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VARIABILITY OF MORPHOLOGICAL SIGNS OF POPULATIONS SOLIDAGO CANADENSIS L.
AND SOLIDAGO GIGANTEA AIT. IN DIFFERENT ECOLOGICAL CONDITIONS

The anthropophytisation processes pose a real threat to the phytodiversity on the territory of Ukraine. To study the interpopulati-
on variability and to analyze the factors leading to the excessive increase in quantity of the adventive species individuals in the condi-
tions of anthropogenic transformation, we took as a model the invasion species on the territory of Ukraine: Solidago canadensis L.
and Solidago gigantean Ait. According to the study of the morphological signs variability in local populations S. canadensis and S.
gigantea in different ecological conditions, we have revealed that the morphometric signs (length of the ramet, number of leaves,
length of inflorescences, number of flowers in the inflorescences) of the S. canadensis ramets are characterized by medium and high
intrapopulations variability (V' = 11.46-68.67 %), and S. gigantea ramets are characterized by insignificant and high levels of intrapo-
pulation variability (V= 7.01-90.04 %), which correlates with unfavourable conditions of anthropogenically transformed habitats.
According to the study results, we have discovered that the depressive vitality type, and, correspondingly, the low vitality level is
common for the local populations of S. canadensis for ruderal biotopes of anthropogenic herb stands, ruderal biotopes of fallows on
sand, highly artificial broadleaved deciduous forestry plantations and fruit and nut tree orchards. Such a vitality type of S. canadensis
populations is probably explained by the high level of digression of the above-mentioned biotopes. The local population of the rude-
ralized thickets of bushes is characterized by the comparatively high value of the vitality index, which is due to the favorable edaphic
conditions. On the other hand, the local populations of S. gigantea of ruderal biotopes of anthropogenic herb stands, ruderal biotopes
of fallows on sand, highly artificial broadleaved deciduous forestry plantations, fruit and nut tree orchards and ruderalized thickets of

bushes are characterized by a prosperous vitality type and, accordingly, a high level of vitality.
Keywords: fitoinvasion; plant population; adventive plants; coefficient of variation; vitality.

Introduction. The anthropophytisation processes pose a
real threat to the phytodiversity on the territory of Ukraine.
Every year, the quantity of invasive plants increases along
with the rates of their distribution and naturalization, the
spectrum of their habitat expands. The flora of Ukraine oc-
cupies quite a high rank among other flora of the world by
the level of anthropophytisation (species of adventive plants
represent at least 14 % of the country's flora total number of
species). The spontaneous fraction of the adventive flora of
Ukraine comprises at least 830 species of vascular plants,
among which about 50 species are dangerously invasive
(Protopopova et al., 2002).

The natural biogeographic process of species migration
in vascular plants provides for the presence of at least three
components: recipient environment, colonizer species and
vector of transferring. The natural process of plants migrati-
on ensures continuity and discreteness of the vegetation.
Anthropogenic migrations of vascular plants are characteri-
zed by the fact that they are caused by the abrupt transfor-
mations of one, two or all three mentioned elements becau-
se of unintentional or purposeful human activity. The pro-
cess of vascular plant migration accelerates, assuming glo-
bal dimensions. Alien species of plants, adapting to the
changing conditions, quickly enter new spaces, sometimes
intensively increase the number of individuals resulting in
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phytoinvasion. Rapid adaptation of new local populations
of anthropophytes provides widespread distribution re-
gardless of phytocenotic environment (Burda et al., 2015).
Thus, while exploring the plant populations, it is highly im-
portant to study intrapopulation and interpopulation variabi-
lity of morphological signs in individuals. Such data give us
the opportunity to learn want mechanisms ensure the viabi-
lity of populations, as well as the peculiarities of their adap-
tations to the changing conditions of the altered natural and
anthropogenic environment. (Chuj & Shumskaja, 2014).

To study the interpopulation variability and to analyze
the factors leading to the excessive increase in quantity of
the adventive species individuals in the conditions of
anthropogenic transformation, we took as a model the inva-
sion species on the territory of Ukraine: Solidago canaden-
sis L. (kenophyte of the North American origin, epicophyte,
European and North American habitat, herbaceous polycar-
pic, mesophyte, scioheliophyte, anemochore, weeds) and
Solidago gigantea Ait. (kenophyte of the North American
origin, ergasiophyte, European and North American habitat,
herbaceous polycarpic, mesophyte, scioheliophyte, anemoc-
hore, weeds) (Protopopova, 1991).

Material and methods of research. Population analy-
sis of local populations S. canadensis ta S. gigantea was
consistent with their phenological spectra (was conducted
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during the flowering phase, in August-September of
2015 and 2017). We selected the partial sprout (hereinafter
the ramet) as the phytopopulation statistical unit to analyze
the local populations S. canadensis ma S. gigantea, which
are characterized by seed and vegetative regeneration (clo-
nes of different types are formed).

All the populations selected for the analysis, are locali-
zed within the boundaries of biotopes of Kyiv city:
12.21 Ruderal biotopes of anthropogenic herb stands;
12.242 Ruderal biotopes of fallows on sand; I 4.12 Rudera-
lized thickets of bushes; I 1.4.11 Highly artificial broadle-
aved deciduous forestry plantations; I 4.22 Fruit and nut
tree orchards. Types of biotopes are given according to the
classification of biotopes for forest and forest-steppe zones
of Ukraine (Didukh et al., 2011).

We took the field material (ramets) for further cameral
treatment in a very short period of time, to minimize the
impact of ontogenetic drift on the results of the study. The
sample size for each local population amounted to 25 ra-
mets in the reproductive state. We estimated the morpholo-
gical status of individuals by 4 static metric parameters
(Table 1).

Table 1. Morphometric parameters of Solidago canadensis L.
and Solidago gigantea Ait.

Metri Notation keys and Unit of
etric parameters .

calculation formula| measurement
The length of the generati- h em
ve shoot
Length of inflorescence hfl cm
Number of flowers in the N pes.find
inflorescence
Number of leaves Ny pes./ind

We processed the the value of morphometric features by
generally accepted statistical methods. (Burda, Ignatiuk,
2011). We used the coefficient of variation (¥, %) as a me-
asure of the characteristics variability. Depending on the
value of the variation coefficient, the variability of the cha-
racteristics was evaluated on the following scale: V <
10 % — variation is negligible; 10 < V' < 20 % — variation is
average; V> 20 % — variation is considerable (Zlobin, 2009).

To explore the interpopulation variability of S. canaden-
sis and S. gigantea, we compared the average arithmetic
values of the studied characteristics and defined the diffe-
rence of reliability using the Student's t-criterion. To deter-
mine the links between parameters, we conducted the corre-
lation analysis. To establish the morphological integrity of
individuals in the investigated local populations, we defined
the index of individuals integrity according to U. A. Zlobin
(Zlobin, 2009). The maximum value of the index corres-
ponds to the best conditions for the implementation of
growth potentials, and the minimum — for worse conditions
or increased stress.

The statistical treatment of the output data is carried out
with the help of software MS Excel 2010 and Statistica 7.0.

Results and discussion. According to the study of the
morphological signs variability in local populations S. ca-
nadensis 1a S. gigantea in different ecological conditions,
we established, that the morphometric signs (length of the
ramet, number of leaves, length of inflorescences, number
of flowers in the inflorescences) of the S. canadensis ramets
are characterized by medium and high intrapopulations va-
riability (V' = 11,46-68,67 %), and S. gigantea ramets are
characterized by insignificant and high levels of intrapopu-
lation variability (V= 7,01-90,04 %), which correlates with
unfavorable conditions of anthropogenically transformed
habitats (Table 2).

Table 2. Variations coefficient (¥, %) of morphological signs
of local populations Solidago canadensis L. and Solidago
gigantea Ait. in different biotopes

. Morphological parameters

Biotopes 7 N, W N
1221 52.13 42.13 57.74
52.49 24.64 57.57
12,242 15.56 18.49 27.94 27.94
14.57 33.59 15.13 42.16
14.12 19.25 25.64 36.69 64.23
' 7.01 40.96 16.90 33.82
11411 11.46 36.44 39.17 46.06
11.66 86.41 31.54 90.04
14.22 20.23 24.58 45.27 68.67
10.95 5241 34.07 49.33

Note: I 2.21 Ruderal biotopes of anthropogenic herb stands,
12.242 Ruderal biotopes of fallows on sand, I 4.12 Ruderalized
thickets of bushes, I 1.4.11 Highly artificial broadleaved deciduous
forestry plantations, I 4.22 Fruit and nut tree orchards; 4 — the
length of the generative shoot, Ny— Number of leaves, 4f/ — length
of inflorescence, NfI — number of flowers in the inflorescence; abo-
ve the dash — the parameters of local populations S. canadensis, be-
low the dash — the parameters of local populations S. gigantea.

In all the studied populations of S. canadensis the lo-
west values of coefficient of variability are typical for the
length of the generative shoot (V' = 11,46-20,23 %), they
correspond to the average values of variability. The variabi-
lity analysis of number of leaves of the individual in the
anthropogenic biotopes has shown that the local populati-
ons of ruderal biotopes of fallows on sand are characterized
by the average variability level. But, it was discovered, that
ruderal biotopes of anthropogenic herb stands, ruderalized
thickets of bushes, highly artificial broadleaved deciduous
forestry plantations and fruit and nut tree orchards are cha-
racterized by the high level of variability, because they are
more developed and structured. The length of inflorescence
and number of flowers are marked by the biggest variable
(V'=27,94+45,27 and V' = 46,06+68,67 % respectively).

In all the studied local populations of S. gigantea the lo-
west value of the variation coefficient is attributed to the
length of the generative shoot (V' = 7,01+16,86 %), it cor-
responds to the low and average values of the variation. The
variability analysis of the length of inflorescence in the
anthropogenic biotopes showed that the local populations of
the ruderal biotopes of fallows on sand are characterized by
the average level of the variability, but the ruderal biotopes
of anthropogenic herb stands, ruderalized thickets of bus-
hes, highly artificial broadleaved deciduous forestry planta-
tions and fruit and nut tree orchards are characterized by the
high level of variability. The number of leaves and the num-
ber of flowers are marked by the most considerable variable
(V'=33,59+86,41 and V= 33,82+90,04 % respectively).

The variation coefficient rates in number of leaves of ra-
mets of all the studied local populations of S. gigantea are
higher than the similar rates of the local populations of S. ca-
nadensis. However, the variation coefficient rates of the
length of inflorescence in the ramets of the studied local po-
pulations of S. gigantea are lower than the similar rates of the
local populations of S. canadensis. The considerable morpho-
logical variability of the individuals of S. canadensis ta S. gi-
gantea is one of the survival mechanisms of local populati-
ons in conditions of significant anthropogenic pressure.

The morphological structure of plants depends to a large
extent on ecological and cenotic factors of the environment.
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The study analysis of the interpopulation variability of pa-
rameters of S. canadensis Ta S. gigantea ramets has shown
that there is no significant difference between populations
in number of leaves, length of inflorescence and number of
flowers in the inflorescence. There is an insignificant diffe-
rence (with accuracy of 95 %) in the length of the ramets in
the studied local populations. We conducted the correlation
analysis of the parameters of individuals within the frames
of populations to examine the internal linkages between
plants. We marked from 0 to 4 statistically significant direct
proportional correlations at the probability level of 99 % in
each correlation matrix (Table 3).
Table 3. Correlation between morphometrical signs and vita-
lity index of the local populations Solidago canadensis L and

Solidago gigantea Ait.

Bioto- Morphological parameters
pes | /Ny | W/hfl | W/Nfl | N/hfL | N/NAL | hfI/NfL | IVC
1221|070 [073] 070 [ 089 [0.79 | 086 | Lo7
0.39 | 0.29 | -0.14 0.80 | 0.32 | 0.20 | 1.14
[2.242| 050 [ 072031 [os4 038 069 | 03
0.36 | 0.56 | —0.0005 | 0.68 | 0.41 | 0.62 | 1.42
Lotz | 070 [ 078 06l [062 [ 046 | 070 | 137
0.67 | 0.50 0.19 0.80 | 0.60 | 0.63 | 1.34
[Lan] 001 [084 075 075 061 [ 086 081
0.10 | 0.49 0.14 0.47 | 096 | 0.42 | 1.32
Loz | 083062 ] 062 062 [0.69 | 082 |05
0.52 | 0.63 0.59 096 | 092 | 091 | 1.3
Note: I 2.21 Ruderal biotopes of anthropogenic herb stands,

12.242 Ruderal biotopes of fallows on sand, I 4.12 Ruderalized
thickets of bushes, I 1.4.11 Highly artificial broadleaved deciduous
forestry plantations, I 4.22 Fruit and nut tree orchards; IVC — index
of vitality of coenopopulations; / — the length of the generative sho-
ot, N;— Number of leaves, Afl — length of inflorescence, NfI — num-
ber of flowers in the inflorescence; P > 0,01; above the dash — the
parameters of local populations S. canadensis, below the dash — the
parameters of local populations S. gigantea.

The length of the inflorescence and the number of flo-
wers in the inflorescence are the most correlated morpho-
metric signs of local populations of S. canadensis with ot-
her signs. They have from 1 to 3 reliable correlations. The
number of leaves and the number of flowers in the inflores-
cence are the most correlated morphometric signs of local
populations of S. gigantea (from 1 to 3 reliable correlations
as well).

The viability of the population is a very important
complex and diagnostic attribute of the population level. By
this notion we mean the integral effect of the basic popula-
tion functions, such as renewal (cyclicity), retention and ex-
pansion of the territory (resettlement) and preservation of
evolutionary perspectives (Tsarik, 2001). The individuals of
the studied populations of S. canadensis are characterized
by the low vitality, that is proved by their depressive vita-
lity type (table 3). However, the presence of the individuals
with low vitality is necessary for the population existence,
as they can faster realize their reproductive potential and le-
ave behind offspring (Tsarik, 2001).

According to the study results, we discovered that the
depressive vitality type, and, correspondingly, the low vita-
lity level is common for the local populations of S. cana-
densis for ruderal biotopes of anthropogenic herb stands,
ruderal biotopes of fallows on sand, highly artificial broad-
leaved deciduous forestry plantations and fruit and nut tree
orchards. Perhaps, such a vitality type of S. canadensis po-
pulations is explained by the high level of digression of the

above-mentioned biotopes (Table 3). The local population
of the ruderalized thickets of bushes is characterized by the
comparatively high value of the vitality index, which is due
to the favorable edaphic conditions. (Table 3).

On the other hand, the local populations of S. gigantea
of ruderal biotopes of anthropogenic herb stands, ruderal bi-
otopes of fallows on sand, highly artificial broadleaved de-
ciduous forestry plantations, fruit and nut tree orchards and
ruderalized thickets of bushes are characterized by a pros-
perous vitality type and, accordingly, a high level of vita-
lity. (Table 3).

Belonging of all the studied populations of S. gigantea
to the prosperous type of vitality structure testify to an eco-
logical optimum for them on the investigated areas of the
secondary habitat. However, different values of IVC index
prove that edaphic factor plays a significant role in shaping
the populations structure and leads to their differentiation.

Conclusions. We found that, depending on the environ-
ment conditions and the effects of anthropogenic factors,
the adaptation mechanisms of the local populations of
S. canadensis ta S. gigantea consist in changing the vitality
and phenotypic variability in order to survive, reproduce
and develop in the conditions of anthropogenically transfor-
med biotopes.
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M. I1. OniiiHuk
Inemumym esonroyitinoi exonoeii, HAH Yxpainu, m. Kuis, Ykpaina

BAPIABEJ/IBHICTb MOP®OJIOTTYHUX O3HAK MONYJIALIN SOLIDAGO CANADENSIS L. TA
SOLIDAGO GIGANTEA AIT. Y PI3BHUX EKOJIOTTYHUX YMOBAX

3a pe3ynbTaTaMu JOCIKEHHS BapiabenbHOCTI MOPQOIOTYHAX O3HAK JIOKAJIBHUX TOMYJISILiil S. canadensis Ta S. gigantea y pi3-
HUX €KOJOTIYHHX yMOBaX BCTaHOBJICHO, IO MOP(OMETPHYHI O3HAKHU (TOBXKHHA PaMeT, KUIBKICTh JINCTKIB, JOBKHHA CYIBITh, Kilb-
KICTh KBITOK Yy CYHBITTi) pameT S. canadensis XapakTepU3yIOTECS CEPEIHIM Ta BUCOKHM PIBHSIMH BHYTPIIIHBOMOMYIISAIIHOT MiHIH-
BocTi (V' = 11,46-68,67 %), a pamer S. gigantea — He3HAUHUM Ta BHCOKHM PIBHSMH BHYTpIIIHBOIONYJISLiiHOI MiHnuBOCTI (V =
7,01-90,04 %), 1mo Kopermtoe i3 HECHPHUATINBUMHA YMOBAMH aHTPOIIOTEHHO TpaHC(OPMOBAaHUX 0i0TOmiB. 3a pe3ynbTaTaMy IOCIi-
JOKEHHS BCTAHOBJIEHO, IO JJISI JIOKAJIBHUX MOMYISALiN S. canadensis pyaepanbHuX 0i0TOMIB TpaB'sTHUX 0araTOpIYHUKIB, pyIepalbHUX
010TOIIB HepeNnoriB Ha MicKax, IITYYHO CTBOPEHHX OIiOTOIIB JHMCTSHHX JEPEeB Ta IUIOJOBUX Ta JEKOPATHUBHUX CaliB XapaKTepPHUH
JIETIPECHBHUM BITAIITETHHI THUII i, BiIOBITHO, HU3bKUH PIBEHB XUTTEBOCTI. [10piBHSIHO BHCOKMM 3HAUEHHSM iH/ICKCY BITAJIITETY Xa-
PaKTepU3yeThCs JIOKATIbHA MOMYIIAIIS pyASpai30BaHUX 3apOCTEH KyIIiB, IO 3yMOBJICHO CIIPUSATINBUMH enadiuauMu ymoBamu. Ha-
TOMICTB JIOKaJbHI MOMyJsinii S. gigantea pynepanbHUX OiOTOMHIB TpaB'THHX 6araToOpivHMKIB, pyJdepalbHUX OiOTOIIB HEpernoriB Ha
ITicKax, MTYYHO CTBOPEHHUX OIOTOMIB JIMCTSHUX JCPEB, IUIOAOBHUX Ta AEKOPATHBHUX Ca/liB, PyAepalli3oBaHUX 3apOCTEH KYIIiB Xapak-
TEPU3YIOTHCS MPOIBITAIOUNM BITAIITESTHUM THIIOM i, BIATIOBITHO, BUCOKUM PiBEHb KHUTTEBOCTI.

Kniouogi cnosa: BhiToiHBa3il; MOMYIALIS POCINH; alBEHTUBHI POCIHHY; KOe(ilieHT Bapiamii; >KUTTEBICTE.

M. I1. OnuiiHbik
HUnemumym s6ontoyuonnoii sxonoauu, HAH Ykpaunuwi, 2. Kues, Ykpauna

BAPUABEJIbHOCTh MOP®0/JIOTMYECKUX TPU3HAKOB MOMYJIAIIUA SOLIDAGO CANADENSIS L.
N SOLIDAGO GIGANTEA AIT. B PA3HBIX 3KOJIOTMYECKHUX YC/IOBUAX

B pesynbTare uccnenoBanus BapuabeIbHOCTH MOP(OIOrHIecKnX MPU3HAKOB JIOKAJIBHBIX HOMyIsinuii S. canadensis n S. gigan-
tea B PA3INYHBIX SKOJOTHYECKUX YCIOBHSX YCTAHOBIICHO, YTO MOP(OMETpHUUECKUE NPU3HAKY (JUIMHA paMeT, KOJIHMYECTBO JINCTEHEB,
JUTMHA COL[BETHH, KOJTMIECTBO I[BETKOB B COLIBETHH) paMeT S. canadensis XapaKTepH3yIOTCS CPETHUM M BBICOKHM YPOBHSIMH BHYTPH-
MOMYIAMOHHON m3MeHanBocTH (V= 11,46-68,67 %), a pamer S. gigantea — He3HAUNTEIBHBIM U BEICOKAM YPOBHSIMH BHYTPHIIOITY-
nsnuoHHON m3MeHunBocTH (V= 7,01-90,04 %), uT0 KOppenupyeT ¢ HeOIaronprusATHBIME YCJIOBUSIMU aHTPOIIOTEHHO TPaHCHOPMHUPO-
BaHHBIX OnoTomnoB. ITo pe3ynpTaTaM HcclieOBaHUS YCTAaHOBJIEHO, YTO IUIS JIOKANBHBIX NMOMYISIMi S. canadensis pyaepalbHbIX OH-
OTOIIOB TPAaBSIHBIX MHOTOJICTHHKOB, PYAEPAIBHEIX OMOTOIOB 3ajiexel Ha IecKaxX, HCKYCCTBEHHO CO3/IaHHBIX OHOTOIIOB JTHCTBEHHBIX
JIepEBbEB, IUIOJOBBIX U JCKOPATHBHBIX CaJI0B XapaKTEPEH JICIPECCUBHBIN BUTAIUTETHBIM TUII U, COOTBETCTBEHHO, HU3KUH YpPOBECHb
KU3HEHHOCTH. CpaBHUTEIBHO BBHICOKUM 3HAUCHUEM HMHJCKCA BUTAIUTETA XapaKTEPU3yeTCs JOKaIbHAs MOMYNALUs pyaepaln3oBa-
HBIX KyCTapHHUKOB, YTO 00YCJIOBIEHO GJIaronpusATHEIMH daaduaecknumu ycnoBusiMy. OHAKO JIOKAIBHBIE OMYISIINY S. gigantea py-
JIepaJIbHBIX OMOTOIOB TPABSIHBIX MHOTOJIETHUKOB, PYACPAIBHBIX OHOTOIOB 3ajIeXel Ha IeckaxX, HICKyCCTBEHHO CO3/IaHHBIX OMOTOIIOB
JIUCTBEHHBIX JIEPEBBEB, IJIOAOBBIX U AEKOPATUBHBIX CaJ0B, PYAEPaIU30BaHbIX KYCTAPHUKOB XapaKTEPU3YIOTCs IPOLBETAIOIUM BU-
TIUTETHBIM THIIOM U, COOTBETCTBEHHO, BBICOKUM YPOBEHB KU3HEHHOCTH.

Kniouesvie cnoga: puTonHBa3HUN; MOMYIISIMS PACTCHUN; aJBEHTHBHbBIC PACTCHUS; KO QHUIMEHT BapHaLNH; KU3HEHHOCTb.
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