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Abstract. Endozoochorous dispersal of seeds by livestock has long attracted the attention of grassland scientists, but
little is known about seed dispersal via Tan sheep dung on the dry grasslands of the Loess Plateau. We investigated the

composition of dung seed bank of Tan sheep under summer and winter rotational grazing regimes at different stocking
rates (2.7, 5.3 and 8.7 sheep ha–1), and assessed the relationships between seed mass and shape, egested seedling density
and species richness and diversity.We also assessed the effects of stocking rate and grazing season on seedling density and

species richness and diversity of the dung seed bank. Seeds of 10 pasture species germinated from Tan sheep dung with
only two being annual species (Eragrostis pilosa and Chenopodium glaucum). The mean seed mass (�s.e.) was
2.59 � 0.23 mg, ranging from 0.10 mg (Cleistogenes songorica) to 10.59 mg (Thermopsis lanceolata), and the mean

seed shape index (�s.e.) was 0.10 � 0.02, ranging from 0.03 (Lespedeza bicolor) to 0.19 (Stipa bungeana). Species
richness and diversity and seedling density decreased with increasing seed mass and shape index, suggesting that small,
round seeds aremost suitable for endozoochorous dispersal. Stocking rate had no effect on the number of germinated seeds
that collected from summer or winter grazing pastures. Species richness and diversity and seedling density were greater in

winter grazing pastures than in summer grazing pastures. Jaccard coefficients of similarity between the Tan sheep dung
bank and aboveground vegetation were ,0.5 for all stocking rates, indicating their weak relationship, but were
significantly higher for winter than summer grazing. Plant seeds on the Loess Plateau could disperse through Tan sheep

grazing, endozoochory can increase the heterogeneity of rotationally grazed plant communities, and this dispersal mode is
an adaptation of plants to the harsh environment of the semiarid areas.
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Introduction

Viable seeds in herbivore faeces constitute the dung seed bank –

an important source of vegetation renewal and a supplement to
the soil seed bank. The composition of the dung seed bank
depends in part on pasture composition and the selective feeding

of livestock. The passage of plant seeds through the digestive
tract of animals affects the success of seed germination (Wang
et al. 2017). Seed dispersal following plant consumption by
animals (endozoochory) is an important natural means of seed

propagation.Myers et al. (2004) reported thatmore than 70 plant
species including native and alien herbs, shrubs and trees are
able to germinate from deer faeces collected over one year in

North America, and more than 30 seeds from a faecal pellet
germinate in all months of the year. After decomposition of
dung, seeds in faeces eventually move or are transported into the

soil, contributing to the soil seed bank. Livestock manure is
therefore significant for pasture seed transmission, soil seed
bank composition and seed germination, and has the potential to

change the composition of grassland vegetation (Bakker and
Olff 2003). Faecal sedimentation and the germination and

establishment of seeds from faeces can increase the similarity of
plant communities between different types of grazed grassland
and promote differences between grassland plants of the same

community type (Malo and Suárez 1995). However, the rela-
tionship between faecal seed bank and aboveground vegetation,
and the mechanisms for maintaining this relationship, remain
unclear.

The colour and release height of fruits (or achenes) as well as
animal habitat and feeding preferences influence the probability
of seeds being swallowed (Picard et al. 2015). Moreover,

characteristics such as mass and shape affect seed viability
and germination capacity after passage through the digestive
tract. Small seeds are more likely than large seeds to survive

passage through the digestive tract (Soons et al. 2008; Brochet
et al. 2010), since they are less likely to be damaged during
chewing (Manzano et al. 2005). Seed shape also influences the
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passage time through the digestive tract (Picard et al. 2015).

Spherical seeds pass the digestive tract more quickly than flatter
or elongated seeds, and have a higher germination rate after
recovery (Whitacre and Call 2006). The potential for long-

distance endozoochory depends on the number of viable seeds
consumed and the effects of gut retention on germination.

Stocking rate and grazing season are two important factors
affecting the size and composition of the dung seed bank.

Stocking rate affects aboveground vegetation composition and
the density of reproductive culms (Hu et al. 2019a), which in
turn, determines the amount of livestock seed intake. Grazing

season affects the effectiveness of endozoochorous seed dis-
persal, as only seeds mature when consumed are potentially
viable when dispersed. Most studies of the dung seed bank have

reported that seeds can be dispersed following egestion by
livestock (Cosyns et al. 2005; Mouissie et al. 2005; Mancilla-
Leytón et al. 2011), but these studies do not evaluate the effects
of grazing practices such as stocking rate and grazing season on

the dispersal of viable seeds.
The Loess Plateau in north-western China, one of the most

naturally and culturally distinctive regions on earth, is situated in

the middle reaches of the Yellow River. It occupies 650 000 km2

and is characterised by windblown loess deposits up to several
hundred meters thick (Sun et al. 2001). Approximately 54% of

Loess Plateau grassland area is used for grazing livestock,
providing the main source of income for the local population
of ,16 million people. However, overgrazing has resulted in

soil erosion and pasture degradation. Rotational grazing on the
Loess Plateau has been encouraged by the local government
since the 1980s as the most effective strategy to prevent further
degradation (Wang et al. 2018a).

Tan sheep are the traditional and dominant grazing livestock
on the Loess Plateau in both summer and winter, but little is
known about their seed dispersal by egestion on the dry grass-

lands. Our preliminary field observations show that a subset of
plant seedlings become established from Tan sheep dung
(J. Zhang and A. Hu, 35 seedlings in each pile of sheep dung,

unpubl. obs. 2015), indicating seeds can pass though the sheep’s
gut and be dispersed. The objectives of this study were to
determine: (i) the size and species composition of the dung seed

bank fromTan sheep and the relationship between the dung seed
bank and aboveground vegetation; (ii) the relationships between
seed characteristics (i.e. mass and shape) and egested seedling
density on the one hand and species richness and diversity on the

other; and (iii) how stocking rate and grazing season affect
seedling density and the species richness and diversity of the
dung seed bank. This research can contribute significantly to a

better understanding of the factors involved in grazing manage-
ment decisionsmaking required for protection and restoration of
grasslands.

Materials and methods

Study site

This study site is located in Huan County, eastern Gansu Prov-
ince, north-western China (37.148N, 106.848E) on the Loess
Plateau, at an altitude of 1650m above sea level. Themean daily

air temperature is 7.18C, with a mean annual precipitation of
360 mm and a mean annual potential evaporation of 1993 mm.

More than 70% of the rainfall occurs between July and Sep-
tember (Fig. 1). Spring and autumn are typically short, summer
hot and humid, and winter long and cold. The soil is classified as

sandy, free-draining loess, and the rangeland as a typical tem-
perate steppe. The dominant species at the study site are
perennial low shrubs, i.e. Artemisia capillaries Thunb. and

Lespedeza davurica (Laxm.) Schindl and perennial grass, Stipa
bungeana Trin. (Table 2). The biomass of the three dominant
species accounts for 70–90% of the total biomass (Hou et al.

2002; Hu et al. 2019a).

Experimental design

The study started on a pasture rotationally grazed by 4-month-

old Tan sheep wethers, the traditional sheep breed on the Loess
Plateau since 2001. Two flatland areas, ,200 m apart, were
selected for summer grazing and early-winter grazing. Vegeta-
tion composition and coverage between these two regions were

similar. Each area was divided into nine 0.5-ha plots (18 grazing
paddocks in total) to give three replicates at each of three
stocking rates: 2.7, 5.3 and 8.7 sheep ha–1. Stocking rates were

based on data for long-term grass yield, livestock weight and
feed intake. Summer grazing started from early June to early
September (90 days duration) with three 10-day rotations per

replicate and winter grazing from mid-November to late
December (45 days duration) with two 8-day rotations per rep-
licate (Chen et al. 2010, 2015; Hu et al. 2019b). To avoid any
impact of sheep age on seed ingestion, a new cohort of 4-month-

old sheep was used at the beginning of each grazing season. For
summer grazing, there was no grazing after early September,
and for winter grazing, none after late December.

Because of the local climate on the Loess Plateau, the grazing
season is only divided into cold and worm season (Chen et al.

2015). Since the grazing season treatment (summer vs early

winter) is not spatially replicated, so ‘grazing season’ could be
considered to be pseudoreplicated (Hurlbert 1984).

Dung collection

Samples of freshly deposited sheep dung were collected on two
occasions (mid-September and late December 2016) from each
plot, and faecal pellets pooled to provide,2 kg fresh weight per
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Fig. 1. Temperature and rainfall during the study period.
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plot. Dung samples bagged in plastic bags were dried for 72 h at

358C to prevent premature germination. Dried dung pellets were
stored in the dark at room temperature.

Germination

Each sample of dry manure was gently compressed without
damaging seeds. A 100-g portion was taken from each sample,
mixed with ,50 g sterilised sand and spread in a pot at a 2-cm
thickness on a 5 cm thick bed of vermiculite. Pots were placed in

a greenhouse (70–80% humidity, 15–208C, 16 h light per day)
and watered twice a day from January until June 2017. The
temperature regime was chosen to mimic the early-spring ger-

mination temperatures of most species typical of the Loess
Plateau. Emerging seedlingswere recorded and removed as soon
as identified or were transplanted into separate pots for later

identification. Whenever seedlings were removed, the dung/
sand mix was stirred to facilitate germination of remaining
buried seeds. Germinated seedlings are referred to here as

endozoochorous seedlings (Malo and Suárez 1995).

Aboveground vegetation

To compare dung seed bank species with the aboveground veg-
etation, herbaceous species were identified during the peak

growth season (mid-August 2016). During this period, above-
ground vegetation has the highest species richness (,25 species)
and thus provides the greatest representation of grassland pro-

ductivity. Species richness (number of plant species) and species
density were recorded in each of six quadrats (1 m � 1 m) that
were laid out in the middle of each of the 18 grazing paddocks.

Seed mass and shape index

Betweenmid-June andmid-November 2016 (to match the grazing
period), mature seeds (representative of the range of seed size and

shape) were manually collected from at least 20 individual plants
from each of the 27 common grassland species identified in the
aboveground vegetation (12 families, Table 2). All are native and
represent both current and historical species of the Loess Plateau.

In addition, owing to limited precipitation and low species richness
in this semiarid area, harsh environmental conditions have weak-
ened the ability of Tan sheep to graze on selected/preferred plants

(Chen et al. 2010), implying that all 27 plant species were con-
sidered to be consumed equivalently. Seeds were stored at room
temperature under dry and dark conditions (Peco et al. 2006).

Seeds without appendages were weighed (100 seeds per
species, accuracy � 0.01 mg). Ten seeds per species were
randomly selected for measurement of length, width and height
using an electronic Vernier caliper under a stereomicroscope

(Nikon SMZ 1500, Shanghai, China, 25 mmprecision). The seed
shape index (I), i.e. divergence from sphericity, was calculated
according toWang et al. (2017) as the variance of the three main

dimensions:

I ¼ ½3ðX 2
L þ X 2

W þ X 2
HÞ � ðXL þ XW þ XHÞ2�

32
ð1Þ

where XL, XW, XH are seed length, width and height, respec-
tively, divided by seed length. I value ranges from 0 and 1 and

I¼ 0 for spherical seeds and I.0 for flatter or elongated seeds.

Diversity and similarity indices

The number of emerged seedlings (seedlings g–1 dung) and spe-

cies richness (species g–1 dung) were determined basing on data
collected from five replicates from each dung sample. For each
plot, a Shannon–Wiener diversity index (H 0) was calculated as:

H 0 ¼ �
XS

i¼1

pi ln pi ð2Þ

where pi is the relative proportion of species of the total

community (in this study, community refers to the dung seed
bank) and s is the total number of species for each dung sample.

The Jaccard coefficient of similarity (SJ) was used to test the

similarities in species composition between the dung seed bank
and the aboveground vegetation for each stocking rate under
summer and winter rotational grazing regimes:

SJ ¼ a

b
ð3Þ

where a is the number of common species presenting in both
dung seed bank and aboveground vegetation at the same
stocking rate in the same grazing season and b is the total

number of species.

Data analysis

Data were analysed using Statistical Package for the Social

Sciences (SPSS) for Windows (ver. 25.0, SPSS, Inc., Chicago,
IL, USA). Data were checked for normal distribution using the
Shapiro-Wilk test. Data of dung seed bank species richness,

species diversity, or seedling density were log(10)-transformed
to pursue the assumption of normality and homogeneity of
variances. Dung seed bank species richness, species diversity, or

seedling density in relation to single-seed mass or seed shape
index were determined by multiple regression analyses, except
the seed species richness in relation to mass, where an expo-
nential decline model was used (Fig. 2). Data on Jaccard coef-

ficient of similarity (Fig. 3) and dung seed bank species richness,
species diversity, seedling density (Fig. 4) in different grazing
seasons affected by stocking rate were analysed using analysis

of variance with least significant difference for multiple com-
parisons. The level of significance used was P , 0.05.

Structural equationmodelling (SEM)was utilised to estimate

the contribution of stocking rate and grazing season to the
aboveground vegetation composition and dung seed bank, i.e.
seedling density, species richness and species diversity. The
primary advantage of SEM is its ability to evaluate hypothesised

and complex causal relationships between variables by translat-
ing these into a pattern of expected statistical relationships in
the data (Grace 2006). Also, the core theory of structural

equation model analysis is the covariance of variables and the
pseudorepetition (some treatment lack of replication, e.g. graz-
ing season) could also use this analytical method (Deng and Qiu

2015). SEM analyses were performed using AMOS 22
(Arbuckle 2010). When using the AMOS 22 software for
analysis, grazing season is named as pseudoreplicated, and

summer grazing season and winter grazing season defined as a
character string, the software automatically giving the statistical
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results. The chi-square test was used to evaluate the fit of the
model. The model has a good fit when 0 # x2/df # 2 and

0.05 , P # 1. A large P-value (.0.05) indicates that the
covariance structure of the data does not differ significantly
from the expected model (Grace 2006).

Results

Germinated species from dung

Of 27 plant species identified from field vegetation, only 10

species (two annual and eight perennial species) from Tan sheep

dung germinated successfully, with an average seedling density

of 0.72 g–1 dung. Four species, Potentilla bifurca, E. pilosa,
Dodartia orientalis and L. bicolor, germinated from both
summer and winter grazing dung samples. The remainder
(A. capillaris, Gueldenstaedtia verna, C. glaucum, Potentilla

multifida, C. songorica and L. secalinus) germinated only from
winter grazing dung samples. In both summer and winter
grazing systems, seedling density (g–1 dung) decreased when

stocking rate increased, with the exception of L. bicolor, a native
dominant species (Table 1).

Seed mass and shape index

Twenty-seven plant species were identified in the pasture

vegetation. Approximately 70% were perennials, including
two shrubs (L. bicolor and A. capillaris) (Table 2). The mean
seed mass (�s.e.) of identified species was 2.59 � 0.23 mg,

ranging from 0.10 mg (C. songorica) to 10.59 mg
(Thermopsis lanceolata), with 18 species (67% of total)
having a seed mass of .1 mg. The mean seed shape index
(�s.e.) was 0.10� 0.02, ranging from 0.03 (L. bicolor) to 0.19

(S. bungeana), with 13 species (48% of the total) having a
seed shape index of .0.10.

Dung seed species richness, species diversity and seedling
density in relation to seed mass and shape index

As seed mass increased, dung seed bank species richness,

species density and seedling diversity significantly decreased,
indicating that large ingested seeds had a lower germination
capacity than small ingested seeds (Fig. 2a). Similarly, as seed
shape index increased, dung seed bank species richness, spe-

cies density and seedling diversity significantly decreased
(Fig. 2b), indicating that flatter or elongated seeds ingested
by Tan sheep had a lower germination capacity than spherical

seeds.
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Similarity of dung seed bank and aboveground vegetation

The Jaccard coefficients of similarity were ,0.5 for all three
stocking rates (Fig. 3).The similarity inwinter grazingpastureswas
significantly higher than in summer grazing pastures (P , 0.05),

with no significant difference detected between stocking rates in
winter grazing pastures (P . 0.05) (Fig. 3). The similarity at

8.7 sheep ha–1 was significantly higher than that at 2.7 and

5.3 sheep ha–1 in summer grazing pastures (P, 0.05) (Fig. 3).

Seed species richness, species diversity and seedling density
in relation to grazing season and stocking rate

Dung seed bank species richness, species diversity and seedling
density were significantly higher in winter grazing pastures than
summer grazing ones at all three stocking rates (P , 0.01)
(Fig. 4; Table 3). However, stocking rate and the interaction of

grazing season and stocking rate had no significant impact on
species richness, species diversity and seedling density
(P . 0.05) (Fig. 4; Table 3).

Regulation of dung seed bank by stocking rate and grazing
season

Stocking rate had no significant indirect (through vegetation
density) or direct effect on seedling density (standardised path
coefficients ¼ 0.03 and 0.13, respectively, both P . 0.05;

Fig. 5a). Both direct and indirect effects of grazing season on
seedling density were significantly positive (standardised path
coefficients ¼ 0.92 and 0.45; P , 0.001 and P , 0.05,

respectively, see Fig. 5a).
Stocking rate and grazing season had no significant direct

effect on dung seed bank species richness (0.22 and 0.34,
respectively, both P . 0.05), but both had significant indirect

effects on dung seed bank species richness through species
richness of aboveground vegetation (0.29; P , 0.05) (Fig. 5b).

Stocking rate and grazing season also had no significant direct

effect on species diversity of the dung seed bank (0.22 and 0.28,
respectively, both P . 0.05), but both had indirect significant
effects on species diversity of the dung seed bank through

diversity of the aboveground vegetation (0.39;P, 0.05) (Fig. 5c).

Discussion

Germinated species from dung

Of the 10 plant species that germinated from Tan sheep dung,

only two were annuals (E. pilosa and C. glaucum; Table 1).
Annuals rely only on seeds for reproduction, and thus tend to
produce a larger number of seeds (Smith and Fretwell 1974)

with ‘r-selected’ life-history characteristics (plants produce
large numbers of offspring to increase the number of surviving
offspring) (Mac-Arthur and Wilson 1967). However, plants
with higher number of seeds also tend to have higher seed

abortion rates and poor seed tolerance (Lönnberg and Eriksson
2013), which contributes to the low seed survival found for
annual plants in animal faeces. In fact, the composition of the

dung seed bank is determined by the species of seed ingested by
livestock, and selective feeding of livestock has an important
impact on this process. To date, few studies on selective feeding

and the gut environment of sheep on the Loess Plateau have been
conducted (Chen et al. 2010).

The size of the dung seed bank was affected by livestock
species, amount of seed intake and the physical and chemical

properties of the faeces (Milotić and Hoffmann 2016), as well as
seed traits (Pakeman et al. 2002). We explored the efficiency of
endozoochory for temperate (e.g. Loess Plateau) grassland

species, where the processes of mastication and gut passage
appear to impose a high seed loss, as high as.80% (Wang et al.
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Table 1. Mean (±s.e.) germination density (seedlings g–1 dung) of species from Tan sheep dung collected at different stocking rates (sheep ha–1) in

different grazing seasons

Family Species Group Summer grazing (sheep ha–1) Winter grazing (sheep ha–1)

2.7 5.3 8.7 2.7 5.3 8.7

Gramineae Cleistogenes songorica

(Roshev.) Ohwi

Perennial 0.03� 0.00 0.02� 0.00

Eragrostis pilosa (L.)

Beauv.

Annual 0.08� 0.00 0.05� 0.00 0.07� 0.02 0.03� 0.00 0.02� 0.00

Leymus secalinus

(Georgi) Tzvel.

Perennial 0.02� 0.00

Leguminosae Gueldenstaedtia verna

(Georgi) Boriss.

Perennial 0.05� 0.00 0.02� 0.00 0.02� 0

Lespedeza bicolor Turcz. Perennial 0.04� 0.01 0.40� 0.00 4.00� 0.00 0.40� 0.00 4.00� 0.01

Rosaceae Potentilla bifurca L. Perennial 0.12� 0.10 0.11� 0.10 0.05� 0.02 0.05� 0.00

Potentilla multifida L. Perennial 0.02� 0.00

Chenopodiaceae Chenopodium glaucum L. Annual 0.11� 0.05 0.10� 0.02 0.06� 0.01

Scrophulariaceae Dodartia orientalis L. Perennial 0.05� 0.00 0.02� 0.00 0.05� 0.00

Compositae Artemisia capillaris Perennial 0.43� 0.12 0.42� 0.14 0.37� 0.11

Table 2. Seed mass and shape index and group of dominant plant species

Family Genus Species Group Mass (mg) Shape index

Gramineae Cleistogenes C. songoricaA Perennial 0.10� 0.00 0.09� 0.01

Eragrostis E. pilosaA Annual 2.60� 0.02 0.07� 0.01

Leymus L. secalinusA Perennial 4.50� 0.08 0.05� 0.01

Pennisetum Pennisetum centrasiaticum Tzvel. Perennial 0.20� 0.00 0.13� 0.01

Setaria Setaria viridis (L.) Beauv. subsp. Annual 6.22� 0.03 0.14� 0.00

Stipa Stipa bungeana Trin. Perennial 5.70� 0.06 0.19� 0.00

Leguminosae Gueldenstaedtia G. vernaA Perennial 1.67� 0.01 0.07� 0.01

Lespedeza L. bicolorA Perennial 2.17� 0.02 0.03� 0.01

Melilotus Melilotus officinalis (L.) Pall. Perennial 2.17� 0.02 0.17� 0.00

Oxytropis Oxytropis racemosa Turcz. Perennial 2.63� 0.03 0.07� 0.00

Thermopsis Thermopsis lanceolata R.Br. Perennial 10.59� 0.02 0.10� 0.00

Compositae Artemisia A. capillarisA Perennial 0.57� 0.12 0.08� 0.00

Artemisia Artemisia frigida Willd. Perennial 0.57� 0.12 0.11� 0.01

Heteropappus Heteropappus altaicus (Willd.) Novopokr. Perennial 0.90� 0.02 0.16� 0.00

Ixeridium Ixeridium chinense (Thunb.) Tzvel. Perennial 2.80� 0.02 0.17� 0.00

Chenopodiaceae Agriophyllum Agriophyllum squarrosum (L.) Moq. Annual 6.11� 0.57 0.12� 0.01

Chenopodium C. glaucumA Annual 1.98� 0.01 0.07� 0.01

Corispermum Corispermum puberulum Iljin Annual 4.70� 2.19 0.13� 0.00

Rosaceae Potentilla P. bifurcaA Perennial 0.51� 0.03 0.08� 0.01

Potentilla P. multifidaA Perennial 0.46� 0.02 0.08� 0.01

Convolvulaceae Convolvulus Convolvulus ammannii Desr. Perennial 0.60� 0.003 0.09� 0.00

Liliaceae Allium Allium polyrhizum Annual 1.91� 0.15 0.11� 0.01

Cruciferae Torularia Torularia humilis (C.A.Mey.) O.E.Schulz Perennial 1.57� 0.05 0.04� 0.01

Plantaginaceae Plantago Plantago minuta Pall. Annual 2.06� 0.23 0.12� 0.00

Euphorbiaceae Euphorbia Euphorbia esula L. Perennial 0.59� 0.12 0.12� 0.00

Boraginaceae Lappula Lappula deserticola C.J.Wang Annual 4.53� 0.27 0.05� 0.00

Scrophulariaceae Dodartia D. orientalisA Perennial 1.56� 0.04 0.06� 0.01

ASpecies germinated from dung seed.

Table 3. Effects of grazing season and stocking rate on Tan sheep dung seed species richness, species diversity, and seedling density

Variable Species richness Species diversity Seedling density

F P-value F P-value F P-value

Grazing season 25.00 ,0.01 26.12 ,0.01 12.95 ,0.01

Stocking rate 0.11 0.89 1.89 0.19 0.02 0.98

Season� rate 0.33 0.72 0.36 0.70 0.09 0.92
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2017). The mean seed density was 0.72 g–1 dung, slightly lower
than that (0.8 g–1) reported by Kuiters and Huiskes (2010). High
seed consumption rate suggests the size of the dung seed bank

was small (Yu et al. 2013). However, the cost of endozoochory
may be offset by the possibility of dispersed seeds travelling
long distances (e.g. C. songorica and L. bicolor in our research)

without investment in other specialised structures (e.g. wings or
pappus; Peco et al. 2006).

Effect of seed traits on the dung seed bank

All seeds germinated from Tan sheep dung were classified as
‘small seed’ species according to the criteria of Thompson et al.
(1993). Mean seed mass ranged from 0.10 mg (C. songorica) to

4.5 mg (L. secalinus) (Table 2). In addition, seeds the 10 ger-
minated species were approximately spherical and small, with
seed shape indices ranging from 0.03 (L. bicolor) to 0.09

(C. songorica) (present study; Wang et al. 2018b). Previous
studies have indicated that small size is an important charac-
teristic that aids seed survival following ingestion, allowing

seeds to avoid molar grinding (Kuiters and Huiskes 2010) and
survive after passing the digestive tract (Pakeman et al. 2002).
Small seed size and round shape lead to shorter retention time in

the digestive tract, reducing the seeds exposure to microbial
attack in the rumen. It is not surprising that as egested seed mass
or seed shape index increased, species richness, species diversity
and seedling density decreased (Fig. 2), indicating that larger

(c)

(b)

(a)
Dung seedling

 density

r 2 = 0.78

r 2 = 0.74

r 2 = 0.84

0.92∗∗∗

0.29∗
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0.130.00

Vegetation 
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Grazing
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Stocking 
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Stocking 
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Grazing 
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Grazing 
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Dung seed
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Dung seed
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Fig. 5. Structural equation models (SEM) based on data from the dung seed

bank and aboveground vegetation in this study. Numbers on arrows are

standardised path coefficients indicating the effective magnitude of the relation-

ship. Arrow widths are proportional to the strength of the relationship. The

proportion of variance explained is given as r2. Significant differences are

indicated: *P , 0.05; **P , 0.01; ***P , 0.001. Results of model fitting:

(a) species density, x2 ¼ 0.001, d.f. ¼ 1, P ¼ 1.000; (b) species richness,

x2 ¼ 0.004, d.f. ¼ 2, P ¼ 0.998; (c) x2 ¼ 1.726, d.f. ¼ 2, P ¼ 0.428.
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(single-seed mass .10 mg) and elongated (shape index .0.1)

seeds had lower germination after egestion. Some researchers
have suggested viable small seeds are more likely to be present
in egested herbivore dung than large seeds, because of the

negative relationship between seed size and seed production (i.e.
small seeds are produced in greater numbers) rather than the
better adaptation of small seeds to survive gut passage (Eriksson
and Jakobsson 1998; Pakeman et al. 2002; Couvreur et al. 2005).

The similarity between dung seed bank and aboveground
vegetation

The relationship between the dung seed bank and aboveground
vegetation can be influenced by selective feeding of livestock
(Bagchi and Ritchie 2010), physical and chemical properties of
faeces (Milotić and Hoffmann 2016) and microhabitat proper-

ties of sites at which seeds are egested with dung (Calviño-
Cancela and Martı́n-Herrero 2009). In the present study, the
similarity of species between the soil seed bank and above-

ground vegetation was low (,0.5; Fig. 3), because 10 species
detected from aboveground vegetation were absent from the
dung seed bank. Nonetheless, ,37% of pasture plant species

could germinate after passage. In semiarid environments such as
the Loess Plateau, seed dispersal within the dung pellet provides
significant protection for seed survival until sufficient rainfall
for germination and establishment. This mode of germination

represents an adaptation of plant seeds to the harsh environment
of the Loess Plateau and other semiarid grasslands.

Effect of stocking rate and grazing season on dung seed bank

Stocking rate had no significant effect on species density and
richness in sheep dung as well as the subsequent seedling
diversity, due to the decrease in forage intake as stocking rate

increased (Langlands and Bennett 1973). In addition, more
seeds are buried through increased trampling at high stocking
rates (Willms and Quinton 1995), leaving fewer seeds on the

parent plants to be consumed by sheep.
The dung seed bank plays an important role in vegetation

regeneration, with seeds in egested sheep dung contributing

significantly to it. However, the value of this contribution
depends on the rate and degree of decomposition of the dung,
which often is hard and dry. After defecation, the main factor

influencing on the condition of dung is trampling by livestock
(Liu et al. 2011). Chen (2015) reported that higher stocking rate
boshes dung decomposition. Precipitation also affects dung
decomposition. For example, in the Chihuahuan Desert, dung

and other organic matter decompose rapidly during the rainy
season (Whitford et al. 1982). Seedling emergence in arid
environments is primarily related to patterns of soil water

availability (Winkel and Roundy 1991). On the Loess Plateau,
more than 60% of rainfall is concentrated in July to September
(Fig. 1) (Hou et al. 2002). This period coincides with summer

rotational grazing, when many seeds are transferred from dung
to the soil seed bank, and wet conditions are more amenable to
seed germination and plant establishment.

As only matured seeds consumed by livestock have the
potential to be viable after passing the gut, grazing season has
an important impact on the dung seed bank. Results of SEM
showed that both direct and indirect effects of grazing season on

seedling density were significantly positive (standardised path

coefficients ¼ 0.92 and 0.45; P , 0.001 and P , 0.05, respec-
tively, Fig. 5a). On the Loess Plateau, most plant species mature
before winter, and seeds retained through the winter are ingested

by foraging sheep and egested in their faeces (mean 0.72 seed
g–1 dung). Malo and Suárez (2000) found that the seed content
of rabbit dung samples peaked at the end of spring, coinciding
with the maximum density of certain mature species (e.g.

Caryophyllaceae).
In conclusion, the findings of our study suggest that the

foraging activities of Tan sheep have the potential to contribute

to the gathering of plant seeds under traditional rotational
grazing on the Loess Plateau. This is especially true in a winter
grazing system,whenmost plants still retain seeds. Although the

cost of passage through the gut of Tan sheep is undoubtedly high
for dry-fruited plant species (Traveset et al. 2002), endozooch-
ory may enhance species colonisation through the potential
benefits of directional dispersal. This mode of dispersal may

increase the heterogeneity of plant communities via the rota-
tional grazing of sheep on the Loess Plateau.
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