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ABSTRACT

Life history strategy and ecosystem impact of a dominan t small mammal
herbiv ore in a moun tain stepp e

Pikas(genusOchotona) weresuspectedto possiblybehave as\small mammalpests" in
the mountain steppesof the Gobi Gurvan SaikhanNational Conservation Park (GGS)
in the Mongolian Gobi Altai. The park hosts rare and endangeredanimal specieslike
the snow leopard (Uncia uncia), and the argali (Ovis ammon). Additionally it is an
important rangelandfor livestock of local herder families.

The present study shows that the Mongolian pika (Ochotonapallasi pricei), a sub-
speciesof the Pallas pika, is the dominant small mammal speciesin the mountain
steppesof the GGS. It outnumberedother small mammalsby oneorder of magnitude
and outweighedthem by two of them.

This study presents the �rst account on trapping and observingindividually marked
Mongolian pikas. It therefore presents instructions on how to capture, handle, and
observe individuals of this species. Data on capture and observation are available
for three summersand one winter from a trapping grid of 100� 100m2, including a
summerof drought. Data basedon observation wasmorereliable in terms of encounter
successthan data basedon capture. Captured juvenileswerediscriminated from adults
using information on the development of their weight. An averageadult weight was
estimated to rangebetween180and 200g.

Possiblescenariosfor dynamicsof population densitiesweresimulated using a sys-
tem of Leslie-matricesbasedon estimatesfor survival and reproduction of the observed
individuals. Survival rates were estimatedusing maximum likelihood techniqueswith
competing models for survival and recapture probabilities. The most parsimonious
model included e�ects of population density, age,and sexon survival, while there was
no e�ect of cohort a�liation nor of the climatic factorsseasonand drought. However a
classi�cation of a summerand a winter seasonwasusefulto delimit agegroups. Gener-
ally, adults showed higher survival rates than juveniles,femalesshowed higher survival
rates than males,and survival declinedwith density. Estimates for reproduction were
basedon the observations of litter number and size,resulting in a median of 3 and a
maximum of 13 juvenilesper femalepika.

Although simulated population densitieswere similar to the measuredpopulation
densities,they did not reect the e�ects of the year of drought. Population densities
were measuredusing pooled data from capture and observation sessions.In the study
period pika densitiesvaried between14.6 and 49.8 individuals per ha. Densitieswere
stable for most of the observed period of time, their interquartile range spanned5.7
animals. Median density was 21.4 animals, which is lessthan the 28 burrows on the
trapping site. Lowest densitieswere reached one year after the summer of drought,
indicating a time lag of oneyear in the responseto the drought conditions.

Comparing reproductive e�ort, factors inuencing survival rates, and density dy-
namicsof the Mongolian pika with other speciesof the genus shows that this species
exhibits traits of the group of non-burrowing pikas, which are closer to a K -type of
life history strategy than the group of burrowing pikas. Density dependent survival
indicates that burrow possessionmay be crucial for survival.

Ecosystemimpact of the pikaswasassessedstudying the productivit y of the burrow
habitat in comparisonto steppehabitat togetherwith the e�ect of grazingby pikasand
by larger herbivores. Productivit y and biomassremoval wasmeasuredusing exclosure
plots on burrow and steppe habitat. Burrows showed higher productivit y than steppe
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ABSTRACT

habitats when water availabilit y was higher. The grassAgropyron cristatum pro�ted
most from the burrow habitat in terms of biomassand quality. This grassis an im-
portant fodder plant for livestock. An e�ect of livestock grazing was missedby the
experiment. The productivit y of the vegetation was controlled by the availabilit y of
moisture, not by pika grazing,although individual pikas removed more biomass,when
it was available. This biomassis probably stored in the burrows. Pikas preferentially
grazedAgropyron cristatum on burrow plots. Burrows wereestimatedto last 120years
at least.

The studiedsystembehavedaccordingto the prediction basedon the non-equilibrium
theory of rangelanddynamics: plant productivit y wascontrolled by climatic conditions,
as was the density of the herbivores. However, although pika densitiesvaried, there
wereupper and lower limits to this variation madepossibleby the territorial behaviour
of the animals. Possessionof territories togetherwith harvestingplant material enables
the speciesto mitigate climatic inter-annual variabilit y.

Pika burrow densitieswere controlled by altitude and thus probably by the long-
term availabilit y of plant biomass.Livestock densitieshad only a small e�ect on burrow
densities. However, this e�ect changedat the pediment angle separating pediments
from the mountain ranges,indicating a changeof systembehaviour.

The present study shows that the Mongolianpika cannotbeseenas\small mammal
pest" species,sinceits densitiesare controlled by the availabilit y of burrows and it has
a positive inuence on pasture quality.
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ZUSAMMENFASSUNG

•Ub erleb ensstrategie und •okosystemarer Einuss eines dominierenden Klein-
s•augers in einer Bergstepp e

Kleins•auger der Gattung Pfeifhasen(Ochotona) wurden verd•achtigt, als \Plagen" in
den Bergsteppen desGobi Gurvan SaikhanNationalparks im mongolischen Gobi Altai
aufzutreten. Der Nationalpark beherbergt selteneund gef•ahrdete Tierharten wie den
Schneeleoparden(Uncia uncia) und den Argali (Ovis ammon). Zus•atzlich wird er von
den ans•assigenHirtenfamilien als Weidelandgenutzt.

Die vorliegendeArbeit zeigt dassder Mongolische Pfeifhase(Ochotonapallasi pri-
cei), eineUnterart desPallasPfeifhasen,die dominierendeKleins•augerart in denBerg-
steppen desGGSist. Sie•ubertri�t die anderenKleins•augerum eineGr•o�enordnung in
der Anzahl und um zwei Gr•o�enordnungenim Gewicht. Da die Arbeit erstmalig Fang-
Wiederfangund Beobachtung individuell markierter Tiere desMongolischenPfeifhasen
beschreibt, werdenAnleitungen zum Fang, zur Handhabungund zur Beobachtung der
Art gegeben. •Uber den Zeitraum von drei Sommernund einem Winter wurden vom
Jahr 2000bis zum Jahr 2002Informationen zu denmarkierten Tieren mithilfe von Fal-
lenfang und Beobachtung auf einer 100� 100m2 gro�en Untersuchungs•ache gesam-
melt. Der Zeitraum der Untersuchungen schlosseine strengeD•urre im Sommer2001
mit ein. Beobachtung erbrachte verl•asslichere Informationen bez•uglich des wieder-
holten Antre�ens markierter Individuen als der Fallenfang. Juvenile Tiere konnten
aufgrund ihrer Gewichstentwicklung von Adulten unterschieden werden. Ein durch-
schnittlic hesAdultgewicht wurde zwischen 180und 200g gesch•atzt.

In einemMatrixmo dell der Populationsdynamikwurden Ergebnissezu •Uberlebens-
raten und Reproduktionsraten der beobachteten Individuen zusammengefasst.•Uber-
lebensratenwurden mit Maximum-Likelihood-Methoden ermittelt, wobei verschiedene
Modelle mit •Uberlebens-und Wiederfangratenmiteinander konkurrierten. Das spar-
samsteModell beinhaltetePopulationsdichte, Alter, und Geschlecht als Einussgr•o�en
f•ur •Uberlebensraten,nicht aber die Zugeh•origkeit zu einer bestimmten Kohorte oder
die klimatischen Faktoren Saisonalit•at und D•urre. Allerding war Saisonalit•at in der
Einteilung von Juvenilen und Adulten sinnvoll. Generell zeigtenadulte Tiere h•ohere
•Uberlebensratenals juvenile, Weibchen h•ohereals M•annchen und die •Uberlebensrate
sank mit der Populationsdichte. Reproduktionsraten wurden basierendauf Beobach-
tungen zur Anzahl und Gr•o�e der W•urfe gesch•atzt. Dies ergabeinenMedian von drei
Juvenilen und ein Maximum von dreizehnJuvenilen pro Weibchen.

Obwohl die simulierten und die gemessenenPopulationsdichten vergleichbare Gr•o-
�enordnungenhatten, konnten das Matrixmo dell die Auswirkungen der D•urre auf die
Populationsdichte nicht abbilden. Populationsdichten wurden mithilfe der aus Fang
und Beobachtung zusammengelegtenDaten gemessen.Populationsdichten schwankten
zwischen 14.6und 49.8Individuen pro ha. Mit einerDi�erenz von 5.7 Tieren zwischen
oberen und unterem Quartal war die Dichte relativ stabil. Der Median der Dichten
lag mit 21.4 Tieren unterhalb der Anzahl der Bauten auf der Untersuchungs•ache
(28 Bauten pro ha). Die niedrigstenDichten wurden im Jahr nach der D•urre gemessen.
Dies macht einen Verz•ogerungse�ekt der D•urrebedingungenum ein Jahr wahrschein-
lich.

Werdenreproduktiver Einsatz, die Einussgr•o�en der •Uberlebensratenund die En-
twicklung der Populationsdichten desMongolischen Pfeifhasenverglichen mit dem an-
derer Arten der Gattung, so zeigt dieseArt Eigenschaften ausder Gruppe der \nic ht-
grabenden"-Pfeifhasen,die n•aher einemK -Typ von •Uberlebensstrategienstehen. Die
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ZUSAMMENFASSUNG

Dichteabh•angigkeit der •Uberlebensratenlegt nahe,dassder Besitz einesBausentschei-
dend f•ur das •Uberleben von Individuen ist.

•Uber die Produktivit•at der Bauten im Vergleich zur Steppe wurde der Einuss der
Pfeifhasenauf das •Okosystemabgesch•atzt. Gleichzeitig wurde die Beweidung durch
Pfeifhasenund gr•o�ere Herbivoren untersucht. Dazu wurde ein Ausschlussexperiment
genutzt. Auf Bauten war die Produktivit•at dann h•oher, wenn auch mehr Feuchtigkeit
vorhandenwar.

Das Gras Agropyron cristatum pro�tierte am meisten von den Bedingungenauf
Bauten bez•uglich Biomassezuwachs und Qualit•at der Biomasse.Eine Beweidungdurch
gr•o�ere Herbivore konnte von diesemExperiment nicht nachgewiesenwerden. Pfeif-
hasenernteten zwischen 10 und 35% der vorhandenenBiomasse,wobei Agropyron
cristatum auf den Bauten bevorzugt wurde. Der Biomassezuwachs der Vegetation
wurde allerdingsvom Niederschlag begrenzt,nicht durch den E�ekt der Beweidung.

Das untersuchte •Okosystembest•atigte die Vorhersagen,die auf der Theorie einer
Nichtgleichgewichtsdynamik von Weideland basieren: Sowohl die Produktivit•at der
Vegetationals auch die Dichte der Herbivoren wurde von der klimatischen Variabilit•at
kontrolliert. Allerdings variierten die Pfeifhasendichten nicht stark, esgab untere und
obere Grenzender Schwankungen. DieseGrenzenwerden durch das territoriale Ver-
halten der Tiere erm•oglicht. Der Besitz einesTerritoriums zusammenmit dem Ernten
panzlicher Biomasseerm•oglicht esder Art, die Auswirkungender inter-annuellen kli-
matischen Variabilit•at zu mildern.

Eine Bauten-Lebensdauerwurde auf mindestens120 Jahren gesch•atzt. Bauten-
dichten von Pfeifhasenwurden von der H•ohenlagebeeinusst und damit wahrschein-
lich von der Langzeitverf•ugbarkeit von Biomasse. Viehdichten dagegenhaben nur
einen kleinen Einuss auf Bautendichten von Pfeifhasen. Da jedoch dieser Einuss
am •Ubergangzwischen Pedimenten und BergenseinVorzeichen wechselt, k•onnendort
unterschiedliche System-Verhalten vorherrschen.

Mongolische Pfeifhasen(Ochotonapallasi pricei) kommensomit nicht als \Klein-
s•augerplagen"in Betracht, da ihre Populationsdichten durch die Anzahl der Bauten
begrenztwerdenund siedie Weidequalit•at positiv beeinussen.
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Chapter 1

In tro duction

Small mammalsare often seenaspest species,damagingcrop, competing for forageor
destructing pasture (Leirs, 1994; Stenseth, 1989), especially if they occur in high den-
sities (Eldridge and Simpson, 2002). However, this is often basedon emotional rather
than scienti�c judgement (Putman, 1989). To assesswhether a speciescan exhibit
traits of a pest species,a soundknowledgeof the biology of this species,especially the
factors controlling survival and reproduction, is essential (Begonet al., 1996; Putman,
1989; Stenseth, 1989). Additionally , small mammals usually are an integral part of
ecosystemdynamics (Joneset al., 1997; Kinlaw, 1999). For this reason, the reper-
cussionsof reduced densities on ecosystemfunctioning should be consideredbefore
deciding to control a focus species(Bourli�ere, 1975). Aim of the present study is to
gain insight into the life history of a dominant small mammal in a mountain steppe,
which hasbeenconsidereda small mammal pest species.Special attention is given to
the factors controlling the survival of this species.Additionally , the study analysesits
impact on the mountain steppe in terms of grazing and burrowing activit y.

1.1 Moun tain stepp e

Grasslandsare fascinating ecosystems. The virtual absenceof trees enablesto see
vast distancesand o�ers aestheticand spiritual grati�cation. One of the attractions of
grasslandsare large herds of wild ungulates like bisonsor wild horses. But they also
form the basisof livelihood for the people living in them. Many of our food grains,
as for examplewheat or millet, originated in grasslands(White et al., 2000). About
40% of the globe's terrestrial areasare grasslandsin the wider sense(White et al.,
2000). Steppesin a more formal senseare temperate natural grasslands,characterised
by dry summersand cold winters, and a vegetationconsistingof xeromorphicgrasses,
perennialherbsand low dwarf-shrubs(Coupland, 1992a).

Steppes are characterisedby extremely variable moisture and temperature condi-
tions. Ecosystemswith consistently more precipitation host forests,while those with
consistently lessprecipitation host deserts.Plants in steppe environments are tolerant
to a wider rangeof temperature and moisture conditions than typical desertor forest
species(Lavrenko et al., 1993).

Steppes in Eurasia extend from eastern Europe, along the Black Seaand Kaza-
khstan, to Mongolia and China (Lavrenko et al., 1993). They can be characterisedby
two major gradients: a hygric gradient from north to south and a gradient of continen-
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talit y from west to east. Variabilit y of moisture and temperature conditions increases
along the gradients of aridit y and continentalit y. Productivit y of all trophic levels is
higher in the north-western parts than in the south-easternparts of this vast region.
The continental steppeseastof the Ural mountains are characterisedby mountainous
landscapes, expressinga well de�ned altitudinal di�erentiation of vegetation. Here,
precipitation rises with altitude so that mountains within otherwise desert environ-
ments support steppes. Thesemountain steppesare more isolatedand soilsare not as
deepas in steppesin the more westerly and northerly areas(Lavrenko et al., 1993).

1.2 Herbiv ores

Organismsof higher trophic levels, which depend on plant productivit y, have to cope
with the variabilit y of climate intrinsic to steppe ecosystems.Under the more tem-
perateand moist conditions in the North-Westernpart of the Eurasiansteppes,where
plant productivit y is lessvariable, they can maintain relatively constant densitiesand
the systemscan sustain complex trophic relationships. Under the more variable con-
ditions in the South-Eastern part, organismsof higher trophic levels have to cope
with the rapid responseof plant productivit y to varying climatic conditions, so that
trophic relationships are lesscomplex (Lavrenko et al., 1993). However, herbivory is
intrinsic to steppe dynamics(Lavrenko et al., 1993; Wesche and Retzer, 2005). Herbi-
voresand steppe plants have undergonea commonevolutionary history. The dominant
life form of bunch grassesin steppes is not only adapted to climatic variabilit y, but
also to grazing and trampling. Adaptations include storageorgansbelow ground and
their abilit y to reproduce by meansof below ground tillers (Lavrenko et al., 1993).
Using spacebelow ground is also commonto the animals found in theseecosystems.
Formozov (1968) described four typesof strategiesfor mammalsin Eurasian steppes:
(a) non-hibernating burrowerssuch asthe Brandt's vole (Microtusbrandtii ), the steppe
lemming (Lagurus lagurus) or the Daurian pika (Ochotonadaurica), (b) hibernating
burrowers such as the souslik (Citellus pygmaeus) and the marmot (Marmota bobac),
(c) geophiles(mammals living most of their times below the soil surface),such as the
zokor (Myospalax myospalax), and (d) gregarious,far roaming ungulatessuch as the
khulan (Equuushemonius) or the Mongolian gazelle(Procapra gutturosa). The three
�rst strategiesinclude speciesusing burrow systems.Burrows provide protection from
environmental extremes, lessenrisk of predation, and allow accessto hoarded food
(Kinlaw, 1999).

Hoarding food as done by the burrowers, or moving far distancesas done by the
far roaming wild ungulates, represent key resources(Illius and Connor, 1999) for the
animals, mitigating the e�ects of adverseclimatic conditions. Additionally , large her-
bivoresare better suited to digest �bre than smaller herbivores(Claussand Hummel,
2005), while smaller mammalsare generallyheld to be the better competitors due to
their abilit y to grazeat lower plant heights (Farnsworth et al., 2002). Animals have de-
veloped digestive strategiesto usethe plants rich in �bre which are commonin steppe
ecosystems. By rumination, ungulates hold the plants back in the rumen, so that
microbescan develop, which are then digestedby the ruminants. The samestrategy
is usedby horsesand lagomorphs,although in them the microbesare situated in the
blind gut (caecum;Wehnerand Gehring, 1990).
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1.3 Life history strategies

An organism'slife history is its lifetime pattern of growth (including death), di�eren-
tiation, storage,and reproduction. The study of life histories is a search for patterns,
a search for associations between one life-history trait and another, or between life-
history traits and featuresof the habitats in which the life histories are found. The
rules that have beenfound, describingwhen particular traits might be favoured, work
within constraints: the possessionof onelife-history trait may limit the possiblerange
of someother trait, and the generalmorphologyof an organismmay limit the possible
rangeof all its life-history traits. Life historiesare �xed within limits by the genotype
of the individual, the present and past environmental conditions, and the interactions
betweenthe two (Begonet al., 1996).

Body weight is perhaps one of the most apparent aspects of an organism's life
history. It puts constraints on other life history components. For example,terrestrial
warm-blooded vertebrates show a bimodal distribution of body weights (Bourli�ere,
1975). Large mammalstend to live longer, reproducelater, and producelesso�spring
than small mammals. They tend to follow an iteroparousstrategy, producing o�spring
in a seriesof separateevents, during and after each of which the organismsmaintain
themselves in a condition that favours survival to reproduce again. Relative to this
smallmammalstend to livea moresemelparousstrategy, producingall of their o�spring
over one relatively short period in a single reproductive event and not investing in
subsequent survival. Generally speaking, the small mammal strategy of exploitation
of environmental resourcesis basedupon a rapid adaption to short-term changesin
population and/or environmental modi�cations.

This is alsoan exampleillustrating the inuen tial conceptof r and K selection.The
letters refer to parametersof the logistic equation, where the intrinsic rate of natural
increase(r ) is only realisedin the absenceof competition. The per capita rate of in-
creaseof a population is reducedto zerogrowth whena population reachesthe capacity
(K ) of the respective environment. The logistic equation leadsto a sigmoidal increase
of population density with time. The \ r / K concept" envisagestwo contrasting types
of individuals (or species). It hasemergedfrom the contrast betweenspeciesthat were
good at rapidly colonising\empty" islands(r -type) andspeciesthat weregood at main-
taining themselves on islands in a later stage of succession(MacArthur and Wilson,
1967) and was then applied more generally (Boyce, 1984; Pianka, 1970). In this con-
text, r -selectedindividuals have been favoured for their abilit y to reproduce rapidly,
whilst K -selectedindividuals have beenfavoured for their abilit y to make a large pro-
portional contribution to a population which remains at its carrying capacity (K ).
While K -selectedpopulations mostly live in ecosystemsthat experienceonly small
environmental uctuations, r -strategists should prosper in systemswhich are either
unpredictable in time or short-lived. The predicted traits for an K -type of life his-
tory are higher adult survival rates, larger size, larger and fewer o�spring with more
parental care. Population densitiesare fairly constant and competition betweenindi-
viduals is strong. In contrast, predicted traits for an r -type of life history are a larger
reproductive allocation of resources.Here adult survival is predicted to be lower and
there are more and smaller o�spring comparedto K -strategists. Actual survival and
population densitiesare expected to vary considerablydepending on variation in the
abiotic conditions of the environment (Begonet al., 1996).

Although this dichotomy is an oversimpli�cation (Stearns, 1977, 1992), the concept
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has beeninuen tial and thought-provoking (Begonet al., 1996). It has beenuseful in
describingsomegeneraldi�erences among taxa and within taxa. As for the present
study, the concept is usedin a heuristic manner to illustrate two possiblepatterns of
life history strategies,one resulting in stable densities(K -strategy) through density-
dependent survival rates,and oneresulting in uctuating densities,wheresurvival rates
are not primarily controlled by density (r -strategy).

Generally, a small mammal in a dry steppe environment would be expected to
show patterns of life history traits conforming more with an r -strategy becauseof the
small body size and the unpredictable environment. Examples which con�rm these
patterns in respect to size within Eurasian steppes are the Brandt's vole (Microtus
brandtii , Samjaaet al., 2000) or the Plateau pika (Ochotonacurzoniae, Smith et al.,
1990). Both speciesshow varying population densitiesand high reproductive rates. In
contrast, the Asian wild ass,or khulan, (Equuushemonius, Readinget al., 2001) is a
large sizedungulate which exhibits K -type life history traits, such as long life and low
reproductive rates.

1.4 From keystone species to small mammal pest:
Ecosystem impacts

Burrowing small mammalsareconsideredasa prime exampleof ecosystemengineering
(Joneset al., 1997; Scott Mills et al., 1993). Ecosystemengineersare organismsthat
directly or indirectly modulate the availabilit y of resourcesto other species,by causing
physicalstatechangesin biotic or unbiotic materials(Joneset al., 1994). Kinlaw (1999)
reviews impacts of small mammal burrowers on geomorphology, pedologicale�ects,
impacts on vegetatione�ects and the animal community.

Burrowsgenerallyhavehigherorganicsoil content andaremoreproductive than the
surroundingvegetation(Butler, 1995; Holtmeier, 1999; Tsendzhav, 1985; Wesche et al.,
submitted). An exampleof this is Brandt's vole Microtus brandtii , which can destroy
pasture by burrowing and foraging (Samjaaet al., 2000), but this pasture will carry
more productive and nutrient rich plants after the vole populations have left the area
(Weiner and Gorecki, 1982quoted in Holtmeier, 1999). Thus, through their burrowing
activit y, small mammalsindirectly inuence the vegetation. However, they do so also
directly. Through grazingthey canalter vegetationstructuressuch asheight, cover, and
vegetationcomposition (Huntly , 1987; Tsendzhav, 1985). Several speciesof burrowers
have been classi�ed as keystonespecies(Power and et al, 1996), becausethe variety
of impacts of burrowers in arid ecosystemsmakes their importance disproportionate
to their abundance(Kinlaw, 1999). The classi�cation as keystonespeciesalso refers
to their function for higher trophic levels. Especially non-hibernating small mammals
serve as prey basefor mammalian and avian predators (Schaller, 2000; Smith et al.,
1990).

Human exploitation introducesa new perspective on burrowing small mammals.
Today's steppesare no longer in their natural state but completely usedby humans.
Most of the former steppe ecosystemshave experiencedheavy conversion to agricul-
ture, which have destroyed the original steppe (Lavrenko et al., 1993; White et al.,
2000). Most of the remaining steppesare usedas rangelandfor nomadic pastoralists
(White et al., 2000). From the human perspective systemcomponents can now be put

4



INTR ODUCTION

into value. Economic \loss" causedby wild animals can be calculated and they can
be seenas causing\damage". Former keystone-speciesand ecosystemengineerscan
now be called \small mammal pest", exactly becausethey have a strong impact on the
ecosystem(Allaby, 1999).

But the classi�cation of a speciesas \p est" often is problematic. The origin of the
word \p est" is the epidemicdiseasebubonic plague, it's German namebeing \P est".
This word stands for a catastrophic diseasewhich in its worst pandemic for Europe
during the years 1347 to 1352 killed a third of the human population, leading to
thoroughgoing changesin the economy and culture of that time (Brockhaus, 1999).
Ironically, the speciesof focus in this thesis is not only consideredto be a possible
\small mammalpest", but is alsoa vector for the diseasebubonic plague(Smith et al.,
1990), which still existsin Mongolia (Ebright et al., 2003; National Research Centre for
Infectious Diseases,pers. comm.). Small mammalsare generallyknown to be vectors
for diseasesharmful for humans (Barnett and Dutton , 1995; Grunell and Flowerdew,
1990) and rats are known asvectorsfor plague. At the sametime, mouse-like animals
arouseemotions of fear and disgust in Europeans,where mice feature cartoons with
womenstanding on chairs and screamingwhenseeinga mouse.In the fairy-tale of the
rat-catcher, a musicianis promisedthe wealth of a city if hemanagesto remove the rats.
Sinceconsideringanimals to be \p est" speciesoften involvesemotional judgement, it
is di�cult to decide whether control actions are scienti�cally sound or if emotional
judgement overestimatesthe \damage" causedby small mammals. (Putman, 1989).

The question, if herbivores can \destruct" an ecosystemis directly linked to the
question,which factorscontrol ecosystemdynamics. This hasbeenaddressedby di�er-
ent lines of thought, namelysystemsecologyand rangelandtheory. In systemsecology
Hairston et al. (1960) �rst took the approach of analysingecosystemsas food chains,
representing trophic levelsas if they werepopulations. They proposedthat herbivores
had little impact on the dominant plant species,becausethey were limited by their
predators,not their food supply. In their exploitation ecosystemmodel Oksanenet al.
(1981) proposedthat trophic structure varieswith primary productivit y; moreproduc-
tive communities are able to support longer food chains. Thus, the three-trophic-level
ecosystemwith plants, herbivoresand carnivoresbecomesa specialcase.The exploita-
tion ecosystemmodel predicts that the importance of herbivory varies with primary
productivit y becauseof this changein food chain length: in extremely unproductive
habitats, resident herbivore populations are not supported by the low phytomass,and
plants are resource-limited. As productivit y increases,herbivore populations can be
supported and the vegetationbecomeslimited by herbivory. Further increasesin pro-
ductivit y allow carnivores to persist, producing the three-trophic-level scenario. Yet
even higher productivit y might support a fourth trophic level, resulting in herbivores
again limiting vegetational biomass. The exploitation ecosystemmodel, although de-
veloped in terrestrial systems,seemsto have beenparticularly successfulin predicting
dynamicsof aquatic ecosystems(Huntly , 1991).

Rangelandtheory di�erentiates betweenequilibrium and non-equilibrium systems
(Illius and Connor, 1999; Wiens, 1984). The traditional so called \equilibrium the-
ory" of rangelandscienceassumesthat climatic conditions are essentially stable and
that vegetation is in a largely stable equilibrium with the climate. Under such con-
ditions, livestock is the main ecologicalfactor controlling ecosystemchangesin grass-
lands. Being sodominant, livestock is alsoheld responsiblefor being the driving force
behind pasture degradation (Fernandez-Gimenezand Allen-Diaz, 1999). In contrast,
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the \non-equilibrium" theory emphasisesthe overwhelmingly important role played
by abiotic conditions and especially by the highly variable precipitation patterns.
Non-equilibrium conditions are widely assumedto be very common in semi-arid to
arid regions including steppes, where water is the limiting factor for plant growth.
As variabilit y of precipitation often increaseswith increasingaridit y of the climate
(Sullivan and Rohde, 2002), inter annual changesin precipitation patterns areparticu-
larly strong in drylands. Thus, both plant and livestock communities can be expected
to experiencemajor uctuations in numbers reecting the variabilit y of the moisture
conditions. Generally, non-equilibrium characteristicsarebecomingprogressively more
important with increasingdrynessof the sites(Wiens, 1984), while equilibrium condi-
tions and widespreadovergrazingphenomenaare typical for environments with rela-
tively reliable precipitation. Several thresholdshave beenproposed,but most authors
expect that environments with less than 200mm annual precipitation and a coe�-
cient of variation larger than 30% in inter annual precipitation are better described by
non-equilibrium models(Fernandez-Gimenezand Allen-Diaz, 1999; Illius and Connor,
1999).

Thus, although small mammalsare widely seenas harmful for pasture conditions
(Zhong et al., 1985), this judgement is not always scienti�cally sound. In caseswhere
small mammalsdid causeeconomicharm, often human action madethis possiblein the
�rst place. For example,the catastrophicchangesin the ecosystemsin Australia caused
by the European rabbit (Oryctolaguscuniculus) were causedby human introduction
of this species(Holtmeier, 1999). Human mademonocultures, like corn �elds, can also
experiencelossby foraging small mammals(Leirs, 1994). Even the damagecausedby
the native Brandt's vole in the Mongolian steppeshave beenseenin connectionwith
overgrazingby livestock (Samjaaet al., 2000; Smith et al., 1990; Zhong et al., 1985).
Additionally , non-equilibrium theory predicts that damagecausedby higher trophic
levels is lessprobable in dry ecosystems(seeabove).

To decide,whether control action shouldbe taken, a good knowledgeof the density
dynamicsof the focusspeciesand the ecosystemis crucial (Begonet al., 1996; Putman,
1989). Even if a speciesis considereda pest, often a laissez-faireapproach is less
costly than implementing controls. To decideupon costsof control, repercussionsof
reduceddensitieson ecosystemfunctioning should be considered.If control is decided
upon, knowledgeon the biology of the focus speciesis crucial for e�cien t control. As
an example, it is not e�cien t to reduce density of a small mammal showing cycles
in population dynamics, when population density is high. Such measureshave been
shown to maintain the conditions for high reproduction. It is better to reducedensities
in the low phasesin order to prolong them (Leirs, 1994).

Even without knowledgeof systembehaviour and the biology of the focusspecies,
small mammals are generally seenas pest species. They are controlled in Asia, in-
cluding Mongolia, by distributing poisonsharmful for all mammals,including humans
(Smith and Foggin, 1999; Smith et al., 1990). This is even seenas relevant for foreign
aid. One of the aims of a poverty reduction loan by the International Foundation for
Agricultural Development was \eradicating rodents". This was thought to be a means
to improve pasture conditions (UB Post, 7.11.02,16.1.03).
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1.5 Situation in Mongolia and pro ject background

The vast grasslandsof Mongoliacover 1.3million m2 and o�er someof the world's �nest
examplesof extensively usedcentral Asian steppes(Lavrenko et al., 1993; Sneath, 1998;
White et al., 2000). However, Mongolian steppes are by no meanspristine environ-
ments, as nomadic pastoralism has beenthe principal land usepractice for centuries
(Fernandez-Gimenezand Allen-Diaz, 1999).

Although nomadic pastoralism is widely held to be the most sustainable land
use form (Retzer, 2004; White et al., 2000), overgrazing is still an issuein Mongolia
(Fernandez-Gimenezand Allen-Diaz, 1999; Hilbig and Opp, 2005). With the change
to market economy political changessince 1989 have had tremendouse�ects on the
country's economy, and subsequently on the grazingsystemsin the region,aspastoral
land useis still the main sourceof income(Fernandez-Gimenezand Allen-Diaz, 1999;
Retzer, 2004). The end of planned economy implied growing unemployment and in-
security of income. Togetherwith a rapid population growth, many families could no
longer make a living in the urban centres. This resulted in an increasingnumber of
herder families and even stronger increasesin the number of livestock (M•uller, 1999).

The changeof the political andeconomicsystemfrom 1989onwardscoincidedwith a
suit of climatically favourableyears,with enoughprecipitation to sustainmorelivestock
(Retzer, 2004). On a nationwide scale,livestock numbersremainedessentially stableat
about 24million headsthroughout the larger part of the twentieth century. However,
after 1989they showed some30% increase(Retzer, 2004). This was accompaniedby
phenomenaof overgrazing and degradation especially along roads and water sources
in all parts of Mongolia (Hilbig and Opp, 2005). The strong concernabout the rising
numbersof livestock during the 1990'swastragically ful�lled by a sequenceof droughts
and zuuds from 2000to 2003(Retzer, 2004). Zuuds are events of winter snow, where
livestock cannot reach the vegetationanymore. Livestock numberswerereducedagain
to their longtime averageof about 24million heads(Retzer, 2004). In the winters of
2000and 2001pictures of piles of starved livestock carcassesin Mongolia went around
the world.

With the change to market economy, the Mongolian government put strong ef-
forts into nature conservation. From 1994,when the Protected AreasLaw waspassed,
to 1997 the amount of land with protected area designation increasedup to 11%
(Bedunahand Schmidt , 2000). One of six National Conservation Parks designatedby
the Ministry of Nature and Environment in 1994,the Gobi Gurvan SaikhanNational
Conservation Park, hostsdesertto mountain steppevegetation(Bedunahand Schmidt ,
2000; Wesche et al., submitted). The project \Nature conservation and bu�er zone
development" of the GTZ (German Technical Assistance) aids in monitoring and
managing the park resourcesincluding the perspectives of the local herder families
(Bedunahand Schmidt , 2000). In view of the rising numbers of livestock during the
1990'sthere was a growing concernabout degradationand deserti�cation of the nat-
ural resourcesof the country (Miehe, 1996). Since livestock roams free in Mongo-
lia, protected areasare always additionally rangelands(Bedunahand Schmidt , 2000;
Readinget al., 1999; Retzer, 2004), and rising livestock numberscanthusleadto degra-
dations even in protected areas.

In order to map the vegetation including forms and indicators of degradation,and
to proposeareasfor special protection, SabineMiehe visited the Gobi Gurvan Saikhan
National Conservation Park. Although she did not �nd simple indicators for degra-
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dation, she could show that the whole area is under high grazing pressure. She ad-
ditionally was concernedabout the apparent connectionbetweensmall mammal and
livestock density (Miehe, 1996, 1998). GeorgMiehe then initiated a memorandumof
understandingbetweenthe department of geography, Philipps-University of Marburg,
and the biological faculty of the Mongolian State University, Ulaanbaatar, Mongolia,
which was signedin 1999. By 2000,the German ScienceFoundation (DFG), the Ger-
man AcademicExchangeProgram (DAAD), and the German Ministry for Economic
Co-operation and Development (BMZ) granted funds to start research projects and
found a research station in the National Conservation Park with the aim to study the
carrying capacity of the mountain-steppe biocenosiswith respect to the transformation
of nomadicpastoralism. The question,if the dominant small mammalsin the mountain
steppes of the park represent \p ests" is of central importance within this project. It
was not known, which of the two pika speciesoccurring in the area, the Daurian and
the Pallas pika (Ochotonadaurica, O. pallasi), wasthe most abundant small mammal,
nor is much of the biology of either speciesknown (Smith et al., 1990).

1.6 Aim of this study

The present study aims at contributing data and scienti�c information as a basis for
the discussionof the presenceof \small mammal pests" in the mountain steppesof the
GGS. To assessthe needof controlling the speciesand possiblerepercussionson the
ecosystemafter control, it aimsat sketching possiblescenariosfor population dynamics
of the focus speciesand estimating their impact on the standing crop by grazing and
burrow construction. To achieve this, the following questionshad to be answered:

Whic h is the most dominan t small mammal species in the
moun tain stepp es of the GGS?

Pikas are the most abundant small mammals in the mountain steppes of the park
(Readinget al., 1999), but it was not known, which of the two speciesto expect,
Ochotonadaurica, or Ochotonapallasi.

{ To assess,which of the speciesdominatesthe mountain steppes,samplesweretaken
from di�erent biotopeswithin the research area(Section2.3, p. 25), while

{ the dominancein term of biomasswas estimated by trapping and weighing small
mammalson a representativ e steppe site (Section2.4.4, p. 30).

Can this species be exp ected to reach high population densi-
ties?

To sketch possiblescenariosfor population dynamics, the factors controlling survival
and reproduction, as well as emigration and immigration have to be studied. Pikas
don't disperse far (Smith, 1987), so that immigration and emigration were not the
main focusof this study. Nonetheless,movement distancesweremeasuredfrom marked
individuals (Section2.6, p. 42). However, scenariosfor population dynamics may be
anticipated by studying the life history traits of the focusspecies.The genus Ochotona
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shows a dichotomouspattern in life history traits similar to the r / K -concept,in which
onegroup of speciestends to have constant population densities,while the other group
shows uctuating densities (Section2.2, p. 23, and Smith, 1988; Smith et al., 1990).
Thus, the following questionshad to be asked:

(a) Which population densitiescan be observed at present?

(b) Which factors control survival?

(c) What is the reproductive capacity of the focusspecies?

(d) What type of population dynamic canbeexpectedusingestimatesfor survival and
reproduction?

(e) Which type of life history strategy doesthe focusspeciesshow?

(a) Measuring population densities Present pika densitieswere measuredusing
information from capture and observation sessions(Chapter 3, p. 47).

(b) Whic h factors control surviv al rates? The two life history strategiesde-
scribed for pikas suggestthat survival rates are either mainly inuenced by climatic
conditions or by population density (Section2.2, p. 23 and Smith, 1988; Smith et al.,
1990). Therefore,the inuence of

{ intra- and inter-annual variation in climate and

{ population density

on the survival of the di�erent age-and sex-groupswere to be studied.

Preliminaries for studying surviv al Beforeanalysingsurvival rates, the following
questionshad to be answered:

{ How can Mongolian pikas be captured and observed?

Sincethe present study is the �rst to havecapturedandrecapturedpikasin Mongolia,
optimal methodsfor trapping, marking, andobservation had to befound (Section2.4,
p. 26). The present study explicitly payed attention to the welfareof the individuals
trapped and handled (Section2.4.5, p. 32).

{ How can agebe determined?

Since age is one of the most common factors controlling survival rates in living
organisms, age groups had to be distinguished. The present study used weight
development to discriminate agegroups(Section4.1.1, p. 58).
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Measuring surviv al To study the factors controlling survival rates for the di�erent
animals, individuals were marked and observed during a whole year, including the
winter, and an additional summer. Survival rates were then measuredusing

{ life tables (Section4.1.3, p. 74) and

{ capture-recapturemodelling basedon maximum-likelihood techniques(Section4.2.2,
p. 81).

{ As indicator of individual health, parasite load was measured(Section2.5, p. 40).

(c) What is the repro ductiv e capacit y of the focus species? Litter sizeand
number were measuredtogether with signsof reproductive activit y in Section 4.3 on
page96.

(d) What t yp e of population dynamic can be exp ected using estimates for
surviv al and repro duction? Basedon a systemof Leslie-matricesthe dynamicsof
population density resulting from the above analysisof survival and reproduction was
comparedto the measuredpopulation densitieson the study site (Section4.4, p. 99).

(e) Whic h typ e of life history strategy does the focus species show? Con-
sidering all the above information the life history strategy of the studied population
can be discussed(Section4.5, p. 101).

Can the focus species be exp ected to degrade the pasture?

Apart from removing biomasssmall mammalse�ect pasturequality by their burrowing
activit y. Their bene�cial or detrimental e�ect on the pasture is then dependent on the
area inuenced by burrowing. If pika density is additionally facilitated by livestock
grazing,their e�ect on the ecosystemmay by ampli�ed by human activit y. The present
study thereforeasks:

(a) How is standingcrop inuenced by burrow and steppeproductivit y and by biomass
removal?

(b) How intenseis burrowing activit y of the pikas?

(c) Are burrow densitiese�ected by livestock densities?

(a) Burro w and stepp e pro ductivit y and biomass remo val The following ques-
tions were addressedusing a replicated exclosureexperiment on burrow and steppe
habitat (Section5.1, p. 109):

{ In how far do pika burrows as special habitats improve/damagepasture quality in
terms of standing crop and plant speciesperformance?

{ How much do pikas remove from the standing crop?

{ How much doeslivestock remove from the standing crop?

{ Is this inuenced by di�erent amounts of precipitation?

10
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(b) Burro wing activit y Burrows were mapped and changesare observed on the
mapped study site over the research period from 2000to 2002(Section2.4.1, p. 26).

(c) Burro w number and liv estock densit y The e�ect of livestock density on
pika burrow density for di�erent altitudes was studied using line-transectsat di�er-
ent altitudes in the Duund Saikhan and Zuun Saikhan mountain ranges(Section5.2,
p. 124).
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Chapter 2

Basic Data Collection

This chapter introducesthe study areawith specialattention given to pika burrows. It
further introducesthe objects of the study, the pikas (Section2.2, p. 19). This chapter
additionally answersquestionsthat form the basisof the study of life history patterns
and ecosystemimpact later on.

First of all it clari�es, which is the dominant pika speciesin the study area (Sec-
tion 2.3, p. 25). To study life history pattern of a species,factors that control survival
and reproduction for singleindividuals have to be observed. For this it is necessaryto
identify individuals. This chapter thereforeaskshow pikas can be captured, marked,
and observed, sothat information on individuals canbe gained. To assesshow this can
be done with the least interferencewith the individuals' lives, welfare considerations
are included (Section2.4, p. 26). This section also includesbasic information on cap-
ture successand estimatesby what factor the pikas are dominant comparedto other
small mammalsin terms of numbers and biomass.

Regardingfactors important to the survival, parasiteload during the year is studied
asan indicator of the health of the observed population (Section2.5, p. 40). As to the
question,if pika population can rapidly spreadto distant areas,mobilit y of individuals
is studied in Section2.6 on page42.

2.1 Study area

The Gobi Gurvan Saikhan National Conservation Park (henceforth GGS) is part of
the Gobi Altai. As part of the Altai mountain ranges,the Gobi Altai is the south-
easternmostoutcrop with the lowestaltitudes. The highestpeakof the GGSis the Zuun
Saikhan which reaches2815m above sealevel. The formation of the mountain chain
started in the Tertiary and the area is still tectonically active (Barthel, 1990). Major
landforms within the park are mountain ranges,pediments and inter-montane basins.
Pediments are linearly eroded by gullies, which are only temporarily water-�lled. The
pediment angle,which separatesthe plain pediment areafrom the mountains, is found
at about 2350m in the Duund Saikhan. Within the mountains, steep rocky slopes
form a heterogenouslandscape with high relief energy (Retzer, 2004; Wesche et al.,
in press). Politically, the park is situated in the Omnogobi aimag, west of its capital
Dalandzadgad(Figure 2.1, p. 14).

The name\Gobi Gurvan Saikhan" translatesas \Three Beautiesof the Gobi" and
refers to the mountain rangesBaruun Saikhan, Duund Saikhan and Zuun Saikhan

13
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Figure 2.1: Location of the
Gobi Gurvan Saikhan Na-
tional Conservation Park in
Mongolia. Draft H. von
Wehrden.

Gobi Gurvan Saikhan
National Conservation Park

Dalandzadgad

Ulaanbaatar

Duund Saikhan

Zuun Saikhan2000 m asl

1500 m asl

Yoliin Am
Site 2

Research camp

Figure 2.2: Map of the study area with the locations of the research camp and the sites
visited for collecting pika individuals within the Duund and Zuun Saikhan mountain ranges.
Di�eren t shadingsof grey for every 100m di�erence in altitude. Draft H. von Wehrden.

(translating \W estern, Middle, and Eastern Beauty"). These mountain rangesare
found in the very east of the National Conservation Park. The study area comprises
the Duund Saikhanand the Zuun Saikhan (Figure 2.2, p. 14), while most of the data
was collectedat the research site (approx. 43

�

36.949
�

N, 103
�

46.450
�

E) on the upper
pediments at the south facing slope of the Duund Saikhan (Figures2.3, p. 15 and2.4,
p. 16).

2.1.1 Climate

The region is characterisedby a highly continental climate with precipitation occur-
ring mainly in the summer months. Variabilit y of precipitation is high in time and
space. Within the park area two moisture gradients can be detected. Precipitation
increasesfrom west to east and with altitude. Long-term precipitation records are
available from a governmental weatherstation some30 km SW of the research station.
Bayandalai (1570m asl) reports a mean annual temperature of 4.5

�

(January -18
�

,
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Figure 2.3: Picture on the south facing slope of the Duund Saikhanfrom 2000m asl showing
the transition from gently sloping pediments to ragged mountain relief. The gers of the
research camp can be seenas a white spot on the foot of the mountains in the right part of
the picture.

July 20
�

), while mean precipitation is 110 mm with a high coe�cien t of variation
(around 35%; data from National MeteorologicalService,quoted from Retzer, 2004).
The aimag capital Dalandzadgad,80km NE of the research station is located 100m
lower and shows an annual mean of 131mm precipitation. Short term precipitation
recordsat the research station areavailable for a full year in 2000/2001and for the year
2003/2004.In all years,precipitation wasclearly higher than in Bayandalai, suggesting
that precipitation at the research station rangesbetween130 and 160mm. It can be
assumedthat the averageamount of precipitation at the research camp is relatively
similar to that measuredin Dalandzadgad. However, the upper slopes receive higher
precipitation (Retzer, 2004).

Table 2.1: Precipitation
at the research site in the
Duund Saikhan mountain
in the summer months
from 2000 to 2003. Data
from Retzer (2004) and
Wesche and Retzer (2005).

Date Rain (mm)

2000 64.2
2001 35.2
2002 24.4
2003 94.6

The summer of 2001 brought a severe drought in
the whole of southern Mongolia. Precipitation at the
research site in July and August was only 16% of the
amount received the year before. In the summerof 2002
the situation wassimilarly severe,although precipitation
was almost twice as much as during the sameperiod in
2001(Retzer, 2004). In contrast to thesetwo years,pre-
cipitation in July and August of 2003 was 53% higher
than in 2000(Table2.1, p. 15, Wesche et al., submitted).
Fernandez-Gimenezand Allen-Diaz (1999) suggesteda
threshold of 200mm annual precipitation and a coe�-
cient of variation larger than 30% in interannual pre-
cipitation separating non-equilibrium from equilibrium
systems.This threshold might have beenreached in the
mountains, while the pediments would still clearly experiencenon-equilibrium condi-
tions.
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Figure 2.4: The
three gers (Mongolian
felt-tent) of the re-
search camp located at
2350m asl. In the front
of the picture fences
and a small observation
tent adjacent to the
trapping site.

Figure 2.5: Walther-Lieth diagrams of
the two climatic stations within the park
nearestto the research camp, Bayandalai
and Dalandzadgad. Data from the Me-
teorological Service Mongolia, draft K.
Wesche.

Dalandzadgad Bayandalai

2.1.2 Soils

While Burozemsare the dominant soil types in the pediment region, Kastanozems
prevail on the southern side of the mountain rangesand Chernozemsand Paracher-
nozemson the northern side. At the research site on the south facing slope of the
Duund Saikhan the Burozems get better developed from the intermontane basins
towards the pediment angle and change from a light towards a dark Burozem. In
the mountain rangesthe Burozemsare replacedby Kastanozemswhich changefrom
a light to a dark version with increasing altitude (Figure 2.6, p. 17, Retzer, 2004;
Wesche and von Wehrden, 2002, T. Hennig, pers. comm.). Soil conditions under pika
burrows di�er from the surrounding steppe. The burrows are enriched in nutrients,
whereaswater availabilit y is lower (Wesche et al., submitted).

2.1.3 Vegetation

The GGSNational Conservation Park comprisesdesertto mountain steppe vegetation,
including patchesof forest in the Zuun Saikhan. Vegetationat the research station is
governedby communities intermediate betweenthe relatively moist steppesof the up-

16



2. BASIC DATA COLLECTION 2.1. STUDY AREA

1 0

2 0

3 0

4 0

5 0

6 0

c m
  0

1 0

2 0

3 0

c m
  0

1 0

2 0

3 0

4 0

5 0

6 0

c m
  0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

c m
  0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

c m
  0

r o c k
d e b r i s

O
( d e b r i s )

d

B U R O S E M
( P E T R I C  C A L C I S O L )

2 0 0 0  m

g r a v e l

B U R O S E M
( P E T R I C  C A L C I S O L )

2 2 0 0  m

g r a v e l

K A S T A N O S E M
( P A L C I C  K A S T A N O Z E M )

2 3 0 0  m

g r a v e l

K A S T A N O S E M
( H A P L I C  K A S T O N O Z E M )

2 6 0 0  m

K A S T A N O S E M
( P H A E O Z E M )

2 8 0 0  m

QQ Q

A k h c A k h
A k h

I I  B -  Cs  c

B  Cs  c-

I I I  f A  -  Bh c t

I V  l C c

C m c

A h

l C c

I I  C m c

A x h

A x h 1

A x h 2

l C

I I  i C m c

f A  -  i l Ch

I I  i l C n

b e d r o c k
1 .  H 2 0 2 .  H 2 2 2 .  O r 1 6 .  H 2 6 2 .  H 2 8

Figure 2.6: Gradient of soil pro�les along the altitudinal transect in the Duund Saikhan.
Data from T. Hennig, draft by K. Wesche.

per mountain slopesand the dry desertsteppesof the lower pediments (Wesche et al.,
in press). Species from the mountain steppe comprise Agropyron cristatum, Stipa
krylovii and Artemisia frigida, while desert steppe speciesare Stipa gobica and Al-
lium polyrrhizum (Hilbig, 1995; Wesche et al., in press). Mountain slopes host three
main groups of plant communities, namely mountain steppes, dominancestands of
the dwarf shrub Artemisia santolinifolia, and scrub composed of Juniperus sabina
(Wesche and Ronnenberg, 2004). Productivit y increasesalong the altitudinal gradi-
ent from the pediments to the mountainous environments (Table 2.2, Retzer et al.,
in press).

Table 2.2: Standing crop
along an altitudinal transect
at the research site in the Du-
und Saikhan. Data are from
Retzer et al. (in press). They
were collected in the drought
summer of 2001.

Altitude Standing crop
m asl kgha-1

2000 43
2200 43
2400 260
2600 200
2800 320

On the upper pediments and in the mountain steppes,
pika burrows form an easily recognisablespecial habi-
tat. They host di�erent vegetation and show an earlier
phenology(Retzer, 2004). Two principal burrow types
can be clearly di�erentiated within the surroundingsof
the research camp by the dominance of dwarf shrups
(mainly Artemisia santolinifolia), or the dominanceof
grasses(mainly Agropyron cristatum, Figure 2.7). The
latter arevery commonon the slightly slopingpediments,
while thosewith A. santolinifolia arerestricted to special
sites along erosiongullies or at the foot of screeslopes,
where soil movement is always present even in the ab-
senceof pikas (Wesche et al., in press). Burrows occupy
7-12% of the surfacein the surroundingsof the research
station (Retzer, 2004). With a median size of 38.1m2

(Section2.4.1, p. 26) they are large structures, suggest-
ing that they last at least several decades(Whitford and Kay, 1999). Indeed, during
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Figure 2.7: Sampling plots on a burrow with and without accessfor pikas. The picture
on the left shows a sampling plot without fence. The grassAgropyron cristatum was grazed,
while Allium spec. was not. To the right a sampling plot which was fenced. In this plot
Agropyron cristatum grew considerablyhigher.

Table 2.3: Examples of rare and endangeredanimal speciesin the GGS. This list is by no
meanscomprehensive! Conservation status according to CITES-convention, the Mongolian
Red Book (MRB), and the Mongolian hunting law (MHL). Summarisedfrom Reading et al.
(1999).

English name Scienti�c name CITES MRB MHL

Goitred Gazelle Gazella subgutturosa * *
Khulan (Wild Ass) Equus hemonius * * *
Ibex Capra sibirica * *
Argali (Wild Sheep) Ovis ammon * * *
Snow Leopard Uncia uncia * *

Saker Falcon Falco cherrug *
PeregrineFalcon Falco peregrinus *
Merlin Falco columbarius *
LesserKestrel Falco naumanni *
Houbara Bustard Chlamydotis undulata * * *
Eagle Owl Bubo bubo *

four years of observation, we did not observe a single new burrow being built, al-
though the present burrows were constantly being changedand modi�ed by the pikas
(Section2.4.1, p. 26).

2.1.4 Higher trophic level

The Gobi Gurvan SaikhanNational Conservation Park hostsan extraordinary wealth
of large wild herbivores, including regionally and globally endangeredspeciessuch as
the black-tailed gazelle,the khulan (Readinget al., 2001) or Bactrian camels.On the
upper pediments and in the mountainous environments, the ibex is consideredrare
by the Mongolian hunting law and the argali is endangeredin Mongolia as well as
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globally. Several predator species,including the globally threatenedsnow leopard,and
several rare and endangeredavian raptors are found within this area(Table2.3, p. 18,
Readinget al., 1999). Small mammals found on upper pediments and mountainous
environments in the park are the grey ratlik e hamster (Cricetulus migratorius), the
Mongolian gerbil (Meriones unguiculatus), the Daurian pika Ochotonadaurica, or the
Pallaspika Ochotonapallasi. Their statusand distribution in the park is hardly studied
(Readinget al., 1999).

Although the National Conservation Park is protected by law since1994and the
mountainous areasarepart of the specialzonewherehuman land useshouldbeprohib-
ited, virtually the entire region is under permanent and complete anthropo-zoogenic
inuence (Bedunahand Schmidt , 2000; Reading, 1996; Stumpp et al., 2005). Live-
stock having beenobserved at the research site included all the speciestraditionally
herdedin Mongolia, which aregoats,sheep,cattle (including yaks), camels,and horses.
95% of the animals using the region around the research camp from October 2000to
October 2001, including areas within the special zonesof protection, are livestock
(Retzer et al., in press).

2.2 Life history strategies of pik as

The dominant small mammals in the mountain steppes of the GGS are pikas (genus
Ochotona). Readinget al. (1999) states that the Pallas pika Ochotona pallasi and
the Daurian pika Ochotona daurica are well distributed throughout the park. Pikas
are plaguevectors(National Research Centre for Infectious Diseases,pers.comm.). In
regular intervals they are monitored for the presenceof the diseasein the park area.
Pikas are remarkably homogeneousin generalmorphology and body mass,although
independent studiesshowed that major adaptive themeswithin the genus have evolved
several times (Smith et al., 1990; Yu et al., 1997). Pikas are a poorly known group
of mammals, most speciesoccur almost exclusively in remote settings. Most of the
pikas are restricted to Asia, where23 speciesare found. Pikas are widely distributed
in central Asia from the Tib etan plateau to the dry desert steppes of the Gobi and
form a notable and important component of the fauna wherever they occur in the
Northern Hemisphere(Smith et al., 1990). Living representativ esof Ochotona form a
monotypic genuswithin the family Ochotonidae(order Lagomorpha),which wasclearly
di�erentiated from the other lagomorphsasearly asthe Oligocene(Dawson, 1967). The
genus probably originated in Asia followed by a widespreaddispersal (Dawson, 1967;
Thenius, 1980). It reached its peak of diversity in the Miocene, when Ochotonids
extended throughout the Palaearctic and into Africa. By the PleistoceneOchotona
was found in the easternUnited States and as far west in Europe as Great Britain.
This extensive spreadwasfollowedby restriction to its present rangein Asia and North
America.

The Mongolian name for pikas, \ukher oghdoy", may translate as \cattle-lik e
mouse",stressingthe di�erence in sizebetweenpikasand rodents occurring sympatri-
cally. It may also reect the di�erent foraging strategy of pikas comparedto rodents:
pikas, like all lagomorphs,are hindgut fermentors, reingesting their food and digest-
ing it in the blind gut (caecum;Wehnerand Gehring, 1990). This form of digestion
is similar to ruminants, which also reingest their food. Since cattle are ruminants,
the association \ukher oghdoy" of cattle and pikas is suitable. The Latin genus name
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\ Ochotona" goes back to the Mongolian word \oghdoy", although this is generally
usedfor all small mammalsin Mongolia.

Smith et al. (1990) review the importanceof pikas in ecosystemsin terms of gener-
ating and maintaining biodiversity due to their role in the food-web,asherbivores,and
asecosystemengineers.They found that pikas form an important prey basefor mam-
malian and avian predators,either aspreferredfood, or asbu�er species(Smith et al.,
1990; Tsendzhav, 1985; Zevegmid, 1975). This is even more important during winter,
sincepikas do not hibernate. As an additional ecosystemimpact, they directly inu-
encethe population dynamicsof other herbivoresby their typical caching behaviours.
Other small mammals,native and domesticungulates,may accumulate in areaswith
their hay piles, especially in winter (Naumov, 1974). Pikas further provide shelter for
other speciesof birds and mammals (Smith and Foggin, 1999). Moreover, burrowing
pikasareprime excavators and thusqualify asallogenicengineers(Kinlaw, 1999). They
contribute positively to ecosystem-level dynamicsby recycling and mixing soil. They
have beenshown to increaselocal productivit y and plant speciesrichness(Tsendzhav,
1985; Wesche et al., submitted). Pikas also directly inuence vegetation composition
by grazing (Huntly , 1987; Tsendzhav, 1985)

There is an apparent relationship between grazing of domestic animals and pika
population densities. Black-lipped pikas (O. curzoniae) may be found at greater den-
sitieswhenthe height of vegetationhasbeenreducedby domesticgrazing(Zhong et al.,
1985). Daurian pikas (O. daurica) were more likely to contribute to the deterioration
of rangelandsthat were already overgrazed(Shi, 1983). Higher population densities
of pikas at placeswith higher livestock densitieswere observed in the study region by
Sabineand Georg Miehe (Miehe, 1996, 1998) and were one of the reasonsto initiate
this research project.

There hasbeena wide-scaledefaunationof vertebratesin Asia asthe result of con-
trol measuresdirected at burrowing speciesof Ochotona. The most seriousecosystem-
level problemconcerningthe control of lagomorphsinvolvesblack-lipped, Daurian, and
Pallas`spikas (Ochotonacurzoniae, O. daurica, O. pallasi) in China. Control began
in 1958, reached a peak between 1963 and 1965, and continues on a reduced scale
(Smith et al., 1990). There is a continuous emphasison control programs from the
highest levelsof administration in China (Smith and Foggin, 1999; Smith et al., 1990).
In Mongolia, control of small mammalsusing poisonis alsofunded by the government
(R. Samjaa,pers.comm.). Workers of the park administration of the GGS mentioned
considerableconcernabout increasingpika densitiesafter the cessationof poisoning
with the changeto market economy (Miehe, 1996). Their density is reducedby shoot-
ing individuals at highly frequented tourist sites by the National Research Centre for
Infectious Diseases,although the e�ect of this measurestays questionable. Herders
interviewed by V. Retzerdid not mention concernabout pikas(pers.comm.), although
they did so in interviews conductedby S. Miehe (pers.comm.).

In the study region, two pika speciesoccur: Ochotona daurica (Pallas 1776) and
O. pallasi (Gray 1867). O. daurica has longer claws, its' toe pads are covered with
fur (Zevegmid, 1975), and does not have a rust-coloured patch at the throat, while
Ochotonap.pricei has shorter claws, bare toe pads and a rust-coloured patch at the
throat (Smith et al., 1990; Zevegmid, 1975). Figure 2.8 on the facing pageshows the
two species. The two speciesare amongthe most drought-tolerant pika species,with
O. daurica beingwidespreadin Mongoliangrasssteppes,while O. pallasi is found in dry
mountain steppes and desert steppes of the Mongolian and Gobi Altai (Smith et al.,
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Figure 2.8: To the left the head of a Daurian pika (Ochotona daurica) taken by V. Retzer,
to the right a Mongolian pika (Ochotona pallasi pricei) with hair dyed orangeby picric acid.
The Picture was taken by M. Pietsch.

Figure 2.9: Distribution of the
Daurian pika (Ochotona dauri-
ca) in Central Asia. Map from
Smith et al. (1990), changed.

1990; Sokolov and Orlov, 1980). Both specieshavebeenconsideredas\p ests"and have
beensubject to control e�orts for their potential competition with domestic livestock
on open rangelandsor for servingas vector for plaguein Mongolia, China, Tuva, and
Kazakhstan.

The Daurian pika is distributed throughout Mongolia, extending to the desert
steppesof China (Figures2.9, p. 21 and2.10, p. 22). It is listed asan abundant species
in the status summary of Smith et al. (1990) and inhabits semi-desertand steppe en-
vironments. Much of its ecologyappears similar to the closely related black-lipped
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Figure 2.10: Distribution of the
Pallas pika (Ochotona pallasi)
in Central Asia. Map from
Smith et al. (1990), changed.

pika (O. curzoniae), which is well studied comparedto the other Asian pikas (Smith,
1988; Smith and Foggin, 1999; Smith et al., 1986; Wang and Wang, 1996). O. daurica
and O. curzoniae frequently have been regardedas conspeci�c, later, however, they
have beentreated as sibling species(Smith et al., 1990). Using molecular techniques,
Yu et al. (1997) showed that the speciesmight not be ascloselyrelated asmorpholog-
ical and behavioural characteristicssuggest.Similarities betweenboth speciesinclude
high but uctuating densities,showing a mostly monogamousmating systemwith fre-
quent expressionsof a�liativ e behaviour within family groups. Adults have three basic
vocalisations,an alarm call, a long call, and shorter trills. The long call is a song-like
trill that slows down in frequencytoward the end. The shorter trills are similar, but
not as loud and much shorter. Long calls and trills can be usedto separateO. daurica
from O. p.pricei in the �eld, sincethe latter only utters alarm calls.

The distribution of the Pallas pika is restricted to the Altai, stretching from Kaza-
khstan, Tuva, Russia, Mongolia to China (Figure 2.10, p. 22, Smith et al., 1990). It
is listed as abundant but possibly locally threatened by isolation in the status sum-
mary of Smith et al. (1990). The range of the Pallas pika is more disjunct than in
other speciesof burrowing pikas. The population in Kazakhstan is isolated from the
population in the Mongolian Altai, and populations within the Mongolian Altai are
again isolated from each other. Three subspeciesare currently widely recognised:
O. p.pallasi (Gray 1867)in northeastern Kazakhstan, O. p.pricei (Thomas 1911a)in
Mongolia, Tuva, and China, along the Mongolian border, and O. p.hamica (Thomas
1912b) in China and perhapssouthern Mongolia. O. p.hamica is poorly known. The
trenchant di�erences in ecologyand behaviour betweenthe forms of O. p.pallasi and
O. p.pricei suggestthe possibility that they may be speci�cally distinct (Smith et al.,
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1990). The subspeciesoccurring in the study area is O. p.pricei, herecalled the Mon-
golian pika, as practised by Russianand Mongolian literature (Demin, 1962; Krylova,
1973; Rothshild and Derevshchikov, 1994; Sokolov and Orlov, 1980; Zevegmid, 1975;
Zonov et al., 1983). All three subspecieshave been documented to decline over the
last centuries especially in the southernpart of their range, which hasbeenthought to
be an e�ect of the global drying of climate in the southernGobi over the past 200years
(Kniazev and Savinetski, 1988; Kniazev et al., 1986quotedin Smith et al., 1990, p.41).
Ochotona p.pricei occupiesarid steppe environments where it may either burrow in
open steppe or live in rocks. The mating systemis primarily polygynous,with males
demonstrating high levels of intrasexual aggression. This subspeciesappears to be
more aggressive than O. p.pallasi, as aggressive relationships are ten times more fre-
quent (Proskurina et al., 1985). Vocalisations are also di�erent between O. p.pallasi
and O. p.pricei: the former utters a songor long call and soft quiet trills in meetings
with females,while the latter doesnot (Smith et al., 1990).

Pik a life history strategies

Most pikas show one of two di�erent life history patterns, which seemto be associ-
ated with the habitat the speciesoccupies(Smith, 1988; Smith et al., 1990). Talus
habitats are rocky areas,consistingof big stones. The pikas occupying talus-habitats
adopt a K -type of life history strategy, they show constant population densitiesand
relatively low fecundity rates (Section1.3, p. 3). Thesespeciesdo not dig their own
burrows but are dependent on the stony habitats that provide nesting sites. An r -
type of life history strategy is adoptedby all other species,occurring mostly in steppe
habitats, but also in forestsor shrub-dominatedenvironments. Thesespeciesdig their
own burrows. Although pikas in generalshow striking similarities in morphology and
behaviour, burrowing speciescan be distinguishedby shorter vibrissaeand more pow-
erful and straight claws. Thesemorphologicaltraits seemto have evolved several times
(Smith et al., 1990; Yu et al., 1997). There are few intermediate species,burrowing
pikas occupying talus or rock habitat, but alsooccurring in steppe habitat.

Demographicparameters,population densities,and social behaviour are substan-
tially di�erent between the two predominant patterns of life histories (Smith, 1988).
Speciesof non-burrowing pikas are relatively asocial, comparatively long-lived, and
have relatively stable low population densitiesand fecundity rates. In contrast, bur-
rowing speciesnormally are highly social, short-lived, may have high but uctuating
population densities,and have high fecundity rates (Table 2.4 on the next page). In a
detailed interspeci�c comparisonbetweenthe burrowing Ochotonacurzoniae (closely
related to O. daurica) and the non-burrowing O. princeps, Smith (1988) showed that
survival rates di�er in the two species.While juvenile survival was higher in the bur-
rowing species,it waseven higher for thosejuvenilesborn later in the summer. Smith
suggestedthe closeproximit y of grazing sitesas a reasonfor higher survival. Pikas in
steppe habitats can spend more time feedingthan pikas living in talus-habitats, where
feedingsitesare further from their shelter. Thus, burrowing pikasdo not appear to be
limited by forageduring most of the April{July reproductive season.In contrast, the
non-burrowing speciesshowed low juvenilesurvival, and especially low survival in juve-
nilesborn later in the year. Adult survival washigh in the non-burrowing species,even
overwinter survival. This resultedin a lower ratio of juvenilesand yearlingsin the pop-
ulations of the non-burrowing species.Additionally , survival wasdensity-dependent in
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Table 2.4: Life history traits within the genus Ochotona and for Ochotona daurica and
O. pallasi, subspeciespallasi and pricei, asreviewed by Smith (1988) and Smith et al. (1990).
The speciesoccurring in the study area are O. daurica and O. p. pricei. Both speciestend to
be closer to the r -type life history pattern of burrowing pikas. Question marks indicate not
yet studied life history traits.

Burrowing Ochotona
Life history traits no yes daurica p. pallasi p. pricei

Repro duction
Litters 1{3 2{5 3 2-3 3
Litter size 1{7 1{13 1{11 mean 8 1{12
In their summer of birth no yes yes yes yes

Surviv al
Juveniles low high ? ? ?
Late litter lower higher ? ? ?
Adults high low ? ? ?
Overwinter high low ? ? ?
Density dependent yes no ? ? ?

Age structure
Old age 6 2 4 ? 4
% Yearlings low high high ? high

Densit y dynamics
Density (/ha) 2.6{30 0{380 0.1{300 > 100 ?
Density variation low high high high high
Density regulation territories climatea climatea ? ?

competition

a Extreme climatic events (o oding, snow, cold, drought) and high overwinter mortalit y.

the non-burrowing species,only individuals holding a territory could survive.

The patterns of life history traits coincidedwith the variabilit y of environmental
conditions. Steppeenvironments, whereburrowing speciesoccur, arevariable in precip-
itation and forageavailabilit y. In contrast, talus environments in mountainous regions
show lessvariabilit y (Smith, 1988). Intraspeci�c variation in demographicparameters
showed that even non-burrowing speciescould exhibit higher fecundity rates and less
stablepopulation densitiesin environments having lesspredictableenvironmental con-
ditions (Smith, 1988). Thus, Smith et al. (1990) and Smith (1988) proposea trade-o�
for all pika speciesbetweenhigh investment in present survival and high investment in
present reproduction triggered by habitat quality.

Like in it's closerelativeOchotonacurzoniae, populationswidely uctuate in sizein
O. daurica (Smith et al., 1990; Zevegmid, 1975). This uctuation has beenattributed
to o oding, snowlesswinters, summer droughts, rain during autumn (which causes
stored plants in hay piles to rot), and to competition with other grazing herbivores
(Table2.4). Tsendzhav (1976) reported densitiesvarying between25 and 55 (mean29)
individuals at 12 di�erent sites in the Mongolian Khangai. Young pikas may make up
93% of the population (Shubin), but other studiesreported far lower percentagesand
even life-spansof up to 4 years(Tsendzhav, 1977). At the sametime the reproductive
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rate is high. Litter sizerangesfrom oneto eleven, each femaleis capableof producing
several litters per year and juvenilesmay reproducein the samesummerin which they
wereborn (Zevegmid, 1975). Ochotonadaurica is reported to bea monogamousspecies
(Smith et al., 1990). Tsendzhav (1976) reported a mean of 15.5 burrows per hectare
with a meanof 29 pikas (n=12).

Population densitiesmay also vary greatly in O. pallasi, although no numbers are
available for Ochotonap.pricei (Table 2.4). The Mongolian pika appearsto be rela-
tively long-lived. Basedon cement lines in the periostealzoneof the mandible Krylova
(1973) determined survival rates of 50% per year and a maximum longevity of four
years. Two-year-old animals comprised20% of the summerpopulation. On the other
hand Shubin reported up to 90% juvenilesat the end of July. Additionally , the fecun-
dity rate of both subspeciesis high.

There are no detailed data on the survival of agegroupswithin both speciesavail-
able,and only anecdotalinformation on factorsinuencing population dynamics. From
the data available, both specieswould be expected to show an r -type pattern of life
history traits, like expressedin O. curzoniae, although both speciesseemto get com-
paratively old comparedto other burrowing species.

2.3 Pik as found in the study area

The �rst obvious questionthat hasto be answered is, which speciesis the more abun-
dant in the mountain steppe of the study area? Of the two pika speciesreported
(Ochotona daurica and Ochotona pallasi pricei, Reading, 1996), habitat preferences
are not known. Smirnov (1974) stated that in caseof closeproximit y to steppe pikas
(O. pusilla), O. p.pallasi selectsdi�erent habitats, namely hill slopesand rocky habi-
tats. It is thus expected that the most commonpika on steppe habitats is Ochotona
daurica.

Metho ds In a joint study with the Mongolian Institute for the Research of Infectious
Diseases,pikaswerecollectedby shooting in di�erent habitats in the Zuun Saikhanat
two locations (approximately 43.4851

�

N, 104.0793
�

E and 43.4530
�

N, 103.9768
�

E, Fig-
ure2.2, p. 14). This shooting is a routine exploration to search for infectious diseases,
none of the animals was shot solely for the purposeof studying habitat preference.
Small mammals are shot all over Mongolia by the Institute. Habitats were chosen
to reect the mountain steppe community, but water surplus placeswere additionally
visited, since Ochotona daurica was heard preferentially in these placesbeforehand.
Habitat classi�cation was based on Wesche et al. (in press). Habitats chosen were
(a) Juniperus sabina communities, (b) Mountain steppes, (c) Gully within mountain
steppes, (d) Kobresia mats on upper slopes, (e) Salinemeadows, (f ) Semi-permanent
river beds. Altitudes rangedbetween2300and 2400m asl.

Results At 21 di�erent sites54 individuals of Ochotonapallasi pricei and 9 of Ocho-
tona daurica werecollected. Table2.5showsthe distribution of the speciesbetweenthe
habitats. Ochotona p.pricei was the most abundant speciesin hall habitats, except
those with permanent water supply. These were the sole habitats where Ochotona
daurica was found.
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Table 2.5: Total number of individuals collectedduring a joint excursionwith the Institute
for the Research of Infectious Diseasesin di�eren t habitats. Habitat classi�cation was based
on Wesche et al. (in press).

Habitat Ochotona Visited sites Altitude [m asl]
p. pricei daurica min max

Juniperus sabina communities 5 0 1 2400 2400
Mountain steppes 16 0 7 2330 2390
Gully within mountain steppes 4 0 2 2390 2390
Kobresia mats on upper slopes 2 5 4 2370 2370
Saline meadows 0 4 1 2255 2255
Semi-permanent river beds 27 0 6 2300 2377

Discussion Ochotona pallasi pricei prevails in the mountain steppes of the study
area,while O. daurica occursonly on moister sites. These�ndings are in accordance
with Ognev (1940), who noted that the speciesoccurs in fertile parts of the Gobi
Desert and in low-lying places,which may be subject to o oding. Proskurina et al.
(1985) noted that in comparisonto Ochotonapallasi pricei the Daurian pika inhabits
optimal habitats with abundant food.

Ochotonadaurica hasbeenshown to exhibit strong uctuations in population den-
sity (Smith et al., 1990 and referencestherein) and is target of control measuresin
China (Zhong et al., 1985). At the sametime, the observation of the park manage-
ment that pika densities was increasing was made at a site with permanent water
supply. It wasmadein Yoliin Am, a highly frequented tourist site, wherea small per-
manent stream is the attraction. The ice developing at this site in winter stays until
the summermonths and sometimeseven until the next winter. The park management
wasconcernedabout the safety of tourists, sincepikascarry the plague(pers.comm.).
These concernsand observations may have been transferred to the whole park area
and to all pika speciesoccurring in the park.

2.4 Grid trapping and observ ation

This sectionintroducesthe methodsusedfor captureandobservingthe focusspecies.It
then asks,to what extent the Mongolianpika dominatesthe small mammalcommunity
in mountain steppesin terms of number and biomass(p. 30). After having established,
that this speciesis by far the most dominant small mammal in the ecosystem,all the
following questionsonly refer to the Mongolian pika. Sincethis study is the �rst to
usecapture-recaptureand observations of individually marked animalsof this species,
special attention is given to the welfare of individuals during capture and handling
(p. 32), to the capture techniques(p. 34), aswell asto the comparisonof encounter and
identi�cation successof capture and observation (p. 35).

2.4.1 Capture site and burro w characteristics

A representativ e areaof onehectarecomprisingboth steppe and erosiongully near the
research station waschosenastrapping site (Figure 2.11). 38 burrows weremapped on
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Figure 2.11: Map of burrows and trap locations on the trapping site. At each trap location
a stone pile was erected to facilitate orientation during observation sessions.The trapping
site comprisedgully and pediment habitat.

this areaand adjacent to it, 27 of which fell into the trapping site, two further burrows
were about half way within the site (Burrows with the coordinates (0,0) and (0,35)
in Figure 2.11). This amounts to about 28 burrows on one hectare. The area of the
singleburrows rangedbetween2.5and 71.9m2. Median burrow sizewas38.1m2, while
�rst and third quartile were 24.3and 52.7m2 respectively. This corresponds to circles
with diametersof 6 to 8m with a median at 7m. Nearestneighbour distancesfrom
the burrow centroids to each other had a medianof 14m for the �rst and 17m for the
secondnearestneighbour.

The observed Mongolian pikas did not dig much. During the three years of ob-
servation, there was no change in the location and size of the burrows. Pikas were
only observed to repair their entrances. Basedon theseobservations and on data from
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openingthree burrows at the research site (unpublisheddata), the following comments
are given on burrow development: sincepikaswereconstantly repairing their burrows,
somecentimetres of new tunnels may emergeeach year. If a yearly increasein tunnels
of 20cm is assumed;if further each burrow may consist of four complete tunnels, a
burrow with median area (38.1m2, 6.2m diameter for a circular burrow) would take
124 yearsto develop. No single individual would be able to dig its own burrow. This
is in accordancewith the �ndings of Whitford and Kay (1999), who state that large
burrows last for a long time. The burrows are probably much older, since they are
passedfrom one generation to the next. Nonetheless,Lavrenko et al. (1993) classify
pika burrows as non-permanent structures in comparisonto marmot Marmota bobac
burrows.

At the sametime, pikas readily acceptednew objects put in their vicinit y to sit
on them and dig under them. Here, tunnel development was much faster than on
establishedburrows. On the trapping site (Figure 2.11), there were several smaller
burrows, which were not occupied by one pika individual, e.g. the burrows at the
coordinates (85/65), (19,9), or (52,8). If climatic conditions get better for a longer
time, thesesmall burrows may develop into larger sizedones,thus increasingburrow
density. On the other hand,observationsof abandonedburrowsin the Sevrejmountains
(own observation) and the Nemegtmountains (V. Clausnitzer, pers. communication),
might indicate that climatic conditions were better in the past.

2.4.2 Capture

Capture started in July 2001 on a 60� 60m2 site comprising pediment steppe and
gully habitat (Coordinates (10,0) to (70,60) in Figure2.11). The trapping grid was
arranged in an 7� 7 arrangement, trap intervals were 10m, with one trap placed at
the edgesof the grid cells. In September 2001, the grid was enlargedto an 11� 11
arrangement on 100� 100m2 (Table 2.6 on the next page and Figure 2.11). Traps
were placedat placesfrequented by pikas, not necessarilyexactly at the edgesof grid
cells. Edgesof grid cellsweremarked with piles of stone. Capture took placein nearly
monthly intervals (Table 2.6). The capture sessionin March 2001was interrupted by
heavy storms. 41-54Extra Large(10� 12� 38cm) and the 67-80Large(8 � 9� 23cm)
Shermanlive traps were used (www.shermantraps.com). Animals were identi�ed by
using Sokolov and Orlov (1980).

Di�eren t baits were o�ered in the traps, including palatable fresh (cabbage)and
dry (dried plants) and unpalatable material (wool). Wool was carried away to the
burrows, but neither of the baits increasedcapture success.Morrison and Teitz (1956)
showed that captive Ochotona collaris preferred carrots and hay, but did not touch
peanut butter or corn, while Kawamichi and Liu (1990) successfullybaited Ochotona
curzoniae with applesand o wers.

Capture followed a robust design with primary and secondarysample sessions
(Krebs, 1999). In this design,oneprimary samplesessionconsistsof several secondary
samplesession. In the following, if \sample session"is usedwithout speci�cation, it
refersto primary samplesessions.

SinceO. pallasi followed a diurnal activit y pattern and so did not enter traps in
the night and additionally seemednot to have orientation in the dark, traps were set
in the night beforeand checked for the �rst time around 10:00in the morning, followed
by successive checking during the rest of the day. During the day traps werecontrolled
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Table 2.6: Averagedates, time di�erence in days between�rst and last sampling date, and
the sizeof the study site for the 16 samplesessions.Combining capture and observation led
to increasing length of sampling time, since observation started several days after capture
beginning in May 2001. This was done becausehair dyed with picric acid neededsomedays
to develop the brightest colour.

Only capture Capture and observation Study site
Nr. Averagedate Time interval [d] Averagedate Time interval [d] [m � m]

1 06.07.2000 3.70 60� 60
2 17.07.2000 0.95 60� 60
3 23.08.2000 0.96 60� 60
4 28.09.2000 0.17 100� 100
5 26.10.2000 1.33 100� 100
6 28.11.2000 1.35 28.11.2000 1.39 100� 100
7 23.01.2001 1.22 23.01.2001 1.22 100� 100
8 23.03.2001 6.00 100� 100
9 25.04.2001 1.47 25.04.2001 1.47 100� 100
10 22.05.2001 1.92 26.05.2001 9.56 100� 100
11 24.06.2001 1.72 28.06.2001 9.17 100� 100
12 27.07.2001 1.54 30.07.2001 8.12 100� 100
13 22.08.2001 1.88 25.08.2001 7.88 100� 100
14 23.09.2001 2.68 25.09.2001 7.01 100� 100
15 01.07.2002 4.31 02.07.2002 6.13 100� 100
16 07.07.2002 1.00 11.07.2002 8.29 100� 100

at least every 3hours to prevent heat stress(seep. 32). Morning sessionswere thus
usually longer than the sampling sessionsin the rest of the day .

Handling was doneoutside the trapping site in the �rst months, until the car was
usedas mobile handling and observation laboratory from November 2000on. Using
the car greatly reducedthe e�ort, since handling and writing was not hampered by
wind or precipitation anymore. Traps with animals inside were transported to the car
and placed in the shadow of the car while waiting for handling, to avoid heat stress.
Successfultraps were not replacedduring handling, but after handling of all captured
animals. If rodents were captured instead of pikas, food was o�ered to them. No food
(fresh or dry plant material, bread) was acceptedby pikas. Animals were weighed,
sexed,marked, and inspected for parasitesand bruises. Although someanimals were
weigheda secondtime within oneprimary samplesessionto assessweight losscausedby
trapping, most of the animalswerenot handledwhencaptured againand immediately
releasedinstead. Animals were marked using ear tags and dying the fur with picric
acid. Ear tags had 6 di�erent coloursfor front and back side and individual numbers
(Mini-Ohrmark en, Tierzuchtger•ate-Strietzel, G•unthersleben, Germany). They had to
be shortenedto reduceweight. Picric acid was applied symmetrically on the fur of
the animal on head, neck, front side, middle side or back side. The dyed fur turned
to bright orangeafter two days. Tattooing the ear, ear cuttings, and hair cuttings
were additionally tried for individual marking, but thesemethods did not work well.
For tatto oing, pika earswere too hairy, ear cuttings following the patterns proposed
by Kawamichi and Liu (1990) could only be located after some months, but forms
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could not be distinguished anymore. Kawamichi and Liu (1990) reported that ear
clipping in adult Ochotona curzoniae and O. cansus worked for up to 98 days, but
sharp outlines were lost when clipping young individuals. Patterns cut in the hair
(Barnett and Dutton , 1995; Grunell and Flowerdew, 1990) wereonly visible for about
a month during summer. During winter this method was not tested. It was assumed
that an intact fur coat is important to protect the animals from the cold.

In June, traps wereput in higher densitiesat selectedburrows to capture and mark
more juveniles. Further information wasgainedby occasional�ndings of deadpikasor
remaindersof pikas (for example,one time an ear tag next to the guts of a pika).

2.4.3 Observ ation

To facilitate observation on the trapping site, the stonepiles at the grid cornerswere
painted in two di�erent colours. Thosehaving 0, 50,or 100in either X- or Y-coordinate
were painted blue, dividing the site into four quarters, while all other stonepiles were
painted in yellow (Figure 2.11, p. 27). Systematicobservation of the whole study site
started in November 2000 from within a car placed at the middle of the study site
(Table2.6, p. 29). It had windows to all sides and the whole study site could be
observed using binoculars with 10� magni�cation. In November 2000and January
and April 2001observation took place during the capture sessions.From May 2001
onwards, observations were conductedat least two days after capture which allowed
the dyed hair to turn into its brightest colour. In March 2001observation wasaborted.
Probably causedby heavy storms, no pikas could be observed on the study site for
several subsequent days. In September 2001and July 2002a larger areawasobserved.
For this the car was placedat di�erent locations to scanthe study site plus a border
of about 25m.

Within 2 to 6 hours the wholestudy site wasscanneduntil no new individual could
be detectedany more. Animals observed within and adjacent to the study site were
noted with their coordinates. Location was estimated in referenceto the distance to
the stonepiles constructedat the edgesof the trapping site (seeFigure2.11, p. 27) or
by using the mapped location of the burrows. Care was taken not to count unmarked
animals twice within one observation session. This was done by assumingthat pika
movement was centred around burrows during the observation sessions. Unmarked
animals observed simultaneously on neighbouring burrows were not counted as new
observations.

2.4.4 Captured species and biomass of small mammals

To determinewhich speciesdominatesthe small mammal community in the mountain
steppes, the number of individuals captured during the 16 capture session(Table2.6,
p. 29) is listed and the biomassof each specieswithin mountain steppesis approximated.
Typical adult pika weight is 190g, aswill beshown later in this study (p. 62). Weight of
the other specieswascalculatedas averageof all �rst capturesof theseanimals. Data
from other capture events (not from the trapping site) were included for Meriones
unguiculatus.

Results During the capture sessions166 individuals of 4 speciescould be identi�ed.
A total of 155 belongedto Ochotonapallasi pricei, 7 of them were Cricetulus migra-
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Session cm m op oi

1 2000.07.06 0 0 15 0
2 2000.07.17 0 0 11 0
3 2000.08.23 0 0 8 0
4 2000.09.28 0 0 14 0
5 2000.10.26 1 0 16 0
6 2000.11.28 0 0 15 0
7 2001.01.23 0 0 7 0
8 2001.03.23 2 0 10 0
9 2001.04.25 0 0 11 0

10 2001.05.22 1 0 18 0
11 2001.06.24 2 0 62 1
12 2001.07.27 2 0 31 1
13 2001.08.22 3 1 18 0
14 2001.09.23 1 0 14 0
15 2002.07.01 0 0 22 1
16 2002.07.07 0 0 17 0

Sum 12 1 289 3

Table 2.7: Number of individuals cap-
tured in unbaited traps during cap-
ture sessionsfor the four species en-
countered: Cricetulusmigratorius (cm),
Meriones unguiculatus (m), Ochotona
pallasi (op), and Oenanthe isabellina
(oi). Note that O. isabellina is a bird.

torius, a rodent, 3 of them Oenantheisabellina, a bird species,and one of them was
a Meriones unguiculatus, another rodent. 7 individuals of Cricetulus migratorius and
13 individuals of Meriones unguiculatuscould be usedto calculate an averageweight
for thesespecies.Weight of C. migratorius rangedfrom 24 to 48 g, with a median at
36 g. Weight of M. unguiculatusrangedfrom 40 to 64 g with a median at 52 g.

Table2.7showsthe frequenciesof the four speciesfor the 16samplingsessions.A � 2

test did not �nd signi�cant di�erencesin the proportions of speciescapturedcomparing
the samplingtimes (� 2 = 35:7, df = 45,p = 0:83), showing that Ochotonapallasi pricei
was always captured in highest numbers. Birds were captured in 0.98 % of the cases.
Pikaswerecapturedin 94.75%, C. migratorius in 3.93% andM. unguiculatusin 0.33%
of the cases.Pikas were thus always encountered 22 times more often than rodents.
Out of 100captured individuals the expectedbiomassof pikas would be 18.003kg, of
C. migratorius 0.142kg, and of M. unguiculatus0.017kg. Pika biomasssurpassesthe
sum of the other two small mammalsby 113 times.

Discussion Mongolian pikas(Ochotonapallasi pricei) are by far the most abundant
small mammalsin terms of numbers as well as in terms of biomass.While pika num-
bers are about one order of magnitude higher than those of other small mammals,
their biomassis two orders of magnitude higher. However, not using baits may have
resulted in underestimating the abundanceof rodents. On the other hand, rodents
were captured even when using unbaited traps. Additionally , the frequenciesof cap-
tured rodents were in accordancewith observations during �eld work. While pikas,
pika droppings, and hay piles were apparent all over the place, there were few signs
of other rodent activit y, like droppings,runways or occasionallygatheredseeds.These
are concentrated in areaswith a lot of gravel, stonesand shrubs.

Oenantheisabellina also entered traps set on the ground. This bird is one of the
most abundant speciesin the research area (own observation). They most probably
useholesin the ground asnesting sites,which is supported by �eld observation, since
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on someburrow entrances there were bird droppings. Even the chicks could be heard
in onecase.This is an exampleof a di�erent speciesusing the structures provided by
pikas (Smith and Foggin, 1999).

2.4.5 Welfare considerations in trapping and handling pik as

Sincethis study is the �rst to have usedlife traps and individual marking on Ochotona
pallasi pricei, it was not clear, if individuals would enter traps, how long they could
stay inside a trap, and how they would respond to handling. It is not known, how
long Ochotonapallasi pricei can stay within a trap without individuals being harmed.
However, this information is crucial whenplanning capture sessionsto set a maximum
time span in which traps have to be checked.

Even though they arenot explicitly constructedasmanipulativeexperiments, many
�eld studies involve somedegreeof intervention: through disturbance causedmerely
by the presenceof an observer, or wherespeci�c sampling techniquesinvolve capture,
handling, and marking. Closeproximit y to humans is necessarilytraumatic for mam-
mals. Putman (1995) lists three typesof welfare costsfor interventive �eldw ork with
mammals: (a) distressand mortalit y during capture, (b) distressand mortalit y during
marking, (c) longer-termconsequencesof handling and marking in terms of subsequent
(delayed) mortalit y or lossof �tness. The �rst two typesof welfarecostsare addressed
in the following section.

Metho ds

Animals were captured from July 2000 to July 2002 using Sherman live traps (see
Section2.4.2, p. 28). Weight losscausedby trapping was calculated for two groupsof
animals: those captured twice within lessthan three days and those captured twice
within three to 10days. Meanweight lossof the two groupswascomparedto each other
and to a 0g weight changeusing a t-test. To assess,how long Ochotonapallasi pricei
canstay in a trap without an individual beingharmed,four animalswereleft in baited
traps and releasedassoon as they showed weight loss. To assessfurther handling and
trapping damage,it was noted when animals wherefound deador bleedingin a trap,
and their behaviour during handling was noted.

Results

Individuals lost more weight when captured within three days than when captured
twice within more than three days. For 25 individuals a weight di�erence within less
than three days couldbecalculated37times. Initial weights rangedfrom 144g to 260g.
For 12animalsa weight di�erence within three to ten days couldbecalculated44times.
Initial weights ranged from 52g to 223g. Weight changewithin lessthan three days
rangedfrom � 7:1% to 6.9%, with a medianat � 2:4%. Weight changewithin three to
lessthan 10days rangedfrom � 1:7% to 28.9%, with a medianat 4.2%. The maximum
weight changeof 28.9% camefrom the individual with the lowest initial weight, 52g.
Comparisonof the two data setsshowed that they comefrom di�erent distributions
(p < 0:001). Weight changewithin lessthan three days wassigni�cantly di�erent from
0% (p < 0:001).
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None of the four individuals observed in the traps acceptedbait. They had to be
releasedafter 4.5hours. Initial weights rangedfrom 147g to 205g. Weight changeafter
2.5 hours rangedfrom � 1:36% to � 4:97%, after 4.5 hours from � 1:36% to � 5:3%.

Altogether, animals were captured and recaptured362 times. Fifteen casesof ani-
mals bleedingat the front foot were observed and at least four of them had lost their
claw within the traps. Three animals were found dead in the traps. One of them
probably died becauseof heat stress,sinceit wasa big individual in a small trap which
was exposedto sunlight. This happened, although traps were checked every two to
three hours during the day. At each handling sessionthere were casesof squeaking
or bleedinganimals while their earswere marked. There were three casesof animals
falling unconsciouswhile being handled. Most of the animalsurinated when they were
held by humans. At the sametime, most of the animals were quiet during handling
and although few tried to bite, bites were not strong.

Discussion

Shermantraps do not seemto be very suitable for Ochotonapallasi pricei. Being indi-
viduals of a burrowing species,they try to escape from the traps by digging themselves
out, thus loosing claws and starting to bleed at the sharp metal edgesof the traps.
Wooden traps may o�er a better choice. Sincepikaswerealways interestedin new ob-
jects, especially big objects, digging under them and sitting on them, it may be a good
choiceto useasbig and heavy traps aspossible(seenext sectionon trap preference).It
shouldalsobe kept in mind that pikasare very sensitive to heat stress.At least oneof
the individuals captured deadprobably died of heat stress. It wasa heavy animal cap-
tured in a smaller trap, so that it could not move inside the trap. Like all lagomorphs,
pikashave high and constant body temperatures(around 40

�

) in comparisonto other
small mammals. They are adapted to cold environments and cannot cope with high
ambient temperatures(Matsumoto et al., 1995; Songand Fen, 1996; Wang and Wang,
1996). Knowingly sacri�cing captured individuals, MacArthur and Wang(1973) found
a lethal ambient temperature of 29

�

when exposedto it for more than 2h. Traps
should thus be protected from heating up. This is another reasonto prefer wood over
metal as material for traps. Not accepting food in captivit y posesanother di�cult y
when leaving traps open for a longer time. Sincepikas were not active during nights,
only the length of capture sessionsduring the day was crucial. Additionally , animals
lost weight whenthey wererecapturedon subsequent days. There shouldbe a breakof
at least 10 days for the individuals to recover from a capture session.The weight gain
of individuals captured within 2 to 10 days wasprobably due to still growing juveniles.

Although most pikasweresilent and did not movewhile beinghandled,threeanimal
fell unconscious,and most of them urinated when being picked up. This probably
represents signs of considerablestress for the animals. Other mammals, including
hares,have beenshown to be subject to trauma-related stress-shock, most commonly
manifestedin the form of a progressive post-traumatic myopathy in which rapid and
irreversible changesin muscle tissueslead to prostration, progressive depressionand
death after a period of up to four days after capture (Putman, 1995 and references
therein). One of the animals falling unconsciouswhile being handled died within a
short time.

None of the other speciesdied, although unbaited traps were left open during the
night. Rodents captured were given food and they readily acceptedit.
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Table 2.8: Individuals encountered during the capture and the observation sessionssepa-
rately. SeeTable 2.6 on page 29 for more information on the samplesessions.Observation
always included not identi�ed individuals (not id.), where marks were absent or could not
be assortedto a known individual. Numbersare given for female(f ), male (m), and unsexed
(u) individuals.

Capture Observation
Nr. Capture date f m u Sum f m u not id. Sum

1 06.07.2000 10 2 3 15
2 17.07.2000 10 0 1 11
3 23.08.2000 6 2 0 8
4 28.09.2000 13 1 0 14
5 26.10.2000 12 4 0 16
6 28.11.2000 10 5 0 15 11 4 1 13 29
7 23.01.2001 6 1 0 7 12 3 2 14 31
8 23.03.2001 7 3 0 10
9 25.04.2001 9 2 0 11 12 4 1 14 31

10 22.05.2001 13 4 1 18 17 5 4 5 31
11 24.06.2001 34 13 15 62 19 6 11 7 43
12 27.07.2001 19 10 2 31 20 8 2 11 41
13 22.08.2001 14 4 0 18 18 9 0 6 33
14 23.09.2001 11 3 0 14 21 8 0 6 35
15 01.07.2002 19 3 0 22 15 4 0 5 24
16 07.07.2002 15 2 0 17 18 5 0 6 29

2.4.6 Capture and observation success

This section�rst lists the number of individuals encountered during all 16 capture ses-
sionsfrom July 2000to July 2002and 10 observation sessionsfrom November 2000to
July 2002(Table2.6, p. 29). As this is the �rst study to uselife trapping on Ochotona
pallasi pricei, somedetailson capturesuccessregardingthe sizeof the trap and the time
of the day aregiven. Sincethe study useda robust designwith several secondarysample
sessionswithin a primary samplesession,capture successin the secondarysampleses-
sionscould be compared.For 21 secondarysamplesessionson 11 days a preferencefor
trap sizecould be assessed.Traps usedwereExtra Large (10� 12� 38cm) and Large
(8 � 9� 23cm) Shermanlive traps (Section2.4.2, p. 28). Morning secondarysample
sessionswere usually longer than sampling sessionsduring the day, since traps were
set in the evening before. For 16 morning secondarysamplesessions(section 2.4.2on
page 29) capture successcould be comparedto the pooled data from the following
secondarysamplesessionson the sameday. All of the pairs of morning and following
day-sampling sessionswere taken from the enlargedstudy site of (Table2.6, p. 29 and
Figure2.11, p. 27). Preferencefor trap sizeand time of the day was analysedusing a
Wilcoxon signedrank test for paired comparison.

Results

Of the 155 individuals captured during the study period from July 2000to July 2002,
94 could be assortedto femalesex,while 39 could be assortedto malesex. For another
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22 animals sexcould not be identi�ed. Table 2.8 on the facing pagelists the number
of individuals captured and observed. Extra Large Shermanlive traps were preferred
over Largetraps in the 21secondarysamplesessionsanalysed.Percentageof successful
Large traps rangedfrom 0% to 5.8%, with a medianat 1.5%. Percentage of successful
Extra Largetraps rangedfrom 0% to 14.8% with a medianat 3.9%. Pairedcomparison
of the percentagesshowed that the di�erences were signi�cant (p = 0:005). Morning
capture sessionswere generallymore successfulthan all the following capture sessions
of that day together on all the 16 days analysed. Morning capture sessionshad a
median of 6.5 captures(5.4% of the open traps), ranging from 2 to 27, while the sum
of the day sessionsranged from 0 to 12, with a median at 5.5 captures (4.5% of the
open traps). Paired comparisonover the 16 days showed that the di�erences were
signi�cant (p = 0:006).

Discussion

Ochotonapallasi pricei proved to be a specieseasyto capture in comparisonto other
pikas. Puget (1971) tried to trap Ochotona rufescencs rufescencs without success.
They captured animals by laying out nets over burrows and then digging out the
whole burrow system. Kawamichi and Liu (1990) easily live-trapped O. curzoniae
with meshedcate traps (13� 10� 33cm) baited with applesand various o wers, but
they failed to capture O. cansus with traps. Individuals of this specieshad to be
captured with a sweeping net usually used for collecting insects when leaving their
burrow entrances. We repeatedly tried to capture Ochotona daurica with Sherman
traps, with very little success.We could capture individuals insideour gers,whenthey
had adopted them as home. In another occasionwe dug holesin sand piles and thus
holes in the ground. However, Ochotonapallasi pricei readily entered even unbaited
traps.

The results indicate that capture successmight be enhancedby using larger traps:
Pikas are very curious animals. They carried big, colourful things onto their burrows,
collecting everything movable from o wers and toilet paper to livestock dung. They
liked to sit on, dig around and under traps or other objects new to them. Thus using
larger, more prominent traps may enhancecapture success.Trapping can possibly be
restricted to the morning hours. The observed population entered traps more readily
in the morning and by using this pattern, the critical period in the middle of the day,
when traps may heat up, can be avoided. Additionally , captured individuals have time
to recover.

2.4.7 To trap or not to trap? Comparing trapping with ob-
servation

The following section assessesthe e�ciency of capture and observation in terms of
encountering and identifying Mongolian pikas. For this, the accuracy of identifying
marked individuals, the variabilit y of encounters, and the information gainedby pool-
ing the data from both methods are analysedfor the ten samplesessions,wheredata
from both methods are available. Accuracy of individual identi�cation using ear tags
and hair dye was measuredby counting the recapturesbeing assignedto one known
individual, more than one individual, or no known individual. Variabilit y in individ-
ual encounters by observation or capture was comparedusing encounter histories for
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Figure 2.12: Individuals of the Mongolian pika (Ochotona pallasi pricei) encountered only
by capture (cap. only), only by observation (obs. only), or by both methods (cap. and obs.).
Individuals encountered only by observation are again divided into thoseidenti�ed (obs. only
id.) and those not having beenidenti�ed (obs. only not id.). Dates for samplesessionswere
November 2000 (1), January (2) and April to September 2001 (3 to 8), and beginning and
mid July (9 and 10) 2002. SeeTable 2.6 on page 29 for more information on the sample
sessions.

the 10 primary sampling sessionson which both capture and observation took place
(Table 2.6 on page 29). The number of sample sessionsbetween �rst and last en-
counters was comparedfor capture, observation, and pooling of the data. Regularity
of encounters was measuredby counting the number of samplesessionsbetween two
encounters. The percentage of encounters by each sampling method from the total
number of encounters was calculated for animals having beenencountered more than
three times.

To assessthe additional information gained by either capturing or observation,
the number of animals captured or observed were comparedfor each sampling session
using linear regression.Additionally , relative encounter successwascalculatedfor each
method comparedto the number of animalsencountered by pooling data from capture
and observation. Percentageswere comparedusing a Wilcoxon test for paired data.

A gain of information was quanti�ed for each of the encounter methods. The
information gained by observation are those individuals, which have beenmissedby
capture during a samplesession.Accordingly, the information gainedby capture are
those individuals missed by observation but captured. The number of individuals
additionally encountered by observation or capturewasevaluatedusinga � 2 test. Odds
were calculated to comparethe samplesessions(Quinn and Keough, 2002). Observed
animals which were not identi�ed were only taken into the analysis if they exceeded
the number of animals captured, that were not observed.

Results

The number of animalscaptured per primary samplesessionrangedfrom 7 to 62, with
a medianat 17.5.The minimum number of animalswascaptured in January 2001,the
maximum in June 2001. The number of animals encountered by observation ranged
from 24 to 43 pikas,with a medianat 31. The fewest pikaswereobserved in June2002,

36



2. BASIC DATA COLLECTION 2.4. GRID TRAPPING AND OBSERVATION

Individuals Capture Observation
assigned Rec. % Ind. Rec. % Ind.

One 247 97.6 77 405 97.1 91
> 1 4 a 1.6 4 11 2.6 11
None 2 a 0.8 2 1 0.2 1

Sum 253 100 83 417 100 96

a Animals did not have earplugs.

Table 2.9: Accuracy of identi�ca-
tion of individually marked Mongo-
lian pikas Ochotona pallasi pricei by
capture and observation. Recap-
tured (Rec.) marked animals were
assignedto one,more than one(> 1)
or none of the previously encoun-
tered marked individuals. Individu-
als (Ind.) could be recaptured more
than once.

the most in June 2001. Pooling the data from capture and observation resulted in
26 to 72 encounters per primary samplesession,with a median at 31 individuals. The
minimum number of animalswasencountered in June2001,the maximum in June2002
(Figure 2.12).

Of the 155pikascaptured and marked with ear tags during the study, nine ear tags
wereseenon animals for more than a year. Coloursof ear tags fadedafter a year. Fur
dyed with picric acid stayed colourful for a few months in summer,and from October
to March in winter. Probably due to their molt from summerto winter pelage,all fur
markings were lost by the end of September, even if being newly marked.

The combination of ear tags and patterns dyed in the fur resulted in an equally
high accuracyof individual identi�cation in capture and in observation. 83 animals
were recaptured 253 times (Table 2.9). In 97.6% of the cases,recaptured individuals
were assignedto one individual only, which meansthat they were recognisedwithout
ambiguity. In 1.6% of the casesthere were two or more individuals with markings
resembling the samepicric pattern or earcuttings of the animal recaptured. In 0.8% of
the casesit wasnot possibleto assigna previouslyknown individual. Thesetwo animals
only had ear cuttings, no ear tags and no picric dyed hair. 96 animals were resighted
417times during observation. With the binocular, ear cuttings and hair cuttings could
not be used to distinguish individuals, nor could numbers on ear-tags be read. In
97.1% of the casesresighted individuals were assignedto one individual each. In
2.6% of the casesthere was more than one individual with markings resembling the
fur pattern and ear tag coloursof an observed animal. In 0.2% it was not possibleto
assigna previously known pika (Table 2.9).

Individuals were more easily observed than captured. 144 individuals were en-
countered by capture or observation during the 10 samplesessions.133 of them were
captured, 99 wereobserved. There wereanimals marked beforethe �rst samplingses-
sion resulting in someindividuals being observed only. The number of samplesessions
between �rst and last captures rangesfrom one to �v e samplesessions.Observation
and pooling of the data yielded a rangeof oneto the maximal number of all 10 sample
sessions.The distribution of the encounter time spanswas strongly right skewed with
a median of one for encounters by capture. More than half of the individuals were
captured only once. Lessthan half of the individuals were encountered only onceby
observation, but the median was not much higher (Table 2.10).

Most of the animalswereobserved and capturedsubsequently. The number of sam-
ple sessionsbetweentwo encounters, which is the number of samplesessionsan animal
was missing between two encounters, ranged from 0 samplesessions,meaningsubse-
quent captures(saturated encounter histories), to 4, 5, and 6 missingsamplesessions
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Table 2.10: Length and regularity of encounters by capture, observation, and pooling both
methods. Length of encounter period is the number of sessionsbetween�rst and last encoun-
ters. Regularity of encounters is the number of sessionsbetween two encounters, in which
this individual was neither captured nor observed.

Length of encounter period Regularity of encounter
Method n Range a Median n Range b Median

Capture 133 1-5 1 49 0-4 0
Observation 99 1-10 2 54 0-5 0

Pooled 144 1-10 1 70 0-6 0

a Maximum possiblerange is 10 sampling periods.
b A value of 0 means no sampling periods between two encounters, thus subsequent encounters,

while the maximum possiblerange is 9, for individuals marked before the �rst occasionand only
encountered at the last (10th ) occasion.

for encounters by capture, observation, and the pooleddata respectively. Distributions
were strongly right skewed. All of the encounter methods had a median of 0 sample
sessionsbetweentwo encounters, meaningthat more than half of the individuals were
encounteredsubsequently by capture,observation, andpooling of the data (Table2.10).

29animalswereencounteredmorethan 3 times. They werecaptured0% to 100% of
their encounters, with a median at 50%, while they were observed 40% to 100% of
their encounters, with a median at 100%. Paired comparisonshowed a signi�cant
di�erence of the distributions (p = 0:002). There was a greater chance to observe a
Mongolian pika than to capture it.

There was no simple linear relationship between the number of observed animals
and the number of captured animalswithin onesamplesession(linear regression,r 2 =
0:494), but a higher percentage of the individuals was encountered by observation
than by capture (paired Wilcoxon signedrank, p = 0:037). The proportion of captured
animalsrangedfrom 20% to 79%, with a medianat 48.5%. The proportion of observed
animals rangedfrom 54% to 92% with a median at 85.5%.

In all samplesessionsboth samplingmethods, captureand observation, contributed
additional information on the presenceof individuals. The number of individuals not
captured but additionally observed ranged from 9 to 29 animals, the number of indi-
viduals not observed but additionally captured rangedfrom 3 to 36.

The proportions of individuals captured in contrast to being additionally observed
di�ered for the 10 samplesessions(� 2; p < 0:001). The pattern of odds for individuals
beingcaptured insteadof beingadditionally observed for the periods wascomplicated.
The samplesessionof June 2001di�ered most from the other sessions.There was a
higher chancefor individuals to be captured instead of being additionally observed in
June 2001than in all the other sampling sessionsexcept for June 2002. January 2001
di�ered from all but 2 of the other samplesessions.There was a lower chanceto be
captured instead of being additionally observed in January 2001than in most of the
other samplesessions.In April 2001and September 2001the chanceto be captured
was not signi�cantly higher than in January 2001(Table 2.11on the next page). The
chancesto be capturedwere0.23in January 2001,while the chancesto be additionally
observed were 0.77. In June 2001, the chancesto be captured were 0.86, while the
chancesto be additionally observed were 0.14.

38



2. BASIC DATA COLLECTION 2.4. GRID TRAPPING AND OBSERVATION

Table 2.11: Information gain by comparing the chance to be captured with the chance
to be additionally observed, but not capured. \+" indicates that chancesto be captured
were signi�cantly greater than the chanceto be additionally observed comparing the sample
sessionof the row with each other sample sessionin the columns. \{" indicates that the
chanceswere lower, while \ �" indicates no signi�cant di�erence betweenthe samplesessions.
Numbers in the column headingcorrespond to the numbersof the samplesessionsin the row
heading. The number of times with greater (odds > 1), smaller (odds < 1), and greater or
smaller (sum) chancesto be captured are summarisedat the end of each row.

1 2 3 4 5 6 7 8 9 10 < 1 > 1 Sum

1 Nov 00 + � � { � � � { � 2 1 3
2 Jan 01 { � { { { { � { { 7 0 7
3 Apr 01 � � � { { � � { � 3 0 3
4 May 01 � + � { � � � � � 1 1 2
5 Jun 01 + + + + + + + � + 0 8 8
6 Jul 01 � + + � { � + � � 1 3 4
7 Aug 01 � + � � { � � � � 1 1 2
8 Sep01 � � � � { { � { � 3 0 3
9 Jun 02 + + + � � � � + � 0 4 4

10 Jul 02 � + � � { � � � � 1 1 2

The proportions of individuals observed in contrast to being additionally captured
also di�ered for the 10 sample sessions(� 2; p < 0:001). The pattern of odds was
homogenousin this case.All of the samplesessionsonly di�ered from June 2001. The
chanceto be observed instead of being additionally captured was lower in June 2001
than in all the other samplingsessions(Table 2.12on the following page). The chances
to be observed were 0.50 in June 2001. In the other months the mean chanceto be
observed was 0.82,while the chanceto be additionally captured was 0.18.

Discussion

According to Grunell and Flowerdew (1990), working with small mammals rarely in-
cludesdirect observation. The Mongolian pika shows quite the contrary. The results
from this study prove that data from direct observation is more reliable than capture
data as far as the chanceto encounter an individual is concerned.

Using ear tags and picric acid to dye the hair of the pikas ensuresan equally
high accuracyof identi�cation ascapturing, even though animals wereobserved up to
distancesof 50m. The ear tags used in this study are not recommendedfor further
use,though. SeeKawamichi and Liu (1990) for ear tagging pikas. A gradual summer
molt facilitates the use of dyed hair for identi�cation. In September, by the time of
the winter molt, the changeis more rapid and the dyed patterns get lost.

Thus, it canberecommendedto rely on observation data alonewhenusingmethods
that involve re-encounters of marked individuals. Individuals were encountered more
regularly (Table2.10, p. 38) and, although capture added information, the number of
individuals additionally captured stayed constant (Table2.12, p. 40). The only excep-
tion wasJune 2001wheremoreanimalswerecaptured than in any other months. This
was due to the many juvenilesentering traps during that capture session.There were
lessjuvenilesin the summerof 2002,whenoverall abundancewasalsolower. This was
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Table 2.12: Information gain by comparing the chance to be observed with the chance
to be additionally captured, but not observed. \+" indicates that chancesto be observed
were signi�cantly greater than the chanceto be additionally captured comparing the sample
sessionof the row with each other sample sessionin the columns. \{" indicates that the
chanceswere lower, while \ �" indicates no signi�cant di�erence betweenthe samplesessions.
Numbers in the column headingcorrespond to the numbersof the samplesessionsin the row
heading. The number of times with greater (odds > 1), smaller (odds < 1), and greater or
smaller (sum) chancesto be observed are summarisedat the end of each row.

1 2 3 4 5 6 7 8 9 10 < 1 > 1 Sum

1 Nov 00 � � � + � � � � � 0 1 1
2 Jan 01 � � � + � � � � � 0 1 1
3 Apr 01 � � � + � � � � � 0 1 1
4 May 01 � � � + � � � � � 0 1 1
5 Jun 01 { { { { { { { { { 9 0 9
6 Jul 01 � � � � + � � � � 0 1 1
7 Aug 01 � � � � + � � � � 0 1 1
8 Sep01 � � � � + � � � � 0 1 1
9 Jun 02 � � � � + � � � � 0 1 1

10 Jul 02 � � � � + � � � � 0 1 1

probably causedby the drought summerof 2001,with oneyear's time lag (Section4.5,
p. 101). Still, capturing pikas will be necessaryfor marking individuals.

Another advantage of data basedon observation is that even individuals avoiding
traps can be recorded. A considerablepart of the animals observed could not be
identi�ed (Figure2.12, p. 36). Theseanimals obviously avoided the traps, sincethey
were never marked. Information on these animals would also have been missed, if
trapping wasusedas the only encounter method. Thus, although combining sampling
methodsleadto someadditional information, capturewaslesse�cien t than observation
in order to gain information on individuals. Depending on the question asked, the
sample size of an analysis can be enhancedby putting more e�ort into observation
than into capture-recapture.

2.5 Parasites

Parasite load is related to survival inasmuch as it can be an indicator of individual
health (Begonet al., 1996). In the following the number of pika individuals with par-
asitesstand as proxy for population health during the year.

Metho ds Data wascollectedfrom animalscaptured within the 16 samplingperiods
(Table2.6, p. 29) betweenJuly 2000and July 2002. Parasiteswere noted when they
were evident without explicitly searching for them. Fleas, y larvae, and ticks were
counted, while mite data wasrecordedaspresence/absencedata. While eas, ticks, and
mites are ectoparasites,the larvaeof the y werealways found within the limbs of the
Mongolian pikas. They probably belong to the speciesOestomyialeporina (Pallas,
1778; Min�a�r and H�urka, 1980).

40



2. BASIC DATA COLLECTION 2.5. PARASITES

0
5

15

2000

0
5

15

2001

Jan Mar Apr May Jun Jul Aug Sep Oct Nov

0
5

15

Flea
Fly
Mite
Tick

2002

Month of capture occasion

N
um

be
r 

of
 in

di
vi

du
al

s

Figure 2.13: Number of pika individuals with parasites during the sampling periods from
July 2000to July 2002. Months with capture occasionsare labelled with \ � ".

Results Flea numbers per individual ranged between 1 and 29, with a median at
2. Numbers of y larvae per individual rangedbetween1 and 4, with a median at 1.
Tick numbersper individual rangedbetween1 and 6, with a medianat 1. The highest
numbers of eas per individual where observed when days got shorter in winter and
handling of animalscontinuedafter sunset. Fleasthen jumped from the animals,while
during the day they werenot aseasyto detect. After this happened,handling animals
after sunsetwasstopped. Fleaswerepresent throughout the wholeyear (Figure 2.13).
In January 2001however, no parasiteswere detected. Flies were present from June
to November, although the number of animals with ies in November 2000was low.
Mites were detected in the months of June to September in all three years, ticks in
July and August. In winter, parasite presenceon the animals was thus lower than in
summer.

Discussion Although in winter conditions for living are adversein the Gobi desert,
sincetemperaturesare low and there is no freshfodder for the animals,pikascope well
with theseconditions. The highest number of individuals with parasiteswere reached
in the summer months, indicating poorer health in summer. This is in accordance
with the resultson survival rates presented later in this study. As will be shown there,
survival of pikasdecreaseswith density, which is high during reproduction in summer,
while survival in winter is high (Section4.2, p. 79).

41



2.6. MOVEMENT 2. BASIC DATA COLLECTION

2.6 Mo vement

In connectionwith the concernthat the pikas occurring in the National Conservation
Park may be small mammal pestsit wasasked, how fast populations could spread. As
a �rst approximation to answer this questions,movement distancesof individuals were
taken.

Metho ds For this, not only the data from the capture and observation from all
samplesessions(Table2.6, p. 29) wereused,but alsoany information gatheredoutside
thesesamplesessionson the trapping site. Additionally observation took place in a
25m belt around the study area in September 2001 and July 2002. The maximum
distancewhich could have beenobserved was thus the diagonal,212m.

For each encountered individual, the maximum distance moved during a speci�c
time interval was calculated. Three di�erent time scaleswere analysedfor male and
femaleindividuals separately: the entire sampleperiod from June 2000to July 2002,
the time intervals betweensubsequent samplesessionsand the movement within one
samplesession.To avoid a bias towards short movement distancescausedby captur-
ing individuals only a few times, only individuals having beenencountered at least �v e
times have beentaken into the analysisat the highest time scale.To exploreseasonal-
it y and shorter time intervals, within and betweensamplingmovement distanceswere
calculated. Time intervals within sampling sessionsrangedbetweenone and 10 days,
while time intervals betweensamplingsessionsrangedbetween10 days and 10 months,
although most of the between-samplingsessionstime intervals were one month (Ta-
ble2.6, p. 29). Animals capturedor observed at least twicewithin onesamplingsession
were usedfor analysis. Between-sampling-sessionmovement was calculated from ani-
malsobservedor capturedat least twicebetweenonesamplingsessionand the previous
one.

Eighty three animalscould be captured or observed at least �v e times, of which 60
were femaleand 23 male. For half of the animals, the time interval observed was less
than 86 days, the longest time observed for one animal was 738 days, more than two
years,and the shortest time wasoneday. Femaleswereobserved within time intervals
from 1 to 738days (median 102days), malesfrom 1 to 352days (median 62days). The
number of femaleand male pikascaptured within samplingsessionsrangedbetween4
and 36 for females,and between1 and 10 for males. The numbers betweensampling
sessionsrangedbetween4 and 22 for femalesand 0 and 9 for males.

Results Distancesmoved within the time interval of two yearsrangedwithin 4.2and
96.8m. Median of the maximum distancesmoved was30m. Femalesmovedwithin 4.2
and 96.8 m, the median was 31.5 m, malesmoved within 5.4 and 81.2 m, the median
was 22.2 m (Figure 2.14). The female which had moved 96.8 m had been observed
within 146days.

Within samplingsessions,maximum distancesmoved weregenerallylessthan 20m
for femalesand males (Figure 2.15). Only in April 2001 and June and July 2002
malesmoved morethan 20m. Between-sessionmovement wasconsistently higher than
within-sessionmovement for both sexes,but the di�erence was not large. Between-
sessionmovement wasgenerallybetween20and30m for femalesandmales.Exceptions
were the months of March to May in 2001. In thesemonths, malesmoved more than
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Figure 2.14: Number of individuals with comparablemovement distances(in meters)within
a time interval of two years, from July 2000 to July 2002. Only individuals encountered at
least 5 times were included. The maximum potentially observable distance was 226m, but
no animal moved that far.

30m asa medianmoving distance. BetweenApril and May all animalsobserved moved
a maximum distance exceeding40m. The single male observed between March and
April alsomoved more than 40m.

Discussion The results indicate that populations of Ochotonapallasi pricei can be
expected to show rather low mobilit y. Movement distancesof individuals increased
when looking at time intervals of somedays in contrast to somemonths, but they did
not increasewhen extending the time interval to two years (Figures 2.14 and 2.15).
The movement distancesobserved corresponded well with the nearestneighbour dis-
tancesbetweentwo burrows. While the averagenearestneighbour distancewas 14m
(Section2.4.1, p. 26), the averagemovement distance was 30m. Theseresults are in
accordancewith the movement distancesreported for other pika species.

In a review on pika dispersalpatterns, Smith (1987) de�ned movement distancesof
50m already as dispersal, sincethe observed speciesdid not move far. Observational
data on the non-burrowing speciesOchotonaprincepssuggestthat juvenile settlement
patterns are primarily philopatric; adults on neighbouring territories form monoga-
mousmated pairs, and pikasdisappearing from a population generallydie rather than
dispersesuccessfully(Smith, 1987). Theseconclusionssuggestthat pikas inbreedreg-
ularly with closerelatives. Hafner (1994) stated that for O. princeps recolonisation
within 20km of pika populations was rare.

Neverthelesssingle individuals move further. Peacock and Ray (2001) report dis-
persal distancesup to 396m for Ochotona princeps. Despite philopatric settlement
pattern, no clusters of highly related individuals could be found using genetic �n-
gerprinting (Peacock, 1997). Basedon observational data they showed that juveniles
maturing early in the seasonsettlephilopatrically, while thosematuring later travel fur-
ther to �nd a vacant territory . O. princeps thus showed a dispersal pattern congruent
with the dispersalmodel of competition for resourceswith territory as resource.
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Figure 2.15: Movement of female and male individuals within sample sessions(a couple
of days) and between a given sample sessionand the preceedingone (generally one month)
for samplesessionsfrom June 2000 to July 2002. The three di�eren t years are presented in
columns, while rows indicate similar dates within each year. Sampling dates are given in the
upper left corner of each plot. Male and femalemovement di�ered from March to May 2001,
when malesmoved longer distancesbetweensamplesessions.
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Seasonaldi�erences in movement pattern and territory size have been reported
for several pika species. For Ochotona daurica and O. curzoniae regrouping of ter-
ritories was observed from April to March (Wang et al., 2000; Wang and Dai, 1990).
Kawamichi (1971) noted higher activities for malesin spring in Ochotonahyperborea
yesoensis. He di�erentiated four phasesin the yearly cycleof pika behaviour: a spring
phasewith higher activities of males, then a family phase in summer which again
is followed by a regrouping phaseand �nally a stable phase in winter. In a study
on movement pattern of Ochotonaalpina, Nikol'skii and Mukhamediev(1997) showed
that homerangesincreasedduring summer,aswell asthe overlapbetweenhomeranges.
Males generally had larger ranges,but the di�erence got smaller at the end of sum-
mer. Rangeoverlap was higher in summer than at the end of summer. Home ranges
varied between404and 5783m2. This corresponds to circleswith radii of 11 to 43m.
For the Mongolian pika (Ochotonapallasi pricei) Okunev and Zonov (1980, quoted in
Smith et al., 1990) note that meanterritory sizedecreasesfrom summerto winter and
with increasingdensity. Territory sizewas403m2 in August. This correspondsto a cir-
cle with a diameter of 23m. This is a distancesurpassingthe mediandistancesmoved
by individuals of this study, but is well in accordancewith the between-sampling-
sessionsmovements (Figure 2.15, p. 44). Territory size is up to 129m2 in January,
depending on snow depth (Okunev and Zonov, 1980), which would correspond to a
circle with a diameter of 13m. The present study observed higher male mobilit y in
spring and higher mobilit y in the summerof 2002,when density was lower (Section3,
p. 47). Higher male mobilit y in spring indicatesa polygamousmating system.
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2.7 Summary

The mountain steppesof the Gobi Gurvan SaikhanNational Conservation Park (GGS)
in the Mongolian Gobi Altai host rare and endangeredanimal specieslike the snow
leopard(Uncia uncia), and the argali (Ovis ammon). Additionally they are an impor-
tant rangelandfor livestock of local herder families.

The Mongolianpika (Ochotonapallasi pricei), a subspeciesof the Pallaspika, is the
dominant small mammal speciesin the mountain steppesof the GGS. It outnumbered
other small mammalsby one and outweighedthem by two ordersof magnitude. The
life history patterns of the genus Ochotona were reviewed showing that this species
could be expectedto reach high population densitiesand may exhibit traits of a small
mammal pest.

This study presents the �rst account on trapping and observingindividually marked
Mongolian pikas. It therefore presents instructions on how to capture, handle, and
observe individuals of this species. Mongolian pikas can be captured in conspicuous
and preferably large life traps without bait, traps should be checked every two to
three hours during the day to prevent heat stress but can be left open during the
night since the pikas do not enter traps in the dark. The morning hours were the
most e�cien t time of the day for capturing. Using ear tags and picric acid as hair
dye the animals could be observed and identi�ed up to a distanceof about 50m with
binoculars. It is recommendedto usean elevated look-out protected from wind. Data
basedon observation was more reliable in terms of encounter successthan data based
on capture.

A map of a mountain steppe area with burrows and observation on burrowing
activities shows that pika burrows are large structures probably lasting for centuries.
A reducedparasite load during winter suggeststhat this season,despite of extreme
climate conditions, does not present a challenge for pika health. Usual movement
distancesof pika individuals corresponded to the distance from one burrow to the
next. Populations of this speciesare thus not expectedto spreadfast.
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Chapter 3

Estimating Densit y

The impact of a specieson the ecosystemis related to the number of individuals active
within an area, thus, to its population density (Begonet al., 1996; Putman, 1989).
At the sametime, survival rates are often inuenced by densities(Begonet al., 1996;
Krebs, 1985; Smith, 1988). This chapter thereforeestimatesthe density of the observed
population of the Mongolian pika (Ochotonapallasi pricei). Commonly usedmethods
for density estimation include the estimation of abundanceand the estimation of the
e�ectiveareafrom which samplesweretaken. This chapter �rst usesthe number of pika
individuals actually observedto assessthe usefulnessof commonlyemployedabundance
estimators for the Mongolian pika. It then usesmovement distancesto deducean
e�ective area from which sampleswere taken to �nally estimate pika densitieswithin
the samplingperiod.

3.1 In tro duction

A large number of models has beendeveloped to estimate abundancefrom repeated
samplingoccasionsof individually markedanimals. Frequently usedtechniquesinclude
the Peterson(1896), Schnabel (1938), Schumacher-Eschmeyer (1943), and Jolly-Seber
(Jolly, 1965) estimators(Krebs, 1999). All thesemodelscalculatetheir estimatesbased
on the assumptionthat

1. the probability of an individual to be sampled is the samefor all individuals
during onesamplesessionand

2. that there are no lossesor additions of individuals betweensamplesessions.

Thus, the proportion of individuals caught from the marked population in a second
sample(M 2) to the number of individuals capturedin the secondsample(N2) resembles
the proportion of the number of animalscaptured and marked in the �rst sample(N1)
to the total number of individuals present (N ).

N1

N
=

M2

N2
(3.1)

Closedpopulation estimation modelsassumethat there is no lossor addition of an-
imals during the time of the study. Common estimation models include the Petersen
method for two successive samplesessions(Petersen, 1896) and the Schnabel method
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(Schnabel, 1938) for more than two successive sample sessions. The Schumacher-
Eschmeyer method (Schumacher and Eschmeyer, 1943) is a derivation of the Schnabel
method, using linear regressionanalysisto calculateestimates.

The Jolly-Seber method is an open population estimation model (Jolly, 1965). It
allows for loss and addition of animals during the time of the study and usesthe
information on the animals' appearancein sample sessionsbefore and after a given
sessionto estimate the number of marked animals present.

Although the assumptionsof equal catchabilit y and no lossor additions are unre-
alistic in most cases(Krebs, 1999) and have beenshown to underestimateabundance
(Carothers, 1973; Koper and Brooks, 1998; Manning et al., 1995), they continueto play
an important role in scienti�c and management practise. Researcherssimply state that
although assumptionswere probably violated, bias was minimised wherever possible
(Caughley, 1977; Koper and Brooks, 1998).

All studies on pikas known to the author did not rely on any of theseestimators,
but simply stated either that all animals of a given population have been captured
and marked (for example Wang and Smith, 1988), or relied on counting unmarked
individuals (for example Leont'ev, 1968; Zevegmid, 1975). Becauseof their diurnal
activit y pattern and the opensteppeenvironment Ochotonapallasi pricei areconducive
to completeenumeration by observation for assessingabundancewithin a well de�ned
area. In the following the abundanceestimators introduced above are tested on the
observed population of the Mongolian pika and comparedto the number of individuals
actually observed.

3.2 Metho ds

To comparethe density estimates,data from the 10 samplesessionswith combined
trapping and observation from November 2000to July 2002wereused(Table2.6, p. 29).
The sizeof the study site was 100� 100m2 (Figure2.11, p. 27). Sampling e�ort was
higher for capture than for observation. While two days were necessaryfor capture
recapture,observation was usually donein about two hours.

Abundance The estimators of Schnabel and Schumacher-Eschmeyer deal with ro-
bust samplingdesigns,whereprimary samplingsessionsincludeseveral secondarysam-
ple sessions.Thesewerecalculatedfor capture data alone,sinceobservation only con-
sistedof one sampling session.Likewisethe Jolly-Seber technique could only be used
for capturedata, sincethere werea considerableamount of not identi�ed individuals in
the observation data set, which could not be consideredas newly marked individuals
as requestedby this method. The Petersenestimator could be calculated for both
data sets, taking the capture sessionas the �rst and the observation sessionas the
secondsample.Theseestimateswerecomparedto the minimum number of individuals
alive (MNA) encountered by capture or observation. For this, capture and observa-
tion data werecombined by adding not observed but additionally captured individuals
when they exceededthe number of not identi�ed individuals (table 2.8 on page34).
Software provided by Krebs (1999) was usedfor the calculations.

E�ectiv e area E�ectiv e samplingareas(Â) have to beestimatedseparatelyfor grid-
basedmark-recapturedata to deducedensity (D̂ ) as number of animals (N̂ ) per area
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(Krebs, 1985; Parmenter et al., 2003). Estimated e�ective area (Â) was derived from
the equation

Â = L2 + 4LŴ + � Ŵ 2; (3.2)

where L is the length of one grid side (100m) and W is a boundary strip related to
the movement pattern of the animals (Krebs, 1985).

There are several approachesto estimate sizesof boundary strips (Ŵ ) to account
for the e�ective samplingareaincluding inter-trap distances,the animals' home-range
sizes,or averageanimal movements amongtraps (Krebs, 1985; Parmenter et al., 2003;
Wilson and Anderson, 1985). Although usingaveragemovements amongtraps is ham-
pered by relying on the small samplesizes(Mareset al., 1980) and the nonrandom
selectionof animalsentering a trap more than oncewithin a short period of time, they
have beenshown to perform well empirically. Parmenter et al. (2003) usedfull mean
maximum distancesmoved amongtraps for their best estimate for e�ective sampling
area. The width of the boundary strip in the present study was thus estimated using
maximum movement distancesof all re-encounters detected by capture, observation,
and pooled data within the primary sampleperiods. In the pooleddata the maximum
movement distancecould result from two encounters through capture, two encounters
from observation, or from capture and observation of an individual. It was assumed
that each individual had moved at leastonemeter beforereaching the trap. Maximum
distancesmoved of 0m were thus replacedwith 1m. If the maximum distancemoved
for a given encounter method was smaller than half of the inter-trap distance, this
distancewasusedinstead. Half of the inter-trap distancewas5m in the present study,
resulting in a minimum e�ective areaof 1.2079ha.

The inuence of samplingmethod and samplingperiod on maximum movement dis-
tancesof re-encounters wasevaluated using an analysisof variancewith two variables,
three factor levels of methods and ten factor levels of sampleperiods. A fourth-root
transformation was usedto achieve normality in the residuals. The following models
werecompared:The full model, the model without interaction, and the reducedmodel
with the method factor levelsreducedto capture asonelevel and both observation and
pooled data as the secondlevel. The resulting model was comparedto three di�erent
groupingsof the time factor levels,a) winter (November2000andJanuary 2001)against
non winter, b) winter against non winter 2001and non winter 2002,and c) the three
yearsseparately. Models were comparedusing likelihood ratio tests. The mediansof
the resulting subgroupsof the most parsimoniousmodel were usedas boundary strip
width.

Densit y Density (D̂ ) wasthen estimatedbasedon the abundanceestimates(N̂ ; com-
pare Equation 3.1) and the e�ective area(Â; Equation 3.2) accordingto the equation

D̂ =
N̂

Â
; (3.3)

where e�ective area depended on the maximum distance moved for a given sample
period and sampling method.
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Table 3.1: Abundance (Ab) and density (D) estimates for minimal number alive (MNA), Jolly-Seber, Schnabel, Schumacher-Eschmeyer, and
Petersenestimators. MNA abundanceestimates are given for captured (c), observed (o), and pooled (p) data. For all estimators except MNA
a lower (lo) and upper (up) con�dence interval (95%) can be given. Jolly-Seber, Schnabel, and Schumacher-Eschmeyer estimates are basedon
capture data, while the Petersenestimator is basedon data from pooling capture and observation.

MNA Jolly-Seber Schnabel Schu-Esch Petersen
c o p D D Ab lo up D Ab lo up D Ab lo up D Ab lo up

Nov 00 15 29 29 20.6 - - 20.2 24.4 10.9 61.9 23.4 28.3 10.1 - 33.4 47 34.3 72.7
Jan 01 7 31 31 22.0 14.5 17.5 10.3 48.1 14.1 17 3.2 333.3 13.4 16.2 1.9 - 59.9 84.3 32.3 187.9
Apr 01 11 31 31 19.8 16.0 22 15.2 45.2 12.4 17 8.6 36.2 11.6 15.9 9.7 45.2 26.7 41.7 30.8 61.3
May 01 18 31 31 19.8 64.7 89.1 42.1 316.7 22.3 30.7 14.4 70.4 24.4 33.6 19.8 113.1 27.1 42.4 34.3 56
Jun 01 62 43 72 46.1 117.6 161.8 96.3 408.3 61.0 83.9 58.2 125.1 60.5 83.2 63.6 120.1 65.0 101.7 86.3 129.2
Jul 01 31 41 41 26.2 36.0 49.6 39 79.6 35.5 48.8 29.8 84.3 34.5 47.5 34.8 75.2 40.3 63 52.7 79.7
Aug 01 18 33 33 21.1 22.9 31.5 23.1 58.6 22.1 30.4 15.5 64.8 23.7 32.6 19.9 89.9 28.8 45.1 36.3 59.8
Sep01 14 35 35 22.4 - - 18.7 25.8 10.7 75.4 20.1 27.6 14.6 244.8 28.1 44 35 58.2

Jun 02 22 24 26 14.6 - - 19.6 28.3 17.2 55 20.3 29.4 20.2 54.3 19.7 34.9 29.7 44.6
Jul 02 17 29 29 16.3 - - 13.8 20 11.3 37.6 13.9 20.1 9.6 - 22.8 40.5 32.4 54.8
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3.3 Results

Abundance The minimum number alive of pikas encountered on the trapping site
(MNA) varied between26 and 72 animals (di�erence = 46, Table 3.1). Highest abun-
dancewasreached in June 2001and lowest in June 2002. Abundanceestimatedby the
Petersontechniquefor the data pooling observation and capturesessionsyieldedhigher
numbers than the MNA (Table 3.1). Numbers ranged between 34.9 and 101.7 indi-
viduals, the di�erence amounting to 76.8animals. Highest abundancewas reached in
June 2001and lowest in June 2002. The MNA were lower than the 95% con�dence
intervals in eight of the ten samplesessions,exceptionswere April 2001and Septem-
ber 2001. The con�dence interval for January 2001(ranging from 32.3 to 187.9indi-
viduals, a di�erence of 155.6individuals) was larger than the remaining intervals with
di�erences between14.9and 42.9animals. Width of con�dence intervals rangedfrom
42% of the estimatedabundancein June 2001to 185% of the estimatedabundancein
January 2001. The median was 52% of estimatedabundance.

The following estimateswerebasedon capture data alone. Variabilit y of estimates
was highest using the Jolly-Seber estimator (Table 3.1). Abundance varied between
17.5 and 161.8animals (di�erence = 144:3). Highest valueswere reached in May and
June2001(89.1,161.8individuals) and lowest valuesfor January and April 2001(17.5,
22.0). Except for the May and June estimatesin 2001MNA waswithin the 95% con-
�dence intervals. Estimates for May and June were higher than MNA. Con�dence
interval widths for May and June (274.6, 312) were higher than in the remaining
sampling periods (30.0{40.6). Width of con�dence intervals ranged from 82% of the
estimatedabundancein July 2001to 308% of the estimatedabundancein May 2001.
The medianwas165% of estimatedabundance.Schnabel and Schumacher-Eschmeyer
estimatesyielded very similar results (Table 3.1). Variation was higher than MNA.
Abundance was estimated to have beenhigh in June and July 2001,and low in the
January and April 2001and July 2002. All estimates,exceptfor June2001,werelower
than the MNA. The 95% con�dence intervals of both methods always included the
MNA, but high con�dence interval widths showed low precisionof the estimates. For
the Schumacher-Eschmeyer estimate, the upper con�dence limit exceededthe possible
rangein three cases,in November 2000,January 2001,and June 2002. The remaining
widths of con�dence intervals rangedbetween34.1 and 230.2animals. The widths of
the 95% con�dence intervals of the Schnabel method varied similar to the Peterson
estimator: A high value for January 2001(330.1individuals), and lower valuesfor the
remaining sampling periods (26.3{66.9 individuals). Width of con�dence intervals in
the Schnabel estimatesranged from 80% of the estimated abundancein June 2001
to 1942% of the estimated abundancein January 2001. The median was 162% of
estimated abundance. The smallestwidth of con�dence intervals in the Schumacher-
Eschmeyer method was 68% of the estimatedabundancein June 2001. Counting the
three samplesessions,where the upper limit could not be calculated, as in�nitiv ely
high estimates,the median was 251% of estimatedabundance.

Mo vement distances. Using capture data, 65 maximum movement distancescould
be calculated. The number of distanceswithin the sampleperiods ranged from 1 in
January 2000to 16 in June2001.Observation yielded108maximum distances,ranging
from 3 in August 2001to 22 in September 2001. From the pooled data 182maximum
distancescouldbecalculated,rangingfrom 10in January 2001to 26in September 2001.
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Table 3.2: Movement distancesand e�ectiv e sampling area for capture and observation.

Captured Observed or Pooled
Distance [m] Area [ha] Distance [m] Area [ha]

Winter 1.0 1.2079 9.5 1.4084
Summer 01 8.8 1.3763 12.8 1.5635
Summer 02 10.3 1.4453 17.1 1.7759

The analysisof varianceshowed that both, the sampling method (p < 0:001)andthe
sampleperiod (p < 0:001), had a signi�cant e�ect on maximum movement distances,
while the interaction was not signi�cant. Removing the interaction from the model
resulted in an equally good description of the data (p = 0:99). In a next step the
model without interaction was reduced to two levels of sampling method: capture
vs. observation with pooled data. This model could explain the data equally well
(p = 0:75).

The model could be further simpli�ed by grouping the time factor as described
above accordingto model b). This model di�erentiated three groups,namely Novem-
ber 2000 and January 2001 in one group, the remaining sample sessionsin 2001 in
the secondgroup, and the samplesessionsof 2002in the third group. The other two
modelscould not explain the data aswell [model a): p = 0:02; model c): p = 0:07]. The
resulting 6 subgroupsof the most parsimoniousmodel producedthe following medians
for maximum movement distances. Movement distanceswere lowest for captured an-
imals in winter 2000/2001with a median of 1 m. They were highest in summer2002
for observed animals or pooled data with 17.1 m. For capturing, the movement dis-
tancesincreasedfrom winter 2000/2001,to the vegetation period of 2001with 8.8 m,
to summer 2002 with 10.3 m. For observation and pooled data they also increased
from winter 2000/2001with 9.5 m, to the vegetation period of 2001with 12.8 m, to
the summerof 2002(Table 3.2). The resulting e�ective sampleareasassociated with
the movement distancesare listed in Table 3.2.

Densities Accounting for movement distancesreducedthe di�erences between the
sampling methods and enlargedthe di�erences between the years2000/2001and the
year 2002 comparedto abundanceestimates (Table3.1, p. 50 and Figure3.1, p. 53).
Median density basedon the MNA was 20.85individuals per hectare,while �rst and
third quartile were19.8and22.4individuals per hectare(Tukey's�v enumber summary,
R Development Core Team (2004)). Densities were stable for most of the observed
period of time, their interquartile range spanned2.6 animals. While the density in
June and July 2001was above the interquartile range, the density in June and July
2002was below this range.

3.4 Discussion

All of the employed abundanceestimators produce reasonableestimates. The high
con�dence intervals reect the low samplesizesfor the estimators basedon capture
data alone(Krebs, 1999; Manning et al., 1995; Seber and Schwarz, 1999). The number
of animalscapturedduring a primary samplesessionreachedhalf of the MNA estimates
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Figure 3.1: Estimated densities for the observed population of the Mongolian pika
(Ochotona pallasi pricei) on one hectare. Minim um number alive (MNA) and Peterson
estimates were based on pooling data from capture and observation, while Schnabel and
Jolly-Seber estimates were basedon capture data alone. For measuresof precision seeTa-
ble3.1, p. 50.

in somemonths, thus capture probability in the secondarysamplesessionswas well
below the recommendedprobability of � 0:5 (Hilborn et al., 1976).

Although the Petersenestimator used the highest samplesizesand consequently
producedthe lowest con�dence intervals, they don`t contain the MNA. The estimates
are still reasonable,sincethe MNA is a minimum number, it is possiblethat animals
have beenmissed.But the estimatesproducedby the Petersenestimator are probably
too high. They are basedon the capture data, which has variable and comparatively
low success,and the observation data, which hasa high encounter success.The method
is sensitive to the violation of the assumptions,since the especially low capture suc-
cessin January 2001is reected in unrealistically high estimatesfor abundance.But
at the sametime, the con�dence interval was increased,so that MNA was still near
the lower limit. It is recommendedto combine sampling methods in small mammal
studies to enlargesamplesize and to reducevariabilit y in individual capture proba-
bilities (Koper and Brooks, 1998; Krebs, 1999; White et al., 1982). However, in the
caseof the Mongolian pika the Petersenestimator might perform better when based
on two successive observation sessions.In this case,only the marked population can
be estimated,but combining two similar encounter methods will increaseprecision.

Although the estimatorsbasedon capture underestimateabundance,they still per-
form much better than capture data alone. Even the high abundanceestimatedby the
Jolly-Seber method reect the reproductive period. This is the time, whereobservation
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missesmany individuals, as has beenshown in Section 2.4.7 on page35 (Table2.12,
p. 40). This is consistent with other studies that show that estimation models based
on capture-recaptureperform better than relying on counting individuals

Thus, although estimation models basedon capture-recapturegive reasonablere-
sults for abundance,this is hamperedby the variable capture probabilities. It is better
to rely on observation, counting individually marked animals. Using two observation
sessionsin successionovercomesthe disadvantage of enumeration techniques, which
cannot give measuresof precision. Sampling e�ort is not increasedmuch, since the
samplinge�ort to observe is much lower than the e�ort to capture and mark the indi-
viduals.

Median density basedon MNA was 20.85pikas per hectare,higher densitieswere
reachedin summer2001and lower densitiesin summer2002.Sincemovement distances
were greater in 2002, this again lowered densitiesin comparisonto abundances.The
strong contrast between densities in the summer of 2001 and the summer of 2002
reects the drought conditions in the year 2001 (Section2.1, p. 13, Retzer (2004)).
While numbers are still high in the drought summer, they decreasein the year after
the drought.

The greater movement distancescan be a reaction on the lower abundancein the
summer of 2002. Mongolian pikas have been reported to show highly aggressive be-
haviour towards each other (Monkhzul, 2005; Proskurina et al., 1985). Greater move-
ment distanceswith lower abundanceindicate that movement distancesare controlled
by the territorial behaviour of the individuals.

Median density was 20.85 animals per hectare, while the study site comprised
28 burrows (Section2.4.1, p. 26 and Figure2.11, p. 27). This is in accordancewith
the observation that especially very small \burro ws" belongedto the territories of in-
dividuals mainly occupying adjacent larger burrows. Examplesfor such small burrows
were those with the coordinates (18,8), (52,8), (53,15), and (85,64) in Figure 2.11 on
page27. Generally, oneof the larger burrows is inhabited by onepika.

High densities in summer are misleading when assessingthe impact of pikas on
the ecosystem,since the number of animals does not reect the increasein biomass
(Owen-Smith, 2005). Becauseof the many juveniles,mean body weight was lower in
summer than in the other months (Figure 4.1, p. 60). The combined biomassof the
Mongolian pikas is thus lessdi�erent than numbers imply.
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3.5 Summary

In the study period pika densitiesvaried between 14.6 and 49.8 individuals per ha.
Densitieswerestable for most of the observed period of time, their interquartile range
spanned5.7 animals. Median density was 21.4animals, which is lessthan the 28 bur-
rows on the trapping site.

Density washigher in the drought summerof 2001,while it waslower in the summer
after the drought, indicating a time lag in the response to the drought conditions.
Movement distanceswere higher in the summer after the drought when density was
lower.

All of the four methods for estimating abundanceproduced reasonableestimates.
MethodsusedwereSchnabel, Schumacher-Eschmeyer, and Jolly-Seber for capturedata
and the Petersenestimator for data from capture and observation. The methods us-
ing capture data aloneunderestimatedabundance,while the Petersenestimator, using
both capture and observation, overestimatedabundance.For further studies it is rec-
ommendedto usesuccessive observation sessionsand then apply the Petersenestimator
on observation data only to estimate abundance.
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Chapter 4

Life history

Consideringa small mammal to be a pest speciesis coupledwith the fear that the ani-
mals might reach high population densities.Only oneof the two life history strategies
introduced in Section2.2 on page23 could possibly be consideredto reach high pop-
ulation densities. Life history traits associated to this strategy include life span, age
structure (Section 4.1), survival rates of juvenilesand adults, especially the inuence
of density and climate on survival rates (Section4.2, p. 79), and the reproduction (Sec-
tion 4.3, p. 96) of the species.The chapter endswith summarisingthe information on
survival and reproduction in a model on population dynamics for the Mongolian pika
(Section4.4, p. 99) and �nally discussesthe �ndings on survival and density dynamics
for the life history pattern of Ochotonapallasi pricei (Section4.5, p. 101).

4.1 Age structure and life tables

Age structure of a population is an important demographicparameter. When compar-
ing the K -type life history pattern of non-burrowing pikaswith the r -type life history
pattern of burrowing species,non-burrowing specieshad lower juvenile and yearling
ratios, due to high juvenile mortalit y (Smith, 1988, and Section2.2, p. 23). Life ta-
bles �rst were developed by human demographers,particularly those working for life
insurancecompanies,which have a vested interest in knowing how long people can
be expected to live (Krebs, 1985). They are commonly usedin ecologicalresearch to
summariseand comparepatterns of survival for all groups of organisms. Life tables
are basedon cohorts, which consistof individuals originating from the sameperiod in
time. They are thus dependent on the knowledgeof how old an organismis.

However, determining ageof mammals is a di�cult task. One approach to assess
ageis to monitor individuals from birth, observe juvenilegrowth and then decideupon
a probableadult age. This can then be usedto classifynewly captured individuals and
assort them to a probable year of birth. In the following section(Section4.1.1, p. 58),
this is done using two di�erent criteria: a static and a dynamic weight limit. Having
assortedindividuals to cohorts makes it possibleto study population age structure
during the year (Section4.1.2, p. 69). Finally, life tables can be usedto summarisethe
fate of cohorts through the years(Section4.1.3, p. 74).
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4.1.1 From weight to age

Characteristicsof the cranial bonesand sutures have beenusedto agepikas, but for
this animals have to be sacri�ced (Krylova, 1973; Millar and Zwickel, 1972). A less
intrusive approach is trying to identify a minimum adult weight and classify newly
captured individuals accordingto this weight. Two di�erent criteria to determinepika
adult weight have beenemployed in this study, (1) a static criterion using minimum
winter weight of all capturedanimals,henceforththe winter-weight criterion, and (2) a
dynamic criterion, using juvenilegrowth curves,henceforththe growth-curve criterion.
The latter is a more liberal approach, combining data on juvenile growth rates with
data on weight structure for the capture sessionsand observations from �eld work.
These two criteria lead to two di�erent results concerningwhich animals should be
consideredjuvenile in which year. In the following the advantagesand disadvantages
of the two criteria are described.

Using the winter-weight criterion there is a chancethat juvenilesmay be regarded
as yearlings. Minimum winter weight may be considerably lower than an average
adult weight during the whole year, depending on how much weight is reducedduring
the winter months. This criterion thus theoretically underestimatesthe number of
juvenilesof a given year. Individuals reaching minimal winter weight already within
their summerof birth will beconsideredyearlingsat �rst capture, increasingthe cohort
strength of the last year, but not that of the given year. This scenariois plausible,
sinceindividuals probably looseweight again in winter. On the other hand, minimum
winter weight is a criterion easyto useand to reproduce. Additionally , pikasmight be
expectedto looselittle weight in winter, sincethey can feedon the hay stored in their
burrows.

Usingthe growth-curvecriterion overcomesthe disadvantagesof the static criterion,
however, it ignoresthoseanimalsfrom the year beforethat did not reach the estimated
maximum juvenileweight. This criterion thustheoretically overestimatesthe number of
juvenilesin a givenyear. But it is alsopossiblethat a dynamic criterion underestimates
the number of juvenilesin a given year. The individuals with the highestgrowth rates
may be missed,so that animals may be consideredyearlings (thus coming from the
last year), although they were born in the given year.

In this section, both criteria are evaluated and compared with respect to their
implications on agestructure for the observed population, especially the development
of yearling numbers. In the following it is expectedthat all agegroupsexceptjuveniles
should stay constant or decline in numbers. This implies, that mortalit y is the only
important factor inuencing the numbers, since immigration, increasedmobilit y, or
increasedencounter successare neglected. Theseassumptionsseemreasonable,since
pikas did not move far during during the study period (Section2.6, p. 42).

Metho ds

Captured individuals of all 16 capture sessions(Table2.6, p. 29, from June 2000 to
July 2002)were usedto study weight structure. Median weight for female,male, and
unsexedindividuals werecalculatedand captured individuals weregrouped into weight
classesdi�ering by 10g each for plotting. The range for an averageadult weight was
approximated using individuals recaptured during a time period exceeding3 days.
Growth of theseindividuals was followed until their last capture. They were grouped
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accordingto the initial weight at their �rst capture. Groupswereselectedby trial and
error to identify a weight range,wheremost of the individuals within a group stayed
within this range for most of the time. Minimum winter weight was estimated by
using all individuals captured �rst during a capture sessionin winter. \Win ter" was
delimited by 1st September and 1st May. Seasonsare discussedin a later part of this
section,seepage69.

The dynamic weight limit for juvenile weight was basedon juvenile growth and
an approximation of the onset of reproduction for each of the 3 summers. Maximal
juvenile growth was estimated using individuals recaptured within more than 3 days
and lessthan 150days. Animals capturedduring two additional samplesessionson two
burrows betweenMay and June in 2001wereusedin addition to the regular 16 capture
sessionsto gain moreinformation on juvenileweight development. For each individual,
the weight di�erences between two capture events were calculated. The maximum
weight di�erence observed in one indivudual was then used for further analysis of
growth rates. From all individuals those showing the highest growth rates were used
to construct maximal possibleweight gain. Growth rates were not extrapolated for
periods of times longer than observed during �eldw ork. The weight of the heaviest
juvenile captured in May 2001 was used as initial weight for a theoretic individual
growing with this maximum growth rate. Growth was assumedto be terminated by
the time this theoretic individual reached the lower limit of the adult averageweight.

To approximate onset of growth, weight structures from the sametime periods of
the di�erent yearswerecompared.Another information usedwasan observation during
�eld work: in 2002,all animals captured for the �rst time showed no signsof having
changedtheir fur from winter to summer. In contrast, individuals having beencaptured
the year beforeshowed irregular patterns of lighter and darker hair on their body. It
was thus assumedthat all of the new captures in 2002were young of this year. The
curve of maximal growth and thereforethe onsetof growth was adjusted accordingly.
Sincemost of the data camefrom 2001,there wasno changein the beginningof growth
assumedfor 2001. The two criteria were evaluated by looking at the development of
yearling numbers.

Weight at �rst capture was used to assort captured individuals to a birth year
for each of the two criteria. The criteria were only usedin the summermonths from
1st May to 1st September. Newly captured individuals in the remaining months (i.e.
during winter), werealways assumedto be born in the summerbefore. To evaluate the
two criteria and to decideupon which to usefor further studies, their implication on
the agestructure wascomparedusing the encounter sessionswith parallel capture and
observation (November 2000to July 2002,seeTable2.6, p. 29). All individuals known
to be alive were included into the data set, even if they were not observed in a given
encounter session.Individuals were known to be alive if they were observed beforeor
after the given capture session.

Results

Weight class comp osition Weight of the captured animals ranged from 27g to
281g (Figure 4.1). From 17th July 2000 to April 2001 pika weight ranged between
160g and 281g. Mediansfor this period rangedbetween185g and 213.5g (Table 4.1).
In April 2001there wasoneanimal considerablyheavier than the rest (a femaleweigh-
ing 281g). Without this animal, weight ranged up to 250g during this time period.
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Figure 4.1: Weight structure of the individuals captured from July 2000to July 2002. Num-
bers in the right cornersof each plot are month and day of the capture session.Individuals
wereassortedto weight classesof 10g. The years2000to 2002are represented in the columns,
while rows represent capture sessionsin the sametime of the year.
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Table 4.1: Median weights for the individuals captured during the 16 capture sessions
described in Table 2.6 on page29. \n" gives the number of individuals captured.

Capture occasion All individuals Female Male Unsexed
weight [g] n weight [g] n weight [g] n weight [g] n

1 2000.07.06 170.0 15 177.5 10 210.0 2 155 3
2 2000.07.17 181.0 10 185.0 9 - 0 165 1
3 2000.08.23 213.5 8 208.5 6 223.5 2 - 0
4 2000.09.28 213.5 14 210.0 13 237.0 1 - 0
5 2000.10.26 194.5 16 189.0 12 218.5 4 - 0
6 2000.11.28 205.0 15 197.5 10 225.0 5 - 0

7 2001.01.23 190.0 7 191.0 6 178.0 1 - 0
8 2001.03.23 210.0 9 191.5 6 225.0 3 - 0
9 2001.04.25 211.0 11 211.0 9 205.5 2 - 0

10 2001.05.22 42.0 18 42.0 13 129.0 4 38 1
11 2001.06.24 91.0 54 95.5 34 85.0 13 66 7
12 2001.07.27 180.0 31 174.0 19 211.0 10 159 2
13 2001.08.22 184.5 18 184.5 14 205.0 4 - 0
14 2001.09.23 192.0 14 192.0 11 216.0 3 - 0

15 2002.07.01 142.5 22 139.0 19 181.0 3 - 0
16 2002.07.07 154.5 14 149.5 12 182.0 2 - 0

This \win ter" range was observed again in August 2001. Medians for the months
from the middle of July 2000to April 2001rangedbetween184.5g and 213.5g. The
highest medianswere reached in August and September 2000. Median weight in Au-
gust and September 2000was 213.5g, while it was 184.5g and 192g in August and
September 2001.

The heaviest individual caught (281g) was a femalecaptured in April 2001. Male
median weight was higher than femalemedian weight in 13 capture sessions,but in
January, April, and June 2001femalemedian weight surpassedmale median weight.
In �v e sessionsthere were animals whosesex couldn't be identi�ed. These unsexed
animals always had a median weight smaller than that of male or female individuals
(Table 4.1).

In May 2001 the �rst juveniles appeared (Figure 4.1). The individual with the
smallest weight was captured in May 2001, weighing 27g. In this month juveniles
couldbeeasilydiscriminatedfrom adults, sincethe distribution of weights wasbimodal.
A di�erence of 152g separatedthe heaviest juvenile from the lightest adult. Juvenile
weight rangedbetween27g and 53g, while adult weight rangedbetween205and 224g.
One month later the gap betweenjuvenilesand adults wasnot evident anymore. Still,
weight of all captured individuals included very small animals, ranging from 33 to
229g. By August 2001the \win ter" weight rangewas reached again.

Av erage weight range for adults For 69 individuals (50 femalesand 19 males)
weight development could be followed for more than 3 days. 12 individuals, all of
them females,could be observed for more than 300 days. The longestperiod of time
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Figure 4.2: Weight development of captured individuals. Individuals are separated into
6groups depending on their weight at initial capture. Weight limits separating groups are
indicated as straight lines at 100g, 160g, 180g, 200g, and 220g. Animals weighing lessthan
180g at �rst capture mostly gained weight and individuals weighing more than 200g mostly
lost weight.

over which weight development could be followed was444.5days. (This individual was
also the �rst one captured and marked during this study!) Six groups were de�ned
depending on weight at initial capture. Weight limits were 100, 160, 180, 200, and
220g. Most of the individuals with initial weights between 180 and 200g showed
constant weight (Figure 4.2). This group consistedof 4 femalesand 2 males. Most of
the individuals with initial weights below 180g gainedweight. This group consistedof
36 femalesand 8 males. Accordingly, most of the individuals with initial weights above
200g lost weight again. This group consistedof 10 femalesand 9 males. Adult weight
for pikas was therefore supposedto be between 180g and 200g. As approximation,
190g wasusedfor further calculationson meanweight of Ochotonapallasi. Individuals
having reached 180g were consideredadult.

Although malestendedto havehigherweights than females,thosewith high weights
lost weight again. Additionally there were only few males and these could not be
followed for longer time periods. The average weight range for O. pallasi is thus
largely basedon femaleindividuals.
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Figure 4.3: Maximum
weight di�erences observed
in the captured individuals.
The line connects the indi-
viduals showing the highest
growth rates. Mind that
this di�erence has to be
added to the weight of a
growing individual. For the
heaviest juvenile captured
in May 2001 weighing 53g
a di�erence of 127g is nec-
essary to reach the adult
weight of 180g. This would
be reached within 6.7 weeks
(47 days).

Table 4.2: The four individuals growing fastest during the given time intervals. These
individuals constitute the ascendingpart of the convex hull describing maximum observed
growth (Figure 4.3). � weight gives the di�erence in weight and � time the di�erence in
time betweenthe two capture dates given in date.

Ind. � weight [g] � time [d] Weight [g] Date Sex

056 61.0 14.00 49.0 { 110.0 22.05.01{ 05.06.01 f
055 108.0 33.00 41.0 { 149.0 22.05.01{ 24.06.01 f
061 152.0 92.04 42.0 { 186.0 23.05.01{ 23.08.01 f
057 164.5 123.04 41.5 { 206.0 22.05.01{ 22.09.01 f

Win ter-w eight criterion From 1st September 2000 to 1st May 2001, there were
72 observations of 36 animalscaptured betweenoneand 5 times. Weight rangedfrom
160g to 281g, medianweight was205g. Minimum winter weight was thus 160g. This
is 20g lessthan the lower limit for averageadult weight of a pika.

Gro wth-curv e criterion For determining the dynamic weight limit, information
on juvenile growth rates and dates for the beginning of reproduction were combined.
Maximum weight di�erences for recaptureswithin 3 and 150days could be calculated
for 37 femaleand 13 male individuals. The animalswith the highestgrowth grew 61g
in 14 days, 108g in 33 days, 152g in 64 days, and 164.5g in 123.04days (Figure 4.3,
Table4.2). The heaviest juvenileof the capture sessionon 23rd May 2001weighed53g.
The di�erence to the approximate adult weight thus amounts to 127g. This can be
reached after 47 days (6.7 weeks)by the hypothetical fast-growing juvenile.

Di�eren t piecesof information could be used to estimate a date for the onset of
growth in the three summers.For 2001,onsetof growth was indicated by the heaviest
juvenile captured in May, since this individual was used for the construction of the
growth curve. Comparing median weights for the three years, median weight at the
end of June and the beginning of July was lower in the drought year 2001(91g) than
in the other years (Table 4.1). In 2002it was 142.5g and in 2000it was 170g in the
beginningof July. In August and September 2001medianweights (184.5,192.0g) were
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Figure 4.4: Juveniles were discriminated
from adults using weight at �rst capture.
The two criteria usedwerethe winter-weight
criterion using the minimum observedwinter
weight (dotted line), and the growth-curve
criterion basedon growth rates of captured
individuals (black curve). The drought sum-
mer of 2001was assumedto have a delayed
onset of reproduction of 14 days as opposed
to the other two summers.
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lower than thosein 2002(213.5g). It wasthus assumedthat reproduction wasdelayed
in the drought summerrelative to the other summers.Allowing for an onsetof growth
14 days earlier than in 2001ensuredthat all of the newly captured individuals in 2002
wereconsideredjuvenile (Figure 4.4). This date wasusedfor the years2000and 2002.
Sincein 2001there was a 53g juvenile by 22nd May, it was assumedthat in 2000and
2002there could be a 53g juvenile by May 8th .

Resulting cohorts For 153 animals the year of birth could be estimated using the
two criteria. 129of them werecapturedfor the �rst time in the summermonths between
May and September 15th ; 24 in the year 2000,80 in 2001,and 25 in 2002. Figure 4.4
shows the weight of the newly captured individuals together with the threshold lines
resulting from the winter-weight criterion or the growth-curve criterion. The threshold
line separates\juv eniles" from \adults".

Table 4.3: Number of individuals as-
sorted to the cohorts of 1999 to 2002
based on the winter-weight (winter) cri-
terion and the growth-curve (growth) cri-
terion to separatejuvenilesfrom adults.

1999 2000 2001 2002

winter 18 41 75 19
growth 9 43 76 25

Comparing the win ter-w eight criterion
and the growth-rate criterion In each
year the winter-weight criterion suggested
fewer juveniles. According to the winter-
weight criterion there were 28 juveniles and
18 adults in the year 2000, 69 juveniles
and 13 adults in 2001, and 19 juveniles and
7 adults in 2002. At the same time the
growth-rate criterion resulted in 37 juveniles
and 9 adults for the year 2000, 76 juveniles

and 6 adults for 2001,and 25 juvenilesand no adults for 2002. The resulting cohort
strengthsare listed in Table4.3. Sinceindividuals classi�ed asadult in a given summer
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Figure 4.5: Age class composition predicted by the winter-weight criterion (winter) and
the growth-curve criterion (growth). Both criteria were applied to the pooled data from
the 10 joint observation and capture sessionsfrom November 2000 to July 2002. Note the
di�eren t scalesfor the months of June 2001 and July 2002. Grey grid lines are always in
intervals of 10 animals.

must have beenborn the yearbefore(or earlier), the strength of oneyear'scohort is the
sum of the juvenilesfrom that year and the newly captured adults from the following
year. Thus, the 41animalsbelongingto the 2000cohort accordingto the winter-weight
criterion consist of the 28 juvenilesfrom the year 2000and the 13 adults of the year
2001.

Taking the winter-weight criterion resultedin moreolder animalsfor each sampling
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sessionthan taking the growth-curve criterion (Figure 4.5, p. 65). Comparedto June
there was an increaseof 8 animals for the yearlings at the end of July. Most of the
new-comerswere males,reducing the sex ratio from 1.5 females/malesto 0.9 in July
and 0.7 in August. In August the winter-weight criterion predictedmoreadult animals
than juveniles. Sexratio of the yearlingswas reducedalso2002by an increaseof male
individuals. Taking the growth-curve criterion estimated more younger animals. In
that case,numbers of yearlingsdid not increasein Summer2001,but the sexratio of
yearlingschangedfrom 2.8 to 0.9 females/males,becausenumber of femalesdecreased
and the number of malesstayed constant. The growth-curve criterion thus performs
better in grouping animals so that yearlings did not show increasingnumbers. For
further analysisthis criterion was usedto assort individuals to a birth year.

Discussion

Using a dynamic weight limit resulted in more consistent estimatesfor agethan using
minimum winter weight. Male one-year-old individuals did not increasein numbers in
the summerand all the individuals without signsof changing fur could be considered
juvenile. But even the dynamic limit seemsto be too conservative for males. There
are at least three reasons,why male one-year-old individuals show constant numbers
in summer,while femalesdo not: (1) higher survival, (2) higher mobilit y, so that more
malesarecaptured,although they had samesurvival rates,and (3) higher growth rates
so that young of the year were confoundedwith male yearlings.

Sincemalepikas invest lessinto reproduction than females(Smith and Gao, 1991),
malesurvival may behigherduring the reproductiveseason.In populationsof Ochotona
daurica observed by Tsendzhav (1977) the ratio of femalesto maleschangesin their
third yearof age. Up to year2, there aremorefemales,while from year3 to 4, there are
moremales. Male mobilit y in the present study washigher in early summer(March to
May, seeSection2.6, p. 42), but not in the last summermonths. Higher male mobilit y
can thus be a reasonfor higher numbers of detected individuals only in early sum-
mer, but not in July. The most simple explanation however is that young of the year
and yearlingswereconfoundedeven when using the dynamic weight limit, sincemales
showed, at least for sometime, higher body weight than females(Figure 4.2, p. 62).

Reviewson pikas state that there is no sexualdimorphism in pika weight (Smith,
1988; Smith et al., 1990). Puget and Gouarderes(1974) even show that weight de-
velopment of juveniles of both sexeswas similar from birth to 19 weeksof age for
individuals of Ochotonarufescens held in captivit y. The sameis true of O. curzoniae
held in captivit y (Ye and Liang, 1989, and Figure4.6, p. 67). In contrast to this, this
study indicates that male, free living Mongolian pikas might have a di�erent growth
pattern than females. But although male pikas showed higher body weight than fe-
malesat �rst capture, most of these individuals lost weight again (Figure 4.2, p. 62).
There may be a similar body weight of adult femaleand male pikas, but young male
pikas seemto gain weight faster and reach a higher body weight for a certain time.

In the observed population, juveniles entered traps in May, weighing between
27 and 53g (Figure 4.1, p. 60). Relying on the growth ratesgiven for captive Ochotona
rufescens by Puget and Gouarderes(1974) and Ye and Liang (1989) for O. curzoniae,
theseanimalscouldhavebeenbetween8 and17daysold (Figure 4.6, p. 67). O. rufescens
is somewhatheavier than Ochotonapallasi pricei, Puget statesa meanweight of 225g
for 9 femalesand a maximum weight of 250g, while the averageweight of Ochotona
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Figure 4.6: Growth curves of
Ochotona pallasi pricei as esti-
mated in this study, for O. rufescens
(Puget and Gouarderes, 1974) and
O. curzoniae (Ye and Liang, 1989).
Both were laboratory studies and
the did not detect a di�erence in
male and female growth. Early ju-
venile growth was assumed to be
similar for the present study. For
Ochotonap. pricei the heaviest juve-
nile captured in May 2001 weighed
53g. This weight was reached be-
tween 14 and 16 days of age in the
other species.

p.pricei was supposed to range between 180 to 200g in the present study, at least
in a drought year (Figure 4.2, p. 62). The gestation period in Ochotona rufescens is
24 days, being in accordancewith a probable gravid femalecaptured in April in the
observed population. Already by August Ochotonap.pricei reached the samepopula-
tion weight rangeas in the previouswinter, while the captive animals of O. rufescens
do not reach adult weight within 19 weeks,which would be about August beginning
in May. In the optimum scenarioduring the drought summer,an individual weighing
already 53g in May could reach the adult weight rangeof 180to 200g within 47days,
lessthan 2 months (Figure 4.3, p. 63). Ochotonapallasi pricei thus grows faster than
O. rufescens or O. curzoniae(Figure 4.6). In contrast to these�ndings, Krylova (1973)
reports that young of the year and yearlings of Ochotona pallasi pricei have lower
weights in summerthan two to four year old animals. Age wasdeterminedby counting
adhesionlines in periostealbone of the lower jaw (seealso Millar and Zwickel, 1972).
At least someof theseyearlingswould have beenconsideredyoung of the year taking
the weight criteria usedhere. Minimum weight measuredby Krylova (1973) in August
(113g) is lower than the minimum weights measuredin this study (150g), where the
weight rangein August 2001resembled that of the previouswinter. Judging from this
study, it is not plausible that Ochotona pallasi pricei needsmore than 3 months to
reach adult weight, while the data from Krylova (1973) imply growth continuing in the
secondsummer. Weight of two to four year old individuals rangesfrom 202to 277g in
her study, which is in accordancewith the present study (Figure 4.1, p. 60).

The dramatic seasonaldi�erences in a continental climate imply a regular pattern
for the onsetof reproduction. Sincewinters are very cold and summersare short, pika
reproduction has to be synchronised. However, in the present study there are indica-
tions of a variable onsetof reproduction. Median weight was lower at the end of June
and beginning of July in the drought year, the samewas true of August. In a four
year study Wang (1990) shows that mating seasonsbegin between the end of March
to the second10-day period of April for Ochotonacurzoniae. Lagomorphsare known
for their abilit y to adapt fecundity to climatic conditions (Chapmanand Flux, 1990a).
Varying intraspeci�c litter sizesresult in almost constant annual production of young
per femaleacrosslatitudinal gradients in New World rabbits (Sylvilagusand Romero-
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lagus) and hares(Lepus). Varying interspeci�c gestationperiods acrosslatitudes lead
to optimal conditions to produce a maximum number of young in rabbits. Although
lagomorphsarenot asdiverseasrodents, they make up the baseof many predator-prey
systemsbecauseof their high abundancein ecosystems.Thus, even though reproduc-
tive activit y can rely on very regular changesin temperature from winter to summer,
reproduction of the Mongolian pika doesnot seemto be triggered simply by tempera-
ture, but alsoshows variabilit y related to food availabilit y. Nevertheless,reproduction
takesplaceduring the short summermonths, while no reproduction wasobserved dur-
ing the winter. This makes it possibleto model pika population dynamics in discrete
time steps, using one year or half a year, depending on the need to account for the
di�erent number of individuals in winter and summer.

Highestmedianweights werereachedin August and September, both in the drought
year and in the year before (Table4.1, p. 61). This is in accordancewith the end of
the vegetationperiod (Retzer, 2004). After this, pikas have to rely on the plants they
have collectedand stored and on the remaining standing crop. Pikas reducestanding
crop even in winter (Retzer, 2004), so they do not exclusively feedon the plants they
have collectedduring summer. During winter, there was no large reduction in weight.
In contrast to livestock or other non-caching organisms,pika do not have to rely on
fat reserves to survive the winter. The relative constancyin body weight during the
winter nicely illustrates this.

Although Stubbe (1971) stated that it is impossibleto distinguish juveniles from
adult pikas by inspecting their fur, this study indicated that it may be reasonableto
rely on fur characteristics. The study cited above refers to data collected in August,
when all animals, including the young of the year, were already changing to their
winter pelage.In July however, the molt might not have begunyet. The only animals
with signsof fur changein the present study were those that still lost the hair from
the precedingwinter, thus, adult individuals. But even later in the year, the change
from summer to winter fur was not as evident as the changefrom winter to summer
fur (observations from the year 2001). At least until August it might be a good �rst
estimator for ageto look at signsof fur change.
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4.1.2 Seasonal developmen t of age structure

When modelling population dynamicsonehasto decideat which time scalethe system
shouldbe observed. Although trapping took placein approximately monthly intervals,
this time scalemay be unnecessarily�ne for modelling. Therefore, this section looks
at patterns in survival of the observed population. It asks, if certain months in the
year provide equivalent information and thus data can be summarisedin seasons.

Metho ds

Age was determinedbasedon the growth-curve criterion described above. Three data
setsfrom the observed population werecompared:(1) data on the individuals captured
only on the smaller part of the study site, wherecapture beganalready in July 2002,
(2) data from the enlargedstudy site beginning in September 2002, and (3) pooled
data from combining capture and observation (Table2.6, p. 29). The �rst data set has
the lowest number of individuals, while the third data set has the highest number of
individuals. On the other hand the �rst data set spans the longest period of time
including three summers,while the third data set spansthe shortest time. Individuals
known to be alive, i.e. thoseencountered before,after, or during an encounter session
wereincluded in a given session.Individuals weregrouped into cohortsand sexes.The
number of individuals at each encounter sessionwas calculated.

To assessan agestructure of a typical population of Ochotonapallasi pricei using
data from the reproductive seasonmight be misleading,sincemany juvenilesmay die
until winter. Winter data were available only for 2000/2001though, so that data for
the years2001and 2002had to be taken from September and July respectively.

Results

Pooled data from capture and observation showed little reduction in numbers from
November 2000 to April 2001 for both the 1999 and the 2000 cohorts (Figure 4.7).
Comparedto the capture data from the enlargedstudy site (Figure 4.8), pooled data
up to April 2001still outnumbered the individuals captured in September and Octo-
ber 2000for the cohort of 2000. The numbers were reducedby one individual for the
cohort of 1999. The pattern was the samefor the cohort of 1999on the small part of
the study site (Figure 4.9), wherenumberswerereducedby oneanimal from September
to April. Both data sets on captured individuals showed a decline in numbers from
September to April for the cohort of 2000. Pooled data from capture and observation
showeda declinein numbersfrom May 2001to August 2001for the cohort of 2000.The
older individuals (cohort of 1999)were again reducedby one individual. Males of the
2000cohort werenot reduced,but this may be an artefact of separatingjuvenilesfrom
adults basedon weight (seeSection4.1.1, p. 58). From August to September numbers
stayed constant for pooled data for both cohorts (1999 and 2000). For capture data
alonethe decline in numbers did not stop in September 2001for the 1999cohort and
the 2000 one. From the 2000 cohort, there were always fewer animals detected by
capture alonethan by pooling capture and observation.

All three data setsshowed the emergenceof juvenilesin May 2001,an increaseup
to Juneand a declinein numbersup to September. The rate of declinewassmallestfor
the period betweenAugust and September 2001. There was a declinealsoof juveniles
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Figure 4.7: Individuals encountered by capture and observation, separatedfor the cohorts.
Note that the y-axesusedi�eren t scales.Survival of adults was relatively high comparedto
juvenile survival. A \+" indicates a samplesession.
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Figure 4.8: Individuals encountered by capture only, separatedfor the cohorts. Note that
the y-axesusedi�eren t scales.A \+" indicates a samplesession.
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Figure 4.9: Individuals encountered by capture on the small part of the study site, separated
for the cohorts. Note that the y-axesusedi�eren t scales.A \+" indicates a samplesession.

Numbers Percentage [%]
with age0{3 [a] with age0{3 [a]

Date MNA 0 1 2 3 sum 0 1 2 3

2000 31 16 3 { { 19 84 16 { {
2001 35 15 8 2 { 25 60 32 8 {
2002 29 15 6 2 0 23 65 26 9 0

Table 4.4: Numbers and per-
centages of female individuals in
each agegroup at the end of sum-
mer in each of the years 2000{
2002. Data are based on pool-
ing information from capture and
observation from January 2001,
September 2001,and July 2002.

of 2002, while the numbers of adults stayed constant in all data sets. Pooled data
detectedtwo-year-old individuals in 2002,while they wereabsent in capture data.

The age structure summarisedfor the three years showed that the percentage of
juveniles was highest in the winter of 2000/2001,when 84% of the marked females
were consideredyoung of the year (Data from January 2001). After summer 2001
the percentage of juveniles was 60% and in summer 2002 it was 65% (Table 4.4).
Contrasting youngof the yearand older individuals for the three summersdid not show
signi�cant di�erences, though: a � 2 basedcomparisonof deviancesusing a generalised
linear model with Poissonerrors did not �nd signi�cant di�erences betweenthe years
(Di�erence in deviance= 0.4, df = 2, p = 0.83), while di�erences basedon agewere
highly signi�cant (Di�erence in deviance= 30.9, df = 2, p < 0.001). Basedon the
median the juveniles accounted for 67% in the average age structure of the whole
study period. Two-year-old individuals made up 8 and 9% of the population relying
on the numbers of the summersof 2001and 2002. This results in 67% juveniles,24%
one-year-old individuals, and 9% two-year-old or older individuals.
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Discussion

Survival and reproduction patterns allow for the distinction of two seasonsin the
Mongolian pika: the \summer" seasonfrom May to August and the \win ter" season
from September to April. The summer-seasonis characterisedby reproduction and
low survival of juveniles. Adult survival also is lower in this part of the year. In
the \win ter" season,survival is high for all agegroups and there is no reproduction.
Although capture data showed a decline for the 2000 cohort in this period, pooled
data always detected more individuals. Numbers of males from the cohort 2000did
not decline in the summer of 2001. This probably was an artefact, since the weight
limit separatingjuvenilesfrom adults was derived by using mainly femaleindividuals
(Section4.1.1, p. 58).

Using this pattern, the year canbe divided into three parts of equal length, namely
4 months, starting on 1st May, 1st September, and the 1st January. Two of theseparts
belongto the winter season,oneto the summerseason.Sincereproduction only takes
place in the summer, pikas can be viewed as pulse breedersand dynamics can be
described by discrete steps of 4 months each. The growth seasonof vegetation cor-
responds with this division: growth starts during April and highest standing crop is
reached in August (Lavrenko et al., 1993; Retzer, 2004).

In the observed population, younger individuals were always more numerousthan
older individuals (Table4.4, p. 71). Young of the year were especially numerousafter
summer2000. There are several drawbacks whencomparingthe numberspresented in
Table 4.4. Sinceagewasassortedto animalsonly during the summermonths (May to
September), newly captured animals in October 2000to January 2001wereconsidered
to beborn in 2000.The number of markedindividuals increasedwith becomingfamiliar
to the study site and the observed animals. It is thus possiblethat someof the animals
captured after summer2000were indeednot from 2000but older. Age structure will
be further discussedin the concludingSection4.5, p. 101.

It is possiblethat juvenile survival was lower in the year of the drought and in the
following year, than in the morefavourableyear2000.The numbersin the year2002are
similar to thoseof 2001,but they were sampledalready two months earlier. Although
juvenile ratio washigher in July 2002than in September 2001,it could have decreased
again if data werealsotaken in September 2002. On the other hand, survival may also
havebeenhigh from July 2002to the next summer,becausemorefood wasavailableand
fewer individuals werepresent in 2002. In July of that year already all the individuals
had a burrow to live in, which could have increasedtheir probability to survive until
the next summer. This is only oneof many possiblescenarios.Numberswerede�nitely
lower in summer 2002than in the drought summer of 2001, indicating a responseto
the drought with the delay of oneyear.

The animals born in summer 2000 always accounted for the highest percentages
in their agegroups,although this pattern could have beenproducedby chancealone.
They madeup 84% in 2000,32% in 2001,and 9% in 2002. This may be causedby the
favourableconditions they experiencedin 2000,indicating that survival might not only
bee�ected by the present, but alsoby past weatherconditions. Physiologicalcondition,
possessionof a territory , or both may havebeeninuenced by past conditions. Juveniles
developing in a favourable year may have the chanceto grow stronger and healthier
than juveniles developing under drought conditions. Median weights in August and
September were lower in the drought year than in the precedingyear, indicating that
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growth was inuenced by the drought (Table4.1, p. 61). The individuals surviving the
winter into the drought year may have selectedthe best territories before the onset
of reproduction and have achieved high social ranks (Holst et al., 1999), while the
juvenilesmay have not beenable to establishthemselvesin good territories at the end
of the summer. Such cohort e�ects are documented for other species(Bj�rnstad et al.,
2004; Stensethet al., 2002) and will be one of the factors inuencing survival rates
tested for the present study in Section4.2.2on page81.
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4.1.3 Cohort life tables

Life tables(Krebs, 1985) werecalculatedbasedon cohort andseasonasdelimited above.
For the life tables, only the number of individuals at a given ageand the survival rate
from a given agegroup to the following weregiven. The year wasdivided accordingto
the seasonsdelimited in the precedingsection: it consistedof three parts of 4 months
each, starting on 1st January. The number of individuals in a given age group was
derived from all individuals encountered by capture or observation during that period
of time. Data from all captureand observation sessions,including additional data from
capturing on two burrows in the beginning of June 2001and from extra observation
around the study site in September 2001and July 2002(Table2.6, p. 29) were used.
Individuals encountered beforeand after the given time period were included.

Survival rates from one agegroup to the next were given in units of 30 days. To
make survival of juveniles comparable,a total of 180 juveniles (60 female, 60 male,
60 unsexed)weanedper summerwereassumed.Survival of juvenilesin the summerof
2002was calculated by assumingthat three months of the summerhad passed,since
capture and observation did not take placewithin the following part of the year, but
only within the samesummer(in July 2002).

Survival rates (f a) in units of 30 days for the given agea werecalculatedaccording
to the following equation, wherena is the number of individuals at a given age,while
na+1 is the number of individuals present in the next following time step for which
information was available. The number of days separating these time steps is given
by t.

f a =
�

t

r
na+1

na

� 30

=
�

na+1

na

� 30
t

(4.1)

Separatelife tables are given for the cohorts 1999to 2002,for females,males,and
unsexedindividuals, and for individuals from early and late litter in 2001.

Early and late litter were delimited by weight at the time of �rst capture. All
juvenilescaptured in May 2001and thosecaptured in the beginningof June weighing
more than 65g were consideredearly born, while those captured in the end of June
weighinglessthan 65g and thosecaptured in July weighinglessor equalthan 85g were
consideredlate born. For comparisonwith weight structure seeFigure 4.1 on page60.
Seventeen individuals were assortedto the group of early litter, while 11 individuals
wereassortedto late litter. To comparenumbersof individuals in the resulting groups,
� 2-testswereusedwith two-way tables,whereasgeneralisedlinear modelswith Poisson
errors were usedwith more than two explaining factors.

Results

For each of the cohortsa di�erent time framecouldbeobserved. For the 1999cohort the
agefrom oneto threeyears,for the 2000cohort the time interval from birth to two years
of age,for the 2001cohort from birth to oneyear of age,and for the 2002cohort only
the summerof birth. 30 day survival rates from birth to the next observed agegroup
declinedwith the years. Time intervals wereoneyear for the 1999cohort, 4 months for
the cohorts of 2000and 2001,and 3 months for the cohort of 2002(Table4.5, p. 75).

The lowest observed survival rate was zero for the 2.3 year old animals (�rst part
of their third winter). Thesethree animals did not survive their third winter. Thus,
2.3 yearswas the longest life spanobserved in the population of the Mongolian pika.
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1999 2000 2001 2002
a n f a n f a n f a n f a

(180) 0.78 (180) 0.68 (180) 0.58 (180) 0.52
0 43 76 25
0.3 { 38 0.96 20 0.89 {
0.7 { 32 0.91 { {
1 9 0.90 22 0.91 8 {
1.3 6 1.00 15 0.85 { {
1.7 6 0.96 { { {
2 5 0.88 4 { {
2.3 3 0.00 { { {
2.7 { { { {
3 0 { { {

Table 4.5: Life table for
the cohorts from 1999 to
2002. 30 day survival
rates (f a) were calculated
assuming a total of 180
juveniles being born in
each year. Age (a) is
given in years, 0 for the
�rst summer (from May
to September), 0.3and 0.7
for the two winter parts
from September to Jan-
uary and from January to
May respectively. Dashes
({) indicate that no data
are available.

Highest survival rate was 1.0 for the 1.7 year old animals (secondpart of their
secondwinter). None of the remaining survival rates was below 0.85. Over winter
survival of the yearlings was higher for the 1999 cohort (from 2000 to 2001), than
for the 2000cohort (from 2001to 2002). This di�erence was not signi�cant using a
� 2-test (� 2 = 1:1, df=1, p=0.284). Additionally , sampling intensity was much higher
for the 1999 cohort, since exhaustive data exist for winter 2000/2001and only one
samplesessionin September 2001for the winter 2001/2002.Comparingthe 1999cohort
with that of 2000 including the 180 assumednew born individuals, there were more
yearlingsin the 2000than in the 1999cohort. This di�erence nearly reachedsigni�cance
(� 2 = 5:2, df=2, p=0.074). Comparing the 2000cohort with that of 2001,over winter
survival of the new born animals from the �rst part of the �rst winter (age0.3) to the
following summer (age 1) was 0.93 for the 2000cohort and 0.89 for the 2001cohort
(calculated accordingto equation4.1, p. 74). But the di�erences betweenthe cohorts
may have arisenby chancealone(� 2 = 0:3, df=1, p=0.614). Only when including the
180 new born, the di�erences becamesigni�cant (� 2 = 9:9, df=2, p=0.007). Thus,
assumingan equal number of new born individuals, the cohort from the year 2000
producedmore yearlingsthan the one from the year 2001.

Survival of femalejuvenileswashigher than malesurvival in all cohorts. Survival of
unsexedanimals was lower than thoseof the other animals for the �rst time intervals
(Table4.6, p. 76). Over winter survival for the �rst winter was higher for femalesfrom
the 2001cohort, whereno maleanimal survived the winter. For both femalesand males
from the 2000cohort survival for the �rst winter was greater than 0.9. Over winter
survival for the secondwinter was higher for femalesfrom the 1999cohort, while no
male survived the secondwinter. Survival wasslightly higher in malesthan in females
for the 2000cohort. Overall survival up to agetwo was equal in malesand femalesof
the 2000cohort, 2 femalesand 2 malessurvived the secondwinter.

Age was the only factor with a signi�cant e�ect on survival when analysing the
data with a generalisedlinear model with Poissonerrors,holding the other factors (sex
and cohort) constant. For this test, only data of male and femaleindividuals for 0,1,
and 2 yearsof agewere compared. Two separatetests were performed, thus avoiding
missingvalues: �rst comparingall cohorts of age0 to 2, and then comparingall ages
without the cohort of 2001. Both modelscould be reducedby sexand cohort without
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Table 4.6: Life tables for the co-
horts (Coh.) from 1999to 2002sep-
arating sexes. 30 day survival rates
(f a) were calculated assuminga to-
tal of 60juvenilesbeeingborn in each
year in female,male, and unsexedin-
dividuals. Age (a) is given in years,
0 for the �rst summer (from May to
September), 0.3 and 0.7 for the two
winter parts from September to Jan-
uary and from January to May re-
spectively. Dashes({) indicate that
no data are available.

Female Male Unsexed
Coh. a n f a n f a n f a

1999 (60) 0.83 (60) 0.76 (60) 0.71
0 { { {
0.3 { { {
0.7 { { {
1 6 0.96 2 0.00 1 1.00
1.3 5 0.95 0 1 1.00
1.7 4 1.00 0 1 1.00
2 4 0.93 0 1 0.00
2.3 3 0.00 0 0
2.7 { { {
3 0 0 0

2000 (60) 0.77 (60) 0.72 (60) 0.36
0 22 16 5
0.3 21 0.98 16 0.93 1 1.00
0.7 19 0.91 12 0.93 1 0.00
1 13 0.89 9 0.94 0
1.3 8 0.84 7 0.86 0
1.7 { { {
2 2 2 0

2001 (60) 0.73 (60) 0.48 (60) 0.00
0 47 18 11
0.3 17 0.91 3 0.00 0
0.7 { { {
1 8 0 0

2002 (60) 0.71 (60) 0.41 (60) 0.00
0 21 4 0

changing the �t, using a � 2 test for the di�erences in deviance(sex: di�erence=0.490,
df=1, p=0.484, cohort: di�erence=0.015, df=1, p=0.903, age: di�erence=294.451,
df=1, p< 0.001 for the �rst model and sex: di�erence=0.52, df=1, p=0.47, cohort:
di�erence=0.71, df=1, p=0.40, age: di�erence=349.92, df=1, p< 0.001for the second
model). All factors will be tested later in this study in a more powerful analysis
including recaptureprobabilities (Section 4.2.2on page81).

Concerning the survival of early or late born juveniles, more individuals of the
early born juvenilessurvived than did thoseof the late born ones.Noneof each group
survived up to an age of 2 years (Table4.7, p. 77). However, this pattern may have
arisenby chancealone(� 2=2.3, df=2, p=0.3)

Discussion

The shorter the time period betweenencounter sessionswas,the lower werethe survival
rates of juveniles. This time period was one year for the cohort of 1999,4 months in
2000 and 2001, and 3 months in 2002. Mortalit y thus is high when pikas are very
young, possiblyeven beforethey can be captured.

Delayed e�ects of climate are important in both marine and terrestrial ecosystems
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�rst last
age n f n f

0 17 0.70 11 0.55
0.3 4 0.97 1 0.00
0.7 { {
1 3 0

Table 4.7: Life table for thosejuvenilesborn at the be-
ginning (early) and at the end (late) of the reproductive
period in 2001. 30 day survival rates (f ) werecalculated
for each ageclass. Age is given in years, 0 for the �rst
summer (from May to September), 0.3 and 0.7 for the
two winter parts from September to January and from
January to May respectively. Dashes({) indicate that
no data are available.

(Stensethet al., 2002). Individuals born in a speci�c year may be larger or smaller
than the average, depending on the climatic conditions in the year of birth. Such
cohort e�ects have beenreported in both ungulate and �sh populations as the result
of climatic variabilit y related to the North Atlantic Oscillation (Stensethet al., 2002).
Whenever younger agegroups are more a�ected, the ecologicale�ects of climate are
moredi�cult to detect becauseof cohort e�ects (Kaitala and Ranta, 2001). Assuming
the samenumber of new born individuals, the present data supported a cohort e�ect,
with the cohort 2000 having more older animals than the cohort 2001. This may
indicate an interaction betweencohort and drought year whenregardingsurvival rates.

Although the pattern may have arisenby chancealone, juvenilesborn early in the
year showed higher survival than those born later in the year, which would indicate
that femaleswere energy-limited in summer 2000. This is plausible, since it was a
drought summer. It may also show higher survival for early born juvenilesin general,
indicating a life history trait of a K -type life history pattern (seeSection2.2on page23
and Smith, 1988). Di�erence in seasonalsurvival rates are inconsistent. Although the
cohort of 1999showed higher survival in winter, the cohort of 2000did not show such
a pattern.

There seemsto be an interaction betweenageand sex for survival. Juvenile male
survival was always lower than juvenile female survival, while unsexed individuals
showed even lower survival. Adult male survival was also lower than femalesurvival
for the 1999 and 2001 cohort, since none of the males survived until the next time
step. But in 2000adult male survival was similar or even higher than femalesurvival.
This however may be an artefact, sincethe weight limit usedto assort juvenilesand
adults did not seemto work aswell for malesasit did for females(Section4.1.1, p. 58).
On the other hand, higher male survival has beenreported for Ochotonadaurica by
Tsendzhav (1977). Femalesurvival may be lower due to a higher reproductive e�ort
when they reach adult age.

The next sectionusesa more powerful tool to analysethe inuence of seasons,sex,
cohort, date of birth, drought, and density on survival rates than can be done with
data from life tables. For this, recaptureprobabilities are included in the analysis.
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4.1.4 Summary

In the year2001the �rst juvenilesappearedin May, but the beginningof the reproduc-
tive seasonis variable. The reproductive seasonin the drought year of 2001probably
beganabout two weekslater than did those in the other two years. Juvenilesappear
until the end of July.

Ochotonapallasi pricei grows faster than the two other specieswhosegrowth was
studied, Ochotona curzoniae and O. rufescens. The averageadult weight is reached
between180 and 200g. This can be reached by mid July for an individual weighing
53g in the end of May, thus within the reproductive season.

To separatejuvenilesfrom adults the growth-curve criterion accounting for growth
and a variable beginning of the reproductive period is better suited than the winter-
weight criterion, which usesa static limit.

Preliminary analysis of the age structure suggeststhat the year can be divided
into two parts concerningsurvival and reproduction. While in the reproductive season
lasting four months from May to September there are great changes,the structure is
static during the months from September to May. Theseseasonsroughly correspond
to winter and summer season.The averageagestructure at the end of the summers
2000to 2002was 67% juveniles,24% one-year-old individuals, and 9% two-year-old
or older individuals.

Summarising information on individuals in life tables shows that the longest ob-
served lifespan is 2.3 years. Juvenile survival tends to be low especially in the �rst
weeks. Survival rates of adult male and femalesshow an inconsistent pattern, di�er-
encesare not signi�cant. Although late born juvenilesshow lower survival than early
born juveniles,thesedi�erences are not signi�cant basedon the life tables.
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Figure 4.10: Example showing the derivation of probabilities for the encounter histories
\101" and \100". The lines show the steps leading to the formulae. The �rst question is, if
the animal survives(� ) or not (1 � � ), the secondwhether it is recaptured (� ) or not (1 � � ).
Theseare summedup to result in the probabilit y given in Table 4.8 on the following page.

4.2 Mo delling surviv al rates

Factors controlling survival are crucial when trying to understand the population dy-
namics of a species(Begonet al., 1996). Of the life history traits introduced in Ta-
ble 2.4 on page24, this sectionanalysisthe inuence of age,cohort, sex,season,and
density on survival rates using capture-recaptureanalysis(Section4.2.2, p. 81).

Sinceindividuals cannot be followed closelythrough time, the exact time of death
most often remains unknown. In the previous section there was no distinction be-
tweenanimals not encountered but living and animals not encountered becausethey
had died. Analysis techniquesthat explicitly account for reencounter rates additional
to survival rates were developed to overcomethis drawback (Lebreton et al., 1992).
Cormack-Jolly-Seber models (White and Burnham, 1999) implemented in modelling
environments that usemaximum likelihood theory to estimatesurvival and reencounter
parametershave a long history in ecologyand are briey introducedin Section4.2.1.

The conceptof two opposing suites of life history traits in the pikas includes the
prediction, that individuals closerto the K -type life history strategy invest more en-
ergy in present survival than in reproduction. This implies, that lessenergyis invested
in a secondlitter, leading to lower survival rates for juvenilesborn later in the sum-
mer season(Section2.2, p. 23). Survival rates of early and late litter are analysedin
Section4.2.3on page92.

4.2.1 Mo delling background

The quantativ e analysis of survival must be based on capture-recapture (or reen-
counter) models,which considerreencounter ratesasnuisanceparametersin addition to
the parameterof primary interest (Lebreton et al., 1992). Cormack-Jolly-Seber models
(Cormack, 1964; Jolly, 1965; Seber, 1965) as implemented for examplein the software
MARK considerreencounter rates (White and Burnham, 1999). Thesemodels,based
on reencountering marked individuals, make the assumptionthat (1) each individual
from a selectedgroup of individuals hasthe sameprobability of survival (� t ) from time
t to t + 1. Furthermore, thesemodels assume(2) that the individuals are identical in
their probability of being reencountered at time t + 1 (� t+1 ) (Lebreton et al., 1992).

The procedure can be illustrated taking four possible encounter histories for a
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capture-recapturestudy with 3 samplesessions(Table 4.8, only those marked at the
�rst session).Encounter histories are sequencesof the numbers \0" and \1". At each
samplesession,a \0" indicates that an individual was not encountered, while \1" in-
dicatesthe encounter. Reencounter probabilities can then be estimatedwith the help
of animals, which have not been encountered, although they have been alive. Fig-
ure 4.10 on the pagebeforeshows the probabilities for the encounter histories \100"
and \101", assumingequalsurvival and equalreencounter ratesfor each session.There
is only onepossibility of how the encounter history \101" can comeabout: the animal
survives from the �rst to the secondsampling session(� 1), it is not captured on the
secondsampling session(1 � � 2), survives from the secondto the third sampling ses-
sion (� 2), and is captured at the third samplingsession(� 3). For the encounter history
\100" there are three di�erent possibilities. The sum of thesethree possibility is the
probability of the encounter history \100", asnoted in Table 4.8.

The model likelihood is calculatedas the product of all the probabilities of all the
observedencounter histories. In the caseof the present examplewith oneinitial capture
and marking sessionand two following capture sessions,the four encounter histories
given in Table 4.8 present all possibleencounter histories. The likelihood of a given
data set basedon the assumptionsstated above is the product of all realisedencounter
histories. Sinceanimals with the sameencounter histories have the sameprobability
expression,the number of individuals observed with the sameencounter history can
be usedasexponent of the corresponding probability in the likelihood.

L = (� 1� 2� 2� 3)N111

�
� 1(1 � � 2)� 2� 3

� N101

�
� 1� 2(1 � � 2� 3)

� N110

�
1 � � 1� 2 � � 1(1 � � 2)� 2� 3

� N100 (4.2)

Taking the natural logarithm then gives the log likelihood of the model. Arbitrarily
assumingthat 15 animals have had an encounter history of \111", 11 an encounter
history of \101", 7 \110", and 20 \100" (Table4.8, p. 80), illustrates how log likelihood
is calculated for a given data set.

ln (L) = N111 � ln (� 1� 2� 2� 3) + N101 � ln
�
� 1(1 � � 2)� 2� 3

�
+

N110 � ln
�
� 1� 2(1 � � 2� 3)

�
+ N100 � ln

�
1 � � 1� 2 � � 1(1 � � 2)� 2� 3

�

(4.3)

= 15� ln (� 1� 2� 2� 3) + 10� ln
�
� 1(1 � � 2)� 2� 3

�
+

7 � ln
�
� 1� 2(1 � � 2� 3)

�
+ 20� ln

�
1 � � 1� 2 � � 1(1 � � 2)� 2� 3

�

Table 4.8: Four possible encounter histories
(His.) for three sample sessionswith their re-
spective probabilities based on survival (� ) and
recapture (� ) rates, assumingcapture and mark-
ing on the �rst sessionand only capture in the
following sessions.Numbers of individuals with
the respective encounter histories (n) are arbi-
trarily chosento illustrate how model likelihood
is calculated (Equation 4.3).

His. Probabilities n

111 � 1� 2� 2� 3 15
101 � 1(1 � � 2)� 2� 3 10
110 � 1� 2(1 � � 2� 3) 7
100 1 � � 1� 2 � � 1(1 � � 2)� 2� 3 20
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Using a logit link for binary data, equation 4.3 on the facing pageis then maximised
to have the highest likelihood with the given data. In this case,models are calcu-
lated to maximise the likelihood for di�erent valuesof � 1� 2 and � 2� 3. Estimates for
these parametersare the result of the modelling procedure. Variance is calculated
basedon the curvature of the likelihood function. It is de�ned as the negative inverse
of the 2nd derivative of the likelihood function at the maximum likelihood estimate
(White and Burnham, 1999).

Hypothesescan be tested by comparing models with di�erent setsof parameters.
The fully parameterisedmodel includesmain factors and interactions. This model can
then be reducedby omitting interaction terms or reducingfactor levels. Modelscanbe
comparedusing analysisof varianceonly if the modelsare nested. Non-nestedmodels
arecomparedusinginformation theory: the Akaike Information Criterion correctedfor
samplesize (AI Cc) as provided by MARK weighsmodel likelihood and the number
of parametersfor a given model (Lebreton et al., 1992; White and Burnham, 1999).
The currently acceptedconvention is that models with AI Cc that di�er by < 2 are
indistinguishable in terms of their �t to the data (Burnham and White, 2002).

Beforemodelsare compared,the fully parameterisedmodel is subjected to a good-
nessof �t test by using � 2-tests or bootstrapping techniques. The � 2-tests compare
reencounters of groupsof individuals with expected reencounters basedon the model
assumptionsof equal survival and reencounter rates. Bootstrapping is done by using
the parameterestimatesfrom the maximum likelihood calculation. New data setsare
simulated with the estimates,and maximum likelihoods are calculated for thesedata
sets. The distribution of bootstrapped model deviancesis then used to evaluate the
devianceof the original data set. Deviancesmeasurethe di�erence in �t for a given
model and a fully saturated model, with oneparameterfor every uniqueencounter his-
tory. Both goodnessof �t tests can be usedto calculate a measureof overdispersion,
the varianceination factor (ĉ). This factor can be usedto adjust the AI Cc through
quasi-likelihood, resulting in a QAI Cc whenever ĉ departs from 1. For bootstrapped
data sets ĉ is calculated as the devision of observed deviancewith mean simulated
deviance(White and Burnham, 1999).

Dependingon the hypothesesto be tested,an a priori set of modelscanbe selected
to compete with each other for the highest QAI Cc value. For example, e�ects of
the factor agecan be tested by �rst running the fully parameterisedmodel and then
running a model with one parameter for all agegroups. Normalised QAI Cc-weights
are given asa measureof the of a model's relative probability of being the best model
for the data as comparedwith alternative models (White and Burnham, 1999).

4.2.2 Surviv al rates

Relying on the distinction between two opposing life history traits for the pikas, an
r -type of life history strategy as found in burrowing specieslike the Mongolian pika
is expected to show high juvenile survival rates, low overwinter survival, low adult
survival, and no density dependencein survival rates (Smith, 1988; Smith et al., 1990;
Table2.4, p. 24).

The previous sections(especially Section4.1.3, p. 74) already indicated a di�erent
pattern for the observedpopulation of Ochotonap.pricei. Juvenilesurvival rate seemed
to below, while adult survival washigh. Femalesandmalesshoweddi�erent patterns of
survival, while there were inconsistent patterns concerningoverwinter survival. There
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seemedto be interactions between several factors. For example, the drought year
a�ected juvenilesmore than adults. There may alsobe an inuence dependent on the
time of birth, both in terms of yearsand within the summerseason.The cohort from
2000 seemedto have higher survival rates through the years, as have animals born
early in the year.

In the following analysis,the e�ects of sex,cohort, time of samplesession,and den-
sity will be tested using capture-recaptureanalysesas described above (Section4.2.1,
p. 79). The e�ect of time of birth within a seasonwill be tested in Section 4.2.3 on
page92. The e�ect of sex,ageand density are tested for recapture rates. Male move-
ment patterns are di�erent from femalemovement patterns, especially in the summer
months (Sections2.6, p. 42 and Chapter3, p. 47). Age may e�ect recapture rates, be-
causejuvenilesmay be more explorative than older animals, especially when they are
searching for own territories. Under high density conditions there may be more need
for hiding placesand thus traps may be better acceptedduring this time. More factors
wereincluded into the survival models. Here,the e�ects of sex,cohort, season,drought
year, age,and density were tested.

Metho ds

Table 4.9: Number of animals
for each cohort and each sex used
for modelling recapture and survival
rates. Numbers are given for both
data sets, the one based on pool-
ing capture and observation and the
other one using only capture data
from the smaller part of the study
site but spanning a longer period of
time.

Pooled Capture
f m u f m u

1999 4 0 1 6 2 0
2000 20 16 1 11 7 4
2001 46 18 11 17 6 3
2002 21 4 0 8 1 0

Two data setswereusedto estimaterecaptureand
survival rates: the �rst usinginformation from cap-
ture and observation, starting in November 2000
and ending in July 2002. This data set has the
highest number of individual encounter histories
for comparison,but doesnot include the summer
of 2000. The seconddata set wasbasedon capture
information only from the smallerpart of the study
site, starting already in July 2000. Table 2.6 on
page29 gives detailed information on sampleses-
sions. Although there were fewer individuals in
this data set, the study period was longer. Infor-
mation on 142 animals could be usedto estimate
survival and recapture rates for the pooled data,
and 65 animals for capture data respectively. 2001
had the strongest cohort in both data sets (Ta-
ble 4.9). These data sets were subjected to the
samecandidatesetsof models.

Coding of factorsis illustrated in Tables4.10on the facingpageand 4.11on page84.
Age (a) wascodedasordinal variable into a \juv enile", \adult", and \senior" category.
The categorieswere given the values1 to 3, sincethey represent an order of growing
individuals. For survival a linear and quadratic e�ect wassupposed,to test if survival
rates of juveniles and seniorswere lower than those of adults. For recapture only a
linear e�ect between juvenilesand adults was tested. Age categorieswere delimited
basedon the life tablespresented in Section4.1.3on page74. Animals wereclassi�ed as
juvenile during the summermonths of their �rst year, adult from their �rst September
to their third summer,where they reach 2 yearsof age,and senior starting from the
beginningof their third winter.

Density (d) was given as estimated before (Chapter 3, p. 47) for pooled data. For
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Table 4.10: Coding for drought (p), season(w), age (a), and density (d) for modelling
survival and recapture rates of individuals using pooled information from capture and obser-
vation. Age is given in the categoriesfor not yet born (nb), juvenile (j), adult (a), and senior
(se) individuals of each cohort separately (a1999� 2002). For more information on the capture
occasionsseeTable 2.6 on page29.

Month of capture occasion
2000 2001 2002

Model noti�cation 11 01 04 05 06 07 08 09 07 07

p 0 0 0 1 1 1 1 1 0 0
w w w w s s s s w a s s
a1999 a a a a a a a seb seb seb

a2000 a a a a a a a a a a
a2001 nb nb nb j j j j a a a
a2002 nb nb nb nb nb nb nb nb j j
d 20.6 22.0 19.8 19.8 46.1 26.2 21.1 22.4 14.6 16.3

a Extra category for survival, since the interval between September and July includes the
next summer.

b For recapture rate, the behaviour of adult and senior individuals is supposedto be the
same.

capture data the MNKA (Minimal number known alive) within the initial part of the
study areawas calculatedas an index for density. Season(w) was delimited basedon
the �ndings on seasonaldevelopment of agestructure (Section4.1.2, p. 69). The time
from beginningof September to endof April wasconsideredwinter, while the time from
the beginningof May to the end of August wasconsideredsummer. The interval from
September 2001to July 2002was treated as an extra category for survival since the
time interval comprisedwinter and half of the following summer. The drought year (p)
was set to begin in summer 2001and end in winter 2001/2002. The referencetimes
for recapture and survival were treated di�erently. Recapture rate was estimated at
the date of the samplesession,while survival rate described the interval betweenthis
samplesessionand the following one. Covariates were transformed before modelling
to �t within the interval of [0,1].

Canditate set of models

Recaptureand survival rateswereanalysedsuccessively, usinga similar pattern (Mod-
els 1{8 and 9{22 in Table4.12, p. 85). The most parsimoniousmodel resulting from
comparing the recapturemodels was usedfor comparing the candidateset of survival
models. The fully parameterisedmodel was always comparedto a reducedmodel in-
cluding a continuous covariate, and then without the covariate (Skalski et al., 1993).
This was done for the two covariates ageand density, and their combination (Model
subsetsa{c in Table 4.12). The resulting most parsimoniousmodel from both the
recapture and the survival model set was further reducedby excluding interactions,
including only single factors, and �nally holding recaptureor survival constant for all
individuals and all times of encounters.

For the recapture models, the time factor was �rst reducedto seasononly, then
time was left out completely. Note that agealways includesa component of time, so
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Table 4.11: Coding for drought (p), season(w), age (a), and density (d) for modelling
survival and recapture rates of individuals using capture data from the small part of the
study site on which information is available for a longer period of time. For more information
on the capture occasionsseeTable 2.6 on page 29. Age is given in the categoriesfor not
yet born (nb), juvenile (j), adult (a), and senior (se) individuals of each cohort separately
(a1999� 2002).

Month of capture occasion
2000 2001 2002
07 07 08 09 10 11 01 03 04 05 06 07 08 09 07 07

p 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0
w s s s w w w w w w s s s s w a s s
a1999 a a a a a a a a a a a a a se b se b seb

a2000 j j j a a a a a a a a a a a a a
a2001 nb nb nb nb nb nb nb nb nb j j j j a a a
a2002 nb nb nb nb nb nb nb nb nb nb nb nb nb nb j j
d 15 14 14 12 11 11 7 8 6 13 24 12 7 3 7 6

a Extra category for survival, since the interval between September and July includes the
next summer.

b For recapture rate, the behaviour of adult and senior individuals is supposedto be the
same.

time dependenceis implicitly included in the models with age as explaining factor.
This procedurewas repeatedfor age,density, and the combination of ageand density
ascovariates. For the survival candidatesetof models,morefactorswereincluded. For
each covariate the fully parameterisedmodel was comparedto reducedmodels with
covariates, including the factors seasonand drought year. The fully parameterised
model was successively reducedby �rst replacing time of sample sessionwith both
factors,then with each of them alone,and then leaving both of them out. The candidate
model set is listed in Table 4.12on the next page.

Go odness of �t for pooled and capture data

Although none of the � 2-tests could detect deviations from the assumptionsof equal
encounter and survival rates for the groups of individuals in the fully parameterised
model, noneof the groupshadenoughindividuals to make the testsreliable. Bootstrap-
ping data setsbasedon the parametersestimated by maximum likelihood resulted in
deviancesranging from 101.77to 174.15for the data set basedon pooling information
from capture and observation. 93 of the simulated devianceswere below the observed
value of 159.4. The model thus can be acceptedasnot deviating signi�cantly from the
simulated data sets(p=0.07). Mean simulated deviancewas137.5,resulting in a value
of 1.159for ĉ for pooled data.

Bootstrapping the most saturated model using capture data from the small part of
the study site resulted in deviancesranging from 36.8 to 134.2. 95 of the simulated
devianceswere below the observed value of 112.9. The original data set was thus on
the margin of beingsigni�cantly di�erent from the simulated data sets(p=0.05). Mean
simulated deviancewas 85.9, resulting in ĉ = 1:315.
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Recapture Survival

(a) Modelling agedependence
1 � � s� time X � s� c� t �
2 � � s� w� a 9 � s� w� p� a �
3 � � s� a 10 � s� w� a �
4 � � s 11 � s� p� a �

12 � s� a �
13 � s �

(b) Modelling density dependence
1 � � s� time X � s� c� t �
5 � � s� w� d 14 � s� c� w� p� d �
6 � � s� d 15 � s� c� w� d �
4 � � s 16 � s� c� p� d �

17 � s� c� d �
18 � s� c �

(c) Modelling ageand density dependence
1 � � s� time X � s� c� t �
7 � � s� w� a� d 19 � s� w� p� a� d �
8 � � s� a� d 20 � s� w� a� d �
4 � � s 21 � s� p� a� d �

22 � s� a� d �
13 � s �

Table 4.12: Candidate model sets for re-
capture (Models 1{8) and survival (Models
9{22). \X" is a place holder for the most
parsimonious model after running the re-
capture model set (models 1{8). Recapture
models tested sex(s), time (time ), and sea-
son (w) dependence.Survival models tested
sex (s), cohort (c), time (time ), season(w),
and drought (p) dependence. Both model
setswererun with the covariates (a) age(a),
(b) density (d), and (c) both ageand density.

Results

Pooled data from capture and observation Table 4.13 on the following page
summarisesthe results of comparingthe modelsfor the data set basedon capture and
observation. Taking only ageas linear constraint for time in recapturerate (subseta),
the best model included sexand age. It had 11 times more support than the next best
model, which included only sexbasedon QAI Cc-weight. The inuence of seasonand
time was not supported by thesemodels. None of the models using only density as
linear constraint (subset b) supported the data better than the model using only sex
as explaining factor. Although the combination of ageand density (subsetc) resulted
in a model supporting the data four times more than the oneusingonly sex,it did not
surpassModel 3, which usedageas single linear constraint. There was no di�erence
betweena model usingonly sexand a constant model, the di�erence in QAI Cc between
Model 4 and Model 3d was lessthan two. Excluding the interaction betweensexand
agedid not improve the support for the model, but usingonly ageasexplaining factor
slightly improved the support for the data. There wasno di�erence betweenthe model
using sex and age (3a) and the model using only age (3c), since the di�erence in
QAI Cc was lessthan two. For further model comparisons,recapture rate was always
constrainedby ageonly.

Table 4.14 on page87 shows the modelling results of the candidate model set for
survival. Using only age as linear constraint for cohort and time in survival rate
(subset a), the best model included again sex and age (Model 12). Note that age
included a linear and a quadratic term in this caseasexplainedin the methods. It was
1.5 times better supported than the next best model, which included also the drought
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Table 4.13: Models of the recapture candidate set for information basedon pooled data
from capture and observation. The candidate set is described in Table 4.12 on the preceding
page. Values for QAI Cc weight of all models, including those of the survival candidate set
shown in Table 4.14 on the next page add up to one, the model with the highest support
having the highest scorein QAI Cc weight. Models were selectedin two steps, �rst running
all models of the candidate set (Models 1-8), and then optimising the most parsimonious
model. The models with highest support within both stepsare shown in bold letters. Model
selection was basedon ĉ = 1:159. Notation: sex (s), cohort (c), time (t), drought year (p
for precipitation), season(w for winter), age(a as linear or quadratic ordinal covariate), and
density (d). An underscoreof � denotesconstant survival or recapture. K are the number of
estimable parameters.

QAI Cc

Model QAI Cc � QAI Cc weight K Deviance

(a) Modelling agedependence
1 � s� c� t � s� time 465.56 22.60 0.000 36 158.4
2 � s� c� t � s� w� a 458.12 15.17 0.000 28 171.3
3 a � s� c� t � s� a 451.00 8.05 0.011 25 171.5
4 � s� c� t � s 455.43 12.47 0.001 26 173.5

(b) Modelling density dependence
1 � s� c� t � s� time 465.56 22.60 0.000 36 158.4
5 � s� c� t � s� w� d 460.77 17.81 0.000 29 171.5
6 � s� c� t � s� d 457.64 14.68 0.000 27 173.3
4 � s� c� t � s 455.43 12.47 0.001 26 173.5

(c) Modelling ageand density dependence
1 � s� c� t � s� time 465.56 22.60 0.000 36 158.4
7 � s� c� t � s� w� a� d 458.94 15.98 0.000 31 164.7
8 � s� c� t � s� a� d 453.15 10.20 0.004 28 166.3
4 � s� c� t � s 455.43 12.47 0.001 26 173.5

Optimising the most parsimoniousmodel
3 a � s� c� t � s� a 451.00 8.05 0.011 25 171.5
3 b � s� c� t � s+ a 457.62 14.66 0.000 27 173.3
3 c � s� c� t � a 450.62 7.66 0.013 23 175.9
3 d � s� c� t � � 455.40 12.44 0.001 25 175.9

year as explaining factor. Using only density as explaining factor (subsetb) produced
generally better models than using only age. The best model was the one using sex,
cohort and density (Model 17). It was 1.3 times better supported than the one using
sex and age (Model 12), but both did not di�er by more than 2 in � QAI Cc. Since
Model 12 used lessparameter, it is preferred at this stage. But combining density
and age(subsetc) substantially increasedthe support for the data. The model using
sex,age,and density (Model 22a) supported the data 13.4times more than Model 17.
Reducingthis model did not increasethe support for the data.

The most parsimoniousmodel after comparing all candidates thus included sex,
age(with a linear and a quadratic component), and density as explaining factors for
survival rates. A direct inuence of season,drought year, cohort, or time of sample
sessionwasnot supported by the data. It further included only age(with a linear com-
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Table 4.14: Models of the survival candidate set for information based on pooled data
from capture and observation. The candidate set is described in Table 4.12 on page 85.
Valuesfor QAI Cc weight of all models, including thoseof the survival candidate set shown in
Table 4.13 on the facing pageadd up to one, the model with the highest support having the
highest scorein QAI Cc weight. Models were selectedin two steps, �rst running all models
of the candidate set (Models 9-22), and then optimising the most parsimoniousmodel. The
models with highest support within both steps are shown in bold letters. Model selection
basedon ĉ = 1:159. Notation: sex(s), cohort (c), time (t), drought year (p for precipitation),
season(w for winter), age (a as linear or quadratic ordinal covariate), and density (d).
An underscoreof � denotesconstant survival or recapture. K are the number of estimable
parameters.

QAI Cc

Model QAI Cc � QAI Cc weight K Deviance

(a) Modelling agedependence
3 c � s� c� t � a 450.62 7.66 0.013 23 175.9
9 � s� w� p� a � a 452.00 9.04 0.007 12 202.3

10 � s� w� a � a 453.36 10.41 0.003 12 203.6
11 � s� p� a � a 449.74 6.79 0.020 10 204.4
12 � s� a � a 448.73 5.77 0.034 7 209.7
13 � s � a 484.37 41.42 0.000 4 251.6

(b) Modelling density dependence
3 c � s� c� t � a 450.62 7.66 0.013 23 175.9

14 � s� c� w� p� d � a 449.50 6.54 0.023 19 184.1
15 � s� c� w� d � a 449.42 6.46 0.024 18 186.3
16 � s� c� p� d � a 451.21 8.25 0.010 16 192.6
17 � s� c� d � a 448.23 5.27 0.044 12 198.5
18 � s� c � a 461.31 18.35 0.000 8 220.2

(c) Modelling ageand density dependence
3 c � s� c� t � a 450.62 7.66 0.013 23 175.9

19 � s� w� p� a� d � a 452.11 9.15 0.006 16 193.5
20 � s� w� a� d � a 453.33 10.38 0.003 16 194.7
21 � s� p� a� d � a 449.15 6.19 0.028 14 195.0
22 a � s� a � d � a 442.96 0.00 0.609 10 197.6
13 � s � a 484.37 41.42 0.000 4 251.6

Optimising the most parsimoniousmodel
22 a � s� a � d � a 442.96 0.00 0.609 10 197.6
22 b � s+ a+ d � a 445.70 2.75 0.154 6 208.8
22 c � a+ d � a 457.21 14.25 0.000 4 224.5
22 d � a � a 467.29 24.33 0.000 3 236.6
22 e � d � a 531.18 88.22 0.000 2 302.5
22 f � s+ d � a 461.94 18.99 0.000 5 227.1
22 g � � � a 496.41 53.45 0.000 2 267.8

ponent coding for juvenilesand adults) for recapturerates. Usingthis model, recapture
rates were estimated to be 0.652(� 0:025SE) for juvenilesand 0.779(� 0:038SE) for
adults. Juveniles thus had a lower recapture rate than adults basedon pooled data
from observation and capture. Survival estimatesaregiven for three di�erent densities,
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Figure 4.11: Survival estimates with standard errors for the most parsimonious model
based on pooling data from observation and capture November 2000 to July 2002. The
model included the factors sex, age, and density with all interactions. Density is given as
individuals per hectare.

the minimum density of 14.6individuals/ha, the mediandensity of 21.4,and the max-
imum density of 49.8individuals/ha (Figure 4.11). Not for every sex,age,and density
combination an estimate could be calculated becauseof unreliable errors causedby
small samplesizes.Noneof the senioragegroup could be estimated. Femalejuveniles
had generally lower survival rates than femaleadults at the samedensities. Survival
rate decreasedwith increasingdensity in both age classes. Female juvenile survival
neverthelesswas high for the observed population, ranging from 0.557(� 0:105SE) to
0.794(� 0:103SE) depending on density.

Male juveniles did not have consistently lower survival rates than adult males.
Male juvenile survival decreasedwith density, similar to femalejuvenile survival, but
it increasedwith density for adult males. Male juvenile survival was lower than female
juvenilesurvival, rangingfrom 0.255(� 0:158SE) to 0.614(� 0:268SE). For the unsexed
animals,a comparisonis hamperedby the lack of data. Unsexedjuvenilesat maximum
density had lower survival rates than unsexedadults at median density. Survival
of unsexedjuveniles did not di�er from the survival of male juveniles at maximum
densities.

Femaleadult survival rangedfrom 0.744(� 0:133SE) to 0.941(� 0:023SE), decreas-
ing with increasingdensity. Femaleadult survival was consistently higher than male
adult survival, although male adult survival increasedwith increasingdensity from
0.458(� 0:382SE) to 0.803(� 0:052SE) and the value at highest density could not be
estimated. The error at the lowest density was relatively high for male adult survival
and included most of the rangeestimatedfor median densities(Figure 4.11).

Capture data from July 2000 to July 2002 Table 4.15on the facing pageshows
the results from comparing the models estimating recapture rates of the candidate
set for capture data. None of these models had much support by the data. The
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Table 4.15: Models of the recapture candidate set for information basedonly on capture
data from the small part of the study site. The candidate set is described in Table 4.12 on
page 85. Values for QAI Cc weight of all models, including those of the survival candidate
set shown in Table 4.16 on the next pageadd up to one, the model with the highest support
having the highest scorein QAI Cc weight. Models were selectedin two steps, �rst running
all models of the candidate set (Models 1-8), and then optimising the most parsimonious
model. The models with highest support within both stepsare shown in bold letters. Model
selection was basedon ĉ = 1:315. Notation: sex (s), cohort (c), time (t), drought year (p
for precipitation), season(w for winter), age(a as linear or quadratic ordinal covariate), and
density (d). An underscoreof � denotesconstant survival or recapture. K are the number of
estimable parameters.

QAI Cc

Model QAI Cc � QAI Cc weight K Deviance

(a) Modelling agedependence
1 � s� c� t � s� time 236.98 55.28 0.00000 31 101.2
2 � s� c� t � s� w� a 212.26 30.56 0.00000 21 110.3
3 � s� c� t � s� a 208.10 26.39 0.00000 19 112.0
4 � s� c� t � s 211.45 29.75 0.00000 19 115.4

(b) Modelling density dependence
1 � s� c� t � s� time 236.98 55.28 0.00000 31 101.2
5 � s� c� t � s� w� d 215.55 33.84 0.00000 21 113.6
6 � s� c� t � s� d 217.17 35.47 0.00000 21 115.2
4 � s� c� t � s 211.45 29.75 0.00000 19 115.4

(c) Modelling ageand density dependence
1 � s� c� t � s� time 236.98 55.28 0.00000 31 101.2
7 � s� c� t � s� w� a� d 213.51 31.80 0.00000 22 108.5
8 a � s� c� t � s� a � d 201.41 19.70 0.00005 19 110.0
4 � s� c� t � s 211.45 29.75 0.00000 19 115.4

Optimizing the most parsimoniousmodel
8 a � s� c� t � s� a � d 201.41 19.70 0.00005 19 110.0
8 b � s� c� t � (s+ a+ d)2 216.23 34.52 0.00000 22 111.2
8 c � s� c� t � a� d 210.64 28.93 0.00000 19 114.6
8 d � s� c� t � a 208.75 27.05 0.00000 18 115.5
8 e � s� c� t � d 209.55 27.84 0.00000 18 116.3
8 f � s� c� t � � 209.32 27.61 0.00000 18 116.1

most parsimoniousmodel from the �rst subset (Table4.12, p. 85) was the one using
sex and ageas factors (Model 3). In subset (b) the model taking only sex as factor
was best supported, although lessthan Model 3 from the �rst subset, the di�erence
in QAI Cc being more than 2. In subset (c) the most parsimoniousmodel was the
one including both age and density additional to sex (Model 8). Reducing Model 8
did not increasemodel support. In contrast to this, the analysisbasedon data from
capture and observation, selectedModel 3 as the most parsimoniousmodel at this
stage(Table4.13, p. 86).

Table4.16on the next pageshows the resultsfrom modelling the survival candidate
set. In the �rst subset(a) the full model had highestsupport. The samewastrue when
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Table 4.16: Models of the survival candidate set for information based only on capture
data from the small part of the study site. The candidate set is described in Table 4.12 on
page85. Valuesfor QAI Cc weight of all models, including thoseof the survival candidate set
shown in Table 4.15on the precedingpageadd up to one, the model with the highest support
having the highest scorein QAI Cc weight. Models were selectedin two steps, �rst running
all models of the candidate set (Models 1-8), and then optimising the most parsimonious
model. The models with the highest support within both steps are shown in bold letters.
Model selectionbasedon ĉ = 1:315. Notation: sex (s), cohort (c), time (t), drought year (p
for precipitation), season(w for winter), age(a as linear or quadratic ordinal covariate), and
density (d). An underscoreof � denotesconstant survival or recapture. K are the number of
estimable parameters.

QAI Cc

Model QAI Cc � QAI Cc weight K Deviance

(a) Modelling agedependence
8 a � s� c� t � s� a� d 201.41 19.70 0.00005 19 110.0
9 � s� w� p� a � s� a� d 214.22 32.51 0.00000 15 129.3

10 � s� w� a � s� a� d 220.77 39.06 0.00000 12 143.6
11 � s� p� a � s� a� d 218.15 36.45 0.00000 14 135.8
12 � s� a � s� a� d 221.35 39.64 0.00000 11 146.6
13 � s � s� a� d 221.59 39.89 0.00000 9 151.7

(b) Modelling density dependence
8 a � s� c� t � s� a� d 201.41 19.70 0.00005 19 110.0

14 � s� c� w� p� d � s� a� d 205.74 24.03 0.00001 17 115.3
15 � s� c� w� d � s� a� d 210.49 28.79 0.00000 19 114.4
16 � s� c� p� d � s� a� d 212.77 31.06 0.00000 19 116.7
17 � s� c� d � s� a� d 208.85 27.14 0.00000 16 121.2
18 � s� c � s� a� d 210.44 28.73 0.00000 13 130.7

(c) Modelling ageand density dependence
8 a � s� c� t � s� a� d 201.41 19.70 0.00005 19 110.0

19 a � s� w � p� a � d � s� a � d 181.71 0.00 0.99990 4 123.2
20 � s� w� a� d � s� a� d 202.33 20.62 0.00003 12 125.1
21 � s� p� a� d � s� a� d 216.31 34.61 0.00000 16 128.7
22 � s� a� d � s� a� d 217.81 36.11 0.00000 14 135.5
13 � s � s� a� d 221.59 39.89 0.00000 9 151.7

Optimizing the most parsimoniousmodel
19 a � s� w � p� a � d � s� a � d 181.71 0.00 0.99990 4 123.2
22 b � s+ w+ p+ d � s� a� d 215.26 33.55 0.00000 12 138.1
22 c � (s+ w+ p+ d)2 � s� a� d 230.69 48.98 0.00000 20 131.7

constraining only by density (subset b). When ageand density were both added as
covariates, the model using the factors sex,season,and drought year additional to the
covariates(Model 19) had much higher support than all the other models. At the same
time the model could only estimate four parameters. It could not be further reduced
without losing support for the data.

The most parsimoniousmodel thus included sex,age,and density in the recapture
rates and sex,season,drought year, age,and density in the survival rates. Theseare
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more factors in than the previous analysis, which used more animals over a shorter
period of time. At the sametime, the goodnessof �t test for this data set was worse
than the one for the pooled data and in the most parsimoniousmodel only few pa-
rameterscould be estimated. Recapturerates estimatedby the model decreasedwith
density for juvenile femalesand increasedwith density for adult females. The same
was true for male individuals. But for most of the estimatesthere were too few data
to be reliable. For survival rates even lessparameterscould be estimated. Survival
rates of adult femaleswere higher than of juvenile females,although di�erent periods
of time werecompared:femalesurvival in the winter beforethe drought for adults was
higher than femalesurvival in the summerof drought for juveniles.

Discussion

The climate factors drought and seasonwere consideredirrelevant for explaining sur-
vival rateswhenusingthe data basedon pooling information of captureandobservation
(Table4.14, p. 87). At the sametime, the factors drought and seasonwere included
in the most parsimoniousmodel when using the data basedon information of cap-
ture sessionsalone (Table4.16, p. 90). However, the results from the secondmodels
are dubious. The goodnessof �t test showed signi�cant deviancefrom the simulated
models. Additionally , the overwhelmingsupport of Model 19 is causedby the inabilit y
to explain more than four parameters. For this reason,the present study acceptsthe
results derived from the �rst model basedon information from capture and observa-
tion stating that the climate factors drought and seasonare consideredirrelevant for
explaining survival rates.

E�ects of past climatic conditions can result in di�erent survival of cohorts com-
ing from di�erent years (Bj�rnstad et al., 2004; Stensethet al., 2002). Similar to the
present e�ects of climate, represented by th drought and by seasonaldi�erences,e�ects
from past climatic conditions were not supported by the capture-recaptureanalysis,
sincecohort a�liation did not have a signi�cant e�ect when explaining survival rates.
Although the numbers of the animals of the the 2000-cohortwere consistently higher
than thoseof the other cohorts, this di�erence was not signi�cant when analysinglife
tables, either (Section4.1.3, p. 74). The e�ect may have been misseddue to small
samplesize,though.

Although the inuence of seasonwas not supported directly in the analysis,it was
supported indirectly, sinceagehad signi�cant e�ects on survival rates. Age however
was de�ned using seasons. Thus, the e�ects of seasonand age are coupled for the
Mongolian pika. Juveniles show lower survival rates (Figure 4.11, p. 88) than adults
and juvenilesare only present in the summerseason.Adults on the other hand were
present in winter and summerseasonsand hereseasonscould not explain di�erences in
survival rates. It may even pay o� to distinguish betweenyoungerand older juveniles
within the summer season,since the life tables indicate increasingsurvival with age
(Table4.5, p. 75).

Contrary to the expectations, juvenilesshowed lower recapture rates than adults.
Observations during �eld work werethe other way round, sincejuvenilesseemedeasier
to capture, at least within onecapture session.Having lower recapture rates between
capture sessionsfor juveniles may be misleading. Low recapture may have resulted
from the short period of time that an individual was supposedto be juvenile, since
the sameindividual is assortedto another group for the analysiswhen it turns adult
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(Table4.10, p. 83).
Adult femalesurvival was consistently higher than adult male survival at low and

median densities. However, while adult female survival decreasedwith density, it
increasedwith density in males.Male survival ratesat mediandensitieswereestimated
to be higher than femalesurvival rates at high densities(Figure 4.11, p. 88). Higher
male survival was also detected when analysing life tables (Table4.6, p. 76). Since
highest density was reached in summer 2001, during the reproductive period, these
di�erencesin survival ratescanbeexplainedby the higher reproductivee�ort of females
as opposedto males. Male pikas have beenshown to invest little e�ort in rearing the
young (Smith and Gao, 1991). But at the sametime the higher survival rate of males
may also be an artefact causedby the weight limit used to group individuals into
cohorts. This weight limit is mainly basedon growth data from females,and males
exhibited a di�erent growth pattern (Section4.1.1, p. 58).

Excluding drought from the factors inuencing survival seemsto be in contradiction
to the apparent di�erences in density betweenthe drought year 2001and the following
year. Evenif the hay cachesfrom the preceedingyearcouldexplainhigh survival during
the summer of drought, they should have been used up by winter. For modelling
survival rates, this winter was coded as an extra category within the factor coding
season,sinceit included major parts of the following summer(Table4.10, p. 83). But
neither the drought factor nor that of seasoncould explain the survival rates in the
present analysis. One of the methodological reasonswhy an inuence of the drought
year on survival might have beenmissedby the analysis is samplesize: Most of the
individuals used for the analysis were captured in the summer of drought. There
might have beensimply too few individuals in the other groups to detect signi�cant
di�erences. This already was the casewhen using � 2 tests for analysing consistent
recapture and survival rates within the groups, as described in the methods of this
section.

Another possiblemethodological reasonfor missingthe inuence of drought is the
\juv enile" category described above. Judging from the life tables, survival rates in-
creasedwithin the group of juveniles with age (Table4.5, p. 75). Juvenile survival
could be only comparedfor the drought summer of 2001and the following summer,
but in 2002there wereonly two samplesessions,both in the beginningof July. Again,
the small samplesizecouldbea reasonfor not detectingreducedsurvival in the drought
year.

However, sincesurvival is not the only factor explaining population densities,the
analysismay also be reliable and may not have beeninuenced by the drought year.
Instead, reproduction may have beenreducedin the year following the drought year.
Section4.5 on page101discussesthe implications of acceptinghigh adult survival and
density dependencefor the life history strategy and the population dynamics of the
Mongolian pika.

4.2.3 Surviv al of early and late litter

Within the conceptof two distinct suits of life history traits for pikas higher survival
of early litter was linked to the K -type of life history strategy (seeSection2.2, p. 23
and Smith, 1988). In the following analysis, encounter histories of juveniles born in
the samesummerare tested for the e�ect of their date of birth within the seasonon
survival. Recapturerates were tested for the inuence of sex, date of birth, and age,
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(a) Recapture rates (b) Survival rates

1 � � s� b� t X � s� b� t �
2 � � s� b� a 7 � s� b� a� d �
3 � � b� a 8 � s� b �
4 � � s� b 9 � s� a� d �
5 � � b 10 � s �
6 � � a 11 � b �

Table 4.17: Candidate model sets for re-
capture (Models 1{6) and survival (Models
7{11) using only individuals from early or
late litter in summer 2001. \X" is a place
holder for the most parsimoniousmodel af-
ter running the recapture model set (models
1{6). Recapture models tested sex(s), time
of birth (b), capture occasion (t), and age
(a) dependence. Survival models addition-
ally tested density (d) dependence.

while survival ratesweretested for the inuence of sex,date of birth, age,and density.

Metho ds

Data from juveniles was basedon pooled information from observation and capture
occasions. Only juveniles from the summer of 2001were included into the analysis.
Classi�cation to a group of early or late born individuals was basedon weight at �rst
capture, as described in Section4.1.3, p. 74. 17 juvenileswere consideredto be early
born, 11 late born. Encounter histories started with the beginning of reproduction
in May 2001, and ended in July 2002. There were 7 encounter occasionsused for
this analysis(seeTable2.6, p. 29 for more information on encounter occasions).Anal-
ysis was done using maximum likelihood techniques and capture-recaptureanalysis
implemented in program MARK (White and Burnham, 1999), as described in Sec-
tion 4.2.1on page79.

The candidateset of modelsis shown in Table 4.17. The fully parameterisedmodel
showed acceptablegoodnessof �t. Bootstrapped deviancesfrom the most saturated
model rangedfrom 3.474to 35.065.Observeddevianceof the model was23.726.79out
of 100simulated devianceswerelower than the observed deviance(p=0.21). Although
the softwareprogramRELEASE did not detect violation of the hypotheses,noneof the
� 2-testshad su�cien t numbersto bereliable. For this reason,̂c wascalculatedfrom the
bootstrappedand observed deviances.Meanbootstrappeddeviancewas18.4,resulting
in a correction factor for overdispersion (ĉ) of 1.289(for methodological background
seeSection4.2.1, p. 79).

Results

All the models manipulating recapture rate were better supported by the data than
the full model (Table 4.18on the next page). Noneof them di�ered by more than 2 in
� QAI Cc, they canthusbeconsideredequivalent. The model with the leastparameters
was Model 6, using the linear constraint of age to explain recapture rate. Neither
survival model was better supported than the full model explaining survival with sex,
birth, and time. Reducingthis model to an additive onedid not improve explanation.
Model 6 wasthus acceptedasbest model to explain survival and recapturerate for the
animals born in 2001from early and late litter.

Only four of the estimatescould be given with reliable error margins. All of them
werefrom juvenile femalesstill in the year 2001(Figure 4.12). Although the estimates
for the individuals from early litter were both higher than those of the individuals
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Table 4.18: Model likelihoods for modelling survival and recapture for individuals from
early and late litter in the summer of 2001. The candidate set of models is described in
Table 4.17 on the preceding page. Values for QAI Cc weight of all models add up to one,
the model with the highest support having the highest scorein QAI Cc weight. Models were
selectedin two steps, �rst running all models of the recapture candidate set (Models 1-11),
and then optimising the most parsimoniousmodel. The modelswith highest support is shown
in bold letters. Model selection basedon Ĉ = 1:289. Notation: sex (s), time of birth (b),
time of capture occasion(t), age(a as linear or quadratic ordinal covariate), and density (d).
An underscoreof � denotesconstant survival or recapture. K are the number of estimable
parameters.

QAI Cc

Model QAI Cc � QAI Cc weight K Deviance

(a) Recapture rate
1 � s� b� t � s� b� t 90.14 6.92 0.007 11 18.4
2 � s� b� t � s� b� a 84.56 1.35 0.119 8 21.8
3 � s� b� t � b� a 84.56 1.35 0.119 8 21.8
4 � s� b� t � s� b 83.22 0.00 0.234 7 23.2
5 � s� b� t � b 83.22 0.00 0.234 7 23.2
6 � s� b� t � a 83.91 0.69 0.166 7 23.9

(b) Survival rate
6 � s� b� t � a 83.91 0.69 0.166 7 23.9
7 � s� b� a� d � a 103.85 20.64 0.000 12 28.8
8 � s� b � a 85.88 2.66 0.062 4 33.5
9 � s� a� d � a 90.43 7.21 0.006 7 30.5

10 � s � a 87.76 4.55 0.024 3 37.7
11 � b � a 94.95 11.73 0.001 3 44.9

Optimizing the most parsimoniousmodel
6 b � s+ b+ t � a 87.53 4.31 0.027 7 27.6

from late litter, the error margins were wide. The results discussedin Section 4.5 on
page101.

4.2.4 Summary

Capture-recaptureanalysisincluding the estimation of recaptureprobabilities presents
a more powerful tool to analysepresenceabsencedata than mere enumeration sum-
marisedin life tables.

Using Cormack-Jolly-Seber models (White and Burnham, 1999) implemented in
modelling environments that usemaximum likelihood theory to estimate survival and
reencounter parametersthe e�ect of age,cohort, a�liation to early or late litter, sex,
season,drought conditions, and density on survival rates wereestimated.

Neither climatic factor could explain the di�erences in survival rates: the models
using seasonor drought conditions were less supported by the data. Past climatic
conditions indicated by di�erent survival of cohorts were not supported either. The
most parsimoniousmodel included age, sex, and density in modelling survival rates,
and agein modelling recapture rates.
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Figure 4.12: Survival rates for female ju-
veniles born early or late in the summer.
Ratescould be comparedfor three intervals
betweensamplesessions,May to June, June
to July, and July to August 2001. Estimates
are given with standard errors.

For all groupssurvival decreasedwith density, the only exceptionbeingadult males.
Adult male survival could be consideredto remain constant for varying densities. Fe-
male survival was consistently higher than male survival, except for adult femaleand
male survival at maximum densities.At maximum densitiesmale survival washigher.
Juvenile survival was consistently lower than adult survival. Additionally , survival of
juvenilesfrom early litter was higher than of juvenilesfrom late litter.

Femalejuvenile survival ranged from 0.557(� 0:105SE) to 0.794(� 0:103SE) de-
pending on density, male juvenile survival ranged from 0.255 (� 0:158SE) to 0.614
(� 0:268SE).Femaleadult survival rangedfrom 0.744(� 0:133SE) to 0.941(� 0:023SE),
while maleadult survival rangedfrom 0.458(� 0:382SE) to 0.803(� 0:052SE). Survival
rates were standardisedto time intervals of 30 days.
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4.3 Repro duction

The reproductive potential of a speciesis crucial for assessingpossiblescenariosof its
population dynamics (Krebs, 1985). Of the two life history strategiesdescribed for
pika species,one invests more energy in reproduction than the other. Thesespecies
reach a reproductive output one order of magnitude greater than speciesof the other
group (Section2.2, p. 23, Table2.4, p. 24, and Smith, 1988). This sectiondescribesthe
reproductive activit y of the Mongolian pika.

Metho ds

Data on reproductive activit y was collectedwhile handling individuals (Section2.4.2,
p. 28). Information from all capture occasionswas used(Table2.6, p. 29). The status
of reproductive activit y for femaleswas assessedby the appearanceof their mamilla,
namely if thesewere merely visible, already swollen, or if the hair around the papilla
was glued together, indicating that they were lactating. For males,the testicleswere
tested. They were either merely tangible, or visible, or swollen. Individuals with no
signsof reproductive activit y were not included in the analysis. For each month from
July 2000to July 2002the sum of individuals with signsof reproductive activit y was
calculated.

Information on reproductive output was collectedby counting juvenilesduring the
capture and observation sessionsin 2001(Table 2.6 on page29), including additional
captureson selectedburrows in the middle of June 2001. Litter sizewas determined
by the number of juvenilesobserved on oneburrow. Individual juvenileswereassigned
to the burrow they wereobserved on up to a weight of approximately 80g. If juveniles
were observed on more than one burrow, their number was divided by the number
of burrows. Individuals found dead were included in the analysis. Additionally , the
number of femalesper burrow with litter was counted.

Results

Repro ductiv e activit y None of the animals captured as juvenile showed signsfor
reproduction in the summerof birth. In April 2001femalesshowed �rst signsof repro-
ductive activit y in form of visible mammilla (Figure 4.13on the facingpage). Lactating
femalescould be detectedin May and June 2001. One year before,in July 2000there
was one animal with visible mammilla. Note that capture took place on the smaller
part of the study site in July and August 2000. Lactating femaleswere also detected
in July 2002.

Males showed signsof reproductive activit y over a longer period of time than fe-
males. The �rst visible testicleswere observed in March 2001, the last in July 2001,
which is onemonth earlier and later than signson females.In 2000testicleswere still
visible in August (Figure 4.13).

Litter Of the 29 burrows on the trapping site (Section2.4.1, p. 26), 17 showed juve-
niles (59%). One of the burrows had 2 litters. Minimum observed litter sizewas 1,
maximum 7, and median 3 young per litter. On the whole study site in summer2001
53 juvenileswere observed, 4 of them were found dead. This results in an averageof
1.7 living juvenilesper burrow, and 2.9 living juvenile per burrow with litter. In one
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Figure 4.13: Reproductive state of captured animals during the research period from
July 2000 to July 2002. Reproductive state refers to the appearanceof mamilla or testi-
cles. Months with capture occasionsare labelled with \ � ".

casea femalecould be observed with two litters separatedin time. Although all other
observed pikas did not usemore than oneburrow, this femaleused2 burrows. It also
happened to be nearest to the observation point (3 m), so that everything could be
seenin great detail. This femaleproducedthe highest number of juveniles. On these
two burrows 13 juvenileswere observed.

Discussion

The observed population showed a discretedynamic in sexualactivit y and reproduc-
tive output. Both were restricted to the summer months. Sexualactivit y was easier
to detect for males than for females,since femalesshowed only signs of pregnancy
and lactation, but no signs of fertilit y. Sexual activit y started in March and ended
in August. This period of sexual activit y is consistent with the weight structure of
the observed population (Section4.1.1, p. 58). Note the exceptional heavy female in
April 2001, which was probably pregnant. In August the weight range of April was
reached again, implying that all juvenileshad reached the adult weight range.

The length of the reproductive seasonin the Gobi Altai may be too short to allow
young of the year to reproduce. Young of the year could not be observed reproducing
in the drought year 2001. Data was too sparsefor the other yearsto make inferences
on reproduction of young of the year. Since reproduction in the year of birth has
beenobserved for both, Ochotonapallasi pallasi (Shubin) and Ochotonapallasi pricei
(Krylova, 1974quoted in Smith, 1988), this may be possiblein the observed popula-
tion, too, but only under especially favourable circumstances.Sincesurvival was not
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inuenced by the drought conditions in the summerof drought (Section4.2, p. 79) and
population density in this summerwas considerablyhigher than in the year after the
drought (Chapter3, p. 47), it is not expected that reproductive output was inuenced
substantially by the drought conditionsdirectly. Additionally , femaleyoungof the year
might be limited by the scarcity of territories, even if they werecapableof reproduction
as far as their physical condition was concerned.There were 40g animals which were
ambiguousto assort to one burrow, indicating that the observed individuals were not
tolerated within the homerangeof their mother for a long time.

Another possiblereasonfor not detecting reproduction by young of the year is that
the research area is located at the limit of their distribution. On the other hand, the
Mongolianpika is a ubiquitous animal in the National Park (Reading, 1996), indicating
that the habitat quality is su�cien t to populate this area.

Relying on the observed data there were 17 femalesand 9 males present in the
summer of 2001(seethe life table in Table4.6, p. 76), resulting in a sex-ratio of 1.9
femalesto males.At the sametime, population density on the study site wasestimated
to be19.8animalsin April 2001,beforereproduction started. Usingthe abovesex-ratio,
thesewere12.9femalesand 6.9 males. Sincejuvenileswereobserved on 17 burrows of
the trapping site, every femaleshould have reproducedat least once.

A litter sizeof 3 young is in accordancewith the observation of Millar (1973) in
Ochotona princeps. This speciesloosesembryos when the count is greater than 3
and theselossesare not attributed to nutritional stressbut rather the capacity of the
uterus. On the other hand, other authors observed moreyoungper femalein Ochotona
p.pricei (up to 12; Lazarev, 1968).

Observation e�ort probably played a role in detecting the juvenile pikas. Highest
reproductive output (2 litter with a total of 13 young) was observed with the individ-
ual nearestto the observation point. Monthly observation seemstoo long a period of
time to detect all reproductive output. Many femaleshave not beencaptured during
pregnancyand lactation, sincesignshave beenseenon only a few individuals. Juve-
nile survival seemedto be low at a very early stage,sincethose juvenileswhich could
be followed through time in capture-recaptureanalysishad high survival rates (Fig-
ure4.11, p. 88). They probably died beforethey could be captured. During June and
July, many weakand deadjuvenileshave beenfound on the study site. But even if the
number of youngper litter hasbeenunderestimatedby this study, the number of litter
per femalewas still low comparedto other pika speciesadopting the burrowing type
of life history strategies(seeTable2.4, p. 24). SeeSection4.5 on page101 for further
discussionon life history traits.
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4.4 Population dynamics

Possiblescenariosfor population dynamics of the Mongolian pika are crucial for as-
sessingtheir \p est" status (Sections1.4, p. 4, and2.2, p. 23). The following section
integratesthe �ndings on survival and reproduction of the previoussectionsresulting
in a simple model for population dynamicsfor the Mongolian pika.

Metho ds A model of population dynamics using discrete time steps in a Leslie-
Matrix (Krebs, 1985) approach is usedto extrapolate population dynamics. This ap-
proach calculatesthe number of individuals in distinct ageclassesfor each time step
using fertilit y and survival rates. Calculations were performed using the software R
(R Development Core Team, 2004). Fertilit y rates result from reproduction and sur-
vival of the young weaned. Maximal reproductive output observed in the studied
population was used,while female/maleratio was expectedto be even. Survival rates
for all ageclasseswere taken from the parameterestimatesof the most parsimonious
model resulting from capture-recaptureanalysis(seeSection4.2.2, p. 81). Male survival
increasedwith density, but the error margin was high for low densities(Figure 4.11,
p. 88). For this simulation, adult male survival was assumedto be constant and high.
Time stepswere the sameasusedfor constructing life tables (Section4.1.3, p. 74) and
modelling survival rates, a summerconsistingof 4 months and a winter consistingof
8 months. Life time and age classesof pikas correspond to those used in modelling
survival and thoseproposedfrom interpreting life tables: a juvenile categoryspanning
the �rst summer, and adult category spanning the �rst winter to the third summer
(1 to 2.5 years),and a seniorcategoryfor the third (and last) winter.

Survival rates of female (sf ) and male (sm ) individuals were dependent on age
(juvenile: j and adult: a) and density (d), according to the modelling results (Sec-
tion 4.2.2, p. 81). The following equationsfor density dependenceare basedon a 2nd

order polynomial regressionon the parameterestimates.

sf j = 0:87� 0:40� (d=100)� 0:44� (d=100)2 (4.4)

sm j = 0:80� 1:16� (d=100)+ 0:17� (d=100)2 (4.5)

sf a = 0:96+ 0:04� (d=100)� 0:93� (d=100)2 (4.6)

sma = 0:802 (4.7)

Transition ratesaregivenin units of 30days. Summersurvival rateswould therefore
be s4, and winter survival rates s8. The Leslie matrix requiressx , the survival rate
from oneagegroup x to agegroup x + 1, and f x , the number of o�spring (bx ) born in
one time interval per femalealive agedx to x + 1 and surviving (sx ) to enter the �rst
agegroup at the next time interval. Sincea maximum of 13 juvenilesper femalewas
observed in 2001(Section 4.3 on page96), 6.5 femaleand 6.5 male juvenile per adult
or senior femalewere assumed,leading to the following equation for female juveniles
(f f ):

f f = bf sf j = 6:5 � s4
f j

: (4.8)

In this equation there is still a density dependencefor female juveniles, since their
survival (sf j , Equation 4.4) decreaseswith density. Similarly, male f m is calculatedas

f m = bf sm j = 6:5 � s4
m j

; (4.9)
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using Equation 4.4 for male juvenile survival.
Survival ratesfor adult femalesand malesweregiven in equations4.6and 4.7on the

pagebefore. Theseassumptionslead to the following Leslie matrices for the number
of femalesand malesin the population. The number of femalesin each ageclassafter
one step of time is determinedby the number of femalespresent, their survival rates,
and the number of femalejuvenilesbeing born and surviving this time step:
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In contrast, the number of malesin each ageclassafter one step in time depends
on both, the number of malesand the number of femalespresent. While the number
of juvenile males is determined by the number of malesborn and surviving the �rst
step in time, the number of adult males is determined by the survival rates of adult
males(Equation 4.7, p. 99):
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To explorethe population dynamicsresulting from the above formulations, the matrix
system was iterated for 100 years for four di�erent starting values within a range
of possiblevalues basedon the observations made during the study period. Since
population densitiesbeforeand after the reproductive period, in April and August 2001
were 19.8 and 21.1 animals respectively, a range of possiblenumbers of pikas on the
trapping site was assumedto be within one and 30 animals for one sex. Out of this
range, four starting points for the iteration were chosen,namely one femaleand one
male, 30 femalesand 10 males,30 femalesand 30 males,and �nally 10 femalesand
30 males.

Results and Discussion All chosenstarting points lead to densitiesoscillating be-
tween38 animals (26 femalesand 11 males)per ha at the end of the summerperiod,
and 9 animals (7 femalesand 2 males)at the end of the winter periods (Figure 4.14).
This correspondswell with the valuesobservedduring the study period, wheredensities
varied between14.6and 46.1animals (Chapter3, p. 47). Nonetheless,the low summer
densities in the summer after the drought cannot be explained with this model. In
summer 2002densitiesranged between14.6 and 16.3 animals. The following section
further discussesthe implications of such a density dynamic for the life history traits
of Mongolian pikas.
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Figure 4.14: Trajectories for starting points featuring numbers of femaleand male individ-
uals. Numbers were chosento represent the range of combinations which could be observed
in real situations (own judgement). Equations 4.10 and 4.11 on the precedingpagedescribe
the population dynamics from the starting points. The model was run to simulate 200 years
with summer and winter seasons.

4.5 Discussing the life history strategy of the Mon-
golian Pik a

Smith et al. (1990) and Smith (1988) proposea trade-o� for all pika speciesbetween
high investment in present survival and high investment in present reproduction (Sec-
tion 2.2, p. 23). Similar to the concept of r / K -selection(Section1.3, p. 3) they link
this trade-o� to the quality of the habitats the speciesevolved in. Relatively stable
habitats enablestablepopulation densitiesnearthe carrying capacity, leadingto higher
investment in present survival, while in relatively unstable habitats survival is unpre-
dictable, leading to higher investment into present reproduction during the evolution

Figure 4.15: Two pikas
�gh ting on the trapping site
in July 2002. The individ-
ual facing the readeris a two-
year-old female,while the in-
dividual with the back to the
reader is a one-year-old male.
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Table 4.19: Life history traits of burrowing and non-burrowing pikas in general as sum-
marised by Smith (1988) and for Ochotona pallasi pricei from literature together with the
�ndings of this study.

Burrowing Ochotona pallasi pricei
Life history traits no yes Literature This study

Repro duction
litters 1{3 2{5 3a 1{2
litter size 1{7 1{13 1{12b 1{7
in summer of birth no yes yesa no

Surviv al
juveniles low high ? low
late litter lower higher ? lower
adults high low ? high
overwinter high low ? high
density dependent yes no ? yes

Age structure
old age 6 2 4c 2
% yearlings low high highc high

Densit y dynamics
density (/ha) 2.6{30 0{380 ? 14.6{46.1
density variation low high highd low
density regulation territories climate ? territories

drought

a Krylo va (1974) quoted in Smith (1988)
b Lazarev (1968) quoted in Smith (1988)
c Krylo va (1973)
d Zevegmid (1975)

of the species. Basedon the available literature they show that pika species,which
dig their own burrows and live in steppe environments exhibit life history traits of
an r -strategist, while non-burrowing pikas exhibit life history traits of a K -strategist
(Section2.2, p. 23).

The �ndings of the present study con�rm the proposeddistinction between two
opposing life history strategiesin pikas, sincethe Mongolian pika exhibits life history
traits in accordancewith the K -type of life history strategy of non-burrowing pikas.
At the sametime, the �ndings do not con�rm the link betweena burrowing life-style
and the life history strategy, since the Mongolian pika is a burrowing species. This
sectiondiscusseswhy the Mongolian pika can be consideredto belongto the group of
non-burrowing pikasasproposedby Smith (1988), while the link betweena burrowing
lifestyle and the quality of the habitat of the Mongolianpika will bediscussedfollowing
the analysisof the impact of the specieson the ecosystem(Chapter 6, p. 133).

How a burro wing pik a can be a non-burro wing pik a

Table 4.19 lists the life history traits studied in this thesisgrouped for questionscon-
cerningreproduction, survival, agestructure, and density dynamics. Life history traits
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related to reproduction are the number of litter, sizeof litter, and if animalsreproduce
already in the samesummer,in which they wereborn. The number of litter was lower
than expected from a typical burrowing species(Table 4.19), and young of the year
were not observed to reproduce. Although the specieshas the potential to reach high
fecundity rateswith litter sizesup to 7 young,most of the femaleshad far lesso�spring
(Section4.3, p. 96).

Reproductive data from this study do not agreewith data from the literature on
the samespecies,though. In other studies, up to three litters are observed, as well
as reproduction of young of the year (Krylova, 1973quoted in Smith, 1988). Addi-
tionally, most of the data in this study were collectedunder drought conditions. The
femalesmay have beenenergy-limitedunder theseconditions, reducingtheir abilit y to
producea secondor third litter. It was shown earlier in this study that the reproduc-
tive seasonwas delayed in the summerof drought (Figure 4.4, p. 64 and Section4.1.1,
p. 58). This shortensthe reproductive period and reducesthe chancesfor young of the
year to reproduce in their summer of birth. Energy limitation may be indicated by
comparatively low weight gain or a lower juvenile ratio than in the other years. Pikas
gainedlessweight in the drought year than in the year beforesincemedianweight was
lower in August and September 2001than in 2000(Table4.1, p. 61). Similarly, juvenile
ratio was lower in 2001than in the other years,but this wasnot signi�cant (Table4.4,
p. 71).

On the other hand, the data collected outside the summer of drought con�rms
the �ndings on comparatively low reproduction for the Mongolian pika. The more
favourable year 2000 did not show a markedly di�erent weight structure indicating
reproduction by young of the year in a year lesslimited by food. Like in the year of
the drought there were no juvenilesweighing lessthan 100g in August or September
(Figure4.1, p. 60), although the animals reached higher median weights, indicating
good physical conditions in that year (Table4.1, p. 61). Additionally , pikas are less
energy-limitedunderdrought conditionsthan other species.Goatsand sheepstudied in
the research areaalsogainedweight during the drought summer,although not enough
to build up resourcesfor the winter (Retzer et al., in press). At the endof the summer,
many herders left the area and tried to sell someof their weak animals. Livestock
numbers were thus dramatically reducedby the end of the summer. In contrast, pika
numberswerenot reducedcomparedto the other years. Energy limitation is thus less
crucial for pikas compared to livestock in a year of drought. This is partly due to
the hay storescollectedby pikas, but also to their capacity to grazemore thoroughly
than livestock (Farnsworth et al., 2002; Retzer, 2004). For this reasonthe present study
concludesthat the relatively low investment in reproduction observed in the Mongolian
pika is representativ e for the population, even though major parts of the information
were collectedin a drought year.

Survival rates alsoconform with the K -type of life history pattern of non-burrow-
ing species(Table4.19, p. 102). Non-burrowing speciesshow lower survival of juveniles,
and high adult survival. Overwinter survival is high in non-burrowing species,while it
is low in burrowing species(Section2.2, p. 23 and Smith, 1988). The low temperatures
in winter do not posea problem to pikas in generalas pikas are cold-adaptedspecies.
Like other small mammal speciesthey are capableof nonshivering thermogenesis,lib-
erating chemical energymainly generatedby brown adiposetissue: Wang and Wang
(1996) show that Ochotona curzoniae do not reduce nonshivering thermogenesisin
summer and that they don't reduce body weight in winter, a strategy employed to
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save energyin other small mammals. Low overwinter survival rates of the burrowing
speciesOchotonacurzoniaehave beenrelated to high and prolongedsnow cover during
winter, preventing the animalsfrom foraging(Wang and Wang, 1996). In the observed
population of Ochotonapallasi pricei survival of juvenileswaslower than adult survival
and overwinter survival was high (Section4.2.2, p. 81). During winter there was snow
covering the ground and pika burrows. Pikas diggedtunnels in the snow and runways
on the snow surfacewerevisible (own observation). Mongolian pikasobviously areable
to reach their hay cachesor standing crop in spite of snow cover.

Higher survival rates for early born juveniles(Figure 4.12, p. 95) alsoconform with
the life history traits of non-burrowing species. The drought conditions are another
explanation for low survival of late born juveniles,though. Probably both, the drought
conditions and the needto defendterritories limited the energyavailable for pikas to
raise young. Additionally , this life history trait may be variable even in burrowing
species,sinceWang and Smith (1988) report highersurvival ratesfor late born juveniles
in Ochotona curzoniae. In the present study the e�ect of density on survival was
stronger for juvenilesthan for adults. At the sametime, a study on the agestructure
of the Mongolian pika (Krylova, 1973) shows that in pellets of birds of prey jaws of
younger individuals are more prominent than thoseof older ones. This indicates that
safesites from predation, and thus territories with burrows, are crucial for survival of
juvenilesof this species.

While non-burrowing pikasshow strong density dependencein survival, burrowing
pikas do not (Table4.19, p. 102). In burrowing species,density increasesduring the
summermonths, with juvenilesof subsequent litters staying within the home-rangeof
their parents. Survival then decreasesduring winter (Smith, 1988). In contrast, survival
ratesin non-burrowing speciesareattributed to aggressive territorial behaviour and not
harshwinter conditions. Juvenilesare tolerated for a shorter time by their mother than
in non-burrowing species. Additionally they partition resourcesin time, being active
during di�erent parts of the day to avoid contact (Smith, 1988). Although the observed
population of Ochotona pallasi pricei proved to be density-dependent (Section4.2.2,
p. 81), high density wasagaincoupledwith the summerof drought, sincehighestdensi-
ties werereached in the summerof 2001. However, density changedwithin the drought
summerand still explainedsurvival rates, so the e�ect of density dependencecan be
shown over and above the e�ect of the drought. At the sametime, aggressive territorial
behaviour is documented for Ochotonapallasi pricei (Proskurina et al., 1985) and has
beenobserved on the study site (Figure 4.15, Monkhzul, 2005). Additional to the low
juvenile survival rates documented in this study, many deadjuvenileshave beenfound
on the study site during late summer. There were somevery weak juveniles in the
traps. Parasite load was higher during the summer,when population density was also
high (Section2.5, p. 40). This indicates that late summerand autumn are the crucial
periods with high mortalit y for the Mongolian pika. This meansthat mortalit y is in-
dependent of the availabilit y of forage,sincenot only foragein form of standing crop
and hay storesis still available in late summerand autumn but alsoadult individuals
reach highest body weights during this time (Table4.1, p. 61).

Life spanand agestructure are the only life history traits corresponding more with
the burrowing-type of pikas. None of the observed individuals reached 3 yearsof age,
consequently, the proportion of juvenilesand yearlingswashigh in the population (Ta-
ble4.4, p. 71 and Section4.1.3, p. 74). Although Shubin also reports high proportions
of juvenilesin populationsof Ochotonapallasi pallasi, the data comefrom the summer
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months. He reports an increasefrom 30% at the endof May to 90% at the endof July.
Thesenumbers correspond with the proportions observed in the present study for the
year 2000(Table4.4, p. 71). But if survival is coupledto the possessionof territories, a
proportion of 90% juvenilesin July may be reducedmarkedly until September. At the
sametime, there remainedconsiderabledoubt about the classi�cation of the individu-
als to cohorts in the year 2000,sincetrapping started as late as July and most of the
individuals classi�ed as\juv enile" werecaptured much later in the year (Section4.1.2,
p. 69). Nonetheless,even if a percentage of juvenilesas high as 80% may be reached
only during the reproductivemonths, a maximal ageof two yearsstill correspondsmore
with the burrowing species(Table4.19, p. 102). It contradicts the �ndings of Krylova
(1973) though. Shereports high percentagesof two to four year-oldindividuals, namely
20% of the population. Also implications for weight development di�er, sinceKrylova
(1973) assumesthat individuals continue to grow in their secondsummer, while the
present study hasshown that individuals reach their adult weight within their summer
of birth, even under drought conditions (Section4.1.1, p. 58). Longterm studies are
neededto detect if thesedi�erences are causedby intraspeci�c variation or if the two
populations belongto di�erent species.

Last but not leastdensity dynamicsof the observedpopulation conformedwith that
of non-burrowing species(Table4.19, p. 102). Although the drought conditions, and
thus environmental variabilit y, obviously reducedpopulation densitieswith the time
lag of one year (Section3, p. 47), they did not e�ect the survival of individuals (Sec-
tion 4.2, p. 79). The observed individuals must have cached su�cien t plant biomass
in their burrows to mitigate the e�ect of the drought. Caching hay is a common
strategy for non-hibernating small mammalsto survive the winter in steppe environ-
ments (Formozov, 1968). For the Mongolian pika it additionally can serve as resource
during adverse conditions even in the following summer. It thus has the function
of a key-resourcecomparableto areaswith extra water supply for larger herbivores
(Illius and Connor, 1999). Such key-resourcesmake it possibleto maintain higher den-
sities, even in years without enoughforage due to unfavourable conditions for plant
growth.

In the present study, survival rates were not e�ected by the drought conditions
(Section4.2, p. 79) leading to predictions of stable but oscillating population densities
between50 individuals per ha in summerand 20 in winter (Section4.4, p. 99). These
predictions are well in accordancewith the observed range of population densitiesof
14.6{46.1 individuals per ha, except for the low population densities in the summer
of 2002. Thus, population densitiespredicted by density-dependent survival alonedo
not explain the observed variation in population densities. At the same time, the
observed variation in population densitiesis still nearer to the variation observed for
the non-burrowing pika species(Table 4.19).

Although noneof the testsabout di�erent cohort survival wassigni�cant, the cohort
of 2000still had higher proportions than the other cohorts within each of the years
it was observed (Table4.4, p. 71). Having non-signi�cant tests may simply be due to
low samplesizes(Section4.2, p. 79). Holst et al. (1999) have shown that rabbits with
high social rank improve their reproductive successand their lifetime independent of
present reproductive e�ort. This was explainedby lower psychosocial stressresponses
in high ranking individuals. Maybe the cohort of 2000gainedhigher social rank and
could thus survive more easily, due to the favourableconditions in 2000. Observations
must be continued over a longerperiod of time to disentangle the e�ect of density and
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resourceavailabilit y on survival and fecundity rates of the Mongolian pika.
There are several other factors controlling population densities which could not

be tested by the present analysis, including reproductive rates and predation. Lower
population densitiescould have beencausedby lower reproductive rates in the sum-
mer following the drought year rather than by lower adult survival. The inuence of
predation could not be studied within this thesis. Although pikas obviously form an
important sourceof prey at the study site and evolved di�erent mechanismsto escape
predation (Lutton , 1975), the inuence of predation on population dynamicsis not ex-
pectedto be great. Predation hasbeenshown to control lower trophic levelsonly when
ecosystemsare productive enough(Begonet al., 1996; Oksanenand Oksanen, 1990),
which is not the casein a dry steppe environment. Observations from the study site are
in accordancewith this prediction, sincemany deadand weak pikas have beenfound
during late summer. This indicates that other factors than predation were important
for low survival during that period of time.

Density-dependenceitself is a much debated topic. While some authors adopt
a pragmatic approach, arguing that density dependenceis given when the rate of
increasein a population decreaseswith density (Berryman et al., 2002), others feel
that there is no density dependent regulation at all sinceevery density is ultimately
regulated by the available resources(White, 2004). For the Mongolian pika such a
resourcemay be the availabilit y of territories. Non-burrowing pikas show highly ag-
gressive behaviour towards individuals within their home ranges(Smith et al., 1990).
Within the speciesOchotonapallasi, the subspeciespricei shows aggressive relation-
ships10 times more frequently than the subspeciespallasi. When individuals trespass
onto the territories of neighbours, they may be killed by bites inicted by the occu-
pant (Formozov and Proskurina, 1980quoted in Smith et al., 1990). Proskurina et al.
(1985) attribute the higher rate of aggressionand the smaller overlap of territories
found in Ochotonapallasi pricei to environmental qualities, in this casehabitats poor
in food and resting places. This is in accordancewith the comparatively low popula-
tion densitiesin the year before the drought as observed in the present study. There
obviously is an upper limit for the population density, independent of climatic condi-
tions, probably controlled by the availabilit y of territories. Large enoughterritories
then enableindividuals to collect enoughplant material to survive not only the winter,
but also the following summerif conditions are adverse.

Life history strategy and habitat qualit y

Finding a burrow-dwelling pika in a variable environment to exhibit life history traits
conformingwith the K -type of life history strategiescontradicts the link betweenhabi-
tat quality and life history strategy assuggestedby (Smith, 1988). The groupof species
in pikas exhibiting life history traits similar to an r -strategist is named \burro wing"
pikas, or \steppe-dwelling" pikas in Smith (1988); Smith et al. (1990). The link be-
tweenconstructing burrow and r -strategy is rather cursory, saying that the proximit y
of foragesupports directing more energyinto reproduction for burrowing species.The
underlying reasonfor the evolution of the two life history patterns is actually seenin
the predictabilit y of the habitat, similar to the r / K -concept(Section1.3, p. 3). While
steppe habitats require the construction of burrows for pikasbecauseof the absenceof
safesites provided by structures like rock-piles or trees, they require an r -type of life
history strategy becauseof the unpredictability in climatic conditions. Now, �nding
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Ochotonapallasi pricei to be a K -strategist in a steppe environment might imply that
(a) the speciesdid not evolve in the steppe environment it is found in today, or (b) that
the studied habitat is not as unpredictable as might be expected, or (c) the trade-o�
betweenpresent survival and present reproduction is not linked to the unpredictability
of the habitat. Thesethree hypothesiswill be discussedin Chapter 6 on page133.
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4.6 Summary

The present study is the �rst one to observe individually marked Mongolian pikas
(Ochotonapallasi pricei). It includesinformation on individual pikas collectedduring
three summersand onewinter from the year 2000to 2002. One of the summerswas a
heavy drought.

Reproductive activit y was observed from March to August, while signsof female
pregnancywere evident from April to July. First juvenilesappearedin May, juveniles
grew to an adult weight between 180-200g within two months. Although it may be
physiologically possible for individuals of the speciesto reproduce already in their
summer of birth, this was not observed in the present study. All femalesgave birth,
with a median of 3 and a maximum of 13 juvenilesper female.

The longest observed life-span was 2.3 years. Using capture-recapture analysis
with maximum likelihood techniques an e�ect of age, density, and sex on survival
rates could be shown, while there was no e�ect of cohort a�liation nor of the climatic
factors seasonand drought. However a classi�cation of a summerand a winter season
was useful to delimit agegroups. Generally, adults showed higher survival rates than
juveniles, femalesshowed higher survival rates than males,and in all groupssurvival
declinedwith density.

Although the drought conditions did not inuence survival rates directly, density
wasreducedin the yearafter the drought. This meansthat the animalscould delay the
e�ects of the drought by one year most probably by relying on their stocks of cached
hay from the year before.

Using the parameterestimatesfor survival in a model of population dynamicsbased
on a systemof Leslie-matrices,there was a stable but oscillating attractor for starting
points ranging between one female and one male, and 30 femalesand 30 males on
one hectare. After 100 years of simulating population dynamics, densitiesoscillated
between38 animals(26 femalesand 11 males)per ha at the endof the summerperiod,
and 9 animals (7 femalesand 2 males)at the end of the winter period.

Comparing reproductive e�ort, factors inuencing survival rates, and density dy-
namicsof the Mongolian pika with other speciesof the genus shows that this species
exhibits traits of the group of non-burrowing pikas,which are closerto a K -type of life
history strategy than the group of burrowing pikas.
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Chapter 5

Ecosystem impact

In arid non-equilibrium systems, herbivores are not expected to exert much inu-
enceon ecosystemdynamics. They are in contrast seenas driven factors, dependent
on climatic conditions, primarily precipitation (Wesche and Retzer, 2005). Nonethe-
less, small mammals as well as larger herbivores are often regarded as threats to
pasture conditions from the perspective of pastoral land use (Hilbig and Opp, 2005;
Illius and Connor, 1999), or as threats to ecosystemfunctioning from the perspective
of nature conservation (Madhusudan, 2004; Readinget al., 2001). At the sametime,
small mammal burrowing activit y can be bene�cial for pasturequality (Kinlaw, 1999).

The ecosystemimpact of anorganismis oftendependent on its density (Begonet al.,
1996). Becauseof their territorialit y, long-term pika densitiescan be indicated by the
density of their burrows (Chapter4, p. 57). At the sametime, climatic factors as well
asbiotic interactions can inuence burrow densities.Altitudinal gradients present gra-
dients of precipitation and productivit y. Additionally , small mammals can increase
in density in areasalready overgrazedby livestock (Samjaaet al., 2000; Zhong et al.,
1985).

This chapter focuseson plant performanceand biomassremoval by pika and live-
stock on burrow andsteppehabitat (Section5.1, p. 109), andon the inuence of altitude
and livestock densitieson pika burrow densities(Section5.2, p. 124).

5.1 Plan t biomass pro duction and biomass remo val
by herbiv ores

Although both, grazing and burrowing activit y, e�ect ecosystemqualities, burrow-
ing activit y is usually given more importance in arid systems (Joneset al., 1997;
Kinlaw, 1999; Lavrenko et al., 1993; Whitford and Kay, 1999). Nutrient levels are
often enhancedon small mammal burrows, as is plant productivit y and soil distur-
bance(Wesche et al., submitted; Whitford and Kay, 1999). Higher plant productivit y
can be bene�cial or detrimental from the perspective of livestock. There are examples
of small mammal burrows on which fodder plants ourish (Grinnell, 1923; Holtmeier,
1999), while others host weeds(Holtmeier, 1999; Samjaaet al., 2000). Thus, the pro-
ductivit y and the usageof burrow habitat shouldbe taken into account whenassessing
the impact of pikas on the ecosystem.

Given drought conditions, there is severe competition betweenlivestock and pikas
on steppe habitat (Retzer, 2005). The following analysis studies productivit y and

109



5.1. PRODUCTION AND BIOMASS REMOVAL 5. ECOSYSTEM IMPACT

biomassremoval by livestock and pikas on burrow and steppe habitat under varying
precipitation.

Metho ds

The study was performed in the surroundingsof the research camp (Section 2.1 on
page13) on upper pediments at 2300m aslwith a southernexposureand low inclination
(3-6

�

). The vegetation of the pediments consistsof speciesfrom desert steppes(Stipa
gobica, Allium polyrrhizum) andmountain steppes(Agropyron cristatum, Stipa krylovii,
Wesche et al., in press). Most of the pika burrows on the slightly sloping pediments
are dominated by Agropyron cristatum (Wesche et al., submitted). They cover 7-12%
of the surfacein the study region. Mongolian pikas (Ochotonapallasi pricei) are the
dominant small mammals(Section2.4, p. 26). Their densitieswerecomparatively high
during the drought year 2001,while they were relatively low during the study period
for the exclosureexperiment presented here (Table 5.1). Both, wild large herbivores
and livestock grazein the surroundingsof the research camp, but livestock are more
abundant (Section2.1, p. 13andRetzer et al., in press). Underdrought conditionsasin
the year 2001there is strong competition betweenlivestock and pikas, the latter being
the better competitors becausethey can grazemore thoroughly (Retzer, submitted).

Table 5.1: Number of pikas
captured on the trapping
grid (100� 100m2, Chapter 3,
p. 47) from the year 2001 to
2003. Data from 2003 are
from T. Monkhzul.

Date Pikas

23./24.6.2001 62
27./28.7.2001 31

29.6.-2.7.2002 22
7./8.7.2002 17

3.-8.7.2003 20
19./20.7.2003 7

The exclosure experiment consisted of two sets of
4 plots for vegetationsampling,onesetof plots on each of
10 pika burrows and oneset of plots adjacent to them in
steppe habitat. Maximal distancebetweenselectedbur-
rows was1000m, minimal distancewas10m. Plots were
circular with an areaof 0.27m2. Each of the 4 plots had
a di�erent treatment, with accessfor only oneof the her-
bivore groups (pikas or large herbivores), none, or both
of the herbivore groups. This was achieved by choosing
a meshedwire for the exclosuresand covering the whole
plot with it for exclosureof pikas as well as herbivores.
Plots with wire only at the sides,but not above, could
beaccessedby larger herbivores,while plots coveredwith
meshedwire but cut open at the sidescould be accessed
by pikas only. The fourth plot was not fencedat all and

could thus be accessedby both herbivore groups. In each plot we estimated cover for
each plant species.Cover valueswereestimatedvisually, estimatesweregiven directly
aspercentage, resultsproved to be fairly closeamongdi�erent researchersafter a short
period of practice. Plots were randomly placed on the steppe but not on burrows,
whereentrancesof pikas and open earth were avoided. Cover valueswere thus repre-
sentativ e of steppe habitat, but not of burrow habitat. Burrow vegetationcovers from
representativ e samplestaking an area of 3� 3m2 had a median of 5.48% (Wesche,
unpublisheddata). Median cover on steppe plots was 3.76% (Table 5.2).

In the two summersdata on 23plant specieswerecollected. Thesewerecategorised
in the following groups for harvesting and analysis: (1) Stipa spec. (2) Agropyron
cristatum (3) Allium spec. (4) remaining. Table 5.2 on the facing pagegives median
valuesfor vegetationcover of all plots, mediansfor speciesgroupcover andmediancover
for the speciescontained in the group of remaining plants, as estimated in July 2002,
when the plots wereestablished.ThesegroupswerechosensinceAgropyron cristatum
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Table 5.2: Median cover valueson the sampleplots before the start of the exclosureexper-
iment in July 2002. Samplesize was four burrow and four steppe plots on and adjacent to
each of 10 burrows. The Allium spec. group consistedof A. polyrrhizum and A. prostratum,
the Stipa spec. group consistedof S. gobica and S. krylovii .

Species burrow steppe Species burrow steppe

Vegetation Carex stenophylla 0.10 0.07
14.97 3.76 Chenopodium spec. 0.01 0.04

Cleistogenessongorica 0.03 0.04
Groups Convolvulusammanii 0.12 0.09
Agropyron cristatum 10.50 1.30 Dontostemon spec. 0.05 {
Allium spec. 0.98 0.70 Heteropappushispidus { 0.15
Stipa spec. 0.20 0.50 Kochia prostrata { 0.55
Remaining 0.60 0.76 Lepidium densiorum 0.04 {

Oxytropis spec. 0.02 0.05
Remaining plan ts Pedicularis spec. 0.60 0.10
Arenaria meyeri 0.10 0.10 Ptilotrichum canescens 0.10 0.05
Artemisia frigida 0.50 0.30 Salsolacolina 0.02 0.01
Astragalusspec. 0.35 0.25 Scorzonera ikonnikovii 0.10 0.10
Axyris spec. 0.01 { not identi�ed 0.01 {
Bupleurum bicaule 0.02 0.01

dominatesmountain steppesand montane desertsteppesof the Gobi-Gurvan-Saikhan
Park (Wesche et al., in press), it accounted for up to 40% of the total vegetation on
steppe plots and 86% of the vegetationcover on burrow plots. Allium spec. cover were
highestafter A. cristatum. The plants comefrom the onion-family with strong smelling
secondarycompounds. Allium spec. is socommonin the Gobi desert that Mongolians
say they can recognisemeat from this region by its taste. Stipa spec., although not
covering asmuch as the other two groups,are typical speciesfor steppe environments.
All three groupsare important fodder plants for livestock (Retzer, 2004).

Table 5.3: Precipitation
in the summers of 2002
and 2003. Data from
Wesche and Retzer (2005).

Rain (mm)

August 2002 0.0
July 2003 31.8
August 2003 62.2

In 2002above-groundplant biomasswasharvestedin
July beforefencing the plots, and again in August after
one month of treatment. Plant biomasswas harvested
for the whole plot without separatingplant groups. In
July and August 2003 plant groups were separatedas
described above when harvested from the same plots.
Thus, time intervals between harvest events were dif-
ferent. While there was about one month between the
July and August harvests in 2002and 2003, there were
11 months between August 2002 and July 2003. Since
vegetation growth doesnot begin beforeMay at the study site, a time interval of 2.5
months was assumedas growing period preceedingthe July harvest in 2003. Plant
biomasswasoven-driedat 105

�

in Halle, Germany. 160out of 768samplesfrom 2003
could not be oven-dried due to moulding. These sampleswere estimated basedon
medianlossesobtained from the available samplesseparatelyfor plant groups. Median
drying coe�cien ts were 0.86 for Agropyron cristatum, 0.55 for Allium spec., 0.77 for
Stipa spec., and 0.81for the remaining plants. While there was no precipitation up to
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Figure 5.1: Hierarchical design
for a) the data set comparing the
two summers and b) the data
set comparing species groups in
summer 2003. The highest hi-
erarchical level were the burrow
sites, within which there were
burrow and steppe sites (habi-
tat). Within the habitat sites
there were plots grazed by live-
stock and plots not grazed by
livestock. Within these there
were again plots grazed by pikas
and not grazed by pikas. The
last hierarchical level was har-
vest time within onesampleplots
for both data sets, but in the
caseof comparing speciesgroups
they represent another hierarchi-
cal level betweenpika grazingand
harvest time.

Livestock grazing

Pika grazing

Livestock grazing

Pika grazing

Habitat

Species group

a)

b)

Time

Habitat

Time

August 2002,the precipitation increasedfor the harvest times in July and August 2003
(Table 5.3).

Sampleswereanalysedusinganalysisof variancefor a split plot design.Two di�er-
ent modelswere calculated,one for total plot biomassfor August 2002,and July and
August 2003,the other for July and August 2003only, but including speciesgroupsin
the analysis(Figure 5.1). In the �rst model, burrow site was the largest experimental
unit and formed the blocks within which the treatments took place. Each burrow site
was split into burrow and steppe habitats. Each of these plots was again split into
two plots with and without livestock access. In each of these treatments, one plot
was accessibleby pikas. Time was treated as the last split plot within each of the
experimental units (Figure 5.1). In order to account for the di�erences in vegetation
cover on the sampleplots, initial cover in July 2002at the beginning of the experi-
ment was added as a covariate. Burrow site was treated as random block e�ect and
added to the model in the error term. Time was treated as �xed factor, since there
wasinformation on precipitation available for the time intervals and we wereinterested
in the e�ects produced by the di�erent harvesting times. Contrasts were calculated
to comparethe e�ect of sampling time. First, the harvest without precipitation (Au-
gust 2002)was contrasted to the harvestswith precipitation (July and August 2003).
After this, July 2003was contrasted to August 2003.

The secondmodel had a very similar structure, but harvest time only had two levels,
so that contrasts were not calculated. Speciesgroupswere treated as split plot before
the level of harvest time. Since there were more than two speciesgroups, contrasts
were usedto separate�rst Allium spec. from the other groups. In a secondcontrast,
Agropyron cristatum wasseparatedfrom Stipa spec. and the group of remainingplants,
and in a last step, thosetwo groupswerecontrasted with each other (Figure 5.1).

Box-cox transformations were used to achieve a better error distribution before
calculating the models. They resulted in a � of 0.1625for the �rst model, and a �
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of -0.1161for the secondmodel. The following transformations were thus used to
transform valuesof biomass(b):

bt =
b� � 1

�
(5.1)

Estimates of standing above-ground biomasswere averagedusing a linear model
including only the signi�cant terms of the split plot analysis. To comparethe e�ects
of burrow and steppe habitat, grazingtype, speciesgroup, and harvest time, estimates
were correctedfor the inuence of initial vegetationcover by standardisingon a cover
of 8%.

Estimating plan t pro duction and biomass remo val Estimatesfor aboveground
plant biomasson burrow and steppe plots with median vegetation cover were usedto
assessthe biomassproduction and biomassremoval by pikason onehectaremountain
steppe including pika burrows. The term \biomass removal by pikas" is preferred to
\pik a grazing" here,sinceit includesboth, grazing and harvesting.

Since burrows occupied between 7 and 12% of the surface in our study region
(Wesche and Retzer, 2005), the mean of 9.5% was used as value for the area cov-
ered by burrows on a hectare. Median vegetation cover was 3.76% on steppe plots
(Table5.2, p. 111) and 5.48% on burrow plots (data from 3� 3m2 relev�es, Wesche,
unpublisheddata). While above-groundplant biomassproduction wasestimatedfrom
the biomassharvestedon the ungrazedplots, biomassremoval by pikaswasestimated
by the di�erence betweenthe ungrazedplots and the plots grazedby pikas. Production
and removal could be related to a period of time by using the time intervals between
the harvest events. There was one month of growth for the harvests in August 2003
and 2003,while it was approximated as 2.5 months in July 2002. This corresponds to
daily intervals of 30 and 75 days respectively.

Results

In both models, initial cover, pika grazing,samplingtime, and habitat weresigni�cant
factorsexplainingvariation in standingcrop, while livestock grazingmissedsigni�cance
marginally. In the secondmodel, plant speciesgroups also contributed signi�cant
e�ects (Tables5.4 and 5.5).

Pooling all other factors in the �rst model, initial cover could not explain much
of the variation on the level of burrow sites, but discriminating between burrow and
steppe habitat, initial cover explainedmost of the variation (Table 5.4). On the level of
livestock grazing treatments, neither of the factors contributed signi�cantly to explain
variance,although the interaction betweenhabitat and livestock grazingnearly reached
signi�cance. Pooling sampling times, pika grazing showed a signi�cant main e�ect.
Above ground plant biomasson pika-grazedplots was lower than on plots not grazed
by pikas. Figure 5.2 on page115shows estimatesfor dried biomasson a standardised
initial vegetationcover of 8% basedon the linear model featuring only the signi�cant
e�ects of the split plot ANOVA. Letters \A" and \B" represent the main e�ect of pika
grazing and pika exclusionrespectively.

Samplingtime, and thus the amount of precipitation, had not only signi�cant main
e�ects but also signi�cant interactions with habitat and pika grazing. Above-ground
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Table 5.4: Analysis of variance table on biomassharvestedon exclosureplots in 2002and
2003. Signi�cant e�ects are printed in bold letters.
Signi�cance codes: 0 < `***' < 0:001< `**' < 0:01 < `*' < 0:05 < `.' < 0:1 < `' < 1.

variable Df Sum Sq Mean Sq F value Pr-(> F ) Sign.

Error: site
arcsin(

p
cover) 1 0.047 0.047 0.03 0.864

Residuals 8 12.050 1.506

Error: site:habitat
ar csin (

p
cov er ) 1 65.482 65.482 98.50 < 0:001 ***

habitat 1 1.473 1.473 2.22 0.175
Residuals 8 5.319 0.665

Error: site:habitat:lvst
arcsin(

p
cover) 1 0.220 0.220 1.08 0.312

lvst 1 0.306 0.306 1.50 0.237
habitat:lvst 1 0.869 0.869 4.27 0.054 .
Residuals 17 3.455 0.203

Error: site:habitat:lvst:pik a
arcsin(

p
cover) 1 0.004 0.004 0.02 0.902

pik a 1 4.599 4.599 18.37 < 0:001 ***
habitat:pik a 1 0.284 0.284 1.13 0.294
lvst:pika 1 0.541 0.541 2.16 0.150
habitat:lvst:pik a 1 0.082 0.082 0.33 0.570
Residuals 35 8.762 0.250

Error: site:habitat:lvst:pik a:time
Aug 02 1 240.459 240.459 993.20 < 0:001 ***
Jul 03 1 2.956 2.956 12.21 0.001 ***
habitat:Aug 02 1 0.905 0.905 3.74 0.055 .
habitat:Jul 03 1 1.149 1.149 4.75 0.031 *
lvst:Aug 02 1 0.075 0.075 0.31 0.578
lvst:Jul 03 1 0.177 0.177 0.73 0.394
pika:Aug 02 1 0.890 0.890 3.68 0.057 .
pik a:Jul 03 1 2.374 2.374 9.81 0.002 **
habitat:lvst:Aug 02 1 0.003 0.003 0.01 0.919
habitat:lvst:Jul 03 1 0.052 0.052 0.22 0.643
habitat:pik a:Aug 02 1 0.689 0.689 2.85 0.094 .
habitat:pik a:Jul 03 1 0.348 0.348 1.44 0.232
lvst:pika:Aug 02 1 0.032 0.032 0.13 0.716
lvst:pika:Jul 03 1 0.126 0.126 0.52 0.471
habitat:lvst:pik a:Aug 02 1 0.050 0.050 0.20 0.652
habitat:lvst:pik a:Jul 03 1 0.080 0.080 0.33 0.567
Residuals 144 34.863 0.242

plant biomasson the sampleplots increasedfrom August 2002to August 2003,similar
to the increasingprecipitation (Table5.3, p. 111) and regardlessof pika grazing. The
interannual di�erence between the harvest in August 2002 and the two harvests in
2003explainedmost of the variation. Letters \E" to \G" in Figure 5.2 on the facing
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Figure 5.2: Averagedestimatesfor standing crop on a standardisedinitial cover of 8% based
on a linear model taking into account only the signi�cant e�ects of the analysis of variance.
The letters indicate signi�cant main e�ects and interactions: plots grazedby pikas (A), plots
not grazed by pikas (B), the e�ect of pika grazing at di�eren t harvest times, namely July
2003(C) and August 2003(D), the main e�ect of harvest time in August 2002(E), July 2003
(F), and August 2003(G), and the di�eren t e�ects of habitat type at di�eren t harvest times,
in July 2003(H) and in August 2003(I).

pageindicate the main e�ect of harvest time on the estimatedabove-groundbiomass,
pooling habitat and grazing treatment.

Burrow plots producedmoreplant biomassthan steppe plots whencomparingJuly
and August 2003(interaction betweenhabitat and July 2003in Table5.4, p. 114). This
interaction is indicated by letters \H" and \I" in Figure 5.2, showing that most of the
higher plant biomassproduced up to August 2003originates from burrow plots, not
from steppe plots. Additionally , pika biomassremoval was more evident in July 2003
than in August 2003(interaction between pika grazing and July 2003 in Table 5.4).
This e�ect is indicated by the letters \C" and \D" in Figure 5.2.

The secondmodel, usingdata only from the summerof 2003,found the samee�ects
(pika and time main e�ect, interaction betweenpika grazingand time, and interaction
between habitat and time). Speciesgroups could explain additional variation (Ta-
bles 5.5 and 5.6). When pooling all other factors, Allium spec. showed highest above-
ground biomassproduction, followed by Agropyron cristatum, the group of remaining
plants, and �nally the Stipa spec.-group. In contrast to the other species,Allium spec.
showed a consistently higher above-ground biomassproduction on plots not grazed
by pikas (interaction betweenpika grazing and Allium spec.), while A. cristatum was
removed more than the other plants. A. cristatum showed higher biomassproduction
than Allium spec. on ungrazed plots (interaction between pika grazing and Allium
spec.). The e�ect of preferential grazingof A. cristatum waseven moreevident on pika
burrows (interaction betweenpika grazing, habitat, and A. cristatum). The group of
remaining plants showed higher biomassproduction on burrow plots grazedby pikas,
while pikasreducedthis plant group on steppe plots (interaction pika grazing,habitat,
remaining plants). SeeTable 5.6 on page120 for further signi�cant e�ects and Fig-
ure 5.3 on page119 for estimatesof biomassproduction for the factors explaining the
variation in the data and correctedfor e�ects of initial vegetationcovers.

115



5.1. PRODUCTION AND BIOMASS REMOVAL 5. ECOSYSTEM IMPACT

Table 5.5: Analysis of variance table on biomassharvestedon exclosureplots in July and
August 2003, including speciesgroups as explaining variable. Signi�cant e�ects are printed
in bold letters.
Signi�cance codes: 0 < `***' < 0:001< `**' < 0:01 < `*' < 0:05 < `.' < 0:1 < `' < 1.

variable Df Sum Sq Mean Sq F value Pr-(> F ) Sign.

Error: site
arcsin(

p
cover) 1 0.005 0.005 0.01 0.940

Residuals 8 6.140 0.768

Error: site:habitat
ar csin (

p
cov er ) 1 9.239 9.239 14.15 0.006 **

habitat 1 0.782 0.782 1.20 0.306
Residuals 8 5.225 0.653

Error: site:habitat:lvst
arcsin(

p
cover) 1 0.038 0.038 0.16 0.690

lvst 1 0.182 0.182 0.79 0.387
habitat:lvst 1 0.468 0.468 2.03 0.173
Residuals 17 3.928 0.231

Error: site:habitat:lvst:pik a
arcsin(

p
cover) 1 0.010 0.010 0.04 0.845

pik a 1 3.069 3.069 11.91 0.001 **
habitat:pik a 1 0.011 0.011 0.04 0.838
lvst:pika 1 0.554 0.554 2.15 0.151
habitat:lvst:pik a 1 0.003 0.003 0.01 0.909
Residuals 35 9.016 0.258

Error: site:habitat:lvst:pik a:group
ar csin (

p
cov er ) 1 110.694 110.694 316.14 < 0:001 ***

A l lium 1 49.851 49.851 142.37 < 0:001 ***
A grop. 1 2.742 2.742 7.83 0.006 **
Remain. 1 11.274 11.274 32.20 < 0:001 ***
habitat: Allium 1 0.405 0.405 1.16 0.284
habitat: Agrop. 1 1.035 1.035 2.96 0.087 .
habitat:Remain. 1 0.153 0.153 0.44 0.509
lvst:Allium 1 0.381 0.381 1.09 0.298
lvst:Agrop. 1 0.003 0.003 0.01 0.924
lvst:Remain. 1 0.030 0.030 0.09 0.770
pik a:A l lium 1 4.059 4.059 11.59 0.001 ***
pik a:A grop. 1 4.287 4.287 12.24 0.001 ***
pika:Remain. 1 0.667 0.667 1.90 0.169
habitat:lvst: Allium 1 0.479 0.479 1.37 0.243

Continued on next page
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Continued from last page

variable Df Sum Sq Mean Sq F value Pr-(> F ) Sign.

habitat:lvst: Agrop. 1 0.031 0.031 0.09 0.766
habitat:lvst:Remain. 1 0.003 0.003 0.01 0.923
habitat:pik a:Allium 1 0.101 0.101 0.29 0.592
habitat:pik a:A grop. 1 1.378 1.378 3.93 0.049 *
habitat:pik a:Remain. 1 2.099 2.099 5.99 0.015 *
lvst:pika:Allium 1 0.960 0.960 2.74 0.099 .
lvst:pika:Agrop. 1 0.018 0.018 0.05 0.821
lvst:pika:Remain. 1 0.054 0.054 0.15 0.695
habitat:lvst:pik a:Allium 1 0.482 0.482 1.38 0.242
habitat:lvst:pik a:Agrop. 1 0.006 0.006 0.02 0.892
habitat:lvst:pik a:Remain. 1 0.486 0.486 1.39 0.240
Residuals 215 75.281 0.350

Error: site:habitat:lvst:pik a:group:time
time 1 1.550 1.550 12.61 < 0:001 ***
habitat:time 1 1.231 1.231 10.01 0.002 **
lvst:time 1 0.008 0.008 0.06 0.802
pik a:time 1 2.233 2.233 18.17 < 0:001 ***
Allium :time 1 0.018 0.018 0.15 0.699
Agrop.:time 1 0.095 0.095 0.77 0.381
Remain.:time 1 1.889 1.889 15.37 < 0:001 ***
habitat:lvst:time 1 0.020 0.020 0.16 0.690
habitat:pik a:time 1 0.488 0.488 3.97 0.047 *
lvst:pika:time 1 0.021 0.021 0.17 0.679
habitat: Allium :time 1 0.119 0.119 0.97 0.326
habitat: Agrop.:time 1 0.001 0.001 0.01 0.933
habitat:Remain.:time 1 0.355 0.355 2.89 0.090 .
lvst:Allium :time 1 0.019 0.019 0.15 0.696
lvst:Agrop.:time 1 < 0.001 < 0.001 < 0.01 0.970
lvst:Remain.:time 1 0.007 0.007 0.05 0.816
pika:Allium :time 1 0.381 0.381 3.10 0.079 .
pika:Agrop.:time 1 0.131 0.131 1.07 0.302
pik a:Remain.:time 1 0.541 0.541 4.40 0.037 *
habitat:lvst:pik a:time 1 0.279 0.279 2.27 0.133
habitat:lvst: Allium :time 1 0.154 0.154 1.25 0.264
habitat:lvst: Agrop.:time 1 0.030 0.030 0.24 0.623
habitat:lvst:Remain.:time 1 0.341 0.341 2.77 0.097 .
habitat:pik a:A l lium :time 1 0.496 0.496 4.03 0.046 *
habitat:pik a:Agrop.:time 1 0.049 0.049 0.40 0.527
habitat:pik a:Remain.:time 1 < 0.001 < 0.001 < 0.01 0.963
lvst:pika:Allium :time 1 0.113 0.113 0.92 0.339
lvst:pika:Agrop.:time 1 0.061 0.061 0.50 0.482

Continued on next page
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Continued from last page

variable Df Sum Sq Mean Sq F value Pr-(> F ) Sign.

lvst:pika:Remain.:time 1 < 0.001 < 0.001 < 0.01 0.978
habitat:lvst:pik a:Allium :time 1 0.006 0.006 0.05 0.820
habitat:lvst:pik a:Agrop.:time 1 0.113 0.113 0.92 0.339
habitat:lvst:pik a:Remain.:time 1 0.002 0.002 0.01 0.908
Residuals 288 35.399 0.123

Table5.7, p. 121 lists estimates for daily above-ground plant biomassproduction
scaledup to a hypothetical hectareof a mountain steppe. Burrows occupy 0.095ha on
this plot. Production washighest in August 2003and lowest in August 2002(main ef-
fect of harvest time in Table5.4). Pika biomassremoval wasalsolowest in August 2002
(0.12kgd-1), but washighest in July 2003(1.27kgd-1; interaction betweenpika grazing
and the contrast between July and August 2003 in Table 5.4). Although pika num-
berswererelatively constant in 2002and 2003(Table5.1, p. 110), they removed about
10 times more above-groundplant biomassin July 2003than in August 2002.

Above-groundplant biomassproduction on this hypothetical hectareaddedup to
1.11kgd-1 in August 2002, from which 0.24kgd-1 (22%) were produced on burrows
and 0.87kgd-1 (78%) were producedon the steppe. Sinceburrows occupied0.095ha
within this hypothetical hectareof mountain steppe, burrow biomassproduction per
area was 2.53kgha-1d-1. Burrow biomassproduction per area was thus greater than
steppe biomassproduction per area (0.96kgha-1d-1), although this di�erence was not
signi�cant in the analysisof variancefor August 2002(Table 5.4 on page114). Pikas
harvested0.12kgd-1 on this hectaremountain steppe, 0.022kgd-1 (20%) on burrows
and 0.094kgd-1 (80%) on the steppe. Pikas were thus using the burrow and steppe
habitat similar to the biomassproduction in the habitats. Biomasson burrows was
reducedby 9%, and biomassin the steppe habitat was reducedby 11%, which means
that pika removedrelatively morefrom steppe plots. This di�erence wasnot signi�cant
in the analysis of variance, since there was no signi�cant interaction between pika
grazing and habitat (Table 5.4). In total pikas removed 11% of the biomassproduced
on this hypothetical hectaremountain steppe.

Until July 2003 3.45kgd-1 dry plant biomasswere produced (Table 5.7). Bur-
rows contributed 0.47kgd-1 (14%) and steppe 2.98kgd-1 (86%). Burrow production
per area(4.96kgha-1d-1) was higher than steppe production per area(3.30kgha-1d-1).
Pikas removed 1.30kgd-1, 0.17kgd-1 (13%) from burrow and 1.12kgd-1 (87%) from
steppe habitat. They were thus using burrow and steppe habitat proportionally to
the biomassproduced. Pikas reducedbiomasson burrow plots by 35%, while steppe
biomasswas reducedby 37%. In total pikas removed 37% of the biomassproduced
up to July 2003.

Above-groundplant biomassproduction washighestin August 2003with 8.06kgd-1

(Table 5.7), from which 1.38kgd-1 (17%) were produced on burrows and 6.71kgd-1

(83%) were produced in steppe. Again, production per area (14.19kgha-1d-1) was
higher on burrow plots than on steppe plots (7.41kgha-1d-1). Pikasremoved 0.71kgd-1

on this hypothetical mountain steppe, 0.11kgd-1 (15%) on burrows and 0.60kgd-1

(85%) in steppe. Again the pattern of using burrow and steppe habitats was pro-
portional to the production on thesehabitats. Burrow biomasswas reducedby 8%
and biomassin steppe was reducedby 9%. In total pikas removed 9% of the biomass
produced.
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Figure 5.3: Standing crop estimated for an initial cover of 8% for the di�eren t harvest
times (July and August 2003), habitats (burrow and steppe), plant groups (Agr: Agropyron
cristatum, All: Allium spec., Rem: group of remaining plant species,Sti: Stipa spec.), and
contrasting pika-grazedto non-pika grazedplots. For signi�cant e�ects seeTable 5.6 on the
next page.

Relative to the area covered by burrow habitat, burrows always produced more
above-groundplant biomassthan steppe habitat. This e�ect however was signi�cant
only for the contrast betweenJuly and August 2003(Table5.4). The ratio of burrow to
steppeproductivit y increasedfrom 1.5in July to 1.9in August 2003,while precipitation
increasedfrom 31.8mm to 62.2mm. Thus, an increaseof 96% in precipitation lead
to an increaseof 27% in the ratio of burrow to steppe productivit y. At the same
time, burrow and steppe habitat wereharvestedwith the sameintensity. Although the
proportional removal of plant biomassby pikas(Table5.7on page121) wasconsistently
lower on burrows than on steppe plots, this di�erence wasnot signi�cant (Table 5.4 on
page114).

Discussion

The inuence of site conditions on plant biomass productivit y is predicted to be
limited in arid non-equilibrium systems (Fernandez-Gimenezand Allen-Diaz, 1999;
Wesche and Retzer, 2005). In another study we show that burrows are enriched in
nutrients at the research site (Wesche et al., submitted). Mongolian pikas relocate
nutrients from the steppe matrix onto their burrows by carrying livestock dung to
the burrows and by concentrating their own excretionsand plant biomassin form of
harvestedplants in their burrows (Retzer, 2004). In the present study, burrow produc-
tivit y washigher than steppe productivit y when more water wasavailable (Figure 5.2,
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Table 5.6: The signi�cant e�ects detected by the ANOVA of above ground plant biomass
explained by pika grazing (pika), plant species group (group: All. spec.= Allium spec.,
Agr. cri. = Agropyron cristatum, Stipa spec., rem= remaining plants), burrow or steppe habi-
tat (hab), and harvest time (time). E�ects were corrected for vegetation cover, compare
Figure 5.3 on the precedingpageand Table 5.5 on page116.

E�ect description

pika Pooling all other factors, above-ground plant biomass was
lower on plots under pika grazing.

group Pooling all other factors, above-ground plant biomassof Al-
lium spec. washighest, followed by Agropyron cristatum, the
group of remaining plants, and then Stipa.

All. spec. � pika Under pika grazing, Allium spec. showed consistently more
above-ground biomassthan in plots not grazedby pikas.

Agr. cri. � pika above-ground plant biomassof Agropyron cristatum was re-
ducedmore than the other plant speciesunder pika grazing.

hab� Agr. cri. � pika The grazing e�ect for Agropyron cristatum wasmore evident
on burrows than on steppe plots. This meansat the same
time that in the absenceof pika grazing Agropyron cristatum
showed even higher biomasson burrows than in the steppe.

hab� rem� pika Above-ground plant biomass of the remaining plants was
higher under pika grazing on burrows, while above-ground
biomasswas reducedon steppe plots.

time Pooling all other factors, above-ground biomasswas higher
in August than in July.

hab� time Biomasswas even higher on burrow plots in August.

pika� time In August the grazing e�ect was lessevident.

rem� time When contrasting Stipa spec. and the group of remaining
plants, Stipa spec. biomasswas lessin August than in July.

pika� time � hab Pooling all speciesgroups, the grazing e�ect on burrows in
August was negligible, while it was evident on steppe plots.

pika� time � rem Above-groundplant biomassof the group of remaining plants
increasedin August under pika grazing, while it wasreduced
in July.

All. spec. � pika� time � hab In August, the increaseof Allium spec. biomassunder pika
grazing was higher on steppe plots than on burrow plots
which means that Allium spec. was especially avoided by
pikas on steppe plots.

p. 115). This shows that site conditions matter and that system behaviour varies in
time.

Agropyr on cristatum Most of the increasein biomass on pika burrows under
higher moisture conditions was due to the grass Agropyron cristatum (Figure 5.3,
p. 119). This means that although productivit y of Allium spec. was highest when
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Table 5.7: Above-ground plant biomassproduction and removal by pikas on a hypothetical
hectareof mountain steppe. Burrows occupy 0.095ha of the surfacearea,while steppehabitat
occupies0.905ha. Approximate time intervals were 30days up to August and 75days up to
July, assumingthat growth started in the middle of May.

Sampledate Habitat Production Biomassremoval by pikas
[kg/d] [kg/d] [% of production]

August 2002 Burrow 0.24 0.02 9
Steppe 0.87 0.09 11

July 2003 Burrow 0.47 0.17 35
Steppe 2.98 1.12 37

August 2003 Burrow 1.35 0.11 8
Steppe 6.71 0.60 9

pooling all data, A. cristatum showed highest productivit y when pikas were excluded
and even more so on burrow plots.

So,apart from being an important fodder plant for livestock (Retzer, 2004), A. cri-
statum was preferentially harvestedby pikas in the present study. Other pika species
selectplants as a function of the distanceto their talus in North America (Ochotona
princeps, Huntly , 1987; Mcintire and Hik, 2002). In Asia, Smith and Foggin (1999)
state that burrows aregrazedmoreintensively by pikas(O. curzoniae). This behaviour
is always set into the context of risk-aware foraging,aspikasare lessproneto predation
when they can hide in their talus or burrows (Lutton , 1975). However, in the present
study there wasno evidencethat burrows werepreferredgrazinggroundswhenpooling
speciesgroups. The habitats were rather used according to the amount of biomass
producedon them.

Discriminating betweenplant speciesgroupsshowed that A. cristatum was indeed
preferentially removed from burrow plots by pikas,while the group of remainingplants
wasavoided. Moreover, whenoverall plant biomasswaslarger, pikasremovedrelatively
more A. cristatum than other plants. This grasse�ectively was the only plant grazed
in August 2003 (Figure 5.3, p. 119), when water availabilit y and plant productivit y
was highest. The lesswater and standing crop was available, the more uniform was
the inuence of grazing. Retzer (2005) shows that under drought conditions even
Allium spec. is removed by pikas, while this group of speciesalways showed increased
productivit y under inuence of pika grazing in the present study.

Moreover, A. cristatum is the only plant speciesshowing signi�cantly higher nu-
trient content on burrow habitat (Wesche et al., submitted). Thus, the preferencefor
this speciesexhibited by pikasis lessrelated to predation risk, but to the quality of the
plants. Mongolian pikas do not behave risk-aware in plant selection,but taste-aware.
Finding that pikas avoid the group of remaining plants on burrow plots (Figure 5.3,
p. 119) is in accordancewith taste-aware foraging: the group of remaining plants in-
cludes more ruderal plants on the burrows, which are lesspalatable (Wesche et al.,
submitted).

Selectiv e grazing and plan t species comp osition Herbivore inuence on plant
speciescomposition decreasesalonga hygric gradient (Ol� and Ritchie, 1998). Accord-
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ingly, in the present study, plant speciescomposition doesnot reect the selectivity of
pika grazing. Although Allium spec. wasconsistently avoided by pikas throughout the
experiment, while Agropyron cristatum wasconsistently removed most comparedto all
other plant groups,A. cristatum dominatesburrow and steppe habitat. Additionally ,
although it is grazedeven more intensively on burrows, it reached higher cover values
on burrows than in the steppe.

This shows that even though Allium spec. and the group of remaining plants can
increaseproduction dueto pika grazing,other mechanismsmust beresponsiblefor con-
trolling plant speciescomposition. Important factors include disturbanceby burrowing
or soil nutrient contents (Wesche et al., submitted). When studying inuences on the
composition of vegetation, factors a�ecting below-ground competition should also be
regarded(Lavrenko et al., 1993; Titly anova et al., 1999). The �ndings of the present
study are in accordancewith studiesshowing that competition intensity betweenplants
decreaseswith decreasingproductivit y (Sammul et al., 2006).

Higher cover valuesand quality of a preferred forageplant (Agropyron cristatum)
canbeseenasan exampleof positive feedback engineeringby pikas(Joneset al., 1997).
Livestock and other wild herbivoresalsopro�t from higher A. cristatum cover. Larger
herbivores have been observed to graze preferentially on pika burrows, especially in
spring (own observation and Retzer, 2004).

Furthermore, pika grazing may inuence plant speciescomposition in other ways
not studied here. Pikas in generalare known for their urge to collect (Millar , 1972)
and many speciescollect especially o wers (Smith et al., 1990). The individuals on
the study site have beenobserved to prefer eating the o wers of legumes(Astragalus
spec. and Oxytropis spec.), and to collect all sorts of colourful things on their burrows.
This may have an inuence on the reproductive successof plant speciesreproducing
sexually.

Sincesexualreproduction is rare in the research area(Wesche et al., in press), an-
other behaviour may be even more inuen tial: Whitford and Kay (1999) state the
importance of foraging pits as nutrient rich germination sites. The observed pikas
made foraging pits up to about 12cm in depth (unpublished data). Someof these
foragingpits weresubsequently usedby ants and �lled with �ne grain soil. Ants them-
selvesqualify asecosystemengineers,creatinghot-spots in the groundand maintaining
ecosystemheterogeneity (Jouquet et al., 2005). The impact of foraging pits of pikas
on the ecosystemhasnot beenstudied yet.

Comparison with other studies on the research area Wesche and Retzer(2005)
�nd a di�erence betweengrazedand ungrazedplots of 26% in August 2002and of 25%
in August 2003on 4 larger enclosureson steppe habitat in the samestudy area. This
corresponds well to the percentages found both on burrow and steppe plots in this
experiment, sincetheir data summariseproductivit y and removal from the beginning
of the growth period. Assuming a removal rate of about 35% for three months and
of 10% for one month would result in a removal rate of 29% for the data from this
experiment. But their estimate for relative biomassremoval in the drought year 2001
(78%) is far higher. In 2001pika numbersindeedwerehigher than in 2002(Chapter 3,
p. 47), while biomassproduction was low due to the year of drought. Grazing pressure
must have beenexceptionally high in this year. Even an 20% biomass-removal rate is
high comparedto that e�ected by other small mammalsin the Eurasiansteppe region,
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Lavrenko et al. (1993) giving an averageof 6% biomassremoved by small herbivores.
They say that biomassremoval rates of over 70% are detrimental for the ecosystem.
The high biomassremoval rates in 2001thus stressthe severenessof the drought.

Harv esting Non-equilibrium theory predicts that not herbivory but climatic con-
ditions control the productivit y of arid systems(Fernandez-Gimenezand Allen-Diaz,
1999; Wiens, 1984). In the present study, the removal of plant biomassby pikas could
not keepup with the varying amount of plant biomassproducedunder di�erent mois-
ture conditions: biomassproduction reected the amount of precipitation even under
pika grazing (Figure 5.2, p. 115). At the sametime, the amount of biomassremoved
by the pikaswasseveral times higher in the year 2003than in 2002(Table5.7, p. 121),
although pika numberswereabout the same(Table5.1, p. 110). Moreover, the relation
of biomassremoved to the biomassavailable wassurprisingly constant for the two Au-
gust samplesfrom 2002and 2003(Table5.7, p. 121). Most of the biomassharvestedin
the year 2003was probably not eaten, but stored in the burrows. It is questionable,
if the pikas can consumeall theseplants during winter, sinceit must have beenmuch
more than in the year before. Ochotonadaurica storesup to 56kgha-1 plant biomass
annually in easternHangay (Lavrenko et al., 1993).

Storing food can thus act similar to key resources(Illius and Connor, 1999) for
the pikas, mitigating the e�ects of variable biomassproduction in a non-equilibrium
system. The plant biomassstoredin the burrowsand not usedup during the winter can
then be usedassupplement fodder during adverseconditions in the following growing
season. If the following growing seasonhas favourable conditions for plant growth,
the stored plant material decays within the burrow, further enriching the burrow with
nutrients.

The intensity of harvesting changesduring the year. The observed pikas removed
more biomassproportionally in July 2003 than in August 2002and 2003. This was
not limited by the amount of biomass,sincein the year 2003there was enoughplant
biomassavailable (Table5.7, p. 121). In another study we show that harvesting is
intenseduring September (Retzer and Nadrowski, 2002). Other studiesalsoshow that
there are peak harvest events in autumn (O. princeps, Mcintire and Hik, 2002). Pika
caching behaviour continueseven in winter (own observations, and Kawamichi, 1968;
Retzer, 2004). Finding reducedharvest intensity during late summerhasto be seenin
the context with the territorial behaviour of the pikas. They probably shift priorities
to territory protection during late summer.

Liv estock grazing and pik a{liv estock in teraction Although this experiment
could not detect livestock grazing (main e�ects and interactions were only marginally
signi�cant, Table5.4, p. 114), livestock grazing is observed on the larger enclosureson
steppe environments described by Wesche and Retzer (2005). Livestock grazing on
those four plots is comparableto pika grazing and plots grazedby both groups are
reducedto even lower standing crop. Not detecting livestock grazing by the present
experiment probably was causedby the sizeof the enclosures.While the larger enclo-
suresmeasure4� 4m2, large enoughfor livestock to step into the enclosure,the small
fencesusedin this experiment measured0.26m2. Livestock could not step easily into
the small fencesand might just have not bothered about them and moved on, espe-
cially since there was enoughplant biomassavailable at least in the year 2003. The
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percentagesgrazedin the years2002and 2003by livestock and pikas respectively sum
up to the percentagegrazedon unfencedplots in Wesche and Retzer(2005), suggesting
that in theseyearsthere might have beenlessto no competition betweenthe grazing
groups,although there is intensecompetition under drought conditions (Retzer, 2004).
The intensity of competition thus varieswith water and biomassavailabilit y.

Conclusion Both, removal of plant biomassand burrowing activit y, e�ect ecosystem
qualities in the mountain steppe. While plant biomassremoval leads to di�erences
in the productivit y of plant speciesgroups, it does not e�ect the composition of the
vegetation. Burrowsshow higher productivit y of an important fodder plant (Agropyron
cristatum), and can thus be seenas bene�cial also for livestock and other herbivores.
At the sametime, increasedburrow productivit y cannot outweigh the e�ect of biomass
removal by pikas when balancing production and removal in the system (Table5.7,
p. 121). Nevertheless,pika burrows are placeswere nutrients are concentrated and
conserved. This is even more important, sincehuman usagedepletesthe systemof its
nutrients by using dung of livestock as fuel source(Stumpp et al., 2005).

Competition betweenlivestock and pikasmight be lesssevereor even absent under
favourableconditionsfor plant growth, but the removal of biomassby pikasis neverthe-
lesshigh in comparisonwith other small mammal species.Pika harvesting behaviour
leadsto large amounts of biomassremoved, even if pika densitiesare low. However,
pikascannot keepup with the variabilit y of plant productivit y. The systembehavesin
accordancewith non-equilibrium theory, sinceclimatic conditionsand not pika grazing
control the amount of standing crop present.

5.2 Pik a densities along an altitudinal transect

Chapter 4 on page57shows that pika density is mainly controlled by the availabilit y of
burrows. But which factorscontrol the density of burrowsover a longerperiod of time?
Climatic conditions change along altitudinal gradients and Eurasian steppes show
marked di�erences in speciescomposition along altitudinal gradients (Lavrenko et al.,
1993). Sinceprecipitation usually increaseswith altitude, moistersteppescanbe found
in higheraltitudes. At the sametime, ecosystembehaviour changesalongmoisturegra-
dients, from precipitation controlled non-equilibrium systemsto herbivore controlled
equilibrium systems(Ellis and Swift, 1988; Fernandez-Gimenezand Allen-Diaz, 1999;
Wiens, 1984).

Additionally , small mammal densitiescan increasewhen the rangeis overgrazedby
livestock (Samjaaet al., 2000; Zhong et al., 1985). The changefrom socialist to market
economy in the 1990sled to increasinglivestock numbersand a growing concernabout
the limit of a carrying capacity of the steppe environment in Mongolia (M•uller, 1999).
Livestock numbersalsoincreasedin the South Gobi Aimag, wherethe research areais
situated (Retzer, 2004).

This section asks, whether altitude or livestock densities have an e�ect on pika
density. It then usesthe results on biomassremoval by pikasand burrow productivit y
to estimate the impact of pikas on the ecosystemfor varying altitudes and livestock
densities.
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Table 5.8: Ratio of burrow to steppe productivit y estimated for standing crop on steppe
habitat and precipitation on di�eren t altitudes. Data on precipitation and standing crop are
from Retzer et al. (in press) and Retzer (2004). Precipitation data comefrom October 2000
to October 2001,and maximum estimatedstanding crop within the summerof 2001. Numbers
in parenthesis are own interpolation.

Altitude [ m asl] 2000 2200 2300 2400 2500 2600 2800

Precipitation [mm] 42 72 (95) 117 (125) 132 97
Standing crop [ kg ha-1] 43 43 193 260 (230) 200 320

Ratio burrow/stepp e 0.66 1.40 1.5 1.59 1.64 1.67 1.52

Metho ds Pika and livestock densitieswere investigated using line-transectsat dif-
ferent altitudes in the Duund Saikhanand Zuun Saikhanmountain ranges(Section2.1,
p. 13). Altitudes ranged from 1900to 2800m asl. Number of burrows were usedas a
proxy for pika density and dung deposits as a proxy for livestock density. Burrows of
pikas and dung deposits of large herbivores(sheep,goats, ibex, argali, cattle, horses,
camels)werecounted within a distanceof 10m on each sideof the transect, resulting in
a corridor of 20 m width. Thirt y-one transectswere usedin the analysis,with lengths
ranging from 50 to 1490 m. A total length of 21362 m was investigated, of which
3934m were located in the Zuun Saikhanand 17428m in the Duund Saikhan.

The data was analysedusing a generalisedlinear model with Poisson-errors.The
number of burrows (b) was the responsevariable, while altitude (a), dung/ha (d) were
usedas explaining variables. The area (ar) of the part-transect strip was given as an
additive covariate. Altitude wasanalysedwith linear, quadratic, and cubic terms. The
formula of the generalmodel was

b � ar + d � (a + a2 + a3): (5.2)

The generalmodel wassimpli�ed usingthe step-functionof R, wheretermsaredropped
one at a time when AIC values of the reducedmodel are smaller than those of the
original model (R Development Core Team, 2004). Models di�ering in lessthan 2 in
AIC were additionally comparedwith a likelihood ratio test. If the models did not
di�er signi�cantly the reducedmodel was chosen.

The �ndings of plant productivit y, pika forage,and pika densitiesweresummarised
to estimate productivit y and foragealong an altitudinal transect at low, median, and
high dung densities.Data on precipitation and steppe productivit y originated from an
altitudinal transect at the study site (Section2.1, p. 13). Both generally increasewith
altitude at the research station (Retzer, 2004; Retzer et al., in press). The model was
basedon the following assumptions:

1. Biomassremoval is proportional to the production of biomass. Table5.7, p. 121
shows that with a comparablenumber of pikasand varying amounts of standing
crop, pika biomassremoval wasabout 35% of standing crop up to July and 10%
from July to August. This assumptionignoresthe yearof drought, wherebiomass
removal rates were higher (Wesche and Retzer, 2005).

2. The rate of biomassremoval is proportional to the number of burrows. The num-
ber of burrows was taken asproxy for the number of pikas in this case.Analysis
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of survival rates and pika densitiesshowed that the observed population of Mon-
golian pikas was density dependent. Density is probably limited by the number
of territories available, which in turn is dependent on the number of burrows
(Section4.5, p. 101). The rate of biomassremoval measuredat the research camp
(Table5.7, p. 121, seethe �rst assumption)wascalibrated by the number of bur-
rows measuredfor the height of the research camp using the altitudinal transect
(this section).

3. Burrow and steppe exhibit di�erent productivities. The relation of burrow to
steppe productivit y varied with precipitation. An increaseof 96% in precipita-
tion lead to an increaseof 27% in the ratio of burrow to steppe productivit y
in summer 2003 (Section5.1, p. 109). Since 2003 was a relatively moist year,
while the precipitation data for the altitudinal transect originated from a year of
drought, the lower of the two ratios wasusedfor the altitude of 2300m asl. Ratios
for the other altitudes werethen extrapolated proportional to the increaseor de-
creaseof precipitation for the altitudinal transect in relation to the precipitation
at 2300m asl. (Table5.8, p. 125).

4. The areacoveredby a singleburrow remainsconstant over an altitudinal gradient,
although burrow numberschangewith altitude and livestock density asestimated
by the model above. The number of burrows at a given altitude than determines
the proportion of the areacoveredby burrows in the steppe environment.

Form ulae

Since burrows occupy between 7 and 12% of the surface in our study region, the
mean of 9.5% was assumedto be the area covered by burrows at the study site
(Wesche and Retzer, 2005). Estimated burrow density for median livestock dung den-
sities at 2300m asl was 24.7 burrows per hectare using the linear model above. This
results in an estimatedareaof 38.46m2 per burrow, which is a fair estimategiven that
the median burrow sizeon the capture recapturesite was 38.1m2 (Section2.4, p. 26).

With 38.46m2 as area for a singleburrow (Ba), the areaoccupiedby burrow (Ab)
or steppe habitat (As) at a given altitude is a function of burrow density (nb). On one
hectare,the areaoccupiedby burrows is Ab = nbBa, while the areaoccupiedby steppe
habitat is As = 1 � nbBa.

Steppe above-groundbiomassproduction per area (ps) relieson data from the al-
titudinal transect at the study site in 2001 (Retzer et al., in press, Table 5.8). The
ratio of burrow to steppe productivit y per area( pb

ps
) is assumedto changewith precip-

itation (Table 5.8, Assumption 3 above). Higher altitudes receive more precipitation
in the study region (Retzer et al., in press; Wesche et al., in press). As an estimate
for the di�erences acrossaltitudes, the sum of precipitation from October 2000 to
October 2001 from the same altitudinal transect was used (Retzer et al., in press).
Above-groundbiomassproduction (Ps) in steppe habitat wasthus given asPs = psAs,
while above-groundbiomassproduction on burrows (Pb) was Pb = ps

pb
ps

Ab.
Total above-groundbiomassproduction on onehectare(Pt ) was thus calculatedas

the sum of biomassproducedon burrow and steppe habitat from the middle of May
to August, given the number of burrows at a given altitude (nb), the area of a single
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Figure 5.4: Burrow densities along an altitudinal gradient from 1900 to 2000m asl. Lines
show the estimated number of burrow at di�eren t dung densities, while points show the
measuredburrow densities [burrow/ha]. The left plot shows burrow densities at low and
high dung densities (21.06 and 61.07 dung deposits/ha), while the right plot shows burrow
densities for median dung densities(32.45 dung deposits/ha) with standard errors.

burrow (Ba), and the ratio of burrow to steppe productivit y per area( pb
ps

).

Pt = ps(1 � nbBa) + ps
pb

ps
nbBa (5.3)

Plant biomassremoved by pikas was supposedto be proportional to biomasspro-
duction (Assumption1 above) and the number of burrows at a given altitude (As-
sumption2 above), with a biomassremoval rate of 35% from the middle of May to
August (75d), and a biomassremoval rate of 10% in August (30d) at the altitude of
2300m asl. A rate of biomassremoval per burrow (f b) was then calculated using the
number of burrows estimatedfor mediandung density by the generalisedlinear model
described above. At a given altitude, biomassremoval rate per area (f ) can now be
calculatedasa function of burrow density (nb): f = nbf b.

Steppeproductivit y per area(ps) givesthe amount of biomassthat would havebeen
producedwithout burrows. Total above-groundbiomassproduction, biomassremoval
by pikas, and steppe productivit y without burrows were calculated for the number
of burrows predicted at low, median, and high dung densities along the altitudinal
transect.

Results The generalmodel relating burrow densitiesto altitude and livestock densi-
ties could not be reduced. It had an AI C of 1038.85,with the nearestreducedmodel
di�ering by 2.47 in AI C. Both models could be comparedusing analysisof variance,
sincethey werenested. The comparisonresulted in signi�cant di�erences betweenthe
models (� 2-test, p = 0:03). Thus, all terms of the model were signi�cant, including
the interactions. Figure 5.4 shows the predictions for burrow densities[burrow/ha] for
di�erent dung densities. Burrow densitiesincreasedwith altitude and then decreased
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Table 5.9: Increaseof plant biomass production in the mountain steppe when including
burrow habitats (increasedue to burrows) and net change after biomass removal by pikas
along an altitudinal transect and at di�eren t dung densities (low, median and high). Dung
densities were 21.06, 32.45, and 60.18 dung deposits/ha at low, median, and high densities
respectively.

Altitude Steppe Increasedue to burrows Net changeafter removal
[ m asl] [ kgha-1] low median high low median high

2000 43 1.00 1.00 1.00 0.96 0.97 0.99
2200 43 1.03 1.03 1.02 0.80 0.81 0.84
2300 193 1.05 1.05 1.05 0.74 0.74 0.73
2400 260 1.05 1.06 1.06 0.76 0.75 0.71
2500 (230) 1.04 1.05 1.05 0.82 0.81 0.77
2600 200 1.03 1.03 1.04 0.88 0.87 0.85
2800 320 1.01 1.01 1.01 0.94 0.94 0.94

again, the maximum wasreached between2330and 2370m asl for the given dung den-
sities. Dung densities did not have a strong e�ect in modulating burrow densities,
although the e�ect was signi�cant. Nonetheless,there was a positive correlation be-
tweendung densitiesand burrow numbersat altitudes above 2300m asl and a negative
correlation at lower altitudes.

Table 5.9 lists the changesestimated for above-ground biomassproduction with
burrow and biomassremoval by pikas relative to steppe production at low, median,
and high dung densities(21.06,32.45,60.18dung deposits/ha). The ratio of standing
crop with burrow habitat to standing crop in steppe habitat ranged from 1 to 1.06.
At 2300m asl the ratio was the samefor all dung densities,while at altitudes lower
than 2300m asl the ratio decreasedwith increasingdung densitiesand for altitudes
higher than 2300m asl it increasedwith dung densities. Net changein above-ground
biomassincluding plant production on burrows and biomassremoval always lead to
a decreaseof standing crop. The ratio of standing crop including burrow habitat
and biomassremoval to standing crop in steppe were about constant at 2300m asl,
increasedwith increasingdung density below that altitude and decreasedabove that
altitude. Di�erencespredictedby dungdensitiesweresmallerthan di�erencespredicted
by altitudes.

Discussion Increasingburrow density with altitude implies that the long-term avail-
abilit y of forage inuences the size of pika territories on the time scale of burrow
lifetimes. In the present study, burrow density reached a maximum at about 2370m,
which correspondswith the pediment angle,separatingthe pediments from the moun-
tains. Highest burrow densitiesare thus found on the highest pediments, just before
the landscapechangesto the raggedmountain relief. This pattern is in accordancewith
the distribution of mountain steppes. While they cover most of the areaon the upper
pediments, they are lessprominent in the mountains themselves. Within the moun-
tains, there are three main plant communities, those dominated by the dwarf shrub
Artemisia santolinifolia, scrub composedof Juniperus sabina, and mountain steppes
(Wesche et al., 2005). Although pikas can be found in all three plant communities,
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the results of the present study imply a causalconnectionbetween the prevalenceof
mountain steppe plant communities and burrow density, which may simply be the
productivit y of the vegetation. The plant communities dominated by Artemisia san-
tolinifolia and Juniperus sabina are characterisedby higher soil movement than the
mountain steppes(Wesche et al., in press, 2005), so that conditions for plant produc-
tivit y are better in the mountain steppes. Thus, a lower burrow density within the
mountains than at the pediment angle supports the link between the availabilit y of
forage and burrow density. Sinceburrow lifetime probably spansseveral decadesto
centuries (Section2.4.1, p. 26), burrow density may be seenasa measureof ecosystem
productivit y, which integratesover the available plant biomassin centuries. This mea-
sure includes a time lag of one year in the responseto conditions not favourable for
plant growth due to the harvesting behaviour of the animals (Section5.1, p. 109).

At the sametime, the Mongolian pika did not show a responseto livestock densi-
ties asdescribed for the Brandt's vole for northern Mongolia and China (Samjaaet al.,
2000; Zhong et al., 1985), where voles invade overgrazedpastures. Although there
was a signi�cant positive e�ect of livestock dung densitieson pika burrow densities
above 2300m asl, this e�ect was minor in comparison to changesinduced by alti-
tude (Table5.9, p. 128). On the other hand, there are several methodological di�-
culties connectedwith the analysis presented here. Livestock densitiesdo not show
much di�erences in the study area (Stumpp et al., 2005; Wesche et al., in press), the
wholeareais characterisedby high grazingintensity of livestock (Retzer et al., in press;
Stumpp et al., 2005). Thus, inuences of livestock density on pika burrow density may
have beenmissedbecausethere are no areaswith low livestock density. Additionally ,
burrows and dung deposits reect di�erent time scales.While burrows last for decades
to centuries, dung deposits can only indicate livestock densitiesof the last months.

Nonetheless,the �ndings of the life history strategy adoptedby pikas (Section4.5,
p. 101) are in accordancewith the conclusionthat pika densitiesare virtually indepen-
dent of livestock densities. The observed pikas showed characteristics of K -selected
species,implying that they have relatively constant population densitiescontrolled by
the availabilit y of territories. Although pika densities varied in the three summers
observed, they did not vary much in comparisonto other pika specieswhich do not
control densitiesby defendingterritories (Table4.19, p. 102). Finding only small e�ects
of livestock densitieson pika burrow densitiesis in accordancewith density dependant
populations dynamicscontrolled by the availabilit y of territories.

There was a signi�cant, though very small, positive e�ect of livestock densities
on pika burrow densities above 2300m asl, and a negative e�ect below. Similar to
the increaseand decreaseof burrow density, this change in system behaviour corre-
sponds with the pediment angle. Negative correlationsof pika densitiesand livestock
densitieshave beenshown by Komonenet al. (2003) for Ochotonadaurica in eastern
Mongolia. Finding a positive correlation in the mountain indicates that conditions
are di�erent in the mountains than on the pediments. Sinceboth water and forage
availabilit y are higher in the mountains, the systembehaviour may tend more to those
of equilibrium systems(Fernandez-Gimenezand Allen-Diaz, 1999). Under equilibrium
conditions however, grazing exerts more inuence on the vegetation than under non-
equilibrium conditions. This is in accordancewith not �nding indicators of overgrazing
in the dryer plant communities of the GGS,but in the moister ones(Miehe, 1996, 1998;
Retzer, 2004).

Although including pika burrows in the balanceincreasedthe productivit y of the
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vegetation, biomassremoval by pikas always surpassedthis increase. Thus, although
a conservation of nutrients is important in a systemwere nutrients are systematically
removed by humans(Stumpp et al., 2005; Wesche et al., submitted), simply including
higher burrow productivit y doesn't change the conclusionsdrawn from steppe plots
alone. Mongolian pikas and livestock must be regardedas competitors at least under
drought conditions (Retzer, 2004).
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5.3 Summary

Burrows showed higher productivit y than the steppe when water availabilit y was
higher. An increaseof precipitation by 96% from 31.8mm to 62.2mm lead to an
increaseof burrow productivit y of 186% from 4.96 to 14.19kgha-1d-1, while steppe
productivit y increasedby only 125% from 3.3 to 7.41kgha-1d-1.

The grassAgropyron cristatum pro�ted most from the burrow habitat, asindicated
by higher productivit y whenpikaswereexcludedand by the dominanceof this species
on burrow habitats. SinceA. cristatum is an important fodder plant, pika burrowing
activit y can be consideredbene�cial for livestock grazing.

The Mongolian pika preferentially removed biomassof A. cristatum from burrow
and steppe habitat. Biomassremoval by pikas was high, ranging from 0.11 to 1.29kg
per hectare and day. Although the amount of plant biomassremoved per pika was
di�erent, the proportion removedof standingcrop wassimilar in August 2002and2003.
Pikas removed about 10% of standing crop during August and 35% of standing crop
during May to July (Table5.7, p. 121). Large amounts of the harvest were probably
stored in the burrows and not immediately consumed.

The system thus behaved according to non-equilibrium theory, sincewater avail-
abilit y and not pika grazing controlled the amount of standing crop.

Although livestock grazing could not be detectedby the present analysis,this was
probably due to the size of the exclosuresand not due to the absenceof livestock
grazing.

Di�erence in altitude had a strong e�ect on pika burrow density. This is probably
due to a gradient in productivit y. Maximum burrow densities were reached at the
pediment angleseparatingthe gently sloping pediments from the raggedmountains.

However small, there wasan e�ect of livestock densitieson burrow density, indicat-
ing a changein systembehaviour at the pediment angle. Livestock and pika density
were positively correlated in the mountains, while they were negatively correlated on
the pediments.

Increasedburrow productivit y could not be expected to outweigh the e�ect of
biomassremoval by pikas, even if increasingprecipitation with altitude is included.
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Chapter 6

General Discussion

When assessingwhether the Mongolian pika (Ochotona pallasi pricei) might appear
as \p est" species,the life history strategy of the speciescan set the frame for possible
scenariosof the species' impact on the environment (Putman, 1989). In the case
of the present study, the Mongolian pika shows life history traits which reduce its
chance to appear as small mammal pest (Section 6.1). Additionally , when assessing
possiblerepercussionsof control, especially the pikas' impact on standing crop and
the composition of the vegetationthrough burrow maintenancerather imply that they
are an indispensablepart of ecosystemfunctioning in the present mountain steppe
(Section6.2, p. 137).

6.1 Life history strategy and habitat qualit y

The present study shows that in relation to other pika speciesthe Mongolian pika can
be considereda K -strategist (Table4.19, p. 102). Survival of the observed individuals
was density-dependent, while climatic conditions, including winter and a drought, did
not have an e�ect on survival. Additionally , number and size of litters as well as
uctuations in population density werelow comparedto other pika species(Chapter 4,
p. 57, Smith, 1988). The group of speciesin pikasexhibiting life history traits similar to
an r -strategist is named\burro wing" pikas, or \steppe-dwelling" pikas in Smith et al.
(1990) and Smith (1988). The underlying reasonfor the evolution of the two life history
patterns is seenin the predictabilit y of the environment, similar to the r / K -concept
(Section1.3, p. 3). In this concept,the investment into present survival is expected to
be low in an unpredictableenvironment, sincesurvival is governedby the environment
and thus also unpredictable. The link between burrowing behaviour and exhibiting
r -type life history traits is rather correlative than causative: open ecosystemsare often
subject to a higher variation in moisture availabilit y, sincethey cannot sustain forests
(Schultz, 1995). At the sametime, burrows present meansto hide from predators or
from adverseclimatic conditions for organismsliving in open environments (Kinlaw,
1999).

Finding a burrow-dwelling pika in a variable environment to exhibit life history
traits conformingwith the K -type of life history strategiescontradicts the link between
habitat quality and life history strategy assuggestedby (Smith, 1988). It might imply
that (a) the specieshasnot evolved in the steppe environment whereit occurstoday, or
(b) that the studied steppe environment is not asunpredictableasmight be expected,
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or (c) the r / K -conceptis not su�cien t to describe the inuence of the environment on
the evolution of life history traits.

The Mongolian pik a is not adapted to open stepp e environmen ts.

Although it usesburrows, it doesnot invest much time and e�ort into the construction
of burrows. It does not have the long claws (Zevegmid, 1975) characteristic for the
other burrowing pika species(Smith, 1988), indicating that it might not be adaptedto
burrowing. During the present study, the Mongolian pikas did not dig much. In the
three yearsof observation, there wasno changein the location and sizeof the burrows,
burrowswereestimatedto last at least120years(Section2.4.1, p. 26). Thus,Mongolian
pikasusethe sameburrows for generations,which freesthem from investing time into
burrow construction. Additionally , they usedavailable structures to hide within. In
the mountainous landscape Mongolian pikas usedrock crevicesand Juniperus-scrub,
while individuals of the samespeciesconstructed burrows on grassdominated slopes
(own observation).

Another argument supporting that Mongolian pikas did not evolve in a steppe en-
vironment is a karyologicalstudy of eight taxa of pikas,which suggeststhat the steppe
dwelling pikas(Ochotonapusilla, O. daurica, and O. pallasi pricei) might have entered
the steppe environment at three independent times (Vorontsov and Ivanitskaya, 1973
quoted in Yu et al., 1997). Yu et al. (1997) suggestthat the genus experienceda rapid
radiation in the late Plioceneand early Pleistocene,causedby the uplifting of the Ti-
betan (Qinghai-Xizang) Plateau. This led to colder and, especially in the rain-shadow
of the Himalaya massif,dryer conditions. Climatic oscillationswith glacial and inter-
glacial transitions, but without a uni�ed ice-sheet,resulted in continual habitat shifts.
Pikas probably originated from the cold, arid steppes created during colder phases
with glaciation. The research area itself hasbeensubject to glaciation (Wesche et al.,
in press). Thus, Ochotonapallasi pricei might have entered the steppe environment
later than the other burrowing species.

A further argument for this is that the speciesis found in poorer habitats if it
occurs in sympatry with other species,asshown for O. pusilla (Shubin) and O. dauri-
ca (Proskurina et al., 1985). Within the research area, O. daurica was found only in
placeswith additional water supply, such as Kobresia mats or saline meadows, while
O. p.pricei occurred on the poorer mountain steppe habitats (Section2.3, p. 25).

The studied stepp e environmen t is not as unpredictable as migh t be ex-
pected.

On the one hand the ecosystemprocessesstudied were essentially governed by non-
equilibrium dynamics: standing crop wascontrolled by precipitation and not by herbi-
vore grazingboth on burrows and in the steppe, and the composition of the vegetation
was not inuenced by pika grazing (Section5.1, p. 109). Variabilit y of climatic condi-
tions and standingcrop on steppe plots in the research areais alsonicely demonstrated
by Wesche and Retzer (2005). Although individual mortalit y of pikas in the present
study was not a�ected by drought conditions (Section4.2.2, p. 81), population density
was lower after the year of drought (Chapter 3, p. 47).

On the other hand, population densitiesof the Mongolianpika did not vary asmuch
as observed in other pika species(Table4.19, p. 102), indicating that the variabilit y
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of the environment is not perceived as such by the Mongolian pika. The mountain
rangesare indeed much lessa�ected under drought conditions than the surrounding
pediments (Retzer, 2004). The present study showed a shift in ecosystembehaviour
at the pediment angle, where pika burrow densitieswere highest and the correlation
betweenlivestock density and burrow density changedfrom a negative oneon the ped-
iments to a positive onein the mountains (Section5.2, p. 124). Nonetheless,even if the
mountain rangesare lessgovernedby non-equilibrium conditions, they still represent a
highly variable environment, subject to high interannual uctuations in precipitation
and primary productivit y (Retzer, 2005).

A mechanism further mitigating the severenessof the environmental variabilit y is
the territorial behaviour of the species,together with its caching behaviour. Although
several years favourable for plant growth preceededthe year 2000, pika density did
not exceedone individual per burrow on the trapping site (Chapter 3, p. 47). By
defendingterritories, individual pikas are able to cache enoughfood to last not only
through the winter, but also through the following summer, sinceindividual survival
was not a�ected by the drought conditions (Section4.2.2, p. 81). In the present study,
individuals in the year 2003removed more biomassfrom the plots, than thosein 2002,
although the proportion of removed biomassin relation to standing crop wasthe same
(Section5.1, p. 109). Thus, in a favourable year, a large surplus of biomasscan be
stored in the burrows.

Following this argument resurrectsthe initial link betweenan r / K dichotomy of life
history traits and unpredictable environments: the mountain steppe doesnot present
an unpredictable environment for the Mongolian pika.

The r / K -dic hotom y is not su�cien t to describ e the inuence of the envi-
ronmen t on the evolution of life history traits.

The r / K -conceptis only a special caseof a more generalclassi�cation of habitat qual-
it y, linking the e�ect of present reproduction on the residual reproductive value for
adults with the e�ect of number on the sizeof o�spring (Begonet al., 1996). In the
present caseof the Mongolian pika, the relatively low investment in present repro-
duction enableshigher survival of an individual, which again increasesthe chanceto
reproduce later, conceptualisedin the residual reproductive value. At the sametime,
higher survival of the juvenilesfrom the �rst litter indicates that investment in many
young is lessrewarding than investment in the �rst few young (Table4.19, p. 102).

In a review Stearns (1977) �nds that of 35 thorough studies, 18 conform to the
r / K scheme while 17 do not. Especially modular organismsstand apart. Modular
growth givesthe genetthe potential to increasein sizeexponentially by increasingthe
number of modules. Delayed reproduction then doesnot necessarilydelay population
growth. This may account for the rather high frequencyof specieswith clonal growth
(and potentially in�nite life) in r -selectinghabitats (Begonet al., 1996). For example,
most of the dominant plant speciesin steppe habitats areperennial(Coupland, 1992a),
which can be interpreted as investment in residual reproductive value. This is a life
history trait conforming with a K -strategy. At the sametime, they produce many
seeds,which is a life history trait conforming with an r -strategy. Other conceptstry
to link groupsof speciesand not life history traits to habitat qualities, as for example
the triangular schemedeveloped for plants by Grime et al. (1988), whereplant species
are grouped accordingto their toleranceto stress(S), to disturbance(R for ruderals),
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and their competitiv e abilit y (C).
In the present study, an environment governedby non-equilibrium dynamicshosts

a specieswith K -type life history traits becauseof behavioural characteristicsof this
species,namely the aggressive behaviour towards neighbours when defendingterrito-
ries. The aggressive behaviour of Ochotona pallasi is described by Proskurina et al.
(1985). For the observed population in the present study, Monkhzul (2005) documents
territorial behaviour. Section2.6 on page42 showed that median movement distances
of individuals correspond with nearest neighbour distancesbetween burrows. The
questionof �nding density-dependencein a non-equilibrium environment then narrows
down to the question how the speciescould preserve its territorial behaviour in the
non-equilibrium environment.

The other pika speciesfound in the research area occurs in more productive habi-
tats, with higher water availabilit y, and should thus experiencelessvariation in the
amount of standing crop. Following the argument above, Ochotona daurica should
also exhibit aggressive and territorial behaviour. However Smith et al. (1990) list the
speciesas a burrowing one, with the life history traits leading to highly uctuating
population densities. Ochotonadaurica lives in pairs and shows a�liativ e behaviour
more frequently than doesOchotonapallasi. At the sametime, it has beenmade re-
sponsible for pasture degradation (Zhong et al., 1985). In the research area, burrows
of O. daurica are closerto each other in someplaces,including Yoliin Am (Figure 2.2,
p. 14), a major tourist site in the GGS featuring amongother things a permanent wa-
ter source(own observation). The concernabout increasingpika densitiesprobably
originated from observations at this site (Section2.3, p. 25). Additionally , O. daurica
is considereda sibling speciesto the well studied Ochotonacurzoniae, which belongs
to the group of burrowing speciesshowing lessaggressive and territorial than a�liativ e
behaviour.

Nonetheless,there may be somesupport for questioning the classi�cation of O.
daurica asmoresocial and lessterritorial. Tsendzhav (1976) reports densitiesbetween
25 and 55 animals (mean 29) at 12 di�erent sites for O. daurica in one study, and
densitiesbetween10 and 24 per ha in another (Tsendzhav, 1985). Assuminga mean
of 29 individuals on 15.5 burrows results in two animals per burrow. Burrow size is
not greater than that of Ochotona pallasi pricei in the present study, with 25.8m2

and 38.1m2 respectively (Section2.4.1, p. 26). This indicatesthat population densities
in O. daurica may be governed by the availabilit y of burrows, similar to Ochotona
pallasi pricei. Like O. p.pricei, O. daurica usesavailable structures as nesting sites
rather than digging its own burrows: Schauer (1987) reports that Ochotona daurica
in contrast to the other two speciesstudied in the Khentei and Kangai of Mongolia,
Ellobius talpinus and Myospalay aspalax, likesto usethe burrows of the other species.

In burrowing pikas older animals are rare (Smith, 1988, and Table2.4, p. 24), but
studies on O. daurica state high proportions of older individuals (Tsendzhav, 1977,
1985). Additionally , unlike Microtus brandtii but similar to the Mongolian pika,
Komonenet al. (2003) show that population densities of O. daurica decreasewith
livestock density. Thus, a facilitation of O. daurica by overgrazing is questionable.
Often O. daurica is cited as a small mammal pest, becauseit is oneof the speciesoc-
curring on the degradedsteppe environments studied by (Zhong et al., 1985). But the
speciesis only found in the leastdegradedsteppesin this study, while it is displacedby
Merionesunguiculatusand Microtus brandtii in the steppeswith moreseveredegrada-
tion. At the sametime, the sibling status of O. daurica and O. curzoniae(Smith et al.,
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1990) may imply that they show similar behaviours and O. curzoniaeshowspopulation
dynamics of the group of burrowing pikas. But Yu et al. (1997) question the sibling
status of the two specieswhen using molecular rather than morphological traits to
study the relationshipsamongpika species.

Thus, there remainsconsiderabledoubt if O. daurica can be considereda \burro w-
ing" speciesin the senseof Smith (1988). If this speciesalso exhibits aggressive and
territorial behaviour in the research area, this will strengthen the arguments linking
the predictabilit y of the environment with territorial behaviour within the pikas and
thus the applicability of the r / K -conceptto pikas.

6.2 Ecosystem impact

Before deciding whether control actions should be taken against the Mongolian pika,
its impact on the ecosystemmust be investigatedto �nd out the bene�t or damagethe
pika causes.Putman (1989) proposesto de�ne an animal pest as \any animal species
or population which by its activities conicts with Man's interest to a level where
the damagecausedbecomesof economicsigni�cance", but at the sametime reminds
to include into the balance the cost of control and the repercussionsof control on
ecosystemservicesin the balance. Only after weighing this information, an economic
injury level can be deduced(Begonet al., 1996). So the following questionsmust be
answered: What damagedoes the pika cause? How can it be controlled? What are
the repercussionsof control?

Damage caused by pik as

Reducingpika densitiesmay result in morestandingcrop available for other herbivores.
Even after including the positive e�ect of burrows on ecosystemproductivit y, pika
biomassremoval always lowered the standing crop available (Table5.9, p. 128).

Feasibilit y of control

The results of the present study imply that the cost of controlling the Mongolian pika
may behigh. Territorial behaviour and density-dependent mortalit y (Section4.2, p. 79)
lead to relatively stable population densitiescontrolled by the availabilit y of burrows.
Destroying burrowsasa measureof controlling pikasassuggestedfor the rabbit in Aus-
tralia by Eldridge and Simpson(2002) would be rather cost-intensive. This measure
is impossibleto usein a National Conservation Park and will not be acceptedby the
Mongolians,who for religiousreasonsdo not like to breakthe soil surface.Additionally ,
the loosenedsoil will easilyerode and pikaswill �nd it even easierto dig new burrows
in the loosenedsoil. Increasingsummer mortalit y by shooting or poisoning animals
will not reducedensities,sincemortalit y is high during the reproductive seasonanyway
(Section4.2, p. 79). Possiblecontrol measuresmay be increasingwinter mortalit y or
reducing fecundity in summer.

Another measureproposedto reducenumbers of small mammal herbivores is to
improve range condition. Shi (1983) shows that population density of Ochotonacur-
zoniae was higher in areaswith lower and lessdensevegetation. Zhong et al. (1985)
stressthat small mammal activities areonly detrimental for the rangeif it wasinitially
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overgrazedby livestock and that improving the rangeis the best measureagainstdam-
agecausedby small mammals. Within the research area,grazing pressureis high and
uniform (Stumpp et al., 2005), but signsof overgrazinghave not beenfound (Miehe,
1996, 1998; Wesche et al., in press). This may be the reason,why the present study
did not �nd a strong e�ect of livestock densitieson pika burrow densities(Section5.2,
p. 124). Climatic conditions and not livestock control the amount of standing crop
produced in the area (Retzer and Reudenbach, 2005; Wesche and Retzer, 2005). Ad-
ditionally, higher standing crop in the year 2000did not reducepika densities. On the
contrary, after the suite of yearswith favourable conditions for vegetation growth up
to 2000,pika density was high relative to the following years(Chapter 3, p. 47). Thus,
even if rangecondition would improve by limiting livestock grazing,pika densitiesare
expectedto stay the samein the research area.

And, the other way round, even if pika numbers could be reduced, it would be
questionable,if this would lead to higher amounts of standing crop. Section 5.1 on
page109shows that individual pikascan remove varying amounts of biomassfrom the
standing crop. Reducingpika numbers may thus result in more plant biomassstored
away in burrows, and not in more standing crop available for livestock.

Rep ercussions

To assessthe repercussionson the ecosystemin the caseof successfullycontrolling
pikas, their function within the ecosystemmust be considered.Function is hereunder-
stood as \function as a servicefor humans" following Jax (2005). Three of the goods
for humans provided by grasslandare (a) food, forageand livestock, (b) biodiversity,
and (c) tourism and recreation (White et al., 2000). Accordingly, the National Con-
servation Parks in Mongolia distinguish three di�erent zonesof protection, (a) a zone
of \limited use" where livestock grazing is allowed, (b) a \special use" zoneof nature
protection, whereneither tourism nor livestock are admitted, and (c) a \tourist" zone
(Bedunahand Schmidt , 2000).

a) Food, forage and liv estock The impact of pika activit y on standing crop is a
function interesting from the perspective of pastoralists: oneof the reasonswhy organic
matter is more deeplydistributed in steppe ecosystemsis the abundanceof soil fauna
(Acton, 1992). Even in the caseof the Brandt's vole (Microtus brandtii ), areaswhich
have been\destroyed" by their burrowing activit y are moreproductive in the long run
(Weiner et al., 1982). In the present study, burrowscould useavailable moisturebetter
than steppeplots. Plant biomasswashigheron burrow plots than on steppeplots under
conditions of more precipitation (Figure 5.2, p. 115). In another study we show that
the soil of burrows is richer in nutrients (Wesche et al., 2003, submitted). This is in
accordancewith other studieson pika burrows: Ochotonadaurica loosensand improves
the soil, biomassof roots and shoots is greater around burrow systems(Tsendzhav,
1985). Stumpp et al. (2005) conclude that pika activities conserve nutrients in the
system,which are otherwisetransported to water holesin form of livestock dung and
subsequently usedas fuel sourceby humans. After humans have burned the dung of
livestock the nutrients are lost for the ecosystem.

Lavrenko et al. (1993) distinguish betweenpermanent and non-permanent burrows
in Eurasian steppes, the later experiencing a successiontowards steppe vegetation
after abandonment. Although they classifypika as non-permanent, the present study
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estimated the age of pika burrows to be higher than 120 years (Section2.4.1, p. 26).
It is thus questionable,if the impact of pikas on the soil is only local on the burrows
themselves or also e�ects the steppe soil in the long run, e.g. by shifting burrow
locations during centuries.

At the sametime, the plant pro�ting most from burrow conditions is Agropyron
cristatum, which on burrowsdid not only show highestgrowth rates(Figure 5.3, p. 119),
but alsohigher nutrient concentrations (Wesche et al., submitted), and additionally an
earlier phenologyand livestock prefer grazing on burrows (Retzer, 2004; Tsendzhav,
1985). Pikas prefer A. cristatum on burrows to that on steppe habitat (Table5.6,
p. 120), indicating that the plants on burrows may be easierto digest.

The inuence of feedingexcavations by pikasacting assoil pockets to collect seeds,
moisture, and organic matter has not been studied yet but may be important for
dynamicsof the vegetation (Section5.1, p. 109, Eisenberg and Kinlaw, 1999).

Although there is intensecompetition for food under drought conditions, livestock
and pikas can coexist in the research area (Retzer and Reudenbach, 2005). The in-
tensity of competition changesin time and space,so that actual competition for food
probably is rare in the system. Even in the drought year, the herdersdid not complain
about the pikas. In interviews, they did not show much interest in pikas (V. Retzer,
pers. comm.).

b) Bio div ersit y and nature conservation Nature conservation aims at protect-
ing the existing ecosystem(Bedunahand Schmidt , 2000), which self-evidently includes
small mammals. The present study shows that human activities have little inuence
on the densitiesof either pikasor their burrows. Pika densitiesweremainly controlled
by the availabilit y of burrows (Chapter4, p. 57) and burrow densities were mainly
controlled by altitude, while livestock densitieshad only little e�ect on burrow den-
sities (Section5.2, p. 124). Pikas are thus seenas native part of the mountain steppe
ecosystem,not asanimals promoted by human activit y.

Apart from considerationsabout plant standing crop, pikas o�er a range of other
servicesto the ecosystem,including servingasprey and providing structures for other
species. Many of the rare and endangeredspeciesin the GGS are birds of prey (Ta-
ble2.3, p. 18). Pikas serve as important prey basefor thesebirds, sincethey are also
available during winter (own observation and Smith et al., 1990). Their burrows serve
as refugeand nesting site for other species. In the research area, Oenantheisabellina
hasbeenobserved to nest in pika burrows.

Additionally , the higher altitudes of the park are designatedas the core areas
for nature protection, where human use is supposed to be inhibited (Miehe, 1996;
Readinget al., 1999). Thus, competition with livestock should not be an issue in
these areas. But excluding livestock from the higher altitudes may be impossible
(Bedunahand Schmidt , 2000; Reading, 1996; Wesche et al., in press), since livestock
is free roaming. Moreover the strengtheningof pastoral economy is a declaredaim of
the management of the park. The park wants to protect moderately grazedsteppe
and desertecosystems(Bedunahand Schmidt , 2000). Indeed, the feasibility of nature
conservation dependson the good will of local communities (I IED, 1994) and pastoral
useis the most sustainableform of human exploitation of steppe ecosystems(Sneath,
1998; White et al., 2000).
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c) Tourism The best way to ensurean interest of local peoplein the protection of
their environment is to let them pro�t directly from the protected goods, which can
be achieved by tourism. Especially pikas could play a role here. Sincethey are cute
and easyto observe, they can be nicely usedto illustrate the interactions betweenthe
di�erent trophic layers of the ecosystemas well associal behaviour in animals.

The considerationsput down in this chapter and the �ndings of this study on the
life history strategy and the ecosystemimpact of the speciesresult in the conclusion
that the Mongolian pika is no pest, but rather bene�ts the pasture. Socontrol actions
are not advisable.
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6.3 Further research needs

Of the several aspects touched in the present study, many deserve further investiga-
tion. In the following, the most urgent questionsresulting from the present study are
accompaniedwith suggestionsfor feasibleresearch projects:

Behaviour

Aggressiv e behaviour and territorialit y The relation of aggressive behaviour,
territorialit y, and mating systemcan be studied for Ochotonapallasi pricei as well as
for Ochotonadaurica. Individuals of both speciescan be marked and observed using
a car as shelter for the observer.

Aggressiv e behaviour and pro ductivit y How is aggressive and territorial be-
haviour related to gradients of productivit y?

Ochotonapallasi behaviour shows di�erent degreesof aggression.The subspecies
in Kazakhstan is lessaggressive than the that in the Mongolian Altai. The question
is, whether di�erences in aggressioncan be explainedby di�erences in productivit y.

Aggressioncan be sampledby observingfocal individuals which do not have to be
individually marked. Aggressive or a�liativ e behaviour towardsany neighbourscanbe
noted during a given period of time, e.g. 15minutes. Focal individuals can be changed
in random directions from the observer.

Productivit y of the vegetationcan be sampledby measuringvegetationheight and
cover togetherwith the density of pika burrowsfor di�erent sitesin the Altai mountains.
Additionally , the amount of burrows presently occupiedshould be noted.

Ecosystem impact

Burro w developmen t The study area on which the burrows were mapped during
this study shouldbe mapped again in intervals of �v e to ten years. The next mapping
would then be due in the year 2008. Following burrow development over a longer time
can assesswhether the inuence of the burrowing activit y of pikas is only local or if it
e�ects a larger area,e.g. by shifting of burrow locations over time.

Feeding excavations What area is e�ected by the feeding excavations? Are the
resulting soil pockets successfullyused by plant diaspores to establish themselves?
What role do ants play in establishingmicrohabitats for germination? Thesequestions
can be addressedby permanently marking foragingpits and following them over time.

Commensals Given the approximate life-time of pika burrows, there are probably
several speciesdependent on thesereliablestructuresin the mountain steppes. Burrows
shouldbe investigatedin variousplacesin the Altai mountains to discernpossiblecases
of coevolution betweenthe burrowing pikas and other speciesliving in their burrows.
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