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Cascading effects of seed-stem-
individual spatial patterns along a
grazing gradient
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Zhang Chun-Ping, Cao Quan and Liu Wen-ting*

Qinghai Provincial Key Laboratory of Adaptive Management on Alpine Grassland, Academy of Animal
Science and Veterinary Medicine, Qinghai University, Qinghai Academy of Animal Science and
Veterinary Medicine, Xining, China

Studying the seed trait—stem trait—individual spatial pattern system is helpful for
understanding the developmental direction of plant dynamics and populations
under grazing disturbance as well as the antagonistic relationship between
animals and plants, but few systematic analyses of this spatial pattern system
have been carried out. Kobresia humilis is the dominant species in alpine
grasslands. We studied K. humilis seed traits and their relationship with K.
humilis reproductive individuals, the relationship between reproductive and
vegetative stems, and the weights and spatial patterns of reproductive and
nonreproductive individuals under four grazing treatments: no grazing
(control), light grazing, moderate grazing and heavy grazing. We explored the
relationship among seed size and seed number with reproductive stems and
vegetative stems along the grazing gradient and assessed the spatial pattern
changes between reproductive and nonreproductive individuals. The results
showed the following: (1) Seed size increased with increasing grazing intensity,
and the coefficient of variation for seed size and seed number in the heavy
grazing treatment was greater than 0.6. (2) The structural equation model
showed that grazing treatment had a positive effect on seed number, seed size
and reproductive stem number and a negative effect on reproductive stem
weight. (3) Grazing treatment did not affect the resource allocation to
reproductive stems and vegetative stems per unit length of reproductive K.
humilis individuals. (4) Compared with the number of reproductive individuals in
the no grazing treatment, the number in the heavy grazing treatment decreased
significantly, and the negative correlation between reproductive individuals and
nonreproductive individuals changed from a full-scale negative correlation to a
small-scale negative correlation and a large-scale positive correlation. Our study
showed that grazing could activate and change the resource allocation pattern
of dominant species in a grassland and have significant positive effects on
reproductive stem number, reproductive stem weight, seed number and seed
size. Along a grazing intensity gradient, with the increase in distance between
reproductive and nonreproductive individuals, the transformation of intraspecific
relationships from a negative correlation to a positive correlation is an ecological
strategy conducive to population survival.
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1 Introduction

Disturbance has been defined as an important mechanism that
promotes the maintenance of plant community species diversity
(Connell, 1978; Kadmon and Benjamini, 2006). In grassland
ecosystems, grazing disturbance is the main process that affects
plants, pasture utilization and natural conservation and is essential
for grassland maintenance, productivity, economic utilization and
biodiversity (Asner et al., 2004; Lezama et al., 2014). A large number
of studies have reported that the top-down control of plant tissues
by large herbivores leads to ecological conditions and processes
such as an imbalance between plant resource demand and
production (Orr et al,, 2020), a redistribution of nutrients (Zhang
etal,, 2020), and a reduction in carbon assimilation, thereby shaping
many cascading effects, including those related to individual
reproduction, survival, and spatial patterns of dominant species
(Liu et al., 2020).

Plant functional traits are closely related to plant environmental
adaptability and ecosystem structure and function (Kraft et al,
2015). Environmental changes affect the expression of plant
functional traits, and plant functional traits affect the function of
ecosystems. The shaping of plant roots, stems and leaves by the
environment changes the morphological, physiological and
quantitative characteristics of plant organs so that plants can
better adapt to environmental changes. Therefore, changes in
plant functional traits have indicative and predictive effects on
environmental changes (Li et al.,, 2021). There are many views on
the responses of plant functional properties to grazing. Liu et al.
(2018) suggested that grazing livestock, through the direct effect of
feeding, make plants shorter, leaves shorter and narrower,
internodes shorter, stems and leaves stiffer, and shrub crowns
smaller, thus reducing the number and size of dominant plant
seeds in a grassland and significantly increasing the size variation
among seeds of the same individual. Some studies also suggest that
grazing improves the ability of plants to allocate resources to
reproductive stems during the reproductive period (Liu et al,
2020), thereby maintaining their efficiency for sexual
reproduction. Because seeds will eventually be dispersed through
the digestive tracts of animals, herbivores do not affect the number
of seeds of plants and even increase the success rate of seed
germination and diftusion distance (Mackay et al, 2021). The
study of plant functional traits can provide an in-depth
understanding of the reproductive strategies and dispersal
mechanisms of plants that are driven by biotic and abiotic factors
(Funk et al., 2017) as well as of the construction patterns of plant
communities (Wang et al., 2021).

Species spatial patterns have always been a foundation of
ecological research (Watt, 1947; Wiegand et al., 2007; Velazquez
et al,, 2016). Studies have shown that the competition of plants for
limited resources is the main factor driving the coexistence and
dynamic changes in species such as herbs and shrubs. The
inhibition and exclusion (intraspecific competition) of different
individuals in the same population have an important impact on
the spatial distribution of plant individuals (Erfanifard et al., 2018).
There are two views on the effect of simultaneous grazing at the
individual scale. One view is that the density and/or characteristics
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of adjacent plants can directly change the resistance and tolerance
levels of livestock focal plants through competition or through joint
resistance or sensitivity (Agrawal and Fishbein, 2006). Another
consideration is that spatial associations with neighbouring plants
can reduce the likelihood of damage and increase the apparent
resistance of focal plants if neighbours reduce their apparent
resistance to herbivores or if herbivores prefer to eat more
palatable neighbours (Tahvanainen and Root, 1972; Atsatt and
O’Dowd, 1976; Rausher, 1981). Since the spatial patterns of
species are closely related to ecological processes, we believe that
quantitative analyses of species spatial patterns can help elucidate
the biological characteristics of plant populations (e.g., sexual
propagation strategies, seed number, and seed size), intraspecific
relationships (competition or facilitation), the relationships of these
factors with environmental stresses, and other important ecological
processes (Condit et al., 2000; Lin et al., 2011).

However, to our knowledge, previous studies have not
empirically assessed the relative importance of individual seed
trait spatial patterns under grazing gradients. In this study, we
used the dominant alpine grassland species Kobresia humilis of the
Qinghai-Tibet Plateau as a model plant, starting with the plant
functional traits and K. humilis individual spatial pattern. We
attempted to use current understandings of the cascade effect of
seed trait-stem trait-individual spatial patterns to explain the
patterns of dominant plant species change along grazing
gradients, with the aim of determining the following: (1) seed
size, seed number and the relationship of these two values with
reproductive stems and vegetative stems along the grazing
gradient and (2) spatial pattern changes between reproductive
individuals and nonreproductive individuals at varying levels of
grazing intensity.

2 Materials and methods
2.1 Overview of the study area

The experimental grazing area was part of an adaptive
management technology platform in the alpine grassland-
livestock system in Xihai town, Haibei prefecture, Qinghai
Province (36°92’N, 100°93’E), with an average altitude of 3050 m.
The area has a plateau continental climate, with an average annual
temperature of 1.5°C, with 2,580-2,750 annual sunlight hours, and
with an average annual precipitation of approximately 400 mm. The
precipitation is mostly concentrated from May to September, with
this period accounting for more than 80% of the annual
precipitation. The soil type is alpine meadow soil. The total
grassland plant community coverage is high (over 85%). In the
plant community, K. humilis is the most dominant species, and its
importance is higher than 30%. The secondary dominant species are
Carex aridula, Elymus nutans, Poa annua, Potentilla acaulis, etc.

The research subject of this study was K. humilis, which is a
cold, mesophytic, dense bush, rhizomatous perennial plant that is
resistant to cold, drought, radiation, strong wind and barren
conditions. Its height ranges from 3-15 cm, with clusters of three
blunt ridges. Its leaves are linear and flat and generally shorter than
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or equal to the height of the stem. The K. humilis plants in the study
area generally complete heading in mid-May, enter the blooming
stage in late May, and begin to form fruit in early June, with fruit
maturing in mid-late June. After entering the reproductive period,
the reproductive stems of K. humilis are persistent and can serve as
the main basis for determining whether a plant is a reproductive
individual (Dong et al., 2022).

2.2 Grazing experimental design

The experimental plots selected in this study before the start of
grazing were located in the same continuous grassland, with
relatively flat terrain and a relatively uniform environment, which
effectively controlled for differences in background and spatial
heterogeneity. The grazing experiment began in 2018. The annual
grazing time was the alpine grassland plant growth season (June-
October), and the grazing period involved grazing at night. The
grazing experiment was designed as a randomized block
experiment. There were four treatments, including the no grazing
treatment (control treatment), light grazing treatment, moderate
grazing treatment and heavy grazing treatment. Each grazing
treatment had three replicates and a total of 12 experimental
plots. Each grazing plot was separated by a 1.2 m high fence. The
nongrazing treatment underwent no grazing throughout the year.
The area of the light grazing treatment was 0.66 hm?, and the
carrying capacity was 3.03 Tibetan sheep/hm®. The area of the
moderate grazing treatment was 0.51 hm?, and the carrying capacity
was 3.92 Tibetan sheep/hm® The area of the heavy grazing
treatment was 0.39 hm?, and the carrying capacity was 5.12
Tibetan sheep/hm”. According to a pretest performed with no
grazing treatment as a reference, the forage utilization rate of the
light grazing treatment was 30-35%, the forage utilization rate of the
moderate grazing treatment was 50-55%, and the forage utilization
rate of the moderate grazing treatment was 65-70% (Liu et al,
2022). There was no supplementary feeding during grazing, and
drinking water was added every 2 days. To ensure the consistency of
the experiment, one-year-old male Tibetan sheep with a body
weight of 30 + 2 kg were selected as grazing livestock, and their
body weights and body conditions were generally the same. To
ensure normal livestock feeding and metabolic activities during
grazing, the livestock were treated with insecticide before grazing
(Yang et al., 2019).

2.3 Data acquisition

To obtain relevant data on the reproductive stems of
reproductive K. humilis individuals in the experimental plot, field
sampling was conducted in late June 2021. In each experimental
plot, 10 K. humilis reproductive individuals with relatively intact
organs were randomly selected, for a total of 30 plants in each
treatment. The individual plants were collected by cutting with
scissors and were immediately brought indoors to shade. A total of
180 plants were sampled in this experiment. To ensure the accuracy
of the measured indicators and to minimize errors, an electronic

Frontiers in Plant Science

10.3389/fpls.2023.1137726

Vernier calliper (0-150 mm) was used in this experiment to measure
the lengths of the vegetative stems. After separating the different
organs, the vegetative and reproductive stems were counted. The
single seed sizes (seed mass, Lonnberg and Eriksson, 2013) of each
K. humilis plant were measured with an electronic balance
(FA2104N), and the seed quantity for each K. humilis plant was
determined. The fresh plant materials were then placed in an oven
at 105°C for 10 min to deactivate the enzymes. The vegetative stems
and reproductive stems were dried to constant weight in a blast
drying oven at 65°C, and the dry weights of the samples were
determined. The weights of the vegetative stems and reproductive
stems were measured with a ten-thousandth balance.

A 5m x 5 m quadrat was randomly established in each grazing
treatment and a 50 cm x 50 cm quadrat frame was placed inside,
shifting it 100 times from left to right and from top to bottom (the
quadrat frame was placed due north and due south), in order to
record spatial coordinates for the entire 5 m x 5 m quadrat. We
characterized K. humilis individuals with reproductive stems as
reproductive individuals and individuals without reproductive
stems as nonreproductive individuals (Ren et al, 2012). The
spatial coordinates of reproductive individuals and
nonreproductive individuals were determined, and the number of
reproductive individuals and nonreproductive individuals in each
sample box was recorded. The relative position of each reproductive
individual and nonreproductive individual in the sample square was
recorded based on the vertex of the lower left corner of the sample
box, and the relative spatial position was represented by the
coordinate value (Wiegand and Moloney, 2013).

2.4 Data analysis

K. humilis is a dense, bushy, herbaceous plant with basal leaves.
There is no obvious stem-leaf differentiation. The lower part of the
leaf is folded, the upper part is flat, and the width is 1~2 mm. There
is no stem-leaf differentiation among the reproductive stems.
Therefore, when analysing the resource acquisition ability of K.
humilis, with its slender plant organs, in the different treatments, we
drew on the concept and calculation method of specific leaf area. In
this study, in addition to the K. humilis phenotypic plant
characteristics, resource allocation within the plants, that is, the
plant organ unit weight in relation to length, was defined.
Therefore, the equation to calculate resource allocation to the
reproductive stems and vegetative stems was:

Resource allocation = organ weight/(organ number x
organ length)

Regarding the weights, the organ weight is the total weight of
the reproductive (vegetative) stems, the number of organs is the
number of reproductive (vegetative) stems, and the organ length is
the length of the reproductive (vegetative) stems.

One-factor analysis of variance was used to analyse K. humilis
individual seed number and seed size and resource allocation to
reproductive stems and vegetative stems in the no grazing (control),
light grazing, moderate grazing and heavy grazing treatments, and
Duncan’s multiple comparison was carried out. The data were
expressed as the mean + standard error. The coefficient of
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variation (coefficient of variation = standard deviation/mean) was
used to represent the variation in seed number and seed size. The
above statistical analysis was performed in R 3.6.1.

To further clarify the potential relationship between the
reproductive traits of reproductive individuals and seed number
and seed size under grazing treatments, a structural equation model
of seven observed variables (grazing treatment, number of
reproductive stems, weight of reproductive stems, number of
vegetative stems, weight of vegetative stems, number of seeds and
seed size) was constructed.

A trade-off analysis of seed number, seed size and resource
allocation to reproductive stems and vegetative stems was
conducted. A simple way to quantify the trade-off between the
two functions is to calculate the root mean square deviation
between the functions (Lu et al., 2014). The dotted line represents
no trade-off, and the coordinate system is divided into two parts.
The root mean square deviation (RMSD) is the vertical distance
from the midpoint of the coordinate to the dotted line. The greater
the distance is, the stronger the trade-off, and the smaller the
distance is, the stronger the synergy.

First, the seed number, seed size, resource allocation to the
reproductive stems and resource allocation to the vegetative stems
of the reproductive K. humilis individuals were subjected to
dimensionless processing. The formula used is as follows, and the
processed data range was between 0 and 1:

ESobs B Esmin

ESgq =
« Esmax - Esmin

ES,bs represents the observations, and ES,,;, and ES,.x
represent the minimum and maximum values in the observations,
respectively.

1 __
RMSD = \/ Py S (ES; - ES)?

ES; represents the ith observed value after dimensionless
processing, ES represents the average, and RMSD is the root
mean square deviation.

The point pattern analysis method is based on the point
coordinates of individuals in the plot. Each individual of the
population is regarded as a point in the two-dimensional space.
All individuals constitute a spatial distribution point map. Ripley’s
K function method is used to analyse the multiscale spatial
distribution pattern and correlation of the population. The
calculation formula is as follows:

I,

A 2o L(uy) ;
—j:zlwij(z = )

2
n-;

M=

K(t) =

Il
—_

where A is the sample area; uy is the distance between plant i
and plant j; n is the total number of individuals of each species in the
plot, that is, the total number of points; and t is the number of values
> 0. Wy is the weight, which is the ratio of the perimeter of the circle
with uy; as the radius and i as the centre to sample area A, which can
eliminate the boundary effect.

Similarly, the association analysis of reproductive and
nonreproductive K. humilis individuals is actually the point
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pattern analysis of two types of individuals, and is also known as
multivariate point pattern analysis. Applying the Ripley K function
to bivariates, K,,(t) can be estimated by the following formula:

A non It(uij)
nany o Wi

Kab(t)

In the formula, n, is the number of reproductive individuals a,
and n;, is the number of nonreproductive individuals b. The
improved formula is as follows:

Lab(t) =V Kah(t)/” —t

In this formula, when L,,(t)< 0, it indicates that the interspecific
relationship between reproductive and nonreproductive K. humilis
individuals is negative at the t scale; when L,,(t) = 0, it indicates that
there is no correlation between reproductive and nonreproductive
K. humilis individuals on the t scale; and when L, (t) > 0, it indicates
that the reproductive and nonreproductive K. humilis individuals
are positively correlated at the t scale.

The Monte Carlo test was used to fit the trace line to test the
significance of the spatial correlation between populations. The
spatial association between K. humilis reproductive and
nonreproductive individuals is indicated by the value of L,(t),
with positive associations shown if the value is above the envelope
line, no association shown if the value is between the envelope lines,
and a negative association shown if the value is below the
envelope line.

3 Results

3.1 Seed size, seed number and the
relationship with reproductive individuals

The results of the one-factor analysis of variance showed that
seed size increased with increasing grazing intensity, but there was
no significant difference in seed size among the treatments. The
number of seeds under the moderate and heavy grazing treatments
was 59.64% and 56.63% higher than that under no grazing
(P< 0.05). The larger the coefficient of variation in seeds was, the
stronger the seed trait plasticity. The coefficients of variation in seed
size and seed number were higher in the heavy grazing treatment
than in the other treatments, with both coefficients being greater
than 0.6. In terms of seed size, the coefficients of variation for the
light grazing treatment and nongrazing treatment were less than
0.35, while in terms of seed number, the coefficient of variation for
each grazing treatment was greater than 0.5, and the coefficients of
variation for the light grazing treatment and nongrazing treatment
were greater than 0.6 (Figure 1).

The structural equation model showed that grazing treatment
had a significant positive effect on seed number and seed size
(P< 0.05) and a negative effect on reproductive stem weight but a
positive effect on reproductive stem number. The number of
reproductive stems and the weight of reproductive stems had a
very significant positive effect on seed size. The number of
reproductive stems had a significant positive effect on the number
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of vegetative stems and indirectly affected the number of seeds
through the weight of the vegetative stems. Seed size had a negative
effect on the number of seeds. Grazing had a negative effect on the
number of vegetative stems but a positive effect on the weight of
vegetative stems (Figure 2). The trade-off analysis of seed size and
seed number showed that the moderate grazing treatment and
nongrazing treatment affected seed size more than the other
variables, and the trade-off value of the moderate grazing
treatment was greater than that of the nongrazing treatment. The
trade-off in the heavy grazing treatment was related to seed number,
and there was almost no trade-off in the light grazing
treatment (Figure 3).

The above results showed that the K. humilis seed size increased
with increasing grazing intensity. The medium grazing treatment
and heavy grazing treatment significantly increased the number of
seeds, and grazing improved the trait plasticity of the seeds. The
seed traits had strong plasticity under the heavy grazing treatment.

3.2 Resource allocation and trade-off
between reproductive stems and
vegetative stems

The results of the one-factor analysis of variance showed that

compared with the no grazing treatment, the grazing treatments did
not affect resource allocation to the reproductive stems and
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vegetative stems per unit length of K. humilis reproductive
individuals. There was no significant difference in the resource
allocation to the vegetative stems per unit length among treatments,
but the resource allocation to the vegetative stems per unit length
was significantly higher in the heavy grazing treatment than in the
light grazing treatment (Figure 4). The trade-off results showed that
the resources allocated to reproductive stems and vegetative stems
by reproductive individuals were greater in the moderate grazing
treatment than in the no grazing treatment, and both treatments
resulted in resource allocation to vegetative stems. The heavy
grazing treatment resulted in resource allocation to reproductive
stems, and the light grazing treatment had almost no trade-off
(Figure 5). The above results indicate that under relatively frequent
feeding, K. humilis is more inclined to allocate resources to
reproductive stems in the breeding period.

3.3 Weight and pattern of reproductive and
nonreproductive individuals

The ratio of reproductive individuals (RIs) to nonreproductive
individuals (NRIs) showed that the number of reproductive
individuals in the heavy grazing treatment decreased by
approximately 65.84 compared with that in the no grazing
treatment, light grazing treatment and moderate grazing
treatment. Within an area of 500 x 500 cm, 3690 (NRIs = 1871,
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FIGURE 2

Structural equation model of grazing treatment on seed number and size, number and weight of reproductive stems, and number and weight of
vegetative stems of Kobresia humilis. Chi-square = 10.407; degrees of freedom = 7; probability level = 0.167. NVS, number of vegetative stems; VSW,
vegetative stem weight; NRS, the number of reproductive stems; RSW, reproductive stem weight. The thick solid line indicates P< 0.01, the thin solid

line indicates P< 0.05, and the dotted line indicates P > 0.05.

RIs = 1819), 3833 (NRIs = 1985, RIs = 1848), 2116 (NRIs = 986,
RIs = 1130) and 2697 (NRIs = 2234, RIs = 463) K. humilis
individuals were observed in the no grazing, light grazing,
moderate grazing and heavy grazing treatments, respectively
(Figure 6A). The results of the point pattern analysis showed that
in the nongrazing treatment, the reproductive and nonreproductive
K. humilis individuals showed a negative spatial correlation at all
scales. In the light grazing treatment, the reproductive and
nonreproductive individuals showed a positive spatial association
at 55 cm and 75 cm and no association at 35 cm, 80 cm, 110 cm, 125
cm, and 130 cm. In addition to the above scales, both reproductive
and nonreproductive individuals were, in spatial terms, negatively
correlated. In the moderate grazing treatment and heavy grazing
treatment, the distance between reproductive individuals and
nonreproductive individuals was less than 20 cm, showing a
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FIGURE 3

The trade-off relationship between K. humilis seed number and seed
size under different grazing treatments. NG, no grazing; LG, light
grazing; MG, moderate grazing; HG, heavy grazing.
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negative spatial correlation. When this distance was > 50 cm,
there was a positive spatial correlation, and the other scales
indicated no correlation fluctuation (Figure 6). These results
indicate that grazing intensity and spatial scale can enhance the
spatial aggregation of K. humilis.

4 Discussion

By studying the seed traits of K. humilis and their relationship
with reproductive individuals, the relationship between
reproductive stems and vegetative stems, and the weight and
spatial pattern of reproductive individuals and nonreproductive
individuals, we addressed two scientific problems: (1) seed size and
number and their relationship with reproductive stems and
vegetative stems along a grazing gradient and (2) spatial pattern
changes between reproductive individuals and nonreproductive
individuals under varying grazing intensities. First, with
increasing grazing intensity, the K. humilis seed size and number
showed an upwards trend, and under heavy grazing, the seeds
showed high trait plasticity. Second, the grazing treatments did not
affect the resource input of reproductive stems and vegetative stems
per unit length of reproductive K. humilis individuals, but through
trade-off analysis, it was found that in the breeding period K.
humilis was more inclined to allocate resources to reproductive
stems under relatively frequent feeding. Finally, with the increase in
grazing intensity, the spatial correlation between reproductive and
nonreproductive K. humilis individuals gradually changed from a
negative correlation to a positive correlation, which increased the K.
humilis spatial aggregation.

Variation in seed size and seed number is a comprehensive
reflection of life history traits and resource regulation strategies,
with important ecological and evolutionary significance (Dong
et al, 2022). This variation affects population dynamics and
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interspecific and intraspecific interactions through ecological
processes such as distribution limitation, dispersal pathway
variation, and regeneration of species populations (Muller-
Landau, 2003) and is the core issue of plant fitness research. The
results of Xie et al. (2016) showed that in comparison to nongrazing
treatments, grazing treatments increase the seed size and seed
number of dominant species. This result is consistent with our
research results. The seed size increased with increasing grazing
intensity, and the moderate and heavy grazing treatments
significantly increased the number of K. humilis seeds (Figure 1).
This increase occurred because Cyperaceae species do not grow
independently in the studied grassland but are instead mixed with a
variety of species, and Tibetan sheep preferentially feed on more
palatable gramineous plants and legumes during their feeding
process. Thus, to a certain extent, these plants jointly protect K.
humilis, as this species is a low feeding priority (see, for example,
Eskelinen, 2008). This scenario indirectly increased the habitat sites
available for rapid K. humilis growth and development, allowing the
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species to occupy more land resources and form a ‘ring’ plant
cluster; thus, it was able to obtain more resources and invest them in
sexual reproduction, forming a continuous circle. These results
support the grazing optimization hypothesis as it relates to seed
trait patterns.

In addition to confirming the grazing optimization hypothesis,
it is also important to consider the impacts of grazing on seed size
and the implications for plant development. Our study showed that
the seed size coefficient of variation was higher in the moderate and
heavy grazing treatments than in the other treatments (Figure 1),
indicating that the seed traits under heavy grazing had stronger
plasticity or seed polymorphism than those under the other
treatments. Research has shown that due to asymmetric
competition between seeds of different sizes, large-seed plants
often have advantages, such as higher survival rates, faster
germination rates, and stronger seedling growth, when in direct
competition with small-seed plants (Lonnberg and Eriksson, 2013).
Small seeds usually find new unoccupied habitats due to their
quantitative advantages (Rees and Westoby, 1997), suggesting
that under moderate grazing and heavy grazing, K. humilis can
produce not only small seeds for long-distance dispersal but also
large seeds for improving survival probability in highly competitive
habitats. This scenario improves the K. humilis competition-
colonization strategy, indicating that seed size variation within
individual plants is an important mechanism for coping with
frequent animal interference and maintaining population stability.

Regarding resource allocation, in this study, grazing did not
significantly reduce the resources allocated to the reproductive and
vegetative stems of K. humilis individuals. This result is in contrast
to the hypothesis that grazing negatively affects plants (Zhang et al.,
2022). We believe that under heavy grazing and moderate grazing
with relatively frequent feeding, the reproductive stem growth of
individual K. humilis plants during the breeding period regulates
the growth of vegetative stems; that is, the trade-off between
reproductive stems and vegetative stems favours reproductive
stems, which was shown in the trade-off analysis. The structural
equation model further verified our hypothesis that grazing had a
significant positive effect on the number of reproductive stems, the
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weight of reproductive stems, the number of seeds and the size of
seeds, which was consistent with the results of Liu et al. (2020).
Thus, under the environmental conditions of frequent livestock
foraging stress over a long time, the trade-off between reproductive
stems and vegetative stems is obviously not a wise ecological
strategy if it favours the vegetative stems because this would
increase the survival cost for K. humilis and would not be
conducive to population regeneration and survival. In addition,
the structural equation model also showed that grazing did not
significantly affect the number of reproductive stems, the weight of
reproductive stems, the number of vegetative stems, or the weight of
vegetative stems. Therefore, we firmly believe that reproductive
individuals allocate resources in an efficiently controlled manner. In
addition, during the long-term interaction between plants and large
livestock, grazing can activate and change the resource allocation
pattern of dominant species in grasslands.

Both competition and facilitation play an important role in
shaping the spatial structure of plant populations (Getzin et al,
2008; Erfanifard et al., 2018; Liu et al., 2020). Our results showed
that with the increase in grazing intensity, the spatial pattern of K.
humilis reproductive and nonreproductive individuals changed
from a negative association at a full scale in the no grazing
treatment to a small-scale negative correlation and a large-scale
positive correlation in the moderate and heavy grazing treatments.
This result is similar to the results reported by Lv et al. (2019) and
Liu et al. (2020); that is, grazing intensity enhances the spatial
aggregation of dominant species in grasslands. In this study, this
scenario may have occurred because in the nongrazing treatment,
K. humilis survival and growth were mainly affected by competition
between individuals; that is, different individuals were able to
infringe upon each other’s living space and resources. In the
moderate grazing treatment, where plants were disturbed by
Tibetan sheep feeding, grazing altered the colonization and
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extinction of palatable species (such as Poaceae species), resulting
in the exclusion of competitively inferior species (such as Fabaceae
species). Thus, as a result of grazing, grasslands have considerable
spare niches, which increase the availability of sites for seed bank
plants and increase the K. humilis reproduction and distribution
range (OIff and Ritchie, 1998), resulting in a positive association
between reproductive and nonreproductive individuals at a larger
scale and enhancing the mutual benefits and resource availability
between individuals (Bertness and Callaway, 1994). At a smaller
scale, studies suggest that plant distribution patterns are mainly
affected by distribution constraints and seedling recruitment
processes (Shen et al, 2013). However, our study showed that
frequent animal disturbance induced more and larger polymorphic
K. humilis seeds. Obviously, even under heavy grazing, K. humilis
populations were not limited by distribution. In contrast, abundant
and polymorphic seeds will gather around reproductive individuals,
and the free niche released by heavy grazing will cause intraspecific
competition between seedlings and reproductive individuals.
Aggregation of mature reproductive individuals with large
numbers of seedlings at a small scale also seems to be significant
because: 1) Livestock tend to feed on more nutritious reproductive
organs than on nonreproductive organs. The repellent-plant
hypothesis states that a target individual will not be fed on by
animals when forming a neighbour relationship with a plant with
lower nutritional value than itself. Over time, livestock will stay
away from low-quality plants or patches, and reproductive
individuals will avoid being fed upon. 2) Because the probability
of K. humilis individuals being damaged by feeding is 0-1, the more
seedlings the older plants produce, the more likely it is that
reproductive K. humilis individuals will adopt this risk-sharing
strategy to reduce the risk of individual feeding. This scenario
suggests that in the moderate or even heavy grazing treatments, the
change in the intraspecific relationship from a negative association
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to a positive association with the increase in distance between
reproductive and nonreproductive individuals was an ecological
strategy for population survival.

In summary, in this study, grazing was conducive to K. humilis
sexual reproduction, to increasing the K. humilis seed size and
number and to promoting the K. humilis acquisition of resources
and the investment of resources in sexual reproduction. Moreover,
grazing intensity enhanced the K. humilis spatial aggregation,
resulting in the development of an ecological strategy conducive
to the survival of the K. humilis population. The beneficial effect of
grazing on the development of this dominant species indicated that
moderate grazing intensity was conducive to maintaining the
stability of the ecosystem and was the key to achieving
sustainable development of grassland animal husbandry.

5 Conclusion

Our study showed that grazing could activate and change the
resource allocation pattern of a dominant species in a grassland and
that it had significant positive effects on the number of reproductive
stems, the weight of reproductive stems, the number of seeds and
the size of seeds. Seed size variation within plant individuals is an
important mechanism for coping with frequent animal interference
and maintaining population stability. Under a grazing gradient, the
change in the intraspecific relationship from a negative association
to a positive association with the increase in distance between
reproductive and nonreproductive individuals is an ecological
strategy for population survival.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

ZQ-Y, WE-C, FB, LY-Z, Experimentation. DQ-M, YX-X, YY,
ZC-P, CQ, LW-T, Supervision and Research Design. ZQ-Y, WEF-C,
Review and Drafting. LY-Z, FB, YX-X, YY, Validation and

References

Agrawal, A. A., and Fishbein, M. (2006). Plant defense syndromes. Ecology 87 (sp7),
§132-5149. doi: 10.1890/0012-9658(2006)87[132:PDS]2.0.CO;2

Asner, G. P, Elmore, A. J., Olander, L. P., Martin, R. E., and Harris, A. T. (2004).
Grazing systems, ecosystem responses, and global change. Annu. Rev. Environ. Resour.
29, 261-299. doi: 10.1146/annurev.energy.29.062403.102142

Atsatt, P. R, and O’'Dowd, D. J. (1976). Plant defense guilds: Many plants are
functionally interdependent with respect to their herbivores. Science 193 (4247), 24-29.
doi: 10.1126/science.193.4247.24

Bertness, M. D., and Callaway, R. (1994). Positive interactions in communities.
Trends Ecol. Evol. 9 (5), 191-193. doi: 10.1016/0169-5347(94)90088-4

Condit, R., Ashton, P. S., Baker, P., Bunyavejchewin, S., Gunatilleke, S., Gunatilleke,
N., et al. (2000). Spatial patterns in the distribution of tropical tree species. Science 288
(5470), 1414-1418. doi: 10.1126/science.288.5470.1414

Frontiers in Plant Science

10.3389/fpls.2023.1137726

Statistical Analysis. DQ-M, ZC-P, CQ, LWT-, Drafting and
Validation. All authors contributed to the article and approved
the submitted version.

Funding

Co-funded by Natural Science Basic Research Program of
Qinghai (2021-ZJ-901), National Natural Science Foundation of
China (32160340 and U20A2007) and National Key R&D Program
of China (2022YF1302104).

Acknowledgments

The authors would like to thank all of the people who
participated in the studies.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpls.2023.1137726/

full#supplementary-material

Connell, J. H. (1978). Diversity in tropical rain forests and coral reefs: high diversity
of trees and corals is maintained only in a nonequilibrium state. Science 199 (4335),
1302-1310. doi: 10.1126/science.199.4335.1302

Dong, Q. M., Zhao, X. Q,, Liu, Y. Z, Feng, B, Yu, Y, Yang, X. X, et al. (2022). Effects of

different herbivore assemblage on relationship between Kobresia humilis seed size and seed
number in an alpine grassland. Chin. J. Plant Ecol. 46,1018-1026. doi: 10.17521/cjpe.2022.0134

Erfanifard, Y., Nguyen, H. H,, Schmidt, J. P., and Rayburn, A. (2018). Fine-scale
intraspecific interactions and environmental heterogeneity drive the spatial structure in
old-growth stands of a dioecious plant. For. Ecol. Manage. 425, 92-99. doi: 10.1016/
jforeco.2018.05.041

Eskelinen, A. (2008). Herbivore and neighbour effects on tundra plants depend on
species identity, nutrient availability and local environmental conditions. J. Ecol. 96 (1),
155-165. doi: 10.1111/j.1365-2745.2007.01322.x

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpls.2023.1137726/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpls.2023.1137726/full#supplementary-material
https://doi.org/10.1890/0012-9658(2006)87[132:PDS]2.0.CO;2
https://doi.org/10.1146/annurev.energy.29.062403.102142
https://doi.org/10.1126/science.193.4247.24
https://doi.org/10.1016/0169-5347(94)90088-4
https://doi.org/10.1126/science.288.5470.1414
https://doi.org/10.1126/science.199.4335.1302
https://doi.org/10.17521/cjpe.2022.0134
https://doi.org/10.1016/j.foreco.2018.05.041
https://doi.org/10.1016/j.foreco.2018.05.041
https://doi.org/10.1111/j.1365-2745.2007.01322.x
https://doi.org/10.3389/fpls.2023.1137726
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Qin-Yuan et al.

Funk, J. L., Larson, J. E., Ames, G. M., Butterfield, B. J., Cavender-Bares, J., Firn, J.,
et al. (2017). Revisiting the holy grail: Using plant functional traits to understand
ecological processes. Biol. Rev. 92 (2), 1156-1173. doi: 10.1111/brv.12275

Getzin, S., Wiegand, T., Wiegand, K., and He, F. (2008). Heterogeneity influences
spatial patterns and demographics in forest stands. J. Ecol. 96 (4), 807-820. doi:
10.1111/§.1365-2745.2008.01377.x

Kadmon, R, and Benjamini, Y. (2006). Effects of productivity and disturbance on
species richness: a neutral model. Am. Nat. 167 (6), 939-946. doi: 10.1086/504602

Kraft, N. J., Godoy, O., and Levine, J. M. (2015). Plant functional traits and the
multidimensional nature of species coexistence. Proc. Natl. Acad. Sci. 112 (3), 797-802.
doi: 10.1073/pnas.1413650112

Lezama, F., Baeza, S., Altesor, A., Cesa, A., Chaneton, E. J., and Paruelo, J. M. (2014).
Variation of grazing-induced vegetation changes across a large-scale productivity
gradient. J. Veg. Sci. 25 (1), 8-21. doi: 10.1111/jvs.12053

Li, X, Png, G. K, Li, Y., Jimoh, S. O, Ding, Y., Li, F,, et al. (2021). Leaf plasticity
contributes to plant anti-herbivore defenses and indicates selective foraging: Implications
for sustainable grazing. Ecol. Indic. 122, 107273. doi: 10.1016/j.ecolind.2020.107273

Lin, Y. C, Chang, L. W,, Yang, K. C,, Wang, H. H,, and Sun, L. F. (2011). Point
patterns of tree distribution determined by habitat heterogeneity and dispersal
limitation. Oecologia 165 (1), 175-184. doi: 10.1007/s00442-010-1718-x

Liu, Y. Z, Sun, C. C, Liu, W. T,, Yang, X. X, Feng, B., Shi, G., et al. (2022). Response
of keystone species changes in alpin grassland plant communities to different herbivore
assemblage grazing. Acta Ecol. Sin. 18.

Liu, W,, Sun, S., Zhang, C,, Lv, S., and Dong, Q. (2020). Linking plant spatial
aggregation with reproductive traits and near-source seed dispersal: Ecological
adaptation to heavy grazing. J. Plant Ecol. 13 (4), 489-498. doi: 10.1093/jpe/rtaa036

Liu, W., Wang, T., Zhang, S., Ding, L., and Wei, Z. (2018). Grazing influences stipa
breviflora seed germination in desert grasslands of the inner Mongolia plateau. Peer] 6,
e4447. doi: 10.7717/peerj.4447

Lonnberg, K., and Eriksson, O. (2013). Rules of the seed size game: Contests between
large-seeded and small-seeded species. Oikos 122 (7), 1080-1084. doi: 10.1111/.1600-
0706.2012.00249.x

Lu, N, Fu, B, Jin, T., and Chang, R. (2014). Trade-off analyses of multiple ecosystem
services by plantations along a precipitation gradient across loess plateau landscapes.
Landscape Ecol. 29 (10), 1697-1708. doi: 10.1007/s10980-014-0101-4

Lv, S, Yan, B, Wang, Z., Han, G., and Kang, S. (2019). Grazing intensity enhances
spatial aggregation of dominant species in a desert steppe. Ecol. Evol. 9 (10), 6138-6147.
doi: 10.1002/ece3.5197

Mackay, J., Nikiforuk, K., Szojka, M., Little, C. J., Fleri, J. R,, and Germain, R. M.
(2021). Animals connect plant species and resources in a meta-ecosystem. Landscape
Ecol. 36 (6), 1621-1629. doi: 10.1007/s10980-021-01244-4

Muller-Landau, H. C. (2003). Seeds of understanding of plant diversity. Proc. Natl.
Acad. Sci. 100 (4), 1469-1471. doi: 10.1073/pnas.0438004100

Olft, H., and Ritchie, M. E. (1998). Effects of herbivores on grassland plant diversity.
Trends Ecol. Evol. 13 (7), 261-265. doi: 10.1016/S0169-5347(98)01364-0

Frontiers in Plant Science

10

10.3389/fpls.2023.1137726

Orr, J. A, Vinebrooke, R. D., Jackson, M. C., Kroeker, K. J., Kordas, R. L., Mantyka-
Pringle, C., et al. (2020). Towards a unified study of multiple stressors: Divisions and
common goals across research disciplines. Proc. R. Soc. B. 287 (1926), 20200421. doi:
10.1098/rspb.2020.0421

Rausher, M. D. (1981). Host plant selection by Battus philenor butterflies: The roles
of predation, nutrition, and plant chemistry. Ecol. Monogr. 51 (1), 1-20. doi: 10.2307/
2937304

Rees, M., and Westoby, M. (1997). Game-theoretical evolution of seed mass in
multi-species ecological models. Oikos 78, 116-126. doi: 10.2307/3545807

Ren, H., Zhao, F. Y., Shi, F. X, and Zhang, Q. (2012). Spatial pattern of sexual plants
and vegetative plants of Stipa krylovii population in alpine degraded grassland. Acta
Ecol. Sin. 32 (21), 6909-6916.

Shen, G., He, F., Waagepetersen, R, Sun, I. F., Hao, Z., Chen, Z. S., et al. (2013).
Quantifying effects of habitat heterogeneity and other clustering processes on spatial
distributions of tree species. Ecology 94 (11), 2436-2443. doi: 10.1890/12-1983.1

Tahvanainen, J. O., and Root, R. B. (1972). The influence of vegetational diversity on
the population ecology of a specialized herbivore, Phyllotreta cruciferae (Coleoptera:
Chrysomelidae). Oecologia 10 (4), 321-346. doi: 10.1007/BF00345736

Velazquez, E., Martinez, 1., Getzin, S., Moloney, K. A., and Wiegand, T. (2016). An
evaluation of the state of spatial point pattern analysis in ecology. Ecography 39 (11),
1042-1055. doi: 10.1111/ecog.01579

Wang, C, Jian, S., Ren, H.,, Yan, J., and Liu, N. (2021). A web-based software
platform for restoration-oriented species selection based on plant functional traits.
Front. Ecol. Evol. 9, 570454. doi: 10.3389/fevo.2021.570454

Watt, A. S. (1947). Pattern and process in the plant community. J. Ecol. 35 (1/2), 1-
22. doi: 10.2307/2256497

Wiegand, T., Gunatilleke, S., Gunatilleke, N., and Okuda, T. (2007). Analyzing the
spatial structure of a Sri Lankan tree species with multiple scales of clustering. Ecology
88 (12), 3088-3102. doi: 10.1890/06-1350.1

Wiegand, T., and Moloney, K. A. (2013). Handbook of spatial point-pattern analysis
in ecology. (Boca Raton: CRC press).

Xie, L., Chen, W., Gabler, C. A., Han, L., Guo, H., Chen, Q., et al. (2016). Effects of
grazing intensity on seed production of Caragana stenophylla along a climatic aridity
gradient in the inner Mongolia steppe. China J. Arid. Land. 8 (6), 890-898. doi:
10.1007/540333-016-0050-7

Yang, X,, Dong, Q., Chu, H,, Ding, C,, Yu, Y., Zhang, C,, et al. (2019). Different
responses of soil element contents and their stoichiometry (C: N: P) to yak grazing and
Tibetan sheep grazing in an alpine grassland on the eastern ginghai-Tibetan plateau’.
Agricult. Ecosyst. Environ. 285, 106628. doi: 10.1016/j.agee.2019.106628

Zhang, Y. N., Wang, Z. Y., Liu, P. B,, and Wang, C. J. (2022). Mixed cattle and sheep
grazing reduces the root lifespan of the community in a desert steppe. Ecol. Indic. 143,
109422. doi: 10.1016/j.ecolind.2022.109422

Zhang, Y. ]., Zhu, J. T., Shen, R. N, and Wang, L. (2020). Research progress on the
effects of grazing on grassland ecosystem. Chin. J. Plant Ecol. 44 (5), 553. doi: 10.17521/
Cjpe.2019.0314

frontiersin.org


https://doi.org/10.1111/brv.12275
https://doi.org/10.1111/j.1365-2745.2008.01377.x
https://doi.org/10.1086/504602
https://doi.org/10.1073/pnas.1413650112
https://doi.org/10.1111/jvs.12053
https://doi.org/10.1016/j.ecolind.2020.107273
https://doi.org/10.1007/s00442-010-1718-x
https://doi.org/10.1093/jpe/rtaa036
https://doi.org/10.7717/peerj.4447
https://doi.org/10.1111/j.1600-0706.2012.00249.x
https://doi.org/10.1111/j.1600-0706.2012.00249.x
https://doi.org/10.1007/s10980-014-0101-4
https://doi.org/10.1002/ece3.5197
https://doi.org/10.1007/s10980-021-01244-4
https://doi.org/10.1073/pnas.0438004100
https://doi.org/10.1016/S0169-5347(98)01364-0
https://doi.org/10.1098/rspb.2020.0421
https://doi.org/10.2307/2937304
https://doi.org/10.2307/2937304
https://doi.org/10.2307/3545807
https://doi.org/10.1890/12-1983.1
https://doi.org/10.1007/BF00345736
https://doi.org/10.1111/ecog.01579
https://doi.org/10.3389/fevo.2021.570454
https://doi.org/10.2307/2256497
https://doi.org/10.1890/06-1350.1
https://doi.org/10.1007/s40333-016-0050-7
https://doi.org/10.1016/j.agee.2019.106628
https://doi.org/10.1016/j.ecolind.2022.109422
https://doi.org/10.17521/cjpe.2019.0314
https://doi.org/10.17521/cjpe.2019.0314
https://doi.org/10.3389/fpls.2023.1137726
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Cascading effects of seed-stem-individual spatial patterns along a grazing gradient
	1 Introduction
	2 Materials and methods
	2.1 Overview of the study area
	2.2 Grazing experimental design
	2.3 Data acquisition
	2.4 Data analysis

	3 Results
	3.1 Seed size, seed number and the relationship with reproductive individuals
	3.2 Resource allocation and trade-off between reproductive stems and vegetative stems
	3.3 Weight and pattern of reproductive and nonreproductive individuals

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


