ISSN 1563-0234 - Hpekc 75868; 25868 mmmmm—mm"

N
EXPO 2017

- Future Energy -
Astana Kazakhstan

Lo ™

KazNU Science - KaaYy FbinbiMbl - Hayka KasHY

SJI-OAPABU aTbiHAarb! KA3AXCKUM HALIMOHATbHbIV AL-FARABI KAZAKH
KA3AK YNITTbIK YHUBEPCATETI VHUBEPCUTET umenn Allb-OAPABA  NATIONAL UNIVERSITY

ABAP LD

TEOTPADUNI CEPUNSICHI

ECTHUK

CEPUGTEOTPAOUNYECKASI

OF GEOGRAPHY: AND ENVIRONMENTARMANAGEMENT




MA3MY¥Hbl - COAEPXXAHME

1-6eAim  Pasaen 1
DuU3UKaABIK, SIKOHOMHMKAABIK,  DU3MUecKasi, IKOHOMMUYECKas!
XKHe aaeymeTTik reorpachusi M coumanbHas reorpacpus
Levytska O., Zapototska V.
Public participation in urban planning: German and Ukrainian CXPETICTICE oottt ottt o r e essesssonasenstnossesene e btnesseesbssassasssvassosasots 4

Temirbayeva K., Shokparova D., Mamutov Zh., Bazarbayeva T., Zubova O.
Biogeography of Nitraria L.

2-60AiM  Pazaen 2
Merteoponorus xxaHe Merteopororus u
TUAPOAOTUSL  TUAPOAOTUS

Opaxkosa I'., Cyneiimenosa A., Axmemosa C.

AJIMaThl KaTachiHBIH aya TeMIIEPATYPACHT MEH JKay bIH-LIALTBIHHBIH Tapaly CPEKITEINICTEPT S 8 S e e e i e = 18
Hasnemeanues C.K., Medey H.H.
CuenapHble IPOrHo3bl pecypcoB peuroro croka JKaiisik-Kacnuiickoro BXEB 1o OTHENBHBIM YHACTKAM ..covveeeveeeeereenreneennenee.. 28

bBozomobosa E., Kyanviuosa C.
Cratucrudeckast CTPyKTypa W TEHIEHIIMH U3MEHEHHS CE30HHBIX CYyMM ocaJIkoB Ha BocToke Kazaxcrana B 1970— 2015 rr........ 40

bozomobosa E., Kyanwiuoea C.
CrarucTudeckue CBsi3i Ce30HHbIX 0CakoB BocTounoro Ka3axcTana ¢ BEICOTHBIMU 0aprYECKUMH TOJISIMU |
XapaKTEePUCTUKAMK LUPKYILILHA aTMOCHEpPhI

Pamasanosa H., Toxcanbaesa C., Illaiimepden A.
['eoxumuueckuii anaus BOAHBIX 00BEKTOB JIEBOOEPEKbs Gacceiina pexn XKaifbIk B mpepenax
3ananno-Kazaxcranckoii o6nactu

Pamazanoea H., Toxcanbaesa C., bunazaposa A.
['eoxnmudeckoe coctosiHue npaBobepesksst Gacceiina peku XKaiibik B npenenax 3amanno-Kazaxcranckoil 061acT ... 70

Kypbanuszos A.K., Yembapucos D.H.
OneHka pe3ysbTaToB MOHMTOPUHIOBBIX MCCIIE/I0BAHMIT IPYHTOBBIX BOJI 06COXIICH HacTy ApPAIILCKOTO MOPS «....vevevvrrerrerannn. 78

Hcanoea I, Acanxynos T., Temupbaesa K.
MuoroseTHsis IMHAMUKA TUAPOXMMHH 03€PA MCCBIK-KYIb .....vv.vooooeeeeeeoeeeeeeeeee e 86

3-6eAim  Pasaen 3
leoae3uns xaHe Tleope3uns u
Kaptorpachus  kaprorpachus
Anmaesa A., Cveduna C., banmuesa A., Kawnuros FO.
Meroauka cosnanus 3D-MOIEITH MECTOPOKIEHHS C IPHMEHEHHEM r€OUH(POPMATHOHHBIX TEXHOMOT UM ... 94

4-6enim  Pazaen 4
leoskonorus Teoskororus
bepeenesa H., [laypen /1., Ucanberosa A.

Y CTOWIMBOCTD 3aHUIH M COOPYKEHHH K CEHCMUYECKIM KOTECOAHMUSIM B TOPOJE AJIMATBL....cuvvveererrereteeeseeeeeeeneeeeeeeeeeeeesere s 104
Pavlichenko L., Yespolayeva A., Iztaeva A.

Differentiated evaluation of the contribution of oil and gas production complex of Mangistau region to anthropogenic

D O T BT fier. 0o cvussesaisosssssstiniinsmpragessasssmmensibsmeessomionsebsost st oasessomtSm S oot S e st eeeeoedi 112
Tenemeenosa M., 3y6osa O.

Uccrnenosanne paspaboTok sHeprocHeperaromix 1 BIICKTPOOOOTPERACMEIR DO ssescssesorssssisernss sssessomesssosesoatissasssetessassersmsiusstis 124

Hlaxupos T., Huszbexosa A., Hazapoea JI., 3aiioonna H.
OnpipicTik aiiMakTapabIH P UalMSIBIK QOHBIH 3epTIey

ISSN 1563-0234 Journal of Geography and Environmental Management. Ne2 (45) 2017 161




IRSTI 39.19.25

Temirbayeva K.", Shokparova D.!, Mamutov Zh.!,
Bazarbayeva T.!, Zubova O.!

"Faculty of Geography and Environmental Sciences, Al-Farabi Kazakh National University,
Almaty, Kazakhstan,
e-mail: Kamshat. Temirbayeva@kaznu.kz, tel.: +7 701 3289767

BIOGEOGRAPHY OF NITRARIA L.

Nitraria is a halophyte shrub, which grows in arid, semi-arid areas and particularly in saline deserts
and salt marshes. The genus belongs to family Nitrariaceae and includes 10(12) species all over the world
with unusual disjointed distribution. These shrubs are used in the protective afforestation for enhancing
sand deposits and banks and reducing soil salinity and concentration of organic substances. The genus
Nitraria L. is an old, Teritary Period’s relict plant which initially was described in Komarov’s investigations
and given main hypothesis about its origin and distribution centers in Chinese and Mongolian floristic
geography. The probability that Nitraria L. is a very antient genus, having its origins in Central Asia, is
found as a theme of discussion of many researchers. The wide separateness between N. billardieri in
Australia and the closely related N. schoberi in Eastern Europe and Asia has been difficult to explain.
Recent molecular phylogenetic studies and methods have given new findings on systematics of the ge-
nus and new hypotheses on distribution pattern and time of origin. In this article, we discuss hypotheses
about origin and distribution of Nitraria L.

Key words: Nitraria L., origin place, historical biogeography, ancestral area reconstruction
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Hutpapusinbi, (Nitraria L.) 6uoreorpachusicbl

Hutpapua Kyprak, >xoHe >KapTblAail KypFaK, ailMakTapAa OCeTiH, acipece Ty3Abl LIOAAED MeH
Ty3paHFaH 6Gatriaktapaa TapasfaH raaoduTTi Gyta GoAbin Tabbiraapl. Nitraria L. Tybicbl Nitrariaceae
>KaHysCblHa KiPEAi >KOHE OHbIH AYHME XKY3iHAEe epekiue XekeAaeHin Tapaarad 10 (12) Typi 6ap. Bya
OyTarap KyMAbI aiiMaKTap MeH >karaAayAapAbl GeKiTy yiliH KOpFaHbIC peTiHAE, COHAAN-aK, TOMbIPAKTbIH,
TY3AbIAbIFbI MEH OHAQFbl OPFaHMKAABIK, 3aTTapAbIH KOHLEEHTPALMSICbIH a3aTY YILiH OTbIPFbi3blAaAbl. Ni-
traria L. TybICbl OYA €XeAri YIITIK ABYIPAIH PEAMKTI 6CIMAITi, aAFall peT KoMapoBTbIH 3epTTeyAepiHAe
cunatTanabl, an 6ya Kbiait sxoHe MOHFOA (DPAOPUCTUKAABIK, reorpadusiChiHA@ OHbIH, LUIBIFY Teri MeH
TapaAy OpTaAbIKTapbl >KalAbl HETi3ri runoTesarapAbl KaabinracTbipabl. Nitraria L. oTe exeari ociMajik
TYbICbl peTiHAE OTaHbl OpTaAblK A31st GOABIN eCenTeAy bIKTUMAAADBIAbIFbI KOMTEreH 3epTTeylliAepAiH,
TanAdy TakbipblbbiHa aiHaaabl. N. billardieri TypiHiH ABcTpasmsina okluay AaMblFaHAbBIFbIH 8HE
oHbiMeH oTe ykcac N. schoberi TypiniH LLIbirbic Eypona mMen A3usiaa TapaybiH TYCIHAIPY KubiH. COHFbI
MOAEKYASIPAbIK-(DMAOTEHETUKAABIK, 3€PTTEYAEP MEH BAICTEP TybICTbIH CUCTEMATMKACHI TYPaAbl >KaHa
MBAIMETTep, OHbIH, TapaAy epekieAikTepi MeH maiAa GOAy yakbIThl TypaAbl >kaHa rurnoTesasap aAyra
MYMKIHAIK 6epai. Makanaaa Nitraria L. wbify Teri MeH TapaAybl XanAbl runoTe3asap KapacTbipbIAFaH.

Tyviin cesaep: Hutpapus (Nitraria L.), naiiaa 6oaran >xepi, Tapuxu 6uoreorpacmsi, 6aibipFbl
AyMaKTbl PEKOHCTPYKLIUIAQY.
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buoreorpacpus Hurpapuu (Nitraria L.)

Hutpapusa (Nitraria L) npeacraBaseT co00# raAO(UTOBbLIN KyCTapHWK, KOTOPbIA pacTer B
3aCYLUAMBBIX M MOAY3aCYyLUAVBBIX PaitoHax, OCOOEHHO PacrpoCTpaHeH B 3aCOAEHHbIX MyCTbIHIX M Ha
CcoAsiHbIX 60AOTax. Poa Nitraria L. npuHaaaexuT Kk cemeinctBy Nitrariaceae u Bkatovaet 10 (12) BnaoB
BO BCEM MMPE, XapaKTepM3YIOLWXCs HEOObIUHO Pa3pPO3HEHHbIM PACrpeAAeHUEeM. DT KyCTapHUKM
MCTOAB3YIOTCS B 3alLMTHOM OOAECEHUM AAS YKPENAEHUS! MeCcUaHbIX OTAOXKEHMIA 1 Geperos, a Takxe
AAS YMEHbLUIEHUS 3aCOAEHHOCTM MOYB M KOHLIEHTPALMKM B HMX opraHuueckmx seliects. Poa Ni-
traria L. — 9TO ApeBHee PeAMKTOBOE pacTeHue TPeTMUHOr0 NEepuoAd, KOTOpoe BriepBble 6blA0
OMMCAHO B MCCAEAOBaHMSIX KomapoBa, uto C(hOPMMPOBAAO OCHOBHYIO TUMoTe3y 00 MCTOUHMKAX
€ro MPOMCXOXKAEHMS M LIEHTPAX PaCrpOCTPaHEHMS! B KMTAWCKOM M MOHIOALCKOM (DAOPUCTUHECKOW
reorpacun. BepositHoctb Toro, uto Nitraria L. SBASETCS OYeHb APEBHUM POAOM PACTEHUI, POAMHON
KOTOpOro cumtaercy LleHTpaabHast A3usi, IBASIETCS TEMO 00CYXKAEHNS AAS MHOTMX MCCAEAOBATEAEN.
CA0OXHO 06bsicHUTb 06ocobaenHocTb N. billardieri B ABCTpaAMu M HaxO>XAEHME TeCHO CBA3aHHOM
c Heit N. schoberi B BoctouHon Esporie u A3un. ['locAeAHME MOAEKYASPHO-(PMAOTreHETUYECKME
WNCCAEAOBaHMS M METOABI CMOCOOCTBOBAAM MOAYUEHMIO HOBbIX AQHHbIX O CMCTEMATUKe PoAQ, ImrorTes
06 0COBEHHOCTIX ero pacrpeAeAeHUs U BpeMeHU BO3HMKHOBEHMS. B AaHHOM CcTaTbe pacCMOTPEHb!

rMnoTe3bl O NMPOUCXOXAEHMM M pacnpocTpaHenmn Nitraria L.
KAtoueBbie caoBa: Hutpapus (Nitraria L.), MECTO MPOMCXOXKAEHMSI, MCTopuueckas broreorpacus,

PEKOHCTPYKLMS MCKOHHOM TEPPUTOPUN.

Introduction

Nitraria from Nitrariaceae family (formerly
Zygophyllaceae) are shrubs of 0.5 — 2 m height,
with entire, alternate, fleshy leaves. They grow in
great abundance and produce salty-sweet edible
fruits, which are important as a food (Komarov,
1908, 1947; Pan et al., 1999; Noble and Whalley,
1978a; Sheahan, 2011). Nitraria consists of 10 to
12 species with a worldwide distribution including
Southeast Europe, Southwest and Central Asia
(Usturt, Turan, Turgai, Kazakh uplands and
partially mountains Kopetdag, Pamir-Alai, Tian
Shan, Dzungar Alatau, Saur and Tarbagatai),
Mongolia and China, North Africa, and Australia
(Fig. 1) (Table 1). The name Nitre-bush is from
the Latin word for saltpeter, nitrate, indicating
its whereabouts at the bitter salt lakes. These
shrubs are used in the protective afforestation
for enhancing sand deposits and banks, and
reducing soil salinity and the concentration of
organic substances (Noble and Whalley, 1978b;
Parida and Das, 2005; Vysochina et al., 2011).
The taxonomy of Nitraria has been the subject of
disagreement among different botanists for a long
time. Despite of many dissimilarities in anatomy,
embryolohy, biochemistry and plastid type, genus
Nitraria was often included in Zygophyllaceae in
the past. More recently, molecular phylogenetic
studies have shown that Nitrariaceae is closely

related to Sapindales, where Nitraria, Peganum,
Malacocarpus and Tetradiclis form a clade, with
Nitraria sister to the other three genera, and
Tetradiclis close to Peganum + Malacocarpus
(Sheahan and Chase 1996; Savolainen et al. 2000;
Muellner et al. 2007). Separation of Nitraria and
Peganum (and Malacocarpus) from the family
Zygophyllaecceae and define them as distinct
families was proposed by several authors (Sheahan
and Cutler 1993; Ronse Decraene et al., 1996 and
Bachelier et al., 2011).

Distribution of the Nitraria had attracted the
special attention of researchers during long time.
They tried to explain the origin of the genus.
There were different hypotheses on the origin of
the genus. Komarov (1908) suggested Nitraria
originated from Africa, as an origin of tropical
and western, and penetrated to Mongolia through
the Aral-Caspian basin during its drying; Ilyin
(1944) and Vassilchenko (1982) supported this
opinion. According to Komarov (1908) the original
location of N. schoberi were, in all probability, the
seashore. Pan et al. (1999) also thought African and
Australian species are primitive whereas Central
Asian species are derived with respect to the pollen
characters. Popov (1927) suggested the opposite
concept of Komarov reminding the antiquity of
the flora of Central Asian deserts. He insisted that
«Mongolia and the desert country of Tien Shan had
their own, older than the Miocene-Pliocene, the
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sources of desert forms, some of which, after drying
of the Aral-Caspian (Turan) plain began to penetrate
there from north-east, moving to south-west». His
opinion was fully accepted by Korovin (1935), later
almost completely agreed by Bobrov (1946). While
Grubov (1963) thought it should be native origin,
i.e. from Central Asia, because the area is reach
in endemic species and had ancient transformative
geological events. Based on the ploidy variation,
Pan et al. (2003) speculated the place with the
primitive diploid species should be the origin place
of Nitraria, namely, Tethys seacoast, presently
Africa and the Mediterranean. Yang (2006) also
thought an African origin likely, however, dispersal
to Australia was assumed to have been a migration
via Asia.

Recent molecular investigations have improved
the generic classification, species relationship and
distribution pattern of Nitraria (Zhang 2006; Su and
Zhang 2013; Temirbayeva and Zhang 2015).

Methods

Modern biogeographical analysis is conducted
by several steps of molecular methods: taxon
sampling and DNA sequencing (using DNA
fragments of n*DNA and ¢pDNA) following by

Bayesian phylogenetic analysis and divergence time
estimation (implemented in BEAST) and ancestral
area reconstruction (conducted by S-DIV A approach
implemented in RASP) (Temirbayeva and Zhang
2015; Zhang et al 2015).

Discussion and Conclusions

Initially Komarov (1908) proposed two
predictions about its center of origin. First, it
would be Gondwana. Nitraria grows in Australia
and Africa, but it does not exist in the Indian
subcontinent, Madagascar and South Africa. Its
absence in the Indian subcontinent is especially in-
dicative. Second, it would be Angara continent. In
general, it’s poor not only with Nitraria, but also
with its relatives. Moreover, Malpighiaceae and Zy
gophyllaceae do not have the original types here,
which would have prevented them here generally
considered by later invaders. Finally, he thought
that Nitraria is the origin of tropical and western
and penetrated into Mongolia via the Aral-
Caspian basin as it is drying up. The habitat of
Nitraria in Australia was explained only by assumi
ng the hypothesis that the plant in its history was
connected with the continent of Gondwana, unless,
of course, as it was a random element.
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Figure 1 — Distribution of the Nitraria in the World
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Table 1 — Classification and distribution of species in the genus Nitraria L.

Species Denominated Habitat and distribution
year

N. schoberi L. 1753 Salinized low lands in Europe along Mediterranean, the Caspian and Xinjiang, China,
Kazakhstan

N. sibirica Pall. 1784 Salinized low lands and drought hillslope in northern China and the Siberia,
Kazakhstan, Mongolia

N. senegalensis Lam. 1797 Desert in northwestern Africa

N. tridentate Chev. 1798 Desert in northern Africa and adjacent regions of Arabia

N. billardieri D.C. 1828 Savannah and desert in southwestern Australia

N. retusa Aschers. 1876 Desert in northern Africa

N. sphaerocarpa Maxim. 1883 Desert in northwestern China and Mongolia

N. roborowskii Kom. 1908 Margin of desert or basin in northwestern China, Mongolia, Russia

N. komarovii lli. et Lav. 1944 Margin of desert or basin along the Caspian

N. tangutorum Bobr. 1946 Salinized low lands and margin of desert in northwestern China

N. praevisa Bobr. 1965 Sands in Gansu, Ninxia and Inner-Mongolia, China

N. pamirica Vas. 1974 Drought hillslope in Pamirs with altitude 3800-4300 m

N. sinensus Kitag. 1979 Sands along the sea of the Liadong Peninsula, China

The most mysterious is the complete isolation
of the Australian Nifraria from Asian, and it still
has not yet been found on the plains of Hindustan,
even in the Indus Basin. Maksimovic (Enum. Pl
Mongoliae) suggests that the reason for this is the
drift of Mongolian seeds to Australia by migratory
birds. Against this opinion says, however, a strong
prevalence of Nifraria in Australia (Swan River to
the west, New South Wales on the east side of the sea
in South of Australia and Victoria and the Murray
River) seems exciting and the entire of central desert
this country (Komarov, 1947).

Scatter of general area of distribution is
extremely mysterious. Maksimovic Opinion on the
transfer of the plant fruit by birds, wandering from
Central Asia to Australia and back, causing two
objections. First, how much time should be delayed,
though retaining the ability to germinate in the
intestines of birds, these are quite large and heavy
seeds, so as not to be dropped by during the flight,
the duration of which is very significant. Secondly,
in case of accidental drift by birds apparently single
seeds, whether plant may spread as widely as is the
case in our Australian plants. Furthermore, if we
accept identity and the Senegalese plant of Oliver
and for him to take the same explanation, is it not
the birds fly from Syria to Senegal and back, and
why not sown N. Schoberi in the Sahara, lying as if
on the way. There is no also Nitraria in the deserts
of the Indian subcontinent; therefore, it is necessary

to prove that the birds that would fly away for the
winter of Qaidam to the banks of the Indus, does not
exist (Komarov, 1908; 1947).

In recent studies (Temirbayeva and Zhang 2015;
Zhang et al 2015) eight species of Nitraria (nine
species of Nitrariaceae family) were sampled from
China, Middle East, North Africa and Australia to
reconstruct phylogeny, using sequences of nrDNA
and cpDNA regions and test the monophyly of the
species within the genus; and use the phylogenetic
trees generated from these data to examine previous
biogeographic hypotheses about origin of the genus.
To test these biogeographical hypotheses, the robust
methodology of molecular clock and ancestral areas
reconstruction, developed in the last decades, are
used to investigate Nitraria origin and evolution, and
reconstruct the biogeographical history of Nifraria
disjunct distribution and speciation. (Fig. 2).

The dating result showed that Nitraria is
in reality an ancient taxon, originating in early
Paleocene to Cretaceous, yet diversification within
Nitraria is dated to late Miocene 8.96 Ma foreward.
Except for N. sphaerocarpa and African N. retusa,
most of the species nodes or clades of the genus are
young, less than 9 Ma, late Miocene to Pliocene.

Five areas were used in ancestral area
reconstruction. Central Asia includes mainly desert
and steppe regions, as well as some significant
mountains. In term of floristic divisions, two parts,
Mongolia and the Junggar-Turan province 21, or the
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Junggar and Kashgar subkingdoms 58, here named
eastern and western Central Asia, can be designated
within Central Asia (Fig. 2). Nitraria also occurs
in Siberia, generally in Siberian steppe, which is
distinct from the Central Asian desert. Thus, five
areas are divided for Nitraria, A: eastern Central
Asia, also including North China-Northeast China of
East Asia, B: western Central Asia, as well as Iran,
Turkey, and Eastern Europe, C: Siberian steppe, D:
Africa, northern Africa and adjacent regions of the
Middle East, E: Australia.

& (D} Nitraria retusaAfr

@ (D) Nitraria retusalsr

;0 (A) Nitraria tangutorum

| A"——@ (A) Nitraria roborowskii

MO (ABC) Nitraria sibirica

i §""‘ @ (E) Nitraria billardieri
A | ABL
%. B*——@ (B) Nitraria komarovii

e (AB) Nitraria schoberi

© (A) Nitraria sphaerocarpa

Figure 2 — Biogeographical ancestral optimization performed
with S-DIVA and BBM, implemented in RASP
(Zhang et al., 2015)

According to ancestral area reconstruction
of S-DIVA analyses eastern Central Asia (A)
is confirmed to be the origin place of the genus
Nitraria, and then four dispersals occurred in the
evolutionary history of Nitraria.

Eastern Central Asia, located along the
eastern Tethys, was an ancient land that in early

Tertiary, from Paleocene to Oligocene, had an arid
subtropical flora and vegetation which could have
fostered the growth and development of ancient arid
lineages such as Nitraria. Antiquity of the eastern
Central Asian flora can be evidenced from pollen
complexes in several regions such as Kashgar, the
Zaidam Basin, and the Hexi Corridor in China,
particularly Nitraria pollen found in Paleocene
strata at Keche county, Xinjiang province
(located on the southern slope of the Tianshan
Mts. and pertaining to the Kashgar flora); and the
late Eocene (Paleocene-Cretaceous) at Xining,
Qinghai province, having old arid vegetation and
arid endemic genera. Eastern Central Asia could
be regarded as the ancestral area because of the
richness of Nitraria species there, with six endemic
species, and with N. sphaerocarpa being located at
a basal position on the phylogenetic tree (Zhang et
al., 2015).

N. retusa — is North African species, settling
eastward to Palestine. As it turned out, there is in
the «continuationy» of its type much further east: in
1974 L.1. Vasilyeva published a new species (M.
pamirica) from South-Eastern Pamirs, having a
grid (not armored) structure of the endocarp. This
is a great discovery allowing ranking N. pamirica
to relict species, which in the southeast corner of
the Pamirs, they grow in abundance (Lukanenkova,
1964). In contrast to the tall-stem shrub species
of the genus Nitraria, plants of Pamir type are
flattened and pinned to the ground, and perhaps
are fixed juvenile form of some ancient species.
In previous studies, all researches were done not
including N. pamirica species, so further work is
needed to collect this sample and establish the full
phylogenetic, biogeographical, phylogeographical
analysis of Nifraria genus.
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