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POLISH ECOLOGICAL STUDIES

ll (Pol. ecol. Stud.) 8 1-2 23-39 | 1982

Rodents in Mongolian steppe ecosystem

January WEINER, Wiadystaw GRODZINSKI, Andrzej GORECKI
and Kajetan PERZANGWSKI

Department of Animal Ecology, Institute of Environmental
Biology, Jagiellonian University,
30-060 Krakéw, Karasia 6, Poland

STANDING CROP AND ABOVE-GROUND FRODUCTION OF VEGETATION
IN ARID MONGOLIAN STEPPE WITH CARAGANA *

In arid steppes of Central eastern Mongolia the
] steppe vegetation biomass and its rate of production
i were estimated for a vegetation pericd. Out of 260 g
dry weight, about 160 g d. wt. were two species of Cara-
i gana (Caragana pygmaea (L.) DC. and C, micrcphylla
(Pall.) Lam.). Potential digestions rates of sheep and
cattle were estimated by detergent methcd. The highest
digestion was found at the beginning of vegetation
season. Contents are alsc egtimated of nitrogen, phos-
phorus, potassium and calcium as well as energy value
| of plant materials. The impact of small mammals on the
steppe vegetation was asgsessed as augmentation of
i biomass, energy and nutrients in plants within the area
| of Brandt vole (Microtus brandti Radde, 1861) colonies.

* Contribution tc the Mongolian-Folish Physical-Geographic Ex-
pedition Ne. 88.

[24]
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1. INTRODUCTICN

Poor vegetation of arid steppes of Central eastern Mongolia
is under strong pressure of grazing cattle and also of mass oc-
curring rodents: bobac marmots (Marmota bobac 88p. sibirica Radde,
1862) and foremostly Brandt voles (Microtus brandti Radde, 1861).
The extent of impact of rodent populations on steppe vegetation
can be evaluated only by estimating the standing crop storage and
primary production of steppe vegetation. At the period of initia-
tion of studies on the role of rodents in steppe ecosystems of
Central eastern Mongolia (We iner and G 6recki 1982),
the published papers on this topic were lacking. Therefore during
the Mongolian-Polish Physical-Geographic Expedition in 1977 with-
in the scope of ecological studies, rough estimates were made of
standing crop and primary production in steppe ecosystem, taking
into sccount also the contents of main nutrients and energy value
of the plant biomass as well as potential digestion.

2. METHODS

Studies were carried out on a uniform area of the steppe with
Caragana microphylla (Fall.) Lam. as a predominant species. This
type of vegetation is characteristic for arid steppes of Central
eastern Mongolia and. covers a considerable area in the region of
scientific statlon Gurwan Turuu, which was the expedition basis.

Besides clumped occurrence of Caragana microphylla dispersed
species, Caragana bygmaea (L.) DC. also occurs in the steppe,

next are numerous grasses (Stiga krylovii Roshev, Leymus chinensis
(Trin.) Tzvel., Lasiagrostis splendens (Trin.) Kunth, Agropyron
cristatum (L.)Gaertn., and sedges (e.g. Carex duriuscula C.A.M.).
Plants of Artemisia genus are also typical (A. adamsii Bess. A.
frigida Willd.), which together with other herbs with a strong
odour (e.g. Panzeria lanata (L.) Bge.) occur especially numerously
in surfaces with colonies abandoned by voles.

The estimations of biomass were done three times: on 5-10

July, 29 July - 1 August,and 15-20 August 1977. The steppe vegeta-
tion biomass was assessed for each of two species of Caragana and
for the remaining plants. For estimates of standing'crop of Cara-
gana microphylla biomass 10 transects were chosen in the steppe,
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of n total length of about 10 km. Following these transects re-
cordg  were made of clumps ¢f C, microphylla on this rout. Thus
ratimated percentage of c0vé;wg§~ETvE€z;Egﬁzlla amounts 25.1
Y 1.3.5D. Further, two diameters of each of randomly chosen 170
clumps of Caragana, usually elyptic in shape, were measured and
their surfaces were calculated. From the distribution of these
values, average oize of Caragana clump (95 x 140 cm) and surface
(1.044 m?) were calculated according to which five clumps were
chogen as representative during the first and third surveys (in
the middle phenophase the bicmass standing crop of C. micrcphylla
wng not examined). Such chosen clumps were cut off just above the
rround, weighed and subsamples of biomass were taken for further
analyses.

The biomass of Caragana pygmaea which does not fcrm clumps
wag determined by cutting off at each sampling date all plants
of +this species growing on 5 randomly chosen plots, 20 m?

in area.
The herbs and grasses were examined at 5 permanently chcsen

gites situated outside the vcle colonies, by cutting each time
five randomly chosen circular samples, 0.25 m2 of surface each.
In addition, during the middle of vegetation season, (beginning
of August) similar samples of vegetation were collected frcm area
of abandoned vole colonies. All plant samples were dried to
a constant weight at a temperature of 358 K (85°C), determining
their dry weight and water content. In all samples contents of
nutrients were analysed: nitrogen (Kiejdahl micromethod), phos-
phorus (colorimetric methed), potassium and calcium (emission
flame spectrophotometry). The energetic value was assessed by
combustion of samples in adiabatic bomb calorimeter (G 6 re-
c ki 1965).

In order tc¢ study potential digestion of plant bicmass as
forage to domestic animals, samples of materials were also analy-
sed by detergent method (G c er ing and Van Soest
1970). This method derends on discerning soluble and unsoluble
fractions in the material by beiling it in detergent scolutions.
Later on, these fracticns were separated by filtration on Gosh
crusible. The whcle procedure consists cf three phases:1) separa-
tion of the wsample on soluble cell content fracticn (cc) and
unsoluble cell wall content (CWC), 2) separaticn of unsoluble
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Acid Detergent Fiber (ADF), and 3) discerning in it the Acid
Detergent ‘Lighin (ADL). The mutual proportions of the above
mentioned fractions in the forage sample permit to approximate
no-called predicted digestibility of the tested food, basing on
appropriate empirical formulas(Goer ing and Van Soest
1970). (ne should remember, however, that quantitative estimate
of potential digestibility pertains only to European and North

American strains of cattle and sheep, for which these functions
were determined empirically. '

3. RESULTS

3.1, Chemical composition and energetic values of biomass

In all plant sgamples a relatively low water content was ob-
served from 41 to 60% (Table 1). Cnly in abandoned colonies of
voles the vegetation contained a 1little more water. The water
content changed inconsiderably during three phenophases (Table 1).
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Fig. 1. Nutrient content in steppe vegetation
1 - in vole colonies, 2 - outside colonies
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The nitrogen content was also constant (about 1.2% de wt. in
herbs and about 2.2% d. wt. in Caragena sp.). With the elapse of
AAAAANAASAAAAS
vegetation period gradual mineralization of biomass followed
(increase in content cof P, X, Ca) (Table 1).
The samples of plants collected from vole colonies were char-
acterized by a higher contents of all nutrients examined (Fig. 1).

3.2. Storage of biomass, nutrients ang energy
In Table 2, data on biomass stcrage of the two species of ggf

ragana as well as of herbs in three phenophases are presented.
The total biomass standing crop ranged from 230 to 289 g d. wt. x

¥ m~2 out of which Caragana microphylla formed majority (Fig. 2).

50
7

700 |-

y./p‘?

0

/ V4 Vi
Phenophases

Fig. 2. Standing crop of steppe vegetation in growing period
Phencphases: I - 5-10 July, II - 29 July - 1 August, III - 15-20
Auvgust 1977; 1 - Caragana pygmaea (L.) DCe, 2 - herbs, 3 - Cara-

gana microphylla (Pall.) Lam. .
ANAANAANAAAAAAAAANAANAAS




30 J. Weiner, W. Grodzinski, A. GSrecki, K. Perzanowski

The share of herbs ranged only from 69 to almost 130 g x m'z,

showing a clear increase in the first part of vegetation season
(Table 2). The storage of herbs in the area of vole colonies was
clearly higher than in the remaining area of the steppe (rig. 3)
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Fig. 3. Comparison ot standing crop of steppe vegetation

1 - in vole colonies, 2 - outside vole colonies

Jr 23k

N

g-m2

Z

la P

AN

Z
z art
/ \

Fig. 4., Nutrient storage in steppe vegetation
1 - in vole colonies, 2 - outside vole colonies
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and this was connected with differences in species composition of
vegetation.

The storage of nutrients and energy present in plant biomass
increased during the vegetation season, however, a considerable
part of these nutrients was fcund in Caragana microphylla, the
species avoided by homoeothermic consumers (Table 2). The total
storage of nutrients 1n vegetation modified by the impact of
rodents in their colonies is clearly' higher than outside the
colonies (Fig. 4).

3.3. Analysis of potential forage quality

Detergent analysis of plant samples in Caragana steppe shows
an increase in unsoluble cell wall contents (CWC) and Acid Deter-
gent Lignin (ADL) during the vegetation season. This brings about
a considerable lowering of the potential digestibility at the
peak of vegetation season (Table 3). The highest nutritional
values was observed in plants collected in an early stage of
growth (digestibility for the cattle and sheep was 55 and 59% of
dry weight, respectively - Table 3). Potential digestibility of
rlants overgrowing vole colonies is higher than that of remaining
samples (Table 3). The results of detergent analyses showed,
however, a considerable dispersion.

High contents of Acid Detergent Fiber (ADF) and Acid Deter-
gent Lignin (ADL) leads to the fact that potential nutritional
value of the two species of Caragana for ruminants is lower than
that of herbs in the same vegetation periods.

4. DISCUSSION

The estimated standing crop of plant biomass in the steppe of
Central eastern Mongclia corresponds to biomass and prcduction of
arid continental grasslands (Wh it taker 1970, Br e y-
meyer and Van Dyne 1980). In terms of dry above-
~-ground biomass it surpasses a little the dry steppes of Altal
region in the USSR (40-140 g d. wt.x» mn?) (Rodin and B a-
silevidé 1967). The nutrient contents (N, P, K, Ca) and
their standing crop in plants are also close tc those reported by
Soviet authors for Central Asia including Altai region (Ro d i n

v

and Basilevdid 1967).
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4.1. The biomass production rate

The herbs showed the fastest 1increase in biomass of above~
-ground parts between I and II collection (or within about 23
dnya: since 5-10 July tc 29 July-1 August). In the further period
(until about 22 August) neither the biomass accumulation nor dry
mntter content undergo changes, hence one can assume that since
the end of July the rate of growth and that of dying out of herbs

comes to equilibrium. In the initial period of vegetation the
production rate of herbs reached, on the average, 2.6 g d. wt.
2 x day'q, and energy accumulation rate was 28.18 kJ x n=2
X day-1. In the later period (about 17 days ) the production rate
as expressed by dry weight decreased almost by a .factor of hund-
red. Simultaneously the energy accumulation rate decreased only
by factor of four ( Table 4).

In spite of this decrease in dry matter growth rate of herbs
in August, the accumulation of nutrients was still observed
(Table 4). The rate of accumulation of examined elements de-
creased inconsiderably and in the case of potassium it even in-
creased as compared with the highest biomass increase.

The increase in biomass of Caragana pygmaea occurred not
earlier than in August because of different phenology of this
species (inconsiderable decrease in biomass of C. pygmaea during
the first period can be attributed to dying and grazing of the
previous year shoots but it can also result from the error of the

estimate).

x m

4.2. Forage value of steppe vegetation

The data on biomass storage, nutrient content and potential
digestibility permit tc develop some gpeculations on predicted
nutritional value of the steppe vegetation for domestic ruminants.
A1l data show that, the highest contents of water, nutrients and
energy are found in mass-occurring Caragana microphylla. This

gpecles 18 characterized also by a relatively high potential
digestibility. One should, however, mention that this plant is

avoided both by wild and domesticated mammals although it does
not reveal, neither strong aroma or protective spines. Caragana
microphylla is strongly exploited by heterothermic consumers (in-

3 — Polish Ecological.., Vol 8, No. 1-2, 1982
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wocta)., On the other hand, C. pygmaea is claerly preferred by
tmall mammals., The later species also contains more nutrients

than the herbs, high energy value and in the period of maximum
blomass standing crop (end of August) it is characterized by
n high potential digestibility. It seems, however, that domestic
nnimals do not exploit this species, either (perhaps because of
npines).

750 +
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Fig. 5. Storage of dry matter of vegetation in growing period
1 - total stcrage, 2 - storage digestible to sheep, 3 - gtorage
digestible for cattle

The perennial vegetation consisting mostly of grasgses and
sedges shows the best properties as potential forage at the be-

*‘
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ginning and end of the vegetation season, Its best quality results
both from the high content of nutrients and high potential di-
gestibility. It is stricking that although total storage of dry
matter is increasing rapidly in the first period of vegetation
season and later on it maintains a constant level, the storage of
digestible dry matter (as calculated from predicted coefficients
of digestibility for cattle and sheep) decreases in the first
period and then increases considerably (Fig. 5). Absolute values
of estimated coefficients of digestibility should be considered
with certain caution since one cannct be sure to what degree the
applied empirical formulas fit for the animals inhabiting Mon-
golia. The acceptance of different wvalues for these coefficients
would not, however, alter the general pattern of changes. Con-
gpicuous decrease in digestibility of grasses and sedges in the
period of second sample collection can be related with lack of
rainfall in this period.

4.3. The effect of vole colonies on primary production,
nutrient storage and nutritional value of forage

Analyses of chemical composition of vegetation and the rate
of biomass production in the Caragana steppe within and outside
of colony area show sgignificant differences. The herb biomass
within the colcny area differs in chemical composition from the
remaining vegetation, namely, it contains more nutrient and
energys; all differences tested by t-test are statistically signi-
ficant (p < 0.02) or highly significant (p <0.001 : N, P, K).
The plants overgrowing the colony area hold more water but this
difference is not significant statistically. The total biomass of
plants in colonies is also higher than outside of them. Such
effect was alsc reported by K u é e r uk (193) and 2 imi-
na and 210t in (1980) in similar steppe ecosystems.

Taking into account the fact that the cclonies of voles in
the year of studies covered 12% of the steppe surface, it means
that the activity of voles caused an increase of total biomass of
steppe vegetation by 3.6% whereas amount of nutrients accumulated
in the biomass increased as much as by 11.1% in the case of nitro-
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ven  and 8.2, 15.0, 4.4 and 2.2% for phosphorus, potassium, cal-
«lun and energy, respectively.

tne should remember, however, that this augmentation of total
dry blomass and nutrient storage occurred due to the increase in
tMomagss of a number of unedible plarit species whereas grazed by
nnimnls grasses, sedges and probably gggégana pygmaea became less
nbundant. For this reason the observed inZ§€;§;“{X“SBtenﬁia1 di-
~catibility of herbs in vole colonies has no practical meaning
or consumers.

The authors wish to express their sincere gratitude to Dr.
A. Pacyna (Institute of Botany, Jagiellonian University) for kind
lientification of the steppe plant species.

5. STRESZCZENIE
Sten biomasy i produkcja nadziemnych czedci rodlin
suchego stepu karagancwego w Mongolii

1. Stan blomasy roslinncdci w suchym stepie Srodkowo-wschod-

niej Mongolii ocenionc na 230-289 g suchej masy na mk, n tago
vkoto 160 g 8. m. x m~?

przypadato na dwa gatunki g§§Q§§“
1 reszte stanowitry ros$liny =zielne, Stwierdzono znacéni;
azy stan bilomasy ro$linnosci zielnej na koloniach nornikéw.

2. Tempo produkcji biomasy byto najwyZsze na poczatku okrssu
wegetacyjnego 1 wynosito wéwezas dla redlin zielnych 2,3 g 8. m. ¥
¥ m~° dziennie.

3. Metodg detergentowa oceniono w materia¥ach rodlinnych za
warto$é $dcian komdrkowych, kwasnego widkna oraz lignin i na te
podstawie obliczono przewidywang strawnosdé rcdlinnosci stepowe]
Ala owiec i bydta. Najwyzseza strawnosd (oedpowiednic 5%,1 i
58,9% 8. m.) pogiadaja rodliny =zielne na poczatku okresu WELE -
tacyjnego.

4. W prébkach ro$linnodci stepowej dokonanc réwnies analizy
zawartodci azotu, fosforu, potasu i wapnia. Ckredleono takse ich
warto$é energetyczng.

5. Najwyzsza zawartosé wody, biogendw i energii posiada Cara-
nana microphylla (Pall.) Lam. Jest ona jednak wnikans prresz
wszystkie ssaki. Najlepsze wrasciwosdci, jako pehencjialna paseza,

wykazuja roéliny zielne.
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6. Oszacowano wpiyw drobnych ssakéw na ros$linnosé stepu. Stan
biomasy, oraz ilo$§é energii i biogendw na koloniach nornikéw sa
istotnie wyzsze niz na pozostatej powierzchni stepu. ZwigkszyZo
to ogélna biomase roélinnoéci o 3,6%, energii o 2,2% a biogendw
o 4,4 do nawet 15%. Wzrost ten nastapit na skutek przyrostu nie
jedzonych gatunkéw, podczas gdy ubywaty wyjadane trawy i turzyce.

6. PE3IOME
f. Bafinap, B. I'popsunbcku, A. I'ypaury, K. [laxaHOBCKU

[IpOZyKTHBHOCTES HA3CMHO# YacCTH pacTeHU{t CyxOit MOHI'OIBCKOH CTENU

I. ABTOpH OuEHMNIM OMOMAcCy CTenHoff pacTUTeNBHOCTH Ha 230-289
r. cyxoft maccu Ha M-, lI3 o6mero xommuecrsa - 160 r, C. M., Ha u2
NPUXOAUTCA Ha 2 BUAA DOZa Caragana OCTANBHOE KOJNNYECTBO COCTABIA-
OT Bce (B3a MCKIWYEHUEM KYCTAPHMKOB) ONHOAOJBHHE M IBYZONBHHE 36-
NEHHe pacTeHMss, KoHcTaTupoBanu Golee BHCOKOE yuyacTHe 3THX pacre-
Huft Ha KOJIOHMAX MONEBOK. '

2. MaxcumanbHH#t TeMNm NPOAYKUMM NMPUXOAMTCHA HA HAUalo Berera-
LIMOHHOTO nepuofna, ANA 3eNEHHX pacTeHul oH paBHAeTcA 2,3 I's C. M.
Ha M° B JeHs.

3. Ilpn moMomy ZeTEepPreHTOBOrO METOZA B DPACTUTEJNHEHOM MAaTepUATE
ONMpeNeNuIn KONNYECTBO KIETOYHHX CTEHOK, KUCIHHX BOJOKOH M JIMIHUHA
¥ Ha OCHOBSHHMM 3TOT'O MOACUMTANN MpPEZANOJAraeMyl NepeBapUBAEMOCTH
CTENHO{f pacTUTENBHOCTY AJA OBEL M POraToro ckora. MakcuMalbHO# moO-
BEPXHOCTBI (COOTBeTCTBeHHO 55,1 u 58,9%) o6nazanT 3el&HHEe pacTe-
HUA B Hayajle BEreTALMOHHOTO MEpHONA.

4, AnanuaupoBany¥ o6pasuH CTENHO# DPACTUTENBHOCTH, ONPENeNAs KO-
JuyecTBO asora, fochopa, KaIuA U KAJABUUA, Onpenenﬂnm TaKkKe HUX 3He-
preTnyeckuit 6anasc,

5. MaxcuUManBHHM KONMYECTBOM BOZH, OWOr€HOB M DHEPruM oOCNaza-
eT Caragana microphylla (Pall.)Lam., OZHaKO 3TOr0 DPacTeHuA u3Ge-
ranT Bce MJeKomuTawmume., OAHOZONBHHE U ABYZONBHHE 3€NEHHE PAaCTEHUA
o0nazianT CaMHMU BHCOKUMN MOTEHIMANBHHMY KODMOBHMM CBOHCTBAMHU,

6. Onpezenuny BIUAHVWE MEJKNX MJIEGKONMTANMUX HA paCTATEIBHOCTD
crenu, CocroAHMe GMOMAcCCH, 3HEDPTUM ¥ OMOTEHOB Ha KOJOHMAX MOJEBOK
3HAYUTEJPHO BHIiE, YeM Ha OCTAlBHO} NMOBEPXHOCTU CTENMU, B CBASM C
YeM yBeJNMYMBAOTCS KOJNMYECTBO oOmeft OMOMACCH PaCTUTENBHOCTU HA 3,6%
9Heprum Ha 2,2%, a OMOTreHOB OT 4,4 mo I5%. Takoe yBenuyeHue ABNfA-
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6TCA Ppe3yJIbTAaTOM NpUDPOCTa HEe CHEeA8eMHX XVMBOTHHMM BHUIOB, & TAKKE
pe3ynbTaToOM MCUE3HOBEHUNA CHEAAGMHX TPaB M OCOKH,
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