 Field surveys

The breeding population of Western Sandpipers at
Kanaryarmiut Field Station was continuously monitored
for eight years (1998-2005) as part of a long-term
demographic study; however, effort varied across years.
In 1998 and 2002, demographic data were primarily
gathered on a 16 ha plot (1998: 43 nests monitored, 53
adults banded; 2002: 58 nests monitored, 28 adults
banded). During the other six years of study at this site
(19992001 and 2003—2005), data were collected on an
additional 20 ha surrounding the original plot “36 ha
total; mean + SD number of nests monitored per yr =
(113 + 25), mean £ SD number of adults banded per yr =
(89 £ 16)”. Further, individual behavioral data were
recorded on the 36 ha plot during the last three years of
study (2003—2005). We only used data gathered during
those years when the larger study plot was surveyed
because of temporal variation in effort and to maintain
consistency in analyses across years. Two to four
observers surveyed the 36 ha study plot daily from early
May through late July for banded birds, nests, and broods.
Adults and chicks were marked with a U.S. Geological
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Survey identification band as well as with unique UV-
stable color band combinations at the nest. The location
and behavior of banded birds was recorded daily
(2003—2005). The locations of nests and banded
individuals were mapped using ArcMAP (ESRI GIS and
mapping software) and nests were monitored through
hatch, predation, or abandonment. We produced
vegetation maps in the field by manually delineating
vegetation patches (tundra, tundra-grass, undulating-
tundra) on aerial photographs. Polygons were then
digitized and georeferenced using ArcMAP.
1.3 Measures of aggregation

Any classification of random, aggregated, and even
distributions in nature comprises arbitrary distinction
made along a continuum of three spatial patterns.
However, the homogeneous Poisson process is the only
point process that is the equivalent of complete spatial
randomness (Poole, 1974, Pielou, 1977). Testing for
complete spatial randomness relies on comparing an
observed spatial pattern with patterns expected for a
homogeneous Poisson process. Measures of dispersion
may be calculated from the distribution of individuals
among sample plots or distances between individuals
within a population (nearest neighbor distances; Diggle,
1983). For example, we may calculate nearest neighbor
distances for initial nesting attempts on a study plot, then
simulate a random distribution with the same number of
points within that area, and compare the observed nearest

with
completely random process (i.e., homogeneous Poisson).

neighbor distances those expected from a
We plot observed nearest neighbor distances (empirical
distribution function, solid line) against hypothetical
nearest neighbor distances under complete spatial
randomness (cumulative distribution function, straight
dashed line) to evaluate whether an observed spatial
pattern may have been generated by a completely
random process (Fig 2; Dingle, 1983). If a spatial
distribution is random there is a straight-line relationship
between observed nearest neighbor distances and a
completely random distribution (Fig. 2). This straight-
line relationship is the probability that empirical nearest
neighbor distances take on a value equal to or less than
the nearest neighbor distances expected under complete
spatial randomness. If our plot of observed nearest
neighbor distances falls to the left of the straight line, this
indicates there is a greater probability of having nearest
neighbor distances less than that under complete spatial
randomness, a spatially aggregated distribution (Fig. 2).
In contrast, if our plot of empirical data falls to the right
of the straight line, this indicates fewer short distances
than expected under complete spatial randomness, a
spatially even distribution (Fig. 2).

We used the SAS macro collection for nearest
neighbor analysis of a spatial point pattern (NNASPP,
Schabenberger & Pierce. 2002) to determine whether
Western Sandpiper initial nesting attempts were spatially
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Fig. 2 Three hypothetical spatial distributions (random, aggregated, and even) with corresponding plots of observed nearest

neighbor distances along the y-axes (empirical distribution functions, solid line) and nearest neighbor distances expected

under complete spatial randomness along the x-axes (cumulative distribution function, straight dashed line). Irregular

dashed lines in each plot provide upper and lower simulation envelopes for nearest neighbor distances under complete

spatial randomness and represent sample averages.
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aggregated on our study plot annually. We modified two
macros within this collection to account for the shape of
our study plot. We altered the %unitco macro so that it
did not scale nest coordinate data to a unit square;
instead, this macro plotted nest locations within the
specified domain of our 36 ha study plot. We also
updated the %hpp macro to simulate a homogenous
Poisson processes within the domain of our 36 ha study
plot. This macro collection computed nearest neighbor
distances for initial nesting attempts on the 36 ha plot
each year, simulated 1000 datasets for each year with the
same number of nests randomly distributed across the
plot to provide an estimate of complete spatial
randomness, calculated sample averages for estimates of
complete spatial randomness (upper and lower
simulation envelopes), and compared observed nearest
neighbor distances with estimates of complete spatial
randomness using Monte-Carlo significance tests. We
also used the SAS macro collection NNASPP to
determine if displaying males were spatially aggregated
on our study plot on a daily basis during 2003—2005.
These data were gathered by two observers
simultaneously surveying from the middle of the plot
towards its periphery. Care was given to avoid double
counting of individuals while surveying the plot. We
only recorded the initial location where displaying males
were observed. For spatial analysis of displaying males,
we selected all days between 10 May and 10 June for
which we observed at least 20 displaying males on the
plot “average number of days per year = SD = (17 £ 2),
mean number of displaying males per day + SD = (27 +
3)” . We did not observe =20 males displaying on the
plot in a single day outside of this period.
1.4 Nearest neighbor distance and individual male

behavior

We examined individual male behavior and their
spatial distribution prior to being paired with a fertile
female during 2003—2005. We identified males that were
not yet paired with fertile females using nest initiation
data (Lanctot et al, 2000). From those, we selected males
with a minimum of 10 display flight observations for
analyses (minimum of four hours between consecutive
observations). This process resulted in the selection of 32
males over a three-year period with a mean of 18
observations/individual. Using these data, we estimated
relative display area size for each male by drawing
minimum convex polygons around the location of

display flights. We also computed the proportion of

observations in which males exhibited behavior in five
behavioral classes (display flight, chase, fight, solicit,
and self-maintenance). We considered a male to have
performed a display flight if he vocalized at a height of at
least 5 m for a minimum of 10 s, chasing behavior
entailed a male flying after one or more conspecifics,
physical contact with a conspecific denoted fighting
behavior, the tail-up courtship stance described by
Holmes (1973) was used to quantify solicitation, and
self-maintenance behaviors included loafing, sleeping,
and preening. As a measure of spatial dispersion, we
calculated the distance from each initial nesting attempt
on the plot to its two nearest neighbors using ArcMAP.
We then examined the relationship between male
behaviors prior to being paired with a fertile female and
the sum of the distances from each male’s initial nesting
attempt to the two nearest neighboring nests using
Spearman rank correlation (Zar, 1999).
1.5 Testing the Material Resources hypothesis
1.5.1 Habitat use in relation to availability

To examine the relationship between spatial
dispersion and habitat patches (tundra, tundra-grass,
undulating-tundra), we delincated aggregated and
dispersed nesting birds by separating nearest neighbor
distances (sum of the distance from each nest to its first
two nearest neighbors) into quartiles annually. This
resulted in nearly a three-fold difference in nearest
neighbor distances between the first and fourth quartiles
or aggregated and dispersed nesting birds (Tab. 1). We
then overlaid initial nesting attempts on our vegetation
map (Fig. 1), and calculated the number of nests within
each habitat class to determine whether aggregated (1%
nearest neighbor distance quartile) and dispersed (4™
nearest neighbor distance quartile) nesting birds
differentially nested in specific habitat patches. We
compared the number of aggregated and dispersed
nesting birds in each habitat type annually to the number
of nests expected in each habitat type if birds utilized
habitat in relation to availability using chi-square
goodness of fit tests (Zar, 1999). Similarly, we evaluated
the locations where the earliest arriving males (first five
days males were observed displaying each year) were
observed performing display flights. We compared the
number of displaying males in each habitat patch type to
the number of males expected in each habitat type if
birds utilized habitat in relation to availability using chi-
square goodness of fit tests. We also examined male and

female age in relation to initial nest placement among the
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Tab.1 Sum of distances between initial Western Sandpiper
nesting attempts and two nearest neighbor nests on
a 36ha plot at Kanaryarmiut Field Station, Yukon-
Kuskokwim Delta, Alaska (1999-2001, 2003—2005).

Quartile (N) Median (m) Mean (m) = SD Range (m)
1 (120) 52 50+ 15 13-74
2 (120) 75 75+9 53-97
3(117) 99 98+ 12 75-124
4(121) 137 147 £ 36 102-278
three habitat patch types (tundra, tundra-grass,

undulating-tundra). We grouped birds into three age
classes for this analysis (minimum age, number of years
observed breeding at the site = 1, 2, =3). We randomly
selected a single nesting observation for birds observed in
multiple years for this analysis to avoid pseudoreplication,
and used chi-square goodness of fit tests to determine if
habitat patch use among age classes varied from that
expected based on availability.
1.5.2 Microhabitat associated with nests

During 2004, we examined microhabitat associated
with Western Sandpiper nests (N = 128) by comparing
the proportion of five vegetation types (birch, grass, herb,
moss, lichen) and the amount of vertical relief within a 1
m® frame centered on each nest and a random point
within 40 m of each nest. We used matched-pairs logistic
regression to examine microhabitat variation between
nest sites and associated random points (Johnson &
Oring, 2002). We compared potential models beginning
with a model containing all six predictor variables and
compared this model’s fit with simpler models to achieve
the most parsimonious regression model that accurately
represented the data. Akaike information criteria (AIC)
were computed for each model to compare model ranks
and weights in determining the likelihood of each model
given the data (Burnham & Anderson, 1998; Anderson et
al, 2000).
1.6 Testing the social mate choice hypothesis
1.6.1 Minimum age in relation to nest dispersion

We used contingency tables to examine the
relationship between Western Sandpiper minimum age
and nest dispersion (Zar, 1999). We constructed a 2 x 3
contingency table for each sex with aggregated (1%
nearest neighbor distance quartile) and dispersed (4™
nearest neighbor distance quartile) nesting birds as rows
and minimum age (number of years observed breeding at
the site = 1, 2, =3) as columns to test whether Western
Sandpiper age was independent of nest dispersion.

1.6.2 Clutch initiation date in relation to nest dispersion
and habitat

We used SAS PROC MIXED to compare mean
clutch initiation date, for initial nesting attempts between
aggregated and dispersed nesting birds using analysis of
variance (ANOVA, Littell et al, 2002). Initiation date
was the dependent variable in the model, and nest
dispersion was a two-level fixed factor independent
variable (aggregated = 1% nearest neighbor distance
quartile, dispersed = 4™ nearest neighbor distance
quartile). We also included year as a random factor in the
model to control for annual variation. Residuals were
normally distributed (Shapiro-Wilk tests P > 0.10) and
had homogeneous variance after a square root
transformation. We compared mean initiation date using
Least Square Means (o = 0.05). Based on habitat
analyses, we also performed an a posteriori analysis
comparing mean clutch initiation date between birds that
nested in or out of undulating-tundra habitat while
controlling for year effects. This analysis was similar to
that described above except the independent variable was
a two-level fixed factor (nests in undulating-tundra
habitat, nests not in undulating-tundra habitat).
1.7 Testing the predation hypothesis

We compared nest success between aggregated and
dispersed nesting birds using logistic regression. For this
model, the dependent variable, nest success (at least one
egg hatched in a clutch), was a binomial response (1 =
successful, 0 = unsuccessful). Nest dispersion was a
categorical variable with two levels (aggregated = 1%
nearest neighbor distance quartile, dispersed = 4™ nearest
neighbor distance quartile), and we included year
(categorical) and initiation date (continuous) as
covariates in the model as these factors are known to
influence nest success in many avian species (Lack, 1954;
Martin, 1987). Based on habitat analyses, we also
performed an a posteriori analysis examining nest
success between habitat types. As described above, we
used logistic regression to model the probability of nest
success based on whether birds nested in or out of
undulating-tundra habitat while controlling for initiation
date and year effects. In this model, habitat type was a
categorical variable with two levels (undulating-tundra,
not undulating-tundra).

2 Results

During six years of study (1999-2001 and
2003-2005), we individually color banded 453 adult
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Western Sandpipers and located and monitored 680 nests.

Four hundred and thirty-three of these nests were initial
nesting attempts on the 36 ha plot (mean number of
initial nesting attempts per year = SD = (72 £+ 10).
2.1 Aggregation patterns

Displaying males exhibited an aggregated spatial
distribution, and subsequent initial nesting attempts
attended by those males also were aggregated. Displaying
males exhibited an aggregated spatial distribution on the
study plot during >80% of observation days when we
observed = 20 displaying males (2003, 83% of
observation days, N = 18d, MC significance tests P <
0.01 = 10d, P < 0.05 = 5d, P > 0.05 = 3d, 1000
simulations/d; 2004, 82% of observation days, N = 17d,
MC significance tests P < 0.01 = 11d, P <0.05=4d, P>
0.05 = 3d, 1000 simulations/d; 2005, 87% of observation
days, N = 15 d, MC significance tests P < 0.01 = 10d, P
<0.05=3d, P> 0.05=2d, 1000 simulations/d). Western
Sandpiper initial nesting attempts were spatially
aggregated on the 36ha plot throughout the course of this
study (1999, 7 = 31.0, P < 0.001, N = 49; 2000, y* =
36.2, P <0.001, N = 84; 2001, * =352, P <0.001, N =
85; 2003, ¥ = 41.8, P < 0.001, N = 69; 2004, 5* = 38.0,
P < 0.001, N = 83; 2005, 7 = 39.0, P < 0.001, N = 63;
1000 simulations/yr). The observed distribution of
nearest neighbor distances for initial nesting attempts in
2003 (Fig. 1) indicated a spatially aggregated distribution
(Fig. 3). The plot of observed nearest neighbor distances

1.00 -

0.75

0.50 -

Empirical distribution function
(observed nearest neighbor distances)

0.00 i | ! | J
0.00 0.25 0.50 0.75 1.00
Cumulative distribution function
(nearest neighbor distances for random distribution)

Fig. 3 Plot of the empirical distribution function of observed
nearest neighbor distances for Western Sandpiper
initial nesting attempts on the study plot in 2003 (solid
line) versus the cumulative distribution function of a
hypothetical distribution of nearest neighbor distances
under complete spatial randomness (straight dashed
line). Irregular dashed lines provide upper and lower
simulation envelopes for the cumulative distribution
function based on 1000 Monte Carlo simulations.

(solid line, Fig. 3) falls to the left of the straight line
relationship expected under complete spatial randomness
(straight dashed line, Fig. 3) and is outside the simulation
envelope for complete spatial randomness (irregular
dashed lines, Fig. 3) indicating significant spatial
aggregation. For brevity, we present the map of initial
nesting attempts and plot of nearest neighbor distribution
against complete spatial randomness for a single year
(2003; Fig. 1,3); the comparable results for the remaining
five years of study were similar.
2.2 Nearest neighbor distance and individual male

behavior

Dispersed nesting males performed song-flight
displays over a relatively larger area compared to
aggregated nesting males prior to being paired with a
fertile female (Fig. 4). Dispersed nesting males also were
observed chasing conspecifics and soliciting females
more often compared to aggregated nesting males (Fig.
4). There was no correlation between nearest neighbor
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Fig. 4 Spearman rank correlations between individual male (N
= 32) behaviors (proportion of observations observed
soliciting females and chasing conspecifics, and display
area size) prior to being paired with a fertile female and
the sum of the distances from subsequent initial nesting
attempts to the two nearest neighbor nests (2003—-2005).
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distances and the number of song-flight displays, amount
of fighting, or self-maintenance behavior observed (all »
< 0.2, all P> 0.25, N=32).
2.3 Material resources hypothesis
2.3.1 Habitat use in relation to availability

During 2003—-2005, the earliest arriving males
displayed more often over tundra habitat and less often
over undulating-tundra habitat than expected if birds
utilized habitat patches in relation to availability (Fig. 5).
Among initial nesting attempts, dispersed nests were
more often in tundra habitat patches, less often in tundra-
grass, and occurred in relative proportion to availability
of undulating-tundra (Fig. 6). Whereas, aggregated initial
nesting attempts were observed more often in
undulating-tundra habitat patches, less often in tundra,
and in relative proportion to availability in tundra-grass
(Fig. 6). Younger males were more often associated with
nests in undulating-tundra habitat patches, less often in
tundra, and in relative proportion to availability in
tundra-grass (Fig. 7). In contrast, older males were more
often associated with nests in tundra habitat patches, less
often in tundra-grass, and were never observed nesting in
undulating-tundra (Fig. 7). Regardless of age, initial
nesting attempts in the three habitat patches did not vary
from that expected if females utilized habitat patches in
relation to availability (1yr ;(20,05,2 =21,P>025 N=
89, 2yr 00s.2 = 1.1, P>0.50, N =27, =3yrs 7o0s.2 =
0.6, P>0.50, N=13).
2.3.2 Microhabitat associated with nests

Matched-pairs logistic regression revealed the
proportion of birch (all models, 4 =11.1, P < 0.001)
and graminoids (four top-performing models, z*; =7.4,

P < 0.01) within 1 m? (all other predictor variables, 3

B tundra  [Jtundra-grass  [¥ undulating-tundra

% of male displays
in each habitat type

2003 2004 2005 availability

Fig. 5 Proportion of male Western Sandpiper display-flights
observed over three habitat patch types during the first
five days males were observed displaying on the study
plot annually (2003—-2005)

Habitat use by displaying males differed significantly from that expected if
birds utilized habitat patches in relation to availability (2003 4> 00s,2 =54,
P<0.10, N =29; 2004 2252 = 6.0, P <0.05, N =26; 2005 20052 = 6.4,
P <0.05, N=45).
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Fig. 6 Proportion of initial nesting attempts by aggregated and
dispersed nesting birds in three habitat patch types on a

36 ha plot annually (1999-2001, 2003—2005)
Habitat use for both aggregated and dispersed nesting birds differed

% of nests in each habitat patch type

o

significantly from that expected if birds utilized habitat patches in relation to
availability (* = P < 0.05). Aggregated nesting birds: 1999 y% 05> = 6.3, P
<0.05, N= 12,2000 2?0052 = 6.2, P<0.05, N= 23,2001 o052 =143, P
<0.001, N=26,2003 2052 =82, P <0.025,N= 17,2004 0052 =3.0,
P>0.10, N = 23, 2005 ;(20_0512 =6.3, P <0.05, N = 16; Dispersed nesting
birds: 1999 #0052 =2.3, P>0.25, N= 17,2000 005, = 6.6, P<0.05, N
=22,2001 Yoos.2 = 7.0, P<0.05, N=24,2003 052 =5.1, P<0.10, N
=17, 2004 Yoos.2 = 6.5, P<0.05, N= 20,2005 %0052 =5.9, P<0.05,N
=18.
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Fig. 7 Proportion of initial nesting attempts in three habitat
patch types in relation to minimum male age (# yrs
observed breeding at the site)

Habitat use for the youngest and oldest age classes (1* year and > 3 years,
respectively) differed significantly from that expected if birds utilized
habitat patches in relation to availability (* = P <0.05, lyr )(20_0572 =122,P
<0.01, N=201, 2yr o052 = 0.6, P>0.95, N =20, > 3yrs 7052 = 6.8, P
<0.05,N=17).

<1.0, P > 0.5, Tab. 2) were the dominant microhabitat
predictors of nest presence. The top-performing model
contained only birch and graminoids and this model had
> 2 times the support of the next best performing
candidate model (Tab. 2). There was a consistent
positive association of birch and a negative association
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Tab. 2 Multi-model inference based on results from matched-pair logistic regression of Western
Sandpiper nest sites and matched random points
Odds ratio
Model AIC A; Wi
Birch Graminoids
birch, graminoids 154.62 0.0 0.58 1.08 0.95
birch, graminoids, herbs 156.22 1.6 0.26 1.08 0.95
birch, graminoids, herbs, relief 158.12 3.5 0.10 1.08 0.95
birch, graminoids, herbs, relief, moss, lichen 160.02 54 0.04 1.09 0.96
birch 161.79 7.2 0.02 1.08 —

Model parameters denote the proportion of each vegetation type within 1m? of nest sites and matched random points. 4; is the rank of each model by rescaling

AIC values such that the model with the minimum AIC value has a value of zero, and w; is the likelihood of the model given the data. Odds ratios indicate

percentage increase (birch) or decrease (graminoids) in the odds of a nest being present (i.e. 8%—9% increase in the odds of a nest being present when birch was

present, 4%—5% decrease in the odds of a nest being present when graminoids were present).

of graminoids with nest sites compared to random points
in the four top-performing models (Tab. 2; range of odds
ratios, birch = 1.08—1.09, graminoids = 0.95—0.96).

2.4 Social mate choice hypothesis

2.4.1 Minimum age in relation to nest dispersion

Results did not indicate a difference in male or
female age between aggregated and dispersed nests
(males o052 =3.10, P>0.10, N = 238, females 05,
=1.59, P>0.25, N=129).

2.4.2 Clutch initiation date in relation to nest dispersion
and habitat

Mean clutch initiation date was June 1* “mean
Julian date + SE all years combined = (152 +2)” .

There was no difference in mean clutch initiation
dates between aggregated and dispersed nests (f; =
—1.50, P = 0.14), or between nests located in or out of
undulating-tundra habitat (¢4,6=—0.91, P = 0.36).

2.5 Predation hypothesis

Logistic regression did not indicate that nest success
significantly varied between aggregated and dispersed
nesting birds (;/1 =0.02, P = 0.90, N = 220); however,
there was significant annual variation in nest success
during the course of study (#’s = 11.76, P = 0.04, N =
220). The annual percentage of aggregated nests that
hatched ranged between 1%—36% and the percentage of
dispersed nests that hatched annually ranged between
11%—43%. The logistic regression model examining nest
success between habitat types indicated that nest success
varied between nests located in and out of undulating-
tundra habitat (Fig. 8, 7% = 4.2, P = 0.04, N = 433).
Nests that were not in undulating-tundra patches were
63% more likely to hatch compared to nests within
undulating-tundra patches (odds ratio = 1.63, 95% Wald
confidence limits 1.02—-2.61).

45
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Fig. 8 Percentage of Western Sandpiper initial nesting attempts
to hatch (= SD) in two habitat categories annually on a
36ha study plot at Kanaryarmiut Field Station, Yukon-
Kuskokwim River Delta, Alaska

Numbers above bars indicate sample sizes.

3 Discussion

Western Sandpipers exhibited aggregated breeding
behavior at a relatively small spatial scale (36 ha). Prior
to clutch initiation, male song flight displays were
spatially aggregated and subsequent initial nesting
attempts on the plot also were. Although many taxa of
non-colonial birds have been reported to aggregate
breeding territories (Stamps, 1988; Reed & Dobson,
1993; Cade & Woods, 1997; Danchin & Wagner, 1997;
Reed, 1999; Etterson, 2003;Tarof et al, 2004), to our
knowledge, this is the first study to quantify aggregated
breeding behavior in a non-colonial monogamous
shorebird species prior to hatch.

3.1 Social mate choice hypothesis

If sexual selection favors male aggregation because
it facilitates social mate choice (Allee, 1951; Darling,
1952), then breeding aggregations of Western Sandpipers
may represent an adaptive male strategy. Facilitation of
mate choice would be especially important among birds
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in which female choice is constrained temporally
because of a compressed breeding season (Veen et al,
2001) or when male parental care is important (Gowaty,
1996), such as in the Western Sandpiper.

We would expect aggregated males to acquire a
mate (and subsequent clutch) earlier than more dispersed
individuals if aggregated males are more attractive than
solitary males, or if unpaired females more easily detect
aggregated males (Real, 1990). We failed to find support
for the social mate choice hypothesis in Western
Sandpipers as mean clutch initiation date did not vary
between aggregated and dispersed nesting birds. Because
of the time constraints associated with arctic breeding, it
is possible that there is little-to-no opportunity for
substantial variation in clutch initiation date for Western
Sandpipers (Johnson & Walters, 2008; Johnson et al,
2010). Regardless of potential temporal constraints on
clutch initiation date, male aggregations could still
facilitate social mate choice if aggregated males were
able to attract higher quality females compared to
dispersed individuals. However, we found no evidence
that more experienced females were associated with
aggregated nests compared to dispersed nests.

3.2 Predation hypothesis

We failed to find support for the predation
hypothesis as an explanation for aggregated breeding in
Western Sandpipers. The predation hypothesis (Hamilton,
1971; Pulliam, 1973) predicts that bird’s aggregate
because clustering of individuals reduces predation via
proximate antipredator mechanisms. However, results
from six years of data revealed no consistent variation in
nest success between aggregated and dispersed nesting
birds.

3.3 Material resources hypothesis

The material resources hypothesis predicts that
individuals aggregate in response to patchily distributed
resources (vegetation and/or food, Kiester & Slatkin,
1974). We found support for the material resources
hypothesis in that aggregated nests were more often
associated with undulating-tundra habitat patches and
dispersed nests were more often in tundra patches. The
disproportionate use of undulating-tundra patches by
aggregated birds resulted in a reduction in their use of
tundra patches, but they did place nests in tundra-grass
patches in relative proportion to habitat availability. In
contrast, as a result of their disproportionate use of
tundra patches, dispersed nesting birds used tundra-grass
habitat patches less than expected, but used undulating-

tundra habitat
availability.

patches in relative proportion to

Previous investigations have suggested that social
organization, territorial behavioral, and nest dispersion
have coevolved to increase a species’ ability to exploit
resources (food, habitat, and mates) over both space and
time (Holmes, 1966, 1972; Oring & Knudson, 1972;
Graul, 1973; Pitelka et al, 1974; Saftriel, 1975; Emlen &
Oring; 1977). Among monogamous Arctic breeding
sandpipers, such as the Western Sandpiper, it has been
assumed “...that most if not all species in this group are
dispersed relatively evenly over the available habitat
each year.” (Pitelka et al, 1974). Although territory size,
and subsequently breeding density, may vary as a result
of whether food is primarily acquired on (Dunlin, C.
alpina) or off (Western Sandpiper) the nesting territory
(MacLean, 1969; Soikkeli, 1967; Holmes, 1970, 1971),
large fluctuations in densities within a species at
particular sites have not been reported (Pitelka et al,
1974). Holmes (1971) suggested that high densities of
Western Sandpipers in some areas of western Alaska are
related to the patchy distribution of suitable nesting
habitat (upland tundra; dwarf shrub-heath tundra in
Holmes (1971)). As a result, Holmes (1971) reported that
the overall distribution of Western Sandpiper in western
Alaska is clumped, but within suitable nesting habitat
birds are regularly dispersed. Our results are contrary to
this observation. Although Holmes’ study site was
merely 30 km northwest of ours, it is possible that upland
tundra vegetation was more homogeneous at his site
compared to ours, and this could result in the
discrepancy in observed breeding distribution between
studies. Holmes (1971) did not delineate vegetation
patches within upland tundra habitat as we did, thus we
are not able to compare upland tundra vegetation
community composition between the two sites.
3.4 Ideal free and ideal despotic distributions

Our results can be interpreted in terms of the theory
of ideal free and ideal despotic distributions (Fretwell &
Lucas, 1970; Fretwell, 1972). In situations conforming to
the ideal free distribution, animals move freely among
habitats and assort themselves in proportion to resource
availability. However, once a critical density is attained
in preferred habitats, individual fitness is reduced in
preferred habitats and individuals begin to colonize less
preferred habitat where competition is less. This results
in individual fitness being equal over a range of habitats,
resources, or other conditions. Alternately, the ideal
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despotic distribution model predicts that subordinate
individuals are constrained in their choice of habitat by
dominant individuals (Messier et al, 1990), resulting in
differences in fitness among habitats. Primary
assumptions of this model are that different habitats
provide varying opportunities for individual fitness, and
that competition will ensue where resources are limited
(Leibold,

dispersed individuals more often nested in tundra habitat

1995). Based on our observations that

patches (Fig. 6), displayed over larger areas, chased
conspecifics and solicited females more often (Fig. 4),
that the earliest arriving males primarily displayed over
tundra and tundra-grass habitat patches (Fig. 5), and that
older males nested in tundra and tundra-grass but not in
undulating-tundra patches (Fig. 7), we conclude that
there is competition among males for tundra and tundra-
grass habitat patches.

For the breeding distribution of Western Sandpipers
to conform to an ideal deposit distribution, fitness must
vary among habitat patches. On our study plot, nests in
tundra and tundra-grass habitat patches that males
appeared to prefer were more likely to hatch compared to
nests in undulating-tundra patches (Fig. 8). We can only
speculated as to why nest success was lower in
undulating-tundra patches, but we did observe mink
(Mustela vison) regularly using these patches to move
across the landscape from one lakeshore to another, and
both Arctic (Alopex lagopus) and red (Vulpes vulpes) fox
commonly used vertical structure, such as frost heaves,
to apparently surprise prey while foraging near the study
site. Greater vertical relief associated with undulating-
tundra patches also may provide such concealment for
foraging fox on our study plot. Regardless of the
mechanism(s) underlying variation in reproduction, we
conclude that Western Sandpipers exhibited a despotic
breeding distribution on the study-plot, with subordinate
males forced to aggregate their nests in undulating-
tundra habitat patches where fitness is reduced. We
typically think of breeding aggregations as being
concentrated on or near a critical resource, Western
Sandpiper breeding aggregations appear to result from
dominant and/or older individuals excluding younger,
subordinate individuals from preferred habitat.

3.5 Microhabitat associated with nests

There is one intriguing inconsistency in our
interpretation of our results. Dispersed males nested in
tundra habitat patches more often than expected based on
availability, less often in tundra-grass than expected, but

in relative proportion to availability of undulating-tundra
patches. If nesting in undulating-tundra resulted in
reduced fitness via lower nest success, why were older,
more aggressive, males utilizing undulating-tundra at all?
Why were these individuals not utilizing tundra and
tundra-grass patches to the exclusion of undulating-
tundra? Analysis of nest site microhabitat features
revealed that Western Sandpiper nests were more often
associated with areas containing a higher percentage of
dwarf birch and a lower percentage of graminoid species.
It is reasonable to suppose that reduced use of tundra-
grass patches by dispersed nesting birds, but continued
use of undulating-tundra patches, is the result of birds
avoiding graminoid species and preferentially placing
nests near dwarf birch. However, such reasoning does
not explain nest placement among aggregated nesting
birds, as those birds used tundra-grass habitat patches in
relative proportion to availability, but reduced their use
of tundra patches. Continued use of tundra-grass and
reduced use of tundra patches by aggregated individuals
may be the result of aggregated individuals making the
best of a bad situation. Aggregated males appeared to be
subordinate to dispersed individuals, so they may have
been excluded from using habitat other than tundra-grass
and undulating-tundra patches.

4 Conclusions

Western Sandpipers exhibited a spatially aggregated
breeding distribution on a 36 ha plot. Displaying males
were aggregated on a daily basis as were initial nesting
attempts on an annual basis. We found support for the
material resources hypothesis, as dispersed individuals
were more often associate with tundra habitat patches,
and aggregated individuals nested more often in
undulating-tundra patches. There also was support for an
ideal despotic distribution with lower reproductive
success associated with aggregated nesting birds in
undulating-tundra patches. Although we may typically
think of breeding aggregations as being concentrated on
or near a critical resource, Western Sandpiper breeding
aggregations appear to result from dominant and/or older
individuals excluding younger, subordinate individuals
from preferred habitat.

Acknowledgements: We thank B. McCaffery and
the entire staff of the Yukon Delta National Wildlife
Refuge for supporting this research, O. Schabenberger for
technical assistance, and R. Greenburg, S. M. Haig, J



No. 2 Matthew Johnson et al: Proximate and ultimate factors that promote aggregated breeding in the Western Sandpiper 139

Phillips, and two anonymous reviewers for their
comments. Financial support was received from the U.S.
Fish and Wildlife Service, the Harold F. Bailey Fund at
Virginia Tech, and the U.S. Geological Survey Forest
and Rangeland Ecosystem Science Center. We also

References:

Allee WC. 1951. The Social Life of Animals [M]. Boston: Beacon.

Anderson DR, Burnham KP, Thompson WL. 2000. Null hypothesis
testing: problems, prevalence, and an alternative [J]. J Wildl
Manage, 64: 912-923.

Blomqvist DB, Kempenaers B, Lanctot RB, Sandercock BK. 2002.
Genetic parentage and mate guarding in the arctic-breeding
western sandpiper [J]. Auk, 119: 228-233.

Bradbury JW, Gibson RM. 1983. Leks and Mate Choice [M].
Cambridge: Cambridge University Press.

Brown RGB. 1962. The aggressive and distraction behaviour of the
western sandpiper Ereunetes mauri [J]. Ibis, 104: 1-12.

Brown CR, Brown MB. 2001. Avian coloniality: progress and problems
[J]. Curr Ornithol, 16: 1-82.

Burnham KP, Anderson DR. 1998. Model Selection and Inference: a
Practical Information-theoretic Approach [M]. New York:
Springer-Verlag.

Cade TJ, Woods CP. 1997. Changes in the distribution and abundance
of the Loggerhead Shrike [J]. Conserv Biol, 11: 21-31.

Cody ML. 1985. Habitat Selection in Birds [M]. Orlando: Academic
Press.

Danchin E, Wagner R. 1997. The evolution of coloniality: the
emergence of new perspectives [J]. Trends Ecol Evol, 12: 342-347.

Darling FF. 1952. Social behavior and survival [J]. Auk, 69: 183-191.

Diggle P. 1983. Statistical Analysis of Spatial Point Patterns [M].
London: Academic Press.

Ely CR, Raveling DG. 1984. Breeding biology of Pacific white-fronted
geese [J]. J Wildl Manage, 48: 823-837.

Emlen ST, Oring LW. 1977. Ecology, sexual selection and the evolution
of mating systems [J]. Science, 197: 215-223.

Etterson MA. 2003. Conspecific attraction in Loggerhead Shrikes:
implications for habitat conservation and reintroduction [J]. Biol
Conserv, 114: 199-205.

Fretwell SD. 1972. Populations in a seasonal environment [J] .Monogr
Popul Biol, 5:1-217.

Fretwell SD, Lucas HL. 1970. On territorial behavior and other factors
influencing habitat distribution in birds. L
development [J]. Acta Biotheor, 19: 16-36.

Gowaty PA. 1996. Battles of theSexes and Origins of Monogamy [M]
//Black JM. Partnerships in birds. New York: Oxford University
Press. 21-52.

Graul WD. 1973. Adaptive aspects of the Mountain Plover social
system. Living Bird, 12: 69-94.

Hamilton WD. 1971. Geometry for the selfish herd [J]. J Theor Biol, 31:
295-311.

Hildén O. 1965. Habitat selection in birds: A review [J]. Ann Zool Fenn,
2: 53-75.

Holmes RT. 1966. Breeding ecology and annual cycle adaptations of
the red-backed sandpiper (Calidris alpina) in Northern Alaska [J].
Condor, 68: 3-46.

Holmes RT. 1970. Differences in population density, territoriality, and
food supply of Dunlin on arctic and subarctic tundra [J]. Symp Br

Theoretical

thank T. Booms, J. Conklin, Z. Fairbanks, C. Fitzpatrick,
L. Hamblin, P. Laver, B. Johnson, S. Nebel, A. Niehaus,
L. Oring, D. Ruthrauff, D. Rizzolo, and M. Spies for
assistance in the field.

Ecol Soci, 10: 303-319.

Holmes RT. 1971. Density, habitat and the mating system of the
western sandpiper (Calidris mauri) [J]. Oecologia, 7: 191-208.
Holmes RT. 1972. Ecological factors influencing the breeding season
schedule of Western Sandpipers (Calidris mauri) in subarctic

Alaska [J]. Am Midl Nat, 87: 472-491.

Holmes RT. 1973. Social behavior of breeding western sandpipers
Calidris mauri [J]. Ibis, 115: 107-123.

Itzkowitz M. 1978. Group organization of a territorial damselfish
Eupomacentrus planifrons [J]. Behavior, 65: 125-137.

Johnson M, Oring LW. 2002. Are nest exclosures an effective tool in
plover conservation [J]? Waterbirds, 25: 184-190.

Johnson M, McCaffery B. 2004. Use of upland tundra habitats by
Western and Rock Sandpipers during brood-rearing on the Yukon-
Kuskokwim Delta, Alaska [J]. Wader Study Group Bull, 103: 36-39.

Johnson M, Walters JR. 2008. Effects of mate and site fidelity on nest
survival of western sandpipers (Calidris mauri) [J]. Auk, 125:
76-86.

Johnson M, Conklin JR, Johnson BL, McCaffery BJ, Haig SM, Walters
JR. 2009. Behavior and reproductive success of Rock Sandpipers
breeding on the Yukon-Kuskokwim River Delta, Alaska [J].
Wilson J Ornithol, 121: 328-337.

Johnson M, Ruthrauff DR, McCaffery BJ, Haig SM, Walters JR. 2010.
Apparent survival of breeding western sandpipers on the Yukon-
Kuskokwim River Delta, Alaska [J]. Wilson J Ornithol, 122: 15-22.

Jorgenson T, Ely C. 2001. Topography and flooding of coastal
ecosystems on the Yukon-Kuskokwim Delta, Alaska: implications
for sea-level rise [J]. J Coastal Res, 17: 124-136.

Kiester AR, Slatkin M. 1974. A strategy of movement and resource
utilization [J]. Theor Popul Biol, 6: 1-20.

Lack D. 1954. Natural Regulation of Animal Numbers [M]. Oxford:
Clarendon Press.

Lack D. 1968. Ecological Adaptations for Breeding Birds [M]. London:
Chapman and Hall.

Lanctot RB, Sandercock BK, Kempenaers B. 2000. Do male breeding
displays function to attract mates or defend territories? The
explanatory role of mate and site fidelity [J]. Waterbirds, 23:
155-164.

Leibold MA. 1995. The niche concept revisited: mechanistic models
and community context [J]. Ecology, 76: 1371-1382.

Littell RC, Milliken GA, Stroup WW, Wolfinger RD. 2002. SAS
System for Mixed Models [M]. Cary: SAS Institute Inc.

MacLean SF, Jr. 1969. Ecological determinants of Species Diversity of
Arctic Sandpipers Near Barrow, Alaska [M]. Dissertation. Berkely:
University of California.

Martin TE. 1987. Food as a limit on breeding birds: a life history
perspective [J]. Annu Rev Ecol Syst, 18: 453-487.

Messier F, Virgl JA, Marinelli L. 1990. Density-dependent habitat
selection in muskrats: a test of the ideal free distribution model [J].
Oecologia, 84: 380-385.

Miller EH. 1979. Functions of display flights by males of the least



140 Zoological Research

Vol. 32

sandpiper, Calidris minutilla (Vieill.) on Sable Island, Nova Scotia
[J]. Can J Zool, 57: 876-893.

Miller EH. 1985. Parental behavior in the least sandpiper (Calidris
minutilla) [J]. Can J Zool, 63: 1593-1601.

Morse DH. 1989. American Warblers [M]. Cambridge: Harvard
University Press.

Muller KL, Stamp JA, Krishnan VW, Willits NH. 1997. The effects of
conspecific attraction and habitat quality on habitat selection in
territorial birds (Troglodytes aedon) [J]. Am Nat, 150: 650-661.

Muller KL. 1998. The role of conspecifics in habitat settlement in a
territorial grasshopper [J]. Anim Behav, 56: 479-485.

Oring LW, Knudson ML. 1972. Monogamy and polyandry in the
Spotted Sandpiper [J]. Living Bird, 11: 59-72.

Oring LW. 1982. Avian mating systems [J]. Avian Biol, 6: 1-91.

Oring LW, Lank DB. 1985. Breeding Area Fidelity, Natal Philopatry,
and the Social Systems of Sandpipers [M]//Burger J, Olla BL.
Behavior of Marine Animals: vol. 5. Shorebirds: Breeding
behavior and populations. New York: Plenum Press. 125-145

Pielou EC. 1977. Mathematical Ecology [M]. New York: Wiley.

Pitelka FA, Holmes RT, MacLean SF Jr. 1974. Ecology and evolution
of social organization in arctic sandpipers [J]. Am Zool, 14: 185-
204.

Poole RW. 1974. An Introduction to Quantitative Ecology [M]. New
York: McGraw-Hill.

Pulliam HR. 1973. On the advantages of flocking [J]. J Theor Biol, 38:
419-422.

Real L. 1990. Search theory and mate choice, I: models of single-sex
discriminations [J]. Am Nat, 136: 376-405.

Reed J. 1999. The role of behavior in recent avian extinctions and
endangerment [J]. Conserv Biol, 13: 232-241.

Reed JM, Dobson A. 1993. Behavioral constraints and conservation
biology: Conspecific attraction and recruitment [J]. Trends Ecol
Evol, 8: 253-256.

Safriel UN. 1975. On the significance of clutch size in nidifugous birds
[J]. Ecology, 56: 703-708.

Schabenberger O, Pierce F. 2002. Contemporary Statistical Models for
the Plant and Soil Sciences [M]. Boca Raton: CRC Press LLC.
Soikkeli M. 1967. Breeding cycle and population dynamics in the

Dunlin (Calidris alpina) [J]. Ann Zool Fenn, 4: 158-198.

Stamps JA. 1988. Consepecific attraction and aggregation in territorial
species [J]. Am Nat, 131: 329-347.

Sumpter DJT, Broomhead DS. 2000. Shape and dynamics of
thermoregulating honey bee clusters [J]. J Theor Biol, 204: 1-14.

Tarof SA, Ratcliffe LM. 2004. Habitat characteristics and nest
predation do not explain clustered breeding in least flycatchers [J].
Auk, 121: 877-893.

Tarof SA, Ratcliffe LM, Kasumovic MM, Boag PT. 2005. Are Least
Flycatcher (Empidonax minimus) clusters hidden leks [J]? Behav
Ecol, 16: 207-217.

Treves A. 2000. Theory and method in studies of vigilance and
aggregation [J]. Anim Behav, 60: 711-722.

Veen T, Borge T, Griffith SC, Saetre G, Bures S, Gustafsson L, Sheldon
BC. 2001. Hybridization and adaptive mate choice in flycatchers
[J]. Nature, 411: 45-50.

Wagner RH. 1997. Hidden leks: Sexual selection and the clustering of
avian territories [J]. Ornithol Monogr, 49: 123-146.

Wittenburger JF, Hunt GL. 1985. The adaptive significance of
coloniality in birds [J]. Avian Biol, 8: 1-78.

Zar JH. 1999. Biostatistical Analysis [M]. New Jersey: Prentice Hall.



H ¥ F WM R 2011, Apr. 32(2): 141-149

Zoological Research

MEXEEZEEMABEFTADH

WLy, F

BACK

*
W, eIk, REH
CRACMNE R 2 BFEB) )03 J5 % Be, SEETL WE/RIE  150040)

B 2009 4 5—7 H, EILT AT I RY XA T 20 N EFEIRETT KRR MEVEAN ARG o HUEAT Iy
ik, %S5 E SO 3 B R, SRABIZMNG IS B R RIS . R Wavesurfer #PFxT 20 HBEH KR
HEVEASA 543 AU PR IR )7 RREIN 1] A0 73 AN BT RR LI (R 1T IR I ()55 4 S S EEEAT T INE, A
ISR A 2R NS I ph 1 22 3T I R FR) T 96 ) A 3 2 B SR 2 TR SR AR A ) L Rl R P RIS 75 1 ) 1 44 el
P AL FRALEECY 38 b, A IS AT A 1T 6 Bl SR LK ER T 2273 T (one—way ANOVA)
X SRABILHRENG IS (1) 4 DS EEAT 225V E R AL, A FASMA RS S804 AR R 22 57+ (P<0.01).

KHEIR: WA B RREY, 114

FEISZES: Q959.739; Q62 NERERE: A MEHE: 0254-5853-(2011)02-0141-09

Analyzing Japanese marsh warbler (Megalurus pryeri)
song behavior in the breeding season

. * . . .
QU Wen-Hui, LI Feng , SHA Jian-Bin, ZHANG Yu-Ming
(College of Wildlife Resources, Northeast Forestry University, Harbin 150040, China)
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Shuangtaihekou Nature Reserve, Liaoning, China. Based on song characteristics, songs were divided into three types:
courtship songs, alarm calls or contact calls. We analyzed and measured four parameters from 543 verses recorded from
20 males. The parameters were: duration of verse, number of syllables, duration of syllable, and interval of syllable.
Verses of courtship song are formed of two verses, the first part’s thythm is more and more quick with time; the main
body part is formed with complex syllables. Alarm calls and contact calls are simple, and formed with simple and repeat
syllables. All songs contained 38 syllable types (six syllable types of the first part included). Acoustic features of the
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courtship song were statistically different, as was the calls of each individual.
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2006) ZHHASFWIU(Li & Wang, 2006). 7> FHh
{7 F sl 22 FEVERF 9T (Drovetski et al, 2004; Zhang,
2007; Zhang et al, 2010); 1fij & T~ 55 7 T AN AL &)
F A48 (Chang et al, 1995; Mackinnon et al, 2000).
RSO BEE KRR AT TS, W1 i 13
W) PR CRAH Y. FRIAT DA R AIE, Ay 318 76 7 1 5
RS I R I 2R

1 A5 XHER

BT R XA T A ST i, ik
LRE T, WE AL, ShELAAbR AT R4
121°30'~122°00", b4 40°45'~41°10", R 8 Ji
hm?, R 2.7 5 i, SRR RHRIBUROK
PR R P . Hh b R R AR, BRI 5.7
mo AT bR R XX, DU EEA
IR 8.4°C, MK EN 623.2 mm, FHYIIX REFAE
JRAEACRDIIX, X AARAFID D, FFP
H—, TR, IRIOE AR R S
FAb R VBRI MK AR . b, R
WO At ) IR VPR . B 3 BB, S
T A KA T B s, 2l DRI K M Dpha
angustifolia)~ 1 (Scirpus juncoides)®s; & —F LA
FEEON A, A B (Dopha latifolia) 7KIEE,
MR IS 2, R T B
15 (Alisma orientale)~ ] 0oHi(Juncus effusus)F1E i
(Acorus calamus)(Qiu, 1998; Yang et al, 1998).

2 /K Ok
2.1 MBFERE

2009 4= 5—7 H, FIH lotoo L-200 s & HL(ALET
MUK BT HAR A RS A A, Jbnt; sd
k) 20~2 J7 Hz; 16 bit/48 kHz), SGM 1X 58 5E [i1) i 14
(AZDEN, [ 2%k, A, m WARZ G H 4 80~1.8
Ji Hz), TEXUE T RS DX i) B0 B K2
20 HUHEME/NMAINE 7S, 3H Sony HDR-SRIIE (H
AVBAD LT N ISR ERE T, L4
4: 30 # 11: 00, R4 14: 00 #] 17: 00 F47my
Stilo SIS, SRS E TR G, Kildr)s, &
SUANARNG 75 S5 31 R IR ] 422024 1 mins
2.2 MERGUERIE

B RREHNEHING, SUEEEREEE, L
S A AN BT A4S AR [ 5 K — AR AR B R
RN b o P ANMARCE 45 B RS P A

WA 2 18] FL e B e R 2000 20 me AR IXAMEF AL
1 A5 B IR R P =5 A /N B S B AT R L T P S
W EATEHAENRIL . J34h, FEAT S50 35 Bl R
RN TR E N L0, T 5 B AT X )
AL 1 em, bl @K HE. 48 EHEAILSE
P bnid H, MEgi 55 GPS Abbr. dridJ7ikc
HEAT PSS, Uk BIXPPbR I v2o0 B8 KR % 1R )
WA . LA BTN RN, 48 ERFRId %
ARRE .
23 IBEREFEEX

MU (call): By SAHY R a7 FLA Y B,
FEAMA A g Y, 3 AT A REH ., 2
o P FIAE R 75 45 (Baker, 2001). "91E (song): HENEA
AL ZHA I R B IN TR L 52 2% () 1 75 (Catchpole
& Slater, 2008). % % (note/element): 1% & —B¢
S h Ze IR, &0 75 ) e Bk A 45 4 (Péckert et
al, 2004). 7% 1i(syllable/element-group): —PNELZ
ANPUST IR 2R [ 8 A A A Ry, AR
FHEE LR (Tracy & Baker, 1999; Pickert et al,
2004). Fi%(syllable type): = T HITESRHE, X
PSS R A A HEZI Y (Xiao et al, 2008). 1)
+-(verse/phrase/motif): — PNELEZ /N E R ELELES
¥ % 5] ¥ (Leonardo & Konishi, 1999). ) (synax):
3 5 AR ) o i HE B N (Packert et al,
2004). FiZ&(rhythm): % 15 [ 3R SE IR () 0 0] f s e,
R T A) F 122 (Thorpe & Hinde, 1969).
24 WBESIHMEMGEIT

setble* wav(16 bit/48 kHz)s 2 ) &l 75 &
NN, LFETEMWR 543 g, R
Wavesurfer 3K £ JE 47 70 B« I & 3% % (choose
configuration) 7 #T A< XA bR i, H31ERE, EES
BB N sampling rate 22 kHz, sample size 16 bit;
Aanlysis window length 64, BT KR MEVEAN 4G
WEL 1) 5]~ 2 1) 8 A HH Al ) T TR R, AR s g X 46 )
(synax structures) &l 73 #] ¥~ (Péckert et al, 2004); —
FLAE RN ANIE] R ) AN [ AN A4 ) 1) £ -5
R BRI AT RN A (Tracy &
Baker, 1999; Baker et al, 2000). i&&it— RIS
B Dy 2 B, ik e FET(HR I A 7 A2 4 );
T % $ Hamming; FFT Point 7E 7l Wi i iE+ 512,
IR AL BN FFT Point 264 1 024, LR EISETHEL
P AT TN (number of syllables, NS),
BN E ZAE (number of notes, NN)o Il 2
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FrER (A (duration of syllable, DS). &% 4 [ B i 1]
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z 18 EEE AN O 16~25(HHG 16 A1 25)11) 12 #1113
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K1 SH R

Fig. 1 Method of measuring the parameters
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Fig. 2 38 syllable types of Japanese marsh warbler
Q1~Q6 MRIEA THIE TR, Hop “Q” b “Fi” WS, HARN EAMATHETA, b P R v SR iz 51 s FAE, Brip s 3os
5 Q2 MR E 1T, 12 tONIBEs 7 5
Q1 — Q6 are the syllables of the first part in the verses, “Q” is the abbr. of the Chinese word “qian”; The syllables of the main part have followed, Roman

10

FM W\ 3
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0.5

numerals show the number of notes in the syllables, Arabic numerals shows the ordinal; Q2 is also the syllable type of alarm call, I 2 is also the syllable type of

contact call.
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[R5 10 s LA o ¥ (Ml IR i fee B (R il
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AT R b, B A5 AR AT AL 7 = g B R A
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Fig. 3 Song spectrum of courtship song of Japanese marsh warbler (Synax A, B, C and D in turn)
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Tab.1 Song characteristics parameters of Japanese marsh warbler
BeAht WA f1) 740 Number of verses
GIE: Sami‘ B Total A S04 HWA FUA RTRERE ST EARINS BHRELRIN A YA R I [R)
Synax siz‘; number of ¥ NS HNS B NS %NS VD(s) DS(s) SI(s)
verses <16 16~25  26~100  >100
45731151 15.515£1.690  0.062+£0.001  0.065+0.004
A 4 M 18 13 3 0 0.672~31.782 3~50 0.041~0.111  0.010~0.150
B 3 29 5 1 " 4 8.017£1.939  55.828+13.195  0.051+0.001  0.067+0.007
A A1) T 0.885~36.297 10~275 0.040~0.065  0.021~0.152
The first part c 4 1 6 13 9 3 6.418£1.262  30.516+£5.425  0.082+0.001  0.108+0.008
1.167~35.473 7~139 0.075~0.087  0.053~0.280
0.045£0.004  0.034+0.005
b ! ! B 0.522 7 0.027~0.054  0.011~0.046
Ehimpgr SOE 501 o 3.958+0.068  32.023+0.538  0.092+0.001  0.029+0.001
Main body part 52 1.770~6.195 16~45 0.023~0.243  0.017~0.145
“— KR A D (means non-measured ).
2, A7), AU A FORIRI AR 250 A U 00 oy [
_0.08 Synax A(Q1,Q2)
QIQ1Q1...Q20Q20Q2...Q1Q2Q2, Q1Q2Q2..Q1Q2Q2; 22007
. . . =S 0.06
B fJa: Q3...Q3; C AJ:: Q4...Q4; D Ay ;%éo_os
Q5Q5Q5Q5Q5Q6Q6- Ee 88‘3‘
< 0.
SRABAZ NG IS F & A0 7 IS HOLE 1. 200
A RSB, EHAH<16 19 TH ool
i BAEBAHURE, 1625 1) D234 s, 2B
B = =N > ALK 16~25 [T K B The order of syllable intervals
FHERE CRIR D, 1625 10 T HE s o)
E’i%y D /':U:—Et%ﬁ—‘ I~ {Z'szﬁo 020 Synax B(Q3)
3.1.2.2  RiEBA) T4 22 (thythm) R 4E BERY K2 2277
SRS SRR NG W 17 58 ) 5 10 255 1 ) o I T B ) 1 Eg o1
NI [N — RN ® E
8 I T ) A0 K 0 B 4 R, B ) R R A B =5 010
e
(&1 4). B - o %005}
K 4a BoR, BUAE G555 SEIN ) (0 SE 135 1Y 1)
I W44 1 4b. de 7R, FS5>MS5>LSS, T TS SN
X N et b v . UFERORE (@)
El:l &@%E’%T#éi Hﬂ_liﬂ H‘Jiﬂ_‘i&fﬁﬁlﬁﬂ IZFJ Hﬂ‘l‘ﬂﬁﬁﬁéﬁiﬂ o T{\Iuiber of verses
3123 BARIBA) TAHE  JEIIET 20 HUBES K 69 SHRQh [T
\ . —~ ynax ——
JRAEHEMEAN K 501 MUGIEE) (1 Sa), 795 32 Fh 22 0%
3 Aps e S 4= S . @m B
TR 2, AT RIS AT) e PR AMANY ggyg
- \ e g e EE 05
) AN 25.05 . SLA LA Wi 7 ol b E2 040
% s
WA, B2y 5 BHLE 1. % 0%

313 AMAMIEZER 20 HBETY KRR MErENA
SRABIZIRG I 4 NS EIFFEIES AN, LR
FH B R 2505 22 23 M (one—way  ANOVA)EL HE47 2 57
PERE . R I 45 R o, BETE KR SRAR 2R e e
)4 NSH: A FRPEERR(F =7.727, P<0.01). #)
T WA K (F=3.324, P<0.01). ¥ 17 ¥ 42 i
(F=23.761, P<0.01). ¥ 15 MG ] (F=2.742, P<0.01)
SPR T ETE
3.2 FRER (alarm call)

ENAFRIGOT, N SR KRR AR %
710 m BLA I, BETS KR8 A st 23 A HE Bie s iy

0.20

1 2 3 4 5 6 7 8 9
M5
Number of verses
K4 B KRB A 7SRRI AL B A C HJ3X)
Fig.4 Rhythm characteristics of the first part verses of
Japanese marsh warbler (Synax A, B and C in turn)
4a BBID, TECTRORE TR, RIS AT <317, For
3 AN E AL 1A TR D) .
4b F 4c EII ) FS5. MS5. LSS & LTERT ik Ui B (I, 2.6 5).
In fold-line graph of 4-a, the front numerals of the legend show the number

10 11 12 13

of syllables, latter numerals show the number of verses which were measured
(For example, “3-1” means one verse was measured which has 3 syllables).
In fold-line graph of 4-b and 4-c, the meaning of FS5, MS5 and LS5 have
already mentioned in Methods which in the front of this thesis (Methods 2.6).
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3.3 BKZEF (contact call)
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H
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Fig. 5 Song spectrum of courtship song of Japanese marsh warbler (one part of the verses)(a), spectrum of alarm call (b),

and Spectrum of contact call (c)
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Tab.2 Parameters of alarm call and contact call of Japanese marsh warbler

%S

Sample size

HES SIS

Number of verses

A F RIS A] VD(s)

AP ERADENS  H L DS(s) &

15 [A]BR S 1) ST(s)

R 9 35 1.746+0.193 23.086+2.472 0.04740.000 0.026+0.000
Alarm call 0.540~4.268 5~56 0.021~0.069 0.011~0.039
1% P 7 32.485+14.672 155.286+67.99 0.04040.000 0.187+0.008
Contact call 5.763~119.021 423~554 0.027~0.047 0.092~0.642

T HREARBCL AN, B SR 7RISR 75 45 TS RO AT 22 e TR A o

One-way ANOVA was never be used for the Alarm call and contact call because of the sample size is small.
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Szekely et al(1996) Lt % 1 W %7 & J6 B 0 7
(Locustella naevia)~ 54275 (Locustella luscinioides)
DL 55 J& P55 (Acrocephalus scirpaceus) T 2515
(Acrocephalus schoenobaenus) K55 (Acrocephalus
arundinaceus) 5 WS MEFFAE, e ILIE T & & 2R (1 g
WS FT A G 8 e G I g 5 B, B OB Y
FRIANIRT B ST AL s 10267 J S SR R A, HETE
AMANE P AR T REIA B M. HAT, VR
LN BET KRR AL 70 R Ay b 508 7% ) 15
LT (Zhang, 2007), H.OAH —LemF 58 R BETY
K2 KRBT J8 il 7 15 % J& (Mackinnon et al,
2000, FEMG I, BEF KRR MY R 1 R IR L
W g MR L, MZERE, 5 R SRR

AT KRS MR A ) 2R, AR AE
NG 75 ) - E BURHE G 3 B AN ], o] L 445 1k
VAR ERA, W DERTUESDE
AP Lo SRABICORRN S by A TRk, AETT
WA AR T2 L, ARG T AR Y
A7 PR PR 15 (Q3, QA T1(Q1, Q2, Q5, Q6)H
SN EARER At SR Y R S 1A
WSUFP 2R, 5~ 2 R80E, & 19124 1) R I 1) 22 4
T A TR ) T AR ) AR )L, R Q5.
Q6 ZH BCH 5 UM AT A0 54, FLAth 3 P 1) 5 9
Y- 1845 S I TR) K T S T A ) 1 P 2 R Ak
M. B Y KU A ¥ (Acrocephalus
schoenobaenus)"S 75 & 4 A4 7 05 51 KRS
AL, W ) B T P8 0 e T 2t R B R
&1 A R RF ik (Buchanan & Catchpole, 1997
Catchpole, 2000). 7 =55 1Y 75 1) 7 TF 4R 6 7 I RF4E
ISP T AR A,y PP A 45 8 I T 050 e 5 5 A H 3
PAYERUSL S 2 5 SN AN SR 7= T 115 SR CT S 54
et S TG IR 7> — B, T B AT
i {i)35 43 (Catchpole & Slater, 2008). 1Y K835k
TR AZME NG 75 LU 8 1) 1, ISR oy, B
AL, AR R

V2258 Ja 0 2, R I RS 7 i B, SR A
JE RN 5 53 % (Catchpole, 2000). BETS KR35 HEPEA
PRI FERAF G IXANRFAE o A SR A MR R P T35
PR E AN BORAGIERIROR, M 3~275 4>. {EPT
K20 HBEH KRB AMAT, HA 12 JAMERIK
MRS IS B AT AT AR AU, B MR —Fh e

IR 1, B P AR RS A 72 o8 A AR A
(7o X SRABJZORE NS NS = A8 1) 1 I S RO,
TE ) - )5 1 2 R HSC R ) ] R A AR A 3 1
MEZES . AR B AR, P MEH
/b 4 BBy, AN[RIAMA Z A1 R IAH [F] () ) 2

A 75 ) 7 ol T (Q2) R B Rl ] LR R,
TR, AR, AR TR A s IR
e & W S ) —Fh 7 2K, JOF B Re g ARl oy >4
J4E(Forsman & Mdnkkonen, 2001). 11 2 5
Horh 2z —, 2VFZ PRt D RERE K A2 1 B s
HY Y 32 1) 75 545 5 (Caro, 2005), HH $EEERFIHE A
(1D 8 DR A7 B PRV A U T 065 7 (Sey farth et al,
1980).

FRAEANF R ], 0 5 ) Loy V2 R,
AR 7 7 (alerting call). B4 75 (defense call).
Bt A (attack call). 2 AHEAF A (hawk and mobbing
call). W5 |4l & # MY 7 (predator attraction). 1R,
% 7 (pursuit-deterrent call) « 3 & 3K R 75 (distress
call). &} <7 I3 75 (on-guard call) A4 7 (distraction
call)&5(Placer & Slobodchikoff, 2004). 1 ML 75 ] 4k f2)
SRR EW T E R . 2 FARH], WG Ry AT
SRR AR, NG AY s g5 Rt B 5. (Marler,
2004; Kaplan, 2008). JiE 15 K 278 M R A0 i
G AT AR 3, 38 AR Py oA R D3 Bk AR
BB W BAT R, T a5 AR X LR A,
ST S IS e kg AFGS B B ) — A, RIS
(alerting call).

TR28¢ 75 2 B I 2 A TR I T 5 5, A A
AR TR IR 2 7, 5% 15 RIAfE 1 2 R] (R R4 75, Fil
FEAS A& 2 18] 110 #H 11X 4% (Cortopassi & Bradbury,
2006) o JA2% 5 A, 15 55 108 HY 25 f S 03 FREE NS O
RITMMPME R, 1EHZFE. —S 8N 2 (R AT i
INF, RPN PR AT LS 22 (RS TC A FR s T b e
PR A 5 2R G0 TR AN 280 2 P Al M A A4 A I
NG R B H IX AL (Striedter et al, 2003), BELE
EH 5 2%, 45t 7 4iE 28 K £ FF (Cortopassi &
Bradbury, 2006). 5t K2 % MEPEA AR RS 75
BN A R T, AT A R
FIRFLE I o) AR AR K. ERFF XN, BT H5E
T R M A A IRE 28 75 (Rl TR 3 B, 22 /b2
— SUMEPE AN I, 7 7 Y 2 ) A R B ARG
G OL T SR MY SR N Sy Ak, AR L AL S
T, s B EC AR TA) R I IR 2% 75 AT . 4 H i1
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Roosting-site characteristics of wintering black-necked cranes

(Grus nigricollis) at Napahai, Yunnan

HE Peng'?, KONG De-Jun'~, LIU Qiang', YU Hong-Zhong®, ZHAO Jian-Lin’, YANG Xiao-Jun""
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Abstract: From November 2009 to April 2010, roosting-site characteristics of black-necked cranes (Grus nigricollis)
were observed at Napahai Provincial Nature Reserve, Shangri-La, Yunnan, China. The positions of roosting-sites were
determined by triangulation with markers and field correction. All of the 63 roosting-sites observed were located in
patchy marshes with water, which contained some mud on the bottom and 81% of the roosting-sites were covered by
plants. They also had a certain distance to areas of human activities and had a certain distance to the shore. A comparison
of roosting sites and random sites showed that roosting-sites had thicker mud layers, a higher ratio of open water, longer
distance to roads, villages, and farmland, and water depth. Another comparison of before and after usage of roosting-sites
found a significant difference in area of marsh patch. Principal component analysis indicated that the usage of
roosting-site of black-necked cranes was affected by human disturbance, area of marsh patch, and the condition of the
shallow water environment.

Key words: Black-necked crane; Roosting-site characteristics; Napahai
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JRIES (L & Li, 2005), J& E 2K 1 i ff 4 B4
Y. H AT S HA B 7Tk 2 L H TR S b
M HIE 5% % (Tsamehu & Mary, 2005; Liu, 2007;
Kong et al, 2008; Zhao et al, 2008; Liu et al, 2010);
T ARG Hb PRI 584 LT Bishop et al(1998)5%} i,
A RS SIS Liu et al(2008) 71441
U 0 B A PRI SR BERF AR B A BT, DA L &
Li(2005) %} ek 25 4 5% R8 25088 4 A9 b o P 4104 (1) =
gh. HAT, AR WA OGRS RO Hh 2 R AR 2
SIHTREGE. BT UL, R AR AT R A TR S 1)
RGO (O REAE AT T IR, JE0E 5% i SRS H )
(AH G R 34T T 40

1 xRt AE
1.1 R XHE0R

T AN O H AR IR IX (N27 °47°587~27°

557007, E99°35°437~99 °40°56”) 1. T 2 B 44 1t K i
TG BN Fr ks B B (s fy B BT, SRy 3
435 hm*(Zhao et al, 2008). 147X 7EHFIK 3 260~3
300 m i), BfFEIE. B, BKkDb. XEHET
R A =3 KT TE Ve A5 AR (M, 2007; Li &
Yang, 2005; Liu et al, 2008; Wang et al, 2009). £
U ER DY 2 K, ARk R X AL 1L
T (R R AR VR AT HE AT A ORAP X R A 7K 7
B, NP2 A K SE T R BB (LI &
Yang, 2005; Liu et al, 2007), [ th 8 A 24 $i
AR T B A (L, 2005).
1.2 ®WHRAE
1.2.1 WAL 2009 4F 10 H N AT B SUEST R
AN T FETIR Ar, T il R S PR ROV b 53 A R AR
BB, FEaf e gt . A A T AR A
AR AR R . 2009 4 11 H 27 H % 2010 45 4 H 29
HIEW A, B 11 H A6, BT 3008 I A0 Hh ik
T2 2 IRQ2~4 ), P A RIRRAE 1~2 JH2
o 7E2%5 . RS 45 5 WSS FIAS REMERA 1 14
I R R AL EE, 5 S B £ 5053 i)
ML H TR 12 A2k, A1 H2ik. 2 H
4% 3 3. 4 H 4Rk, LA 16 K.

R TR A 45 5, 74 it J) TRl 1L R A
B EIRE 7 MG AL, BRI A AR AT R
G 1L P 93 A 55 D0 3 BN 2~4 AW 530 ] A 7 o R
XL R T MEE, PRUE BRI A B 1) 7 o5 IR
P T SRS Wb . I ) A SR

PRI BT E2F 6:30~8:300 70 WL A ] 20 iy 2 e
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B5(300 m). SEH LSRR KR B K I LA
TR IERE . RIPEEAY . MR RE S S . i M P
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B9 AU S . R AR R T (1 B AR
2 DA SR Hb JIT £ VR B BEHR A TR, e J2 5 ph i
P LT ORI RIS BN R B DN
122 Wik 8 TR RE i g i i 2 RS
R PR 2%, SR vk T PR e . 7R T A
(2009 47 12 H )y & Bl ML I (R FH—ANF X i)
DAAT H P8 200 80 A b 1) e Bk AR SRR AR 7R S
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SRR A 2 ST 12 R0RG J FF) TR 2% o BRG] T 3 5k
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ELICRIR -8 LA 19 Hh IR 22 57 Wl 5 1) AR A
AR S SR ORI A ) AR, DABT R
LI 63 AL B N FEASREAT T e Rk
IO TN, AR DA g AR AT IE AT e
AR B ke
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2.1 TRAHHBAFE

2009 4F 11 A% 2010 4 4 AR HL 63
A, BRRIAAT A (3.910.4) 1N (1~6 AN, n=16). X
63 ALI BN A ER A T AKIHPE, 96.8%(61 Ab)IH
PG S AR Ve )2 B 5 o OMG M b PR e R 2
AR IR BEK SRR A
TR 4 2%, B K5k 36(57.1%)
11(17.5%)+ 4(6.3%) 12(19.0%), EAH &R
PRGHIETHAT 51 4L, 5 81.0%. 1X 63 AL Rt
(A BERFAE LR 16

MG T TR, AR R A B S (1) A M 34 Sy
AAEA KPR b, SR — e,
KERZNT 30 em, B KZHYR)Z0 0, Ko A
— MR R, BRI GER . A AR H)
H—EHE,
2.2 Rt S eI R AY bLES

H4 2009 4 11~12 Hid k1) 15 M 5 2009
12 AR 16 DM A A o e, &5
FRBL, i IR R (Z=-2.365, P=0.018),

R1 NIAEBE BHBRM S REHEM R ST
Tab.1 Descriptive statistics of roosting-site characteristics
of wintering Black-necked Cranes at Napahaik,
Yunnan, China

/EB57F & Variable )M Mean #7342 SD Y5 [l Range

TP THIA Area of marsh patch (hm®)  19.4 20.6  0.8~106.5
/KR Water depth (cm) 8.3 5.1 2.8~27.2
JEJZ 5 ¥ Mud thickness (cm) 21.6 18.6 0~53.0
FE#% 5 Vegetation cover (%) 50 35 0~100
HiW: =i ¥ Vegetation height (cm) 12.8 15.9 0~50.0
HI7Kf Lb 451 Ratio of open water (%) 82 16 50~100
B 7321 7 B Distance to shore (m) 141 93 6~465
P38 B4 B B Distance to road (m) 540 203 160~1100
BFA FE R B Distance to village (m) 974 295 580~1700
#HR FHH 29 Distance to farmland (m) 991 373 350~1700
[ YATIE B9 Distance to river (m) 573 422 95~1550

B 7 I EE 3265 i (2= —3.086, P=0.002), RHIEH. *
JFE R A T BE B 5K (Z/6=—2.852 ~ —2.334, P=
0.008~0.020). MM/KIK FEB G M E. M
TH)TE PR B ) Y 25 R (Z2/=—1.521~0.934, p=
0.128~0.919)(F 2)o X IXLEAR 5 (1) 55 P o A R ol it
AT NG, IR IRAE BT 15 AT XS et 9 =25 [
AT 1) R AT R I PR 2 1A B 35 7
(’=16.730, df=3, P=0.001), A& (K404 /A G
22 5(°=0.322~5.526, P=0.137~0.851).

R2 PIAEEEBIERTE S R IR T 2R LR

Tab.2 Comparison of habitat variables between roost sites and random sites of wintering Black-necked

Cranes at Napahai, Yunnan, China

— ZEiIH Statistic(Mean + SE) K6 Test »
Bt (n=15) Roost site X} Hihh (n=16) Random site t? z°

VAVEII A Area of marsh patch (hm?) 16.5+6.7

JK¥R Water depth (cm) 143+1.6 17.7+7.4 -1.521 0.128
Ye)2 5 JE Mud thickness (cm) 19.7£5.7 12.6+£7.1 -2.365 0.018"
FE#% )€ Vegetation cover (%) 60+9 66110 —-0.602 0.547
HE 1% ¥ Vegetation height (cm) 9.1£3.3 73+23 -0.101 0.919
WK i LE 1] Ratio of open water (%) 92+4 3612 -3.086 0.002"
{8 512 B 3 Distance to shore (m) 135434

{838 14 1 29 Distance to road (m) 652164 382+107 -2.334 0.020"
iR FE 2 Distance to village (m) 1207494 7974108 -2.852 0.008"
{4 1 i 2 Distance to farmland (m) 11354+102 6691136 -2.711 0.011"
{7738 I 3 Distance to river (m) 482+ 86 625+124 0.934 0.358

SSTREAS ¢ KB, ¢4 © M7 REA Mann-Whitney U f086, Z f8;  “P<0.05; “P<0.01.
* Independent-Samples ¢ test, ¢ value; ° Independent-Samples Mann-Whitney U test, Z value.
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Fig. 1 Comparison of Water dapth between roost sites and
random sites of wintering Black-necked Cranes at
Napahai, Yunnan, China

2.3 R F AR R LR
#2010 £ 2—4 FalIdsK 1 8 2 RS A HI i
Jo BRI i PR A 58 A AROnS Bl o 85 R VB

B A B N (=2.977, P=0.021), HAKTRE
# 22 H(Z/=-2.007~1.319, P=0.085~1.000)(¥ 3).
MG P R AT — P Ja, Rk
A B35 72 5 ('=0.000~2.286, P=0.131~1.000).
24 WIBMWERTENERS S

FEHL LA by i L A v 7 S 2 ) AR B A
AT ERIT 73 BT (4o 1 3N FHRHIEE R T 1, %
WX 3 AN TAEN TR, R BTTER AR L #
T1.7%0 X 3 D ERIME 7 DA LR Sifer
AR, B N R RO R R 2 BRI
Wi PRI . B R IE R AN, T2 R
SRNE TGO, 55— o 28 5 MG B 7E
VEFEBEHL TARAR G, 5 = F i E KA
KT EC IR, IR FREDIR DL .

*3 MipEHEBIBERETEIANELEETEMNIER
Tab.3 Comparison of roosting-sites habitat variables between before and after usage of wintering
Black-necked Cranes at Napahai, Yunnan, China

HEBE R Variable ZEi1HH Statistic(Mean + SE) K Test i P
FI F 17 (n=8)Before FIH )5 (n=8) After t* Z

BT Area of marsh patch (hm?) 19.6+43 103+3.1 2.977 0.021"
JKVR Water depth (cm) 6.6+12 46109 1319 0.229
Ve )2 )5 Mud thickness (cm) 17.9+5.8 21.6£5.6 -2.007 0.085
T 5 ¥ Vegetation cover (%) 24.04+9 31.0+14 -1.342 0.180
HEM% ¥ Vegetation height (cm) 6.9+43 8.1+5.0 -1.414 0.157
B 7K 1T L5 Ratio of open water (%) 78.0+6 76.0+8 0.454 0.664
138 # 1 2 Distance to road (m) 539.080 539.0+80 0.000 1.000
AT 3 Distance to village (m) 924.0+111 953.0+108 -1.000 0.351
{4 1 i 2 Distance to farmland (m) 934.0+111 924.0+118 1.000 0.351
BEAT3E 29 Distance to river —(m) 5494182 531£168 -0.447 0.655

ECAHEAS £ K050, ¢ ;P FOMFE A Mann-Whitney U i3, Z #8;  "P<0.05.

* Paired-Samples ¢ test, ¢ value; ° Paired-Samples Mann-Whitney U test, Z value.

T4 MEEHR BTREELEIETEOERD O 3 W it

Tab. 4 Principal component analysis of roosting-site
habitat variable of wintering Black-necked
Cranes at Napahaik, Yunnan, China

4> Component
55 AR i Variable
1 2 3
Ye)2 )5 Mud thickness (cm) -0.613 —-0.426 0.352
{138 % 5 2] Distance to road (m) 0.837 -0.277 —0.037
PR FE PR B Distance to village (m) 0.763 0262  —0.180
i A< 1 6% Distance to farmland (m) 0.797 -0.259  -0.018
VAP Area of marsh patch (hm®) -0.264 0770  -0.423
7KIE Water depth (cm) 0.445 0.339 0.539
HH 7K I L3 Ratio of open water (%) 0.065 0.450 0.723
FFME{E Eigen value 2.564 1.304 1.151
TIWA® Variance explained (%) 36.635 18.631  16.436
FRTTHRZE Cumulative (%) 36.635  55.266  71.702

n=63; FHMFRIR T Ffar (1 0 H>0.5

Bold numbers indicate absolute values of factor load >0.5.

WEFTET R, AN BR A T U T 1B A
IK I BEHLAR VA BEAE A B b A5 o X L8 1 7 KR /N T
30 om, JRJZKEZAWIENA, H— & WAHPE S,
5 ANKEE R IRGE Y . A RE)FRLA
PRES . X 55 AR AR Dt N B O T I5194 119 e 7K M
7 (Li, 2005; Li & Li, 2005)+ £ 2 m A AT 7K
JEI(Li et al, 2005) WS 45 AR, {H 55 PUjEBk A
(1) S 585 22 7 A 65 A VRN 7 5% ] = B S 9 A K
Vi 1 %k ) R M L A (Li, 2005, Li & Li, 2005;
Tsamchu & Mary, 200588 % 5. XA RES5 % BT
AT BEERBE AT OC o 7 1 I A% T R S S BEAE A
EPRATLL S SCHATE R« P ] e, i
A D, DRITTAN A PR B R AT AR 3 K DX 3 7K
T30 BR3P RO AG
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070 3 Ik B AR IR 7 X8R 4 18 ) T3S (Grus
Jjaponensis){EN Tl AN (L, 2007), YLPGHRH
WA B #(G leucogeranus) B T 7K 1 58 K (1)
WK X (Wu, 2005), 1048 PHHEF A 1 KBS (G.
grus) RO T3 I L F/K i (Avilés, 2004), X
5T 2ot R ) R RS R, FR TR A R
[ #B VD [ #9(G. canadensis), i 45 &1 1
G 1 T A ] 3 A W Hb(Folk & Tacha, 1990), i
A PO SR SRS AL o AN [ AS SS A AG b A 35 1)
ZE T BESE TG N % E AN R AEAE IR IR 25 2R
3.1 iRk B9

SV PR BURS AR R B I A A # R A K 1)
M7 (Liu, 2007; Kong, 2008; Wang, 2008; Li & Li,
2005), {HAERA N0 7K AR H OB (Li & Li, 2005).
DAFE (RSN hy, R 160 A R S e AR P T % 0%
WICAAL, KIEAE 10 em DL K s £ o
MiHb(Liu et al, 2008). SLIKIH A BT R I 63 AL IEIB A
I, TR AKHPES, KIRAE 2.8~27.2 cm Z [A].
2853 3 W K AT DRI K BB 11 7K SR B K T L
513X P A A AN 5% i A A b R PR 28 = 32 gy
(3 4o 1T L 29N 0 7 e A5 L 200465 ARG IS5 7K 1 5 44
e X Hap NI DTN, B A R SR
TEIAFNK B 25 AT 1 e ROAV 1 R 5% 5 L AR AL
(Li, 2005; Li & Li, 2005; Tsamchu & Mary, 2005),
5 PFIAS (L, 2007)~ FIS(Wu, 2005) KE(Avilés,
2004) 170 Fe#8% (Folk & Tacha, 1990) (¥ #F 5% &5
AR
3.2 B S EAH

A TR S 1 ORI D6 B b R 2 1A A
(Kong, 2008), £ 43 B L6447 il th A1, 42 35 40 A& H R
1) 5% £ Hi(Zhou et al, 1980), VK I A th & B/ &
TESUES FLAR T AN S KBS M, 1717 A2 7 A A5 BA
WigE) . B, B At . JrLh, YT RE
42 52 M0 P SRS T RO R R R 3R 2 — o PR
R F DY E (LT & Li, 2005)4 &,
DRI T AR A B 1 P 30 A b mh — 00 A A7 — 1 b
Wl VR A A BT 73 (81.0%) ROV b o #4545 FE A2,
{FL5 B AL b R A 55 B2 5 v B ) R IR R B
WE R XN RER A A S T g e A PR B
F—Fh BB ) K Y (Wang, 2008). HFr5l 2 7E 3—S5
H, KSR N, B, REE 7 R S #4821 24
WAL K B Gl fr 028, RIS B Tt ik
I H AR DA R AT, PRI/ T RA M 0k TR

MR A o> AT 25 5+

8 A% B A D) e i e 1 A2 B 0 KL ATl
WAIAE Ay v /K K 3R B9 PF (K ong, 2008; Liu, 2007; Wang,
2008; Zhao et al, 2008; Liu et al, 2010); 7E 5 Ky b
FURE (LA, 1999); 1M AE VU U 4 #F Hi(Bishop & Li,
2002; Li & Li, 2005; Tsamchu & Mary, 2005). X,
T DY A by o5 A P SR (1) TR) AR S b B R A A
iR, {H S, P0G =T — ] 4h b 3k 5% 7 7K 3R
B o X AT At PR IR I A5 () 7 SKAS [R] e
B kA BE SRS H ) 3 24T 4 A T B (Kong et al,
2008; Zhao et al, 2008; Wong et al, 2009), ¥ &%
PAEBEM EZE R R, MR Rk = & I X
TS, B — R R, R IR 2, A
PRI 2% I B pn
33 R2ER

G RE AL B L, P US40 b 1] A 326 25
NGB X, i AT AR A s
B2 ok (V18 B 0T ARG S (1A 1 32 B sy 43 BT i
U8 2 B BRI M B . A A A 2 4]
N TN (R 4) SV ST T R I, B
TEA M 2 BE B8 (03U BORS R S 2 B 22 Lk
ANEF BT B R D2, R4
PERITE B — M NGBS X o IX B AR
T Xt v b 22 ) T = A T A A BT ) R )
(Krapu et al, 1984), [F i 45t E G o6 £ 4% (1) 3] i 1
J A (Krapu et al, 1984; Tierny et al, 2001), [
1 D) — B ) C TP (R v K DX Sk A, T T T A
FHEAI/INT AT SR £ R ) RTHI (W, 2005)

XA B E - FE R b ST RO b 1) 2 A
2o R —SHER MR FUR IR, 24 DR 35 70 A
AR e B, RN VR 20 & R S R X
TR 8 i (Jiang et al, 2006; Kang & Zheng, 2007),
I FLAR 8] 0 Fki 0 1 XU 5E K (Lu & Zheng, 2002).
S TE AN e AR B K S22 —, HET AR M
GBI IL R U (P B BT . BT R BUE A )
B, b RS 256 PR S A B B e,
W52 ) SRS 23 0 B IR N R g Y, L2k
o BTEA, NFETRSNMFEEHE, Qs $ 435,
KM, T BE A M) 2 S 98 R0 b 1) B 3 2 A
Fo AR, ANFig Ao In, ARG 2 Sl K
AL R I I, B ATl 200 P2 20 1 2
T A G AEBEAE G . AR i AR B R
P T R K AV PR FLHAIHEHL 25 (Liu, 2007,
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Wang, 2008), F & AR H A sl Py ar DL $2dk
NI FERRZR S KR, AN Grular, MR A
KRR /DAE H A yE Sl (Liu, 2007; Wang, 2008);
TRAKVHERON B TE B . B IEFAR o N )42
TR LA B0 IR DX 3, DRI Ay B8 200 B AEL () R0 AG
Yl e XD et T AR B, 0T AR
HiuH BN AR A7 T3 7K X 38(Folk & Tacha, 1990),
VAT TE AN PR s i T vb B 1) 4347 (Krapu et al,
1984; Folk & Tacha, 1990).

TRFEAS AT A PEAOE S E O .
LG R B IR A AT, G (R] e A HOIR B R R 5L,
FEAGEBH I AFI ARSI HEN; HELETE BT AR D,
WEEaEH I . DRIk, PR SIS SR I A T AR K
(>0.8 hm®). JK I 2 (>40%) 1IVH BEBEHL AT RO o
PR HAF P T 5 Ee e R B, 2S4KAE R VHPRBE
PRGN, RS o S A A . [
SRS — M ST T AR o, R
PR, X nlAe kb BRI 3R, By IX—h
B AT DA R K LR IR o 0P S AR
LRI, RO ()7 B 125 a0 R B X A AR AR T A Y
FPL RN B R T B b, I HLE =
TR B o Bt gk AN B8 A 22 4 IR A A= 355 (Krapu et
al, 1984), Xy Hoft AR & W ZER BB 4% (Folk &
Tacha, 1990).

KT 1) ¥ 7K VA PR BE B e A BH 44 AT 411
FAEBE R R EA S0 AR R 4
KB (96.8%) B ML FE) F7 00 )28, A7 L6 )R FE L 523k
21 50 cm A b o X EARIG N T SR A ) A, (R4
VWY 2 AT A S50 B 1 AR A Sh# ik N
34 HitEmEZ

TE R 6 30098 1A AP b R FH S 110 AR B A R LU AR
Ji, RIUE AP R B, BT BB
180 R 7N 8 e S5 490 Sk ¢ 18 90468 1 A0 A 1 R P
RS YN e AR AL, BRI S ST
X G RO B PRI R, T 226 88 T R K PR v PR B A

Bk
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PRI o 3 143 o3 B RN B i (R
4), Tt W YRR THT R L ST 1 5 g P S S A A 1) )
H.

R R I FH e 7K VH A Sk SO H Al T R 5 R
FERETE AT DG AN A5 P 23R B, IR 22K,
B BT -4C(Mu, 2007). AE3G7E w5 e e
(YIRS, o] LR A7 B o 2 S0 0 250 THI KT (1) )
e T RIIHAAIRIRK, KUK AR EAEH,
DRI YR A IR K AN 23 76 0°C LA (Sun, 2001); 4
ZEI, NSV K T R A AR, I A L
H# U (Chen & Yu, 1983); 11 (R, THIVAK AN
WA 22 K PHER ST, KR T, 7028 1) 7K ) sy
THu(Yu & Lu, 1996). [RULHEM: HAZ5#S N T 4%
fERERE, KPS TR T AR m SOE A 3L KK
S A DA O
3.5 RIPEEIYL

N T 4 IS AL — A R AP (W RO RS, AR
DL A8, bt LA i o) 3 /K R 858 0 A i e,
2 L8 BT TR R KA ARk, B LR LA
KA B (1) AMNRAE 10—11 H /KA I,
A BERD, FFHITBOK AT A ARSI 2 (R 1
WERIEE, (% s 380 e G 288 5 B KK AR, i DA L
UGS 38 4 T T SR LA vk 3R 85, (2) 12 H 22
3 HIE AN K AL T B DRI, I Y 3 Y
KB K, CARRAR R AVH B R i (3) 4—5 A
NFEAC SR, R ERS R DT B, A B Y
(104508 DR AN W AT A T ks>, 2% 18 281 PR 0 75 2 kb 78
o S DRI, SOV I BOK, i
Ky A T A, Qi
B 87 S I O G i = S e 7 BB L 7/ e
AT 48 28 Ay 3 AR [ R 118 8 38 46 AR G Ay 7Kk 1 g At
B2 (R B AT R B 0t U

Bift: Bt EB(PEWREF AL T T HIE
AR TAE GG F 8h
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[31. Chn J Zool, (3): 27-30. [JA#EEL, T 3C7*, LT K. 1980. HAZEY
MR, B2k, (3): 27-30.]
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FE: B AW A HE R M 0T EAT AN R ) SR, X 5 B ) 22 AR TRl S R S AT
HFORTFEIIIR . 2009 4F 7—8 H A1 2009 4F 12 H—2010 4 1 AETEFR B G X B 22 0 H50E O E R R A, %
5E 95.87 km? IR A XA P B DU 4 RE Lk, SR 18.3 km, I MELEERIBEIN RN EEET, IR T AR R TR0
FEAKONRIRER TR, A28 R NAT R S S AT g Rk I S AT g B B P 25 5o B SRR (1) MG T 2550, &
EXHAT NPT N EBUR(U=8.69, P<0.001); (2) 4B/ NG A <3 (/NIRRT >3 KB, /NEEA 26 105 % s AT
PR B KT KB (Z=2.165, P=0.03), HBHAK/NI NS W/NEERI> S (ORTEIRE, /NEEAS 2016 0 AT 4 B
2R KT RBE(Z=2.003, P=0.045); (3) MEGIHE HEPERERE G X 3 FPAS [A] A SIS 20 2 W) ) 10 SR A T A B 8 T
TS, MEVEREI AT PR B3 T M BERNR A T )EAT N BE B (Z=2.746, P=0.006; Z=3.589, P<0.001),
P R A 0 s AT Oy B 28 B 3 R TR A R Rk I S B B 25(Z2=2.376, P=0.017); (4) RS TEN BIMEERIETER) 3
Tt S AT A9 T0 K 3 2 5

KEEIR: 0 AT TR BRI SRR B Tk
HRESZES: Q958.123; Q959.842 NERERS: A MEHES: 0254-5853-(2011)02-0157-06

Group differences in responses of Pseudois naynaur to human
disturbance in Helan Mountain, Ningxia Hui Autonomous Region

JIANG Tian-Yi', DING You-Zhong', WANG Zheng-Huan', HE Gui-Fang’,
ZHAO Jin-Ping’, MA Feng-Qin’, WANG Xiao-Ming""

(1. School of Life Science, East China Normal University, Shanghai 200062, China);
2. Helan Mountain National Nature Reserve, Yinchuan 750021, China)

Abstract: Wild animals respond differently to nonconsumptive human activity and such variation depends on
multiple factors. We explored the behaviors of Pseudois naynaur and recorded the distance of their responses in Suyu
Kou National Forest Park, Helan Mountain, Ningxia Hui Autonomous Region. We categorized their behavioural
responses as no response, vigilance and flight and recorded the response initiation distance. We compared distances
according to disturbance source, group size, group type and sex. Our results showed that Pseudois naynaur showed
stronger responses to humans than vehicles. The distance at which the subject of the group was vigilant in small group
(group size less than three) was significantly more than that of larger groups (group size more than three). The flight
initiation distance in small groups (less than five) was significantly more than bigger groups. The distance of no response
behavior did not vary between all male, female or mixed groups. The distance of vigilance behavior when the subject of
the group first encountered the disturbance in male groups was significantly greater for female and mix groups, flight
initiation distance in female groups was greater than that of mixed groups. In the mixed group, no significant variation on
sex was found among all three types of behaviors.

Key words: Blue sheep (Pseudois naynaur); Human disturbance; Disturbance source; Response initiation distance;
Sexual variation; Group differences
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H 4R BR8E 38 f 0 8 W 1 75 2R B Tt (Flather &
Cordell, 1995). X %54 [ 52 M (455 A= W47k 2
AZ, BIUNSEAREE R AR PR BEIHAT N e
A% (Knight & Cole, 1995). T-HLEF AP AR AEZS
REFE . SR A E] 5C 2R (Geist, 1978) 1 B
Y S 1A H 7 % % (Hamr, 1988; Gander &
Ingold, 1997) LA K 2B 355 A= 2 K 3 F %55 (Light &
Weaver, 1973). IXLEX A5 RGN AL 163 AT
BRI o

TEREFEN A P00 Sk BAT 4y (R 5% ma I, 36
0 7% Ff PH 25 (flight initiation distance) A 35 il 5 F 1)
J7 ¥ (Miller et al, 2006; Taylor & Knight, 2003;
Recarte et al, 1998). Kk, Sh¥XIANFEITH R NI
TG R 8 I ST B mT DA FH SRR E R AR
PR B /N H2 T P 25 (Rodgers & Smith, 1995).
Burger & Gochfield (1991)1Ay, 36 Hillg i e WY i 25
R, ZPFR NE TP 52 P o IXFESEAT
DATE 2 b 0 5K (1) X 3k 7K1 Fi 5 B A= 3 ) () AR 9
(Gill & Sutherland, 2000). Knight & Cole(1995)IA
5 W) R B A AT B I 2 MR T e AT B A R
PRI AFRSFIPE T, A I 6 PR 25 (1) 5% ) A —
#(Stankowich, 2008), X LE[H 2R Bh 1) A6 A7 30
BE R 256 % 18, T LRGN BRI 8 T4
() S R o

1991 AR, TR A E K H AR R X
TG 8. 77 F(Pseudois nayaur) 7&%1 %1115
WL B AR AR EEE, JT R i 3 R B
—o DAk, 7R ARSI 2R AT A e o R e i
M, WEFESIPIRT N TP B N BA S AN R FA B R
W, BWIBT SO ) 22 T A o R ke i A B
LRI 95 X (Knight & Gutzwiller, 1995). X} itt, FAl]
T 2009 4 7—8 H AN 2009 4F 12—2010 4£ 1 A, 7¢
TR E K ARRS D IR0 [ K AR AR
S PR B AR S I TR N AT T ST, R
FENZE: (DR SE SN0 T4 SO R 3=
Z—, MAEF R WATAERX ML REAR “ ke
BN 5 (2)MERE S 4 e T 2B 3URT A2 3 A AT 2
XFFPI SO NAN ], BB 220 = R ME A A4)
TH Y A AR 2 57

1 #MR57F%

1.1 B3 XiEHR
WG XA T BB 22 [ R AR P X A s

[1(38°42'N~38°46 'N , 103°42 'E~106° E) , [
BIIACN 95.87 km?, PRI 1000~2 800 m. F*
B ERHE PR ZE 045 (1998) LA 7 B 215 ¥ ) ]
¥k FZF@ H 11 H—6 H 20 H), EZ6 H 21
H—8 H 10 H), 7@ H 11 H—10 A 10 H), %
Z=(10 H 11 H—4 H 10 H). A% 410 3R
DX PR R SR AR AR A e, s o 4R 1) = 1 e i
smiZ—, WA RIHE. Liu et al(2007)ff 71
TN A A AR 23 B 175 K.
1.2 ®WRAE
1.2.1 FEEE 2009 4F 7 J—8 H, 6:30—10:30
A1 15:00—19:30, LAz 2009 4 12 J—2010 4 1 J
8:00—12:00 A1 14: 00—17: 30, FeAIIZEHF 9T Hs X AR
P TR0 P O B I SR A AT T I X, ik
PRUEE T AR [ 32 F-18(9.8 km) R #(3.5 km).
PEREE (3 km)VEE (2 km)PU S FELR, FEERTES N 6 m,
MK 18.3 kmo
122 AFENN TR NAT WS TATTIR 5
FUHL DS TR R 1, R E RS T 3 28 (1)
PERE, TSR MEYE, Fre ok b H e e vk
AMA B AL MEYEANMAFI Gl A4, TC30:40 B e 1) 37
BARKI R LTS, (2) MEPERE, FRMGEAE TR R4
ST HEVEANAR, A B HEPE MR SRR (3)
RO, TSP ERHAARE A METE, A HENE,
B AROU G I W E— 20 X J3 VR A5 0 M A A R e
MA( Schaller, 1977).

IS e NG S PR S SN a7 e =t 5 E /N
P EIAT NRVER . BOR, R ITIL, AR
W nt, El—Mch 40 km/h o4 . fEVEAL 4
TP, SR AR I (e 2 B 2 AN
PRV BB ZE T 1 [ AT S (Taylor & Knight,
2003). AR, WRUFIX CH], LA ER, HUE
TANTI A ENR R E R 7RV AT N TR,
W 4 W %2 3 B A5 1 (0 1% (Gutzwiller et al, 1997),
PLRZT 50 m/min (AT 8 S, sk 2 I PRI S 11)
RN M WA ERAAR R, — A Yardage
pro 800 OGN FE A I SEAFAA N 56— AN S SR
(RIAT S FHIE I S5 B I B L35 IR B B 59— AT
R R AR S N2 PR B 28 5 43 A A P
PERCFE AN HEPE BTN TR $ K (Wang et
al, 1998) 1% .

AT B 25 2 10 SOVAT A o3 % 3 8 35—
K, BRNATH, HFRAE ST P e F 5B
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SRR BT, (H R ke F R 8L m R ATy, 25
K, ERATN, AT EW T, (HEAETT
IR, AT, AR R BT G R B
H(Treves, 2000).
1.3 #HiEakE
1.3.1 AN THWEK RN 27 R WA
FEAS B A L 56 (Sokal & Rohlf, 1995)k
EC A 200 A R AT NS P AT AU ) S AT
FE Tt o
132 BRSOV ER B 52 BL=2K R
IEAT 2 2k DX I GEREAA R AN o 2 SR AN ) [ AT
T S PR B RS . A3 FH SE LT SPSST1.0
(SPSS, 2002)11f#) Shapiro-Wilk J7 V23T IE A0 A7
Krge, RIANFIREAA R A B0 = B W (I R AT 4
TS DA R 8 B ) BE B AN A IR AR A A I
(Shapiro-Wilk tests of normality P <0.05). FrlA, H
Mann-Whitney U Wl 5% EASAS R HEAR R /NG5 2
I 2 5

FEAA /Nl o A T8 3 AN R () 20 54 Mann-
Whitney U Il X1 73 1) o SRR R NE<3 SLAI>
3 kI, AT A L e R, AR E %
SNAT R HIREAA NI, BURENAMA S Sk /MY,
HEPAMA>3 SO RHE, AR INME <S5 SA>5 3k
I, REHIAT 4 IR 2 22 5. DRI, 7108 SOV
AT RPN, DURENIME S SKOu/NRE, FEN
AMA>5 S KR o AEREE TG [ NAT Ny 22 5 i, AT
RN B E R

#1 AHTIETTE

133 BROREARUG 5 SOV R B2 A5 LR
ANFEIREARSS A (HEVERE . HEVERE . JRE ) Z 7 SO
PRSI ZE RS, T 3 MAT A RNV B AT A IES
4341, F Mann-Whitney U 56 34T 5 PG 36

1 AR 5 R DAY 505 A e R 1P g 7 S 128 2 S
i, M4l Shapiro-Wilk 1EZ&R AR, ToMMNAT N
P R S R B R A IR AR AT ), FR ST A
At R FEE Levene’s Test for Equality of
Variances J| W7 P4 147 24 T ERE S VR 125 1R 7 22 5%
PEOM T TG NAT M, F,1s1)= 0.445, P = 0.506; Xf
TEMNATA, Fo, ne = 0.056, P = 0.813), Ji%
55, ¢ NG TR S N PR B A A
AFFEIER >, H Mann-Whitney U 15

2 &4 R

21 ARFIMBETEERNESR

MU R TR, FRATIE ST 429
Uk, Hrp e WA 78 Rk, SRR 18.2%,
VA S N R L S N U R A RONAT R, Dk 351
W, mTRFEAREN 81.8%. LSRN THIH M)
I, AT T 103 Hk, HAp R NAT A 62
HOIR, HBRFEARRER 60%, H RNAT HIIFEAZ 41
HK, BREAEL ) 40.0%(R 1) R PIFEASRIK
Kt ¢ K0 R I SRS RN PR 1 s N AT I8
ZE5(U=8.69 , P <0.001). 7+2FXF N DY I 25 5%
TR S N, R AT ANAE A AR — 2
I3HT .

WA FREITA LR

Tab.1 Comparisons between two disturbing sources in responses of Pseudois naynaur in Helan Mountain,

Ningxia Hui Autonomous Region

T FEA R JE AT g A 17 ] W4T 4 L5l (%) Percent of having responses ¢ R

Type of The total number (%) Percent of no — : — - - ; testA
disturbance source of sample responses A7t Total % Vigilance il Flight

A People 429 18.2 18.9 62.9 U=8.69

7% Vehicle 103 60.0 12,6 27.4 P<0.001

22 BKNEFRIIERFN

X T NAT N, APREGEN MR < 3 3k,
n = 124) I S AT A 0P 29 b 28 oK R
(BENMAEL >3 3k, n=57)(Z=2.165, P = 0.036).
SRR B S NAT A, AR <5 S RI>5 Sk
I, /NEE PR AT DAy S P B 2 J 2 KT AR ) 3k
1 N BB (Z = 2.003, P=0.045). TG NAT R 1E
ANRIRIHE RN Z A B3 22 5 (3R 2)

23 BEAEFRMNEBBEHZM

FEMESNIE. MEVERE. TROHE 3 M, W
FITE AT AR REL S )2 18 21 B 183 K,
WG BN ENAT A AMEIRE ) A2 30433 F1 118 HUIK;
MG BT FAT A A IEL 3 ) 7 5829 FiT 149 KiK.

[ — AT o0, S = Rl 2R AL ) s N B 2 A
Mann-Whitney U HEAT W PRFEAK S fo R B, FESR
R ZE SR TG R NAT A TG 03 22 7(2=0.775, P=0.443;
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Tab.2 The difference of responses of Pseudois naynaur in different group size in Helan Mountain,
Ningxia Hui Autonomous Region

. JER Y. No responses A5 Vigilance* el Flight**
V4N
group size SEREESD Mann-Whitney SPAA{H+SD Mann-Whitney SE{EESD Mann-Whitney
Mean+SD(m) UtestZ, P Mean=SD(m) UtestZ, P Mean=SD(m) UtestZ, P
/N Small 145.40+£57.92 145.62+72.20 110.82+57.81
group (22399, n=156) Z=1.120, (15~37, n=124) Z=2.165, (6288, n=169) 2-2.003,
KBt Big 139.26:54.82 P=0.263 126.23+60.92 P=0.030* 95.32+56.61 P=0.04*
group (29~280, 1=66) (10~280, n=57) (5~254, n=67)
*NRE: TR ANMAEE <3 Sk KB BEIANAMARE3 k. *group size that is less than 3 is defined as small group, group size that is more than 3 is defined as
big group.

kNI TER N AMASLSS; KREEFR AR P NMAZL >5 k. **group size that is less than 5 is defined as small group, group size that is more than 5 is defined as
big group.

®3 TERZLEFEHLREN FHRRETANES

Tab.3 The different responses in different group types of Pseudois naynaur in Helan Mountain, Ningxia Hui Autonomous Region*

. JEJx M. No response 4% Vigilance e Flight
M Group type
VHMEESD  Mean+SD(m) SPAMH £ SD Mean+SD(m) PAMH £ SD Mean+SD(m)
o
L) B 144.83+£57.39 (30~219, n=18) 130.60+71.39 (37~337, n=30) 117.10£59.93" (30~288, n=58)
Female group
] .
HEPE T 166.44+74.41 (22~399, n=21) 189.8381.33° (50~374, n=33) 104.66+65.03% (15~219, n=29)
Male group
VELA T
s 147.9481.86 (29~280, n=183) 128.77:65.79° (25~-300, n=118) 110.48+54.13° 25~211,  n=149)
Mix group

*I1] Mann-Whitney U #5567 Sk, 7670 N 4TG0 B35 72 5%(2=0.775, P=0.443; Z=0.427, P=0.669; Z=0.716, P=0.474); {C¥ ML, HHEVEREN SN B
S35 KT MEMETRE A S N R B8 (Z=2.746, P=0.006), 1535 K T4 HE 0 5 N 7 35 (Z2=3.589, P<0.001); (EHkH sz Wb, MEPETER) B W BE 28 25 K TR &
I [ S B8 (2=2.376, P=0.017).

S AR AN A TR 1 2 RS o AR AL (AT A T B L, T AN ) BE A b O AL TR 7 S b3

*Mann-Whitney U Test is used to analyze the difference in distance from observers when having and not having responses between female group, male group
and mix group. In the case of no responses, there is no significant differences (Z=0.775, P=0.443; Z=0.427, P=0.669; Z=0.716, P=0.474). In the case of
vigilance behavior, the distance of male group from the observers is significantly greater than female group(Z=2.746, P=0.006) and mix group(Z=3.589,
P<0.001). The distance when female group fled significantly greater than mix group(Z=2.376, P=0.017).

abc stands for the extent of distance of responses between three group types. The blocks with different superscript letters have significant differences.

7=0.427, P=0.669; Z=0.716, P=0.474), {E% 8474 MAMAK B TR R, AR AR RPN 5k
AR SN B R K TR ROV R B WEE AR, R AOMEE RIETER 3 R R NAT N R
(Z=2.746, P=0.006), L& K FIRAHMR NS HEZES. TCRNATAH T PR OV B 20 W 3% 2=
(Z=3.589, P<0.001), AR A 0] 52 25 5+ o F(t=0.014, P=0.671); EmAT 0N MELE S MY R 2
TERE S N b, TR A %) SO B R TR A TRFE R =0.014, P = 0.989); ki AT M #E
MR N BEE(Z=2.376, P=0.017), T e BEEAEE S/l M JC B % 2 %(Z = 0.078, P = 0.938)
BEFEREK3). (&4,
#4 TERZULEFERSHAMTFHREITANESR

Tab.4 The different responses in different group types of Pseudois naynaur in Helan Mountain, Ningxia Autonomous Region

oMY No responses ek Vigilance #EH Flight
HEH
Mix group FEIi+SD [Z LA VEMEESD R V4 {EESD Mann-Whitney
Mean+SD(m) t-test Mean+SD(m) t-test Mean+SD(m) UtestZ, P
WEpE Female 153.62+56.88 129.28+63.95 101.33+56.78
(29~287, n=91) 0,426 (25~300, n=36) =0.014 (5254, n=83) 7=0.078
P=0.671 P=0.989 P=0.938
. 41+63. .50+65. .99+56.
HERE Male 157.41463.57 123.50+65.06 99.99+56.84

(22~399, #=92) (10~280, n=82) (6~254, n=66)
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MacArthur et al(1982)1A TR (1 AN AT Fitil
PESE B Pyt e S B R Y T 2R . AT RO P
TP BRI, IR R S B AR TR
iE N AT 4 (Cederna & Lovari, 1985; Tyler, 1991;
Cassirer et al, 1992; Lamerenx et al, 1992), KINLES)
WIREX T IRIAT A SN B2 PG (Knight & Cole
1991; Borkowski et al, 2006). 47 AXJ JRIa 155 21 1)
TR BT AR 1), IR N
A ] E AT R 2R CGRIX I A B 421E), J8 T H R
AT PRI A 5 ) TP U (Knight & Gutzwiller, 1995);
e N S BT, 8T AN Al S5 e T+
P PRIk, AHEGIEN, =0 2 i AR
UBAk, o — BB 2 TR % (T B
I E KL BARRS XN ETERL, 2006), 1M fs#
TEAERAED R, sl T s 0 5 5m AT N Arh
X I . Papouchis et al(2001) X ¥» ¥ kK £
(Oviscanadensis nelsoni) I\ 5B 3RAS T AHACLI) 45
o B, & FRAR TP B35 2 7 2 A
[F) 22 N A 3 T — R AT by 2 N AL
32 BXPMFHHREITABER

AT h 2 B AR T Sl £ SR (Bednekoff
& Lima, 1998). ZNWILE VALl & XS IR, AT
S HPHAS IR T i) BT, Mk EAT e E T
B AT LR S I SONAT A o ABIFIT 7R IX M
FIAT R, NEEE P ) S AT A B B 3 2 K TR
FEAE R NVAT A BE R (R 2). IXLCIL R UL, AR
AE “HFBERN” (dilution effect), BUZERSKIIREN,
A B B LR PG (Lima & Dill, 1990). K1,
ANMRBE RS AR [, KRR LR
AN A (Stankowich, 2008), IXFEIAE P IF 4 Ak
WS R A, R, LSS R DUSE el KR,
[IRANY i rd sk S AR A g ek A 2B Y B E L P ¥
KIAERE T S0 iR AT ) 5K, (£ Fallow
deer (Dama dama) (Recarte et al, 1998). Rocky
mountain elk(Cervus elaphus)(Childress & Lung,
2003)F11 Springbok (Antidorcas marsupialis)(Burger

S K-

Bednekoff PA, Lima SL. 1998. Randomness, chaos and confusions in the

et al, 2000) 1 2 H SN L HIHRIE .
3.3 BABETIMEEITHNER

SRR AN S 2 B I R 5% i 2 B AE 8 AT A
AR HAT hy b o FEE TN, R B0 s Y
PRES IR, FLUCRMEVERECR 3)o MEVEHFE M 5 o
HIBL G AL LT R Bt S g W) b A I (Burger et
al, 2000; Prins & Iason, 1989; Steenbeek et al. 1999).
FHIGHIBF R, B AR 25 50 2 i Sk 5 AT D
bl ss, BUE X 55938 IR EFE 15 ( Burger et al, 2000;
Burger & Gochfeld, 1994). 55— J71fi, A A 5
JE NI A X % (Stankowich & Coss, 2005), A
FEAFEEE A AN T NSRS B I S . s s
NG OUAEB 228 R A, BT A 2 LR
A T R SR AR R (TR L E KK
SRR DX IR TR, 2006) 0 IXEEHR A HEPE AN A TE
B, TR B M A S

FEREBAAT Ay b, BELDHEXAT A B FELT o
S, S R TR A R I s W B (K 3). AETRAN
HIREAT, 5 g AR EORESNIE, & 83%. MEMEA
MR T E B BT R D A B R, ) TR
(I G PR 452 15 (Main et al, 1996; Ciuti et al, 2008).
DRIk, MEVEAN A e e A0 4l A1 PRod 06 B i 3 S
I 2K BV AE B -

H T2 00 AT TG A AT R N O T 0 B Ok
B, 0 HIE IS S A SO PR, FRATTEE I
O e A8 B R — 0 R e 7 R 0% AT T ) DX
SRR S B AR T R, 2%
RGN, 7% el AE = A4 i Ji) 9] o 2 2 1
W1, ARG SN, XA SRR SiAbh, BEE IR
P XA S R TF AR BE G R, WE E i TR 2
SEmaRA . Bk, XA AN TR & LR A
B IRAIT .

BUgt: AAbakok KA S0 R F e 1) 4R
AT T R I, TEARZLERAS
AR RE B 6 2 &R B KA # RAEFHK 2 4
T It FEEFELEG IHARLHRS
XF, ABHHER AL T AT EE I, £
H— R T R

study of antipredator vigilance [J]. Tree, 13(7): 285-287.
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Dietary composition, echolocation pulses and morphological
measurements of the long-fingered bat Miniopterus fuliginosus
(Chiroptera: Vespertilioninae)
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Abstract: We investigated food (insect) availability in foraging areas utilized by the long-fingered bat Miniopterus
Sfuliginosus using light traps, fish netting and fecal analysis. The dominant preys of M. fuliginosus were Lepidoptera (55%,
by volume percent) and Coleoptera (38%) of a relatively large body size. M. fuliginosus has relatively long, narrow wings
and a wing span of 6.58 + 0.12 and high wing loading of 9.85 + 0.83 N/m?. The echolocation calls of free flying M.
fuliginosus were FM signals, with a pulse duration of 1.45 + 0.06 ms, interpulse interval of 63.08 + 21.55 ms, and low
dominant frequency of 44.50 + 2.26 kHz. This study shows that the morphological characteristics and echolocation calls
of long-fingered bats are closely linked to their predatory behavior.
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Tab.1 Morphological measurements of Miniopterus fuliginosus (n=153)

TN Y + bz ZH FEME £ bz

Morphological measurement (mm) Mean + SD Parameter Mean + SD

A K Forearm length 477+ 1.1 A Body mass (g) 13.6x1.1

Stk K Body length 575+ 1.0 3 Wing band (cm) 30.9+0.6

J&K: Tail length 56.1+1.3 H A Wing area (cm®) 138.0£4.0

Jl#K Shank length 215403 #2¥ Wing loading (N/m?) 9.85+0.83

HK Ear length 87+13 R Aspect ratio 6.94+0.13

J /2K Feet length 10.8£0.5
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Fig. 1 The echolocation pulses of Miniopterus fuliginosus
at flying status
A: WIEKE;B: FEE, C: et
A: Oscillogram; B: Sonogram; C: Power spectrum.
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Tab. 2 Proportions of four insect groups in the bats foraging
area and in the feces of Miniopterus fuliginosus for 20 nights

Tl 2% RS TR P
Orders Potential food (%) Diet composition (%)
53 H Coleoptera 16.0£3.6 37.9+16.2 <0.01
fi#3% H Lepidoptera 342+10.6 54.9+16.3 >0.05
X3 H Diptera 235453 2.2+1.8 <0.01
JIt4## H Hymenoptera 40+18 1.0£0.8 <0.01
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Abstract: The northern Amazon Basin in Peru is one of the most diverse areas for small mammals in the world. In
this work, I present information related to the diversity of bat species in the Amazonian region of Iquitos, Peru, where
nearly 60% of the 152 bat species known to Peru recorded. Unlike in previous investigations in this area, bat surveys were
designed to detect species living in urban and rural areas. The results have added a new bat species (Eumops delticus) to
the Peruvian fauna, eight new species for the region around Iquitos (Peropteryx macrotis, Peropteryx pallidoptera,
Anoura caudifer, Lionycteris spurrelli, Vampyrum spectrum, Thyroptera lavali, Cynomops planirostris, and Molossus
coibensis), and a new species for Northeast Peru (Eumops maurus).
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The Amazon Basin covers millions of square
kilometers and is characterized by a gradient of
increasing diversity from east to west (Emmons, 1984;
Voss & Emmons, 1996). The great species richness of
the Peruvian Amazon is mainly due to the high
heterogeneity that results from a combination of
environmental factors, edaphic and ecological conditions,
and historical processes (Gentry, 1986; Salo et al, 1986;
Kalliola et al, 1993; Tuomisto et al, 1995; Alvarez
Alonso, 2002).

Iquitos is a region known worldwide for its high
diversity of wildlife species (Gentry, 1988; Rodriguez &
Duellman, 1994; Lamar, 1997; Diaz & Willig, 2004),
including a high diversity of small mammals (Hice, 2003;
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Hice et al, 2004). Approximately 60% of the 152 species
of bats in Peru can be found in this region around Iquitos
(Pacheco, 2002). As a result of the intensive surveys
conducted in this area, several new records of small
mammal species have been added to the Iquitos region
(Hice & Solari, 2002; Hice, 2003; Angulo & Diaz, 2004;
Diaz & Willig, 2004; Hice et al, 2004). The studies of
Hice et al (2004) carried out at the Reserva Nacional de
Allpahuayo Mishana (25 km west of Iquitos) recorded 65
species of bats that made that area as the second richest
area for bats species in Peru, after Parque Nacional de
Manu. For other areas located in the Department of
Loreto, 63 (Ascorra et al, 1993; Solari et al, 1999) and 57
species of bats (Fleck et al, 2002) were recorded.
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However, those surveys conducted in specific areas
focused mainly on natural environments with variable
degrees of human impact; they did not include suburban
and urban areas. Thus, knowledge about bats of these
urban environments was available only from specimens
collected occasionally or found accidentally in towns
(Avila-Flores & Fenton, 2005). Although the
urbanization processes may have harmful effects on bats,
leading to dramatic declines in diversity and abundance
(Avila-Flores & Fenton, 2005; Oprea et al, 2009), it
should be noted that they also provide shelter as well as
food. Some species benefit from the concentrations of
insects clustered around streetlights (Fenton, 1997;
Everette et al, 2001). For these reasons, I decided to
intensify collection efforts in urban and suburban areas,
resulting in the inclusion of several species new to this
area, as well as several new species for Peru.

1 Materials and Methods

The species reported here were collected from
December 2002 to December 2006, at 14 collecting sites
along the Iquitos-Nauta Highway (see Appendix I, Fig.
1), which passes through several districts of the Province
of Maynas, Loreto Department. The overall study area is
located in the “Iquitos region” (as referred to by Ortiz-S,

73°30' 3
-3
%
Y/ 11
[ ]

QUITOS (5,7) PERU

0 5 1015 2025km,

Iquitos-Nauta road ---------------

73°15" 73°00"

Fig. 1 Map of localities for collected bats
(see details of localities in the Appendix I).
Map modified from Kalliola & Flores Paitan (1998).

1997) and includes the northeastern Amazon Basin of
Peru, and the adjacent part of southern Colombia. The
region is dissected by several rivers and streams, and the
elevation ranges from 100 to 220 m, with low-lying areas
characterized by flooded forests (igapo) and higher areas
supporting white sand forests (varillal) and upland
forests (monte alto) (Ruokolainen & Tuomisto. 1993;
Willig et al, 2007). The climate is relatively uniform,
warm (average annual temperatures between 25 - 27°C),
humid (annual mean humidity 85%), and rainy (annual
mean precipitation 2700 mm) (Encarnacion, 1985; Tafur
Rengifo, 2001).

The study sites included primary and secondary
forests, as well as rural, suburban, and urban areas. All
bats were captured with mist nets placed at different
heights, from the ground up to the sub-canopy and
canopy levels. Nets were set from 18:00 h until 01:00 h
and were checked every hour. Some specimens were
collected by searching diurnal roosts in tree cavities,
foliage, culverts, and buildings, among other places.

Total capture effort was 60,552 net-meter-hours,
and the capture effort by habitat was 13,806 net-meter-
hours for primary forest, 16,890 for secondary forest,
12,648 for urban areas, 12,900 for rural areas, 1,812 for
suburban areas, 720 for primary-secondary forest
ecotones and 1,776 for secondary forest-rural area
ecotones. A total of 5,510 specimens were captured,
from which 3,436 were collected and 2,089 released. Of
the total, 5,270 were captured in mist nets and 255 were
captured in roosts.

External measurements, body mass, sex, and
reproductive condition were recorded in the field for all
specimens, following Diaz et al (1998). Voucher
specimens were prepared as skins and skeletons or stored
in alcohol. The specimens are still being catalogued. A
portion of the specimens will be deposited at the Museo
de Historia Natural, Universidad Nacional Mayor de San
Marcos (UNMSM), Lima, Peru, and another portion will
be deposited at the Coleccion Mamiferos Lillo (CML),
Tucuman, Argentina. The acronyms used in the text are
MMD (personal catalogue of Maria Monica Diaz) and
CML (Coleccion Mamiferos Lillo).

The external measurements were taken from fresh
specimens using a ruler, and forearm and cranial
measurements were taken with a digital caliper to the
nearest 0.05 mm. All measurements were taken as
described by Barquez et al (1999), but I add the condyle-
incisive length, measured as the distance from the
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anteriormost plane of the upper incisors back to the
posteriormost projection of the occipital condyles. The
measurements and their abbreviations are as follows:
total length (ToL), tail length (TL), hindfoot length
(HFL), ear length (EL), forearm length (FA), weight (W),
body mass in grams, greatest length of skull (GLS),
condyle-incisive length (CIL), breadth of braincase (BB),
least interorbital breadth (LIB), postorbital constriction
(PC), zygomatic breadth (ZB), mastoidal breadth (MB),
palatal length (PL), length of maxillary toothrow
(LMxT), width across upper canines (C-C), width across
upper molars (M-M), length of mandible (LM), and
length of mandibular toothrow (LMdT).

The Specimens Examined indicates the amount of
individuals collected per locality, their sex and their
catalogue numbers. Additional Records are given for
some species when they were registered in a nearby
locality. Under Remarks, some general comments are
field,
distributional observations, as well as activity and habitat.

added, mainly related to systematic, or

The new records are explained in the species accounts.

2 Results

The intensive mist-netting and searching for bats in
roosts, conducted over nearly five years, has allowed for
the extension of the previously known distributions for
ten species (families Emballonuridae, Phyllostomidae,
and Molossidae), including nine species new to the
region and one new species for Peru. For each species,
the general distribution is mentioned.

SPECIES ACCOUNTS

ORDER CHIROPTERA

Family Emballonuridae Gervais, 1855

Peropteryx macrotis (Wagner, 1843)

Distribution This species has a wide distribution
from southern Mexico south to Bolivia and Paraguay
(Hood & Gardner, 2007).

Specimens Examined (1) IQUITOS: Iquitos, Edificio
EsSalud (calles Raymondi-Napo), 1 female (MMD 4875).

Additional Records Puerto Indiana, Amazon River

(not examined), collected in 1926 by Olalla and sons,
and deposited at the American Museum of Natural
History (AMNH), New York.

Remarks  The only specimen was collected in
downtown Iquitos near dusk, at 6:00 pm on the 5th of
July 2005, in a mist net placed in the 10th floor of a
building. It was a pregnant female with a fetus of Crown

Rump (CR) length of 12 mm. In the same building,

several specimens of Myotis albescens and Molossus
coibensis were collected.

This species is distributed throughout the Peruvian
Amazon. Although previously there were no specimens
cited from the town of Iquitos, its presence was probable,
as mentioned by Hice et al (2004) for the Reserva
Nacional Allpahuayo-Mishana.

The measurements of the specimen from Iquitos
(Tab. 1) are in the upper limits for the species, compared
with the measurements given by Sanborn (1937),
Goodwin & Greenhall (1961), and Willig (1983).

Peropteryx pallidoptera Lim et al, 2010

Distribution This species was recently described by
Lim et al (2010) and was known only from three
localities in Ecuador and Peru.

Specimens Examined (5) SAN JUAN: Camino
a El Paujil, 1.8 km al W del km 35 de la carretera
Iquitos-Nauta, 5 females (MMD 3530, 3531, 3532, 3533,
3534).

Remarks  This species was found in primary
lowland forests and all the specimens from Peru, cited by
Lim et al (2010), were captured in their roosts. They
were long ago deposited in collections; the one from
Orosa was collected in 1926 by the Olalla brothers and
was deposited at the AMNH. The 17 specimens from the
second locality in Peru (Rio Galvez) were collected in
1998 and 1999, and later deposited at AMNH and at the
MHNSM, Lima, Peru, evidencing the similarity of this
species with the other “transparent wings Peropteryx” (P.
leucoptera).

The specimens indicated here in “Specimens
Examined” were also collected during the day in their
roosts on the 13th of July 2004 in a primary forest (but
close to a deforested area). This new record represents
the third locality for the distribution of the species in
Peru and is located about 160 km equidistant from the
other two localities. All of the specimens were females
and there were four adults and one juvenile. The adults
had large mammae and two of them were pregnant, one
with two fetuses (CR = 7 mm) and the other with a single
embryo (CR =7 mm). Females generally give birth to a
single offspring (Yee, 2000).

The roost was a large cavity on the ground,
transversed by many roots of several trees, and was
probably excavated by the effects of water (e.g., erosion;
Fig. 2). The roost was shared with a male specimen of
Carollia brevicauda.

The most outstanding characters of P. pallidoptera
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Tab. 1 External and cranial measurements (acronyms are explained in Materials and Methods). The measurements, or

ranges for each measurement, are shown, and then the number of specimens examined (in parentheses) is indicated

Peropteryx  Peropteryx Anoura Lionycteri Vampyrum Thyroptera ~ Cynomops Eumops Eumops Molossus
macrotis  pallidoptera caudifer s spurrelli spectrum lavali planirostris delticus maurus coibensis
TolL 67 60—-65 65 70 147-148 75 81-83 110 122 90-109
1 “4) 1 M () M 3) 1 M 1s)
TL 15 11-13 5 7 0 30 2627 45 49 27-40
1 “ 1 1 (2) 1 3) 1 M 1s)
HFL 10 8-9 12 11 30-31 5 8-9 10 12 10-12
1 @ O M (2) M 3) 1 M (15)
EL 17 14-15 14 13 42-45 14 14-15 22 22 12—-14
1 4 M 1 () 1 3) 1 O 15)
W 6.75 4.75-6 9 7 158-182 5 9.00-10.25 14.75 24 11.50-21.00
1 4 1 1 (2) 1 3) 1 M 1s)
FA 46.31 40.21-42.75 35.29 34.83 114.40-118.22 39 30.51-31.77 47.68 55.45 34.54-37.70
& “ O O (2) M 3) & O (15)
GLS 14.54 13.46-13.97 21.31 19.82 B 15.43 15.59 18.38 19.97 15.41-16.44
M 2 M Q) Q) (O] M (O] (3)
CIL 13.47 12.47-12.86 20.97 18.31 _ 15.03 14.85 18.11 18.94 14.42-15.15
M @ M M M O 1 M (3)
BB 6.79 6.46-6.76 8.80 8.81 _ 7.16 8.40 8.78 10.52 8.40-9.62
1 @ 1 M 1 M 1 M (3)
LIB 4.63 4.75 4.62 3.7 _ 4.42 6.25
M O] M Q) Q) M
PC 3.04 2.87-2.91 4.65 391 _ 2.96 4.18 442 4.27 3.96-3.97
1 @ 1 1 1 M 1 M (3)
7B 8.45 8.13-8.63 9.60 8.62 _ 8.01 10.32 11.08 12.44 10.56-10.80
1 @ 1 1 1 M 1 M (3)
MB 7.47 7.14-7.45 9.32 8.04 _ 6.99 9.16 10.17 10.99 9.45-10.26
O @ O O O M & M 3
PL 438 4.30-4.39 11.82 8.86 B 7.49 6.74 7.13 8.12 4.70-5.24
M 2 M Q) Q) ) M ) (3)
MXTL 5.53 5.08-5.22 8.23 6.57 _ 6.47 5.78 6.93 7.63 5.69-6.00
M @ M 1 1 O 1 O (3)
MM 6.18 5.93-6.59 5.71 5.32 _ 5.72 6.84 7.67 8.32 7.56-7.96
& @ O M M M & M (3)
c-C 3.86 3.61-3.71 3.71 3.22 B 3.01 421 4.42 5 4.23-4.39
M 2 M Q) Q) ) M O] (3)
LM 9.69 8.76-9.13 15.65 13.21 _ 12.03 11.66 13.18 15.16 11.27-11.95
1 O 1 1 1 M 1 M (3)
LMdT 5.54 5.04-5.38 8.71 7.02 _ 6.60 6.27 7.79 8.26 6.33-6.72
(1) @ (1) (1) (1) (1) (1) (1) (3)

are their pale wings (Fig. 3), separated ears, and the first

small peg-like upper premolar; the species can be

Fig. 2 Roost of Peropteryx pallidoptera; the arrow
points to one of the specimens

Fig. 3 Individual of Peropteryx pallidoptera collected at
the locality “Camino a El Paujil, 1.8 km al W del km
35 de la carretera Iquitos-Nauta (San Juan)”. Photo M.
M. Diaz.

distinguished from P. leucoptera by the ears connected
by a band, from P. macrotis by the color of the wings,
and from these two by the first upper molar, which is
larger and with an accessory cusp.
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Family Phyllostomidae Gray, 1825
Subfamily Glossophaginae Bonaparte, 1845

Anoura caudifer (E. Geoffroy Saint-Hilaire, 1818)

Distribution Anoura caudifer is distributed throughout
South America in Colombia, Venezuela, Guyana,
Surinam, French Guiana, Brazil, Ecuador, Peru, Bolivia,
Paraguay, and northern Argentina; its distribution forms
a large arc surrounding the central Amazon Basin
(Griffiths & Gardner, 2007a).

Specimens Examined (1) SAN JUAN: El Dorado, km
25 de la carretera Iquitos-Nauta, app. 1.5 km al E, 1 male
(CML 7557).

Additional records  Six specimens from Quebrada
Oran, ca. 5 km N Rio Amazonas, 85 km NE Iquitos,

collected in 1984, are deposited in the Louisiana

Museum of Natural History, United States of America.
The specimen from San Juan represents the nearest
locality to the town of Iquitos, where the species was
collected.
Remarks  After three years of intensive surveys,
only one specimen was captured (in an ecotone between
secondary forest and a deforested area) indicating that
the abundance of this species is very low in the region.
The specimen was an adult male, captured on July 14th
2003 at 10:00 PM during a full moon. At the same mist
net, but early in the evening (before moonrise),
Saccopteryx leptura and Artibeus (Dermanura) gnomus
were also captured. The specimen of Anoura caudifer
from San Juan is compared here with the recently
described species A. cadenoi, and A. aequatoris because
of the similarity between them. The presence of a tail,
and the upper canines without longitudinal sulcus,

separate 4. caudifer from A. cadenoi. If compared with A.

aequatoris, the uropatagium is less furred (see fig. 4b in
Mantilla-Meluk & Baker, 2006). The measurements of
this specimen (Tab. 1) match perfectly with those
recorded by Mantilla-Meluk & Baker (2006) for A.
caudifer, except for the foot, perhaps reflecting different
ways to take the measure.

Subfamily Lonchophyllinae Griffiths, 1982

Lionycteris spurrelli Thomas, 1913

Distribution This species is known from eastern
Panama into central Peru and northern Brazil (Griffiths
& Gardner, 2007b).

Specimens Examined (1) SAN JUAN: app. 500 m E
km 28.8 de la carretera Iquitos-Nauta, 1 male (MMD
4560).

Remarks

This species was previously known

Fig. 4 Individual of Eumops maurus collected at the locality
“Asociaciéon de Viviendas 15 de Mayo (San Juan)”.
Photo M. M. Diaz.

from central and southeastern Peru, in Huanuco, Pasco
and Cusco departments (Griffiths & Gardner, 2007b). It
is here added to the Loreto Department in northeastern
Peru. This to the
Lonchophylla thomasi, but Lionycteris has a shorter

species is similar sympatric
rostrum than any species of Lonchophylla; it is even
shorter than the braincase. In Lionycteris, the upper third
and fourth premolars are short and triangular, while the
lower third and fourth premolars are trident with the
main cusp high and robust (Woodman & Timm, 2006;
Griffiths & Gardner, 2007b). The measurements of this
specimen coincide with those given by Woodman &
Timm (2006).

The only specimen was collected on April 13th
2005 at 10:00 pm, in a mist net set at ground level in
primary forest. Other species collected in the same
locality were Artibeus obscurus, Carollia brevicauda, C.
(“castanea  group”),
Rhynophylla  fisherae, R.
pumilio, Sturnira lilium, S. tildae, Vampyressa thyone,

perspicillata,  Carollia  sp.

Mesophylla  macconnelli,

and Myotis riparius.

Subfamily Phyllostominae Gray, 1825

Vampyrum spectrum (Linnaeus, 1758)

Distribution This species is distributed from Mexico
to South America, where it is found in Colombia,
Venezuela, Trinidad, Surinam, French Guiana, Ecuador,
Brazil, Peru, and Bolivia (Williams & Genoways, 2007).

Specimens Examined (2) SAN JUAN: 1 km E
km 253 de la carretera Iquitos-Nauta (Fundo San
Martin), 1 female (CML 7558); km 25 de la carretera
Iquitos-Nauta (Fundo San Martin), 1 female (MMD
5137).
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Remarks The two specimens were collected in
secondary forest habitat, on May 25th and December
11th 2006; both were adult females with closed vaginas.
Twenty-six other species of bats (Emballonuridae,
Phyllostomidae, and Vespertilionidae) were collected in
the same area. The nearest locality where this species has
been previously collected (with voucher specimens) is at
Yarinacocha (Ucayali), more than 500 km SW of Iquitos,
as cited by Sanborn (1949). Recently Klingbeil & Willig
(2009) have mentioned the presence of this species in
their study area in southwestern Iquitos, but no voucher
specimens, nor a specific locality, were indicated by the
authors.

Family Thyropteridae Miller, 1907

Thyroptera lavali Pine, 1993

Distribution This species has been recorded in Peru,
Brazil, Ecuador, and Venezuela (Wilson, 2007).

Specimens Examined (1) SAN JUAN: Zungarococha,
5.4 km al W del km 6 de la carretera Iquitos-Nauta, 1
female (MMD 716).

Remarks  The only captured specimen represents
the first report of the species for Iquitos, and the
northernmost record for Peru. The closest known records
are the type locality (Quebrada Esperanza, near the
Brazilian border) (Pine, 1993) and Jenaro Herrera
(Ascorra et al, 1993) (but cited as T. discifera and later
re-identified as T. lavali by Solari et al, 2004). Both the
characters and the measurements of this specimen
correspond with the original description of the species
(see Pine, 1993), except for the ear length, which is given
as 8 mm in Pine (1993) but is 14 mm in this study.
However, Reid et al (2000) indicates a range of 11-13
mm for 7. lavali. The specimen from Iquitos was an
adult female with a closed vagina. It was collected on
December 18th 2002, at 7:00 pm, on a clear and
cloudless night with a full moon, in a ground level mist
net placed in secondary forest, together with Carollia
perspicillata, Lophostoma silvicolum, and Artibeus
(Dermanura) anderseni.

Family Molossidae Gervais, 1856

Cynomops planirostris (Peters, 1866)

Distribution This species is found east of the Andes
in South America, from Colombia, Venezuela, and the
Guianas, south through Peru and Bolivia, and into
Paraguay and Argentina (Eger, 2007).

Specimens Examined (3) PUNCHANA: Villa del
Ejército (entre Av. 28 Julio-Freyre y calle Piura), 3
females (2 MMD 5010, 5011, 1 CML 7561).

Remarks  Although this species has a widespread
distribution, there were previously no records for
northeastern Peru. The species of Cynomops recorded for
the area were Cynomops abrasus, C. milleri, and C.
paranus (Eger, 2007).

The three specimens examined were collected in an
urban area on September 20th, 2005, at 6:30 pm, during
a warm and misty night with a full moon. The specimens
were trapped in mist nets elevated 2 m above the ground.
All were females with developed mammae; one was
pregnant with a single fetus of CR=16 mm.

Eumops delticus Thomas, 1923

Distribution The distribution of this species was
known from southeastern Colombia and along the
Amazon River in Brazil (Eger, 2007). It is here included
in Peru.

Specimens Examined (1) SAN JUAN: Piscina
Olimpica del Instituto Peruano de Deportes, km 1.5 al W
de la carretera Iquitos-Nauta, 1 female (CML 7560).

Remarks

Eumops delticus was treated as a
subspecies of E. bonariensis (see Eger, 1977; Simmons,
2005). However Eger (2007), later decided to revalidate
its specific level and restrict the distribution of E.
bonariensis to southern South America, in Brazil,
Uruguay, and Argentina. During this study, only one
specimen was collected in five years of surveys; this
specimen represents the first record of this species for the
country. The specimen was a pregnant female, with a
fetus of CR=20 mm, collected at 6:30 pm on 9th October
2003. The collecting locality is close to the town of
Iquitos in a recreational area. The specimen was captured
in an elevated net set between a few palm trees and a
swimming pool. Molossus molossus was the only other
species collected at this location.

Eumops maurus (Thomas, 1901)

Distribution This rare species is known from only a
few specimens and localities (see Eger 2007) from
Guyana, Surinam, Venezuela, Ecuador (Tirira, 2006;
Eger, 2007), and Peru (Luna et al, 2002).

Specimens Examined (1) SAN JUAN:
Asociacion de Viviendas 15 de Mayo (E Av. Quifiones),
1 female (CML 7559).

Remarks  This
distribution of this species in Peru and represents the

record widely extends the
second locality in the country. It was previously known
from the Pampas del Heath, Madre de Dios (Pacheco et
al, 2009), about 1000 km south of the present record. The
specimen was a pregnant female with a CR=27 mm fetus,
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captured at 7:30 pm on July 4th, 2005, on a hot day with
a clear sky, in a net elevated about 2 m above the ground.
The habitat was a suburban area, with a few houses,
grasses, flooded grasslands (“gramalotal”), and some
yucca plants (manioc), all surrounded by secondary
forests. The characters of this specimen are the typical
for the species, including a band of white hairs on the
ventral surface of the mesopatagium, next to body (Fig.
4). However, the forearm (55.45 mm) is slightly larger
than the average for the few known specimens of this
species. Other species captured at the same locality were
Carollia perspicillata, Platyrrhinus brachycephalus, and
Uroderma magnirostrum.

Molossus coibensis J. A. Allen, 1904

Distribution In South America, this species is
known from eastern Colombia, Peru, Ecuador, Venezuela,
Guyana, French Guiana, and west-central Brazil (Eger,
2007).

Specimens Examined (15) BELEN: Moena Cailo, 3
females (MMD 2602, 2604, 2611) and 2 males (MMD
2603, 2625). IQUITOS Colegio Primario Secundario
“RADM” (Rosa Agustina Donayre de Morey), calle
Putumayo, 3 females (MMD 4336, 4337, 4341) and 1
male (CML 7562); Iquitos, Edificio EsSalud (calles
Raymondi-Napo), 4 females (MMD 4864, 4873, 4876,
4878). PUNCHANA: Punchana, Calle Amazonas 1086
(casa de Dr. Gendrau), 1 female (CML 7563) and 1 male
(MMD 3124).

Remarks M. coibensis was previously considered

as a synonym of M. molossus by Koopman (1993), but
recently several authors (e.g., Reid et al, 2000; Simmons,
2005; Eger, 2007), following Dolan (1989), began to
treat it as a valid species. Both species are similar, but M.
coibensis is smaller and the dorsal pelage is shorter and
practically unicolored, with a shorter white basal band of
hairs and shorter and spatulated upper incisors.

Certainly, many of the specimens from Peru that are
identified in the literature as Molossus molossus may
belong to this species. It is therefore essential to review
these specimens to more accurately determine the
distribution of this species in the country. However, there
was a previous record of this species from Huanuco
Department, in central Peru, south of the region of
Iquitos (Eger, 2007). In Iquitos, most of the specimens
were netted in urban areas. In a downtown building
(Edificio EsSalud), the specimens were captured in a net
placed in the 10th floor, where specimens of Myotis
albescens and P. macrotis were also captured. Two other

specimens were collected in the roof of a house where
they were roosting with several specimens of M.
molossus. All other specimens were captured in a school,
along with M. molossus, M. rufus and Phyllostomus
hastatus. Only the specimens from Moena Cafio were
captured in a natural habitat, a secondary forest area,
with elevated mist nets during the evening. At least 15
other species belonging to four families (Emballonuridae,
Molossidae, Phyllostomidae, and Vespertilionidae) were
also collected in this locality. Pregnant females were
recorded on 24th November 2003, 24th March 2004, 3rd
March 2005, and 5th July 2005, and a male with scrotal
testicles was registered on 25th November 2003.

3 Discussion

The small mammals of the Amazon Basin of Peru
have been the subject of numerous studies, but the
attention has mainly focused on the southern and central
parts of the country, particularly the Manu area
(Terborgh et al, 1984; Janson & Emmons, 1990; Ascorra
et al, 1991, 1996; Patterson et al, 1992, 1996, 1998, 2006;
Pacheco et al, 1993, 1994; Pacheco & Vivar, 1996;
Wilson & Sandoval, 1996; Zeballos-Patrén et al, 2001;
Leite-Pitman et al, 2003; Bravo et al, 2008). Only a few
studies have been conducted in the northeastern area
(Sandborn, 1949; Thomas, 1924, 1927, 1928a, b;
Ascorra et al, 1993), and specifically in Iquitos,
including by members of our research group and
colleagues (Davis & Dixon, 1976; Hice, 2003; Angulo &
Diaz, 2004; Diaz & Willig, 2004; Hice et al, 2004;
Willig et al, 2007). of these
investigations has included sampling in urban and

However, none

suburban areas. As a consequence, my decision to
include these areas in our surveys has resulted in the
collection of several species recorded for the first time,
as well as species newly added to the region and to the
country.

Despite intensive sampling over several years, all of
these new distributional records were obtained by
capturing just a few specimens. Only single specimens
were captured for A. caudifer, L. spurrelli, P. macrotis, E.
delticus, and E. maurus. Two specimens of V. spectrum
and three of C. planirostris were obtained, and five
specimens of Peropteryx pallidoptera were captured
from the roost at one locality. This reflects the low
abundance of these species and indicates their rarity.
Molossus coibensis, a widely distributed and very
abundant species, was the only of the new species
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collected in this study that has been recorded by several

specimens.  Lionycteris  spurelli and  Peropteryx
pallidoptera were the only specimens collected in
primary forest, a habitat where both species are
frequently related (Handley, 1976; Lim et al, 2010). All
other species were collected in somewhat modified
environments, such as rural areas (Eumops delticus),
suburban areas (Eumops maurus), secondary forest-
deforested ecotones (Anoura caudifer), secondary forests
(Molossus coibensis, Thyroptera lavali and Vampyrum
spectrum), and urban areas (Peropteryx microtis,
Cynomops planirostris and Molossus coibensis).

The presence of 7. lavali in secondary forests was
not known, and some authors (Reid et al, 2000; Solari et
al, 2004) have indicated that “it seems to prefer primary
forest near swamps”. In this study, the species was
collected in a secondary forest patch surrounded by
agricultural fields and flooded areas. A. caudifer and V.
spectrum were captured in secondary forests but these
localities were surrounded by very large patches of well-
preserved forests. For example, V. spectrum was
captured in a locality close to the wildlife reserve of
Allpahuayo Mishana. The presence of molossid bats in
urban and suburban areas is well known; moreover, the
presence of emballonurids in these environments is
apparently more common than supposed. Several
distributional range extensions and inclusions of new
species in some countries were consequences of
specimens collected in urban areas (Handley, 1976;
Furlonger et al, 1987; Sodré & Uiedam, 2006; Dalponte
& Aguiar, 2009; Mantilla-Meluk et al, 2009). It is
possible that those specimens were attracted by roosting
opportunities in buildings, or by the insects flying around
the nearby street lamps (Dalponte & Aguiar, 2009).

It is well known that habitat modification for

agricultural purposes (Aramburu, 1984; Hice, 2003;
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Appendix I

List of localities, district and province in brackets,

geographic coordinates, and type of habitat.

1. 1 km E km 25.3 de la carretera Iquitos-Nauta
(Fundo San Martin) (San Juan) 3° 57.954' S
73°24.259' W—Tropical humid forest.

2. app. 500 m E km 28.8 de la carretera Iquitos-
Nauta (San Juan) 3° 59.227' S 73° 24.920' W—
Tropical humid forest.

3. Asociacion de Viviendas 15 de Mayo (E Av.
Quifiones) (San Juan) 3° 45.903' S 73° 17.725'
W—Suburban area.

4.  Camino a El Paujil, 1,8 km al W del km 35 de
la carretera Iquitos-Nauta (San Juan) 4° 01.217"
S 73°26.787' W—Tropical humid forest.

5. Colegio Primario Secundario “RADM” (Rosa
Agustina Donayre de Morey), calle Putumayo
(Iquitos) 3° 44.997' S 73° 15.137' W—Urtban area.

6. El Dorado, km 25 de la carretera Iquitos-Nauta,
app. 1.5 km al E (San Juan) 3° 58.010' S 73°
23.620' W—Ecotone deforested area and
secondary forest.

7. Iquitos, Edificio EsSalud (calles Raymondi-

relationships of nectar-feeding bats, with descriptions of the new

Lonchophylla  from western South America (Mammalia:

Chiroptera: Phyllostomidae: Lonchophyllini) [J]. Proc Biol Soc
Washington, 119(4): 437-476.

World Resources Institute. 1990. World Resources 1990 - 1991:. World
Resources Institute, Washington, DC, in collaboration with the
United Nations Environment Program and the United Nations
Development Program[M] Cambridge, UK: Oxford University
Press.
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Napo) (Iquitos) 3° 44.942' S 73° 14.613' W—
Urban area.

8. km 25 de la carretera Iquitos-Nauta (Fundo
San Martin) (San Juan) 3° 57.954'" S 73°
24.259' W—Secondary forest.

9. Moena Caio (Belén) 3° 46.728' S 73° 13.495'
W—Secondary forest.

10. Piscina Olimpica del Instituto Peruano de
Deportes, km 1.5 al W de la carretera Iquitos-
Nauta (San Juan) 3° 47.696' S 73° 18.231'
W—Rural area.

11. Puerto Indiana, Amazon River (Indiana) 03°
43.05'S 73° 04.32' W.

12. Punchana, Calle Amazonas 1086 (casa de Dr.
Gendrau) (Punchana) 3° 43.506' S 73° 15.113'
W—Urban area.

13. Villa del Ejército (entre Av. 28 de Julio-Freyre
y calle Piura) (Punchana) 3° 43.658' S 73°
14.608' W—Urban area.

14. Zungarococha, 5.4 km al W del km 6 de la
carretera Iquitos-Nauta (San Juan) 3° 49.825' S
73° 22.288' W—Secondary forest.
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(L. By Adnfl SHORY B, Bl BEAF 830046; 2. mRAY: YRGS SR EASRE, </ B 650091)

TEE: WA (Lepus capensis) PIRHABES R ST RAENTFIRIE, TR 15K IAFTEG
S0 E T TR 2 L IRH s 5 3 AN FP AL 87 MAMA I ZR K 4K DNA (mtDNA)¥ il X (control region, D-Loop)592
bp KT, SN K 148 N2 AMEN A, LT 44 ANRAERL Wi R s B 2 R (h, 0.977 +0.005)F1
BAMREZFEE( 7, 0.064 £ 0.03)#E m, Bn TRENBEZEE. 2 FLR5TT(AMOVA)4 R 2R, 4 /M
TEEAR ) ) 408325 20 A PT A El M R 0 1) o BRI B AR 5 M 0T SR, BB R (0 B 4 AL, IF BNkl
B RS R 2 045 X3k, Won TR R G I EE M . % WF 500 45 RS2 R A4 28 1 S R G I W (L.c.
lehmanni) 1153 FEHAL; AR ENEFI(L.c. centrasiaticus) B 53 W /NI IEARE:, $ERTT REAAAE AN TEFY; MK /R
WHN(L.c. pamirensis)5 HAR T TR a] [F18AL BE B 1E 13% LA 1, SR HnT A8 DA 2R Ko

KEEIR: AR, ZBRifk DNA; #&HIX; #EAEE 2 4%, WAk
hESES: Q959.836; Q349.1 XakFrERD: A MEHS: 0254-5853-(2011)02-0179-09

Genetic structure and subspecies divergence
of Lepus capensis in Xinjiang

SHAN Wen-Juan', LIU Jiang”; Mahmut HALIK""

(1. College of Life Sciences and Technology, Xinjiang University, Urumqi 830046, China; 2. Laboratory for Conservation and Utilization of
Bio-resource & Key Laboratory for Microbial Resources of the Ministry of Education, Yunnan University, Kunming 650091, China)

Abstract: To date, the genetic structure and genetic diversity of Lepus capensis in Xinjiang has not been
systematically studied at the molecular level, and its subspecies taxonomic status has been under debate for years.
According to traditional morphology, there are three subspecies of L. capensis distributed in Xinjiang: L.c. centrasiaticus,
L.c. lehmanni and L.c. pamirensis. In this study, we determined 592 bp D-loop sequences of 87 cape hares from Xinjiang
Province. Forty-four haplotypes were defined based on 148 polymorphic sites. Both the haplotype diversity (0.977 +
0.005) and nucleotide diversity (0.064 + 0.031) are high. Fst P values are significantly high and no haplotype was shared
among the four geographic populations, indicating that genetic differentiation among populations is significant. AMOVA
shows that most of the genetic differentiation occurred among geographic groups, indicating that geographic isolation
such as mountains and deserts might make an effective barrier against gene flow. Both the phylogenetic tree and
median-joining network grouped 44 haplotypes into four distinct clades corresponding to four geographic areas,
indicating an obvious phylogeographic pattern. Our data supported the subspecies status of L. c. lehmanni. The fact that
haplotypes of L. c. centrasiaticus were grouped into two distinct clades suggests that this traditional subspecies should be
considered as two subspecies. In addition, L. c. pamirensis shows a significantly higher sequence divergence compared to
other subspecies, and the difference even reached the level of species.

Key words: Lepus capensis; mtDNA; Control region; Genetic structure; Subspecies
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& Flux, 2008), fERE TR db, fedb, pudbAn
KL R . i T RRAE e A ),
AT AE AN [ b B DX A A S B 0 A R b B 5 11
TN HAANF ) TEASFEE, WAL AT X S 4%
A5 W Al (1) Kl 4 380 B A % A7 %0 (Chapman &
Flux, 2008).

Luo(1988) X 1 [ B G i) T & 73 KR EAT 1) R B¢
BRI, PEREARR A 8 AR, o)
ATAT 3 ANNEAP, G35 o ATAE AR g L M
KB WM YRl (L.c.centrasiaticus); 5y AR{ES
BRFEUATE . 85 R Zh DAL R H X 1 PR 380 Fh
(L.c.lehmanni); 53 AT AEWEAK IR & B8 AT 22 2R T (i
KIRNEH(L.c.pamirensis). Wang(2003) 7 Hi —ZM
J W (S A S AN | SRR A I | B T s 7 Y L
(L.c.centrasiaticus) MW= 5 VA (L.c.lehmanni) « 38
M0, H TR ST f, v K bk S P S AL o0 A1,
Zrit . ARMCS VI SRER A RS, JF AR F R o A
IR 3 ANERNZ TE ) i BB KRR T, A
AR BRI R R A AN, ARG
BT W 9 AR A 08 S A R D, iz )T
IR, T B H G e 35 T R G T IUARE .

Wu et al(2005) 1 H] 4 AN ERL AT D6 A [ 9 A
R RGER AT T, I vl BeAA AL
PR CL BB GBI B 5 T 3
K EHERAAE . ARSI, FHARMEE B R
5 AT LB R A DR R AT R T A A
(Luo, 1988; Wang, 2003; Andrew & Yan, 2008). [X] it
TEIX AP 1R A DX IR A A7 A8 B 0 R R

N, TR SRR 0 A R, B A, IR
AT BEAFAE W AR I RS ) F o

MEARAEH SIS A 1)) Z 0ok, BN X
Se AR T S O N B R K AR B A, BRI, SR
T SRR PR ARE AR [y S A T A 5 e 0] T B R B )R
WIR I HEA Py s BT S A {E - 2ok /K DNA
FERIX TR B AR AL R %, AT RURE T Y
SO R Ik BRI, s R R R A s A 2
R e 2 S 5 AR b B OC R A R AT Ak A% bl
(Avise, 1992; Van et al, 2002; Yang et al, 2008). AHif
FUHY AR gl 2 A o 00 5 B 58 S ki AR DNA F4 7l
XA, 4ih R G0R B MBI AL 2 10 o0 A ok
AR S AR IR A R AR 22 REPE R AR S5 A, A
Z RG> T2 5 03 MR ) L Bk A b U655 T B 45 50 5
SR HERAL S5 RIS, G5 S AR SR 2 B st
— DR T 5 A 1 A3 AR ) i DA R A A AE
Bk

1 #RFITTE

1.1 HEGRUEE KR R Xk 2

AHFFILEES] 87 ANHrsE AL RAE . FEACK
A8 M L AT W5 1B 8 5T A 40 A X8 (Luo,  1988;
Wang, 2003). {E# 58 50T LAl 1, 455
PRI L AN YR RE S SRR AL, IR FE
A4 RAIATIRIR, A s o A b i M B R . R
A EANE B A E LR 1 ORE 1. L R A AR
FR R PR 2 20 ol Jg T WK R AR O SE A, b
S IR P e AR Ao =R i Y 2 L

x1 AARHHERER

Tab.1 Specimens examined in this study

WEFf Subspecies F ¥ Population

KM Sites

FEA 4L Sample size  £°)¥ Latitude  #iJ¥ Longitude

PEIS AN L.c.lehmanni 4k#6 North A& Fuhai, FH 20 87.51 47.15
i Qinggil, QH 2 90.37 46.71

[ #)2& Altay, ALT 1 88.14 47.86

¥ 3] Habahe, HBH 4 86.41 48.05

Aii /Rt Burqin, BRJ 2 86.92 47.70

& 26 Fuyun, FY 3 89.44 47.05

PHE West 5 Jinghe, TH 26 82.92 44.67

i Wenquan, WQ 1 81.08 44.95

HAPEF L.c.centrasiaticus 4% East #5%% Hami, HM 12 93.44 42.78
f#7] Bohu, BH 3 86.53 41.95

WK RIEFY L.c.pamirensis F3# South A EEJRT-H Taxkorgan, TX 13 75.22 37.76
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Fig. 1 Approximate geographical distribution of DNA samples in this study
1.2 2 DNA i2H JP B R HER T o

AR RE i AR LA 2 B 6 B
S T B KRR, SR 28 1 Wy — S0 005 7 V242 X
(Sambrook et al, 1989): & 2%, It Hlg K i
ok B, ARG R R By o R e

(25 124 C DRI - RIKEEQ4 © D e 2 ik,
P IEK CEEDRER 70%H L WEVE, BORT,
o T TE .

1.3 PCR ¥ 1

IR T R R R S A — e Ay
ki /R DNA 751 (Gissi et al, 1998; Conrad et al,
2004), AT HGIMA 5" -cat gea tat aag cca
gta-3', 5' -atg cat ggg gat aag gtt tt-3's  PCR Jx V451
494 °C 1min, 55 C 1min, 72 ‘C 1 min 35 Mg
o fefa 72 CHEM 5~10 min. PCR P=#4 5tk i
UK LR SR AR ) TR AT BR 2 W) 1) /) I ml i 4l
R S HEAT 2L 204 5 15 2 1 PCR P E A
KRR, 8] PE /AW BigDye™ Terminator Kit
(V2.0), MR FHELEHISATHEAT I B . o 0
N aith )5, i Applied Biosystems Inc. ()
3730 4= H 3 DNA JFHICRGKIF LA B 3hid ¢ Fe
VAR . BRI H 0 IE SRR E, LA IR

1.4 HERESH

Fl DNAstar5.0 %A1 Editseq 1 Seqman
TR HATERN BRI RS I, H
ClustalW1.83(Thompson et al, 1997)# 7. i& H
MEGA 4 % A:(Tamura et al, 2007)#E4T 5 5EFIE 2>
M, VIS RO 15 4% B 25 (p-distance). 1ZH] GenAlEx
A (Peakall & Smouse, 2007) T &b Ff FH 55 15 i8t4%
BB 2 M ) A ¢ PE (Mantel tests) . 1& H
Network4.1.1.2 7 f4:(Bandelt et al, 1999)(http://www.
fluxux-engineering.com) %) Lﬁiﬁﬁﬂ] HE o A 1 %
K (median-joining network) . 1= H Arlequin3.1
(Excoffier & Laval, 2005)(http://cmpg.unibe.ch/
software/arlequin3) & 4 v & B 5 B £ £ &
(haplotype diversity, h). %1 £ ¥ ¥ (nucleotide
diversity, x) & T2 B B 8] (1 388 1% 53 4k 48 b
F-Statistics(Fst) {8 LA A& BEAT 43 148 5 /3 H7 (analysis
of molecular variance, AMOVA)(Excoffier et al,
1992). 1% R HC 4340 (mismatch distribution) 7347
FIHE Tajima’s D {E(Tajima, 1989).Fu [1] Fs {4 (Fu,
1997) )¢ 2o P-value 7E W 1+ PEAS 56 73 M7 (neutrality
tests)o
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G I R g R AR 2 7%k — — neighbor-
joining, NJ(Saitou & Nei, 1987)Fl U1 i 3 Jy vk
(Huelsenbeck & Ronquist, 2001), L7 Oryctolagus
cuniculus) i Fd % (Lepus  hainanus)VE AN . NI
#H MEGA 4 (Tamura et al, 2007)#K R, S0
PPRAERNBCE . DU ) MRBAYES v3.04b
(Ronquist & Huelsenbeck, 2003)#4 & . & 561F H
MODELTEST 3.7 (Posada & Crandall, 1998)F%)¥i% Hi
HKYH+G A 438 A A FUER (1) S A% R e
PR HARSH )y Base=(0.3116 0.2910 0.0989),
Nst=2, Tratio=5.9584, Rates =gamma, Shape =5.9584,
Pinvar =0.4160. VU734 2 LLEENL T 46, 1847
300 J3AX, & 100 ARHUFE—K. FEFFFRE NS
T, TATBATM R FH T UM 1 5 50
oA, R TEE T TR E ZE R BRI 7 500
IRHUFE (Leaché & Reeder, 2002).

2 FERERQWN

2.1 FFEES mtDNA D-loop X HIFFI4HE

7 87 444 mtDNA D-loop X 592 bp /741
ORI 148 DN ESMERERRAL A, A AL
B 25.08%; W45 B A 128 A, Hrpid
(transition)26 /™. Fii#f(transversion)6 >+ 4 N /i 2k
(insertion/deletion)34 AN FIH A 62 AN, ¥ 13 i
SRR 73K 4 ANHOBMEE, FAI e AR, 4
ANHLPEFDEE) 87 ANFE S AR AR 44 A
(GenBank J¥%1'5 4 HQ699901~HQ699944), H:H

IREBRIHE 13 AN AbESAE 12 A PEER R 10 4
FIEGEAIHEE 9 Ao 4 FhHERG L ipAs Y

22 ERBAMEESHEREEREN

2.2.1 Mantel tests 34T Mantel tests 434745 F(&]
2)K: BilE AL BE B (GD) 5 U Al B 25 (GGD) 2
() EILEH B A OCHE, H P {E2A 0.010, /T 0.05
(R0 7K o B 2 P 2 [A) b P R B R, stk
PR AR,

1600.000 B
1400.000 GDvs GGD y=11853x+37.489

1200.000 R =04182 R
~1000.000
G 800000
600.000
400,000} o
200.000 se%t

0.000 . e : : '
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080
GD

2 Mantel tests 345 R
Fig. 2 Results of Mantel tests analysis
GD: /%2 Genetic distance; GGD: P 2 Geographic distance.

222 BUEZFEME BEEE S 4 ANHEDMOEETD, R
HR B IR Z LIS o RIS A ZREE b B,
23 51°4(0.057 £ 0.029)F1(0.971 + 0.039), JbHEFHE
A, 051°4(0.015 + 0.008)F1(0.901 + 0.027) . st 1)
KU, B R B AT B e 2R 2
FERE(0.064 + 0.031); HLA5HZFER£(0.977 + 0.005),
W% 210 Bram AR BRI Tajima’s D #l Fu’s Fs 1)
PRI AR (Al —1.914 R 1.466, P >
0.05, W3 2), B AFRRAESIC /BT /R 206 7 A (B R
R,

#*2 ETE% mtDNA D-loop XitHRIEE S RN HFSH

Tab.2 Diversity and demographic parameters deduced from mtDNA D-loop sequences in lepus capensis
i RIS LR AR FE I () G TS Z L (h)

Population Sample size Number of haplotypes Nucleotide diversity Haplotype diversity Tajima's D Fus Fs
North 32 12 0.015 £ 0.008 0.901 +£0.027 -1.914 1.466
West 27 10 0.019+£0.010 0.917 £0.023 0.585 3.287
East 15 13 0.057 +0.029 0.971 £0.039 0.892 0.091
South 13 9 0.028 +£0.015 0.936 +0.051 1.090 1.361

& Total 87 44 0.064 + 0.031 0.977 £ 0.005 0.410 0.508

223 ifELH AMOVA AR, MR B

P P 228 30T 5 PSR R AR I B 3 e T 8 R 4 R 4 Tt 18] 1) 358 A% 0 AL AR 20 Fsr A O S 4k LA

AR M TR 2H BN (% 3), HBFRA TR OAR S, 0o
58.91%F1 68.45%; ¥ HLRBEARS B AL Ky — 4L,
PR AR S TR AROR, Ky 44.55%, H P {EK

MR DTN, B A B R For PRI/
T 0.01 FAREG K, HEg SRS IR RN
Fsr fH#R, FCLAEEE. 74 SRR SR (1 £ fi
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R3 HBER mtDNA BEHH TEREZRST(AMOVA)
Tab.3 Hierarchical analysis of molecular variance (AMOVA) of mtDNA haplotypes of Cape hare in Xinjiang

o 4 IR AT ik de R iial] FHEA

Groups Fer Fsc Fst Among groups Among populations within groups Within populations
[HEPEIARIFE N W]E][S] 0.5891  0.3753"  0.7433" 58.91 15.42° 25.67"
[AEPE4][FE] [N W E] [S] 0.6845  0.4407°  0.8235 68.45 13.917 17.65"
CEIEIZARIHIINICWILE]S] - - 0.4455" - 44.55" 55.45

"P<0.01.

WA 0.866+ 0.849 Fl1 0.703. &-FiEf ] i) 3L AT Wi
PIRANG/NT 1, W3R 4), JCH R RS e
3 AN 8] R R A TR AR B /N

R4 FEESR 4 MHBHEMNEESUERRERR
Tab.4 Fgr(below the diagonal )Jand gene flow(above the
diagonal) among the four populations of

Cape hare in Xinjiang
B[t [kl ARE [l

Fh B Population

North West East South
JE# North 0.54 0.60 0.08
P38 West 0.479" 0.65 0.09
7R East 0.456" 0.436" 0.21
B4 South 0.866" 0.849" 0.703"

"P<0.01.

224 RHERKERF  NIHF IR (A 3) 2R,
WA 44 AN IAE RPN SCRF R 1 4 AN
b (Clade A~D), FEANIEALFZ 6L T 48 K355
oK EAH R BRAH AR DK FE i, a0 Clade A £975 T 44
KZHCk AR savu i A AL A A5 Y Clade B
FT DA B R4y Sl A K B R AR R R
HRFIAE; Clade C A BAE bl 5 2K B B A i A
FEOCAR M B A R AR 1 A ) A AR A A A R
AN, AT LG H B s A iR A I B R
GrHh B

FII, FRATTo 0T 7 2Tt ps (& 3)4 Mk
FEIR) A% 73 A HRHL For AHCN MG LU )RR 1)
ML LR B G ALl )GEE 5), 45 ER, HriE
TR I R B T2 135 (P<0.01), Clade
D 5 H AR A AL 0] 15 4% R 25 (p-distance) 5 K, 3
5% 13%LL L, CladeA. B I C [alff)isi A4 2 4
6.5%~7.7%2. 1

B A mtDNA $55 X 44 A B4R A
2 P (P 4) B 7 T 00 b 8 2 S S G B R R
G PR . HRGRE T, WA E T
IR 44 AR5 Ky 4 AR, i Clade D

H13BRJHBH
H14BRJHBH

HI0FYQHFHALT
H11FH

H31FH Clade A

Clade B

Clade C

99 H8TX Clade D
1.00 | HOTX
100 |\H7TX
H5TX
H6TX

Oryctolagus

0.05

B3 T Hioi A% mDNA FEHIX 44 4
LiRiielin 27y afe IR peifg )
Fig. 3 Bayesian inference tree of 44 mtDNA haplotypes

based on mtDNA control region fragment of

Cape hare in Xinjiang
NI W55 DU JUrA 48 40 SR AH ] BEAGR R T B 231
AR DU 0T B4 1) J5 B A N AR PR S 6
Neighbour-joining tree obtained the same topology with Bayesian
tree. Numbers above the branches are Bayesian posterior
probabilities and those below the branches are the bootstrap

proportions derived from a Neighbour-joining tree.
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[ 32 %

x5 EER 4 MHUSRIRBREE S UIEHRIEEER
Tab.5 Fgr(below the diagonal )and genetic distance
(above the diagonal) between 4 clades of
Cape hare in Xinjiang

Clade A Clade B Clade C Clade D
Clade A 0.070 0.065 0.130
Clade B 0.690" 0.077 0.141
Clade C 0.604" 0.647" 0.134
Clade D 0.837" 0.831° 0.790"

"P<0.01.

H44

Hal

H4:

Clade A

Clade B

H38( H
\H3¢
Y

Clade C

(A R OR 1 R A AA, L S A A R fry 58
P HEE 71 . K AL R G A 1 B 2T
FEIIAAE Clade A 1o S AR BB REAR 1) B4 Y
90 T A KRBT b (Clade B Al Clade
C)o MEHIETTLUE H, K AFgEmEHE. e, &
T S 2R S T DX 1) B AT S AR A BT AT B
RUS8 h X R A A A

O ZZEBFf#EEast population
O FaHRAh#ESouth population
@ P RFFHEWest population
@ LM EENorth population

71

Clade D

K4 Broin e mtDNA FE5I1X 44 A FAE R p A o 25 5]
Fig. 4 Median-joining network for 44 mtDNA control region haplotypes of Lepus capensis
(5 Pl PR T g P TR R L, A B P ACR RSB (R T BRSO

The area of the circle is proportional to the haplotype frequency. The bold numbers in network represent mutational steps (only primary mutational steps are shown).

3 it i

31 EEZHM

FHEG T I e CARE e @, an Rk (L.
europaeus)h=0.988+0.004, = =0.027+0.003; Hb 1k
A (L.c. mediterraneus) h= 0.870£0.042, 7 =0.014+
0.008; E4 (L. timidus) h=0.977+0.027, = =0.057+
0.029(Massimo et al, 2003); & H A h=0.984 +
0.004, 7 =0.045 + 0.022(Li et al, 2006). AHFFTH I
2 97 o8 A BB 1A 2 R (h=0.977
0.005, 7=0.064 + 0.031). #7555 PR & st A%
Z R AT RE A B T AR A — AN S KA oph B
(Su et al, 2001), BCEFAMRFEECERRK, TLPE K ) Fh
T e A RO DR AE B N BB AR o RIS, O
FRALARE A2 P I AR AR IR S (R LA A
| AR AR Tajima’s D Fl Fu’s Fs A PEA 56
HARE (OHk —1.914 F11.466, P> 0.05, W%
2)o AT IRETHC /M7 s 2 W A (BIR BoR), X &
B PR T i B A A AR Bk B 8 1 s T
B RGKE T B e 4 D B,
FE— 2 KR B W) BRI 5T A A R I T 2R AL B
% (He et al, 2008). 734k, FEPULLOKIART T J@ 4

(TG J 37 BRI 15t A% &5 R Al 7= 2 T H K 52 i)
(Avise et al, 1998; Hewitt, 1996; Shi et al, 2006).
3.2 BfREN

by 2R 0 A T A ) DR S R R AR B e, Y
e FE A4 T 5t A% 20 A IR B2 R 35 . Wright ) 9 g 25
(isolation by distance)®iBIA N, HIARAAFAES B
R IR G, BRI IEtA% 23 b IR Rt 5 2 i A R 3 P 2
(14 I T 389 N (Wright, 1943), 2 0F98 HiEsL TiX
—H1&(Floyd et al, 2005; Trizio et al, 2005).

BATHE ST W s R I R Gt B A5 A I, 3%
AL RIC A7 28 B R 23 A Hb K K 53 B R A,
T 2 AR 7 588 1) b PR R b TR B 5 0 20 < P b T 4
AFOEE, RIS Ay T RGN0 M 5 50 R 2 5 5RG 25 %
R AR IAL A P AR R . ARBIESTH, BT
SR 4 RN Fsr [ERUERRGEE 4T LLE H,
Fsr fH#E 0.436 LI, H P<0.01, AT ., st
SRR A T oy W B o4k, PP Nm
AT 1, RILIER T AR A M. A
FEAGTR. PEI. ARESAIEG S 4 A HO BRI Y R AR
i AT, LRI 44 A FAG R, SRR SR L 22
FEPEHAR =, HA R RER] A I s R, R
0BT g G b R ) 2 8 e AR W S R B A% a4k
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Mantel tests 7} 474 B, B a8 5 1) st 4% E 5 15 4
(i) M B 2 () B A A 3 R AR OGP, B R B,
BB O . BATMIFTOE R, REM (B 3)
LB (B 4y, >k E AR R EOR 21 kX (1) B4 2R
N, BB SR AR AR AR R W ) R G
451, AMOVA Zr AT iwor, 7 am B f th B A4 1) (1)
A S B A KT AR P 1R 2% S (PR D 2 AT 5380 il oA
58.91%F1 68.45%, 47 50%LL I, % 3), %45 %[
FEUE I T SR A AR A S (b B A0k . 455 4 AN
PRI M B A0 A KA, R Ll ORI e B0
TR LT () P w5 Al R R S B T
K AREPIEES L PEERRRE ) A R LK
B 25, A1 T ok e Tl e 2 T 1 5 R A8 1 2 TR e, 3
T 5 BS0HT 58 G AN [) by B R ) S8 35 10 B4 204 o
X HE 2D AN T R ORT 0 1 I 25 ) T i A
R A EZE R AR
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(Equus)(Kriiger et al, 2005) (VAHFZTH, WANE

FET R A RGP A LR R I (H2
AR 2 A6 G0 B RRAE 73 1K EJFR A
JE 1% — /NS 346 516 (Barrowclough, 1980; Mayr
& Ashlock, 1991; O’Brien & Mayr, 1991; Ball &
Avise, 1992; Burbrink et al, 2000; Fischer et al,
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Fishery resource protection by artificial propagation in hydroelectric
development: Lixianjiang River drainage in Yunnan as an example

YANG Yong-Hong', YANG Jun-Xing* ", PAN Xiao-Fu?, ZHOU Wei’, YANG Mei-Lin'

(1. Yunnan Provincial Appraisal Center for Environmental Engineering, Kunming 650032, China; 2. State Key Laboratory of Genetic Resources
and Evolution, Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming 650223, China; 3. Faculty of
Conservation Biology, Southwest Forestry University, Kunming 650224, China)

Abstract: Hydroelectric developments can result in a number of negative environmental consequences.
Conservation aquaculture is a branch of science derived from conservation and population recovery studies on
endangered fishes. Here we discuss the impacts on fishes caused by hydropower projects in Lixianjiang, and evaluate
effects and problems on the propagation of Parazacco spilurus, Hemibagrus pluriradiatus, Neolissochilus benasi and
Semilabeo obscurus. A successful propagation project includes foraging ecology in fields, pond cultivation, juvenile fish
raising, prevention and curing on fish disease, genetic management, artificial releasing and population monitoring.
Artificial propagation is the practicable act on genetic intercommunication, preventing population deterioration for fishes
in upper and lower reaches of the dam. For long-term planning, fish stocks are not suitable for many kind of fishes, but
can prevent fishes from going extinct in the wild. Basic data collection on fish ecology, parent fish hunting, prevention on
fish disease are the most important factors on artificial propagation. Strengthening the genetic management of stock
population for keeping a higher genetic diversity can increase the success of stock enhancement. The works on
Lixianjiang provide a new model for river fish protection. To make sure the complicated project works well, project plans,
commission contracts, base line monitoring and techniques on artificial reproduction must be considered early. Last,
fishery conservation should be considered alongside location development.

Key words: Hydroelectric development; Fishes; Fish propagation; Lixianjiang; Yunnan
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fop— 4% LB A 2 A SR B O s, I
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2002; Yang et al, 2007). XL ULRH, ITHLERE A
N T ETH B A TR 3 [ 4 25 0 2R R P &
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Fig. 1 Map showing the locations of hydroelectric
dams in main Lixianjiang river
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3 P N TEIHEARMBR, SRR 01
2K 1.5~5.0 mm 1) 1~2 J7 8 3 X & B B
HRAE B S5 A% PO AT /K F il PR3 5 i i o )
FORVEH 23 25 WAL M 22 B 44 1 W H A o 4%
52 B ¢ TP SR VLK FURRIEA PR A B 3 (= 38
PERRI[20081102 ), Affi & N L IT Ji A0 SR M I TR0
BRI GH Bt g s T A, ifoe il R egH
HlEf . Wil (Hemibagrus pluriradiatus) %5 3 Fhfh,
BN BRI IR R, e 2 SEI MBI K
3.0~5.0 mm [ 1~2 Jj 2% X IEH (T B
22 BRMEEFE
221 WGHBG AR 2 YT IR
B ¥ e v JR )(Chen & Ma, 2001), 34583 (147 )
L AL P L AR A A B AT TR, T
UL 0] A M Ao A S it o K PR O A7 gt A% 22 FF
PR BE, (] IS AR AR DRAFAT S Aofe B A0 1 AR A7
D 5 PR AE A 5 e A DR AT AN A 8] L 8 HEAT AT AT
B, ORUEIT MO AR, F0T 51N 5 BE 0% 38 N i R 1)
HARAAF IR
222 BpASRA AR SR SRR £ S AL
S E . P H SR A 2 R AT 2 WA,
WHE ST AR B BEAE, ITHO A 4E+r 1R A A7
FVSERT s 22, Ff A O E RN 50/500 A,
e 5 | R RIRE I B8, 5 K PR 1) DR A7 A B3 3
025135 1% 2 £ 1 (Franklin, 1980).
IR S R R P AR S G AR W
JG(ESA, evolutionarily significant unit)fffi x& ' N &
P JG(McClure et al, 2008), & T mf Az et e X,
R 4f A B A de il s b A HA A A slgt G
TR PERS BT 20 28, XA R R REAT 23 0
Pl (Crandall et al, 2000); 7EsCZiEH, RnlgeZ Hulk
AR T FIRE, 23 TR SR, BE2E BE, d i it
AT BB SRR TR] 2, B 1ol R AE A R4
AL BB ISR E AR TR B B
HUHL R B 2 A0 SRR T B L NRIRE,  BEAL R0
NFIRE PR BE M AR R o] PRI vl R AR ) e 456 1 ),
EET S EY A PN S RO R AU L 2 £ B IR/
AT FEIR T HIAT 37 SRAC KRR S ND0S | 5 1) 1 A 3
P AETT I o Pl A P 3R A 30 R I A 552 iy 14 B T
TR, A T ORIER B TEOR ) 2, 5 b AR A
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PRI AL Z AR RE, T8 B AR AR AL A o8
fh, SR 7 N T o fa B AR B PP IR . £l
NEARDR PR, A VRRORUE G, AT e £ 2R
FIE ARG FIE B, JEAAH ) DNA JgifE Z 1k
ST E AL

Bl AR R SRR N BN B
SRR TR A BTk 5 PhE S 3R A, BT
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e [ R 2 Bt B BH 2l DRI 5 P £ R AR 2 I A AR
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LeAE A, IE SRR EE £,
223 NTHGHT S N TIEGHAE Rk 52
PRI S EE A, N T R
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REERS T 10 ST o PR S Y T D o
I H B Pty IR 95545, 1 1~2 BN ] JL
XA BT
224 MERBCS IR LR N TEH
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32 HEFEaimiFlsE
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2E A
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33 FEMEHAANR
330 HELE KA A SR Ets
AR R o AT 55 T30, PRGN T HEAf M SRS b 2%
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DAEK R ) kv 2 M o AR i o 0 28 1 i e ik
Y, PR I A Hb SRR A 2 A
332 YIFFEF ol X e R KT
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I, THIEAE R RN FRA A P 2R R R
BIFRRE . F=ONIER], g5 G EPAMRRL, e
XL AR HARAS T BRI 75 ZE 07K 7K
WA S AR ORIV IR LA A AR
REFEREEM, RAZGGIICEOEE . MR
R WM ENE N T B AR, SEil %
Sl REEPOCIE A, B S AR S ISR
0B N TEFEF A .
333 EFMAFE VEAN S HTR SRV ORSRTERL, )T
2R At R, oL ERAT 0T . eI
fih b, PO TN TR & i s el AR
£ 1 IR S Sk v AR T SR Y, T B A R
Fe ot
334 MIEPIE AT “PIRKRM” R, Bk
ARALEM Y FR R R, T EIABE AR, i
RN RN (B0 e NG 8%+
BRI FE T B AR A R R AN R . ELRH RN
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Ko AL RIS W A7 0 S B R
RUR I AR AT 5 55 4510 (1) FRIH L AN, 75 i
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KM N TIGTE ORI A8 e A5 Tk . HT, iz
IR E ALY S iR VS Ak NI N Y )
JRCIAL, T 53 P A It ] A A I A

HARGRI DT, fRIP T 35 0 I LU A A
PR, MIMTORAE T F & i) E kY Fh. e
T TR 0 A A IR 1) f0 2R B b R AT B0,
TRE KR A ARG T gE, T DIET
"B DX A EUEL DR AP ) b A A7 A S O AL K 3R
SCUR)HEAT O (H PR B S R JE ) I A i |
S AN AR AR S B A 7 7 B A A RO T T Y, T
HA B, AAAERCRAN] R XS (Zhu, 2005).
FEI & ) = AR, WAL SE M B0 T S AL
Ve 53 6 A0 7= 51 37 70 P 1P LY A2 R (Brookes, 1996),
(EPR¥INE A AT S e R 87 W R e Y @2
(Wheaton et al, 2004a). F& T A% /KICHIS S A
TR o J B SRS SR 7 BN B 0 2R 5 VKR Tk
(spawning habitat integrated rehabilitation approach,
SHIRA) R UFHu Pk & 7 K% K G4 (Oncorhynchus
tshawytscha) 1177583 (Wheaton et al, 2004b; Merz
et al, 2006). AN 5 HIR R X R anfe], HE
SRR 2 H 3 R BEAE i o W RE P T L
TR, [RIN O ACT R Mo 1 22 1) B A1 b
HEKN T o

A1 288 N T FELTBCUR 2 8 A0 S8 RE AT LYK 521
Jitko HTORIUART BELRE AT BE 2 T8 BRI K PN, A
3k 2% T B AT AR K23 B Dl 22 A A LR
BRI A AR T A B o (R A A
). AL, JTRE-ZF 2 MG RN T8I 5T,
BEAT SRS DRAF A SR TR U, DR 2 1 3%
HRIPPZ R Rig At — . H TSR
ROR JE STAT N UG T ) M AR 28 ) P BAT — s WF A
e b, SRR BT T e, H A
BAERRR, B, SRR T R AT AT,
PABA ORI — ORAP 15 0 S K I T RERE BEAH P . AE R
BRGSO TS0 M ) ST R )
5 H AR PG (Fleming & Gross, 1993), ifif LA T34
FEAMATE BB e, 5 B RIS TE B REAR Z ) A7 E T
ZU A AE 55 4+ (Buhle et al, 2009), RJfg4s [RARET 41
MEAELEI L% (Nickelson, 1986). HI &[] —
HEAL 25 50 TT /N RIORE R B AR T B S T A
R R SN RIRE, RSRMREL EPAMRIREAI L, 185
TR 0 H ) AR A ARG ) 2 o e A A 7 R R
F % ¥ (Blanchet et al, 2008); KB 201 ok

(R, b BFAMEEAE, T REARE T A4 1 5t A%
2 AN [F]— 1A S 2 PR T B H SR R AN A,
LEAE “HNRRN” AR, TRIEHDILRP eI Lk

— JHE 52 3 1 3k it o 0 LR 3 % it £ 2R
AT A5 WEVKBE s KR 25 RN A A 3k %
K (Katopodis, 2005; Novak et al, 2007). %25 J7
VAT N 52 TSR T AR B 4, A AR IS BE /K e
SEFRI %% ) 50 (Helfman, 2007). 11 H., a3 %
THES 2%, bRl H RSO IR MR T PR . i £
BOR BB R B A TE H  (Salmoniformes),
60% LA - AF 5T 32 B4 A i T o fr o 1 UR, B
KAV PR AR TG I 13— Bt (Roscoe & Hinch,
2010). B K 2 AE i i v /b 7K HL g B0on) 40 25%
W) P48 e b, 3 B K R IR H AH Y 6 et £ B, (H
TR /D Kk 6 230 8 5 T [P 7+ 2 (Huang, 2006; Han et
al, 2009).
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HAr, B 2 5om 2 m N T TAEE AT L
BEPRE, SRHE—WEUEE 1973 FH G
(1) CICHS G SR VEZED) PRI AT KL fE 1)
Wkl BlEEtR S ABEEIIN L F WLk T
RIS ita, A SRR IS R VT A . B E H
W% R B R0 BN R 22 L 1989 A A (1)
(P N RS E B A= 2 R 315D (Yue & Chen,
1998). (HIEPESWL 715 « fa25) (Yue & Chen,
1998)Fl1 {1 [E P Fh 21 (1 44 5% 56— ) (Wang & Xie,
2004) 5B AN 4 s AT 5 2%, R4 SN B AT
250 RHIEFI I RANME IR SR A i 75 ZEH T AR
(%, ARPR GRS, BT SR %, 1
I3 SRS BUR ZE K, AR SRS B
SRR R, KRR EAT 5 T AR S %
PE; - EH LG R MR L PR B R R B 44 SRR A 22
PRI, A 06 BRI H AT PR A 3G T LR 5 5
(AR L IHE, DR A BB G AR 6 52
43 XHEFERSHRABEHNEEMN

Aty 2R 18 B S it 7 8 A N A A AN S 4
TR REFR AL TR R M ot . AR R A
(1% £ i P A 11 £ S B4 B sl A3 o L FE A
TR0 2 P BB AR 2 AN T B e R 5 % 3
FHNE IRV 55 o B FIVRE A 19 358 00 2 A EL A
SERIBCA A RE B IE RSB O E R o TR A8 7
BT i A R E )2 . N T EH AR S A M 1)
B A0 ST R 1) A, o5 2 s ma Al
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() 35 A A7 K 5 Y A IR B T SRR AR AN — 21
(Vrijenhoek, 1998; Gustafson et al, 2007; Frankham,
2008). LARENS 7 BT AN S — KM 8 A RF IO AN RE
AFREPEDT T 2000 4 AR 12 Ff 5 1K [F B 2%
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(h ER e EIE T T AL B S E X SR, 2 W] 650223)

W 2007—2010 4F, SFEM 4RI (Sinocyclocheilus grahami) AT T SRMAREH  BhH 1 FG42 (egg diameter,
ED) K/NWHITST . it SR il (R0 = 28 RS 2RI A6 28 23 i el 2007 4E1 25.2% 61.5%F0 30.4% % 2010 4F
) 91.3%. 85.2%F 44.5%., VU4E[A)IX 3 Wby AN RFLEE e M, Horb, =R mrma . ROHE 63
SRS SR A T MV RL AT DURIE SR (55 & W tEROR, R = i W ORI 0 o VO G 2R R 56 PR R 5 5 A4
1156 & S F=0.0004826SL*'*°(R’=0.6424, P <0.05). PUSERUL A L0 [ P34 B f ok (2 118.4+899. 1)K, ¥4
STPRORE A (2 402.9+881.9)k:, MR ERUIE A (70.4 £20.8) k. P HIE . LN PR IIERIAHN PR BRI B 48 B 14
Km0 s SIS IRIRAEIEAH DG, TEMIGR G HIETPIR, ARHALRIEIG T 23R FE M5
RIPET 3, 1M 5~7 d AEK/MOIEZIARZET-Z, BI/NW O RAT S 0AET %, hiIIE>2.0 mm MG
TR AT ROE, KINUNE A, ReORb o Dar4ka e 3 B R8s B B el R A In R B fg & .
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Broodstocks management, fecundity and the relationship between egg
size and embryo survival ability of Sinocyclocheilus grahami

PAN Xiao-Fu, YANG Jun-Xing , CHEN Xiao-Yong , LI Zai-Yun

(State Key Laboratory of Genetic Resources and Evolution, Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming 650223 China )

Abstract: Broodstock management, fecundity and egg size of the golden-line barbel Sinocyclocheilus grahami were
studied from 2007 to 2010. The induced spawning success of female S. grahami was 25.2% in 2007 and dramatically
increased to 91.3% in 2010. The nucleus deviation rate and hatching success were 61.5% and 30.4%, respectively, in
2007 and increased to 85.2% and 44.5%, respectively, in 2010. Providing nutritious food for broodstocks of S. grahami
can ensure optimum breeding conditions as well as high-quality eggs and fingerlings. There also seems to be a
relationship between absolute fecundity (F) and standard length (SL), as described by the power-exponent function
F=0.0004826SL*'® (R?=0.6424, P<0.05). The average of number of spawn egg was 2118.4%899.1 from 2007 to 2010,
the average of absolute fecundity was 2402.9+881.9 from 2007 to 2010, and the average of relative fecundity was 70.4
+20.8 from 2007 to 2010. The number of spawn egg, absolute fecundity and relative fecundity increased in individuals
with a longer body length. Additionally, egg size contributed to the survival rate of embryos. The different batches
reached an asymptotic, low or stable embryonic mortality during the first two days; the balance was broken in the
subsequent seven days, as high embryonic mortality was observed in smaller eggs. The mortality of embryos from eggs
larger than 2.0 mm was, contrastingly, rather stable. Embryos from bigger eggs have stronger survival potential, as bigger
eggs can provide more energy and thus, a more favorable environment for early development.

Key words: Sinocyclocheilus grahami; Broodstocks management; Fecundity; Egg size
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TYNFERIN T BT (HSE, K2Rk
MEF AR EEIT S BN TR IR, AR AN RESE I
BT N TEEHI AL A SRR A L5
WER, & SEBLE A 40 28 B P BT B T A
W2 —(Slater et al, 1995; Brzuska, 2003; Yang
et al, 2007; Gullu et al, 2008; Pan et al, 2009a). 1}
TR A E SO i B E A B 320K I 58 1B i R I
B MR JJ(Brooks et al, 1997; Bonnet et al, 2007). T
fiff 5 | dEC £ BN BT AR R BR 3R, AT B PR A X L
PR 2% DLk 38 8 v £0 B0 ot i, R S N T TE I %
Bt TE Nk N TR A A A B A A A )
AHOG, R ORI B 52 N 5o 0 s ik 7 v
IRBTFIE I3 445 R 2 50 (Cadrin et al, 2005). 3
B T R B RRBINERR A 2, £y
(IR I} e ST E Rl S T AT E K]
YW 547 ) i (Izquierdo et al, 2001). 7EA/75E
B, AN AE SR A0 B FT LA T IR B0
e T P ORE ATLLR 2 M o 3 O 0 e
(Izquierdo et al, 2001). 24 Jj (fecundity) & 17 &= F12
BIHPERE E e bRz —, 0 SEBE A R O
SR IR S VRN R AR (Yin, 1995). 542K/ egg
size) R IR U R B NI B B AR e X
s VPO BN iR B IS 82— (Yin, 1995). G
VAL T A2 T M AR 7 I R R B TR B 2, —
ANSERGI SR AR T 5 5, TSRS OR & s o ) £
GUANA HT RAFIC N L, S SRR 2 A
BRI BATIT AR B I BFAMMORER RS A5
B HAT, 2608 (Sinocyclocheilus) 125
WEAT 55 M, )R AME R B AR &) TR A
JA1X.(Zhao & Zhang, 2006). LA FT 54 LA 8 411 25
9T 2 B P AR B A R R R R G K B 91(Chu &
Cui, 1985; Wang et al, 1999), ifij 4= 4EH) 24 KIFIT
#/>(Zhao & Zhang, 2009). H T, L TR 44k
it C Sinocyclocheilus grahami ) « Tt Alll 4 £k i
(Sinocyclocheilus  tingi) 1 4 Sk & 2 il
(Sinocyclocheilus oxycephalus)¥) EHEHF 5T HIE, A
W IORMETE . NTEIE. frMEffrvE gL
K:(Yang et al, 2007; Pan et al, 2009a, b; Yan et al,
2009) . J7 8 b, PO 4 28 68 (Sinocyclocheilus
grahami) AT R PP T B RN G . vl
i FEIIE . KBS RS H GRS b A 2k
A5 A7 T I 1R )83 K] 2% (Chen et al, 1998; Pan et
al, 2009¢; Zhao & Zhang, 2009). iZ#Fh T 1989 4E 4

FIHE R I R E0Y, 78 (b EWE s YA
o« B2R) PR B BISE S (Yue & Chen, 1998).
AL AT e A g iR fa B . B R
PR RIS, BRITAEAN ARG B 5T S fh ) 2
W, DR I S R s a1 T &, $e M
Tt <5 i £ DAY F81 0 J5

1 #MR57%

1.1 EAXRRESAFHR

SRAER 2005 4F 5—7 HRAE A RW] i WIHCE W,
TRIFRAE B2 B R St R e AR IRE
WL e (k. 2008 m; N: 25°02°37.2", E:
102°5524.3"). 2006 F 20, A MNEF&b5 | FhEEE
)5, FEEATIE NI TR, il g fa i R
FTH WA W8, SRR 1E 2006 4F 1 H—
2010 4 4 H[aIdHT, B SEAEE R T.

2007 fEFEFSE B fi it 2006 ©F 1 H—2007
4 H, B S0 E 8 AR 300 mT. KIR N
1.5 m Fple)iIh g, AER 111 o b fa fak
CBURL L A2=2.0 mm, 38 &8 0 B A W B4 4
Al)e RH ASRKHE, SFKEEE N 7~28 C, K
Tk E AR, SR K AR BT K . 2007
3 HHHT N TR .

2008 F L [F)oE B 5 1t 2007 4F 5 H—2008
1 H, SRMaEE TRR LR 2008 452 H
—4 JPBAn I NAETRL Y 50 m*. KEN 1.2 m K
Kt AR ) DABE0RE 111 SR ot TR
HIR AR 5 8 40%MMPIRTA K], JEiz i
R AR DR 0

2009 F R [SR R E it 2008 4F 5 H—10
H 31 H, SEaiAsRfEmfih 50 m*s KFEHN 1.2 m
(K et by, a5 (R B 111 R £ £ TR
2008 4F 11 H 1 HESREE2E AN 2.0 mx1.0
mx1.2 m B GEL P ot ss, SRS
A0% FRIR AR A B, TR A W . KRG K
PEARFFAE 0.8 m, /KL E N 18 L/min, SEIF#E
AE>6 mg/L, TEREA K TR, Kl HI7E
16~21°C . fEMHT N TR, S5 2 /DA KREL
TFE 30 do

2010 fEFE(F2E RS 5 it 2009 4F 5 F]—2010
3 H, BRSO SRS, AFETR
EBEFEET N, PR EZELL 111 S b Aa dal R R 2
TN 40%IMIRIR AR B, AR o B



198 3 W ¥

[ 32 %

HI ) SRR 2 A 225
PR IA o
1.2 FREMAEER
12,1 SRk sebadt B/ S, &
3 WU by AR 30 g DL By MR 2 BSDL B ARTE
20 g LA ko BURZER AR AT 53D
ReJynim. 5 Py FIEE SR 508, 71l 77 W IA) AT R A
. fEiEE RS, KPR TRA, SN IR
H AR RAZ A AN AN
122 MERESE ) fEAR SRy, < 2 e e
BVEIEANI . R B EY, E A A R
PE 2R —EIEA 2 o B DX AR AE . AR
RPN N PN TE S 7 O 21N 22 5 NN BN
iy RO ISP A A, T BN L ) Y YA
AN
123 Wig by oRaiss il gin g T A
R, g A T K, FREMmSELL 50~200
m’y ZKIELL 1.0~1.5 m B, BRSBTS ) FH .
WETTE . AETHEK, PR m TR A, il
1 77 A 2 S I (<3kgm ), WEREELL 10 1.5, T
FEATH s R A RN B, RETEARTK, H
HEGAE 90% M AR G I 5, 8 A Y B . b
WAE S m’ Aii B — kAR, It I A
1.3 ATZEESMHL

Z IRV M 4 26 00 N T B4 J7 7 (Yang et al,
2007), ffE"F K H BRI HLEEH(DOM, T 5 —
WER) AL SRR BN Ao(LHRH-a,, T8
TWE ). SRR A TR 1 mg H R R ML RK R
+ 1 pg PEE M ERIBIEER Ay, HEMAER SR, H
0.9%I1) 4= B R K FBIR G 5, WUAESS . )5 24
h ZeATAT N T HES2HG

FEREAT N T BTH 2 1, D05 A o £ 7 B9 i )
1A ¥ (spawn before body weight, W). 7751 Ji5 ()44 T
(spawn after body weight, W,). 4+ (standard length,
SL). 4K (total length, TL)FIH H (1) A 52 K I (1) IR 2
(egg weight, EW); T 53 45 M £f ™ HY i) £ G4,
BARTTEN I 0.2 g 7o A7 RS2 HG B 981 2B T V14K,
T G B N KIS 1) DA% (egg diameter, ED). 5%
W THAGRAE I, A0 50 K I 25 i (R D /K
FENZN AR A E)ETE 15 min, MEFRRHEMR
LRGP I 50 RO R TP AL, JfAEgR
] fi# 5 5% (Zeiss Stemi 2000-C, Germany) I, 141
ARG K B 5B B e T4k, WG & & I A &

K EITE 16~21°C, I

AR Ma et al(2008).
1.4 BURWE

B 5 (fecundity) & F5 B 24 ME £01 (1) A B1ORL 2L,
— M SRR 5% PR B i (absolute fecundity, F); AHXPR
Y[l i (relative fecundity, RF)/& M 57 /AT~ H
K19k, B RF = F/W,, (b Fo24ax 8561, w,
A7 BN MEA R R . 7 B 5 (number of spawned
eggs, PE) &5l i N T ZHE 5% H ME £ 1) £0 DR 28
7= 2 (induced spawning success, IS)+&§5 7= U
B, o5 EA R E 2 L, B IS=(NW/N)* 100, 1
oH N A DI R R, N kg 4 A M £ 1 B
77 i % (spawning success, S)7& H K P REANE A )
=R, B S=(PE/f)x100, 3 f 2 A4 4 K-
PO NSV = 13 /A= WO T (i = AT 2 NI~ P -
(condition factor, CF): CF=Ww/W, X\ w2 SzilifA
q, WO T O A U 144 (Yin, 1995;
Kreiner et al, 2001); %1/ % (nucleus deviation rate,
ND)72 45 I AF F& e £8 i 7™ th (1) £8.50 Hh BE LA 20
Ki, BT 10%M BRI T, AR ILSAZ i 25 1
DL A ONVETE 2R %, Bl ND =(N/20)x100, =X
N R R A S () A BRLE . R B A Ze (rate
of embryonic survival);2fg AR B 23— KB
FH IR A7 35 ) VR 6 280 5 P W ¢ W i i 9 50 L
{H - B4k (hatching success) e H IR P47 w5 5
RGN AR LA . A A7 # (survival success) & 4R1T
£ RN (R AA TS 2, R B AT 880 B A 7
101 G ECE ) LU AE(Yin, 1995). 775 4E T % (death after
hatching, SDH)& 45— N EIHT=TIIE TSR M)
Bt 5 S e B0 I 0 1 B AR
1.5 HIEANE

5 W AR 1) R - 2 Bt b 1% (mean+SD) o
FH DR 2R T 22 43 A R R YA 20 B BE 323 A A BE B4R,
P A7 H 4 b 2R R B34 5 Sigmaplot 2001 Al
Statgraphic 14T, WK A P<0.05.

2 &4 R

21 FaEHIES

T ZR A A B A0 2K, (2 S PR
PR SRV < e 5% 11 I FH KD DAy ) 111 80 £
o 4R RHCBRL H 42=2.0 mm, 8 EB A R 2w B
ST TR H BN B SR AR 3% A4,
HNAZMRA S AR RN 5 17 DR TG A 4,
RIS LL 0.5~1 h 258 . —M— RPN
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W, EARRA%—R.

AR DL TV 0N SR AC, BT LSRR
BESNIZEE . KT, KRB E LLREEF:
IEHARKRIA . (HJE, JE 4 2R 00 A 2R V5 (R 7K iR
BRI S, fEAFMRERR &Y, Fi, 17
KAWL KRB, 5 B B i &, 76
A1~2 AN H, N EA TGRS, A LLE
TR} AR B IR, DA S 4 e S R
o I DL B R S T, 3E P K
ol R PIEERL, A TR IR E . I
=00, SRR Bk, R4 &
AR R B R R A, U AT DU e, PAB
32 S DR ) BT R AN TR

FEREA ARG W), pRoK R B IR A 7
AT KT IE R A B B DL R R . Ny
WK, ATLASGE K. EAKCOR FIAZR /KR AR I, 3
KB, B 5~7 d diK 1 IR, BHR 1 h KEAq; &
FURTTUR RIS, BFRE 3~5 d 17K 19k, BRK 1~2
hy FEHT 1~2 S H AT BUIE Y38 oK k8. /i
2~3dK 1R, Jail1~2 d oK 1R, FRRIK 2~3
hy FE R LR S e R A K B DA 7K
B, URHESE AR — D R H .

22 EEAS5IPEKRN

FRA 25 2 IV~V HIPEIRFE S 1 056 RijiAion
HE ORGS0, TR G R PR R R S A K AR AE
[l 22 F=0.0004826SL>'%°(R*=0.6424, P<0.05).
DY AF AR I G 2R BE IR P 2 7 B 5 (2 118.4£899.1)
K, VS5 PR B A (2402.9 & 881.9) KL, T XA KPR

YU N (70.4 £20.8) 0. PRONE . ™ G B FIALGT P G
A A K I I i R, = E SRk
(2% R ] H A7 FERoR

F=0.00066145L>""

PE=0.1267SL""""

RF =100.8—0.2368SL

2007—2010 4[] 4 4 Y th <5 2 it A4 b5 7 B
B AHRRONE I OCR, MRS, &R
PR BN AR RN R AR 1 PR, IR Ef1Z
FRCER, W 1. 2 Pios. MAINEHET 1
500~4500 FiZ 1], P304 2400 SR &S5 EKT
KA MMEMEK R, NE 1 FE 1. 2 ]
Tt VR G 0 7 0 R AT P O S B K 1
BRI A AR R

Wi AR E% ), LA P R A
PRON B SRR O 45 45 7 T A 34 AR
P, EBIHFAT, WL AN R T, Wskfa
PERE BB (3R 7 V2 R0 7K 5 25 B 12 v 10 B 1 o B
T

FRPE LR, G N S2 R & B 2 5 I e 19 MR
T 2E 48 h, TEIXBLINT ] Y IRIGIRIZE T 2R B, &
A BET N 5%~10%2 [H(3R 2), AS[EIGE KNS
BT R —Fh R BRI PET- R, BIEARLE 58
JS W IR 2 5 IR i R 7 I A TR S i BE T S T
I BEAAETYIAG, DR O 0T 5 AN 1T e 11 9
AT R KON o R A A48 5 1ok AR B 7,
BIAERS 1N BN PY, B EEET I IO Y, H 3 )5
JR LS5 5t 2 ik 4t B T 5l R IR BT AE AL 1T

1 20072010 FH S Z&O S A TEENR

Tab.1 Results from artificial propagation of female Sinocyclocheilus grahami from 2007 to 2010

T H Ttems

Mean + SD (50 % /Year)

2007

2008 2009 2010

7= % Spawning success (%) 1819.6+695.2%

HHXS PR Relative fecundity (%) 79.7+25.0°

Y {4 F Ovary volume (mm®) 5509.3+3048.5

Bli1% Egg size (mm) 1.76+0.17°
MIXHRBI R Relative fecundity (%) 90.8+27.4°
{# 7= Induced spawning success (%) 252

¥R % Nucleus deviation rate (%) 61.5+25.9°
i1k % Hatching success (%) 34.9+£22.1°
HEA7Z Surviving success(%) 27.0£22.9°

1978.9+755.2% 2180.14+853.8% 2495.1+1113.8°

62.8+12.2° 69.3+21.1% 69.6+19.8°

7177.9+£3891.5 8300.9+4025.8" 10587.2£6038.0°

1.87+0.13° 1.92+0.11° 1.97+0.13°
88.8+18.6" 91.8428.4° 87.6+23.6"
74.8 90.3 91.3
86.6+11.6 80.6+18.6" 85.2+17.9°
36.1420.8° 30.4+21.4° 44.5+17.5°
33.5421.2° 26.9421.4° 41.0+18.2°

[l —AT B EFRA R TR AT B35 2257 P<0.05; AP RERR To B 22 5%

Values in the same row with different superscripts denote significant differences at P<0.05, same superscripts denote no significant difference.
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Fig. 1 Relationship between number of spawned eggs and

standard length of female Sinocyclocheilus
grahami from 2007 to 2010
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3~7 d AN/ BN BRI G AET 4, BN
G S RSB TR, M IARIAE] 2.0 mm LI ERJR
FET AR TRUE, IFRFFE IR, HA A

Wi Nucleus deviation rate (%) 27.0  56.6 87.5 93.3
JENIGA7E R Rate of embryonic survival (%)

H2JJ51Y] Blastula period 90.1 925 913 949
Ji Jiz I 53] Early gastrula period 853  86.7 89.7 90.4
J5 % i ] Late gastrula period 452 474 73.4  85.7
1715 5. 4] Early segmentation period 409 421 68.2 73.6
%4t 31 Hatching period 13.6 224 488 559
1L % Hatching success (%) 293 374 437 54.1
473 Survival success (%) 11.1 19.4 402 524

A, PR 2007 1 25.2%8E E E H AT
90%Zc 47 o [ 2007 FEX) N T AZRE A B4R 1IANE 4
f4h, Fe 3 1 BN A% AR AL 4 R FEAE 80%
DA b, 7368 A0 BN g5 A 52 RS I )b A R FE R 3 i
B IR AR RO 0, A ) e B S5 (10 ARt i 2 14
INER 1, B 3). AR A A7 R I3 LA 212,
IX 5t I B 5 ) A6 2 B A E T e S RL 2
H Tl R I Rk 2 5 3E (0 B 4B 1R I
24 FEIPE

FEHEAT I A 2R 0 N T A A DY AR, 7 Jis
MR PET R BK T 0.5%, Mitadi—NEZE
WIAE T FARUAK, I HEFA R PET R MR A T [,
2010 FEMEAAIIAET-HAL 0.152%(£ 3). ERFEIETS
(RS, 22 8000 N T BB B A 0 S 0 A = 3

&3 20072010 FATEERAEM SKILAKIK. KEMRHE
Tab.3 Standard length, body weight and condition factor of Sinocyclocheilus grahami for artificial propagation from 2007 to 2010

T H Items 2007 2008 2009 2010
£ 8 ? ? 8 2 8

MK NR 50 50 50 50 50 50 50 50
TR (g) W 24.0£10.3 16.1£3.2 31.7+11.0 18.7+8.1 32.3+9.8 23.4£11.5 35.5+11.1 30.3+13.2
4K (mm) SL 122.7+14.2 101.243.5 126.3+13.2 109.5+9.7 130.0+12.6 118.8+10.9 135.8+14.4 125.2+12.7
@isﬁﬁi% W=0.018SL*** W=0.017SL>™ W=0.011SL** W=0.014SL*”® W=0.015SL**® W=0.012SL*>"" W=0.024SL*>” W=0.022SL*%
HEiE CF 1.006+0.10  1.010£0.02  0.999+0.03 1.032+0.07 1.004+0.06  0.9754+0.04  1.007+0.11 0.9856+0.02
FHH M A NT 1127 2589 1984 3502 2449 3081 2512 3301
F2JESET R (%) SDH 0.354 0.386 0.454 0.400 0.449 0.227 0.477 0.152

NR' = Number of fish researched; NT = Number of total broodstocks in each years.
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Fig. 3 Induced spawning success, nucleus deviation rate
and hatching success of Sinocyclocheilus grahami
from 2007 to 2010
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Description of a new species of Barbinae, Sinocyclocheilus
huangtianensis from China (Teleostei: Cypinidae)

ZHU Ding-Gui', ZHU Yu*", LAN Jia-Hu’

(1. Guangxi Agricultural Vocational and Technical College, Nanning 530007, China; 2. Fisheries and Livestock Farming School of Guangxi,
Nanning 530021, China; 3. Fishery and Animal Husbandry Bureau of Duan, Guangxi, Nanning 530007, China)

Abstract: A new species, Sinocyclocheilus huangtianensis, is found from a cave of Hejiang River, Hezhou, Guangxi,
China. This river is a tributary of the Pearl River. It is similar to S. jii, distributed in Hejiang and S. guilinensis distributed
in Lijiang by having a soft dorsal spine without serration and normal eyes. The combination of the following
characteristics makes this new species different to S. jii and S. guilinensis: (1) the lateral line scales 52—59, up lateral line
scales 17-23, the down lateral line cales 16-17, the circumpeduncular scales 40—46; (2) gill raker 9-10; (3) eye
diameter/SL 4.3-5.4%; (4) interorbital width /SL 9.2-9.6%; and (5) mouth width/SL 6.0-7.3%.

Key words: Cyprinidae; Sinocyclocheilus; New species; Hpogean fish; China
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K1 FHE LGRS A 2010003, 4K 115.0 mm)
Fig. 1 Sinocyclocheilus huangtianensis sp. nov. (Holotype
2010003, standard length 115.0 mm)
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Tab.1 Morphometrics and meristics of Sinocyclocheilus huangtianensis sp. nov. (Length in mm)
PEARFFAT Characteristics IEAEH5 4 Holotype Jii# Range 44 Mean
s 4 Dorsal fin rays iii-7 iii-7
i 4% Anal fin rays iii-5 iii-5
TLERS Pectoral fin rays i-12 i-12~13
It 4% Pelvic fin rays i-8 i-7~8
S —fi 3 A AT Gill raker 9 9~10
R Pharyngeal teeth 2-3-4~4-3-2 2-3-4~4-32
S Lateral line scales 56 52~59
s Scale rows above lateral line 21 17~23
(e Scale rows below lateral line 16 16~17
ot T Predorsal scales 45 39~45
[l 2 A Circumpeduncular scales 44 40~46
EaiS Total length 140.0 84.7~140.0 111.6
(3N Standard length 115.0 67.1~115.0 90.1
Sk Head length 335 19.0~33.5 254
TR K% In % of standard length
ok Head length 292 27.0~29.2 282
[N Body depth 21.3 21.3~28.2 259
GL A Predorsal length 52.4. 50.7~55.4 52.6
G £35S Dorsal fin base length 12.2 11.6~14.3 12.7
HHEK Dorsal fin length 16.9 16.4~20.9 18.2
T T PR Preanal length 71.1 69.1~73.0 71.1
I HEREAK Anal fin base length 9.7 7.8~9.7 8.7
[1S Anal fin length 16.8 16.3~17.7 17.0
i s iy 2 Prepectoral length 28.7 26. ~28.7 27.1
Jifig KA Pectoral fin base length 3.8 3.8~4.7 4.1
g 1< Pectoral fin length 19.5 17.3~20.7 19.5
JIg i iy PR Prepelvic length 52.6 50.6~53.8 52.1
g fiE R Pelvic fin base length 3.6 3.6~4.5 4.0
IELERS Pelvic fin length 15.1 13.6~16.7 15.6
Jek Caudal-peduncle length 215 21.2~234 21.9
Je = Caudal-peduncle depth 10.7 10.7~13.1 11.7
el Head depth 16.5 16.4~18.2 17.3
5 Head width 15.9 149~16.2 15.7
VRIS Snout length 8.7 8.7~9.8 9.3
MR Eye diameter 54 43~54 5.0
AR [ #F Interorbital width 9.5 9.2~9.6 9.4
T AL R Prenostril length 5.6 52~5.7 5.5
J& AL gE Width between Poster nostrils 6.1 5.9~6.8 6.3
Ak Upper jaw length 7.6 6.3~7.9 6.5
A Lower jaw length 7.4 6.3~7.4 6.8
124 5 Mouth width 10.8 8.8~10.8 9.3
W Rostral barbel length 16.5 10.7~16.5 13.1
Ak Mouth corner barbel length 16.4 13.7~16.4 14.6
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K2 FRELH(EARA ASIZB 62726, #AK 123.6 mm) K3 FEMELRELGERRA ASIZB 113753, 4K 107.3 mm)
Fig. 2 Sinocyclocheilu jii (Holotype ASIZB 62726, standard Fig. 3 Sinocyclocheilu guilinensis(Holotype, ASIZB 113753,
length123.6 mm) standard length 107.3 mm)

R2 FMEHEMHERELERENSLEMERACERR: mm)

Tab.2 Comparison of new species , Sinocyclocheilu jii and S. guilinensis (Length in mm)

PEARFFAE Characteristics T 4R 00 S. huangtianensis sp. nov. A LRER S, jii FEM G LRER S. guilinensis
) 2k fik Lateral line scales 52~59 43~53 47~52
ek I g% Up lateral line scales 17~23 27~29 19~20
2 ik Down lateral line scales 16~17 15~17 11~12
]2 A Circumpeduncular scales 40~46 46~50 34~36
iR Gill raker 9~10 6~7 8~11
(RGNS Eye diameter/SL 4.3%~5.4% 7.2%~8.6% 7.1%~9.1%
IR 7] P/ Interorbital width /SL 9.2%~9.6% 6.4%~7.8% 6.1%~7.1%
mEYHEINS Mouth width/SL 6.0%~7.3% 7.7%~8.4% 7.9%~8.4%
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(Cypriniformes: Cyprinidae) in China — Species Diversity, Cave Zhang CG, Dai DY. 1992. A new species of Sinocyclocheilus from Guangxi,
Adaptation, Systematics and Zoogeography[M]. Beijing: Science Press. China[J]. Acta Zootax Sin, 26(1): 102-108. [FKF ), #EE.1992. H
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A new loach, Oreonectes luochengensis sp. nov.
(Cypriniformes: Balitoridae) from Guangxi, China

YANG Jian', WU Tie-Jun?, WEI Ri-Feng’, YANG Jun-Xing*"

(1. School of Chemistry and Life Sciences, Guangxi Teachers Education University, Nanning 530001, China;
2. Guangxi Institute of Fisheries, Nanning 530021, China; 3. Du’an Fishery Technique Popularization Station, Du’an 530700, China;
4. Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming 650223, China)

Abstract: A cave-dwelling loach, Oreonectes luochengensis sp. nov. has been described based on collections from a
cave in Tianhe town, Luocheng, Guangxi, China in September 2008. It can be distinguished from all known Oreonectes
species by the following combination of characters: dorsal-fin rays 3, 7; anal-fin rays 2, S; pectoral-fin rays 1, 11-12;
pelvic-fin rays 1, 7 and 14—16 branched caudal-fin rays; head compressed; eyes present; surface of lower lip covered with
shallow longitudinal groove; dorsal-fin origin posterior to vertical line of pelvic-fin origin; caudal peduncle without
caudal-adipose keels; edge of caudal fin truncation; tiny scales present under skin; no cephalic lateral-line system;
body pink in living status, without pigments in adult, after fixed in formalin, body yellowish, non-transparent, no
markings on body side.

Key words: Guangxi; New species; Balitoridae; Oreonectes
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(Cypriniformes) € ff £} (Balitoridae) 4% f 1 F}
(Nemacheilinae)(Nelson, 2006). H {1, U4 JE 3t id %
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T2 5 M 2 A58 42(Zhu, 1989;  Du et al, 2008).
2008 49 H, 7] VEH:E H A X B R I
RS B HE AR RO A by, &%, Xt
BRAR g U e — il o

1 #MR57F%

WEFERR AT 10% S TORIE . ARAF . bRAS
# Zhu (1989 ). Du et al (2008) HAT%5E; brA
# Kottelat (1990) #4731 &

2 & R
2.1 TSR, FH Oreonectes luochengensis sp.
nov (& 1. 2)

ER bR A KIZ 2010003073, 1A K 74.9 mm,
2008 429 HK H T PRHIE B A X B LRI R
Ji 2 2 km —7<, RIS, JBPETIKR. K&
N WM. IEBARARAEAE T E R Bt B 24
T AR AN R

B BRI HE (B A& K122010003076, 75.0 mm)
Fig. 1  Oreonectes luochengensis sp. nov. (Paratype
K1Z2010003076, 75.0 mm)

B2 Dl s i

Fig. 2 Living status of Oreonectes luochengensis sp. nov.

EIFARA 7 B2, KIZ 2010003074~2010003077
(4 RARALRATAE o [ER} 2 B B BH sh it 5 i 46,28
FRATE), 08090054~08090055 1 08090064(3 JEhx
AORAEAE T VO TG B 16 XK =858 ), K
64.6~80.0 mm, FrANMF B5 IEBAR AAH A
2.2 KHI4FE

HhE2% 3, 7, g% 2, 5; Mg 1, 11~12; 8
55 1, 7, REEIIHBESRA 14~160 Vs RIE

Wy N A B A T R AR
T, B NEEYREERE, RS ST
F= O N 1B N R TRt AN 9 = 5 e S N i
TMEE RS AR, O R, Rillks
AAREFL 0, ANEY, WA O,
2.3 FiSHk
DI Rk I AR AL 1. BRIER, iR
SREE, Jaa0 . A, M. Sk, T
BT MBI, WK TR A, B AL, TR
R Bk EAEOE, FauieR. 20 3 x5, A
W25 A AT i S LI R 1R U AMIN)Z5URT R
JEARA T IAIR G G AR ER Jr . WU AL It
MR, g LA TR, BRSO AR i 4T
KRR, UG Il is e Al BRAFAE, 1R
S SR R PR E %, AR R AN, BT RCR .
MZATE4E, H6~13 MIlZAL.
F1 FHURHHAYE LLHITER
Tab.1 Proportional measurements of Oreonectes
luochengensis sp. nov.

n=8

Ju [ SEEME hrERE
Range(mm) Mean SD

M2k Characters

fAK: Standard length 64.6~80.0 723 4.9

3k Head length

5 RKAR LG IR B 404
Percentage of standard length
A Body depth

3k Head length

JeéMit Caudal-peduncle length
JEM§iR Caudal-peduncle depth
HiI 1 K Distance between

snout and dorsal-fin origin

A& Distance between
snout and pelvic-fin origin

Ji 1] BE Distance between
pectoral-fin origin and pelvic-fin origin
JlZ R A1 ¥F Distance between

pelvic-fin origin and anal-fin origin

5 AKARLL I 20 5L

Percentage of head length

W4 Snout length

9.25~134 11.5 1.3

143~17.5 16.0 1.1
19.8~224 20.6 0.8
13.6~15.1 145 0.5
9.8~12.1 11.1 0.8

56.9~60.1 582 1.2

52.9~563 54.6 1.1

32.7~372 348 1.3

22.1~269 243 1.6

38.6~458 41.6 2.3
11.2~143 125 1.2
44.0~514 485 2.5

4% Eye diameter

MRIAIEE Interorbital width

KOG S ALAL)

Head width (between posterior nares)
K3k % Maximum head width

55 RRRACAR L B 205

Percentage of caudal-peduncle length

JEWR Caudal-peduncle depth

32.5~392 358 2.4

70.5~71.7 713.7 2.6

65.4~852 76.7 7.1
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Befig sk . Mg Biigsk 11~12, MRS L4 AR
R, KA ML A L R RS K
WEEEE 7 R helig s, RLERHT, FeAAT T 68
TR, BREE AR S Je R ANE LT RS L
LW EE R GAI, BEATTIZ 2 fFIRAE IR . Rl
JRGT A, B o14~16 IR HES . M B FEW
BIEER . HeUE, E. SR, EaET
R R R, R SRR O B 1) e BE D R R, )5
R RE U, i e IR b, A ST

ARG, A R g I A A vy, S AR g U 1T A
{5

TRV A G Ryt FEM, AR T E I
M5, GHIEOBE (B 2). 8IS RERA PR G
W, BtR., /R SRERIBMIRA, kEIL 0,
AEWY, SEEA T, GAETEEE,
24 o

HHT, AR S An AUk PR AR X
W EL R AR T I R R DY A B, B
T 2 ke AT 70, B PEITIK R (K 3).

B3 DOt @) 7 TR A6 X s

Fig. 3 Map showing the collection site of Oreonectes luochengensis sp. nov. (#) in Guangxi Zhuang Autonomous Region

2.5 AR

“luochengensis”, Y& H T %' (Luo Cheng) 17X
WP DIAH R R = B 42 ki 4
26 HEBEHES

A B RAE T WY 7K B I R A R K A
B, AR AL M B IR G 6, T I £6 25
fio ¥ T KA 2008 4E 9 HI—RBIsAGRAS
08090039, K 73.5 mm), JAyMErE, B ET SR
REF I~V K50,

3 it i

Du et al (2008)iA U 6t I i sk W] 5t O i
NHT G EAL TR, BT S — R AR

Sk, R SR 1 Ty A R AR Sk e,
HEARIT [ 8, AL s Jo 0 Ze sl 4 A 5¢
Ao ASHT MR B G5 K 5 & 6] 1 SR I R IEAH AT, SR
J& TR -

K Du et al (2008)%F & fift Je £01 S (1) R 21 il 4,
B YR ) J8 T LAY Sk & kA AR ) [ R A AL
(5] J72 P 41 5 SO 20 K e T 1) 222 e AR 25 o AH L IX
IR, HEr, XRFhAMIE 6 )E a3t 4 M, 5
i A& X W 6] (Oreonectes  furcocaudalis Zhu &
Cao). /MR (O. microphthalmus Du, Chen &
Yang). KI5 4 (O. macrolepis Huang, Chen & Yang)
i W& 6k (Oreonectes translucens Zhang, Zhao &
Zhang). [ RFrAIIL 5, 3002 Sk g R (O.
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platycephalus Giinther). JCHRIEH(O. anphthalmus
Zheng) . % Bt W& 8l (O. polystigmus Du, Chen &
Yang). JG#EIEHH(O. retrodorsalis Lan, Yang & Chen)
0 gk, b, o R U S5, R 37 B 0 5k T £
IRZ5 5y 55 DI SR X Tk . 20 BREO ik DL H A4
FBIRE AN K ) B S0 8 68 )5 2 1 ST 5 %0 Sk 0 6t
(ERpRA S LA, 2IEIRR, A e A I
M, SARTCOBE, REEST-E)MX . 5 g0 6
REEJS SN, ALY, AR L. TR E R
fi&%#(Lan et al, 1995; Du et al, 2008), iX*E4FALA]
PL5 B0 k(R 8 i 21k, AR, R b

TG I S R EERE)AH DX ) o IR R 5 1 Sk i itk (1]
4; & SYPRBL R AR, (HEAMA R ZE R ER . ~Fk
U K o Sk B 4, TELAAABE 8, 1T 25 ke 68K A 3 R 2
fige Fy AN, AR IR EA— I B T R .

S-S U Sk T 8 53 A B A H A 10, 1T 25 k0 etk i i
KBS K0 11~12. DU RIS 5 k08, Wi T
JIE I o (1 S U B /5 5 W) A AR A ) o 2 ke Bk i £
S AN i kS A I A RS R TRIER ) 172 Sk 0 itk
g i Ak o i i ke 5 RS TR ) 1/2). %
U K P2 658 A1 25 T A (T S I Bk R i AP 5 ST ) o

B K-

Du LN, Chen XY, Yang JX. 2008. A review of the Nemacheilinae genus
Oreonectes Giinther with description of two new species (Teleoster:
Balitoridae) [J]. Zootaxa, 1729: 23-26.

Fisheries Institute of Guangxi Zhuang Autonomous Region, Institute of
Zoology, Chinese Academy of Science. 2006. Freshwater Fishes of
Guangxi, China [M]. Nanning: Guangxi People’s Publishing House.
[ A AR KB, EREE B ST, 2006, )Y
BWARMAER. BT AR AL

Huang AM, Du LN, Chen XY, Yang JX. 2009. Oreonectes macrolepis, a
new nemacheiline loach of genus Oreonectes (Balitoridae) from
Guangxi, China [J]. Zool Res, 30(4): 445—448. [#Z [, FLEH4E, B/
B, A 2009. T VEIER S 03— BT —— KBRS Sl iR, 3
SETITSY, 30(4): 445-448.]

Kottelat M. 1990. Indochinese Nemacheilines. A Revision of Nemacheiline
Loaches (Pisces: Cypriniformes) of Thailand, Burma, Laos, Cambodia
and Southern Viet Nam [M]. Miinchen: Druckerei Braunstein.

Kottelat M. 2001. Freshwater fishes of northern Vietnam, A preliminary
check-list of the fishes known or expected to occur in northern Vietnam
with comments on systematics and nomenclature [R]. Washington:
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K4 SIS ERANTIAL (04040114, 1A 77.0 mm)
Fig. 4 Lateral view of Oreonectes platycephalus

(77.0 mm SL)

K5 1Sk S 1A
Fig. 5 Living status of Oreonectes platycephalus
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TAN Y, #EFY, Rag!, WHR SRR, F 4R

i)

(1. v EREE B K AEEYRTST, WAt 50 430072; 2. HEBEBTITAERE, JERT 100039)

W %L A MR BT HESI YW LTk, FF45G 2009—2010 “E (I PR A £in, ) LRE s & b AT
TS, HW B IR P BREEAT THR 0T IR BRI, th 20 40 80 AEAXIM 57 FhBE N INAERT 32 Fh, HEE M
PR R EA 44% . S BARSI I R EE 75%: LR AKAR R (39%). AR S Y5 S 1776
ind/m* (FLPFEEH 1706 ind/m*; SRR} 68 ind/m*). IT 20 4L ARSI 10 4= B LA R I, SEB M2
AEYa R —Moe 2R A, M5 S TR, MRRsoRhm e gAY & SR> rgd. TR
VSRS E BRI, W AT KL (Limnodrilus hoffineisteri) JS N AR FF, HoPIFN ERER T 74.1%. %
USCRF A B b, CLRT) V2 40 A0 I e IS B PR (Einfeldia sp.) FEAM K, WOMARCZ & PRI (Chironomus
plumosus) ~ WMEKIEIL (Ch. attenuatus)  FEKILFEI (Tanypus chinensis) ZFMT5FF; AP FHRART H—,
VF 2 5 RV AR Yy 2 ns 0%, WRWE (Margarya melanioides) « 7 ERURWE (M. mondi) + JEHIEWE (M.
mansugi) 1£ 2009 S BIRRIP BRI T Saph, BB R (Cipangopaludina dianchiensis) %)
AN T PaFl . BOBE Shannon-Wiener 2 FEIEFEECE 2 PR, JUHERDIEIM 2 FEE M 20 tHAD 50 4EAX1) 2.70
FERIILAENM 0300 N2 IL LR SR BB SR BN Z R BRI R AR, NS TS 18 1R IR 32 22
JEAEBER . AKFCRA. WEER . DUKME . MORERZ %,

BRI I KRBOTCEHERNY); B, R A AT
FEISZES: Q959.1(74); Q958.1; X174(74) XERFRERD: A XEHS: 0254-5853-(2011)02-0212-10

Dianchi Lake macroinvertebrate community succession
trends and retrogressive analysis

WANG Chou-Ming'?, XIE Zhi-Cai"" SONG Li-Rong', XIAO Bang-Ding', LI Gen-Bao', LI Lin'

(1. Institute of Hydrobiology, the Chinese Academy of Sciences, Wuhan 430072, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Historical records and data from yield surveys conducted in 2009 and 2010 were used to investigate
macroinvertebrate community succession trends in Dianchi Lake. Species richness has declined from 57 in the 1980s to
32 in 2010, representing a species loss of 44%. Among the major benthic groups, the highest rate of loss was recorded for
mollusks (75%) and aquatic insects (39%). Surveys in 2009 and 2010 across the lake revealed that the total density was
1776 ind/m* comprising oligochaetes (1706 ind/m?) and chironomids (68 ind/m?). Over a nearly twenty-year span
(1992 — 2010), the density and biomass of oligochaetes first increased sharply (1992 — 2002) and then declined gradually
(2002 — 2010). Further, chironomids have decreased gradually while the proportion of abundant species has increased.
Limnodrilus hoffineisteri became the sole dominant species with an average relative abundance of 74.1%. Cosmopolitan
species, such as Einfeldia sp., disappeared across the lake; instead, tolerant species such as Chironomus plumosus, Ch.
attenuatus and Tanypus chinensis became the common. Mollusk community structure has become simpler and many
native species have gone extinct. Species of concern include Margarya melanioides, M. mondi, M. mansugi and
Cipangopaludina dianchiensis, all rated as critically endangered by the IUCN. We found that the Shannon-Wiener index
declined in Dianchi Lake, particularly in Caohai Lake, from 2.70 in the 1950s to 0.30 in 2009 and 2010. Species richness
and biodiversity was significantly negative correlated with total phosphorus and total nitrogen. Factors responsible for the
benthic community retrogression described here include habitat destruction, lowering of water quality, outbreaks of

Wk H3%: 2010-09-065 #2232 HIYl: 2010-12-05

FEGIH = [E R R R L IR AT G A5 45 ¥4 $1(20082X07102-005,  2008ZX07105-004);  H [ Fh2 e 72 2207 [ M 151 H (KZCX2-Y W-426) Fll
RS AR B 5K TR 55 55 5. (2009F B16) X A5 7 Bh
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blue-green algae, extinction of submerged plants and lack of germplasm resources.

Key words: Dianchi Lake; Macroinvertebrate; Community succession; Retrogressive analysis

R = vt R B0 — AN R BT, i
ARSI IR A N . 3 L TAFk, BRI IX
Z0UF B AN F I 2 s, AT B4R
BRIR I AR, A AR IS PR BT B WAk, &
B IRAGERE IR, KT EAW T G, RSk
RSV RKAER, B EE S FRIRE. N,
] S0 Lt 5 G v B A Ay 4 [ T VR BRI =) =
W7 Z— (Zhe, 2002). & &I A S PR
TR SR ZFEE (Gong et al, 2001) ; A HLYIMIHY
I FEOARL AR B X LEER Y — L
JEM I3 4i (Graneli & Solander, 1988), IT4F
K, EMCOREDFE K, VGRS T AR,
MEERGHIL T EHL. FEHOKHEIRIL S YR 2
FEPE 3 2K SO0 ) A RN, 0 22 K 1k T 8 Vit
ARKE T EEFR AR (Luo et al, 2006) o A AR
YEFAE 2009—2010 45X Yt A0 SR AR 2 ) (1) )
W Es I, 456 UUE IR B RE, b T A2
A0 DL JEL i JE AV 20 P T 45 46 1R A Ak S L i i
TN IEITE IR EE AR, ) BN RS B 6 A AR VR
GER )5 S HCLBE, AT A R 7 F RO B
POk .

1 WHRXIEHEER

T B G VP VLK &R, AL HE BOM RSN P 4y,
MW TR, AT 24°40'~25°02'N. 102°37'~
102°48'E 2 [11], 11 @ FE 1 885 m; AR b K 39
km, ZRPGHR % 12.5 km, &% 2.44 km, WRELK
151.2 km, T EAR 298.4 km?, “F3J7KER 4.1 m,
KA 8 m, KHEEL 12.9 1451 J7K GERN 1
886.5m) , J& T A IE R AR A ks S IR
W (Yang & Yang, 1985). Hith 2 wadb1al oA, ARS
B5E, SRR, KIGHEE KRR, K44 km,
VB A R AL Ay, FROANERIEDE (] D,

2 MRl5RE
2.1 HREKIR

H SR R T K R A B0 1 g R R
(Zhang, 1948; Zhang & Qi, 1949; Zhang &Wu, 1983;
Wang, 1985; Wang et al, 2007; Luo et al, 2006), UL

AU IR . P AR H 1985 4
KUV RIET CamAHREARGARD) |, 1985 £ LU
AT AL FE bR 22 S0k Yu et al, 2000; Li, 1963,
AU IR 30 ASRFERL, HrP ot 24 4, 5 6
A CE Do JEHSIIRR A 0.0625 m® (f15k -
AT A RAE A, BAARS) P R AR T2 S48 ] = A 4t
W o B P bR A I % € 5 2 2% SCHR . Epler, 2001;
Brinkhurst, 1986; Liu et al, 1979,

SN Waihai

K1 2009—2010 R T HES I RAE 15 20 A 4]
Fig. 1 The sampling stations of macroinvertebrates in
Dinachi Lake in 2009-2010

2.2 HIEAE

JEA )4 (P P 22 AR IR U1 57K - Shannon-
Wiener 15500 H MBI 2 0E0E . BARTHECR
Excel ZF A1 biodiversity tool T. 2T, Fil4r#r
F SPSS K, BEisaity AL S50 R RN
[T 38T . DR R T AL P= (S-
S /S, R S AL YR, S0 i TR
YFi % . Shannon-Wiener Z FEVEFREL R H = -2 {(ny/
N In (ny/N) o KH N R RVETE, n YIFH i 5

3 ERE55H

3.1 BERGHRRT

3.1 Mg H 20 4 70 SEAR LK, JEV IS



214 3 W ¥

R 32 %

S KT MESY) 85 B, SRIET 3171 6 24 28 FFCHf
1), 20 tH4D 40 FFARIE K 51 Fh, 70 454K 33 F, 80
EAR 57 B, 90 4FEAR 21 B, 2002 4 13 . A 20 1H
2040 FARE] 80 AR LA L BRI H —FhER e I 3,
AlE M 20 THED 80 AEAREIILAE W& FRAK (1 2).
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Fig. 2 Comparison of species richness of macroinvertebrate

in Dianchi Lake across half a century

2009—2010 FILidkFKBEMBIY) 32 F,
RE3TT4HM9 R 26 @ (& 1D o HhEEH
10 Ff, ELHUAN 14 B, AKZhY) 6 M, d24q 1 Fp, H
el 1A, Horh T BIR B (Patamothrix bedoti)
HEME ORI 5 20 Al 80 FFACAHLEL, AN
A W0 KA TG MES) W I V& I W) R a0 2k 2 v
1K 44%. HA ARSI R F A 75%, HoK
AR (39%) o I T A7 A0 b 3 S F AR T V5 1) 55
BR—E W /K22 (Limnodrilus hoffmeisteri)
LB (Tubifex tubifex) « 7 [CJREEY] (Branchiura
sowerbyi) FREWORH4) di——PIRRIC (Chironomus
plumosus) « KA (Ch. attenuatus) EALK, #
J5 W VA R AT AR B ) P B R W8 ( Margarya
melanioides)  F-[RIRWE (M. mondi) - YeHIZ Wi

(M. mansugi) ~ IR H I (Cipangopaludina
dianchiensis) YN RIS

3.2 PUHIRE FEBRIFES N, d 20 L
70 FEAAEAW) 2 AT 1 R IR IR RS 550
PIILAEI 10 i, oA gE J K 2245 4 4o e i, ~F
BAA E LB T 74.1%, HOPIEER 1502
ind/m?, TRV REN 85.7%; FLUC IEEE], HoPy
AR = FE A 9.3%, 111 7 FG 2 i i 1) ~F- 240 A ) = 52
A 4.2% AE/KA B AL, SRR R SEHE i &,
H1 20 20 80 FFEARI 4 AP hn 2IEAEI 12 B, {H2
FE/K AR B b A SRR i A iy 2, BART) 2
Sy ARK R} (Haliplidae). ¢ #} (Gyrinidae) -
7K B} (Hydrophilidae) « {17 £} (Notonectidae )
A RBUE OB K. Wang (1985) £ 1982
— 1983 FF[MIAA PRI, L2420 AT IR SR}

AP, 51A e R RR AL (Einfeldia sp.) A
JZ A o FEAR YR A R AW ) 2 o AR AR AT
DPIRRIS, JP AN BN 2.7%, TR 31
ind/m?®, §EFEER 1.7%. HAMIKIELR. P EK
SEFEUL (Tanypus chinensis) W%, "W Z2HEH K
UAE 20 20 80 AFEARS AT V2 1) S B SR AR L
ARSI T, 20 tHad 70 EARFT 80 “EAR I
Fhgr = MR K, KAH 24 B (Zhang & Wu,
1983;Wang, 1985). AIAEAXIAA LRI 6 Mo R
P 1997 4 Huang et al (1997) XHEHIKIIH A, Wi
BARE Y 1oy £ w, WK ER LA (4Anodonta
sp.) AL (Corbicula fluninea) 4, Wiy &EZ2 K
itk (Rhombunopsis sp.)~ #H¥kIE: (Unionea sp.) %, W]
SEAEA VR A rp AR ILTE VI b — Rl ARSI
TS FVE G (Semisulcospira cancellata) 1 54R1E
FE L A AR R AR R, (R IR R 2R 5%,
8 T 46 s K 48 IR (R AP . Wang (1985) 1E
1982—1983 4% b HEAT I 1 A b R B4 S 1)
HIR LA 19 Fh, RIJELE 2009 4E 1) £ b E1 1
KIS P, mAGBERL (Planorbidae) HRFIZ TR, DL
B 82 o A R R & B N IR ( Radxi
yunnanensis) {EM R A PRI, &R EIAREAT
R AR U BT . A2 FCURWE . 6 PR Wii7E 2009
SEPAE AL AR (TUCN) BN T W&
(critically endangered, CR) , VI [5] FH WSt 4 51 A
T Wi e P (endangered, EN )
iucnredlist. org) o
3.1.3  HERAWE Tz Eih RS 1
SE AU, AN E T SRR ORI AR =
WATKAT (B 3). 20 Al 90 SEACHIRANZh 4 (1
FE R AR e D, B R R 696
ind/m* fl 14.13 g/m®, Hrh ZEB A8 8R4 )8 5%
52k 138 ind/m? A1 6.78 g/m>( 43 ] 7 M A=) 19.8%
1 48%) , FRASCRN ARy 5k 558 ind/m’
M 7.35 g/m® (80.2%A 52%). T 2002 4EJEMIZhY)
(V) = Bk B, LB R oy 5017
ind/m’® fl 22.2 g/m?, Hirp SR8 8 A R
414609 ind/m* F118.02 g/m* (43 5 FEFEI(191.9%
1 81.2%) , FRASCRES & A543 3l 408 ind/m’
1 4.18 g/m® (O35 B A SE ) 8.1%H1 8.8%) . AR
AR R A G R, S VU AR B 4 s AR
YISy 54 1776 ind/m® F 3.43 g/m®, HP Rk
BEREY R 4 1706 ind/m” F1 2.83 g/m® (4

C http://www.
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Fig. 3 Comparison of abundance of main macroinvertebrate groups in Dianchi Lake across nearly twenty-year span

S R IR 96.1%A1 82.6%), FRIURIE EEFIAEY)
B0 68 ind/m* 1 0.60 g/m® (45 B A
3.8%1 17.4%).
3.1.4 YIRZEEME WK 4 Fos, B, AN
IR 2 FEVES B HURAL A, IR R0, M)
FhZ 453 (Shannon-Wiener index) M\ 20 tH4d
50 FEACHY 2.70 FREE] 2010 4E 0.30, JEHLAMNE )
Wk Z AR B 20 2t 60 FFACH 1.08 42
2010 F (1) 0.67,
3.2 HESM5KERHERER

GELAEA 2 AL DORTEI A NE SR (TNDL 5
it (TP) , /W 5WFhEF! Shannon-Winner 22 FE4FE
BT A0HT, RIVEA MR ICER 2 5 Ao (5D,

4 g

4.1 SEBKBEEHHNYHET
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W, S MREERAER KT LLR B bR AR SR A L
B, Wi HOR DL R, RIEEL (Melaniidae) 77
M Ay i O AR MR 31 (Zhang & Wu, 1983). 1982
—1983 F A LRI EIB K A S 57 R
(Wang, 1985). MIXIXKIAAE T LA H, HitLH
HESII R AL O A TIRRAR A  BR AR B ) R i
I 55 B, XU A FURE] 24 Bl FRSFIZE
B, Horh DU R, Bk B, YF2 R
K@ mw T, /£WIKS W H A E IR
(Macrobrachium nipponense) PIFEI. GUEIHAR
B A K X AR AR, SEBRRBUAKR, 1
AT I GRS . 1995 4E 11 I 75 b LR S AN
i 21 B, LIRS 4 Fh, WIS S P, K
S 12 B CREB A28 5E) |, Bk
PRI L AL B, 4B —1 (Luo et al,
2006) . 2001—2002 4 FHI 2 SEAR i 6 JCRFE
e mAa T g R, LRI 5 RO )R 13
B, IR s 2 B4 8 7 R, SRICRIZh L 4 )8 4
h, HFEs) 1 F (Wang et al, 2007)

PIFELN 20 tH20 40 FFARE] 80 AR A L 5
B — M RRE O fa s, AU RS R b A
2090 FEARAT 2002 52, FER AU A T 4,
PR S e . A A 20 4D 80 AFEARE
BUAEY PN ECA PRI 34, 5 BRI AT A 2 Bt /K it
20 40 80 AEAR LISRZEHEAL (Liu, 1999) , JEIh/K
IRBEIR A0 L D38 A P 22 K 1928 O 52 00 1) 2 A
[#a% (Luo et al, 2006). —RIEMISH L2 FENE S
MA(TNDL LM (TP) 2 AAHIC (Chen et al, 1980;
Gong, 2002) . I th2o %o it K AL TS MESh i
WL SRR, SEBRMYIF N A AR AR
B0, BN O — SRR S R, e HY K 2208
IE B 55 7K AR B B T RRIsORE ) RS n b,
AN HER T FRBCRHE R T — L
My, = BEAR 2R RR I A KRR, K
JERRISCAE o ARSI AN A B b, AR A
P NV R, s SRR A R MR e 1 J LA ol R
T [ FH R AL T AR RS

UT 20 A A A 2 1 0 3 S B OR,
SRR MY B S R 20 BT, s
BB RR, R ASCR} R R A e S —
WD A BEA T E S R R IR, SR
FERPRISORO A H T B RS [ R e 82 o JE 5 T
ST VR K IR JE AV TR AV 301 ) A 45 W) o T 2 (1) TR 3%

(Beisel et al, 1998), — &, MW E S
JER RS E ERA LS 2 A % V)X & (Barmuta,
1989; Quinn & Hickey, 1994). J& & [1G WL 1= 5ok
H TR s KEUK AR shi J bk At b, V8
TR K AEREPAE T 55 KRS I T e
AR . 2009—2010 — 4 [F1 RAFAR 0 & I 0 1)
JEVE FEN AN E SANURIIRR . AT
BD IR, SR S AN e K 0 i)
B HE L 4% (Sauter & Gude, 1996) , {HEHHL
o TR R A, RS R
F#% (Graneli & Solander, 1988). M #EICRF i 5 fE
JJEEE— 2 T Z A WLTG R BT, R A
VAU AL T AR AT, 10T AR TG AR IX A5
PR ARSI R, 5 AR e b B A AT T ) BRI A
T, ZHOPIERIANIE LI P55 11 12 M 0%, FRi
B RN ZEBIR BN LA, B AR 13 5 o ™
W, SEBIEBOME— I AR, W R i A
B, MBI PKG 5E 42 Pk (Famme & Knudsen,
1985; Milbrink, 1994).

42 KREEBEHENIFRHKE

421 CEBEREIR R AR AN SO N ET
T KR BIAAGAE R, RH P K A AR ) M B 2 A
FEEAE (Lietal, 2003) o VEibZd 70 FEAQ 1) «H
W3, 3 O M Bl B, AR sE gl
P A 3 FH A Y /K TR 2D 21.8 km . 80 4EAR AT 90
SR EMABSE T 124 km KB, MH
ANV R AR RS 5%, R R T
WA A 2R, — B, W EAE)
WK A B I 2 A . BUAE = R A
(Chen et al, 1980) o /a7 A 7K i A= 25 A2 &y (1Y)
—FhRA, RARMAR R AE S R R LK EES R
GEZ AL E A (Yin, 1995) , P2 N5
T, e ek Dl s i A E S RE 2
o VHINEEATY 1) Dy Al 2 BRI R W K A B A A AR
WIEARA R AR TR, R ACH 5 N BE R U Bh
T RGPS (Zhao et al, 2008) &

422 JKFOBAL Bl AN A RN A )
PR, T R R TR K R AR 6 5 7K DL
R BTN E . ST K HEA A1 T
K B BT, KINReHEAE K (Liu, 1997) .
BRI TR, JUH R EBERR L, A2 i
LR SET m TIE 6 £, MSBHET & T 1.6 £
2o R AR RE R K A . B
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JEAT S AT = A2 B W 52 M (Lair et al, 1998).
AL 43 A7 A 3 B KM AR B ) 1) 22 P S K A
R BB R OHSE . RIRWIT 20—30 4
T AR VS KA RIUR TRV IR 50, JEAT 214
M 113 gk s 26 Ffr, Horh LB H AR R ) P
(R 2 BB, T 7 T 7K 2205 P 3 P S IR PR 4 K 1)
¥4 (Gong, 2002).

423 WEEBK KA EEE A FEUEER R
Mk, FEBEIE FEH MK 7SRRI, dEE
A RHCR IR W AR A A, KIS IR
I ) L IR <], AR A T A2 ™ EE AR
bR QN TRAIL il o o1 1 N 7 1 1 MR 4
AbAE R S R VO RN o RS AR 1 B R R
F I RO SR SR A R A E T R
Uf 444 (Fang, 2010) o W0 R AL AERRAT KA
FEWIRE, WD, T FL AT LAV AR K v A
B, IO T, K Y AR SRR P A TG
FAAR, R fmll . BRWRAS K AR EMRIPET, AN
YIBR T S P AMR A o

424 JKEHMEE EANKEEERE TP
WA H 2 ———DUKMYIRE T KA RS R
VRGN R E, S INK AR A 2 R, Pk,
Rng kARG P, A R 7K it (Zhao et al,
2006). 1 20 2l 60 FFAX, EIMPUKHIIRZ, H
Hh 56 5 B K R SRRV Eh R IR TSR I
RV . BONIR SRR PP S5 1, A
FE ) 70% LA 1 (Qu & Li, 1983). M % T 1996 4E, #E
T g R R AL RDE fh, SRR (A8 35 R g2
e FoERSE D4k, RTINS X ERR .
FLRE TR KT PRERE (Yu et al, 2000). I
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Appendix 1 List of macroinvertebrate occurred in Dianchi Lake
1976-1979 1982-1983 2001-2002 2009-2010
2 kL7 1] Annelida
WELN Hirudinea
ARk Whitmania pigra + + +
i B I Glossiphonia lata +
WAOTEIE G. weberi +
KEHN Oligochaeta
iAo Lumbsriculidae
Aty 5] Lumbriculus variegatus +
Ali 2z Ak Naididae
it it Dero digitata +
WIE B —Ff Pristina sp. +
ek Tubificidae
Z B K Aulodrilus pluriseta +
i [ 2 ] Branchiura sowerbyi + + + +
EI SN Ilyodrilus templetoni +
B HY K 22 0] Limnodrilus hoffmeisteri + + +
e PLAF K 22 ] L. claparedianus + +
FL Rk 210 L. grandisetosus +
SURFIT K 22,15 L. udekemianus + +
Fiit 7K 22 ] L. helveticus +
H PR 5 Patamothrix bedoti +
1F B Tubifex tubifex T "
W] Arthropoda
F5ed Crustacea
A LKA Caridina niloticagracilipes +
FAHIF Macrobrachium nipponense + + + +
F5 0 IR Palaemon modestus + +
BRESUIS IS Palaemonetes sinensis + +
BHRA Insecta
it v Belostomatidae
IRt Sphaeroderma japonicum + + +
FH B Belostoma deyrollii +
IR Chironomidae
RS Chironomus plumosus + + +
AR AL Ch. attenuatus T +
I RS Ch. lugubris +
KU A5 — T Dicrotendipes sp. +
S I A5 Einfeldia insolita +
Aot eS8 7 Glypotendipes lobiferus + +
NREASL— T Microchironomus sp. +
H SRR —F Orthocladius sp. +
JOA B A — P Paratanytarsus sp. 4
FELUHTFRFRIL Procladius choreus + +

(to be continued)
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(continued)
1976-1979 1982-1983 2001-2002 2009-2010
%2 RIS Fh Polypedilum sp. +
K HR s — Tanypus concavus 4
KRR —Fh T. stellatus +
EMEER L 0 T. chinensis ¥ +
Ly Coenagrionidae
AR AE Lestes sp. +
RER Corixidae
AN R Corixa substriata +
Akl Sigara sbustriata +
AP Dytiscidae
57 Cybister tnpunclatus +
T C. sp. + +
= AR C. tripunctatus +
BIER Gerridae
K Gorris sp. + + +
HHF Gyrinidae
K& Dineutus orientalis +
KERE Haliplidae
/NSK K H Haliplus sauteri +
JKH Haliplus sp. +
GRTETHAR Haliplus ovalis +
K df Hydrophilidae
KL Hydrophilus acuminatus + +
LiE ) Libellulidae
U A Crocothemis sp. + +
IRiRA Lycosidae
IKAR Ik Pirata sp. +
IRAER} Nepidae
Kz Kanatra chinensis +
ZLARAE Laccotrephes japonensis + +
LS Ranatra braehyusa +
eisRE Notonectidae
FABE R Notonecta triguttata + +
BRER Potamonidae
BSAERES Endymion parapotamon + +
ALY Mollusca
WA Lamellibranchia
WA Cobiculidae
TR Cobicula fluminea + +
PULYEY C. largillierti + +
VEHL C. fenouilliana +
R Unionidae
PP Anodonta woodiana woodiana + +
A1 1 G A e A. woodiana pacifica + +

(to be continued)
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(continued)
1976-1979 1982-1983 2001-2002 2009-2010
WRIE T £ TG Vi e A. woodiana elliptica +
JE A e — Anodonta sp. + +
BER Gastropoda
i35 29 58 Lymnacidae
WA 2 iR Radix swinhoe + +
PR R. yunnanensis + +
HE MZ R. auricularia + +
GUE Mg R. ovata n
HEy MR R. plicatula ¥
BAER Melaniidae
2 N L) Semisulcospira dulcis + +
bish AL S S. iuflata + +
ARAER V) I S. lauta i 4
SV b S. sp. +
REERR Planorbidae
™ i i Cyraulus convexiusculus +
NS Hippeutis umbilicalis +
il 728 Pleuroceridae
VA Hhdg—Fp Paludomus sp. +
AR Vivparidae
VR [ FH U Cipangopaludina dianchiensis +
2l [H i G. chinensis + +
HprA [ R G. cathayensis + +
JEZIHK [ P G. ampullacea + +
BRIF HTHZ G. ampulliformis +
W Margarya melanioides + + + +
2[R W M. argarya mondi + + +
IR M. mansugi +
IR i M. elongata +
FL TG0 Wi M. tropidophora +
LR IZ Parafossarulus striatuaus +

“+7 R B AT (occured taxa) o
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Response of the soil ciliate community to ecological
restoration in Huajialing, Dingxi, Gansu

NING Ying-Zhi"", WANG Hong-Jun', YU Juan-Hong?, DU Hai-Feng'

(1. College of Life Science, Northwest Normal University, Lanzhou 730070, China;
2. Department of Biology and Chemistry, Dingxi Teachers College, Dingxi 743000, China)

Abstract: To obtain a better understanding of the responses of soil ciliate communities to ecological restoration, a
quarterly survey of the soil ciliate community and seasonal dynamics across five sampling sites of artificial spruce forest
was undertaken. A contrast sampling site of wild grassland was used and live observation ciliates and the three level
ten-fold dilution method was used in Huajialing, Dingxi, Gansu. A total of 127 species were identified, belonging to three
classes, nine orders, 34 families and 50 genera. Results show that the species distribution had obvious differences across
the sampling sites, the community structure of soil tended to be complicated and species comparability decreased
gradually with the number of restoration years, and abundance, species richness and species diversity index showed an
upward trend. The dominant groups of soil ciliates changed during ecological restoration. Colpodida was the dominant
group in sampling site I and site II, whereas Hypotrichida was the dominant group in the late recovery sampling sites.
This study shows that the dynamics of the soil ciliate community better respond to soil condition changes in the
ecological restoration process. Although the soil ciliate community can be used to evaluate the effect of ecological
restoration of terrestrial ecosystems, plenty of further systematic research to establish an effective and feasible evaluation
index system is required.

Key words: Huajialing; Ecological restoration; Soil ciliate community; Ecological response; Seasonal dynamics
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AL S R VR I, HIEA AL, pH fH.
FRE . TIEEEKE . KR ESE R AEAN R AR FE R 4
Ag, ATAF TR BALE PO TS B 2, X L M2
SEMR IS P B ) F EEIA L F (Su et al,
1995), #0358 2 W) 1) R v 2H B M 2 FEVE T AR
WERW . HAT, TSP A AU 1) e N ST
BEAN 22 283 Pl oG, R R B e R 35504
ST (Adl et al, 2006; Xu et al, 2005; Xu et al,
2006) 0 3BT LR A= AP S e N 7 TR A v e
T

IR AR LIRS RGO AR
(microbiota community) ¥ 5240 B, 76
ARG W) ARG AR e S B R A S A
Mo T IR B D AN AR 7 UK )Ry
R, WO AT T A N, S B (VA AL R
FEBE S ZFEVESE) RV M DR T - SRR B ) A
1t (Ning et al, 2007). Petz & Foissner (1989) iff57 &
MARLMFE OSFAMIR) A LI £ b Sk
BN, HLAF 7 B B AU 25 4 A I B R
Xu & Mo (2001) =55 g FEH 7 17 37 15 e bk
BER 3 b 1 SR AR S RE S AT IR I, B
BRI E FI B B I8, %) 118 5 AR S i v s
T KHI . Liu et al (2007) 57 T =M AR
B b DX 75 G L3 b R AR B 5 A o Rl 2 R
AR A SCRFAE W] LIS VR T s Gtk . A
# T 2007 45 9 A 2008 45 8 H, A Hil @ HERK
U AR A S IX T 3B AT VR D A T A i i
AT THIIL, BAE TR RIS IR X LT R
A AR AT 5 RS AR BT R V& (13 A2 B))
FEAE, BRI AR AT LR R B AR X AR
PSR A T AR LA TR

1 #RFITTE

1.1 HXER

HRE R FIE N T 2RI E X —— R KE
MRAF(35°22'54"~35°43'40"N, 104°52'48"~105°28'06"E),
b AL B g S BV AR X, AT A3 1L AR R B P e
LA AR 2 P [ ERE 447, 4K 2 000~2 586 m. ¢
SR 8 P e T P M — TR A T R XU,
il 3.6~6.3°C, /KRR 350~550 mm; KA AHXT
T 60%~70%, U 0.8~1.2; F1-34) H I 4 2
500.1 h, oA 148 do T HWISHE Y -,

20 tHed 70 FEAOR, e ARG AR

IREE R, 2 TR N T8 S “HRFIE KT,
PAZAZ TR A A 12 DR e 1 52 11%) = A%
B, BEAT T RHUBEE AR . 00T 30 4R 0%% ), MK
2 C R AR SRR B Y o
1.2 HEHbIgE RS

JIT 3 B A7 T 46 S0 MRl 3 K A= 3K 56 7 B 3
(35°22'071"~35°23'387"N,105°01'362"~105°03'657"
E, ¥ 2 271~2 386 m). SEIG 2% FEPK KIS 18] AN ]
TEEPHHRFIE N T AWK X ER T 544
[FIPS I BEIRE AL, FEATE 1 AN AR YK ST
ISR AR R (1 1), B HERE SRR X
I 25 R IRE R 3k ) 0 - 33 2R AR A5 T 1) IR 3% DAIE ¢
FRAM AR ST . FEOFSEIX UG R . R T )RR B 17 L AT
W& 1.

0 1.5 3.0 45km

B 1 RIS LT B R R

Fig. 1 Sampling sites of soil ciliates of Huajialing
I: UAIECH (6HEURE ) [Hamashi (contrast sampling site)]; 11: FK%F: (6
R AZHK) [Wangjialiang (6 year-old spruce forest]; IIT: /N=34) (12 4E7E
ZAZHK) [Xiaoniugou (12 year-old spruce forest) J; IV: Bix L (17 4=
A2 HM) [Nanjiatun (17 year-old spruce forest) [; V: T K58 (22 LB
[Huangjiayao (22 year-old spruce forest) |; VI: K4-ik¥3 27 4=
#K) [Daniushiyanchang (27 year-old spruce forest) 1. &l H14k: HERIEFH
PR; 40Zk: /A% (heavy line symbolized the border of Huajialing; hairline
symbolized the road).

TRERAE AT 2007 4 10 H(BKZF). 2008 4
1 J(%&7). 2008 4 4 H(EZF). 2008 £ 7 H(EF)
() A WIEAT o FERFANFE S IANZ) 400 m® fRINE PR P,
PR LRt vA), 15 mL B &R
MR R FE LR AL 0~5 cm 432 L KE 25 D IF
HATARIE KR 1) BIR LB LRSS, 210
B ARRT . fERRE R b, P T IR AR
A R TR, DA IEAN R P AR B N
A HHEE . S KRR pH 2 FORE SRR,
4CHRAF o EIRITHE I E R BT 1
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1.3 TIRBICEFEINE

A i R GRS . —10~607C)
W, +3E pH ERHIFEALIE, (1K =1:
2.5) H TSS-851 THEMR R VI, HIEA/KE
KABETEIE; APURE BRI GR . EARRM
A ERIE ;34 U K F Ry — At R A —
AL (ULRIE) BATIHALALEE, R)EAEA3)
BT (Quikchem) FillsE; 34wk & H A
AR — R B P L ikl e
14 EMEEETR

SEPERE TR AR RS FR YL (Foissner,
1992; Foissner et al, 2002) HEifn X+ +4f 50 g,
S E T HAR 1S em [FEEFRILT, 25°C T HSR 24 h
Jo BB DL s A o ARy B AR R B IR T,
FLBIAAS HOBH AR A 1k % BRSO 42
MG (Wilbert, 1975). PR % 5E 7% SCHR L
Berger, 1999; Corliss, 1979; Foissner, 1987; Foissner,
1998; Foissner, 2005; Foissner et al, 2002; Kahl, 1930;
Kahl, 1935; Lee et al, 1985; Lee et al, 2000; Shen &
Ning, 2000, JERWFFCRA “ =R A XML
(the writing group of a handbook for the research
methods of soil animals, 1998) HEAT4F &I TR
B, ARSI R RSG5 10'~107,
1.5 Fitoih

X2 TE B A oy 2K T8 R R REAT GEt OF
R > AT WK, B Mt 2 1) H
(order) & XCAPLFAIHE; K2 19 H & SON RIS
JEHE; BT H E SON IS . ZRETESREUKYE
Margalef ZFEVEFREIA X : d=(S-1)/ InN H5H. 0
d WEREVESREG S ARG N OAMERE . d
1B B KN R oR W Bl 22 B P ) i IR (Shen et al,
1990). T ¥4 ] SPSS 13.0 AbBE, X}IREE T
MURER AL RS HEAT 0 JZ2 R R s R YIRS
P LTI 2 FEESRBOEAT I - R JC A
WA 5 72 53T o

2 &4 R

2.1 BRI SR E RN S
SEPHHESRIS 6 MR B IR T8l (R
1) R WEFE R S K AR DU s T
X IR L, ELBE A IS T (0 S 1 5 W) S 1 RO 3
T pH R A Dt P AR S 1 b v RS AL
JE AR IR R, 6 4F 5 H8 B UK

s, WA 17 S AU s TR R R
MR LI R A E. DREEEN RS AL
JE B AR BRI IS, HRAREE S AL
SRR AN R 2 P 12 4R (1) 1T 54 s R i i
BAR(TUZFIME R 0.037%), T 556 AL SRR R
27 I VI 5 FE R m (A =P B
0.046%), I, 11, IV Fl V 5[ 20 B i34
IGT 15X FRAE

N SPSS 13.0 ettt 6 AME i 1
HALPR 7 6 MRbR(E/KE. L. pH . L
FUo . BAEE . BEEE)IT A REAE 2).
V. VI IV SHE SRR GRS 1 bt o —28
o, E 4 A5 T SFESER N —3 1511 5FF
SRR ECRE RS 5 AbZR —38. M 6 /MFF R 1 g
TR, IV VR VISR A oK, T
FEROCSEATT 3 ANFE AL T 50 B 555 11
FRERARBIEROR, AR5 HAbRE SO AP R G
X0 B P A I i) (] B 8, T SRR ST 2 ) (1) A
B )

2 W4 e B L TR b o 1
Dendrogram using average linkage (Between Groups)
Rescaled distance cluster combine
SE 0 5 10 15 20 25
Num + } ! } } )

£
g(‘)
—>>

=—EE =<
N — W s W

B2 ANFRE RO LR R 7 S T 6]
Fig. 2 Dendrogram of cluster analysis on Environmental
factors in various sites

2.2 TIELTE BRI E B A2
221 WMo 127 PR SRR AT A L
Bl 4. 155 REE SRR ST 6 41 1T S AF s AT
A 38 BRI 39 Fl A5l SR EL 29.92% 1
30.71%; IIT 5 FE 55 55 Fh, 5 43.31%; IV 5V 5
FES AT 68 FPAT 69 Fh, 230 53.54% Fi
54.33%; WE 27 F1 VI SEEAMECAEE, o
i 87 B, AW B EUT) 68.50%. RV 43T B,
Y BRI T A PR A R U R PE A G R, [l 7
Tk » = 10.029 x + 24.400(R*=0.9558), 1] W2 Pk
SN ] P 2B A ER A G 2 A
I SPSS 13.0 il Axt 6 AN i 15
2 E RPN AT AT 0 BRI (E 3), kE W]



234 TN AR TN E PRS- ET B HUREVE R A A R W 227

W ISR S IR 0L IV S SRR
2, FEIKE 22 1V SFRESIEAE RN,
RGBS TSR EE ARG, UM I 10,
L A IV SFE A 34T B U Rl o A o A AR,
CATS VS HERBAREL, s TR VIS SR
IPER N AT, 6 ANFERUIPIFI 3 A0 2 2
FLB A S WAL I )R A, B 25 0] 3B 4T s ol
(R AEACLE 128 Sk /1 o
91 4477 B 85 o 9 T
Dendrogram using average linkage (Between Groups)

Rescaled sistance cluster combine
SE 0 5 10 15 20 25

Num +

B3 FF e LT B B R AL S BRI

Fig. 3 Dendrogram of cluster analysis on community
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structure index of soil ciliates in various sites

222 WEEAN CETRN 127 FhEEd, 50
RIET 3499 H 34 £ 50 J8 . HIELT B A& AL
W 4, HFIE IR B R A LT EH
(Hypotrichida) 46 Pl AALHAEHE, HeFELYFha
111 36.22%; B H (Colpodida) 25Fl, 7 19.69%,
N BSRE, 4B H (Peritrichida) H AT 1, N
FOEHE, PR 0.79%; H WSS AT
[ H (Prostomatita) 5 1 H (Nassulida). 1 H
(Cyrtophorida). [T H (Hymenostomatida). J& £
H (Scuticociliatida) 15 H (Heterotrichida), H:
mUHT A H MR 2, LA R R R
14.17%.

Bl 4 IR, 150 R SOV AL ok T o 11
FHE R R AR S ZE AN, HI~VE SR AH

w
Q
= 140 afilH o $EH oo
Q
5120 REOH a0 H s )FLH
§100 0%EH s REH o FEH
Q
[
Q.
2 80
(=]
5 60
E
40
z B "
20 = P
& 1 11 il v \% VI

SKAE 5 Sampling sites

K4 BRI B U R AL

Fig. 4 Community structure of soil ciliates in various sites

Bh BAFECH R, RRKHR LI 5
FERUE Y HE W& 0 G N B H . BRIE
(R T SRRE SR 5 AR A A B B 1) 3B 4R B )
FER AL WP ECRIL A% LE R 4 -

LS ARMCE O R R AT 3 M 6 H 13 B 18
Ji& 38 B, HAFFEH (Colpodida) 17 Fh, H£FEH
YR R AL 44.74%, MR A KR, TEH
(Hypotrichida) 10 Flt, (5 26.32%, MIXILHAKEE, &
N H (Cyrtophorida) FIJE4H (Scuticociliatida) %
HA 1R, 20500 RS 2.63%, h WISHE;
WO EE i 1 H  (Prostomatida) Al {5 11 H
(Nassulida).

WA 6 I I SHE S A 346 H 14 k|18
J& 39 B, HAREIEH 16 Fh, (AR HUR RSN
41.03%, MALHSLEEE FEH 1250, & 30.77%, A
TACHREE, RO HACH 1M, SRS
2.56%, AT WRHE WAL WO H, B0
HAEZH .

P12 1) L SFERH 348 H 18 B
24 J& 55 Bl Horp NEH 22 B, HAERF RS
(1) 40.00%, MARFERE BILH 19 T, 15 34.55%,
R AR, IO H (Hymenostomatida) A 1
Bl ISR 1.82%, A ILREE, W LR
s WO H. BOH. OH. BAEHMREH
(Heterotrichida).

WA 1T S0 IV SFER A 3 7 H 20 B
28 J& 68 Fl. HrP NEH 21 B, HERWF RS
(1) 30.88%, MALHERE, BWILH 20 B, 5 29.41%,
R, BEOH B 1 Rl (SRR
1.47%, N WAHE; W WRHARE: fToH. BH
H. OH. BAHMREH.

WA 22 IV SRS 3 W 8 H 24 B
31 )& 70 B, HA FEHMEIEHSA 21 #, 435
HEF R BB BN 30%, FEANARFIERE, mrd
HARUELE H &1 10 B, 2000 14.29%, F£61000 K
ke, % H (Peritrichida) MI5E H&H 17,
I3 R R 0.79%, SR A ILREE; H LR
AFE I HAE D H

YA 27 S VI SFE A 3 M 8 H 29 B
38 J& 87 Bl Hrp NEH 35, HBRWF RS
40.23%, MPEHERE BIEH 19 Fh, 7 21.84%, X
UARAISEE, W WRBEER: woH. BoH. &
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(III. IV V. VD), 2007 FF4Z= 3 MFERL (1L TV,
VI). 2008 FEHEFMR 3 AMEA (1L 1L IV) 12008
EEEN S NS 0L I L. V. VI) 040
Bl NIBH L (Homalogastra setosa) 7E 2007
K S MRS (1L TIL TV. V. VI). 2007 4
ZEH1 2008 AFEFZE 3 ME AL (IVLVLIVI) LU 2008
SEREFN VNV SRR B PR K
HU (Leptopharynx eurostoma) 1E 2007 “FFKZ= 4 >
FE& (10 1L T, V). 2007 SEAZ) 3 ANFES (1.
II. V). 2008 fEFZE1) 15 FF 55 R 2008 4E 5 =11 1
MUV SRErh B O AR b, s TE
Hoo W T HORI R i e i e B 58 3 BT
HTZ.

MASFE AR AT KT, T 55 A 5 AT ol
R —, FEARHRZLL LA ) 3 R R A
FRE R, NIES L R D, A7
2008 FHEHFSCIUE E K (Paracolpoda maupasi)
TR ARIZ B A 6 1) TS5 L LB UL
BT e K I e G T2 4L (Colpoda cucullus)
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K s

(Colpoda  henneguyi) 1 H K& #l & B &
(Paracolpoda aspera); VK& 17 E) IV SFE AL
B VRIS TE AL, WIBE LT R
MK E Bt fGME S T . B kA8 (Cristigera
vestita) FUNRTEH (Oxytricha fallax); k& 22 *F
(1) V SHE AT A Arg U 2 de . NIE B 4T e
R L, I B TR L, & R4S AL (Cyelydium
muscicola)~ HEEWE ) L (Sathrophilus muscorum)~
THE T RN AU TR IR 27 SE) VI S
AR WP TUE TR, WA, K E
JEH BEREE ., CYERNERVE R (Chilodonella
barvariensis) F& &7 Ab . (Euplotes muscicola).
224 JUAGRIAIRFAR AT 37 PR HMAEITA R
sESHIL, AR, A A R R U 29.13%;
KREAE SRR P A 1 Bl 21 R B
0.79%; VKEFERRFAE A 89 B, Fef & dhiyph
A HH) 70.08%.
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Fig. 5 Species numbers, species diversity index and abundance of soil ciliates in various sites

TIEAG B R FERFIEWE 5), L6 ME
RAFBPE R BV NRIT . H >4 HK
SHER, IR S, omE I EAT. b
ST B dU R B A R S 15805, 4009008 220 ind.
/g (FK)~ 248 ind. /g (%)~ 185 ind. /g (). 252 ind. /g

(), WEYIHFREHIL T8, K 6 F1 115 Ff
MAFERREZELAN, Bk, 70504 61 ind. /g (FK).
56 ind. /g (%). 43 ind. /g (). 43ind. /g (X); b*
Vi SIS ) PR R SOB T ey, PR 27 4R 1) VI 5 FF
MR, 04 336 ind. /g (k). 421 ind./g
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(%), 358 ind. /g (%) 471 ind./g (H).

Wb Z VR B VYA = b, T 9 0 JRURE R
ZREVERR R RAR, 25100 2.05 (FK). 1.33 (%),
1.95 (FF) M12.28 (KH); VI S5 2R B0,
3N 4.67 (FK)+ 4.01 (%), 4.38 (FF) Fl 4.36 (H).

FHRE AT BRI R SR 2 R
TRE AR (E 5)R W], YR 2 R R RN
FRECR L3, B A AT I AE PR B K, Xt
WERE AT B U SEBR D TR 27 S IIFF S4h,
R T IHABMK I 4 ASFE RS, e A S TR 1,
276 = Pt R B A 2R A R A () 4 PR T I K. R
MY MEL . =B R 2 FEPEFr B8 SPSS13.0
HEATRE A5 —Z2 0 0] 1R TG 3 WU 7 7 250 i, 45 R
WIR s ARG X - 3T 6 d R B 1) 2 S i
F (Fzg = 92.455, P < 0.01), &+ SR 7] 2 50
B (F35=8.586, P <0.01); FJEZ="0 2 2K
F (F33=109.606, P < 0.01), ¥ a2 7] 2 5 4%
B (F33=4.176, P < 0.01); YA ZFErEZHi10) 2%
W BE (Fss = 76.566, P < 0.01), &Ff ki) [a)
ER i E (Fs=12.956, P <0.01).

23 TIEAEHRBHEEMSESLIEERVETFY

FEK %

W SPSS 13.0 Gt AR 25 FF s 1) 32 BEFA
7 (bl SKE. pHE. GRS . BEE.
EVER) FLTERBRS WS (DR FEE
ZREMETRED) ME IR R, AT oo AR R AR DG
IR 2)0 HHOMEM AT B, WIRNECRIYIRh 2 K1
R 5o KE . AP A R AR IR AT
K (P <0.01), ity pH 2 EZW AL (P <
0.01), 5 il A i 2 (i) A B B AR OCHE (P
>0.05). FREHSAEHSEMLAEE B EEWIE
K (P < 0.01), HRBEREEENIEML P <
0.05), 15 T F7KE K& pH {HZ [MJCHZ HAH
KM (P> 0.05).

3 i i

3.1 HIRLE HAEEEMITESRE BN R

e R P A kA2 DA B R Al 0 W R T o e
IEPE IO AR R R, SR 2 A
PEROSR e, AR P IR EC AR A 1 B0 15D 7 A A T g
o Bt R AR AR BRI N, A sl RO AE R A 7 i
FRIR 0 5 A2 W) Yk e, M S At S e P S A0 3
AR 1~2 em FIWREJEIIN 5~6 cm, FTEV)Z K11

R2 IBRAETHBRENSHSLBEMER T
XM (R RFERERE)
Tab. 2 Relationships between structural parameters of soil
ciliates community and environmental factors of
soil using Pearson’s correlation coefficient

FR I T WA g DRBRHERL
Environment factors Species numbers Abundance Spem?;;;:ermy

LESRS 0.949" 0.404 0.916"
Restoration stages

N=|
i 0.128 ~0.009 0.167
Soil temperature
o =N
K 0.863" 0.169 0.919™
Water content
pH i pH -0.571" -0.106 -0.583"

=N

AL it 0.716" 0.632° 0.579"
Organic matter
[aE e =N ok *ok ok
VA 0.713 0.591 0.593
Total nitrogen
o i 0.072 0.434" ~0.092

Total phosphorus

" P<0.05 WEMEAKPE; TP<0.01 BEAKF.
" Correlation is significant at the 0.05 level (2-tailed); ™ Correlation is
significant at the 0.01 level (2-tailed).

Il HIEE RSP L, R R T AR R A
K EIH Pt B SRR A7 5 o IR B VA AT
0 SR, RIS T A R R T B, AR ARG
/N, ARAERE A AT BT A IR () i, I
REE AL BT 2%, BRI &L TR
M) Y. o

IR B RMBRBER 1. T SFSHEEE
B A E G IAM T EH . AP RIRE
WZImla TR, Ui REE R R S IR
(s, 5 2 R 25 U PO . R BT I 1k AL 3
Flo MALIAFIII > KN LR, B HFRRZ,
X5 B E HARES IR RS NG, B
H BELE N MR ™5 A 7 o A I 3R 85
LA AR B A R Y 10 RN I BRI K,
N H T E A R 0 O O AR, X
NREHZ AW, MR AP N
B ARG 2 . Al O, AT ok
AN FE YR, FE R AR
BT I S

VIR SRR Z AR R S I S A0
fe 2 L S e IR UL LR R . Hohyifh 2
FEEFE 00T B S A R A B Sl R I ST s R
B R PR R/ANRIAE S IR I LS, . IR &
i 30 IR, SRR AS RGAHL, S
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MR B BN T o A2 WA SRR B )
TN 2 FEEFRECS = T B R, BB K
ST [B) PR AT T vy, AR W] LT B v S T
SORITRE . WM. WFh 2 FE RSO R
27 SR VI SR SO I s, I 5 P Rh AR (A
Wy, RWIZIN W B RFE T A R R AT B L 2
PR R, IR LR OOROU A ke L, 3
21 B AR A A TN T IR S5 AR i B,
WoR X E RS KRGS TR R ER
32 ETMETHIEAEREFERENS TIERE

EFrIXHR

IR B AR F A LR AEK
HINFTIALHE 2R, /£ 6 Mrsh, ZFA
223 ) 2 DY 2 vp 3 R K B e e R IR 2
T, 0 N AR A AR, 73 S DU 2 e v MR I
AT B RN =T B A S RS K R 2
WA KRB WAk, B NOE PR LR
SRR T, XA RSN SR 2
MR Z o 1 560 BERE RUDU AN 215 I A Mg ) e
b, VI GHE IR YA = )38 Bl . Ning &
Shen (1998) HF5¢ Ak I 35 /K & A HLUT & = AL
BT T ARSI A K R B BT I A
Finlay et al (1986). Beaver & Crisman (1990) /5%
RIL, 75 DM E SR B I g n . AEAHE
FEH, TSR AR R B K SRS, At i b 7

BT, WIRh B E H G N .

BEAAS WA, IR B R RO E, &
TFHO AR S, X5 TSR SRR U &
ALY BRI EAAY S . RIEAETZERA
HHUR o, HSBRRLS T Ea RN AR
HHEBEVIFRR. WAk, LidEim g £l
ARKEHWEEASRTZ — 2R, 76
—EJEHZ A, TSV SEE. AL
o B AR R IEAM SR (Opperman et al,
1989). H1 [ L 7R by 38 S AR B — R A 1
AN 2 N, KRASHILAEE 2 (Ning & Shen,
1998), ASZIG AR FFERIL 0, N 4 AFI L
WL R E, 2008 SEEE, L. SKE.
MU LR A B IR R T2 m, HxRE
TR B IR T Femil; 2007 A A BRI
AR R A, W B Y IR e A,
AHOCHE 73 A7 R I 38 A Lo 7 = 70 R Ui T 1 38

BT S, B R B, R
IRBRAH G REOR /DN 8o IR PO LT 6
MR S AK, X5 Ning & Shen (1998) )
FH3Z 35 815 43 At AL ARty 22 v 70 XU AN 1) 1 38 D A=
YRS AEN SRR OCR G145
A5

TIEAFDLYFE YA 2 R R R
IR R OES, XHAERE T AV S A
AR E N IEAK, WHASKET, HIER
B8 (R AT L DT B R U i S R T B ) W R 2
B P E R 2R . ek, HME. R
T Z FEEAREC S 2 AN A7 AE W B AH 5GP,
s LT B VR N A AT A
RFR7RVER o 25 ARSI AT ) 1 3 2 6 LUV 40
FSCTA (R A AL DA K S804k s AR v 2 R )
B, oF HARGF I ma N 1 AT T IEAET R AR A
33 TEAEREEBHREIFMPEILAH

AL B RN F AN RGN AWV
WAL 7y, BAT MRS BUAF R, R
JHRG S AT TEARRIEE K X AT
AR AU R AR e AT T U T Tl
AW VEGY, B AT DU 3T 6 O 4
SRRV SR . Ao, BEE AR
SN A] PR SEACFIARL AR PSS, — S8 BN U AN
A ) LR R, IS TR (Colpoda
henneguyi)~ YJiEERELF HL (Cohnilembus fusiformis)-
WETE AT 1. (Cohnilembus vexillarius)~ &) @ HL
(Urosoma caudata) 358 B KW (Engelmanniella
mobilis) “FAEWE WA TFIA I, A7 Lo TF U538 [
TIRIAEE AR FrLA, XL 34T donT DUE
N A A SR SRR =B IEAh, & EEE
K (Sathrophilus  muscorum) « i [& W& J&§ H
(Sathrophilus ovatus) « & #§ i 48 4t (Cyclydium
muscicola)~ & #9842 1L (Uroleptus muscorum), 23
Bi g B B (Oxytricha acuta) ~ & ¥ i1 B H
(Keronopsis monilata) < & #§ Ui /b 1 (Euplotes
muscicola)~ ST SEWHANH (Euplotes affinis) 5% 115
A A A RO 5y HAS 52 2R S W ) A R A A T
TR K E . R IR KA R AR A RS
FE R A7 LB Y G I A I HOE RO R
BTN, R ) X S K Y - B 2T O AR
ARSI I 38 T E AT 18 (R DPAN AT o

R, SARER R S R E KA IR A S Y



234 TN AR TN E PRS- ET B HUREVE R A A R W 231

LM BES RO KA L, 27 B A TR
RBCRVPN WA NN D o B AT 2R 47

Bk

Adl SM, Coleman DC, Read F. 2006. Slow recovery of soil biodiversity in
sandy loam soils of Georgia after 25 years of no-tillage management
[J]. Agric Ecosyst Environ, 114: 323-334.

Beaver JR, Crisman TL. 1990. Seasonality of planktonic ciliated protozoa in
20 subtrophical Florid lakes of varying trophic state [J]. Hydroboilogia,
190(2): 127-135.

Berger H. 1999. Monograph of the Oxytrichide (Ciliophora, Hypotrichia)
[M]//Dumont HJ, Werger MJA. Monographiae Biologicae. Dordrecht:
Kluwer Academic Publishers, 78: 1-1079.

Chen YB, Yin XQ. 2000. The study of soil animals community in difference
forest type in Liangshui Zone [J]. J Shanghai Teach Univ: Nat Sci.
29(2): 79-84. [MEBZ, BXT53E. 2000. HUKHLX AR FEARE 35
TR SE. LIS 254 A ARPHERR, 29(2): 79-84.]

Corliss JO. 1979. The Ciliated Protozoa: Characterization, Classification
and Guide to the Literature [M]. 2nd ed. Oxford: Pergamon Press, 1-455.

Finlay BJ, Fenchel T, Gardner S. 1986. Oxygen perception and O, toxicity
in the fresh-water ciliates protozoa Loxodes [J]. J Protozool, 33(2):
157-165.

Foissner W. 1987. Soil Protozoa: Fundamental problems, ecological
significance, adaptations in ciliates and testaceans, bioindicators and
guide to the literature [J]. Progr Protistol, 2: 69-212.

Foissner W. 1992. Estimating the Species Richness of Soil Protozoa Using
the “Non-Flooded Petri Dish Method” [M]// Lee J J, Soldo A T eds.
Protocols in Protozoology. Lawrence: Allen Press, B-10.1-B-10.2.

Foissner W. 1998. An updated compilation of world soil ciliates (Protozoa,
Ciliophora), with ecological notes, new records, and descriptions of
new species [J]. Europ J Protistol, 34: 195-235.

Foissner W, Agatha S, Berger HA. 2002. Soil Ciliates (Protozoa, Ciliophora)
from Namibia (Southwest Africa), with Emphasis on Two Contrasting
Environments, the Etosha Region and the Namib Desert [M]. Denisia:
Museum of Upper Austria, 5: 1064-1459.

Foissner W. 2005. Two new “flagship” ciliates (Protozoa, Ciliophora)
from Venezuela: Sleighophrys pustulata and Luporinophrys micelae [J].
Europ J Protistol, 41(2): 99-117.

Kahl A. 1930. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria)
1. Allgemeiner Teil and Prostomata [M]. Dahl: Tierwelt Deutschlands,
18: 1-180.

Kahl A. 1935. Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria)
4. Peritricha and Chonotricha; Nachtrag I [M]. Dahl: Tierwelt
Deutschlands, 30: 651-886.

Lee 1J, Hutner SH, Bovee EC. 1985. An Illustrated Guide to the Protozoa
[M]. Lawrence: Soicety of Protozoologists, 480-482.

Lee JJ, Leedale GF, Bradbury P. 2000. An Illustrated Guide to the Protozoa
[M]. Lawrence: Allen Press Inc., 690-1432.

Liao CH, Li JX, Huang HT. 1997. Soil animal community diversity in the
forest of the southern subtropical region, China [J]. Acta Ecol Sin,
17(5): 549-555. [P, A glthfl, SikFs. 1997, B VA AR AR 135
SIEEIE LRI, AR BZEI, 17(5): 549-555.]

Liu N, Ning YZ, Ma ZX, Li C. 2007. Species diversity of protozoa of
contaminated soil in Donggang District of Lanzhou [J]. Gansu Sci
Technol, 23(4): 9-10. XK, ‘TR, HIES, Z¥H.2007. M4
WX g gL A LS R 2 . HOR R, 23(4): 9-10]

(K1 HA T S PEA FR R AR R, il KR AR AN
RGN TAE.

Ning YZ, Shen YF. 1998. Soil protozoa in typical zones of China: IIL
Ecological study [J]. Acta Zool Sin, 44(3): 271-276. [T 2., THRZF.
1998, o[BSt R iy F 3R B T AR SERTAL SR,
44(3): 271-276.]

Ning YZ, Wang J, Liu N, Ma ZX, Cheng X. 2007. Species Diversity of Soil
ciliates in scenic spots and historic sites of Maijishan, Tianshui, Gansu
[J]. Zool Res, 28(4): 367-373. [Tz, FUH, XI4B, HhiE, FE%.
2007. Hl RAKZERR R A X 3BT B DR 2 0. 2
SEWTSY, 28(4): 367-373.]

Opperman MH, Wood M, Harris PJ. 1989. Changes in microbial
populations following the application of cattle slurry to soil at two
temperatures [J]. Soil Biol Biochem, 21(2): 263-268.

Petz W, Foissner W. 1989. The effects of mancozeb and lindane on the soil
microfauna of a spruce forest: a field study using a completely
randomized block design [J]. Biol Fertil Soils, 7(3): 225-231.

Shen YF, Ning YZ. 2000. Protozoa [M]//Yin WY et al. Pictorial Keys to Soil
Animals of China. Beijing: Science Press, 7-42, 393-427.

Shen YF, Zhang ZS, Gong XJ, Gu MR, Shi ZX, Wei YX. 1990. Modern
Biomonitoring Techniques Using Freshwater Microbiota [M]. China
Architecture and Building Press, 1-524. [PLHiZF, Foseh, 8065,
N, 2B, BLELL. 1990, RRA I IHIEAR [M]. dbat:
o ARl A, 1-524.]

Su YC, Zhang CB, Gou YB. 1995. Relationship between seasonal
quantitative variation of soil animals in wheat field and environmental
factors in northeast heavy frigid region of China [J]. Chn J Ecol, 14(3):
10-14.. [JKA, TREHIR, A5G0, 1995, ZRIbmFEHLIX 22 1 1)
PECR IR IR R R R, AR ERE, 1403):
10-14.]

The Writing Group of a Handbook for the Research Methods of Soil
Animals. 1998. A Handbook for the Research Methods of Soil Animals
[M]. Beijing: Chinese Forestry Publishing House, 63-73. [ 35
FOTET MM SA. 1998, LIEAYITFOTET M), dbat: PE
Holl i iR 4t 63-73.]

Wilbert N. 1975. Eine verbesserte Technik der Protargolimprignation fiir
Ciliaten [J]. Mikrokosmos, 64: 171-179.

Xu GL, Zhou GY, Mo JM. 2005. The responses of soil fauna composition to
forest restoration in Heshan [J]. Acta Ecol Sin, 25(7): 1670-1677. [1[H
K, FAES, ST, 2005, #5100 R AL S R R & 1+
B WIRETR S5 K. LEASSR, 25(7): 1670-1677.]

Xu GL, Zhou GY, Mo JM. 2006. Changes of soil fauna during forest
restoration in Subtropical China [J]. Zool Res, 27(1): 23-28. [#&xH K.,
JEI R, SV, 2006. FEMERGHR (AR A rh IR S ARV AL
th. EREST, 27(1): 23-28.]

Xu RL, Mo Y. 2001. Effect of irrigation of landfill leachate on soil
protozoan communities [J]. Chn J Appl Envir Biol, 7(1): 41-44. [#il
BR, B 2001, IR IBUE LR HE X 2L JS A S I RO . T
SRR, 7(1): 41-44.]

Zhang XP, Li CY, Yin XQ, Chen P. 1999. Relation between soil animals
and nutrients in the differently used forest lands[J]. Chn J Appl Envir
Biol, 5(1): 26-31. [FK T3, =45 Hn, BRFFEE, MR S, 1999. R H
J7 ML S 5 L SR T R G R, N E B ALY
), 5(1): 26-31.]



;W FE M R

Zoological Research

2011, Apr. 32(2): 232-235

= = N
ASEERFE
e | RiE s Tad

(1. BRI RS ARk S ER A, it

(Canis lupus)IHEZS 3 A A YA RTT e T 8151

BRGNS &

100083; 2. 54y [H K ARG X H R, 5N

CN 53-1040/Q ISSN 0254-5853
DOI: 10.3724/SP.J.1141.2011.02232

5h B A RIF IR =S RN YIEM

BACK
B sathAR Y

K 025150)

BE: 2006 4 1 A% 2008 4 12 A, ENSOETEF S fr MR % AR RY DCE FIFRZE S AT, xR

WG AP RBRHET D7 R, %58 K (4.18+2.88) 71/100

km?, FEE AT X SRR 2 %0 X o 75 3 R B S T I Sl A2 7Rz B sl Tl .
A (Lepus capensis) FUHYIEMIN WAt i BUR Seim, SR W4 e L IRIAT7 46 3% 22 5#(P<0.01), X7

KT 2 A B3 (P>0.05).

KR M PR
FESES: Q959.838; Q958.12

Bt MRk

NERARAERS: A

XEHS: 0254-5853-(2011)02-0232-04

Population, distribution and food composition of wolves
(Canis lupus) at Saihanwula Nature Reserve, Inner Mongolia
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Abstract: To provide initial value for population restoration and management of wolves (Canis lupus) in the wild,
line transect survey and fecal analysis method were used to study the population ecology of wolf at Saihanwula National
Nature Reserve, Inner Mongolia. The results revealed that the population number was at least seven within the reserve
and population density was 4.18+2.88 individual per 100 km®. The wolf population was mainly distributed in Shengshan and
Qinyunshan core areas; active sites appeared mostly along mountain ridges, roads and valleys at Shengshan and mountain
ridges at Qinyunshan. Hare (Lepus capensis) and plants occurred frequently in the food composition of wolf scats. Food
types varied between years but not seasons (Winter-Spring and Summer-Autumn).

Key words: Wolf; Population number; Habitat selection; Food composition
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ﬂ&ﬁ%% BLORE A A IR A R kR R RE ) 1)
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T WA TR B SR 62 25 AT B T T 12
FEAE A R IO . AR P34 67 5
R YRR R F BT T, I
B LV AL AR IO M B A TP T
BEIE. O AR B YA 5 7 TR (A
K.

1 WHREXIEHEER

5 BRI fr [ X A AR DR X I A K%
LU F B, HELARER DY ARZE 118°18'~118°55,
b4 43°59'~44°27", “PIigdk 1000 m BAE, Syt
T AR U X, SRR 2°C, PR
4] 400 mm(Zhang et al, 2007). %X & 5t i) 2%
PR 2R P bR ) DR 22 U S B PR VL £
e, X ACHEP X R 22U ) X 3R A Fik ) 1
7, WARERIEX, IbX . B SR R P
Hbii (Zhang et al, 2007). WiFLAWH 58 (Cervus
elaphus)~ Mi(Capreolus capreolus)~ ¥} (Sus scrofa)-
JEWI(Lynx lynx) FIHi(Felis bengalensis)s AR+ 75K
(Vulpes vulpes)~ 5% (Nyctereutes procyonoides) FJE
(Meles meles)~ Bt (Nemorhaedus goral)%s, HH
JE A B DERR IR AR UK (L et al, 2005).

TR TTRUN 100 446.1 hm?, 43 21, K
il B2 3 ML, Rz L X R T 4 766
hm?, A 55 DL YA 28 % AR R 1 2 A g s
PRz IO X AT S 744.7 hm?, BTV M4
AR 50 2, A Bl DT IO0 TRl 5t ni; 22
WO XA TIRL S 829.6 hm?, A= 55 LU MERIVA 75 2%
AHBR N FE(Li et al, 2005).

2 A &
2.1 HEagit

2Rl R AP X AR N A b i R D7 1), T
PR AR FRITE BN, A5 A ] DI AN ] 2 2R A S5 e i
T 20 FR AR, i 2RIhX 11 &, R
FeARMK 5 5%, ILIHBHERIN 6 4%, FEEPIAKAE 2.18
km; PRz X 5 4%, FEMRAR LMK 4 4%, BT 4%,
PRI TE 2.4 kmy 522 8UhIX 4 4%, 20T 3
%, VAR 45, FREEAPEIKE 3.75 k.

22 RAEHE

TEE A 2006 4 1 H 4 2008 4 12 H kT,
F AR AL R Z T DA IR, A FEF
AN, BRoE RO UR AL, ORI T R A

IR, AR 25 A 0 5 U R Al 2 ) BT A T 1 O i
B o — MR, FEIRCRAH (1) 2 725 4 B 0 BE T ()R L,
T BT 65 PR A S 2 SR AN R o D AP 2R 5 m e WL
B BhP R FEENE NI, JFERER M 55N
PRI, Bk BEESE, #ASIRE. 17
I FUH X KA ARSI P AR B A 2K, RN
F AL /IMHARL, ARTEAS 22 IR, KR 2 728
WA NI, 755 SR S B AT IX 75, AefEil
P IR AN TT 0] KN OB IR R R A 2 AR
)4 H . ik A 8 B v OV A DR 1 R
(Sutherland, 1999). 7= EF 4N A FFEA -, 18515 )
LIRS TR ST 2 A5

WA 2 1l B sh W SR RE i, U K R A B
WML RIS P R IR AL, 2 3L
Bk(Ma et al, 20002 IE THR . T8I W g2(0
(R A0 AR AIE X 73 2648 1) BT 8 2= 15 (Pl T ERKE AR
HED, W UEE MR, B 6~
10 H, &% 11 H~AE S5 A, s A
BB E, b EA RR. YR,
KRB Bz Roeds, B NEMKE.

FH 24T 9 2540 53 Ao nh Wi B (R AR 2 1R AT 40 Hr
(Mattioli et al, 2004; Gao et al, 1996). XKk
(frequency of occurrence) ) HT X J& 4 [ 3% £ fil 1)
(Yan et al, 2006). HTHNEYZ T — YR O
2, FHAN H B 22 40 v & 2R B AT W ) IR,
FERE A 28 kg — b B W) A6 B A7 St B A
UG BRI L] o ) o7 R0 E M AL o PO 4 1 2
TR, WEMAMEA P<0.05.

3 % R

3.1 MEN=E

2006 “F R IR RIS S IR B R 78 L PS4 IR B3)42
Qb, 2007 2R B 48 4k, 2008 KT 28 Ab, FHERRFE—
DX 3 PR B A I A e 2 TR — HU e RE, AR A
Sutherland (1999))77 %Ak tH 15 H 2006 FLRH X AR
BN (7+4) H, 2007 1 2008 AR FE RN £
A7 L FRRESSE A (4.18+2.88) H/100 km?.
32 HIEiREE

3 AR AR AL O X R RIS SR 52 &b, I
HRIE S ORI 14 48(26.92%) A 14 40(26.92%)-
iy 4 A8(7.69%)~ 1117 20 Ab(30.77%). IXUEHHE
A O X I3 AT AR AE L FNE B . RS shi %,
FELTE SN D o E R 2 A0 X R IR i 8 IR 28
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[ 32 %

53 &b, HorpaElg FRIL 9 4b(16.98%). WA 1 kb
(1.89%). 1l 3 4b(5.66%) IH 39 4b(73.58%)
YOHL 1 Ab(1.89%) 0 75 1% 22 HUAZ O X R AR G 8 IR 28
8 Ab, HrpiEH ORI 1 4b(12.5%). W 1 4
(12.5%)~ Hifd) 2 hb(25%) 1B 4 4b(50%). X i
TER 5l 5 22 U0 X 53 (R AR 48 K O3 A e i
WG .
33 FERWMERK

3 AR CRAE AT 76 4y HR AR H B

R, NWEEEYIER 1), LUKz, H
RAEPIFP AT WAL T o AN & 2007 4F,
RS (n=30)35 T KDL T AT Fh 25
), 5 2006 FEHAFE (n=18), WA AAES I
WAL R L B e, WA R L, FEARFRISAR N A
/Do 2008 4, RIEWA T (n=28)Lk 2007 /D
TICAF ARy, A LA, I 4 2%,
SR AR Z . 3 IR a4 AT
7 5. 3% 2 5 (1=18.696, P=0.0001),

#1 EFLSHERFBARPEIRORYER

Tab.1 The diet of wolves at Saihanwula National Nature Reserve

2006 (n=18) 2007 (n=30) 2008 (#=28) M3t Total (n=76)
o CLUCH R CH R KRR W
ccurrence Relative Occurrence Relative Occurrence Relative Occurrence Relative
times frequency(%) times frequency(%) times frequency(%) times frequency(%)
M4 2§ Rodents 5 12.5 14 17.72 8 14.29 27 15.43
i Hare 12 30 20 25.32 20 35.71 52 29.71
¥ 4% Wild boar 1 2.5 1 1.27 2 3.57 4 2.29
T Jf8 Red deer 2 5 3 3.80 4 7.14 9 5.14
i Roe deer 0 0 1 1.27 1 1.79 2 1.14
% - Sheep 1 2.5 3 3.80 2 3.57 6 343
15,25 Birds 0 0 3 3.80 6 10.71 9 5.14
1T Reptiles 0 0 6 7.59 0 0 6 3.43
& B2 Insects 3 7.5 5 6.33 0 0 8 4.57
E4) Plants 16 40 23 29.11 13 23.21 52 29.71

34 ZFTHMHRYEARK

15 76 HRIEAE hHEE I L 28 1, &%
TR 48 1. EAKEM A srt, (i f
P TR — R, P Y (31.67%) FHHLAR
(26.67%) i I AH R 2R d o, HROM BB
(11.67%). XHEZFRIEWARRS, LLraEMELT
T@AT 2, JL b bl 49 FH 5 At B0 1 AR 0 A 26 — A
(32.35%), HIUCAMGZR (11.76%). HMKERLEH
0 WA A AR E R (F=13.333,
P=0.272).

4 7 g

4.1 IRAVEIRIRE

WYFEE. AWEGR, ERELMANT
P2 % AR AR BE G B Y 3 2N 5 (Peterson &
Thurber , 1993; Zhang et al, 1999). 1= XK 7E ANk
T EWFEE . A€ R IR A
(Fuller et al, 1992), HEFEN H | T8 B3 BRI EE
IH-FIE i V2 PR (Mladenoff et al, 1995; Thiel, 1985).

Larsen(2005)ff | GIS HAUIR A i, A ILEHE
AR o5 F A0 20 % DAL A RS 28 5 AR 47l 0000 R )
WS o ASHIFFE R 28 A% Lo X 23 A R T 205 3 T
W JEER AR, RADIESEES), XEH T2
AZ XA IEB) D, AR LT AN S R
AL £ 5 A A AE, A AN A E
SHBCRITE . YOK, eIt e, mER
SERA XA TR B A B, e R, P LT
ANEHE o IR AR O X AT R4S K 2 205 5)
T, H2EWMANE, AT HE2 KDy PRz X i i
N 2, BB Z, TIBGE, [RINZX R b
PR, NS H B, K2 I RS B A
R0 DR A SR e VPR TR LK
42 JREIRME
RN, AP PTSRATE A 2 A wf
Sy REREYOE T RAE & A5 P (Carbyn & Kingsley,
1979), AN[FJHDAR A T EAED A RAH ] o AR
(S A RN R AR
HI e A e by e ARG o (R 1), XX
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RPN AR SR LR Z A8 (L et al, 2005).
TR AT 1 M ) 32 s A DR 4 XA B g R )
M7 Ey R Bl B 2R R X ) E R B ARG I, AT
A A2 T BUX LS ) A AR R B ) A b o A A e L
BRI 2. Mech & Frenzel(1971)73 #7145 H, i€ s)
VI A s RBLAEY), W] RE R AR RSN
N B R T B B W A A B AT A R AR
Yo AWTAESYISAT T R IAT S8 8ty A
WA R E HARE, Bk, WAIRA E3R &
AT N, ATRER N T AN AL YRR, FINA R T
PEREANBETH AL o R o IR AR R 24l (YA,
PTG DL SR R AT BE A, fEATEERE T W

Bk
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Effects of high-fiber diet on timing of behaviors in Bandicota indica

GONG Peng-Bo', LIU Quan-Sheng" ", FENG Zhi-Yong?®, QIN Jiao', CHEN Qin’,
YAO Dan-Dan*, HUANG Xiao-Li', GAO Zhi-Xiang”

(1. Guangdong Entomological Institute, Guangzhou 510260, China; 2. Plant Protection Research Institute, Guangdong Academy of Agriculture
Sciences, Guangzhou 510640, China; 3. South China Botanical Garden, the Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: Food resources and energy budget affect the behaviors and time budgets of animals. To clarify the effects
of a high-fiber diet on greater bandicoot rat (Bandicota indica) behavior, we compared B. indica under a high-fiber diet
and a standard rat diet using video monitoring. Our results show that B. indica are mainly active and feed at night, typical
of nocturnal animals. A high-fiber diet resulted in a longer time to feed and become active at night and reduced the time
spent feeding during the day. These findings suggest that food quality plays an important role in the behavioral timing of
B. indica; this helps to understand seasonal changes in behavior demonstrated by B. indica.

Key words: Bandicota indica; High-fiber diet; Behavior; Time budget

NS FIAT NAE— R Y b B — 52 1Y B TR) 43 (Niviventer confucianus) (Jiang et al, 2006)55 4K A1T

BOAR R, X BN It sk B2 o6k 25 Bl A1 3R
ESIRF IO 255G N 2R S (Rodo et al, 1992; Rodo et
al, 1993; Tobler et al, 1998). IS HBEATIE. ®AT
PEFI B E IS AL, W R (Spalax
ehrenbergi)(Zuri & Terkel, 1996). V{1 F] W 1E i
(Tamias sibiricus)(Jin et al, 2004). & % /K % i)
(Spermophilus dauricus)(Cong et al, 2008)55 4517
PR, MK B (Rattus norvegicus)~ 7N ZK B,
(Mus musculus)~ KA, (Cricetulus triton)(Cong et
al, 2008)F1 22 Wi §. (Apodemus agrarius) F1 IR

Wk H#E: 2010-09-04; #2352 HIH: 2011-02-21

PR, HilEH B (Microtus fuscus)(Li et al, 2001).
T (Microtus fortis)(Hu et al, 2002). H iy
. (Myospalax cansus)(Li et al, 2003). Aii [K i
(Lasiopodomys brandtii)(Liu et al, 2007). %% [ H i
(Microtus maximowiczii)(Cong et al, 2008)%5 4514
BIAEEN RIS o B Bl A AR 0 35 1) e ) 2
o HAR R —WFFIAT F I ] 23 PR A — e N
PE, (S S2 W SR AR B 2, B n]
fli/NFK R (Blank & Desjardins, 1985) 3557k 2%
W, mAEfE S B (Tamias minimus)(Cormish &

B4 T H: )M W RN R T H (2008Z1-E101) T 4 48 BB UE R T H (2008B020900005, 2010B020311003) s /T AR H AR B A 4

(10151026001000006 )
“HAER (Corresponding author), E-mail: liugs@gdei.gd.cn

BIEHFIA: ZEMGTT (1980-), U5, WILWFSUAE, DOEEMFITS. EEMFRFEPIHG BTN ESEHR
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Mrosovsky, 1965) 5 a1t i 2 PG BEAE 2= 71528 4k
TR BN, B AR AR B i &)
FE AR, TR TR AR AN BRI AT A I 1)
FCAT T 50, v 5k 22 AH N T 5T o

W i B (Bandicota indica) 3 J& T R Bl
(Muridae) Rk B (Bandicota), %5340 T B |
B2 )R MR BV A A, DL
SR IR, 2 Ry SV ARy b X 2 PR AR 3 B
Z o WA R ZZEWNES) (Zhang & Wang, 1998),
H G Bk BT, ok A eyl 1,
WoKRE. HRE, WSSy, MIRaEEnk
FMEYE Y (Zhang & Wang, 1998; Feng et al,
2010). B AR B AT B AR BT AN AT Ol I
() 73 B AT T 50, G A SUARE . A Sl LR
AT B 7 P AN [] £ 4 5 G ) AR S AT DA I )
I3HC, B R ARCAT R IR) B AT Bl AR S e 2T 4 e ht
FCr 5, 39 RE R ARCAT B IS 30 > AT ]
PER T A, RSN RO AR iR O T O 2R S
FAKHE -

1 MRAE

1.1 KB FERR S

SIS FH Al BT AR A VLT T B 2 b AR P
Bk R, A B M s i R S N ISR Tk
J& (50 ecmx35 ecmx19 cm, Kxpixm), LLFREBE
W, B ERERAK, BAI 12 L 12 D
(6:00~18:00 4G, 54 BAROEFEIHALLY), A
PRILE (25~30°C),

PRIy PRUERURE () AR B SR sy
DR, SCXK(#)2008-0002): #ufi 16.13 kl/g, H:
HORHET 2. AR . CRUIR D FIR K 2 2 543l ok ok
4.23%. 21.60%. 6.49%F1 7.66%; brUETEl (%
B 2E SR B L A =, SCXK(%)2008-0002):
A 16.64 KI/g, HrpoHET e, FHE . G
IR RN 12.42%. 21.36% 5.17%F1 8.74%.
1.2 KWHE

SIIG T EOUA B B A B I L AR AT M AR
Wi 14 H(6 8, 8%), BUMMRLT 45 S brik Uk}
—AN G, BRYEARE S L B35 53 S oot B
38, 49, VHIAE(563.5+143.4)g R LF4E41[(3
8, 4%, AT (536.5+44.6)g 1. ALK IH LA
MRS BURE, ey 2T 2 21 SO vy £ 4 5 B 1) A v T
BE, SEECONI 20 do SEEGERRER, XTRR4L 1 HUER

REAE, BREAHET.

FESERER 19 d I, DAl Sk RGEHEAT B 24
h &8, B HEAR L B AN AR B
SUITA] (1) ' Jo SR B 5 DA S TR — 3. Ay s W ¢
HIE I 22 5, [ 8838 0 s B AT Mgl %, LA
BEAF B0 (min) h— A7, Gl S A 32 S Sh AT
Ko AT R NI TES) IREFIPEESE 4 B HL
&, st rEmg . BEE . YOKSEAT N WE3h, s
TERNESD . B IREEAT A KRR, 3k
A EE T IEICIRAS, HEE, 301 W EOTUR 2E &
LM AIEIE (Hu et al, 2002; Liu et al, 2007; Zhao
et al, 2009),
1.3 Fitoh

et oy e SPSS 13.0 HgEAT . Bl AR/
AT IES Ak g, MEMESAT AR W %5, &
T o EAT A EAE B A LUECR BT ¢ A6, 41
) B3R R MSZAEAS ¢ RS 36, AH OC 40 A R K
Spearman's rho (2-tailed) 5. £0{H B LAV {EHEAR
HEiR (MeantSE) 231, P<0.05 =R EE.

2 FRESMW

2.1 REGR AT AR E 59 B

X FEZHARCAT B — RN AT 0 B v IS TR AT
Sl BUED, (69.67+5.67) min, 4.84 %; T55),
(214.17+31.87)min, 14.87%; K5, (976.33+45.09)min,
67.80 %; P, (179.83+28.41)min, 12.49%(/& 1). %}
FECA AR AT B4R 1) 9% 20 IF ), o 4 R B I ) (1)
70.66 %, WIAJPEEME], &4 REENFL 64.32
%, W2 T RIREE, A4 KRR
1) 42.73 %, BF/DT B, WECERTE, 4
RECE IS E] I 51.44%, 5 ABLZESGER 1.

e 2T A AL ROA B — RN AT i i o I ) A
Hor ek BUEE, (74.14£12.85) min, 5.15 %; 3
&, (313.71£57.09) min, 21.79 %; K&, (882.57+
50.93) min, 61.29 %; P E, (169.57+14.49) min,
11.78 %(Bl 2)o AT ALE— R LR MK AR
B WEE) . BERAEUE, HX AL il
BT R A S TE], Ay A RIS S TR 1) 77.96 %,
AR I (0], A RECE I [ 80.16 %, ‘2%
Z T RIS ), A4 RAR SIS ) (1) 36.08
%, WFE /DT AR, WIREBNN, &8 RKEEN
(1K) 57.54 %, HEBAMPIER 1. B 2).

IEAh, BUAR S 2R YEAIARA B AT R 1R LI )
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KU1 0 IR AT A BRI 18] 7 T
Fig. 1 Time budget of behaviors in the control group of Bandicota indica
PAHE 30 min PYRTIRZL 6 SLSIZI0 B AR AT D I T RS ELAE 8], PR (I 567 18:00—6:00 FIB I BL.
Drawing with the mean time of 30 min of various behaviors in each group with 6 mice, the gray shadows shows the night time from 18: 00 to 6: 00.
*1 MNREMSAHLAREREBREITAZRILR
Tab.1 Comparison of Diurnal behaviors between the control group and the treatment Bandicota indica

tHEAl Control(min) T 4E 4 Treatment(min) , P
N=6 N=17
Jivgcy & Day 33.83 + 4.13 14.71 + 5.92 2.560 0.027
Feeding X Night 35.83 + 6.97 59.43 + 9.27 -1.976 0.074
(=—0.201, P=0.849) (=—5.104, P=0.002)

W) & Day 62.83 + 9.84 69.14 + 7.37 -0.522 0.612
Activity . Night 151.33 + 30.83 244.57 + 53.39 —1.444 0.177
(=—2.695, P=0.043) (=—3.474, P=0.013)

I & Day 559.17 + 10.31 564.14 + 11.47 —0.318 0.757
Resting . Night 417.17 + 48.37 318.43 + 51.30 1.385 0.194
(+=2.656, P=0.045) (=4.537, P=0.004)

T & Day 64.17 + 7.97 72.00 + 6.00 —0.799 0.441
Grooming . Night 115.67 + 23.05 97.57 + 10.10 0.759 0.464
(=—2.632, P=0.046) (=—3.148, P=0.020)

& BUfiFeeding B JE3fiActivity O KL Resting M@ 2 E Grooming

100
il
80

70 F
60 F
50 -
40 +
30
20 ) £,
T N 3w
R AR AREEERE
16:00 18:00 20:00 22:00 0:00 2:00 4:.00 6:00 8:00 10:00 12:00 14:00
A5 [i] Time

143k Percent (%)

B2 el e dUos SR&AT BN Tl 73 T
Fig. 2 Time budget of behaviors in the control group of Bandicota indica
VAAE 30 min P s 2T 44 7 S8 B 2HAT 0 I T OSBRI, IRt 5275 18:00—6:00 FOPLHIIN Bt

Drawing with the mean time of 30 min of various behaviors in each group with 7 mice, the gray shadows shows the night time from 18: 00 to 6: 00.
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IIC S0 A TE 22 e, A AR R AR B R
IS ) 42 25 /D TR R, AR R TR 43.48 %, T
T ) HCE B T L HE AL 39 0 65.87 %o(3% 1)
22 FHITAHERIMEXME

WAL ARERIEE . i55h. BB R
A M 9596 &R (r = —0.669 . —0.840 Fl1—0.724,
P<0.001); MGz 5ECE(r =0.270, P<0.001). FE
Z I8 (r = 0.198, P<0.001)71E 2 (1 IEAH G R &
W 5 EERA W& KN =0.049, P=0.369).

EATYEYL: KRB, WE3h. BB R
FM IR =—0.620. —0.887 F1—-0.675, P<0.001);
S, WSS B S SR W] R EAH
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