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SPECIES DIVERSITY OF WETLAND
AND COASTAL AQUATIC FLORA OF THE KETPEN RIDGE

An analysis of the wetland and coastal aquatic flora of the Ketpen ridge is provided in order to study
the composition and distribution of plant species adapted to certain conditions of the area. As a result
of the study, it was revealed that the flora of the Ketpen ridge is represented by a variety of species
adapted to wet and swampy conditions. The most common types of wetland flora of the Ketpen ridge
are various types of sedges, reeds, cattails and reeds. Rare aquatic plant species such as white-water lily,
species from the Gentianaceae family and others were also discovered. An ecological analysis of the
distribution of wetland species showed that most of these are species of reservoirs, swamps and streams,
where there is a sufficient amount of moisture, but there are species found on land, in drier conditions.
The study and analysis of wetland flora and coastal aquatic flora of the Ketpen ridge made it possible to
identify 211 species of vascular plants belonging to 101 genera and 39 families. Low species richness
of families characterizes this flora, and it is 5.4. Among the 11 largest families with the largest number
of species, including 151 species and 83 genera, of which 6 genera are large and polymorphic, such as
Carex (15 species), Ranunculus (11 species), Juncus (7 species), Rumex (7 species), Epilobium (6 species)
and Potamogeton (6 species). These genera make up 39.3% of the total number of species of wetland
and coastal aquatic flora.

Key words: flora, Ketpen ridge, diversity, wetland and coastal-aquatic floristic complex.
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KeTrneH >KoTacbiHbIH, CYyAbI-0aTNaKThl XKOHE XKararayAafbl
chAopaCbIHbIH, TYPAIK SpPTYPAIAIri

AyAaHHbIH OeAriAi 6ip >karAanAapbiHa GeMiMAEATEH BCIMAIK TYPAEPIHIH Kypambl MEH TapaAybiH
3epTTey MakcaTbliHAQ KeTneH >KoTacbiHbIH CyAbl-6aTnakTbl K8HE >KaFaAayAblK, Cy PAOpachbiHA TaAAay
’KacaAraH. 3epTTey HaTuXKeciHAe KeTrneH )oTachIHbIH (hAOPACHI bIAFAAABI )KOHE 6aTnak Thl >KaF AaiAapFa
6eliMAEATeH aAyaH TYPAEPAEH TypaTbiHbl aHbIKTaAAbl. KeTreH >KOTacbiHblH CyAbl-6aTnakThbl Xep
cbAOpacbIHbIH €H Kern TaparaH TYPAepiHe ap aAyaH KbIpbIK, KambIC, KYMPbIK, KambIC >kaTtasbl. CoHaai-
ak, ak, cy Aaaaryai, Gentianaceae TyKbIMAACbIHbIH TYPAEpPi >koHe 6acKkaAapbl CUSIKTbl CUPEK Ke3AeCeTiH
cy ecimaikTepi ae Tabbiaabl. CyAbl-6aTMakThl aAKANTaPAbIH TYPAEPIHIH TapaAybiH SKOAOTUSIAbIK, TAAAQY
OAAPABIH, KOMLWIAIri Cy KOMMaAapblHbiH, 6ATNaKTbl XX8HE aFblHAbI CYAAPAbIH TYPAEPi eKeHiH KepceTTi,
OHAQ bIAFAAADBIH, XKETKIAIKTI MBALIEpi 6ap, Hipak, KYPAbIKTa, KypFak XKarAanAa KE3AECETIH TypAepi 6ap.
KeTneH >koTacbiHbIH CyAbl-6aTnak Tl (DAOPACHI MEH >KaFaAayAarbl Cy (PAOPACHIH 3ePTTEY XKOHe TaAAdy
101 TyKbIMAQC MeH 39 TYKbIMAACKA XKATATbIH TaMbIPAbl ©CIMAIKTEPAIH, 211 TYpiH aHbIKTayFa MYMKIHAIK
6epai. ByA dhAopaHbl cvnaTTaiTbiH TYKbIMAACTAPABIH, TOMEH Typ 6aiAblFbl, OA 5,4. EH ken Typi 6ap 11
ipi TYKbIMAQCTAPABIH iWiHAE, OHbIH iWiHAe 1571 Typ >keHe 83 TyKbIMAAC, OHbIH, iLiHAE 6 TYKbIMAACHI ipi
>KaHe noAMMopdThl, Mbicabl, Carex (15 Typ), Ranunculus (11 Typ), Juncus (7 Typ), Rumex (7 Typ), Epilo-
bium (6 Typ) xeHe Potamogeton (6 Typ). ByA TekTep cyAbl-6aTnakTbl XXaHe >KararayAarbl Cy pAopachl
TYPAEPIHiH >KaArMbl CaHbIHbIH 39,3 %-bl.

Tyiin ce3saep: aopa, KeTneH >KoTacbl, 9PTYPAIAIK, CyAbl-OaTnakTbl >KOHE >KaraAdayAarbl Cy
(PAOPUCTUKAABIK, KELLIEH.
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BuaoBoe pa3HooOpa3ne BOAHO-00AOTHOM
M NpubGpPeKHO-BOAHOM hAaopbl XxpedTa KetneH

[prMBOAMTCS aHaAM3 BOAHO-OOAOTHOM M MPUBPEXKHO-BOAHOM (hAopbl xpebTa KetneH ¢ LeAblo
M3YyYeHMsl COCTaBa M PaCrpPeAEAEHUsI PACTUTEAbHbIX BUAOB, MPUCMIOCOBAEHHBIX K OMPEAEAEHHbIM
YCAOBMSIM AQHHOI MECTHOCTU. B pe3yAbTate uccaeaoBaHmst GbIAO BbISIBAEHO, UTO (hbAaopa xpebTa KeTneH
NnpeACTaBA€Ha PasHOOOPa3HbIMM BMAAMM, aAANTUPOBAHHBIMM K BAQXKHbIM M BOAOTUCTBIM YCAOBUSM.
Hanboaee pacnpocTpaHeHHbIMU BUAaMM BOAHO-60AOTHOM (hAOPbI XpeOTa KeTneH SBASoTCS pa3AnYHble
BMAbI OCOK, TPOCTHMKA, POro3a 1 Kambliwa. Takke ObIAM 0OHAPY KEHbI PEAKME BOAHBIE BUAbI PACTEHMIA,
Takme Kak 0eAast KyBLUMHKA, BMAbI M3 cemerncTBa Gentianaceae n apyrme. IKOAOTMYECKMIA aHaAM3
pacrnpeAeAeHnsi BOAHO-60AOTHbBIX BMAOB MOKa3aA, YTo B GOAbLUMHCTBE 3TO BMAbI BOAOEMOB, GOAOT
1 py4YbeB, rAe UMEeTCs AOCTAaTOUYHOE KOAMYECTBO BAAru, HO eCTb BMAbI, BCTpeYalolMecss Ha Cylle,
B 6oAee Cyxmx ycaoBusx. MccaepoBaHme M aHaAM3 BOAHO-00AOTHOM (DAOPbI M NPUBPEKHO-BOAHOM
Aopbl xpebTa KeTrneH no3BoAUA BbisiBUTL 211 BUAOB COCYAMCTbIX PACTEHMI, MpUHasAexKalumx K 101
poay m 39 cemeinctBam. Huskas BMAOBas HaCbILWEHHOCTb CEMENCTB XapaKTepusyeT 3Ty dAOpYy, M OHa
coctaBasieT 5,4. Cpean 11 KpyrnHemwmx ceMencTB ¢ HaMbOAbLLMM YMCAOM BUAOB, BKAKOYaoLWMX 151
BUMA 1 83 pOAOB, U3 KOTOPbIX 6 POAOB SIBASIOTCS KPYMHbIMWU U MOAMMOPMHbIMM, TakuMm Kak Carex (15
BMAOB), Ranunculus (11 BuaoB), Juncus (7 BuaoB), Rumex (7 Buaos), Epilobium (6 BuaoB) n Potamoge-
ton (6 BUAOB). DTN POAbI COCTaBASIOT 39,3 % OT O6LLEro YMCAA BUAOB BOAHO-GOAOTHOM M NPUBPEXKHO-

BOAHOWM (bAOpbI.

KatoueBble caoBa: aopa, xpeber KertneH, pasHoobpasme, BOAHO-GOAOTHbBIA M MPUBPESKHO-

BOAHbI (PAOPUCTUUECKMIA KOMIAEKC.

Introduction

The Ketpen ridge belongs to the Northern Tien
Shan, which is located in the southern part of Ka-
zakhstan and extends along the border with China.
According to geographic zoning within Kazakhstan,
the ridge under study belongs to the Central Asian
country, Tien Shan region, North Tien Shan prov-
ince, Chilik-Ketpen district [1]. The length of the
Ketpen ridge in Kazakhstan is more than 150 km,
and its width is about 40-50 km. The highest point of
the Ketpen ridge reaches 3680 meters in the eastern
part on the border with China. In the west, the height
of'this ridge gradually decreases to 3400 meters. The
Ketpen ridge has no glaciers and no peaks that reach
the snow line. It borders with the Dzungarian Alatau
in the north, separated by the Ili depression, with the
Kungey Alatau in the west and smoothly passes into
the Temerlik ridge in the east, which merges with
the Boro-Khoro mountain system [2].

In the last decade, scientific interest in the study
of aquatic vegetation has noticeably increased
[3.4,5,6,7,8,9,10,11,12,13,14].

Materials and methods

The main methods for studying the species of
wetland and coastal aquatic flora of the Ketpen

Range include: classical methods of botanical and
floristic research: include the study of the morpho-
logical and anatomical characteristics of plants, as
well as their taxonomy and floristics. Traditional
methods of geobotanical research: include the study
of plant communities of wetland and coastal aquatic
flora and their interaction with the environment. To
do this, a detailed geobotanical description of the
communities present at points recorded using GPS
is carried out. Route-reconnaissance method: in the
field, the method of walking along routes is used to
locate and collect plants. This allows you to cover a
large area and study the diversity of species. Collec-
tion and processing of herbarium material: collected
specimens of wetland and coastal aquatic plant flora
are placed in herbarium folders with a description
of the place of collection, date and collector. After
field work, the material is dried and viewed under
binocular loupes. The collection and processing of
herbarium material is carried out according to the
generally accepted method of A.K. Skvortsov [15].
Species identification and taxonomy: carried out
in the laboratory after field work. For this purpose,
multi-volume reports and reference books are used,
such as “Flora of the USSR [16], “Flora of Kazakh-
stan” [17], “Plants of Central Asia” [18], “Identifier
of plants of Central Asia” [19], “Illustrated direc-
tory of plants of Kazakhstan “[20] and others. The
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species and generic names of wetland and coastal
aquatic plants of the studied ridge are given accord-
ing to S.K. Cherepanov and S.A. Abdulina [21,22].
To analyze life forms, the classifications of K.
Raunkier and I.G. were used. Serebryakov [23].

Results and discussion

Taxonomic analysis

Taxonomic analysis of wetland and coastal
flora showed the presence of 211 plant species that
belong to 101 genera and 39 families. Of the total
number of species, 124 belong to dicotyledonous
plants, and 83 species belong to monocotyledonous
plants. The ratio of wetland and coastal aquatic flora
species is 39:101:211. There are on average 2.0 spe-
cies per genus. The species richness of families of
wetland and coastal aquatic flora is low and amounts
to 5.4. There are no endemic species in the study
area, which indicates the absence of autochthonous

trends in the development of the flora. The absence
of polymorphic genera and the negative value of
the autonomy index (-0.707) indicate the predomi-
nance of allochthonous species in the development
of the flora of the wetland and coastal aquatic flo-
ristic complex. These data allow us to draw con-
clusions about the composition and characteristics
of vegetation in the studied complex. The wetland
and coastal-aquatic floristic complex of the studied
Ketpen ridge according to A.L. Takhtadzhyan [24]
consists of 10 subclasses, of which 3 subclasses
(Alismidae, Arecidae, Commeliniidae) belong to
Liliopsida and 7 subclasses to Magnoliopsida (Mag-
noliidae, Ranunculidae, Caryophyllidae, Rosidae,
Lamiidae, Dilleniidae, Asteridae). From the class
Magnoliopsida, the richest in species composition
were the subclasses Lamiidae, Rosidae, Dilleniidae,
Caryophyllidae, Ranunculidae, Asteridae, and from
Liliopsida, these were Alismidae, Commeliniidae
and Arecidae (Fig.1).

Ramunculidae

Caryophyllidae

9.0%

Dilleniidae

9.0%

Rosidae 10.4%

8.5%

Magnoliopsida
58.,7%

Lamiidae
14.5%
Caryophyllidae
Dilleniidae 2.0% Liliopsida
9.0% 39.3%0

Rosidae 10.4%6

Lamiidae
14.5%

Figure 1 — Wetland and coastal-aquatic floristic complex in the proportions of systematic groups

Of the families of wetland and coastal aquatic
flora of the Ketpen ridge listed below in Table 1,
the richest and largest families in terms of the
number of species were: Cyperaceae (30; 14.2%),
Poaceae (27; 12.2%), Ranunculaceae (18; 8.5%),
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Asteraceae (13; 6.1%), Lamiaceae (12; 5.6%),
Polygonaceae (11; 5.2%), Fabaceae (9; 4.2%),
Gentianaceae (9; 5.2%). 4.2%), Caryophyllaceae
(8; 3.8%), Juncaceae, Scrophulariaceae (7 species
each, 3.3%).
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Table 1 — Leading families of wetland and coastal aquatic vegetation of the Ketpen ridge

o,

Families Number of genera Number of species o of tost;lcni:;nber of
1.Cyperaceae 9 30 14,2
2.Poaceae 12 27 12,7
3.Ranunculaceae 7 18 8,53
4 Asteraceae 9 13 6,1
5.Lamiaceae 9 12 5,68
6.Polygonaceae 3 11 5,21
7.Fabaceae 5 9 4,26
8-9.Gentianaceae 5 9 4,26
8-9.Caryophyllaceae 5 8 3.8
10-11.Juncaceae 1 7 33
10-11.Scrophulariaceae 3 7 33

Total: 68 151 71,5

As can be seen from the table, in the families
Cyperaceae, Poaceae and Ranunculaceae there are
75 species or 35.5%, and in the twelve leading fami-
lies there are 151 species (71.5%) (Figure 2). The
following families: Potamogetonaceae, Onagrace-
ae, Primulaceae (6 species each, 2.8%), Apiaceae
(5; 2.3%), Equisetaceae (4; 4.3%). Four families

contain 3 species each (1.42%). Three families con-
tain two species each (Saxifragaceae, Lemnaceae,
Sparganiaceae). Twelve families: Nymphaceae,
Ceratophyllaceae, Salicaceae, Haloragaceae, Hip-
puridaceae, Callitrichaceae, Butomaceae, Zan-
nichelliaceae, Najadaceae, Primulaceae, Lythrace-
ae, Apogynaceae contain one species each (5.6%).

14.2%
12.2%
8.5%
61%  566% @ 5.2%
i - 4.2%
I I I I | 4i% 3i% 1
&@o d’?& ce‘%e o“& cf?a oz“b& 02‘%& o&@ odb@ o‘i"b{’
& & 3 & - & & & NG o
§ & e £ $ 3 & & &
%) N v W ) & & &
C 53

Figure 2 — Proportions of the largest families of wetland and coastal aquatic vegetation of the Ketpen ridge

By the number of genera, the most leading
families are: Poaceae (12; 5.6%), Cyperaceae
9; 4.2%), Asteraceae (9; 4.21%), Lamiaceae

(9; 4.2%), Ranunculaceae (7; 3.3%), Fabaceae,
Gentianaceae, Caryophyllaceae (5 genera each;
2.36%).
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Table 2 — Leading genera of wetland and coastal aquatic vegetation of Ketpen

Genera Number of species % of total number of species

1. Carex 15 7,1

2.Ranunculus 11 5,2

3-4. Juncus 7 33

3-4. Rumex 7 33

5-6. Epilobium 6 2,84
5-6. Potamogeton 6 2,84
7-8. Primula 5 2,36
7-8. Piccinella 5 2,36
7-8. Veronica 5 2,36
7-8. Equisetum 4 1,9
9-10. Cirsium 4 1,9
9-10. Persicaria 4 1,9
9-10. Poa 4 1,9
Total: 83 39,3

The richest genera in terms of the number
of species were: Carex (15; 7.1%), Ranunculus
(11; 5.2%), Juncus (7; 3.3%), Rumex (7; 3.3%),
Epilobium (6; 2.8%), Potamogeton (6; 2.8%),
Primula (5; 2.3%), Puccinella (4; 2.3%), Veronica
(5; 2.3%), Calamagrostis (4; 4.3%), Equisetum,
Poa, Cirsium, Persicaria (4 species each). These
thirteen genera contain 83 species (39.3%). 3
species (17.2%) each contain 7 genera, 2 species

29.0%

each contain 20 genera, and finally, 60 genera each
contain 1 species (28.4%) (Fig. 3).

In the wetland and coastal water complex, there are
16 species of true species that are characteristic only for
this complex. The main true species include: Butomus
umbellatus, Potamogeton pectinatus, P. natans, P.
filiformis,  Bolboschoenus —maritimus, Triglochin
maritimum, Scirpus tabernaemontanii, Eleocharis
meridionalis, Blusmus compressus and others.

mLarge
@ Oligotypics
OMonotypics

Figure 3 — Proportions of large, oligotypic and monotypic genera
wetland and coastal aquatic vegetation of the Ketpen ridge

Biomorphological analysis

Biomorphological analysis of life forms revealed
a predominance in the wetland and coastal aquatic
flora of flowering herbaceous plants (210; 99.5%), of
which most belong to herbaceous polycarpics (172;
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81.5%). Herbaceous monocarpics are represented
by only 38 species (18%) of the entire composition.
This complex contains only one shrub. The wetland
and coastal aquatic floristic complex is characterized
by the absence of woody, semi-shrubby, tuberous
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and onion plants (Figure 4). Of the polycarpics,
rhizomatous — 23 species (24.7%), short rhizomatous
— 26 species (12.36%), long rhizomatous — 53
species (25.1%), short rhizomatous — 50 species
(23.7%), cystic rhizomatous — 5 species (2.3%).
Annuals predominate in the families Gentianaceae
(9), Polygonaceae (5), Asteraceae (4), Poaceae (5),
Fabaceae (2), Ranunculaceae (1), Caryophyllaceae
(2), Lamiaceae (2), Callitrichaceae (1), Najadaceae

18.0%

2.3%

23.7%

(1) and Juncaceae (2). Perennials predominate
in the families Cyperaceae (30), Ranunculaceae
(16), Potamogetonaceae (6), Primulaceae (5),
Onagraceae (6), Poaceae (22), Equisetophytina
(4), Typhaceae (3) Alismataceae (3). The remaining
families contain 2 and 1 species. In relation to
humidity, mesohygrophytes dominate — 124 species
(58.7%) and hygrophytes — 62 species (29.3%),
hydrophytes — 25 species (11.8%).

24.7%

E Rhizomatous

B Long-rhizome
@ blhort-rhizome
B Brush

rhizomatous

25.1% B Annuals

Figure 4 — Proportion of life forms in wetland and coastal aquatic vegetation

Geographic analysis

As part of this flora, 23 geographical elements
were identified, united in 5 groups of areas (Fig.5).

The next largest are species that have a
significant range within the Palaearctic — the boreal
group, numbering 64 species (30.3%), of which with
arange throughout the Palaearctic — 35, in its eastern

part — 22, in the western part — 7. Group species with
wide ranges are represented by 60 species (28.4%),
where pluriregional — 12, Holarctic — 48. The ancient
Mediterranean group is represented by 18 species
(8.5%). And the mountainous Central Asian group
is represented by a small number of only 9 species
(4.2%).

31.2%

8.5% 4.2%

28.4%

30.3%

B Mountain Middle Asian
EBoreal

@\Wide range group
OAncient mediterranean

mMountain Central Asian

Figure 5 — Distribution of species of wetland and coastal aquatic vegetation of the Ketpen ridge by habitat type

Table 3 — Distribution of species of wetland and coastal aquatic vegetation of the Ketpen ridge by habitat type

Area name

Number of species % of the total number of species

1. Pluriregional 12 5,6
2. Holarctic 48 22,7
3. Palearctic 30 14,2
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Table continuation

Area name Number of species % of the total number of species
4. West Palearctic 7 3,31
5. East Palearctic 22 10,4
6. Ancient Mediterranean 0,94
7. Eastern Ancient Mediterrancan 1,9
8.European-Ancient Mediterranean 12 5,6
9.Eurosiberian-Kazakhstan 5 2,36
10. Mountainous Middle Asian 28 13,2
11. Mountain- middle asian-Iranian 3 1,42
12. Mountain middle asian- mountainous middle asian 5 2,3
13. Mountainous middle asian -Himalayan 3 1,42
14. Altai-Himalayan 1 0,47
15. Altai-mountainous middle asian 7 3,31
16. Tarbagatae-mountainous middle asian 3 1,42
17. Siberian-mountain middle asian 5 2,36
18. Tien Shan 4 1,9
19. Tien Shan-Pamir-Alai 11 5,21
20. Altai-Tienshan 2 0,94
21. North Tien Shan 1 0,47
22. Gornosiberian-Tienshan 2 0,94
23. Chinese 2 0,94
Total: 211 100

The next largest are species with a significant
range within the Palearctic — the boreal group,
numbering 64 species (30.3%), of which 35 species
with a range throughout the Palearctic, 22 in its
eastern part, and 7 in the western part. species with
wide ranges are represented by 60 species (28.4%),
where pluriregional — 12, holarctic —48. The ancient
Mediterranean group is represented by 18 species
(8.5%). And the Middle Asian mountain group is
represented by a small number of only 9 species
(4.2%).

Conclusion
The analysis showed that the wetland and coastal
aquatic floristic complex of the Ketpen Ridge is an

important element of the biological diversity of
this region, providing shelter and food for many

48

species of animals and playing an important role in
maintaining ecological balance. Representatives of
the wetland and coastal aquatic floristic complex in
the study area of the Ketpen ridge are adapted to
the constant presence of water in the soil or constant
waterlogging and are confined to various habitats:
reservoirs, banks and river valleys, where they form
aquatic, wetland and meadow (riparian) -water)
ecological and geographical groups. The distribution
of swamps on the Ketpen ridge is associated with
a strong dissection of the mountain topography;
small fragments of swamps are present in the high-
mountain belt; in the foothill plains they are found
along river valleys, in places where groundwater
emerges. As noted by N.I. Rubtsov high-mountain
swamps are essentially a relict formation. during the
Pleistocene glaciation, they were apparently much
more widespread in the mountains [25].
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