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Grazing Impact on Plant Seed Production in Southern Mongolia
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Abstract

Nomadic livestock husbandry practices have a long history in Mongolia and still represent the
main form of land use. Because of increasing livestock numbers, the danger of overgrazing and steppe
degradation is on the rise. Nevertheless, studies on the influence of herbivores are rather rare in southern
Mongolia and existing studies focus mainly on biomass production rather than on the consequences to
reproduction of key steppe plants. We tested the effect of grazing by livestock and small mammals on
the production and related seed abundance of three of the most dominant steppe plant species of the
Mongolian desert steppes: Agropyron cristatum, Stipa krylovii and Artemisia frigida. The fieldwork took
place in summer 2006 in the Gobi Gurvan Saykhan National Park, during which we estimated the extent
of granivory and compared the abundance of inflorescences on grazed/ungrazed sites and the harvesting
preferences of small mammals. Herbivory has a tremendous impact on flower and, subsequently, seed
production of the three studied species. Flowers and fruits are browsed at levels of up to 100%. However,
grazing pressure is plant-specific; both livestock and small mammals have feeding preferences, and
pikas (Ochotona pallasi) prefer taxa such as Stipa spp. Granivory, in contrast does not seem to play any
role for the three studied species growing in the southern Mongolian steppes.
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Introduction development of new plant communities (Li et al.,

2006), or the change of soil parameters (Su et al.,

In natural grasslands herbivores play a key
role because of their impact on the structural
and functional elements of the ecosystem
(McNaughton, 1985; Whicker & Detling, 1988).
Large populations of livestock, such as bison in
North America or zebras on the African savannas
(Frank et al., 1998), consume more than 50% of
the aboveground phytomass. A second important
mammal group in the world’s drylands is the small
mammals (Kinlaw, 1999). In Mongolia, rodents
and lagomorphs (mainly Ochotona spp.) are
widespread in all types of steppe. Their impact on
the vegetation is pronounced, as their burrowing
activity affects large areas (Zielinski, 1982;
Samjaa et al., 2000; Wesche et al., 2007) making
them important ecosystem engineers (Jones et al.,
1994). Small mammals have largely similar food
requirements as larger ungulates and compete
with livestock for fodder sources (Retzer, 2007).

In central Asia, some studies analyzed grazing
effects by means of assessing the loss of biomass
(Zhao et al., 2004; van Staalduinen, 2005), the

2003; Schneider et al., 2005; Stumpp et al., 2005;
Pei etal., 2006). The impact of herbivores on plant
reproductive cycles has hardly been studied, and
effects on flowers and seeds are largely unknown.
We analyzed the influence of livestock and small
mammals on the three dominant desert steppe
species, Agropyron cristatum, Stipa krylovii and
Artemisia frigida. Specifically, we addressed the
following questions:

e How is seed production influenced by
grazing?

e Do small mammals favour certain plant
species?

e Do herbivores harvest seeds of the three studied
species as a fodder source?

Material and Methods

Study area and selected species. The field
experiments were performed in the Gobi Gurvan
Saykhan National Park in southern Mongolia in
2006. This park was designated in the 1990’s,
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but in spite of its protection status virtually all
suitable sites are grazed by domestic livestock. In
the study area (southern Dund Saykhan, 43°36.95°
N, 103°46.45°E, 2300 m asl.), goats and sheep by
far outnumber other livestock, and together with
horses, they account for more than two-thirds of
the grazing pressure exerted by larger mammals;
other livestock species and wild ungulates are of
minor importance (Retzer et al., 2006). Semi-
nomadic animal husbandry represents the major
form of land-use in the Gobi and has been in place
for centuries in the area, if not millennia (Miehe
etal., 2007).

Outside the few oases, the most productive
pastures are found in and around the mountain
ranges between 2000 and 2600 m a.s.l. Mean
annual precipitation ranges between 100 - 150 mm
on the piedmont regions and up to 200 mm in the
summit regions. Rains are largely concentrated in
the short warm-season, and are sufficient to support
sparse, but continuous vegetation. However,
the inter-annual variability of precipitation is
high (coefficients of variation >30%, stations
Bayandalay, 1570 m a.s.l, and Dalanzadgad,
1470 m a.s.l., National Meteorological Service
Mongolia).

This study was performed in montane
desert steppes, which form the most important
pastures and cover some 20% of the park area
(von Wehrden et al., 2006). The dominant plant
species are grasses, such as Agropyron cristatum
and several Stipa species (S. krylovii, S. glareosa),
the onion Allium polyrrhizum and the dwarf
shrub Artemisia frigida (Wesche et al., 2005).
Other shrubs (Artemisia santolinifolia, Caragana
leucophloea) are restricted to disturbed sites or
erosion gullies, while trees are rare and occur only
at sites with permanent water surplus. Annual
species are common on heavily disturbed sites,
but are unimportant in terms of overall cover and
biomass production.

We concentrated on the three abundant plant
species, Agropyron cristatum (Poaceae, caryopses
with small awn, hereafter called “seeds”), Stipa
krylovii (Poaceae, seeds with small hook and long
awn) and Artemisia frigida (Asteraceae, small
achenes, hereafter called “seeds”, without any
appendages). Seeds for the granivory experiment
were collected in 2005.

Methods. To estimate the grazing impact on
seed production of Agropyron cristatum, Stipa
krylovii and Artemisia frigida 20 grazing cages

(A=0.25 m?) were randomly placed on the desert
steppes around the research camp in the Mt. Dund
Saykhan. Cages were established in late 2005, and
excluded both small mammals and larger livestock.
They were compared with one plot each located in
the vicinity of any given grazing-exclusion cage
(block design). Since the seeds did not ripen due
to the influence of drought in 2006, we chose to
sum the number of inflorescences (i.e. the number
of flowering culms/stems) as a substitute.

We excavated 11 burrows of Ochotona pallasi
(one in 2005 and the others in 2006) to analyse the
species composition of harvested plant material.
We recorded our focus species as well as any
other species present. The burrows were located
at different altitudes to ensure that the main plant
communities were represented. The retrieved
plant samples were identified under a dissecting
microscope with the help of herbarium material.
We also performed some vegetation checks around
the burrows to assess the relative importance
of plant species in the burrows compared to the
surrounding area. In the study region, the home
range of Ochotona pallasi is around 900 m?
around the animal’s burrow (Monkhzul, 2003).
Where the vegetation composition in the home
range was relatively uniform, we only performed
one vegetation check on a 9 m? plot. Otherwise,
we increased the number, so that all distinct
plant communities were included. Species cover
was estimated as a percentage. Comparing the
relative abundance of plants in the burrows and in
the surrounding vegetation yielded an indication
of food preferences and indicated any potential
impact of pikas on the specific vegetation.

To test for granivory, we randomly placed
10 plastic dishes with 50 seeds from each A.
cristatum, S. krylovii and A. frigida in the study
site (1500 seeds in total). The dishes were covered
with a plastic bowl to protect them from wind, and
had an access hole (12 x 14 cm) to make sure that
small mammals, birds or insects could reach the
seeds. After 84 hours, exposure was terminated
and the remaining diaspores were counted.

Results

Figure 1 illustrates the pronounced difference
in the number of flowering stems between the
grazed and ungrazed plots. The heavy impact
of grazing on flower production was evident as
there was not a single inflorescence on the grazed
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Figure 1. Number of flowering stems of Stipa
krylovii, Artemisia frigida and Agropyron cristatum on
grazed vs. ungrazed plots (0.25 m?, mean + 1 standard
deviation).

plots.

Not surprisingly, the Split-Plot ANOVA
analysis (Table 1) confirms these inferences.
Differences between plant species were
moderately pronounced (p=0.05). Effects of
grazing were highly significant (p<<0.0001), and
species benefited from grazing protection at
different intensities, as indicated by the significant
grazing * species interaction (p=0.05).

In pika burrows we found a total of > 1.3 kg
hay consisting from more than 13 different plant
species (including the three studied species).
There were also flowers and fruits from at least
7 species including Agropyron cristatum and
Stipa krylovii. Figure 2 shows that the small
mammals had feeding preferences. The relative
abundance of the plant taxa, such as Stipa spp.,
Artemisia santolinifolia and Ajania fruticulosa
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Figure 2. Relative abundance (%) of plant species
in the vegetation and in the hay collected by Ochotona
pallasi. The diagonal indicates the level of equal
representation; given are means + 1 standard deviation
(Abbreviations: Ach - Achnaterum inebrians, Agr
- Agropyron cristatum, Aja - Ajania fruticulosa,
All - Allium spec., A fri - Artemisia frigida, A san -
Artemisia santolinifolia, Car - Caragana leucophloea,
Che - Chenopodium spec., Ely - Elymus spec., Lep -
Lepidium densiflorum, Sal - Salsola collina, S gob -
Stipa gobica, S kry - Stipa krylovii).

was considerably higher in the burrows, than in
the growing vegetation, while Ochotona pallasi
apparently avoided Allium spp., Agropyron
cristatum and Artemisia frigida were neither
preferred nor avoided.

In the granivory experiment, after 84 hours,
only 45 of the 1500 seeds offered (=3%) were
not recovered (Table 2). This is certainly a rather
minor effect, although the Wilcoxon-test showed
a significant difference (p=0.017) between the
numbers of diaspores in the beginning and in the
end of the experiment.

Table 1 Split-Plot ANOVA to test for differences among grazed and ungrazed plots and
between plant species

Number of flowering stems
mean sum of

df F p
squares

grazing hypothesis 1 14520.00 38.000 <0.001
error term 38 382.11

grazing * block hypothesis 38 382.11 0.926  0.594
error term 76 412.56

species hypothesis 2 1284.01 3.112 0.050
error term 76 412.56

grazing * species hypothesis 2 1284.01 3112 0.050
error term 76 412.56

grazing * species * block hypothesis error term
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Table 2 Number of seeds at the beginning of the
granivory experiment and after 84 hours, given are
means +/- 1 standard deviation (n=10).

Number of seeds
Beginning  After 84 hours

Agropyron cristatum 50+/-0 48.7+/-1.5

Stipa krylovii 50 +/-0 48.0 +/- 1.9

Artemisia frigida 50 +/-0 484 +/-1.1
Discussion

Herbivory evidently has a negative influence
on the plants’ reproductive capacity in the
southern Mongolian steppes as not a single flower
of the three studied species was found on the
grazed plots. The situation may differ from year
to year, but grazing nonetheless must be regarded
as an important factor for seed development and,
consequently, the reproductive success of these
species.

What is more difficult to assess is how much
grazing a plant can tolerate. Staalduinen &
Anten (2005) described that Stipa Krylovii’s
compensatory growth is less than 50% after
simulated grazing. However, their plants were
cultivated in a greenhouse and died-off when
biomass was cut at levels <30 cm. Data have thus
to be treated with care, as the species tolerates
much more severe tissue removal in its native
habitat. It has been described that Artemisia
frigida can balance a loss of biomass in spring (Li
et al., 2002), while summer grazing reduces seed
production in the following year. For Syria, sheep
were described to browse around two-thirds of
the seeds grassland offers (Russi et al., 1992a). In
China, Dexin et al. (1997) also found a decrease of
seeds of Stipa krylovii with an increased grazing.
In the Gobi Gurvan Saykhan region, we also found
circumstantial evidence for these inferences, as
flower production on plots that were regularly
harvested in the course of biomass experiments
tended to show lower flower production than
that of the non-harvested plants growing on the
fringes of the cages used in the experiments (pers.
observation).

On the other hand, several authors report that
grazing impact is not so important in the desert
steppe. Fernandez-Gimenez and Allen-Diaz
(1999) emphasise the influence of the tremendous
inter-annual variability of the precipitation that
renders effects of grazing on plant community

composition negligible in the dry southern
Mongolian steppes. Sternberg et al. (2000) also
found a greater grazing impact in moist than in
dry years, and exclosure studies of our group in
the Gobi Gurvan Saykhan region underline the
dominance of climate over grazing impact on plant
biodiversity and biomass productivity (Wesche
et al., in revision). This is in line with the “non-
equilibrium theory of rangeland science™ (Ellis &
Swift, 1988; Vetter, 2005): livestock’s influence is
limited in arid environments because the animals
are limited by fodder availability and, ultimately,
precipitation. In dry years, herbivore populations
collapse keeping their populations low on average.
However, the non-equilibrium theory does not
consider effects on plant population biology, and
indeed this may be one shortcoming where the
theoretical framework of rangeland ecology needs
improvement (Vetter, 2005).

In the pikas’ burrows we found a total of > 1.3
kg hay belonging to more than 13 plant species
(including A. cristatum, S. krylovii and A. frigida).
There were also flowers and fruits of at least 7
species (including A. cristatum and S. krylovii).
Ochotona pallasi is known to reduce biomass in
burrow surroundings through grazing (Huntly,
1987). Retzer (2007) and Nadrowski (2006) even
show for the study area that pikas need as much
food as livestock (in terms of kg uptake/ha). Some
plant species (e.g. S. krylovii) suffer heavily from
O. pallasi’s fodder uptake, as shown in Fig. 2. Their
impact on Stipa spp. seems to be disproportionally
high, while they rather surprisingly show no
preference for A. cristatum, which is regarded
as a highly nutritious fodder grass by Mongolian
herdsman (Jigjidsuren & Johnson, 2003).

Granivory was hardly detected in the study
area, because only 3% of the offered seeds were
not recovered; they probably fell out of the dish
while pikas were examining the arrangement.
Pikas were observed to enter the trays and we are
therefore certain that we introduced no artefacts
of human odour keeping the mammals from
eating the seeds (Duncan et al., 2002). Small
mammals often only eat big seeds (Reader, 1993;
Hulme, 1994; Perez et al., 2006) because of the
supposedly greater benefit of energy (Kelrick et
al., 1986; Celis-Diez et al., 2004). The provided
seeds were indeed relatively small, but there were
no bigger ones in the study area. This may be
one reason why granivorous animal species are
apparently unimportant in the study region.
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Conclusion

Our study provides clear evidence that direct
browsing of inflorescences is the main impact of
herbivores on seed production. Seed production
has as yet not been a concern of herders, but
grazing effects are pronounced and may reach an
extent where hardly any seeds are produced on
heavily grazed sites. Seed development represents
an additional constraint on the plant level, and
may be very limited under conditions of drought
and/or nutrient shortage. These constraints add
to the relatively harsh climatic conditions where
successful establishment of perennial plants is
rare and limited to occasional periods of beneficial
conditions (Lavrenko & Karamysheva, 1993;
Gunin et al., 2003). Taken together, grazing impact
plus climate effects may render successful sexual
recruitment next to impossible in intensively
grazed steppes. Genetic impoverishment of Stipa
spp. populations under heavy grazing in northern
Chinese steppes may hint at such a mechanism
(Dan et al., 2006; Zhao et al., 2008), but the
available data on Mongolia are not sufficient to
come to any definite conclusion on this.
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Xypaanryii

Boamuaspuitn Man ax axyii 601 MOHTOIIBIH OJIOH
KWINHH TYYXTOH ylnaMyKIanT ax axyd Oereej
07100 4 TACOH TYC YJICBIH ra3ap alluriaiThiHd TOJ
x2m0op Oalicaap OaiiHa. Man cypruiiH ToOo ecu
Oaifraaraii XoJa0OTIOH O2TY33p HYTIUUH AT
9BAPOJ, TANXarjulblH aoyn Ouid Oomk OaifHa.
MOHTOJIBIH 6MHO/ OYC HYTarT ©BCOH THKIIIT
aMBTABIH 02TUIPT Y3YYJIDX HONee XapbLaHTyH
Oara cymiardacan 0ereeJi ©MHO XUHTICIH Cyna-

raanyyq YHACOHIPD OHMOMACCHIH OYTIIMXKUHUT
YH2IDK OaiicHaac OWII OATIIIPUITH T ypraMIlbIH
HOXOH COPIIITUHH acyyajbIT CyJalk OalicaHryi.
by MOHTOMBIH 1IeJIOpXer XI3PpUHH 0TI33PUITH
30HXMJIOrY 3 3yHimiH ypramuisiH (Agropyron
cristatum, Stipa krylovii, Artemisia frigida)
OyTI3MK Oa YpUIH Heele 1 Mas 0a JKUKUT ©BCOH
THKIIIT )KUKHT XOXTOH aMBTABIH Y3YYJIIX HOJIOOT
cynancan oM. X»puiH cygamraar 2006 oHpg
I'oBs ['ypBan Caiixansl baiiranuitn Lornonoopt
["azapr sABYYIIK, 199pX aMBTABIH YPTaMIIbIH YPI9P
X0O0JUIOX Oaiijia, Maj aMbTaH O3I433piadaAdr Oa
03TUIIPIBNAITYH TAIOAMH sUIraa, JKUKUT XOXTOH
aAMBTABIH TKIIUIMHH COHTONT 33PTUHT CYIIaB.
OBCOH THKIIT aMbTad J33PX 3 yPraMiIblH [PLAT
0a ypuiiH OOJIOBCPOJITOHJ] Malll MX HOJeeTH
00JIOX Hb TOTTOOTNIOB. THAr33p ypramilbiH IPLAT
0a ypuiir 100% XypTaJ1 XaMKIITIP UAIAT 000X
Hb WIPHB. ['9BY Mas 0a KMKUT XOXTOH aMBTIbIH
ypramMJibIH 3YiJI OypA Y3YY/I9X HOJlee Hb suiraaTtai
0aiiB. Man 0a KWKHUT XOXTHYY MKW TOPIUHH
TMKIIT COHTOATTOM Oaiican 6a oromoit (Ochotona
pallasi) Stipa TepnuiiH ypramiibir COHIOX X00JLIOX
Hb WIYYT3H OaliB. MOHTOJIBIH ©MHOJ X3CTHIH
LeJIepXer X39PT cyJayicaH 3 3yHIuiiH ypramiiblH
YP23P XOOJUIOX Y33TIIAIT asKUTIIArICaHTY .
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