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Purpose. In this regard, the purpose of this work is to conduct a comparative
ecological and geographical analysis of North American species of the genus
Robinia and Gleditsia to predict the prospects for their introduction and to identify
common patterns in the formation of cultigenic areas.

Background. Tiwo North American species of the genus Robinia and Gleditsia
(R. pseudoacacia and G. triacanthos) are currently common in protective
afforestation and landscaping of settlements; other species, despite their high
economic value, are used extremely rarely. Different rates of expanding cultivation
areas determine the bioecological features of species that are formed under the
influence of environmental and climatic conditions in the areas of their natural
and secondary expansion. In this regard, the purpose of this work is to conduct a
comparative ecological and geographical analysis of North American species of
the genus Robinia and Gleditsia to predict the prospects for their introduction and
to identify common patterns in the formation of cultigenic areas

Materials and methods. The objects of the current research are North American
species of the genus Robinia and Gleditsia, introduced in the cluster dendrological
collections of the Federal State Budget Scientific Institution «Federal Scientific
Centre of Agroecology, Complex Melioration and Protective Afforestation of
the Russian Academy of Sciences». Methodologically, forecasting the adaptive
capabilities of the species in question under the conditions of introduction relies on
the method of climatic analogs, the main provisions of which were formulated in the
works of Mayr and subsequently refined by Pavari, Selyaninov, Maleev, and Good.
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Results. The findings suggest that the major limiting factors affecting the
expansion of the cultigen ranges of the species of the genus Robinia and Gleditsia
are low winter temperatures (-37°C) as well as poor moisture supply and uneven
distribution of precipitation in the course of the growing season.

Conclusion. Comparative ecological and geographical analysis of donor
regions located in North America and the points of introduction in the Volgograd
region have enabled us to identify the most promising species of R. neomexicana with
a natural expansion area in the states of Utah, New Mexico, Arizona and Colorado,
whose meteorological conditions are most similar to the ones of the Volgograd
region both in terms of temperature and total precipitation. In the Gleditsia family
complex, G. triacanthos was identified as having a considerable natural expansion
area located in the humid and arid regions of the North American continent. This
species is notable for a high level of ecological plasticity and its ability to grow in
various agroforestry areas of the Volgograd region.

Keywords: prospects of introduction, natural, secondary, introduction and
cultigenic areas, R. pseudoacacia; R. viscosa; R. neomexicana; G. triacanthos;
G. X texana; G. aquatica
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Obocnosanue. J[éa cesepoamepuranckux euoa pooa Robinia u Gleditsia (R.
pseudoacacia u G. triacanthos) 6 nacmosuyee epems WUPOKo pacnpoCmpaHeHbl
6 3AUUMHOM J1eCOpPA36e0eHUU U 03€]IeHeHUU HACEeHHbIX NYHKMOS, Opyaue 6Uobl,
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HeCMOMPS HA UX BLICOKYVIO XO3AUCMBEEHHYIO YEHHOCMb, UCNOAb3YIOMCA Kpalihe
peoko. Paznuunvlie memnovl pacuupenus nocesHvlx niowaoeti onpedenaom ouo-
9KoI02UYeCKUe 0COOEHHOCTNU BUO08, KOMOPble POPMUPYIOMCA NOO GIUAHUEM
9KONO2O-KAUMAMUYECKUX YCIO0BUL 8 PAUOHAX UX eCIECTNBEHHO20 U GIMOPULHO2O
pacnpocmpaneHus.

Henw. IIposedenue cpasHumenbHo20 IK01020-2e02paPduiecko20 aHaIu3a cese-
poamepuKranckux 6u0os pooa Robinia u Gleditsia 0nist npoeHo3uposanus nepcnex-
MUG UX UHMPOOYKYUU U GbIAGTEHUSL OOUWUX 3AKOHOMEPHOCMEN 6 POPMUPOBAHUU
KYIbIMUSEHHBIX apeaios.

Mamepuansvt u memoovt. Odvbexmom ucciedosanus AGNAIONCA cegepoame-
puxraHckue 6uovl pooa Robinia u Gleditsia, unmpooyyupoeannvie 8 kiacmepHvle
OdeHnoponocudeckue Koniekyuu PedepaibHo20 20CyOapcmeeHHo20 OOHCEMHO20
Hayuno2o yupexcoenus « Pedepanbhbvlil HaAYUHbIL YEHMP A2POIKOIOUU, KOMIIEKC-
HOU Menuopayuy U 3awumno2o jecopaseedenus Poccutickoll akademuu HAYK».
Memooonoeuueckue npocHO3UpOBAHUS A0ANMUBHBIX BO3MONHCHOCHIEN PACCMAMPU-
68aeM020 8UOA 8 YCLOBUAX UHMPOOYKYUU ONUPACTNCA HA MEMOO KIUMAMUYECKUX
aAHAN0208, OCHOBHBIE NONOAICEHUSL KOMOPO20 ObLAU CPOPMYAUPOBAHDL 8 pabomax
Maitipa u dopabomanwr énocieocmeuu Iasapu, Censinunosvim, Maneesvim u Iyoa

Pesynemameut. Ilonyuennvie Oanuvie cuOemenrbcmeyom o mom, Ymo oCHOG-
HOLMU TUMUTMUPYIOWUMY PAKMOPAMU, STUAIOWUMU HA PACUUUPEHUe KYTbMUSeH-
HbIX apeanos 6udos poda Robinia u Gleditsia, senaiomes HusKue 3uMHue memne-
pamyput (-37°C), a makdce HeOOCMAMOUHAs 61A2000eCNeUeHHOCb U HEPABHO-
MepHoe pacnpedeieHue 0CaoKos.

3axarouenue. CpasnumenbHbulil IKOL020-2€02PAPUUECKUL AHATU3Z PecUo-
H06-00HOPOG pacnonodicenuvix Ha meppumopuu CesepHou Amepuxu u nyHKmMos
uHmpooykyuu Boneoepadckoii obracmu nossonun evidenums Hauboiee nepenex-
mueHblil 6U0 R. neomexicana ¢ apeanom ecmecmgeHHo20 pacnpoOCmMpaHerus Ha
meppumopuu wmamog: FOma, Hvio-Mexcuxo, Apuzona u Konopaoo, memeopono-
2uuecKue yCious KOmopvlx UMem MaKxCuMaibHylo cxodcecms ¢ Boneoepadckoii
0611aCMbI0 KAK N0 MEMNepamypHuiM NOKA3AMeNAM, MakK u no 06wemy Konuyecmay
ocaoxos. B pooosom komnnekce Gleditsia bvina evidenena G. triacanthos ¢ 60nb-
WUM apeanom ecmecmseenHo20 pacnpoCmpanerust, pachnoa0ACeHHbIM 60 GILANCHBIX
U 3aCYUIUBLIX 0OIACTNAX CeBEPOUMEPUKAHCKO20 KOHmMuHenma. Janunwiii 6uod om-
JUYACMCsl GbLCOKUM YPOBHEM IKON02UYECKOT NAACMUYHOCHU U CHOCOOEH npou3-
pacmams 6 pasHwlX AepoaecoOMenUopamunvlx pationax Boneoepadckoii oonacmu.

Knrwouesvie cnosa: nepcnexmugnocms uHmpoOyKyuu; ecmecmeenuvle, 6mo-
puuHble, UHMPOOYKYUOHHbIE, KVIbmueenHble apeansl; R. pseudoacacia, R. viscosa;
R. neomexicana, G. triacanthos; G. X texana, G. aquatica
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Introduction

Species of the Robinia L. and Gleditsia L. generic complexes, with natu-
ral expansion areas located in North America, have made a considerable con-
tribution to the formation of the gene pool of cultivated woody plants in the
Volgograd region. According to the latest taxonomic evaluation [7], the genus
Robinia includes four species of North American origin: R. pseudoacacia L.;
R. neomexicana A. Gray; R. viscosa Vent.; R. hispida L. Two groups are distin-
guishable within the genus: the first one comprises the white-flowered R. pseu-
doacacia, a diploid cross-pollinated species, while the second one comprises
the pink-flowered ones: R. hispida, R. viscosa, and R. neomexicana, which form
triploid clonal races either by apomixis or by natural vegetative propagation
of root offsprings [9]. The genus Gleditsia includes 12 species, three of which
also have natural expansion areas in North America [13].

Most of the species, varieties and forms of the generic complexes of Robinia
and Gleditsia are of undeniable interest for enriching the dendroflora of sparsely
forested regions. They are highly drought-resistant, decorative and are distin-
guished by high vitality in the conditions of introduction. Unfortunately, only
two species, R. pseudoacacia and G. triacanthos, have become widespread in
forest reclamation complexes in the south of European Russia [1, 15].

Different rates of expanding the areas of cultivation for the species of ge-
neric complexes are associated with the bioecological characteristics of plants,
which determine the limits of their resistance to adverse environmental factors.
Moreover, the features of bioecology in the process of phylogenesis are affected
by climatic and environmental conditions in the areas of natural and secondary
expansion of species. According to ecological and geographical analysis, they
can be predicted at the stage of introduction.

In this regard, the purpose of this paper is to carry out the ecological and
geographical analysis of North American species of the genus Robinia and
Gleditsia to predict the prospects for their introduction and to identify common
patterns in the formation of cultigenic areas

The purpose of this work is to conduct a comparative ecological and geo-
graphical analysis of North American species of the genus Robinia and Gle-
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ditsia to predict the prospects for their introduction and to identify common
patterns in the formation of cultigenic areas.

Materials and Methods

The studies were conducted between 2017 and 2022. The objects of the
research were North American species of the genus Robinia and Gleditsia
introduced into the conditions of the Volgograd region: R. pseudoacacia L.;
R. neomexicana A. Gray; R. viscosa Vent. and G. triacanthos L., G. aquati-
ca Marsh.., G. texana Sarg. Collectible Robinia and honey locust plantations
are located in the following areas: the nursery of woody plants of the Federal
Scientific Center of Agroecology of the Russian Academy of Sciences, No.
34:34:000000:122; the Cluster Dendrological Park of Volgograd Agroforestry
Research Institute, 34:34:060061:10; the administrative buildings and labora-
tory facilities of the Federal Scientific Center of Agroecology of the Russian
Academy of Sciences, No. 34:34:060055:32; the forest seed collection planta-
tions of the Kirov forestry in the city of Volgograd, 34:34:070010:21; the nurs-
ery of woody plants of the Nizhnevolzhskaya station for the selection of forest
crops of the Federal Scientific Center of Agroecology of the Russian Academy
of Sciences, No. 34:36:000014, as well as landscaping objects for general and
limited use in the cities of Volgograd and Volzhsky.

Methodologically, forecasting the adaptive capabilities of the species in
question under the conditions of introduction relies on the method of climatic
analogs, the main provisions of which were formulated in the works of Mayr
and subsequently refined by Pavari, Selyaninov, Maleev, and Good.

Agro-climatic indicators are compared at the level of the administrative-ter-
ritorial division of the Volgograd region (districts) and the territories of the
United States of America (states). The comparison of the climatic conditions
of the natural growth regions of the specified species and the points of their
introduction is based on the following indicators: absolute minimum and ab-
solute maximum of air temperatures, average annual temperatures, as well as
average annual precipitation. To identify certain patterns, we have applied mul-
tivariate analysis by the hierarchical clustering method, which was followed by
constructing dendrograms.

Research results and their discussion

The Volgograd region is characterized by severe forest site conditions. The
region is affected by western cyclones and arctic air masses. The air in the re-
gion is dry — eastern and southeastern dry winds are observed, which determine
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the continental arid climate of the region with strong aridization in the south-
eastern part [3].

Dry hot long summers followed by warm autumns, short dry springs and
cold winters with temperatures down to - 37°C are common for the Volgograd
region [2, 15].

The climatogram below, plotted in accordance with the long-term average
data of the reference and information portal “Weather and Climate” shows the
features of the annual course of the major meteorological indicators for the Vol-
gograd region [19] (Figure 1).
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Fig. 1. Climatogram of major meteorological indicators in the Volgograd
region (plotted by the authors based on the data provided by the reference
and information portal “Weather and Climate” [19]).

The duration of sunshine accounts for 2079 hours in the northern part of the
region with an increase up to 2350 hours in the southern regions. The region is
sufficiently provided with heat. Air temperature indicators on yearly average
range from 5.2 °C (the town of Elan) to 8.3 °C (the town of Kotelnikovo). The
amplitude of temperature indicators is 32.9 °C per year.

The absolute maximum and minimum temperatures vary greatly from year
to year, but concurrently, the difference in extreme temperatures in the districts
of the region is not subject to considerable change and ranges from 850 C (in
the town of Bykovo) to 770 C (in the town of Serafimovich), which is indica-
tive of a highly continental climate [20].
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The period of stable frosts begins around November, 8-9 in the north of
the region, November, 16-18 in the south, and closes in late February — ear-
ly March. The average duration of the frost-free period ranges between 149
days ( in Elan) and 168 days (in Kotelnikovo). Dates of setting and close,
the total duration of the cold period with negative average daily tempera-
tures in the Volgograd region are close to the calendar winter and average
85-95 days [17].

The average annual humidity indicator is in the range of 66-72%. In the
summer period, on some days, the humidity drops to 14 - 16%, and the aver-
age monthly figures for June - July are 54%. In winter, air humidity increases
to 85% -86%.

The region witnesses frequent droughts, the frequency of which accounts
for 50%. Severe droughts in the Volgograd region were observed in 1906, 1921,
1957, 1969, 1972, 1975, 1998, 2002, 2012, 2020.

On average, from 402 mm (Serafimovich) to 403 mm of precipitation (Low-
er Chir) falls annually in the western and southwestern districts of the region.
Heavy precipitation is also characteristic of the northern part of the region: 393
mm — Yelan’, 390 mm - Rudnya. The driest southern and southeastern districts
are Tinguta (278 mm), Pallasovka (281 mm), Elton (292 mm). The major depth
of precipitation is observed in spring and early summer, when active evapora-
tion from the surface of the earth occurs. In summer, showers are most common
with water rolling into surface watercourses, which activate soil washout and
intensify erosion processes.

According to the agroforestry reclamation zoning developed by Volgograd
Agroforestry Research Institute [5], the Volgograd region comprises the Vol-
ga-Don steppe, Volga-Ural and Volga-Don dry steppe, Ergeninsko-Sarpinsky
and Volga-Ural semi-desert areas (Fig. 2).

The natural expansion areas of all the genus Robinia species are located in
North America. The expansion area of R. pseudoacacia is Appalachian moun-
tains from Pennsylvania to Georgia, west to lowa, Missouri and Oklahoma.
Currently, this species is widely cultivated virtually in the entire continental
United States. R. viscosa grows in the Allegheny Mountains of eastern North
America from North Carolina to Alabama.

As a highly ornamental species, it has become widespread on the east coast
of North America. R. neomexicana is the only species with a natural range in
western North America from Colorado to New Mexico, to Arizona and Utah.
On the territory of the United States, R. neomexicana has not become wide-
spread in culture (Fig. 3).
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Agroforestry areas
of the Volgograd region

11 - Volga-Don steppe

16 —Volga-Don dry steppe

17 —Volga-Ural dry steppe

19 —Ergeninsko-Sarpinsky semi-desert
20 - Volga-Ural semi-desert

Fig. 2. Agroforestry zoning of the Volgograd region (the map has been charted
by the authors based on Volgograd Agroforestry Research Institute data [3])

The natural habitats of all species of the genus Robinia are located in a
warm subtropical climate. Therefore, the major factor, limiting the spread of this
species to the north, is low winter temperatures in new cultivation conditions
[8,10,14,16]. In accordance with the zoning, proposed by Reder, Robinia pseu-
doacacia and R. viscosa belong to the third frost resistance zone (from -35° to
-20 °C), while R. neomexicana belongs to the fourth zone (from -20° to -10°C).

Comparison of the map of USDA plant frost resistance zones with natural
expansion areas suggests that R. neomexicana and Robinia pseudoacacia have
higher potential frost resistance. The expansion of the secondary ranges of R.
viscosa and Robinia pseudoacacia to the north can be related to their economic
value, rather than high frost resistance (Fig. 4).
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Fig. 3. Areas of natural and secondary expansion of the genus Robinia species
in North America: 1 — R. pseudoacacia L., 2 — R. viscosa Vent., 3 — R. neomexicana
A. Grey (charted by the authors based on the PLANTS Database [18])

RS e ™ v
Fig. 4. Areas of natural and secondary expansion of Robinia species
on the map of plant resistance temperature zones (USDA zones): 1 — R. pseudoacacia,

2 — R. viscosa, 3 — R. neomexicana (charted by the authors based on the map
of USDA zones of North America)

In severe forest conditions of arid regions, the drought resistance of plants
is treated as a critical bioecological characteristic. Most species of the genus
Robinia are considered to be quite drought-resistant plants [4, 11]. Numerous
researchers recommend them for creating forest reclamation complexes in arid
regions across the countries and globally [5, 12].
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Overlaying the natural expansion ranges of Robinia species on a map of av-
erage annual precipitation in North America clearly illustrates the differences
in potential drought resistance. Robinia pseudoacacia and R. viscosa originate
from humid subtropical forest and forest-steppe natural zones of the eastern part
of the North American continent, while the natural expansion area of R. neo-
mexicana is located in the western arid part of North America (Fig. 5).
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Fig. 5. Areas of natural and secondary expansion of Robinia species
on the map of average annual precipitation in North America: 1 — R. pseudoacacia,
2 — R. viscosa, 3 — R. neomexicana (charted by the authors based on the map
of average annual precipitation in North America)

The area of expansion of North American species of the genus Gleditsia
is characterized by a temperate and subtropical climate, covering the southern
part of the continent — from the Columbia River in the west to the Great Lakes
in the east. G. aquatica is common in southeastern North America, from Texas
to Florida, north to Kentucky and North Carolina, found in Arkansas, Tennes-
see, southern Mississippi and Missouri, Illinois and Indiana, rarely in eastern
Mississippi. The area of natural expansion of G. triacanthos is central North
America from western New York and Pennsylvania to southern Minnesota and
eastern Kansas, south to northeast Texas and northern Georgia. The smallest
natural range is of the hybrid species G. x texana common in the lower part of
the Brazos River, in close vicinity to the cities of Brazoria and Texas.

G. aquatica is ecologically confined to floodplains, swamps and lakes. The
natural expansion area is located in regions with an average annual rainfall of
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2000 to 3000 mm. The largest range of G. triacanthos is located in large areas
with an average annual rainfall of 500 to 2000 mm. (Fig. 6).
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Fig. 6. Areas of natural expansion of the genus Gleditsia species on the contour map
and the map of the average annual precipitation in North America: 1 — G. triacanthos,
2 — G. aquatica, 3 — G. x texana (charted by the authors on the basis of the contour
map and the map of the average annual precipitation of the territory North America)

In areas of natural expansion of the genus Gleditsia species, the average
monthly summer temperatures are 22-27 °C, winter temperatures range from 1
°C in the north to 15 °C in the south. Overlaying natural expansion areas on the
cartogram of USDA frost resistance zones shows that G. aquatica (VIb - IXb
zone with average minimum temperatures between -19° and -2.5°C) and G. x
texana (VIIb - IXb zone between -14° and -2.5°C) are less frost-resistant. A
more promising species of G. triacanthos is found in areas located in the Va -
IXa zones with temperatures ranging from °to -5° (Fig. 7).

The agro-climatic resources of the Volgograd region differ dramatically
from the ones typical for the areas of natural expansion of species in North
America. Cluster analysis based on the calculation of Euclidean distances en-
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ables us to group points according to the similarity of meteorological indicators
of the US states, where the areas of natural expansion of the specified species
are located, with meteorological indicators of various areas of the Volgograd
region. The calculations take into account the average annual precipitation, the
average annual temperature and the average temperature of the coldest month.
The climate similarity dendrogram is shown below (Fig. 8).

USDA Plant Hardiness Zone May
a—-——_

Fig. 7. Areas of natural expansion of Gleditsia species on the map of plant resistance
temperature zones (USDA zones): 1 — G. triacanthos, 2 — G. aquatica, 3 — G. texana
(charted by the authors based on the map of USDA zones of North America)

The states of Tennessee, Alabama, Arkansas, Missouri and Kentucky are
noted for a large amount of precipitation, which results in marking them off
into a separate cluster. The climate features of these states have nothing to do
with any of the districts of the Volgograd region. The states of Colorado and
New Mexico are the closest to the cities of Volgograd and Kotovo as well as
the village of Olkhovka in terms of weather conditions.

These states also fall into a larger cluster with such urban areas as Yelan’,
Rudnya, Kletskaya, Uryupinsk and Ilovlya. The state of Arizona, as the most
arid among the regions under consideration, can be compared with the semi-des-
ert areas of the Volgograd region, where such settlements as Bykovo, the city of
Leninsk, the city of Pallasovka, the village of Elton, the village of Tinguta are
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found, and even with some settlements located on the border of the dry-steppe
and semi-desert zones, i.e. the town of Dubovka and the city of Kamyshin. A
separate small cluster is made up of the state of Utah and the city of Mikhailov-
ka. In addition to the fact that their climate is quite similar in terms of precipi-
tation (472 mm - Utah, 431 mm - the city of Mikhailovka), the state of Utah is
one of the coldest states in question with an average annual temperature of 15,
7°C and an average January temperature of 3°C.
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Fig. 8. Dendrogram of the climatic characteristics similarities in the areas
of natural expansion of the genus Robinia species and the points of its introduction
the Volgograd region based on Euclidean distances (compiled by the authors)

Thus, the presented analysis of the similarity of climatic indicators in natural
areas and points of introduction has enabled us to identify the states of Colo-
rado, New Mexico, Arizona and Utah as most similar to the Volgograd region
in terms of their temperature and total precipitation patterns. These states form
the natural expansion area of New Mexican Robinia which, according to the
ecological and geographical characteristics, is expected to be characterized by
maximum viability in the conditions of the Volgograd region.
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Conclusion

The study has shown that the major limiting factors affecting the expansion of
cultigen ranges of the genus Robinia and Gleditsia species on the territory of the
Volgograd region are low winter temperatures (- 37°C) as well as poor moisture
supply and uneven distribution of precipitation in the course of the growing season.

Comparative ecological and geographical analysis of the donor regions lo-
cated in North America and the introduction points of the Volgograd region
have enabled us to identify the most promising species of the generic complexes
Robinia and Gleditsia.

Based on the comparative analysis of climatic characteristics, one can con-
clude that R. neomexicana has an obvious advantage over other species of the
genus Robinia, the natural expansion area of which is located in the states of
Utah, New Mexico, Arizona and Colorado. The meteorological conditions of
these states have the maximum similarity to the ones of the Volgograd region
both in terms of temperature and total precipitation.

In the Gleditsia family complex, G. triacanthos proved to be the most prom-
ising species with a large natural expansion area located in the humid and arid
regions of the North American continent. This species has a high level of eco-
logical plasticity and is able to grow in different agroforestry areas of the Vol-
gograd region. The area of natural expansion of the less promising species G.
aquatica is located in the southeastern part of the continent. This species grows
in humid conditions: in floodplains, along the banks of swamps and lakes. The
species of hybrid origin G. x texana occupies an intermediate position. The
adaptive capabilities of this species are limited by the relatively small size of
the natural range and, as a result, by low ecological plasticity.
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