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Aubert D. A simple parsimony-based approach to assess ancestor-descendant relationships. Ukr. Bot. J., 2017, 74(2): 103—121.

Abstract. One of the main goals of systematics is to reconstruct the tree of life. Half a century ago, the breakthrough of cladistics
was a major step towards this objective because it allowed us to assess relatedness patterns among species, an abstract kind
of relationship. Unfortunately, the philosophy of cladism forbade to go further and to seek more realistic relationships, like
the ancestor-descendant relationship, which is the expected fundamental kind of relationship of the tree of life according
to Darwinian evolution. Here, I describe a simple parsimony-based procedure which can be used to transform a classical
cladogram into a genuine phylogenetic tree, i.e. a caulogram. It consists in deleting as many unobserved and unnamed nodes as
possible and replacing them with observed and named species. A new Bayesian non-stochastic weighting scheme is used to assess
character reliability for both this procedure and classical cladogram construction. I illustrate the whole process by assessing the
relationships between the species of the moss genus Didymodon sensu lato (Pottiaceae) and discuss the resulting caulogram by
confronting it with the previous methodology from the evolutionary literature. I finally argue that strictly adhering to cladist
epistemology is untenable and that we must seek new formal methods to find ancestral species as well as ancestral higher taxa.

Keywords: ancestor, Bayesian analysis, Bremer support, evolutionary systematics, parsimony, weighting

Introduction
Background and Motivation

Since the sixties, cladistics has aimed to resolve the
relationships between species (Hennig, 1950, 1966).
These relationships are depicted by cladograms, i.c.
hierarchical treelike diagrams where clusters show which
two of any three species are more closely related to each
other than either is to the third one (Hennig, 1966;
Hull, 1979). This type of relationship is characterized as
“relatedness” and is supposed to represent the relative
recency of the “hypothetical last common ancestors” (or
more rigorously the order of emergence of evolutionary
novelties). It is, however, dubious that such a relationship
corresponds to a true natural process. Unless one
believes that a mother species always disappears when
it speciates (Lee, 1995), relatedness may ambiguously
refer either to a true sister-group relationship (SGR) or

© D. AUBERT, 2017
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to an ancestor-descendant relationship (ADR) (Aubert
2015). In the first case, the two species are descendants
of another unobserved third species (so, a true SGR is in
fact two hidden ADRs), while in the second case one of
them is a descendant of the other one. This second type
of relationship is nonetheless misleadingly represented
as a false SGR through the artificial introduction
of unobserved species on internal nodes (see Fig. 1)
if a cladogram is interpreted as a true phylogenetic
tree (here “true” means sensu Hennig, see below) or
caulogram (the word “caulogram” designates a tree that
emphasizes serial macroevolutionary transformations,
i.e. ADRs, see Zander, 2013). The internal nodes may
be avoided by representing a cladogram as a set of nested
parentheses, but the introduction of unobserved species
is still logically implied by the assumption that none of
the known species is actually an ancestor (Podani, 2013).
Cladograms are thus ambiguous, not faithful pictures of
evolutionary history.
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Furthermore, even in the case of a true SGR,
unnamed nodes would imply that relatedness is a
fundamental phylogenetic relationship. This poses
epistemological problems because sisters have always
been independent entities; they may for example be
born or speciated at very different times. The fact that
one sister would have never existed does not necessarily
imply the non-existence of the other one, while the
non-existence of a mother species necessarily implies
the non-existence of all its daughter species. In fact, a
true SGR (contrary to a false SGR) only means that
both species share a ADR with the same third species.
ADRs are thus far more fundamental evolutionary
(i.e. truly “phylogenetic”) relationships than SGRs.
From a more biologically grounded perspective,
ADRs generally represent peripatric (or “budding”)
speciations. This means that a mother species tends to
disperse and invade geographically isolated locations.
From there, local populations evolve new traits through
genetic bottlenecks and directional selection. Thus,
they transform into daughter species while the principal
population remains morphologically unchanged.
This is because the latter benefits from the stabilizing
effects of a larger genetic pool and purifying selection.
One may call this phenomenon “phylogenetic niche
conservatism” (Pyron et al., 2015). It is very unlikely
that the mother species transforms entirely into two
daughter species through the gradual divergence of two
subspecies at the same time (Levin, 1993). Of course,
budding speciation is especially widespread in islands,
but is not limited to such. As an example, the endemic
liverwort  Leptoscyphus azoricus of Macaronesia
has been shown to have originated through this
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Forced (artificial) branching pattern
generated by cladistic analysis

A

Fig. 1. The artefactual entities introduced by
cladistic analysis. The evolutionary model
(dichotomous splitting) used by cladistic
analysis forces us to hypothesize many

B unobserved entities in order to optimize the
number of transformation events.

process from a parental population of continental
Leptoscyphus porphyrius (Vanderpoorten and Long,
2006). Moreover, we must point out that this mode
of speciation is not restricted to plants. For instance,
a recent palaecontological study of the pterocephaliid
trilobites have shown through the implementation of a
probabilistic model that the main mode of speciation (if
not the sole one) isindeed budding cladogenesis, neither
bifurcating cladogenesis nor pure anagenesis (Bapst and
Hopkins, 2017). This result is largely consistent with
the literature in other fields like the foraminifera (Aze
et al., 2011). Last but not least, the cladistic axiom that
two of any three species must be closer is false since a
single mother species may give birth to more than two
daughters. Unfortunately, cladistic algorithms force the
data to fit a dichotomous tree, which is like trying to
hammer a square peg into the round hole of an ideal
(Zander, 2013). Such a propensity to use axiomatized
synchronous (ahistorical) structures as a fundamental
framework is referred to as structuralism (Zander, 2011;
Aubert, 2015).

All of the above reasons motivate the research for new
methods able to transform cladograms, i.e. Hennig's
“phylogeneticdiagrams”, intotrue phylogenetictrees (or
caulograms) reflecting ADREs, i.e. the real genealogical
relationships between species (Prothero and Lazarus,
1980; Paul, 1992; Alroy, 1995; Crawford, 2010; Aze
et al., 2011; Tsai and Fordyce, 2015). Contrary to what
is sometimes assumed (Gee, 2000), the probability of
encountering an ancestral species in the fossil record
or among extant species is far from being negligible
(Rieseberg and Brouillet, 1994; Crisp and Chandler,
1996; Foote, 1996; Funk and Omland, 2003; Aldous
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and Popovic, 2005; Aldous et al., 2011; Ross, 2014). A
phylogenetic analysis that only results in the publication
of a new cladogram is therefore merely a preliminary
work, which demands a post-cladistic treatment in
order to eliminate the ad hoc virtual ancestors and to
clarify the nature of the relationships. The feasibility of
this objective will be demonstrated by the study of the
North American species of the moss genus Didymodon
sensu lato (Pottiaceae), which has been recently divided
into six segregate genera: Vinealobryum, Didymodon
sensu stricto, Trichostomopsis, Geheebia, Exobryum and
Fuscobryum (Zander, 2016).

Thisworkbuildsonthestudiesof Zander (2013,2014a,
b, ¢, 2016) which introduce means of diagramming
serial evolution of taxa as caulograms, and suggest
support values in terms of decibans. Although Zander
mentioned that variation in occurrence of shared traits
affects credibility, he did not detaile xplicit means of
formally measuring and incorporating variation. This
paper introduces the consistency index and successive
weighting in cladistic analysis as a means of evaluating
variability of traits, with those less variable being more
important. This study is restricted to morphological
traits.

Rationale for the Post-Cladistic Analysis

Inthe cladist framework synapomorphies are considered
the only evidence of common ancestry. Morphological
character mapping over the resulting cladogram allows
us to infer the phenotype of this common ancestor.
If a branch connecting such an internal node to a
terminal species bears no character transformation, and
hence has a length of zero, then the phenotype of the
common ancestor is exactly the same as the terminal
species. However, cladists generally do not regard this
as evidence that the terminal species and the common
ancestor are the same entity, and prefer to systematically
hypothesize that they are different (note that cladism is
not the same thing as cladistics; see Aubert, 2015). They
argue that only shared character transformations can
provide evidence of relationship, and that the lack of a
transformation is only a lack of evidence, not evidence
per se. At best, a species characterized by the absence of
autapomorphy is termed “metaphyletic” (Donoghue,
1985; de Queiroz and Donoghue, 1988). This means
that we do not know whether this species is holophyletic
or paraphyletic (respectively, all descendants included
or not; see Ashlock, 1971).

I would think however that this interpretation is
unscientific. It is argued that since one cannot positively

YKp. 60T. XypH., 2017, 74(2)

disprove that the putative common ancestor and the
terminal species are distinct entities, then they are
(or at least one cannot decide). Here, the burden of
proof has just been unjustifiably reversed. Indeed, the
burden of proof lies upon a person making scientifically
unfalsifiable claims. The very existence of an unobserved
common ancestor is an unfalsifiable claim because
even if we would have sampled a species matching its
reconstructed phenotype, one could argue that since
the species has been observed then it is not the common
ancestor we were looking at. In this framework,
common ancestors are not only unobserved, but also
unobservable entities. Yet, the principle of Occam's
razor tells us that we should minimize the number of
such ad hoc entities. On the contrary, the claim that
an observed species is the same entity as the predicted
common ancestor is a falsifiable claim. It would be
theoretically sufficient to find a single autapomorphy in
order to disprove it. The existence and the observation
of common ancestors are both expected and likely from
the theory of evolution. Science must therefore always
favour the simplest explanation: if an observed species
matches the phenotype of a predicted species, then both
species are the same entity. In other words, this is the
null hypothesis we must test against alternatives. The
very concept of “metaspecies” is therefore unneeded;
all so-called unresolved species must be considered
paraspecies.

Now, not all morphological characters are equally
reliable. Characters in a phylogenetic data set that
transform as shared traits (synapomorphies) only once
in a cladogram are reputed quite stable, and so are
reliable indicators of relationships. But characters that
transform many times are rather labile and create many
homoplastic misleading relationships. What if then,
an observed species nearly matches the phenotype of
a predicted species? Are they the same? Here we must
leave naive Popperian hypothetico-deductivism, i.e.
unweighted parsimony optimization. It is rather obvious
that if the observed autapomorphies are several stable
characters, then the null hypothesis must be rejected
in favour of the alternative one. But if the observed
autapomorphy is only a single very labile character, then
the null hypothesis cannot be convincingly rejected.
The objective evaluation of the null hypothesis therefore
demands a probabilistic quantification of characters’
reliability. As we will see, weighted parsimony can
be interpreted as a form of non-parametric (i.e. not
“model-based”) Bayesian approach.
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A Bayesian Interpretation of the Consistency Index

We consider a morphological binary character x
in a matrix of OTUs. We note s the actual number
of changes of this character occurring in the most
parsimonious dichotomous unrooted cladogram (or
at least the chosen one) and m the minimum number
of changes that it may require in any such cladogram
(i.e. one, in this case). The consistency index is thus
equal to ¢ = m/s. Let us now consider four OTUs A,
B C, and D. We know the fact F = “A and B share the
same state of x, while C and D share another state of this
character”. The reliability of x can be regarded as the
increase in probability that the relationship R = “{A,
B} and {C, D} are two mutually exclusive monophyletic
groups” is true. We are only interested in monophyly,
not holophyly, because rooting a topology is a different
task from reconstructing it (“monophyletic” means
that the most recent common ancestor is a member
of the group, this can be tested without rooting; and
then different rootings of the tree can make this group
“holophyletic” or “paraphyletic”, i.e. containing all its
descendants or not, respectively).

The prior probability of R, i.e. not knowing F, is
theoretically p = 1/3 because there are exactly three
unrooted possible four-taxon trees and only one is
compatible with R. The posterior probability g, knowing
F, would be one if and only if both character states are
homologous for A and B, and for C and D respectively.
If either of the two states is homoplastic in these pairs
(for example it evolved independently in A and B) then
R would be true only by chance, so its probability would
be only 1/3. We must therefore evaluate the probability
z that the first case occurs.

The character x clusters the whole tree into
s+ 1 monophyletic parts. There may be # monophyletic
groups with state 1 and v monophyletic groups with
state 0, so that u + v = s + 1. The probability z that A
has been randomly picked in the same monophyletic as
B and C in the same as D is therefore z = 1/(uv). Any u
and v are theoretically possible, but since convergences
and reversions are here considered equally probable,
we should generally get u = v. More accurately, this is
like tossing a coin s — 1 times because of the constraint
that « > 1 and v > 1. Consequently, we have a simple
binomial distribution:

1 i(s—1) 1
7= 951 u—1) u-(s+1-uw

u=1
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Once z has been computed, we can easily
estimate ¢ as the weighted sum of both cases, i.e.
q=2z+ (1 —2)/3 =2z/3 + 1/3. Therefore the posterior
odds (ratio of probabilities), knowing F, are:

q/(1 —q)=Q2z/3+1/3)/(2/3—-2¢/3)=(2z+ 1)/(2—22)
Since without knowing F, the relationship R can
only be true by chance, the prior odds were (1/3)/
(2/3) = 1/2 (i.e., 0.5:1). Hence, the evidence provided
by F can be evaluated as the ratio of odds, also known
as Bayes factor:
k=12z+1)/(2-22)1/(1/2) =2z + 1)/(1 —2)
This Bayes factor is independent of the prior
probability of R, which means that gq/(q — 1) = kp/
(1 —p)isalwaystrue even if p # 1/3 because of some other
sources of knowledge (stratigraphy or biogeography for
example). Thus, k measures the amount of knowledge
that F adds to our previous knowledge. This evidence
provided by the consistency index is more appropriately
expressed in the logarithmic unit of bans or decibans
(dB) because this allows us to interpret evidence in an
intuitive manner and makes it possible to literally add
units of knowledge. Thus, if we get several independent
sources of evidence from different characters, we can
mentally add up units of evidence instead of doing
complicated computations. A deciban (or decihartley)
is a tenth of a ban, a unit used by Bayesian statisticians
to represent Bayes factors in hypothesis testing. The
deciban scale is here calculated with the formula:
w = 10 X log,, k (the letter w stands for “weight of
evidence”). This scale goes from 0 to infinity, but
13 dB can be interpreted as a strong evidence (> 95%
chances to be true, see Table I). Let us mention that the
smallest intuitively detectable evidence is roughly 1 dB,
which approximately corresponds to the difference we
perceive between the odds 5:4 (around 55-56%) and the
totally equivocal 1:1 (exactly 50%) (Good, 1979, 1985).
The computation of z is a little more complicated for
multistate characters, but the problem can be reduced
to a weighted average of the reliability of each possible
pair of states. There are (m ) ) such pairs. For example,
if we consider a three-state character, A and B may be
in state 0 and C and D in state 1 or 2, or A and B may
be in state 1 and C and D in state 2, or inversely. We
can therefore evaluate independently the three possible
pairs 0/1, 0/2 and 1/2. If s = 3, then one of the states
is represented by two separated monophyletic groups
instead of just one, so two of the three pairs have a z
equal to 0.5 whereas the third one have a z equal to 1,
hence a global value z = 2/3.
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If s = 4, then either two states are represented by
two separated monophyletic groups, or one state is
represented by three such groups. In the first case, two
pairs have z = 0.5 and the third one z = 0.25, while in
the second case two pairs have z = 1/3 and the third one
z= 1. Provided that these supplementary monophyletic
partitions are distributed randomly among the different
states, the first case has a probability of 2/3 while
the second one has a probability of 1/3. Hence, the
global value of z=2/3 x (1/2+1/2+1/4)/3+1/3 %
(1/3 +1/3 + 1)/3 = 25/54. Here, we observe that
(m, s)=(2,4) implies 7= 0.463, which is slightly inferior
to the case (m, s) = (1, 2) where z = 0.5, although
¢ = 0.5 in both cases. Thus, the consistency index does
not accurately take into account the number of distinct
states. In the general case we have:

Zs—m+1 Zs—m—v+2(5—m—v+1) ; (s—m
v=1 u=1 u-—1 v—

Table I. The deciban scale of the Bayesian weight of evidence.
Only the most salient values are psychologically interpreted.

Probability | Odds | Evidence (dB) Interpretation
1.000 + o0 + o0 Certain
0.990 100:1 20 Decisive (Nearly three-sigma)
0.952 20:1 13 Strong (Nearly two-sigma)
0.929 13:1 11.14
0.889 8:1 9.03
0.863 6.3:1 8 Substantial
0.800 4:1 6.02
0.760 3.2:1 5 Believable
0.750 3:1 4.77
0.666 2:1 3 Small hint
0.636 1.75:1 2.43
0.571 1.33:1 1.25
0.557 1.26:1 1 Barely worth mentioning
0.529 1.12:1 0.50
0.5 1:1 0 Totally equivocal
1
L (my . _ s—m-u—v+1 .
1) ( 2 ) (m 1) u-v

7 =

If s — m = 1 then z = ¢ = m/s, but the value of z is
generally strictly lower than that of ¢. The values of z are
presented in the Table II, as well as the corresponding
values of w. Note that the consistency index cannot
reach 0 even if the character is cladistically completely
uninformative. We could note g the maximum number
of transformations that the character x may undergo
among all possible cladograms in order to explain
its state distribution, i.e. the minimum between the
number of 0 and the number of 1. By definition, ¢

(m;-l) - (m + 1)s—m-1

cannot go below m/g. This has led some systematists to
the conclusion that ¢ must be rescaled between 0 and
1 (Farris, 1989). However, this would mean that the
amount of evolution needed for the transformation of a
cladistically uninformative character is exactly zero, i.e.
is equivalent to no transformation at all. Thus, I do not
recommend the use of the rescaled consistency index
(RCI) to calculate the evidence provided by a character
to assess the nature of a transformation of shared traits.

Table I1. The consistency index understood as Bayesian evidence. The letters m and s indicate respectively the minimal and the
actual number of transformations of a character on a particular cladogram. The consistency index is defined as ¢ = m/s. The
values of z are probabilities while the values of w are expressed in decibans (see text for formulas).

Values of 7 : Values of w :
m
s 1 2 3 4 5 s 1 2 3 4 5
1 1 1 13.00
2 0.5 1 2 6.02 13,00
3 0.292 0.667 1 3 3.49 8.45 13.00
4 0.188 0.463 0.75 1 4 2.28 5.55 10.00 13.00
5 0.129 0.333 0.573 0.8 1 5 1.60 3.98 7.01 11.14 13.00
6 0.094 0.248 0.445 0.647 0.833 6 1.17 2.98 5.33 8.12 12.04
7 0.071 0.189 0.352 0.528 0.699 7 0.89 2.31 4.20 6.39 9.01
8 0.055 0.148 0.282 0.435 0.59 8 0.70 1.82 3.38 5.20 7.26
9 0.044 0.119 0.23 0.362 0.502 9 0.57 1.47 2.77 4.32 6.04
10 0.036 0.097 0.189 0.304 0.429 10 0.47 1.21 2.31 3.64 5.12
11 0.03 0.08 0.158 0.258 0.369 11 0.39 1.01 1.94 3.10 4.40
12 0.025 0.068 0.133 0.22 0.319 12 0.33 0.86 1.65 2.66 3.81
Ykp. 60T. kypH., 2017, 74(2) 107



Table ITI. The matrix of characters of Didymodon s. 1. The species Barbula unguiculata is the
outgroup. The 42 characters used are presented in the annex.

1 2 3 4
B.un | 01000 00000| 01100 00000 | 00010 01000 00000 02100 20
V. vi 01011 00000| 01111 01010 | 00110 01000 00001 01100 20
V. br 01011 10020| 20211 01100 | 00110 01000 00001 01100 00
V. ne 01013 00020| 20211 01010 | 11122 01000 11001 1?2222 27
V.nl 01010 10010| 03111 01100 | 00120 11000 00011 02100 20
V.mu [01010 10000| 00124 01100 | 00010 11000 10012 27272272 ?7?
T.au |11013 2001201111 12020 | 10111 00000 | 00011 01100 | 11
T.um | 21013 2000211012 12020 | 10011 00101 02?11 01100 11
T.re 10012 20022| 00210 12020 | 10120 01100 00?01 01022 00
D.ac | 01011 2000120111 11101 | 00110 11100 | 00210 02101 | 10
D.ri 01011 20001|00113 11101 | 00110 11000 00210 02101 10
D. jo 01010 10002| 00114 10101 | 00?00 01210 12112 00011 02
D.ic |01011 2000110112 11101 | 00110 11000 | 10210 02101 | 10
D.an | 01010 10002| 00114 10011 | 00112 01000 12010 1?2?2722 27
E. as 32210 22010| 11211 01100 | 00110 02110 02102 00011 01
G.fa 02010 11010| 01111 10100 | 00000 12010 00101 01010 20
G.to [01010 11011|11110 01100 1| 00010 12020 02101 01012 01
G.le 02011 31000{ 11112 00100 | 00000 02100 12102 1272272 27
G.ms | 21011 31020| 20111 11100 | 00010 12000 | 00101 12222 | 22
G. fe 02010 12020| 01111 11100 | 00000 12010 12101 01010 10
G.mx [ 02010 12020| 02111 11100 | 00000 03110 12302 1272?22 27
G.gi 03010 11010| 03111 11100 | 00020 03110 12302 1272?22 27
F. ni 31110 10022 | 00101 12100 | 00000 02101 01002 01100 10
F. pe 30012 20022| 00100 12100 | 00100 01000 01002 1727222 27
F. su 31110 10122| 00100 12100 | 00100 12000 01002 127222 27
The Bayesian pieces of evidence provided by | Material and Methods

putative characters’ transformations can be used as
weights in a weighted parsimony cladistic analysis
and as a branch length scale in a phylogrammatic
representation of amounts of evolution separating
species. Indeed, additivity is an expected property of
distances on a phylogenetic tree, and contrary to the
raw consistency index, Bayesian evidence measured in
decibans is additive. This makes sense intuitively: if a
stable character transformation is as probable as several
more common character transformations, then they
must be represented by the same length. Therefore,
labile character transformations should be represented
by shorter branches. The (patristic) distances on such
a phylogram would represent the probability that any
character transform. It is an intuitive measure of the
“amount of evolution” between any pair of species.
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Data Source

As an example to demonstrate the feasibility of the
analysis, | have used the matrix of 20 characters of 23
OTUs from Zander (1998), including 22 species from
North America of the genus Didymodon sensu lato, plus
an outgroup species Barbula unguiculata. Two additional
species and 22 supplementary characters were included
after reviewing the most recent literature (Zander, 2013,
2014a, b, c, 2016), plus the Internet website <www.
efloras.org>. The data are entirely neontological, all
species being extant (see Table IIT and Annex).

Weighted Parsimony Cladistic Analysis

Character transformations were generally considered as
unordered and of equal weight, except for discretized
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Fig. 2. The concept of overfitting. With only two parameters, a linear function can only approximate the six depicted points.
With six parameters, a polynomial function can go exactly through each of the six points. The function is thus more precise, but
obviously less accurate. In our case, each unnecessary ancestor can be regarded as a supernumerary parameter.

morphometric characters and for those containing
intermediary, variable or ambiguous states. These
were considered ordered characters and were rescaled
so that their portion of the transition over their full
range represents a single transformation (see Annex).
Heuristic search of the most parsimonious cladograms
were carried on with PAUP* version 4.0a150, with 100
replicates starting with random trees, holding 10 trees
at each step, swapping on all trees with TBR algorithm,
letting reconnection limit at 8§ by default and saving
multiple trees. After the initial search non-homoplastic
characters were considered equal to 13 dB while others
were reweighted according the Bayesian interpretation
of the mean consistency index (see Table II) of all
retained trees. The weights were used in the next steps
to search again the most parsimonious trees and then
compute again new weights, and so on iteratively (Farris,
1969). Computed weights were used at a precision of 2
digits after the point. The branches were systematically
collapsed (creating polytomies) when the minimum
Iength was zero (parameter “amb-").

Bremer Support

The most parsimonious tree is not always the true tree.
In fact, optimization of the data over a model can
result in overfitting. This is a serious bias (see Fig. 2
for a simple illustration of this notion). In classical
cladistic analysis, Bremer support of a clade in the most
parsimonious tree is the minimum number of extra
steps required to draw a near-most-parsimonious tree
that does not contain this clade (Bremer, 1988, 1994).
In order to evaluate the support of the putative clades,
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the trees that are less than 12.99 dB away from the most
parsimonious one were sampled and a strict consensus
tree was built. Branches whose loss is inferior to this cost
were therefore not retrieved, which means that their
Bremer support is strictly inferior to 13 dB (i.e. < 95%).
On the other hand, branches that were retrieved have a
Bremer support superior or equal to 13 dB.

Post-Cladistic Analysis

Character changes can be mapped using either
ACCTRAN or DELTRAN algorithms, so that the
mean length of every branch is estimated. Branch
length is simply the sum of weights of all character
transformations (measured in dB as assigned by the
weighted parsimony cladistic analysis, PAUP* can do
it automatically, see above) along this branch. Nodes
that are joined by very short branches correspond to
clades supported by very labile characters. Intuitively,
the support of such branches is not very strong. In fact,
if the length is inferior to 13 dB, we should generally
conclude that the branch does not exist and the two
nodes represent the same entity. Such a deletion would
have consequences on neighbouring branches (see
Fig. 3). Any procedure of elimination of unnecessary
entities may be called superoptimization (Zander, 2013).
However, we cannot proceed directly to these deletions
directly on the most parsimonious cladogram, because
we would rely on the assumption that its topology is not
strongly distorted by cladistic overfitting (it could be
possible to do so only if each and every ancestral species
gave birth to only one or two derived species, which is a
very strong assumption I do not hold).
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G. gigantea

A Fig. 3. The principle of superoptimization. The goal
of superoptimization is to remove unnecessary
entities by deleting insufficiently supported

1 terminal or internal branches. Like in classical
character mapping, several solutions may exist
(ACCTRAN or DELTRAN). The letters “A”, “B”
and “C” indicate species, the numbers indicate
characters being transformed, and the letter “R”
indicates a reversion.

1
B
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2
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Fig. 4. How to force PAUP* to draw
a caulogram. These are parts of
phylograms drawn by PAUP*. This
software is able to map characters’
transformations according to
several  optimization  algorithms
(ACCTRAN, DELTRAN or MINF)
but a particular branch cannot be
directly forced to have a length of
zero. However, if we add a new OTU
identical to the putative ancestor
(here «ancl» has exactly the same
character states as G. maxima) in
an unresolved trichotomy then
PAUP* is obliged to infer that the
last common ancestor of these
three OTUs had the same character
states as the majority of them (that
is, «ancl» and G. maxima), thus
drawing two branches with a length
of zero and increasing the length of
the remaining branches. The tests
must be conducted in the context of
the tree, not in isolation. Because
the result may change according to
this very context, huge polytomies
(like the one including G. fallax,
G. ferruginea, etc.) necessitate trying
many rearrangements of outgroups
(not just pairwise tests like those
of Table V) in order to find the best
superoptimization.

E. asperifolium

947.25 steps

E. asperifolium

954.87 steps
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Table IV. The stable weights obtained after successive weighting. The best estimate of weight corresponds to the consistency index
of the only one most parsimonious tree found at the end of the iterative search. The minimum, mean and maximum weights
correspond to the minimum, mean and maximum consistency indices found among all trees that are less than 12.99 dB away
from the most parsimonious one (the mean weight is computed by rounding the mean value of s to the closest integer). Only
two iterations were necessary to obtain stable weights. The five highlighted characters are those whose best estimates differ from

their mean estimates.

Weight Weight Weight
Char. Char. Char.

best min. mean max. best min. mean max. best min. mean max.
1 7.01 7.01 7.01 7.01 15 3.64 3.10 3.64 4.32 29 3.49 2.28 3.49 6.02
2 7.01 7.01 7.01 10.00 16 1.17 0.89 1.17 2.28 30 6.02 6.02 6.02 6.02
3 8.45 8.45 8.45 8.45 17 2.98 2.31 2.98 3.98 31 1.60 0.89 1.17 2.28
4 13.00 13.00 13.00 13.00 18 3.49 2.28 3.49 3.49 32 3.98 2.31 2.98 3.98
5 4.20 3.38 4.20 5.33 19 8.45 5.55 8.45 8.45 33 10.00 10.00 10.00 10.00
6 3.38 2.77 3.38 4.20 20 13.00 6.02 13.00 13.00 34 6.02 2.28 6.02 6.02
7 5.55 5.55 5.55 8.45 21 13.00 13.00 13.00 13.00 35 2.98 1.82 2.98 5.55
8 13.00 13.00 13.00 13.00 22 13.00 13.00 13.00 13.00 36 1.17 0.89 0.89 1.17
9 0.86 0.72 0.86 1.01 23 1.17 1.17 1.17 1.60 37 3.98 3.98 3.98 5.55
10 2.31 1.82 2.31 2.31 24 1.21 1.21 1.47 1.82 38 3.49 3.49 3.49 6.02
11 2.31 1.82 2.31 2.98 25 3.98 3.98 3.98 3.98 39 6.02 6.02 6.02 13.00
12 2.77 2.31 2.77 2.77 26 2.28 0.89 1.60 2.28 40 5.55 3.98 5.55 5.55
13 3.98 3.98 3.98 5.55 27 10.00 10.00 10.00 10.00 41 1.82 1.47 1.82 1.82
14 13.00 8.45 13.00 13.00 28 1.60 0.89 1.60 1.60 42 5.55 3.98 5.55 5.55

For each putative ADR, the strict consensus
cladogram computed from all near-most-parsimonious
cladograms was modified by pruning it from the other
competing ADR hypotheses so as to compare its total
length if the two taxa retained are in a sister-group
relationship (with an unobserved common ancestor)
or in an ancestor-descendant relationship (without
any unobserved ad hoc entity). The ADR was forced in
PAUP* by copying several times the putative ancestral
species in a basal polytomy (see Fig. 4). If the total length
difference was inferior to 13 dB, then it was considered
that the null hypothesis (ADR) could not be rejected,
and so was accepted. Since there can exist only one
mother species (unless we assume that hybridization is
likely), in the case where several possible ancestors could
not be rejected, the less costly competing hypothesis
would be accepted, however only with a credibility
corresponding to the difference of the two costs (i.e.
unfortunately necessarily inferior to 13 dB).

Results

Cladistic Analysis

In the initial step of the analysis only one most
parsimonious tree was found, at a length of 155.67
steps. The consistency indices were computed for
each character and accordingly reweighted using the
Bayesian interpretation described above. The most
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parsimonious trees were searched again, and then new
weights were computed again. This second iteration
had also only one most parsimonious tree with a length
of 774.56 steps. The third iteration led to the tree and
the same weights (see Table IV).The tree is described in
Fig. 5A. I obtained 1474 trees with a score inferior to
787.55 steps. A strict consensus tree has been built from
them (see Fig. 5B). Clades that appear on the first tree
but not on the second have a Bremer support strictly
inferior to 13 dB (i.e. < 95%) and so are not retained.

If one compares the two trees obtained in Fig. 5, the
data could seem rather noisy. However, the evaluation
of 10 million random trees with PAUP* show that none
of them approaches the score of the most parsimonious
tree. The mean score was 1422.71 steps, with a
standard deviation of 46.34 steps and a skewness index
gl = -0.5873 (or -0.4365 without weighting), which
is far more negative than the critical values needed
for such amounts of taxa and characters (Hillis and
Huelsenbeck, 1992). According to Table IV, the best
estimates of characters’ weights may be a little doubtful
for only five characters: 24, 26, 31, 32 and 36. However,
eliminating them completely does not substantially
alter the most parsimonious topology nor the consensus
tree obtained from all near-most-parsimonious trees
(data not shown).

The instability of the cladogram can thus be
attributed to the unstable phylogenetic positions of
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Fig. 5. The consensus trees. (A) Most parsimonious tree found after a heuristic search with successive weighting (stable after two
iterations). (B) Strict consensus tree built from all the 1474 trees that are less than 12.99 dB away from the most parsimonious

score.

mother species relative to their daughter species which
may be wrongly grouped together because of convergent
evolution or reversions. In other words, these are hard
polytomies; they are not resolvable because of the
clear implication that a single ancestor gave birth to
several derived relatives. They are not soft polytomies
that could be solved by using more and more data. The
less resolved tree of Fig. 5B is therefore certainly more
accurate, i.e. closer to truth, than is the more precise
tree of Fig. 5A. One should not force the data into an
artificial dichotomous scheme (Hull, 1979). The data
are well structured, but not cladistically so.

Reconstruction of ADRs

As a first example, let us discuss the case of the
relationship between G. maxima and G. gigantea. The
total length of the strict consensus tree of all near-
most-parsimonious trees is 947.25 steps. If we suppose
that G. maxima is the ancestor of G. gigantea then we
get a length of 954.87 steps (see Fig. 4), whereas we
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get a length of 958.24 steps if we force G. gigantea to be
the ancestor of G. maxima. In the first case, our ADR
hypothesis only costs 7.62 dB, while in the second
case it costs 10.99 dB. Neither hypothesis exceeds the
threshold, but the first one is less costly and is therefore
accepted while the second one is rejected. The fact that
the resulting phylogenetic tree seems less parsimonious
is an illusion caused by the lack of penalty accounting
for unobserved ancestors. We should actually subtract
13 dB and realize that we have just won 5.38 dB. Simple
ADRs like the above one should always be resolved first,
before tackling more complex cases.

The second example I am now going to detail is the
genus Fuscobryum, comprising three species. This case
is simple to resolve because there are no polytomies, all
dichotomies are supported at 13 dB or more. There are
therefore only three tests to conduct: is any these three
species the same as the node it is supposed to derive
from? The three trees corresponding to F. perobtusum,
F. nigrescens, and F. subandreaeoides have respectively
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a length of 969.46 steps, 963.66 steps and 970.15 steps.
Compared to the previous best tree of 954.87 steps,
these hypotheses have a cost of 14.59 dB, 8.79 dB
and 15.28 dB. The first and the third hypotheses
exceed the threshold and are therefore rejected, but
the second hypothesis is well below and is accepted.
This means that F. nigrescens is the extant ancestor of
F. subandreaeoides, but the last common ancestor of
the three species remains unknown. It appears that
this scenario is not exactly the one favoured by Zander
(2014c) who inferred that F. nigrescens was the last
common ancestor of the other two species.

The case of the genus Trichostomopsis is also simple
to resolve. Only four tests are needed to assess potential
ancestral species. All of them were rejected at around
25 dB except T. australasiae whose status of ancestor
of T. umbrosa costs nothing at all. Zander (2014c)
concluded that 7. australasiae is the ancestor of both
T. umbrosa and T. revoluta, but my test rejected this
hypothesis at 24.34 dB. Unless the cladogram was
misleadingly distorted by an artefact of long branch
attraction we must conclude that 7. australasiae and
T. revoluta are derived from a shared unknown common
ancestor. The case of D. acutus, D. rigidulus and
D. icmadophilus is more ambiguous. Any of the three
species may be the ancestor of the other two, with the
respective costs 5.51 dB, 3.64 dB and 9.15 dB. There
is however a small hint in favour of D. rigidulus, so we
accept this hypothesis. These three species may be better
considered subspecies rather than distinct species, but
more data on morphology and possible reproductive
isolation is needed to conclude definitively.

The clade Geheebia- Exobryum is a quite big polytomy
and needs many tests in order to resolve it. I estimated
the cost of ADR for each pair of species (excluding
G. gigantea which we already know is directly derived
from G. maxima). The results presented in Table V
show us that G. ferruginea is certainly the ancestor
of G. maxima (with a cost of 0 dB). In fact, both
G. ferruginea and G. Fallax could be the ancestor of all
other species. However, G. ferruginea seems to be the
direct ancestor of E. asperifolium while G. fallax would
be the one of G. leskeoides and G. maschalogena. The
species G. tophacea seems slightly closer to G. ferruginea
but has clear affinities with both G. leskeoides and
G. maschalogena, which leads to the suspicion of
convergent evolution. Both G. ferruginea and G. fallax
were tested as a potential direct ancestor of all remaining
ones, but these hypotheses were rejected at 26.41 dB
and 20.76 dB respectively. This means that there are
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Table V. The evaluation of ADRs among species of the genera
Geheebia and Exobryum. Each ADR hypothesis is tested
against the corresponding SGR hypothesis. Their rejections
are expressed in decibans, the threshold of 13 dB (> 95%).
ADRs that were not rejected are highlighted.

E. as G. fa G.1to G.le | G.ms | G.fe | G.mx
>E. as - 8.78 12.96 | 17.94 | 23.48 | 2.46 26.4
>G.fa | 61.78 - 28.19 | 25.23 | 29.89 | 8.01 | 36.53
>G.to | 46.55 | 8.78 - 18.77 | 23.37 | 8.01 36.53
>G. le | 34.61 3.98 9.32 - 21.63 | 6.41 | 29.18
>G.ms | 32.22 | 298 5.95 13.66 - 7.15 | 29.18
>G.fe | 56.23 | 878 | 28.19 | 26.61 | 33.01 - 28.52
>G.mx | 34.75 | 6.96 | 1527 | 15.86 | 31.84 0 -

certainly at least two independent lineages. G. fallax
may be the most primitive species in the genus Geheebia.
Indeed, if E. asperifolium is assumed to be descended
from G. ferruginea then G. fallax as potential ancestral
species is not rejected anymore, at 8.89 dB.

We need however to keep in mind that a hypothesis
that is not rejected is not necessarily the best solution.
Specifically, the pairwise testsare carried out in particular
phylogenetic contexts, so that any modification in the
neighbouring topology may change the results of the
tests. All possible rearrangements were tried to place
G. maschalogena, G. fophacea and G. leskeoides in the
right phylogenetic positions. Surprisingly, it appeared
that the best score was obtained with G. tophacea as
the sister species of G. fallax, both descended from an
unknown founding mother species of the genus. The
species G. maschalogena is finally best considered a
direct descendant of G. tophacea while G. leskeoides
is probably a direct descendant of G. fallax, just like
G. ferruginea. The genera Vinealobryum and Didymodon
sensu stricto have also been studied but the detailed
calculations are not shown here since the approach is
exactly the same as above. Many rearrangements were
tried and the best caulogram found is presented in
Fig. 6.

Discussion
The Meaning of Parsimony

The length of the best caulogram found is 873.11 steps,
which is 98.55 more steps than the most parsimonious
cladogram at 774.56 steps. However, there are only 7
unobserved species instead of the 23 necessary internal
nodes of the cladogram. Thus, we economized by
eliminating 16 ad hoc entities. Since the procedure
we used is equivalent to the fact of considering each
additional entity as having a value of 13 dB, we can
say that we economized 208 dB, which compensate
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the previous loss. Our caulogram is therefore 109.45
steps more parsimonious than the most parsimonious
cladogram.

Character reliability

In the dataset, although many characters may be
considered quite reliable at about 8 or 10 dB, very
few seem to be extremely reliable. Indeed, only three
non autapomorphic characters have a weight of 13 dB
(see Table IV). These are characters 14, 20 and 21, or
respectively margin ornamentation of the leaf, the
presence or absence of a bulge on the abaxial face, and
the presence or absence of a thin-walled pad of cells on
the adaxial face. The first one isa synapomorphy defining
the large clade made of the genera Vinealobryum,
Didymodon sensu stricto, Geheebia, Exobryum and
Trichostomopsis, but not Fuscobryum. The second one
defines the clade of the genus Didymodon sensu stricto.
And the third one defines the clade made of the genus
Trichostomopsis and the species V. nevadense. Thus, this
species may be better considered a member of this genus
(morphological convergence seems unlikely in this
context because this trait has only evolved once with a
support of at least 13 dB).

On the other hand many characters are very
labile and are accordingly weighted at less than 2 dB
(see Table IV). These are the characters 9, 16, 23, 24,
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Fig. 6. The commagram depicting the
ancestor-descendant  relationships
among the species of Dydimodon
sensu lato. The corresponding
caulogram has a length of 873.11
steps. The seven unknown predicted
ancestral species are represented by
question marks.

28, 31, 36, and 41. Three of them (24, 28, 31) concern
the shape of different cells. This indicates that cell
shape is generally not a good phylogenetic marker. The
general shape of the leaf (9) is also to be considered
a poorly reliable character. However, in both cases
it is hard to know if this comes from a real tendency
to evolve frequently or from the lack of a precise and
reproducible morphometric measure (in which case
the dataset should be corrected and re-analysed). The
absence of a sporophyte (36) is not a reliable character
either; therefore it seems that the loss of sexuality is very
easy to evolve in Pottiaceae.

Finally, two character transformations are unique to
one species each (autapomorphies). These are character
8 for F. subandreaeoides which uniquely have dimorphic
leaves, and character 22 for V. nevadense which uniquely
have multi-layered photosynthetic cells on the ventral
costal surface. These two unique traits strongly indicate
that these two species cannot be an ancestral to another
one, which is also the case in Zander's analysis (see below).

Comparison with Zander's Results and Methods

These results only slightly differ from those of Zander
(1998, 2013, 2014a, b, c, 2016). For example, the
phylogenetic position of E. asperifolium in these previous
studies, basal to the genus Geheebia, is arguably due a
longbranch artefact. The construction ofa UPGMA tree
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indeed revealed that this species does not cluster within
the genus Geheebia (data not shown), which is probably
due to an accelerated evolution. The species V. vineale
is here revealed as being derived, not ancestral to all the
other species, but its rather conservative morphology
explains the previous conclusion. The prime ancestor
of this complex seems extinct or pseudoextinct, i.e.
anagenetically transformed into another species. It is
really not surprising given that this species is supposed
to be quite old: the more time passes, the less likely a
species remains unchanged. On the contrary, the more
recent ancestors of this complex of species are still alive.
In fact, exactly half of them (12) have unobserved direct
ancestor.

The other differences with Zander's results are minor
and are certainly due to the different set of data I used.
They may merit a careful re-examination but I shall
not comment them any further since the purpose of
this study is primarily methodological. I will therefore
not make any formal taxonomic decision. However,
it seems now unclear that E. asperifolium deserves its
own genus. The results also suggest that V. nevadense
may be better treated as belonging to Trichostomopsis.
A patrocladistic analysis may be conducted in order to
test the consistency of the remaining genera (Stuessy
and Konig, 2008). It seems that they fit more or less the
definition of dissilience (Zander, 2013), that is a core
species with several radiative species bursting from this
core. The scheme seems however more complex than
previously thought, including not only distinct lineages
or stirps radiating from the same core, but also stirps
arising from otherstirps.

The main difference between Zander's methodology
(Zander, 2014a, b, ¢) and mine is that he attempts
to assess ADRs by seeking among available species
which one is the more likely candidate to the status
of ancestral species. The contrast between SGR and
ADR hypotheses is not done explicitly. However, the
ancestral species are not found directly, but through
the successive elimination of the less probable
candidates, that is those with obvious derived traits.
The weighting of the different traits is also done in a
Bayesian framework; however, he follows an intuitive
scheme which ultimately relies on expertise, i.e. a
long-standing experience with regard to trait stability.
Moreover, he does not use only morphological data,
but also other kinds of information like distribution
or environment. For example 7. umbrosa occurs in
human environments contrary to the case with the
other Trichostomopsis species, which indicates that it is
probably not the ancestral species we are seeking (as it is
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confirmed here). In its spirit, Zander's methodology is
quite similar to continuous track analysis (Alroy, 1995),
but it is far more holistic.

We must always seek a way to formalize our
implicit (expert) reasoning into an explicit one so as
to make it reproducible by others. My methodology
necessitates no aprioristic expertise because it is more
“mechanical”, i.e. more algorithmically constrained. It
may thus be qualified as more reductionist because I do
not use some kind of informations like distribution or
environment, and also because the measures of lability
cannot be nuanced by some kind of a priori complex
knowledge. It is therefore perhaps more reproducible,
but above all completely doable by a computer. Yet,
expertise is still needed a posteriori in order to interpret
the results and evaluate their plausibility. Indeed, an
expert can suspect a bias if for example the results are
nonsensical even though they are numerically strongly
supported (Hotynski, 2010).

Perspectives on Post- Phylogenetic Systematics
(aka Modern Evolutionary Systematics)

Phylogenetic reconstruction methods are classically
classified as either model-based or not. In the first
case we have maximum likelihood (ML) and Bayesian
inference (BI), while in the second case there exist
maximum parsimony and compatibility technique,
for example (Felsenstein, 1978, 1984; Farris, 1983).
However, the term “model-based” is really ill-chosen. It
misleadingly suggests that the classical cladistic analysis
does not assume any evolutionary hypothesis and is
therefore model-free as opposed to other techniques.
This is certainly false (Friday, 1989), but we may still
distinguish between those that explicitly specify a
parametrized evolutionary dynamics and call them
stochastic models, and those that do not and therefore
call them non-parametric methods.

The main assumptions that all the above cited
techniques share are that no ancestor was sampled
and that speciation is strictly dichotomous, which are
very strong assumptions. Even if the latter is not always
lucidly claimed, it is a rather obvious consequence of the
cladistic algorithm: since one cannot (in this framework)
distinguish between a genuine polytomy and a lack of
resolution then the data are always forced into artificial
dichotomies (Hull, 1979). The method presented
in this paper, as well as Zander's, may be considered
non-parametric like the classical cladistic analysis.
Even if weights are used here, they do not quantify a
part of the evolutionary process but our confidence in
our inferences. However, the two assumptions that no
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ancestor was sampled and that speciation is strictly
dichotomous are explicitly rejected because they are not
realistic. Our post-phylogenetic analyses are therefore
based on a distinct evolutionary model which is more
empirically grounded (Zander, 2013). A stochastic
approach that would also reject these two assumptions
is conceivable and should actively be sought.

Some cladists have insisted that ancestral species
cannot be recognized as such, and that ADRs are
therefore unknowable (Nelson, 1973; Farris, 1976).
These claims seem to be fundamentally based on a
particular version of nominalist epistemology (Aubert,
2015). As a consequence, anybody that does not
endorse this very philosophy could simply refuse these
assertions without further justification, scientific realists
for example (Sankey, 2001). Hull (1979) warned: “In
general, I think it is very bad strategy for proponents of
a particular scientific research program to stake their
future on epistemological considerations, especially on
our inability to know something.” Indeed, epistemology
should not be seen as an a priori set of constraints that
dictate what science can do or cannot do. Epistemology
should be handled in a more empirical manner,
mainly in order to take a global view a posteriori on
the achievements of science. A one-way relationship
between epistemology and science is really a kind of
sterilizing metaphysics which has its modern origins
in German Idealism (especially Kant's Critique of Pure
Reason). Only a genuine dialogue between both can be
fruitful: this is dialectics, not metaphysics.

As a consequence of their hypothetico-deductivist
framework, cladists seem afraid of type I errors, i.e. not
being able to reject the null hypothesis (the relationship
is an ADR) when it is wrong, so they always reject it
by default (all relationships are SGRs), which logically
leadsto many type II errors (many of the supposed SGRs
are in fact ADRs). It is necessary to overcome this by
proposing new methods of caulogram reconstruction,
and also new methods in taxonomy. Indeed, as opposed
to cladograms it is widely recognized that caulograms
cannot be directly translated into ahierarchical
classification because of the named ancestors it
includes. Contrary to SGRs, ADRs highlight that
“Evolution is paraphyly all the way” (Brummitt, 2002).
This is obviously true for species: paraphyletic species
(like G. fallax) are not less real than holophyletic ones,
paraphyly does not preclude them from being “natural
entities” (i.e. biological species). This is also true for
higher taxa which cannot all be made holophyletic
(Brummitt, 2002; Aubert, 2015). More importantly,
paraphyly or holophyly have really no influence on the
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evolutionary dynamics of a genus or a family (Sepkoski,
1996).

Conclusion

The results of this study support the following major
conclusions:

* Ancestor-descendant
knowable;

* Didymodon, Geheebia, Fuscobryum, Vinealobryum
and Trichostomopsis are dissilient genera (from Latin
dissiliens, which means “bursting apart”, see Zander,
2013);

» Consistency index can be interpreted in a Bayesian
framework, measured in decibans and used as a
weighting scheme for cladistic parsimony analysis;

* Bremer support can also be interpreted in a Bayesian
manner and measured in decibans;

» There exist simple and objective ways to transform
a cladogram depicting only putative SGRs into a
caulogram depicting real ADRs (and real SGRs).
Another obvious consequence of this study is

that autapomorphies or ‘“uninformative” cladistic
characters and character states should never be pruned
from matrices. This would strongly bias the data for any
post-cladistic analysis. In the same manner, labile and
even very labile characters should be studied and added
to matrices so that the data are as complete as possible.
These requirements are also needed in order to not bias
stochastic cladogram reconstructions such as likelihood
methods or Bayesian inference.

My procedure, as well as Zander's, are limited
heuristics and are not guaranteed to find optimal
solutions. They are rather constraining guides that
help organize the data, so that the systematists can
reconstruct an evolutionary scenario and make
taxonomic decisions accordingly. My study clearly
revealed that the length of a cladogram is not the
sole parameter we need to minimize, but that the
minimization of unobserved entities is also an important
parameter to take into account. This naturally led to an
equivalence relationship between these two parameters,
which can be translated into a new objective function
that a specialized algorithm could minimize by trying
many rearrangements of the possible topologies. This
function is simply as it follows:

S=L+13n

§'is the score we want to minimize, L is the total length
of the tree (on the deciban scale) and # is the number
of unobserved ancestral species required by the tree
topology. The minimization of this function is not

relationships (ADRs) are
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feasible manually by a human being because of the huge

number of possible topologies. The best way to proceed

for now is to reduce the problem by selecting small areas
in a cladogram and resolve them individually as it was
done in this study:

1. Collect a morphological data set as complete as
possible, including autapomorphies and other
“cladistically uninformative” characters;

2. Find the most parsimonious cladogram through
an iterative procedure which uses Bayesian weights
measured in decibans (dB);

3. Collapse all the branches whose Bremer support is
not at least 13 dB (> 95%);

4. Inthedistinct parts of this strict consensus cladogram,
try all possible pairwise arrangements by contrasting
the shorter SGR trees with the corresponding longer
ADR trees;

5. ADR hypotheses should be rejected only if the trees
of corresponding SGR hypotheses are at least 13 dB
shorter;

6. In order to address huge polytomies, all possible
arrangements (or at least all likely ones) should be
tried to find the shortest configuration, but taking
into account the number of unnamed ancestors
eliminated (see above formula).

Note that an automatized program could test many
more topologies than a human being and do so very
quickly. Since several decades, whatever the analyses
conducted, the amount of data has become huge
and phylogenetic studies therefore rely heavily on
computers. As a consequence, phylogeneticists tend
to do only what available software allows them to do.
That is why the methods for assessing ADRs needed
to be first formalized — as it was done in this study, or
by Zander (2013, 2014a, b, ¢, 2016) — and then must
be implemented in new software or in new packages
for already existing software. I cannot stress enough
the importance for evolutionary systematics to head
towards informatics.
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Annex

Gametophyte Characters:
1. Colour of plants:
0. green to red-brown
1. green, often blackish (never reddish)
2. glossy green or very bright green
3. yellow- or orange-brown to red- or black-brown.

2. Stem height (Ordered):
0. less than 1 cm.
1.1-2cm.
2.2.5-3.5cm.

3. more than 4 cm.

3. Stem central strand (Ordered):
0. always present, strong.
1. variable, present or absent.
2. weak or absent.

4. Axillary hairs:
0. with all cells hyaline.
1. with brown basal cells.

5. Specialized asexual reproduction:
0. absent, or deciduous leaf apex.
1. present, axillary, multicellular.
2. present, axillary, unicellular.
3. tubers present on rhizoids.

Leaf Characters:

6. Leaf stance when dry:
0. spirally twisted, weakly spreading.
1. erect-appressed, not twisted.
2. appressed-incurved.
3. catenulate.
7. Leaf stance when moist and removed (Ordered):
0. spreading to weakly recurved, commonly lying flat.
1. spreading to spreading-recurved and weakly keeled.
2. strongly recurved and keeled.
8. Leaf polymorphism:
0. monomorphic.
1. dimorphic, the smaller leaves strongly concave in
series in some parts of the plant.
9. Leaf shape (Ordered):
0. short- to long-lanceolate.
1. variable or intermediate.
2. deltoid to ovate-lanceolate.
10. Leaf channelling above mid-leaf (Ordered):
0. with a narrow groove along ventral surface of costa.
1. variable or intermediate.
2. broadly concave to nearly plane.
11. Leaf base:
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0. scarcely differentiated to oblong, gradually or
quickly narrowed to the insertion.

1. well-differentiated ovate, possibly winged or
auriculate.

2. well-differentiated rectangular, squared.

12. Leaf length (Ordered):
0.0.9—1.5 mm.
1.1.2-2.5 mm.
2.2.0—-3.5 mm.
3.3.5-5.0 mm.

Margin and Apex Characters:

13. Margin flexion:
0. plane or nearly so.
1. recurved in lower 1/2 or 3/4.
2. recurved or revolute to apex.

14. Margin ornamentation:
0. minutely crenulate.
1. entire (smooth or papillose).
2. often notched laterally.
15. Apex shape:
0. rounded or obtuse (only occasionally broadly
acute).
1. broadly to narrowly acute, variable.
2. very long acuminate, whiplike.
3. narrowly acute, thickened, but not deciduous.
4. swollen as a propagulum, deciduous.

16. Apex ending:
0. of a clear conical cell or mucro.
1. rounded and obscure.

Costa Characters:

17. Costa ending:
0. clearly Texcurrent, usually as a short mucro.
1. percurrent or ending to 2 cells before the apex.
2. ending more than 2 cells before the apex.
18. Costa hydroids:
0. present.
1. absent.
19. Well-developed specimens with ventral (adaxial)
costal stereid band (Ordered):
0. present.
1. weak, variable.
2. absent.
20. Costa abaxial shape:
0. clear dorsal bulge present.
1. dorsally flattened.
21. Adaxial thin-walled pad of cells:
0. absent.
1. present.
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22. Multi-layered photosynthetic cells on ventral
surface of mid-costa:

0. absent.

1. present.

23. Costa superficial ventral cells:
0. elongate, more than 2:1.
1. quadrate or very short-rectangular (at least near
apex).
24. Costa width at midleaf (Ordered):
0.2-3(—4) cells.
1.4—5(—6) cells.
2. (5—-)6-9 cells.

25.Guide cells (Ordered):
0. nearly always one layer.
1. variable (one or two layers).
2. two (or three) layers.

Basal Characters:

26. Basal laminal cells:
0. differentiated medially or across the leaf.
1. weakly differentiated.

27. Basal laminal cell walls (Ordered):
0. very thin, hyaline, possibly perforated by transverse
slits.
1. thin to weakly thickened, not perforated.
2. usually thick, not perforated.
3. always thick and porose.

28. Basal laminal cell shape:
0. quadrate or very short-rectangular.
1. rectangular.

Upper Laminal Characters:

29. Upper laminal cell width:
0. (7—-)8—10(—12) um.
1. (11=)13—15 pm.
30. Upper laminal cell shape:
0. quadrate or very short-rectangular, rarely
transversely elongate.
1. in rather distinct rows, often longitudinally
elongate.

31. Upper laminal cell lumens:
0. mostly rounded.
1. mostly angular.

32. Papillae:
0. usually present, simple, possibly bifid or multifid,
(1-)2—3 per lumen.
1. low, massive and lens-shaped or scablike.
2. essentially absent, rarely simple, weak and
domelike, one per lumen
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33. Upper laminal cell walls:

0. thin to evenly thickened, convex on both sides of
lamina.

1. irregularly thickened, convex on both sides of
lamina.

2. evenly thickened, moderately bulging on both
sides or only abaxially.

3. irregularly thickened and trigonous, convex on
both sides.

34. Upper laminal cell layering:
0. unistratose, rarely bistratose in patches.
1. bistratose along margins, at apex, or often
bistratose in patches.

35. KOH colour reaction of upper laminal cells:
0. yellow or orange, occasionally negative, never
brownish or deep red.
1. variously negative or yellow- or orange- or red-
brown.
2. brick-red, occasionally dark red-brown, never
yellow or orange or negative.

Sporophyte Characters:

36. Sporophyte:
0. present.
1. absent.

37. Seta length (Ordered):
0.0.3—0.6 cm.
1.0.6—1(—1.2) cm.
2.(0.8—)1—-1.7(=2.5) cm.

38. Capsule size:
0.0.5—1.5 mm.
1.1.25-2.5 mm.

39. Number of peristome teeth, when present:
0. 32 teeth, or possibly 16 cleft to base.
1. 16 teeth.

40. Tooth shape:
0. usually twisted
1. usually straight.
2. essentially absent.

41. Tooth length, when present (Ordered):
0.50—300 pm.
1. 300—800 um.
2.800—1500 pm.
42. Spore size (Ordered):
0.8—12 pm.
1. 13—15 pum.
2. 16—20 pm.
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O6ep /1. IIpocTuii miaxix 10 ouiHKK 3B'A3KiB MpeI0K-HAMIAT0K
Ha OCHOBI MapcuMoHii. YKp. 00T. XypH., 2017, 74(2): 103—121.

Axkanemist Kitepmon-®epaH,
MiHicTepcTBO HallioHaIbHOI 0cBiTH PpaHiIii

OJHi€0 3 TOJOBHUX LIl CUCTEMATUKU € PEKOHCTPYKILIist
Hepesa xutts. [1iBCTOITTS TOMY MPOPUBOM CTasla KJaaauc-
THKa, sIKa BUSIBWJIACh BAaXJIMBUM KPOKOM Ha IIJISXY IO IHET
METH, 1110 JO3BOJIMB HAM BU3HAYMTH 3B'SI3KW CIIOPiTHEHOCTI
MiX BUIaMM, aOCTpakKTHMI BUA criopimHeHocTi. Ha kanb,
dinocodiss Kragu3aMy He D03BOJWIA MPOCYHYTHUCS Iali B
MOIIYKY OiJIbII peaJlbHUX B3a€EMO3B'SI3KiB, TAKUX SIK 3B'I30K
MpeaoK-HaIAA0K, SKUN, BIAMOBIAHO [0 NapBiHiBCHKOI
€BOJIIOLIIMHOI KOHUEMii, “MOBIpHO, € OCHOBHUM THUIIOM
3B's13KiB Ha JlepeBi XKUTTs. Y cTaTTi onurcaHa npocta MEeTOIM -
Ka Ha OCHOBi TAPCUMOHIi, siKa MOXe OyTH BUKOPUCTaHa s
MepeTBOPEHHSI KJIACMYHOI KJIaIorpaMu y CIIpaBXHE (iore-
HETUYHE IepeBO, TOOTO B Kayjorpamy. Llst MeToarka rossirae
y BUJQJIEHHI SIKOMOTa OiIbIIOro 4Yucjiaa HECIMOCTePEeKEHUX
i HeiMeHOBaHUX BY3JIiB Ta B iX 3aMiHi peaJibHO BU3HAYEHU-
MM Ta iIMEHOBaHUMU BUAAMM. SIK B 11iii METOAMIIi, TaK i MpU
noOyIoBi KJIaCUYHOI KJIagorpaMM, IJis OLIHKM HaaiitHOCTi
03HaK1 BUKOPUCTOBYETHCS HOBa OalieciBChbKa HECTOXACTHU-
Ha cxeMa 3BaxkyBaHHSs1. J1Jis i1ocTpallii MpoBOAMTHLCS OLIiHKA
B3aEMO3B'SI3KiB MixX BUIaMu MoXiB pomy Didymodon sensu
lato (Pottiaceae) 3 0OrOBOPEHHSIM OTPMMAaHOI KayJIorpaMu
LLJISIXOM 11 CITiBCTaBJIEHHSI 3 TMOMNEPEAHbOIO METOAOJIOTIEID
BIIMOBIIHO 10 eBOMIOLIMHUX MyOsikaniii. Ha 3akiHueHHs
pOOUTBCSI BUCHOBOK TIPO HEAOIIJIBHICTh CYyBOPOTO HOIECP-
JKaHHS KJIaJMCTUYHOI eMicTeMOJIoTii Ta HeOOXiaHIiCTh Mo-
1IYKY HOBUX (hOPMaIbHUX METO/IB /ISl BCTAHOBJIEHHSI TTpe-
KOBMX BUIIIiB, @ TAKOX 1 MPEIKOBUX TAKCOHIB BUILIIUX PAHTIB.

KiouoBi ciioBa: npenok, 6alieciBcbKuii aHai3, iHIeKC
bpewmepa, eBostoliiiiHa cucTeMaTrKa, apCUMOHisl,
3BaXKyBaHHS
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Axanemus Knepmon-®eppaH,
MUHHUCTEPCTBO HAIIMOHATBHOTO 00pazoBaHusi DpaHiuu

OnHOI M3 TIaBHBIX ILieJIeld CUCTEMATUKU SIBJIIETCS PEKOH-
crpykuus JlpeBa kusHu. [loaBeka ToMy Haszala MPOPBIBOM
cTaja KJaaaucThKa, KOTopasi okKazajach BaKHbIM 1IaroM Ha
MyTH K 3TOIl 1IeJIW, TO3BOJMBIIMM HaM OLEHWTh OTHOCH-
TeJIbHBIC POICTBEHHBIC CBSI3U MEXKIY BUIAMM, a0CTPaKTHBIMN
tun poactia. K coxanenuio, punocodus Kiaausma He 110-
3BOJIJIA TIPOABUHYTHCS JasIblle B ITOMCKe Oojiee pealbHBIX
POICTBEHHBIX B3aMMOCBS3€H, TaKMX KaK CBSI3b MPEIOK-TI0-
TOMOK, KOTOpasl, COrJIaCHO JapBUHUCTCKOM 3BOIIOLIMOHHOM
KOHIIETIIIUN, SIBJISIETCS, OYEBMIHO, OCHOBOITOJIATalOIIIM
THATIOM CBsI3eii Ha [IpeBe Xku3HU. B cTaTthe omucaHa mpocTtast
METOIMKa Ha OCHOBE MapCUMOHUHU, KOTOpas MOXET ObITh
HCITOIb30BaHa JIsT TIPeoOpa30oBaHMsl KIACCUUECKOW KIIamIo-
rpaMMBbI B HacTosIIIee (PUIOTeHETUYECKOEe IePEeBO, TO €CTh B
KayJiorpaMMy. DTa METOJIMKA COCTOUT B yIaJeHUM KaK MOX-
HO OOJIBbIIIEro YKciia HeHaOIogaeMbIX U HEMMEHOBAaHHBIX
y3JI0B U B 3aMEHE X HaOJII0JaeMbIMU M UMEHOBAaHHBIMU BU-
namu. Kak B 3Toli MeToauKe, TakK U MPU MOCTPOEHUU Kjlac-
CUYECKOU KJIaJorpaMMbl, UISI OLIEHKU HaJAEXHOCTU TpU-
3HaKa UCITOJIb3yeTCsT HOBasl OaiiecoBCKasi HeCTOXacTHYECKast
cxeMa B3BelllMBaHUs. B KauecTBe niocTpalny MpoBOIUTCS
OlIEHKAa B3aMMOCBsI3€i MexX 1y BuaMu MXoB poaa Didymodon
sensu lato (Pottiaceae) ¢ 0OCYXIeHHEM WTOTOBOM KayJso-
rpaMMBbI ITyTEM COIOCTABJICHUSI €€ C paHee MPUMEHsBIIEHCs
METOJOJIOTHEI T10 MaTepuajaM 3BOJIOLMOHHBIX IyOJuKa-
uii. B 3aKkimroueHue AeaeTcst BBIBOJ O HECOCTOSTEIBHOCTH
CTPOTOro CJeNOBaHUs KIAAMCTUUYECKON SMMCTEeMOJOTUM U
HEOOXOIMMOCTH MOKMCKA HOBBIX (hOPMaJIbHBIX METOAOB IJIsk
YCTaHOBJICHMS TIPEIKOBBIX BUAOB, a TAKXKe MPEIKOBBIX TaK-
COHOB 00J1ee BBICOKHX PAHTOB.

KiioueBbie ciioBa: npenok, 0aitecCoBCKUt aHAIN3, UHAEKC
Bpemepa, aBosIOLIMOHHAS cUCTeMaTUKa, TAPCUMOHMS,
B3BelIMBaHUE
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ITaninomopdooriyni 0co0IMBOCTI NpeaCTABHUKIB poay Sambucus
(Sambucaceae / Adoxaceae) paopu Ykpainu 1,14 uijieid CiopoBo-
MIAJIKOBOr0 aHAJI3Y

3o0a M. HUMBAJIIOK, Jlronmuna I BE3YCBKO

Plant Taxonomy, Geography and Floristics

IacTutyT 60oTtaniku im. M.I. Xonognoro HAH Ykpainu
ByJ. TepenieHkiBcbka, 2, Kui 01004, Ykpaina
palynology @ukr.net

Tsymbalyuk Z.M., Bezusko L.G. Pollen morphology of representatives of the genus Sambucus (Sambucaceae / Adoxaceae) in the
flora of Ukraine for spore-pollen analysis. Ukr. Bot. J., 2017, 74(2): 122—130.

M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine
2, Tereshchenkivska Str., Kyiv 01004, Ukraine

Abstract. Pollen morphology of three species of the genus Sambucus represented in the flora of Ukraine was studied using light
and scanning electron microscopy. Pollen grains of the studied species are 3-colporate; prolate, spheroidal or oblate-spheroidal
in shape; small- and medium-sized. Their outline in equatorial view is elliptical or circular, in polar view 3-lobed or slightly
3-lobed. Colpi are long, occasionally of medium length, with pointed and sometimes rounded ends. Pores are indistinct, covered
by margins of colpi, or sometimes distinct. Sculpture exine macroreticulate (5. ebulus) and microreticulate (S. racemosa and
S. nigra). Data on participation of pollen grains of Sambucus sp. and S. nigra in palynofloras of the Holocene deposits in 14 basic
profiles and 19 archaeological sites in the plain part of Ukraine are analyzed and summarized. Spatiotemporal differentiation of
distribution of pollen of Sambucus sp. and S. nigra in the non-montane part of Ukraine during the Holocene has been revealed.
It has been shown that the diagnostic characters of pollen grains can be used for more accurate identification of fossil pollen of
Sambucus to the species level (in the cases of its good preservation) for pollen analysis of sediments of the Upper Cenozoic of

Ukraine and adjacent areas.

Keywords: Sambucus, pollen grains, morphology, diagnostic characters, spore-pollen analysis, Ukraine, palynofloras

Beryn

V cBitoBiit dnopi pin Sambucus L. (Sambucaceae |
Adoxaceae sensu APG 1V) Hnaniuye no 27 BuUIiB,
SIKi MOIIMPEHI TOJIOBHUM 4YMHOM y CXimHiil A3il Ta
cxinHiii yactuHi [TiBHiUHOT AMEPUKHU, a TAKOXK Y ropax
CxigHoi A¢puxku, ABctpaiii Ta Tacmanii (Mabberley,
1997; Takhtajan, 2009). ¥ pi3zHux BapiaHTax cucreMu
AJl. Taxramksna (Takhtajan, 1987, 1997, 2009)
pin Sambucus HaneXWUTh NO POIUHU Sambucaceae
Batsch ex Borckh., a 3a cucremoro, 1o 0a3yeThcs
Ha MoOJeKyIsapHo-(dinoreHetnunnx gaHux (APG 1V,
2016), — 10 Adoxaceae E. Mey. 3a HOMEHKIATypHUM
crnucKoM cynuHHuX pocsinH (Mosyakin, Fedoronchuk,
1999) nns VYkpaiHu HaBOAUTHCS TPU BUIU PO.Y:
S. ebulus L., S. racemosa L. ta §. nigra L. Ille Bicim
BUMIB Sambucus, siki moxoasTh nepeBaxxHo 3i CxigHOL
Azii Ta [1iBHiYHOT AMEepUKU, HABOASITHCS B YKpaiHi SIK
kyaeTuBOBaHi (Parkho-menko, 2005).

© 3.M. UUMBAJIIOK, JI.I. BE3YCbKO, 2017
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MopdonoriuyHi  0cOOJIMBOCTI  MWIKOBUX  3€peH
MpeACTaBHUKIB  poay Sambucus BUBYAIM  Di3HI
nociaimHuku. Y pesgkux mnpausx (Erdtman, 1952
Faegri, Iversen, 1964; Moore, Webb, 1983)

HaBOMSTHCS JIMIIE OKPEeMi O3HAKM IMMJIKOBUX 3epeH
nesgkux npenctaBHukiB poxay. JI.LA. KympisiHoBoro Ta
JLA. Amvommnoto (Kupriyanova, Aleshina, 1972) 3a
JIOTIOMOTOI0 CBITJIOBOTO MiKpOCKOIIa Oy IeTaJIbHillle
BUBYEHI MWJIKOBI 3epHa Sambucus ebulus, S. racemosa
Ta S. nigra. IHIII BYeHi OOCHIMKyBalXM TWIKOBI
3epHa S. canadensis L. (Basset, Crompton, 1970) Ta
S. australasica (Lindl.) Fritsch. (Kodela, 2006).

3 BUKOPHUCTAHHSM CKaHYBaJIbHOTO €JIeKTPOHHOTO
MiKpOCKOIa JOCITIIKEHI TWUIKOBi 3epHa S. pubens
Michaux 3 Tepuropii [TiBHiuHOT AMepuku (Donoghue,
1985) Ta npencraBHuku daopu PymyHii — S. ebulus,
S. racemosa Tta S. nigra (Tamas et al., 2009). B
eJIeKTpOHHii1 0a3i maHux PalDat € BimomocTi mpo
Mopdouiorito muaky S. ebulus ta S. nigra (Halbritter,
Diethart, 2017; Tweraser et al., 2017). 3a gormomoro:wo
KOMILJIEKCY METOMiB CBIiTJIOBOI Ta CKaHyBaJbHOI

Ukr. Bot. J., 2017, 74(2)
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€JIEKTPOHHOI MiKpOCKOIIii BUBYEHI MUJIKOBi 3epHa 15
BU/iB CBiTOBOI (hiopu (Samutina, 1986) Ta TpbOX BUIiB
daopu IMonsti (Maciejewska, 1997).

Binomo, 110 MOXKJIUBOCTI
BUKOITHOTO MUJIKY 0a3yloThcsl Ha
najgiHoMopdoJoriYyHOTO BUBYECHHS Cy4aCHUX
pocivMH. MoxHa CTBEpIXKyBaTH, 110 OCHOBHI
eranyd CTaHOBJEHHS Ta PO3BUTKY TMaJiHOJOTIi
BiIKJadiB  KBapTepy 3HA4YHOIO  Mipolo  Oyau
OOYMOBJICHI  JOCSTHEHHAMHU  TaJiHOMopdororii
(Kupriyanova, Aleshina, 1972, 1978; Grichuk, 1989;
Bezusko, Bezusko, 2002; Bezusko et al., 2011).
IIpoTsiroM oOCTaHHiIX JecATHpPiY TpU BUBYEHHI
BiAKJIaiB TIUJIGMCTOLIGHY Ta TOJOLIeHY YKpaiHu
BUKOPUCTOBYBAJICS PE3YJIETATH IITMPOKOMACIITAOHIX
MaliHOMOPGOJIOTIYHUX TOCHIIKEHb BMIIiB Cy4acHOI
cBiToBoi uiopu (Tsymbalyuk, Mosyakin, 2013; Ta
iH.). Hampuknan, pe3yabratu naaiHOMOp@OoJoriyHux
IOCTIIXeHb TPeNCcTaBHUKIB pomuH Chenopodiaceae,
Plantaginaceae, Lentibulariaceae Ta iH. bJaopu
VYKkpaiHu BXe BUKOPUCTOBYIOTbCSI B  IpaKTUI
najieonajliHoOJOTiyHuX nociimkeHs (Bezusko et al.,
2003, 2006, 2007; Tsymbalyuk et al., 2005, 2006, 2008).
Taxki po3po0OKu CIIPUSIIOTH PO3BUTKY TaJIeONaIiHOJIOTI1,
MaJIe0eKoJIOoril Ta 1ajieoI0pUCTUKU.

MeTtoro Haioi poboTH Oya0 AOCHIIXKEHHS Ta
YTOUHEHHS MOP(POJIOTIYHUX OCOOIUBOCTEN MTUIKOBUX
3epeH pony Sambucus (Bunu ¢aopu YKpaiHu) st
Lijieit majgiHoJOrii BifK/IaniB KBapTepy; y3araJibHeHHS
BiToMoOcCTel Mpo yyacTb NUJKY Sambucus pogoBoro ta
BUIOBOTO PiBHIB y najiHo(Jopax BiIKJIaaiB roI0LEHY
PiBHUHHOI YKpaiHU.

ineHTUiKarii
pe3yJibraTtax

Marepianu Ta METOIH

3pa3ky TUIKOBUX 3epeH BimiOpaHo B repbapii
Inctutyty ©Oortaniku im. M.I. XomogHoro HAH
VYkpainun (KW) Tta Jlep:XaBHOrO IIPpUPOAO3HABYOTO
my3ero HAH VYkpainu (LWS). dnsa nociimkeHHs i
cBiTmoBuM Mikpockoriom (CM, Biolar) Marepian
00po0IsIIM 32 3arajIbHONMPUNHITUM  alleTOJi3HUM
metonoMm (Erdtman, 1952). Ilpu BUBYEHHi MUIKY
MO CKaHYBaJIbHUM CJIEKTPOHHUM  MiKPOCKOIIOM
(CEM, JSM-6060 LA) Marepian ¢dikcyBanu y 96%-
My €TaHOJIi Ta HAIMWIIOBAIA IIapoM 30JI0Ta 3a
crangaptHoto Metoaukolo (Tsymbalyuk, Mosyakin,
2013). OmmcyBany MAJIKOBI 3¢pHA 3 BUKOPUCTAHHSIM
3arajbHONpuitHATOI  TepMiHojorii  (Kupriyanova,
Aleshina, 1972; Punt et al., 1994; Tokarev, 2002).
JocnimKyBaJii TWIKOBI 3epHa TPbOX BUIIB POIY
Sambucus dropu Ykpainu.

YKp. 60T. XypH., 2017, 74(2)

Marepianom g8 aHalidy Ta  y3arajJbHEHHS
BiIOMOCTEf TIpO ydYacTh MMWJIKY THPEICTaBHUKIB
pony Sambucus CiyryBaJM BUKOIIHI TajiHO(IOpH
BinkJaniB BEPXHBOTO TUIEMCTOLIEHY—TOJIOLIEHY
piBHMHHOI YKpainu. bynu BUKopucTaHi Ik oTpuMaHi
HaM¥W  pe3yJbTaTh  CIOPOBO-TIMJIKOBOTO  aHaJIi3y
nocnigkyBaHux BinknaniB (Bezusko et al., 2000, 2002,
2009, 2011), Tak i HasBHi Ha 1EW Yac JiTEpaTypHi
naHi (Artyushenko et al., 1982; Kremenetskyi, 1991;
Kalynovych, Kharmata, 2001; Resler et al., 2002;
Horbenko, Pashkevych, 2010).

Pe3ynbraTi Ta 00roBOpEHHS

HaBoauMo xapakTepuCTHKM TMJIKOBUX 3€peH BUB-
YEHUX BUJIB.

Sambucus ebulus L. (puc. 1, 1, 2; puc. 2, I-4)

CM. Ilunkosi 3epHa (1. 3.) 3-00pO3HO-NOPOBI,
efincoiganibHi 3a ¢opMoro, B 00puci 3 mMoJoca
3-nomareBi abo cnabko-3-yjomaTeBi, 3 eKBaropa
enintuuni. [lonsgpHa Bick (m. B.) 21,3—27,9 mkwm,
ekBaropiaibHuil giametrp (e. m.) 15,9—19,9 Mxwm.
Boposum nosri, 2,0—3,3 MKM 3aBIIMPIIKA, 3 OiIbII-
MEHII PiBHUMU, YITKUMM KpasiMMU i 3arOCTPEHUMHU,
3pigka Jelo 3a0KpyIIEHUMM KiHUSIMM, OOpO3Hi
MeMOpaHu miaaeHbKi. [Topu HewiTKi, 3aKpUTi KpasiMu
6oposen. lllupuna MesokosbriyMiB (1. MK.) 10,6—
13,3 MkM, giaMeTp amokosbmiyMiB (I. ak.) 2,4—
2,7 mxm. Ex3una 2,0—2,7 MKM 3aBTOBLIKU. [Toxpus
VIBiUi TOHIIMWI 3a CTOBMYMKOBUI 1Iap. CTOBNUMKU
YiTKi, KOpPOTKi, TOBCTi, 3 YiTKUMHU OKPYIJIUMU
roJliBKaMu, po3TallioBaHi pinko. CKyJabNTypa €K3UHU
yiTKa, BeJIMKOCiTYacTa, KOMipKM KyTacTi 3a (hOpMOIO.
Ha anoxosbniymax KOMipkKu MEHIIUX PO3MipiB.

CEM. CkynabnTypa €K3MHM BeJMKOCITYACTa;
KOMIipKU TIepeBaskHO BeJIMKi, pi3Hi 3a ¢opMoOI0, Ha THI
KOMIpOK PpO3TallloBaHi CTOBMYMKM; CTIHKM IIUPOKi.
bopo3Hi MeMOpaHu I1aieHbKI.

Jocaimkeni 3pasku: 1. KuiBcbka 00. Oxoauii
TerieBa, ramsBuna B umici. 12.VII 1988, E. OpHcr,
M. ®epoponuyk (KW). 2. TepHormiabchbKa 00II.,
M. Kpemeneup, oxomumi 1. bona. 09.07.2003,
I. bopoynsk, O. Inpina, A. CioOoneHIok,
P. Ynosuuenko, 1O. IIubynbko, 029896 (KW).

Sambucus racemosa L. (puc. 1, 3, 4; puc. 2, 5—35)

CM. II. 3. 3-00po3HO-MOPOBI, cdepoinaibHi ado
eJlincoifasibHi 32 ¢GopMolo, B 00puci 3 ToJjroca
3-nonaTeBi, 3 eKkBaTopa OKpyrii ado exintuyHi. I1. B.
15,9-21,3 MkM, e. a. 14,6—21,3 MmxMm. bopo3uu goBri,
1,3—2,4 MKM 3aBIIMPILKU, 3 OiIbLI-MEHII PiBHUMM,
YITKMMU KpassiMM 1 3JerKka 3aroCTpeHUMHU KiHLSIMU,
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Puc. 1. ITunkoBgi 3epHa pony Sambucus (cCKaHyBaJIbHUI eIEKTPOHHMI MiKpockon): 1, 2— 8. ebulus, 3, 4 — S. racemosa, 5, 6 —
S. nigra; 1, 3, 5 — BUIJISIA 3 €KBaTOPa; CKYJIBITYpa EK3UHU: 2 — BEJMKOCiTYacTa, 4, 6 — IpidHOciTYacTa

Fig. 1. Pollen grains of Sambucus (scanning electron microscopy): 1, 2 — S. ebulus, 3, 4 — S. racemosa, 5, 6 — S. nigra; 1, 3, 5 —
equatorial view; exine sculpture: 2 — macroreticulate, 4, 6 — microreticulate
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Puc. 2. ITunkosi 3epHa pomy Sambucus (cBiTIoBUiA Mikpockon): 1—4 — S. ebulus, 5—8 — S. racemosa, 9—12 — S. nigra; 1, 2, 5,
6, 9, 10 — Burnsan 3 ekBaropa; 3, 4, 7, 8, 11, 12 — Burisia 3 mortoca. MaciirabHa JTiHiliKa 5 MKM

Fig. 2. Pollen grains of Sambucus (light microscopy): 1—4 — S. ebulus, 5—8 — S. racemosa, 9—12 — S. nigra; 1,2, 5,6, 9, 10 —
equatorial view; 3, 4, 7, 8, 11, 12 — polar view. Scale bars: 5 pm
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IHKOJIM Maifxke 3JIMBAlOThCSl Ha II0JI0cax, OOpO3Hi
MeMOpaHu ThaaeHbki. [lopu HeuwiTKi, NPUKPUTI
KpasiMu 00pO3eH, 3piaKa 4iTKi, 2,7 MKM 3aBIIUPIIKH,
1,3—4,0 mxm 3aBmoBxku. L. mk. 10,6—13,3 MKM,
n. ak. 1,3—2,4 mxm. Ex3unHa 1,1—1,3 MKM 3aBTOBIIKH,
3piKa MOTOBILYETHCS Ha mosocax a0 1,6—2,0 MKM.
IMokpuB ynBiui TOHIIMIT abo0 Maitke JTOpPiBHIOE
cTOBIMUMKOBOMY Imapy. CTOBIMUMKHM YiTKi, KOPOTKi,
TOBCTi, po3TalioBaHi pinko. CKyabnTypa €K3WHU
yiTka abo HeuiTKa, ApiOHOCITYACTa, KOMIpKU OKPYIJIi
3a (opmoro. Ha amoxosbrniymax KOMipKyd MEHILIMX
pPO3MipiB.

CEM. CkynbnTypa €K3UHM JpiOHOciTYacTa;
KOMIpKU APiOHi, OKPYTJIi, BUIOBKEHI, OKPYIJI0-KYTaCTi
3a (opMOIO; CTiHKM IIHUPOKi. Bopo3Hi mMeMOpaHU
J1aIeHbKi.

Hocnimkeni 3paskm: 1. IBaHO-®paHKiBCbKa 00I1.,
Kanymcpkuii  p-H, okon. c. LIBiToBa, mpy60oBO-
rpaboBuii mgic i ayr. 23.06.1979, Boumap (LWS). 2.
XmenpHulbka o0ma., M. IlemneriBka. Jlic moGau3y
Byn. IlemrynoBa, mybosa minsaka. 10.05.2003,
JI.LM. Iy6aps, 060108 (KW).

Sambucus nigra L. (puc. 1, 5, 6; puc. 2, 9—12)

CM. II. 3. 3-60p03HO-TIOPOBI, efincoigaibHi abo
cdepoinanbHi, 3pigKa CIUTIOIIEHO-c(epoimaabHi 3a
¢dopMoto, B 00puci 3 mojtoca 3-j10mnareBi, 3 eKBaTopa
emintuyHi adbo okpyrmi. I1. B. 15,9-21,3 MM, e. m.
13,3—18,6 wMkm. boposnu gosri, 1,3—2,7 MKM
3aBIIMPIIKK, 3 OIJIbII-MEHII pPiBHUMU, YiTKUMU
KpassMU 1 37Ierka 3aroCTPEHUMM KiHIISIMU, OOpO3Hi
MeMOpaHu ThaaeHbki. I[lopu mepeBaXxHO HEUiTKi,
MPUKPUTI KpasgMu OOpO3eH, 3pimka diTKi, 2,4—
2,7 MKM 3aBlupiiku, 2,7—4,0 MKM 3aBIOBXKM.
II. mk. 10,6—13,3 MkMm, 1. ak. 2,4—2,7 mxm. Ek3una
1,1-2,0 MM 3aBTOBIIKU. [TOKpUB Maitke HOpiBHIOE
CTOBITYMKOBOMY Iapy. CTOBINYMKM YiTKi, KOPOTKIi,
TOHKi, po3TamioBaHi pinko. CKyabnTypa €eK3WHU
JiTKa, IpiOHOCITIACTa, KOMIpKM OKPYTJi 3a (hOpMOI0.
Ha apokosbmiymax Komipku TomiOHi, K i Ha
ME30KOJIbIliyMax a00 ApiOHilIIi.

CEM. Ckynbnrypa eK3WHM JpiOHOCITYACTa;
KOMIpKH TIepeBakHO NPiOHI a00 cepelHbOTO PO3Mipy,
OKPYIJIi, KyTacTi, OKPYIJIO-KyTacTi 3a opMoI0, 3piaka
Ha JHi KOMipOK CIIOCTEepiraloTbCsl CTOBMYMKU; CTIHKU
1MpoKi. bopo3Hi MeMOpaHU T1aieHbKIi.

Jocaimkeni3pasku: 1. Kpeimckuii [ocynapcTBeHHBII
3armoBenHUK, IO IHY JECHOW OajaKu, 3apocHieid
necoM y pyubs. 15.VII 1955. M. Kotos, JI. EB3epos,
B. PomanoB (KW). 2. m. YepHiriB, mapK KyJIbTypu
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i BimmoumHky iMm. M. KolwOuHCcbKOro, rpyra.
18.06.2010, C.O. ITorounbka, 097816 (KW).
OtpumaHi JaHi  3acBimuyiOThb, 10  ITUJIKOBI

3epHa BCiX JOCHiIXEHUX BUAIB poay Sambucus
3-6oposHo-tiopoBi.  IlunkoBi 3epHa S. ebulus
XapaKTepU3YIOThCS  EJiMNcoifaibHOl  (OpMOIO, Y
MUKy S. racemosa niepeBaxae cepoinanbHa ¢popma,
3pigKa enirncoinaibHa, TIMIKOBI 3epHa S. nigra
MaloTh eJIiIcoinaibHy i cepoinaibHy, 3piIKa TaKox
cIuToneHo-cdepoinanbHy hopmy. OOprcH 3 eKBaTopa
y S. ebulus enintuuHi, y S. racemosa mepeBaxKHO
OKpYTJI, 3pioKa eNiNTUYHi, TAMYacoM Yy S. nigra
MepeBaKHO eJiNTUYHi i 3pigka okpyrii. Obpucu 3
rmoJiroca 3-jormareBi ado ciaabKo-3-1omareBi y MUIKY
S. ebulus i 3-momareBi y S. racemosa Ta S. nigra.
[NunkoBi 3epHa NPiOHMX i CEPEeMHIX PO3MipiB, TTOISIPHA
Bicb cTaHOBUTH 15,9—27,9 MKM, ekBaTopiaJibHUI
nmiamerp — 13,3—19,9 mMxMm, y S. ebulus po3mipu
OuThIIi, HiX Y S. racemosa ta S. nigra. Y TJIKOBHUX
3€peH YCiX JOCHiIKEHUX BUAIB 00po3HU 1,3—3,3 MKM
3aBIIMPINKKM, 3 YIiTKUMUA KpassMH 1 TIepeBakHO
3arOCTPEeHUMU KiHUSIMM, Y MUAKY S. ebulus 3pigka
KiHIIi OOpPO3eH 3a0KpYIJIeHi, a B S. racemosa 60poO3HN
Maiixe 3IMBaloThCs Ha nojitocax. Haiimmpii 6opo3Hu
xapakrepHi mist S. ebulus (2,0—3,3 mxm). boposHi
MeMOpaHU y MWJIKOBMX 3€PEH YCiX BUIIB INIaJCHbKI.
ITopu B S. ebulus 3axpuTi KpasiMu 60pO3eH, TUMUYACOM
y 8. racemosa Ta S. nigra BOHU TPUKPUTI KpasiMu
0OpoO3eH, 3piaKa YiTKi.

Exsuna 1,1-2,7 MKM 3aBTOBLIKM, ITOKPHUBHO-
cToBrmuuMKoBa. HaliToBcTillla eK3MHA XapakTepHa
JUIST TIAIKOBUX 3epeH S. ebulus (2,0—2,7 MKwm),
TOHIIA €K3WHa y MWIKY S. racemosa Ta S. nigra
(1,1-2,0 mxm). Ilim CM B eK3WHi BHUPI3HSIETHCS
ITOKPUB Ta CTOBITYMKOBHH AP TTEPEBaKHO 3 YITKUMU
KOPOTKMMU, PiIKO pO3TAIIOBAHMMHU CTOBITIYMKAMU.
CkynbnTypa €K3WHU J00pe TPOCTEXKYEThCS il
CBITJIOBUM MIiKpPOCKOTIOM. Y MUJIKOBUX 3epeH S. ebulus
CKYJIBIITYpa BEJIMKOCITUACTA, y S. racemosata S. nigra —
npibHociTyacta. Bapro Bim3HauuTH, 10 y THIKY
S. racemosa ciTka ApiOHilIa HiX y S. nigra. Y nuiky
BCiX BU/IiB Ha alTOKOJIbITiyMaX KOMipKU 3MEHIITYIOThCS,
y S. migra 3pinKa CKyIbIITYypa alloKOJBITiyMiB TTOmiOHa
o Takoi Ha Me3okoibmiyMax. Ilin CEM y nuikoBux
3epeH S. ebulus Ha THI KOMipOK YiTKO CITOCTEPIraloThCs
CTOBITYMKH, Y S. nigra BOHM 3pilKa BUSIBJICHI, Y TUIKY
S. racemosa — He BUSIBJICHI.

3a3HauMMo, IO TpU iAeHTUIKaLl BUKOMHUX
IMATKOBUX 3¢peH IPeACTaBHUKIB pomy Sambucus Mu
BUKOPUCTOBYBaAJIM JiarHOCTUYHI O3HAKMW, HaBeIeHi
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Yyacte nuaky Sambucus sp. Ta S. nigra B KOJIEKTUBHUX NATIHO(I0PAX BiIKIAAIB roIoNeHy PiBHUHHOT YACTHHU YKpaiHu
Participation of pollen of Sambucus sp. and S. nigra in collective palynofloras of the Holocene sediments in the plain part of Ukraine

Taxcor Tepionu3aiiist royioneHy
SA | SB | AT | BO | PB
JlicoBa 30Ha, [1paBoGepexcks
Sambucus sp. + — + + +
S. nigra + + + — -
JlicoBa 30Ha, JIiBOOepexKst
Sambucus sp. + — + + —
S. nigra + + + - -
JlicocrernoBa 30Ha, [TpaBoGepesxoKst
Sambucus nigra | - | — | + | — | —
JlicocrernioBa 30Ha, JIiBOGepeXxKs
Sambucus nigra | + | + | + | + | -
CremnoBa 30Ha, [IpaBobepeskKst
Sambucus sp. | + | + — | — | —
CrermnoBa 30Ha, JIiBOOepexKs
Sambucus sp. + — + — —
S. nigra + — — — —

* SA — cybarnantuuHuii, SB — cy66opeanbHuii, AT — atnantuyHuii, BO — GopeanbHuii, PB — npebopeanbHuii yacu;
** «+» — ydyacTb MWIKOBUX 3epeH y BUKOIMMHMX TamiHodimopax; *** «—» — BiICYTHICTb MIJIKOBUX 3epeH y BUKOITHUX

najiHodaopax.

y BuszHauHuKy (Kupriyanova, Aleshina, 1972). Mu
npoaHali3yBaly Ta y3araJlbHWIM HasiBHI Ha 1Ieil yac
IaHi TIpOo y4acTh NMWJIKOBUX 3epeH Sambucus sp. Ta
Sambucus nigra B najgiHod0pax BiIKJIadiB rOJOLEHY
B 14 ¢donHoBuX po3spizax (Artiushenko et al., 1982;
Kremenetskiy, 1991; Kalynovych, Kharmata, 2001;
Resler et al., 2002; Horbenko, Pashkevych, 2010;
Bezuskoetal., 2011) Ta 19 apxeosioriqHuX IMam'ITHUKAaX
piBHMHHOI yacTuHM YKpainu (Bezusko et al., 2000,
2002, 2009, 2011). IMownrpeHHs NMpeACTaBHUKIB pOAY
Sambucus Ta S. nigra BIPOMOBX OCHOBHUX e€TaIliB
TOJIOLIEHY (cybaTiaHTUYHUM, cybbopeasibHUA,
aTJJaHTUYHUI, OopealbHUIi, MpedopealbHUIl Yacu)
PO3IJISIAEThCS IS MPaBOOEPEXHOI Ta JIIBOOEPEXKHOI
yactuH JlicoBoi, JlicoctermoBoi Ta CtenoBoi 30H
YKpainu (Tabmmis).

3a3HauMMo, 10 CKJad KOJIEKTMBHUX TajliHOdIop
paHHbOCEPEAHLOBIYHMX BinkianiB CloBeyaHCHKO-
OBpyLBKOTO KpsiKy Ta crapomaBHboro Kuesa dop-
MYBaJIM TaKOX TUJIKOBI 3epHa Sambucus sp. i S. nigra.
Bapro BigmiTuTH, 110 B 3pa3Kax 3 LIUX BiAKIadiB Oyau
BUSIBJICHI Makpo3aauiuku S. nigra (Pashkevych, 1998,
2008). HaciHHg Oy3uHM AOBOJIi 4acTO TparISETbCS
cepel MaKpoO3aJMINKiB, BU3HAYEHUX y CKIaMIi
NaJIe000TAHIYHUX CMEKTPIB PAaHHbOCEPEIHBOBIYHUX
BinkianiB 3 Teputopii M. Kuena (Pashkevych, 1998). ¥
JTaBHi 9acH 10TO JOCUTH IITMPOKO BXXUBAJIH SIK B iKY, TAK
i I71s MpUTroTyBaHHs 0apBHUKIB. Ha Tepurtopii €Bponu

YKp. 60T. XypH., 2017, 74(2)

3HaXiIKW BUKOITHOTO HACiHHS Oy3WHM, $IKi JIOAMHA
MoOTJIa 30MpaTH Ta BKIIOYATH 10 CBOTO pallioHy, BiZoMi
3 Heomity (Pashkevych, 2005).

TakuM 4yMHOM, 3a pe3yjibTaTaMu aHajlizy HOBHUX
najaiHoMOpP(OJOriYHMX MaTepiajliB MOXHa 3po0UTH
BUCHOBOK, 110 TWJIKOBi 3epHa poay Sambucus
PO3PI3HSIOTLCI HA BMAOBOMY piBHi. JliarHOCTMYHi
O3HaKU MWIKOBUX 3€peH MOXYTb OYyTUM BUKOPHCTaHi
IIJIST TOYHIIIOI imeHTudiKallii BUKOITHOTO IUJIKY POLY
Sambucus TIpU TIPOBENEHHI CHOPOBO-TIMJIKOBOIO
aHaJsi3y BiIKJIadiB BEpXHbOTO KaiiHO3010 YKpaiHu Ta
CYMIXHUX TEPUTOPiii.

BucuoBku

3a y3araJbHEHUMU pe3yJbTaTaMu Maneo@IopucTuy-
Hux pociimkeHb (14 ¢oHoBuX po3pisiB Ta 19 apxeo-
JIOTIYHUX TIaM'SITHUKIB) BCTAHOBJIEHO ITPOCTOPOBO-
yacoBy audepeHIialilo mommpeHHs Sambucus sp. Ta
S. nigra Ha piIBHUHHI YKpaiHi BHpoI0BX rojsoieHy. Ha
TIPUKIIai yuacTi S. nigra B KOJIEKTUBHUX MajliHO(Iopax
paHHbOCepeIHbOBIUHMX BinkiaagiB (CloBe4aHCHKO-
OBpyLBKUIA KPsX Ta cTapoaBHiii KuiB) o0rpyHTOBaHO
MEePCIEeKTUBHICTh BUKOPUCTAHHS PE3yJIbTaTiB Iajieo-
(GJAOPUCTUYHMX Ta TATICOETHOOOTAHIYHUX AOCIIIKEHbD.
BcraHoBeHI  miarHOCTUYHI ~ O3HAKM  MWJIKOBUX
3epeH MPEACTaBHUKIB pomy Sambucus, $SIKi MOXHA
BUKOPUCTOBYBAaTH JJI  TOYHIIIOl  imeHTHiKaLii
BUKOITHOTO TWJIKY [0 BWJIOBOTO DpiBHS: (popmMa Ta
o0puc, po3Mipu 3epHa, OymoBa anepTyp, TOBIIMHA Ta
CKYJIBIITYpa CK3WHU.
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Humbamok 3.M., besycbko JI.T. I1aninomopdooriuni
0COOJIMBOCTI MpeICTABHUKIB poxy Sambucus (Sambucaceae /
Adoxaceae) dbropn Ykpainu 114 misieil CriopoBo-NMJIKOBOTO
aHaJjizy. YKp. 00T. XypH., 2017, 74(2): 122—130.

Inctutyt 60otaniku iMm. M.I. Xononnoro HAH Ykpainu
ByJ1. TepeleHkiBebKa, 2, Kui 01004, Ykpaina

JocnimkeHo TUIKOBI 3epHa BUIIB pomy Sambucus dropu
VYKkpaiHu 3 BUKOPUCTAHHSIM CBITJIOBOTO i CKaHyBaJbHOIO
€JIeKTPOHHOTO MiKpOocKomiB. BcTaHOBIeHO, 110 MWIKO-
Bi 3epHa 3-00pO3HO-IIOPOBI; EJICOiNaNbHi, cdepoimaib-
Hi abo crutolieHo-cdepoinalibHi 3a (popmolo; B obpucax 3
eKBaTopa eJinTUYHi abo OKpyIJIi, 3 moJitoca 3-jonaTeBi ado
c1abKo-3-JomnaTeBi; IpiOHUX i cepemHix po3MipiB. bopo3Hu
JIOBTI, 3piJIka CepeHbOI JOBXMHMU, 3 3aTOCTPEHUMHU, 3piaKa
3a0KpYIJIEHUMHM, KiHIsIMU. [lopy mepeBakHO 3aKpHTi Kpa-
MM 60po3eH, 3piaKa JiTKi. CKyIbpITypa eK3MHU BEJTUKOCIT-
yacTa (5. ebulus) Ta npibHociTUacTa (S. racemosa ta S. nigra).
[IpoaHaizoBaHO Ta y3arajibHEHO JaHi MPO Yy4acThb MUJIKO-
BUX 3epeH Sambucus sp. i S. nigra B mamiHO(pI0pax BigKiIa-
NiB rojiolieHy B 14 ¢hoHOBUX po3pizax Ta 19 apxeosoriuHux
MaM'sITHUKaxX PiBHMHHOI YacTWHM YKpaiHu. BcraHoBieHo
MPOCTOPOBO-YaCOBY AudepeHIiallito omupeHHs Sambucus
sp. i 8. nigra Ha piBHMHHIM YacTUHi YKpaiHU BIPOIOBXK TO-
soueHy. [TokazaHo, 1110 BUSIBJIEHI AiarHOCTUYHI O3HAKU TTHJI-
KOBHX 3epeH MOXHa BUKOPUCTOBYBATHU TSI TOUHIIIOL imeH-
TU(diKalii BUKOITHOTO MUJIKY pony Sambucus 10 BUIOBOrO
PiBHSI ITPU XOPOILLIiif 10ro 30epekeHOCTi MMij] Yac MPOBEACHHS
CMOPOBO-MUJKOBOIO aHali3y BiIKJIadiB BEPXHLOTO KalHO-
3010 YKpaiHU Ta CYMIXKHUX TEPUTOPIA.

Kimouosi cioa: Sambucus, munkosi 3epHa, MOPGOJIOTis,
JiarHOCTUYHI O3HAKU, CIIOPOBO-TTUJIKOBUIA aHAai3,
najiHodiopu BifikJaaiB, YkpaiHa
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Heimbamiok 3.H., besycbko JI.I. ITanunomopdonornyeckue
0COOEHHOCTH MpencTaBuTeeil pona Sambucus (Sambucaceae /
Adoxaceae) hropbl YKpauHsl 1151 1ieJ1eii ClIOPOBO-TbLIBIIEBOTO
aHaimm3a. YKp. 00T. XypH., 2017, 74(2): 122—130.

HMuctutyr 6otanuku um. H.I. Xonognoro HAH YkpanHbl
yi1. TepemenkoBckas, 2, Kues 01004, YkpanHa

HccrnenoBaHbl TBUIBIICBBIC 3¢pHA BUIOB poma Sambucus
daopbl YKpauHbl ¢ MCMOJb30BAaHUEM CBETOBOTO M CKaHU-
PYIOIIETO 3JIEKTPOHHOTO MUKPOCKOIIOB. YCTaHOBJIEHO, UTO
MBLTBIEBBIE 3¢pHA 3-00pPO3MHO-TIOPOBHIE; SJUIMIICOUIAITb-
Hble, cheponpaibHble WX CILTIONIEHO-CcheporaaibHbIe 10
dbopme; B ouepTaHUsIX ¢ SKBATOPa IUTUIITUYECKIE I OKPY-
[JIbIE, C TIOJOoca 3-JIOMACTHBIE WM CJ1abo-3-JI0MMacTHbIC,
MEJIKUX M CpelHUX pasMepoB. boposabl AIMHHBIE, U3peaKa
CpeInHell [UIMHBI, C 3a0CTPEHHBIMM, U3PeaKa 3aKPyTJIeHHbI-
MM, KOHIIaMU. [Topbl TpeMMYIIECTBEHHO 3aKPBIThI KPasiMi
0opo3n, uspenaka yerkue. CKyJbNTypa 3K3MHbBI KPYITHOCET-
yatas (S. ebulus) u menxkoceryaras (S. racemosa v S. nigra).
[TpoaHnanusupoBaHbl W 0O0OOIIEHBI JaHHBIE 00 Yy4acTUU
MBLIBLEBBIX 3epeH Sambucus sp. U S. nigra B maTuHObI0pax
OTJIOKEHUI rojiotieHa B 14 (poHOBBIX pa3pe3ax u 19 apxeosno-
TMYECKUX TTaMATHUKAX PaBHUHHOM YacTU YKpawHBI. YcTa-
HOBJIEHa TPOCTPAHCTBEHHO-BpeMeHHast nuddepeHInauus
pacrnpocTpaHeHusi Sambucus sp. v S. nigra Ha PaBHUHHOI
YacTU YKpawHBI Ha MPOTSIKEHWU TojionieHa. [lokaszaHo, yTo
BBISIBJICHHbIE JMArHOCTMYECKUE MPU3HAKU MbLIbLEBBIX 3€-
PEH MOXHO MCIOJIb30BaTh ISl 0oJiee TOUHOW MIeHTUbUKa-
LIMY MICKOTTAeMO MBLIBIIBI poaa Sambucus BUAOBOTO YPOBHS
MPU XOpOlIeil ee COXPaHHOCTU BO BpeMs MPOBENICHUS CIO-
POBO-TIBIIBIIEBOTO aHAIM3a OTJIOXKEHHUI BEPXHETO KaifHO305T
YKpauHbI ¥ COTTPENEIbHBIX TEPPUTOPUIA.

Kiiouessie ciioBa: Sambucus, NbLIbLIEBBIC 3epHa,
MOpPGOJIOTHsI, IMATHOCTUYECKIE TIPU3HAKH, CIIOPOBO-
MbUIBLIEBOM aHaIU3, AJTUHOMIOPHI OTJIOXEHUI, YKpanHa

Ukr. Bot. J., 2017, 74(2)



W Ipu6u i rpudononioni opranizmm
\ Fungi and Fungi-like Organisms

doi: 10.15407 /ukrbotj74.02.131

OCHOBHI TpeHI1 €BOJIIONII IJI0I0BUX Tijl ArAPUKOMIIIETIB Ta
KONPHHOIAM3aMi SIK OJMH I3 HUX
Muxkomna I1. ITTIPUOK

IHcTuTyT 60TaHikKu iM. M.I. Xonoanoro HAH Ykpainu
ByJ1. TepeuieHkiBebka, 2, Kuis 01004, Ykpaina
prydiuk@gmail.com

Prydiuk M.P. Main trends of evolution of fruit bodies in agaricomycetes, with special reference to coprinoidization. Ukr. Bot. J.,
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Abstract. Modern views on existing trends in evolution of agaricomycetes fruit bodies are summarized. The well-known
evolutionary trends of basidial mushrooms, gasteromycetization and cyphellization, are outlined. Special attention is paid
to coprinoidization, a recently recognized trend of evolution of agaricoid mushrooms. The coprinoidization, an ability of
fruit bodies for accelerated ontogeny, which independently evolved in several evolutionary lines of fungi of the order Agaricales
(families Agaricaceae, Bolbitiaceae and Psathyrellaceae), is a way of adaptation of basidial macromycetes to extreme conditions.
It enables them to colonize substrates with considerably fluctuating water content. The most noticeable common feature of
coprinoid fruit bodies is their fast autolysis or collapse after sporogenesis. The main morphological changes which make possible
such a mode of adaptation as well as its advantages and preferences are considered. It is shown that this way of evolutionary
adaptation is the most advantageous for fimicolous macromycetes but is also beneficial for mushrooms growing on other types
of substrata. The present data about origin of the first coprinoid taxa of fungi and time of their origin are considered. The
presumable connection with expansion of dry open grasslands followed by evolutionary radiation and diversification of large
grazing mammals during the Miocene is indicated.

Keywords: coprinoidization, fruit bodies morphology, autolysis, evolution

Beryn PO3MPOCTEPTUX MABYTUHYACTUX (DOPM 3 YaCOM PO3BU-
HYJUCS OibII CKJIAAHI — arapukKoiqHi, KJIaBapioidHi,
ractepoifgHi Tomo. Hampuknan, cxeMy IMOsIBU arapu-
KOITHMX TUTOMOBUX TiJl (Tak 3BaHy "KjiaBapioimHy" Ti-
MoTe3y) YABISIIU TaK: KJIaBapioigHi Kaprnohopu—ToM-
doimai (pamapioimHi) Kapmodopr—KaHTapeIoimHi
Kaprnioopu—arapukoigHi Kaprogopu (Zmitrovich,
Wasser, 2004).

CyyacHi migxonu A0 TOIIYKY MMCKPUMiHAHTHUX
eJleMeHTiB MopdoJIorii TToKa3aau, 1o cama 1o cobi
dopma MI0IOHOLIEHHS He MOXe OyTH cucTeMaTuy-
HOI0 O3HaKOI0. 3a JOIOMOIOI MOJICKYJISIPHUX Me-
TOAIB Oy/J0 BUIIJIEHO BiCiM TOJOBHUX KJal BUILUX
0asuaieBUX rpubiB, MPUYOMY B KOXHIM ONMUHUINCS
[OHAMEeHIIIe YOTUPU OCHOBHI MOP(OTUIIA KapIio-
¢opis. JIume cepen BuaiB Russuloid-knaau (y 0inb-
IoCTi cydyacHuX kinacudikaiiit — nmopsinok Russulales
Kreisel ex PM. Kirk, PE Cannon & J.C. David)
BimoMi Bci 0CHOBHI Mopdotunu Kaprodopis (Tadi. 1).
V Toit xe yac cepen npencraBHUKiIB Euagaricoid-

ITpouecu eBostoNii TIOJOBUX TiT Y BULIUX 6a3uio-
MilleTiB MalOTh JOCUTh CKJIaJHUI1 XapakTep. Arapuko-
MineT! (TIpeACTaBHUKU Kiacy Agaricomycetes Doweld
Binminy Basidiomycota R.T. Moore) MawTb CKJIagHO
OpraHi3oBaHi TUJIOJOBI TiJla, MPOTE UUISIXU iXHBOI €BO-
JIIOLIiT BCe 11Ie He MOBHICTIO 3p0O3yMiJii IJIsT HAYKOBIIiB.
HagiTh BClO pi3HOMaHITHICTH (OpM IXHiX Kapriodo-
piB HEMPOCTO YMIiCTUTU B JIOTiUHY KjacudikaliiHy
cxeMmy. [IpoTe icHYe KinbKa IITYYHUX CXeM THITi(iKa-
Lii MIOJOHOIUEHb BUILIMX OaszuaieBux rpubiB. OmHy
3 HUX, HAWOUIbII MOLIMPEHY, 3TiAHO A0 SIKOI BUILISI-
I0Th TaKi OCHOBHI TUIU KaprnodopiB, SK: arapuKoi-
Hi, TTIOPOINHi, TiAHOIMHI, KJIaBapioinHi, KOPTULIOIIHI,
Ha3eMHi racTepoifHi Ta MiA3eMHi ractepoinHi (BOHU
K HecrnpaBxkHi Tprogdeni) (Hibbett, Thorn, 2001) mu
BUKOPUCTOBYEMO Y AaHiil poboti (puc. 1). EBomtoniio
TUIOJOBUX TiJl 0a3uIi€eBUX I'puOiB JOBTUi yac BBaXKa-
JIN TOCHUTH YIIOPSIIKOBAHUM IIPOIICCOM: i3 TIPOCTUX
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Puc. 1. OCHOBHi TUIM TIJIOAOBUX TiJl arapuKOMILIETiB:
a — arapukoigfHuit; b — TOPOINHUI; ¢ — TiIHOIMHUIA;
d — ¥naBapioimHWil; e — KOPTUIIOIMHWI; [ — Ha3eMHUN
racTepoiIHuiA; g - Mia3eMHUMN racTepoiIHuUiA.

CrnopoyTBOpIOBaIbHI YaCTUHY TTO3HAYEHi CBITI0-CipuM

Fig. 1. Main types of fruit bodies of agaricomycetes: a —
agaricoid; b — poroid; ¢ — hydnoid; d — clavarioid; e —
corticioid; f — epigeal gasteroid: g — hypogeal gasteroid.
Spore-forming parts are marked with light grey

Tabauys 1. Po3momin mopdoTumiB MIOAOBHX TiJl cepex
ocHoBHMX Kjaan arapukomineriB (Hibbett, Thorn, 2001, 3
HE3HAYHUMH 3MiHAMM)

Table 1. Distribution of morphotypes of fruit bodies among the
main clades of agaricomycetes (Hibbett, Thorn, 2001, with
minor changes)

Tunu naoKOBUX Tin

= = = racTepoinHi

= — _ g z p
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X k) S 2 =t g g
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Polyporoid * * * * * . —
Euagaricoid * * * * * *
Boletoid * * * _ * . -
Telephoroid * * * * * _ —
Russuloid * * * * ® * -
Hymenochaetoid * * * * ® o —
Cantharelloid * — * * # _ —
Gomphoid * — * * * — P
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KJIaay TIOBHICTIO BiICYTHI TigHOImHI Kapmogopu, B
Cantharelloid- Ta Telephoroid-knaagu — ractepoinHi, i
tak maini (Hibbett, Thorn, 2001). Lle poouTs oueBUI-
HUM OpUMYILIEHHS, 1110 B MPOLEeci eBOMIOLIT OaHi i1 Ti
K TUTU TUIOJOBUX Till (POPMYBaJIMCS B Pi3HUX Ipyrax
rpubiB HE3aJIeXKHO. AKUMHU caMme LIIsIXaMU BinOyBasia-
Cs1 €BOJIIOLIISI BUIIIMX Oa3MIi€BUX, BCTAHOBUTU CKJIaJ-
HO. BTiM 3 MOsIBOIO MOJIEKYJISIPHUX METOIB BAAIOCS
BCTAaHOBUTM KiJibKa LikaBux pakTiB. Tak, minTBepmKe-
HO, IO BUXIAHWM, HAWOIIbII MPUMITUBHUM TUIIOM
IUIOJOBUX Tij1 0a3uaialbHUX MaKpOMILIETiB, OYIU PO3-
MPOCTEPTIi MMaByTMHYACTI Ta KipKoNnoaioHi Kaprodopu
3 IJ1aJieHbKUM riMeHieM. JloBeJieHO TaKOX, 1110 B LIiJ10-
MY €BOJIIOLIIMHI Mpoliecu BeayTh 10 YCKJIaIHEHHS Oy-
nosu kaprniodopis (Hibbett, Binder, 2002). OgHovyacHo
OyJIM oJiep>KaHi MEePEeKOHJIMBI CBiAOLITBA PO iCHYBaH-
HS SBHIA BTOPMHHOTO CIPOIIEHHS OYIOBU KapIlio-
¢opiB, YNUM MOSICHIOETHCSI HASIBHICTb PO3IMPOCTEPTUX
GopMm y pi3HUX HECMOPIAHEHUX TPYIaxX arapukKoMi-
ueTiB. Byso TakoX BCTaHOBJIEHO, 1110 SIBUILLA TTapajie-
JIi3My Ta KOHBEpPTeHllil — 3BUYaiiHa piu cepel BUIINUX
rpubiB. Y LiJIOMY X, €BOJIOLS TIJIOAOBUX TiJl Y BULLIMX
riMeHOMILIETiB BUSIBUJIACSI HACTIJIBKY 3aTlJIyTaHOIO, 1110
11e HaI3BUYAiiHO 00'eMHE MMUTAHHS TTOTPeOyE MIsT BU-
CBITJICHHSI OLJIbIIIUX OOCSTIB, aHiX J03BOJISIE LISl CTATTSI.
Tomy B maniii poOOTi mepeBaxkHO OyAYThb PO3IJSHYTI
MpoOJieMH eBOJIIOLIT KapmogopiB MPpeACTaBHUKIB 1MO-
psnky Agaricales Underw. (ToOTO eBaraprMkaabHOI Kjia-
IIA), X0ua 3a HeOOXiMHOCTI OYIyTh 3aTyJyaTucs i (hakTu
LIO/IO €BOJTIOLIT iHIIMX KJIa[ arapuKOMILIETiB.

JIst GiNbILIOCTI MpeaCcTaBHUKIB BKa3aHOI KJIaau Xa-
paKTEpHi arapyuKOiHiI TUIOJO0BI TiJla (AUIATHCS HA IIa-
MUHKY Ta HiXKY, 3 TJaCTMHYACTUM TiMEHO(pOPOM),
MpoTe KilbKa MoJeKyasapHux crymiii (Hibbett et al.,
1997b; Moncalvo et al., 2002; Larsson et al., 2004;
Matheny et al., 2006; Hibbett, 2004, 2007) mpoxe-
MOHCTPYBaJIU JIBa BaXJIMUBUX DaKTU: a) HE BCi BUIU 3
arapuKoiTHMMM KaprioopaMM HaeKaTh BUKIIOUHO
IIo Hei; 0) B 11 CKJIai BiIOMO YMMAJIO TIPEACTaBHUKIB
3 iHIIMMU TUIIAMU IUIOAOBUX Tia (Tadu. 1). TakcoHmn
3 arapukoOiTHUMU Kaprnodopamu BiloMi, HapUKIIAL,
cepen npencraBHUKiB Russuloid (poau Lactarius Pers.
i Russula Pers.), Boletoid (Gomphidius Fr. Ta Paxillus
Fr.), Cantharelloid (Cantharellus Adans. ex Fr.) Ta nes-
KuX iHmmx kiax (tabdn. 1). Le cBimumTh mpo Te, 110
arapyukoiIHi IJIOJOBI Tilla He3aJIeXKHO YTBOPIOBAIMCS
B MeXax Kiacy Agaricomycetes IOHAWMEHIIE KiTb-
ka pasiB (Hibbett et al., 1997b). | He BukIIOYEeHO, 110
LIUISIXM IXHBOI €BOJIIOLII B KOXHOMY BUIIAAKY OYyJIMU
BinMiHHMMU. [TokM 110 BOHM TOCTEMEHHO HE BimoMi.
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AHaJIOTiuHi pe3yabTaTh Oyl oAepKaHi il s rpubiB
3 racTepoifHUMU, HUGDETOITHUMU Ta PO3NPOCTEPTUMU
togoBuMH Tiamu (Peintner et al., 2001; Bodensteiner
et al., 2004; Larsson et al., 2004; Binder et al., 2005).
Takum umHOM, Mopdosoris KaprodopiB BUSIBUIIACS
HaI3BUYANHO TJIACTUYHOIO €BOJIIOLIMHOK O3HAKOIO i
4acTo He MOXKe CJIYTyBaTU HaliiHUM (PijTOreHeTUIHUM
iHmnKaTopoM. [IpoTe Bmamocs BCTAaHOBUTH, IO Haii-
ONMMXKYMI CHIBHUM NpedoK BUIIB MOPSIAKY Agaricales
MaB arapMkoiiHe IUIOJ0BE TiIO 3 IUIACTUHYACTUM Ti-
meHodopom (Hibbett et al., 1997b), a Takox OyB ca-
nporpodom abo Iapa3suToM 3 OJHOSIAEPHUMU 0e3-
6apBHUMHU criopaMmu (Matheny et al., 2006). 3Baxkaroun
Ha Te, 11O ceped MNPeACTaBHUKIB MOPSAKY BigoMmi
iHImi TMnu KaprnodopiB (Tadiu. 1), iX MOXHa CMiTUBO
BBaXkKaTH MOXiIHUMMU BiJl arapuKOIAHOTO, MpUHAMHI B
MeXax eBarapukoinHoi kiaau. OCKiTbKU y OiTbIIOCTI
diToreHeTUUYHUX ACPEB MOPSAKY Agaricales y Gazaib-
Hill iXHilf YaCTUHI, K MPaBUJIO0, ONMMUHSIOTHCS BUIU PO-
nuHu Hygrophoraceae Lotsy, TiMOTeTUYHUI CIIIBHUI
MpenoK BUIIB €BarapMkKoiIHOl Kjiaau, MOBipHO, OyB
Jel0 MOMiOHUM 10 HUX.

IToganbia eBoIIOLisI arapUKOITHUX TPUOIB Ma€ psif,
L[iKaBUXacCIeKTiB, cepel IKMX Ha 0OCOOJIMBY yBary 3aciy-
TOBYE €BOJIIOLIS IXHiX criop. 3arajoM mpeacTaBHUKU
MopsIKy Agaricales, IK i iHIIi OpraHi3Mu, HAMararoThCs
OXOIUTH SIKOMOTa OiJbllle YHMCIO EKOJOTIYHUX
Hilll, 110 TIPU3BOAUTL IO iCHYBAHHS iX Y CYBOPUX
yMoBax, Hampukian B apugHux. lle mocsraerbcs
PI3HUMHU CITIOCOOAMU, KOXEH 3 SIKMX BKJIIOYAE HU3BKY
MOP@OJIOTIYHUX 3MiH Ha MaKpO- Ta MiKpOCKOIIIYHOMY
piBHsIX. AKIIO Ha MakKpopiBHi OJHUM i3 cHOco0iB
ajanTauii 10 CYBOpPMX YMOB € PO3BUTOK OCOOJMBUX
TUIIB  KaprmodopiB (HAmpWKIam, 3aKpUTHUX abo
MiI3eMHUX), TO Ha MiKpOpPiBHI HAWOiIbII BaXJIMBUM
€ TosIBa CTIOp, Kpallle MPUCTOCOBAHMX 10 CYBOPHUX
yMOB. fIK BBaXXalOTh arapukojoTu, BKpail BaXJIMBOIO
SIKICTIO CIIOp € IXHSI CTilKiCTh OO HECHPUSITIMBUX
30BHIllIHIX (paKTOpiB, 30KpeMa BUCHUXaHHS, Mexa-
HIYHMX  TIOLIIKOMXKEHb, Hii  yabTpadioneToBOro
punpomiHioBaHHs Toio (Clémengon, 2004). 3rigHo
3 IOCIIIKEHHSIMU MMOKAa3HUKHU XKMBYUYOCTi criop (To0-
TO 3[0ATHICTh IO MPOPOCTAHHS) HA MOPSIOK BULI Y
BUAiB 3 TOBCTOCTIHHMMM Ta TeMHO03a0apBJIeHUMU
cnopamu. BcraHoBieHo, 1110 6e30apBHI TOHKOCTiHHI
cniopu BuniB poay Mycena (Pers.) Roussel 30epirarotb
3MAaTHICTh OO0 TPOPOCTAHHS JIMIIE  IIPOTSTOM
nmigenux mHiB (Clémengon, 2004). ¥V Toit ke dac
TeMHO03a0apBJIeHi TOBCTOCTIHHUMU CIIOPU BUKMBaIU
Bin 8 micauiB y poay Swuillus (Haller) Kuntze (Fries,
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1943) no 3-x pokiB y Conocybe Fayod (Watling, 1963) Ta
9 pokiB — y Psilocybe (Fr.) P. Kumm. (Sussman, 1968).
TakuM YMHOM HasIBHICTH CHOp i3 MOTOBIIEHUMM
Ta 3a0paBJICHUMM CTiHKAMU BHIAETBCS BOYEBUID
MPOTPECCUBHOIO 03HaKOI0. JlesiKi MOCHiIHUKMU JaBHO
BBaXXaJIM TaKCOHU arapukoMilleTiB 3 0e30apBHUMU
TOHKOCTIHHMMM CITOpaMy OiJIbIl MPUMITUBHUMU i
pO3MilyBaJIn iX OIMXK4Ye 10 KOpeHs (hiTOTeHETUYHOTO
nepeBa Agaricales s. 1. (Kihner, 1980; Oberwinkler,
1982). MonexymsspHO-(hiIOTeHeTUIHI METONM aHa-
JIi3y 3acBiguuau ixHio TipaBoTy. HarapmaiimMo, 1110
HaOMMXKYMKM  CIUIBHUI — TIpeJoK  arapukKajJbHUX
rpubiB MaB came Oe30apBHi criopu (Matheny et al.,
2006). ITi3HilIe HayKOBIli, BUBYAIOUM KOPEJISILIIIO0 MiX
MOP@OJIOTIEI0 CMOP Ta MOJIOXKEHHSIM TaKCOHiB, Ha
MOJIEKYISIPHO-(DITIOTEHeTUYHUX JepeBax OJepKalu
Haja3BuyaitHo uikasi gaHi (Garnicaetal., 2007), 1MBUCH
puc. 2. 3a pesyabraTaMu iXHiX JOCIHiIKEHb, IOsBa
TOBCTOCTIHHMX IIiIrTMEHTOBAaHMX CcIIOp OyJia OAHi€lO
3 KJIIOUYOBMX TOJiii B eBojitouii rpu6iB Euagaricoid-
kinamu. IIpencTaBHMKM OCTAaHHBOI 3MOTIIM 3alHSATH
BEJIMKY KiJIbKICTh JOCI HEIOCTYMHMUX €KOJIOTIYHUX
Hilll BHACJIAOK OiJbIIOI CTIMKOCTI TOBCTOCTIHHUX Ta
TeMHO03a0apBIICHUX CITOP IO BUCUXaHHS, MEXaHIYHIX
ITOIIKOMXKEHb, a TAKOX XiMiUHUX BIUIMBIB. OcTaHHI
YUHHUK (30aTHICTh CIIOp BUTPUMYBATH TIepeOyBaHHS
B KMIIICUHUKY TBapWH) OYB BaXKJIMBUM IIPU OCBOEHHI
TaKOTO CBOEPITHOTO TUITY CYOCTpATy, IK eKCKPEMEHTH
TpaBOITHUX TBapuH. be3yMOBHO, MOTOBIIEHI CTIHKU
CTOp CIPUYMHWIN U JesdKi He3pyYHOCTi sl TpUOiB,
30KpeMa JUIsl TIOJIETIIEHHSI MPOPOCTaHHSI IOBEJIOCS
PO3BUHYTH TaK 3BaHi pocToBi mopu. Lle miciia (po3ra-
LLIOBaHi 3[e0iIbIIOr0 Ha BEPXiBLIi CITOpU), e 000JIOHKA
OCTaHHIX JeIIo TOHIIA. 3 puC. 2 BUAHO, 110 OIJIBIIICTh
TEMHOCITOPOBHMX  arapuKOIiTHUX TaKCOHIB POIMH
Agaricaceae Chevall., Bolbitiaceae Singer, Cortinariaceae
R. Heim ex Pouzar, Hydnangiaceae Gaum. &
C.W. Dodge, Inocybaceae IJilich, Psathyrellaceae
Vilgalys, Moncalvo & Redhead ta Strophariaceae Singer
& A.H. Sm. KoJuCh 1aBHO MaJIM CIiJILHOTO TpeKa. Ix
MOXHa CMiJIMBO BBaXKaTu MpeJACcTaBHUKAMU HANOIIbILI
MPOTPECUBHOI €BOJIIOLIHOT JiHii rpn6iB Euagaricoid-
knamu. Crig 3a3HAYUTH, IO TOBCTOCTIHHI CHOPU
(4acoM 3 MIrMEHTOBAaHMMU CTiHKaMM) PO3BUHYJIUCS
He3aJIeXKHO 1 B JIEeSIKMX iHIIMX TakCOHiB kjamu. Lle
3okpema poau Fayodia Kuhner, Leucocortinarius
(J.E. Lange) Singer, Pluteus Fr., Volvariella Speg.
i Ripartites P. Karst. Cynguu 3 ycboro, BOHU
MIPEACTABIISTIOTH KiJIbKa KOHBEPTEHTHUX €BOJIFOLIITHIX
ninit (Garnica et al., 2007). Bapto Takox 3ragaTu,
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Puc. 2. Po3nonij BUiB 3 TOTOBILIEHUMU
Ta/abo 3a0apBICHUMU CTiHKaMU
CIOp cepel MPeNCTaBHUKIB TOPSIIKY
Agaricales (Garnica et al., 2007, 3
NesSKUMU 3MiHaMM): TOBCTI JIiHil —
TAaKCOHM, B SIKUX TOBIIMHA CTiHKHU
criopu niepesuiiye 500 HM, CBiTJIO-Cipi
JIiHIT — TAaKCOHM, 1110 MalOTh 3a0apBJeHi
CIopH, TiAKpecieHi — Ha3BU TaKCOHIB
3 KOMPUHOIIHUMU Kaprodopamu

Fig. 2. Distribution of species possessing
spores with thickened and/or coloured
spore walls among the representatives
of the order Agaricales (Garnica et al.,
2007, with some changes): thick lines
mark taxa with the spore walls thicker
than 500 nm, grey lines — taxa with
coloured spore walls, underlined names
of taxa with coprinoid fruit bodies

— Fistulina hepatica
- Lachnella villosa
Xeromphalina campanella

Tricholomopsis rutilans
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110 103a MeXaMM eBaraprMkKajabHOI KJIaau TeHIEHILIis
IO YTBOPEHHSI TEMHMX Ta TOBCTOCTIHHMX CIIOp TEX
IIMPOKO PO3MOBCIOMXKEHA. Y 0araThox iHIIMX KJagax
(pyccynoinHiit, tenedopoigHiii, 00JeTOIAHIIA Ta iH.)
TOBCTOCTiIHHI Ta TeMHO3a0apBjeHi COpU 3'SIBUINCS
He3aJIe>KHO BHACIIOK KOHBEPTEHILii.

TToBepHYBLINCH OO €BOJIOLII MIOJOBUX TiJl TPUOIB
MopsIinKy Agaricales, MOXHa KOHCTaHTYBaTH, IO
HUHILIHE Pi3HOMAHITTA IXHiX KaprnodopiB MOXHa
YMICTUTU B KiJIbKa OCHOBHUX €BOJIIOLIIAHUX TPEH/IiB.
Haii6inbin BiZoMMMM 3 HMX € ractepomileTusalist
(YTBOpEeHHSI 3aKpUTHUX, YACTO ITIA3EMHMX ILIOHOBUX
Ti) Ta mudenizamisas (bopMyBaHHS KyOKOMOMiOHMX
KaprioopiB 3 mageHbKMM TiMeHO(GOPOM BHACIIIOK
penyKilii arapuKoiqHUX TUIOAOBUX Ti). BoHM Takox
xapakTepHi st nopsiakiB Boletales E.-J. Gilbert Ta
Russulales, six 6yno nponeMoHcTpoBaHo M. binaepom
Ta A. bpesincki (Binder, Bresinsky, 2002). HemonasHo
MOCTITHUKY TT0YaIN BUOUISITH B OKPEeMUM TpeHH Ta-
KO KomnpuHoinu3auito. Ha octaHHbOMY 3yMmMHUMOCS
OKJIaTHIIIIE.

IIpouec ¢opmyBaHHSI racTepoifHUX Kaprodo-
piB (IKUii Terep Ha3WBAIOTh TacCTEPOMIIICTU3AIIIEIO)
y NOpSIAKY Agaricales mpeKpacHO NEMOHCTPYE TMOLIN-
pPEHHS SIBMIL MapajielizMy Ta KOHBEPIeHIlii B €BOJIIO-
uii mmomoBux T rpu6iB (Hibbett et al., 1997b; Bruns
etal., 1998; Binder, Bresinsky, 2002). [TepeBaxkHa 6ib-
1LIiCTh TacTepOiHUX (POPM pO3BUHYJIACS i3 aTaPUKOI/I-
HUX TIONEPEAHUKIB YHACTIIOK TPOLIECiB, 00'€AHAHUX
IO CITITBHOI HAa3BOIO 'CEKOTIOITHOTO CHHAPOMY'
(Thiers, 1984), xoua mpolecH racTepomileTu3anii
HUM He oOMexXyroThesl. Lleil cuHapoMm, 3rifHO OO Ti-
note3un X.J. Tipca, € pe3yabraToM MNPUCTOCYBaHHS
arapmKOITHUX BUOIB JO MOCYIIUITMBUX YMOB BHACIIIOK
PO3BUTKY 3akpuTtux KaprnodopiB. lle BimOyBaeTbcs
SIK BHACJIIIOK 3pOCTaHHS KpaiB LIANIMHKU 3 HiXKOIO,
TaK i B pe3yjbTaTi MOCUJIEHOTO PO3BUTKY 3arajibHOTro
nokpuBana. I[IpoMixKHOIO €BOJIIOLIAHOK JIAHKOKO
BUCTYIAIOTh TaK 3BaHi CeKOTioigHi Kaprnodopu
(puc. 3, b, ¢, d). Bonu 30epiraioTh 3araJbHUI arapu-
KOIZHUI TUN OyAOBU, MPOTE iXHili riMeHiil 3a3Buyait
3aJIUIIAETHCS 3aKPUTUM HaBITh MicJIs MOBHOTO J03pi-
BaHH# criop. ['iMeHodOop Moxe 30epiraTu TIaCTUHKU
(xoua BoHM Hepinko aedopmoBaHi ab0 3pOCTAIOThCS
MiX co0010), a MOXe OyTM TMOBHICTIO MEPETBOPEHUN
Ha Kowmipuacty riedy. Ilpu 1boMy MOCTYNoOBO BTpa-
YA€EThCS 3MATHICTh JO aKTUBHOTO BiTOKpeMJICHHS 0a-
sugiocriop. KiHIIeBUM pe3yIbTaToM BBaXKalOTh BUIW 3
MOBHICTIO 3aKPUTUM Ta BUIO3MiHEHUM TiMEHIeEM, Me-
peTtBopeHUM Ha riedy. OcTaHHSI Ma€ OibLI-MEHII Of1-
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Puc. 3. Cxema mipolieciB ractepoMmilieTh3aIlii Ha MMpUKIIami
ponVHU Agaricaceae: a — arapukoOifHe MJI0I0BE TiJO; b, ¢, d —
CEKOTIiOiHi IJIOIOBI TijIa; e — HAa3eMHE racTepoiaHe TI0A0Be
Timo Tulostoma-Turty; f — Tig3eMHE TacTepOiTHE TUIOTOBE
TiJIO; g — Ha3eMHe racTepoinHe IulofgoBe Tiio Bovista-
TUITY; h — Ha3eMHe ractepoigHe IioaoBe Tijio Lycoperdon-
TUTY; | — HA3eMHE racTepoimHe TuIomoBe Tilo Mycocalia—
Nidularia-Tumny; j — Ha3eMHe TracTepoiniHe TUIOAOBE TiJo
Crucibulum—Cyathus-tumny. CrnopoyTBOploBaJIbHi 4acTUHU
MO3Ha4Y€eHi CBITJIO-CipuM

Fig. 3. A scheme of gasteromycetization processes in the
family Agaricaceae: a — agaricoid fruit body; b, ¢, d —
secotioid fruit bodies; e — epigeal gasteroid fruit body of
Tulostoma-type; f— hypogeal gasteroid fruit body; g — epigeal
gasteroid fruit body of Bovista-type; 4 — epigeal gasteroid fruit
body of Lycoperdon-type; i — epigeal gasteroid fruit body of
Mycocalia—Nidularia-type; j — epigeal gasteroid fruit body of
Crucibulum—Cyathus-type. Spore-forming parts are marked
with light grey

HOpinHY CTpYKTYpY. bynoBa ractepoigHux Kaprogopis
y pi3HUX po[IiB OyBa€ AyXe BiIMiHHOIO HaBiTh y MeXax
ONIHi€l poAMHU, a B MeXKax KJjiacy Agaricomycetes y 1li-
JIOMY 1XHE Pi3HOMAHITTS ITPOCTO Bpakae.

IIpuxian pi3HOMaAHITHOCTI TracTepOifHUX Kapro-
¢opiB, a caMe TIpolECiB racrtepomilieTu3alii B Me-
Xax PpOIWHM Agaricaceae momaHo Ha puc. 3. Bu-
XiJHUI TUIl — arapukoiIHMIA — Ha TIPUKJIALAI pOLy
Lepiota (Pers.) Gray. I3 HboOro eBoJitoLiOHYBaIU
BUIOM 3 CEKOTIOINIHUMM TUIOJOBUMU TUIAMH — CEKO-
TioinHi BUIM, Hanpukiaa Buau poay Podaxis Desv.
(puc. 3, b). Big HuUX MOXHa IOCUTbH JIETKO BUBECTHU
HU3Ky racrepoinHux BuiB (Binder, Bresinsky, 2002).
Tak, y poni Tulostoma Pers. (puc. 3, e) Kapmnodop
30epira€ IOBry HiXKy, ajie 3aMiCTh LIAMUHKU cdOp-
MyBajacsl OKpyrja TIoJjliBKa, 3aloBHEHa CITOPOHOC-
Hoto T71e0010. Cx0oxXy OymoBy Mae€ pim Battarrea Pers.,
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SIKMI, TIPOTE, BiIpPi3HSIETHCS HU3KOI OCOOJMBOCTEM,
30KpeMa HasIBHICTIO 1O0Ope PO3BUHEHOTO 3arajbHOro
nokpuBana. Big cekoTioigHUX MonepeaHUKIB, sIKi, Ha
BinMiHy Bin Tulostoma, MOCTYNIOBO BTPATU/IM HIiXKY,
MOXXHa BUBECTH TaKi poau, siK Bovista Pers. (puc. 3, g)
abo Lycoperdon Pers. (puc. 3, h). IlpeactaBHUKM BKa-
3aHMX POJIiB IMIPUCTOCYBAIMCS MOIIMPIOBATH 3pPiJi CIT0-
pU Uyepes3 OTBip B 000JOHIII MJIOJOBOTO Tijla BHACTiI0K
nedopmaliii kaprnodopiB 3a Aii MexaHiYHUX (PaKTo-
piB. XMapKy CHOpP BUMIOPCKYIOTbCS B MOBIiTPS, KOJIU
Ha TIJIOIOBE TiJIO XTOCh HACTyIae, ado SIKIIO BOHO Jie-
dopMyeTbhCs MmiA yaapaMu Kpaneib goury. Llikaso, 1110
pin Langermannia Rostk., axuit Ha TepuIvii OIS
Mae€ IUIOMOBI Tijla, aHAJIOTiIYHI TakuM y pony Bovista,
CMOpU PO3MOBCIOMXYE iHaKIe. Y ioro kaprnodopis
eK3oImepuiiii He YTBOPIOE OTBOpPIB, a PO3IMAAAETHCS
Ha BEJIMKiI JYCKM U MOCTYMOBO TMOBHICTIO 3HUKAE,
OTOJIIOIOUM OKPYIJIY MOYAJIKOIIOAIOHY ri1e0y. OcTaHHS
BiIpUBAETHCS Bil IPYHTY Ta BIIbHO MEPEKOYYETHCS
i Oi€r0 BiTPY MOMiOHO MEepeKOTU-TIONI0, OMHOYACHO
po3cifotoun cropu. CBOepimHY BHYTpIIIHIO OymO-
By MaioTh Buau poniB Nidularia Bull. i Mycocalia J.T.
Palmer (puc. 3, /). BoHn, oueBHUIHO, € HACTYITHOIO CTa-
ni€ero TpaHchopMallil MJI0IOBUX TiJl HATPYHTOBMX rac-
TepoMilleTiB. Y HuX rieba TpaHcdopMoBaHa B KiJlbKa
OKPYIJIMX Tijelb (Mepuaioieit), B SKUX YMaKOBaHi
criopu. Ilepumiosi 3BiIbHSIIOTHCSI MIC/ISI pyMHYBaHHS
00O0JIOHKM TIJIOAOBUX TiJl, i, OYEBUIHO, PO3HOCITHCS
BoJoI0 Ta BiTpoM. CIOpM BUBIJIBHSIIOTHCS ITCHST PYii-
HYBaHHS MEPUAIOIb. Y OUIbII €BOMIOLIAHO MPOCYHY-
tux pomiB Crucibulum Tul. & C. Tul. i Cyathus Haller
(puc. 3, j) mepumioni 3HaAXOAATHCS B YAUIOMOIIOHMX
Kaprnioopax, 3aTITHYTUX TOHKOIO MeMOpaHorw. Oc-
TaHHIO JIETKO PYHHYIOTH yOapy OOIIOBUX Kparelb,
BOHM X "BUIUIECKYIOTH" IEpUIioi HAa30BHi, CIIpUsI-
oUM iXHbOMY TommpeHH!0. OCTaHHiI IBa THIIA Tac-
TepoinHux Kaprnodopis (puc. 3, i, j) BXe He MOXHa
MpOCJiAKYyBaTH Bil CEKOTIOIIHOro morepeaHukKa 0e3
3aJIy4eHHS TOAATKOBUX TpoMixkHMX cTafiii (Binder,
Bresinsky, 2002). TakuMm 4YWMHOM, HaBiThb Yy MeXax
OJIHIET POJMHU €BOJIIOLISI racTepoifHUX Kaprodopis
Ma€ JOCUTh CKJIAIHMII XapakKTep, a Ha piBHI KJaccy
Agaricomycetes BiH 1e ckiaaHimumii. Hanmani crane
SICHO, IO He BCi TacTepoilHi TaKCOHU MOXHa
BBaXXKaTW pe3yIbTaToOM 'CEKOTiOiMHOTO CHHIpOMY",
SIKUA IIMPOKO PO3IMOBCIOMKEHUN Yy MexXax MOPSIIKY
Agaricales. Y 6inpIocti oro pomwH MOXKHa 3Haii-
TH TIO KiJbKa CEKOTIOIMHUX MpEeJACTaBHUKIB. ICHYIOTh
JIOCTOBIPHi CBiTYEHHSI MpO Te, 10 B MeXax KJacy
Agaricomycetes npoliecu racTepoMilleTu3allii manuH-
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KOBUX KaprnodopiB MpOJOBXYIOTbCS i HUHI. Tak, 3
BUKOPUCTAHHSIM METOMiB MOJEKYISIpHOI (bijoreHil
(Baura et al., 1992) 6yno noBeneHo, 1110 MiBHIYHOAMe-
PUKAHCHKMI BUJ 13 CEKOTIOIMHUMU Kapriopopamu
Gastrosuillus laricinus (Singer & Both) Thiers (mopsimox
Boletales) € npsiMyuM HalllaIKOM IIAIIMHKOBOIO rpuoda
Suillus grevillei (Klotzsch: Fr.) Singer. 3a naHuMu aB-
TOPIB, 1151 MyTaHTHA TOMYJISIIiST 3'SIBUJIACS TTIOPiBHSHO
HEILOaBHO, MPUOIM3HO 3a 60 POKIB 10 MOYATKY iXHiX
nmocaimkenb. I. Baypa 3i ciBaBTOpamm (Baura et al.,
1992) BBaXaloTh, 1110 TMOsIBA CEKOTIOIAHUX MPeACTaB-
HUKIB cepel arapMkoMilleTiB JTOCUTh 3BUYAliHA pid,
MPOTE OLTBUIICTD 3 HAX €BOJIOLIIITHO HE HAATO YCIIIlIHI
1 TOCUTD IIBUIKO 3HUKAIOTh Y Pe3y/IbTaTi HeTaTUBHO-
ro Bimoopy. Cxoxe, 1110 JIKIlle He3HAYHA IXHS YacTUHA
MPOXOIUTH "IINIKY TISIIKK" 1 Ta€ TTOYaTOK CITpaBX-
HiM racTepoMmilleTHUM TakcoHaM. OueBUIHO, Ha MeB-
HOMY eTaIli eBOJIOLT CEKOTIOINHI BUIM BTpavaloTh Ie-
peBaru arapukoOifHUX BUIIB, HE HAOYBUIM OiTbIIOCTI
KOPUCHMX racTepoOMilleTHUX ajanTaliiii. JlogaTkoBUM
CBIMYCHHSIM IIIMPOKOTO PO3ITOBCIOMKECHHS IIPOIICCiB
racTepoMilieTu3allii € (hakT HasIBHOCTI OKPEMUX CEKO-
TIOITHUX TIPEICTAaBHUKIB Y MeXaX pOJiB, B SIKUX OiJib-
IIiCTh BUIIB Ma€ TUIOBI arapukKoOilHi IUIOAOBI Tijla.
Y MuHysOMYy 1Ii CEKOTiOIIHI BUAM HABIiTh BUAISIN B
OKpeMi poJy, MPOTe HUHi JOBENEHO IXHIO OJIU3bKY Te-
HETUYHY CHOPIAHEHICTh 3 XapaKTepHUMU ILIAIIMHKO-
BUMHU BuAaMu. B mMexax mopsaxky Agaricales y sIKOCTi
MPUKJIATy MOXHa 3rafgaTu Agaricus aridicola Geml,
Geiser & Royse (paniiue Gyrophragmium dunalii (Fr.)
Zeller), Amanita torrendii Justo (B Mmunyaomy Torrendia
pulchella Bres.) abo Chlorophyllum agaricoides (Czern.)
Vellinga (xonuntHiit Endoptychum agaricoides Czern).
IIpore He3BaxkalOUM Ha IMMPOKE PO3ITOBCIOMKEH-
HSI CEKOTIOITHUX TaKCOHiB, JaJieKO HEe BCi racTepoia-
Hi 3'IBUINCS i3 3aTy4eHHSIM CEKOTIOITHUX TTPOMIKHUIX
JlaHoK. IlpekpacHUM MPUKIAIOM € MOPCbKUIA racte-
pomitet Nia vibrissa R.T. Moore & Meyers (Agaricales,
Niaceae). Bin mae okpyrii abo KyJsCTi TJI00BI Tia,
3all0BHEHI TOMOT€HHOIO IJ1e0010, pO3BUBAETHCS HA 3a-
HypeHMX Y BoIy (parMeHTax JepeBuHu. Moro mossa,
cyIsiuM 3 oTpuMaHux HaykoBux aaHux (Binder et al.,
2001), crama HacaimKOM MPOLECIB TaK 3BaHOI 1ude-
Jizanii arapukoinHux kaprodopis (Moncalvo et al.,
2002). Lleit eBOMIOLWiTHII TPEHT TIPEACTABISIE COOOO
SIBUIIIE BTOPMHHOI'O CHPOILEHHS AaMTMHKOBUX IPUOiB
(puc. 4, a). Yepe3 IMpOMixXHi JJaHKA 3 eKCICHTPUIHM -
MU (puc. 4, b), bokoBuMU (puc. 4, ¢) Ta BiICYTHIMU
HIXKKaMM YTBOPIOIOTHCSI KyOKO- a00 J3BOHUKOIOIIO-
Hi TJIOJOBI Tijla 3 TageHbKUM riMeHiem (Donk, 1959,
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1964; Singer, 1986). Bonu npukpiruieHi 10 cyocrpary
BEPXiBKOIO Ta CIIpsIMOBaHi po3TpyooM n1oHu3y (puc. 4,
d, e). lndenoinHi rpudu BU3HAIOTHCA MOJipiTeTd-
Hoto tpynoto (Donk, 1959, 1964, 1971; Agerer, 1978;
Singer, 1986), a npouecu nudeizalii 3apeecTpoBaHi
He JIIlIe cepell MpeACTaBHUKIB MOPSIIKY Agaricales, a it
B Polyporoid- Ta Hymenochaetoid-knamax (Moncalvo
et al., 2002). EBomioniss Takoro MpUCTOCYBaHHS He
MOBHICTIO 3po3yMijia i TMoJisirae, MOXKJIWBO, Yy OiJbII
IIBUAKOMY PO3BUTKY CIIPOIICHMUX IUIOMOBUX Till, a
TaKOX y MEHIIMX EHEPreTUYHMX 3aTparax Ha iXHE
yrBopeHHs. 1likaBo, 110 Maitke Bci nmdenoinHi BUIN
€ KCUJIOTpoaMH, OYEBUIHO, IO IS IMPEICTaBHU-
KiB i€l ekosoro-TpodiuHoi rpynu uuderizaiis Hai-
Oinbin BUTigHA. [Togasnbliia eBoJiolisl rprubiB 3 TAKOTO
pony KaprodopaMU MOXKe IMPU3BECTH 0 IMOSIBU CBOE-
pinHux dhopMm. Hanpuknan, Koau oTBip urdes0igHOro
TUIOJOBOTO Tijla MTOBHICTIO 3apOCTA€E, YTBOPIOEThCS Tac-
TepoimHe 1IofoBe Tijo (puc. 4, f). Came TaKUM, CX0-
e, 0yJ10 moxomkeHHs1 Nia vibrissa, 110 TiATBEPIKEHO
MOJICKYJISIpHUMH MeTomaMM mociimkeHHs (Binder
et al., 2001). KpiMm Toro, y IesIKNX TaKCOHIB LIM(eII0-
imHUX TpuOiB Kaprodopn MaroTh TEHAEHIIIO 3J11Ba-
TUCSI JOKYTH, YTBOPIOIOYM MOXiAHI DOPMU TOCUTH HE-
3BMYaiHOI OyA0BU. Y HAUIIPOCTILLIOMY BUMIAAKy BOHU
MPOCTO POCTYTh Ha CIiJIbHIA MilesiadbHilii OCHOBI,
HaIpuKJiama, K y pony Rectipilus Agerer (puc. 4, g), a
y OiIbII CKIJIAAHUX BUITAJKaX MOXKYTh 3pOCTAaTUCS MiX
coboto. Taki 30ipHi TJIOMOBI Tila MOXYTh HaraayBaTH
30BHi IJIEBPOTOIJHI, K Y Schizophyllum commune Fr.:
Fr. (puc. 4, h), abo niopoinHi Fistulina hepatica (Schaeff.:
Fr.) Fr. (puc. 4, i), xo4a iXHs CXOXiCTb CyTO 30BHIIIIHSI,
MpUKIaa KOHBEPreHTHOI eBojIoLii. IcHye 1e Hu3ka
racTepoigHux GopM, ITOXOMKEHHS SKINX HaM ITOKU He-
3po3yMiJie, TPOTe BOHO BOYEBUIb HE € HACITIIKOM Ce-
KOTiOiZHOTO cUHApoMYy abo umdenizalii. Xopommii
npukian octaHHix — poau Clathrus P. Micheli ex L.,
Mutinus Fr., Phallus Junius ex L. Ta im moniOHi (Tiopsi-
nok Phallales E. Fisch.).

IIle omuH eBOJIOLIMHUI TPEH]I, XapaKTepHUN s
rpubiB 3 arapukKoifHUMU Kapriogopamu, OyB BuaLIe-
HUI 1OCUTH HemaBHO. BiH cTaB HaclliZKOM BUBUYCHHS
TaKCOHIB IIAMIMHKOBUX IpUOiB, 1110 MaJIM BIACTUBICTh
JI0 IIBUAKOTO aBTOJIi3y TIic/s J03piBaHHS criop. Taki
TaKCOHM OyJIM BilOMi 371aBHa, MPOTE JIUIIE B OCTaHHI
POKM MPUBEPHYIM OCOOIMBY yBary Mikosoris. [lpu
JeTaJbHOMY JOCJIiIXKEHHI TpubiB 3 TAKOro poay Kap-
nodopaMu BUSIBUIOCS, 1110 BOHU MAIOTh OaraTo CITijib-
HUX MOpQOJOTiYHUX PUC Ha MaKpo- Ta MiKpOpiB-
HsIX. JloCHiAHUKY 3BEpHYJIU yBary Ha BUIU, SIKi MaJIu
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Puc. 4. Cxema mpoueciB ntmdernizamii Ha TpUKIaL
MOPSIOKY Agaricales: a, b — arapukoiiHi IJOIOBI Tina; ¢ —
IUICBPOTOIAHE TIJIONOBE Tilo; d, e — 1HUGETOIIHI TUIOI0BI
Tina; f — ractepoinHe MIOA0BE TiJIo; g — 30ipHe HudenoinHe
mwionoBe Tino Rectipilus-tumy; £ — 30ipHe HUdenoinHe
ronose Tijio Schizophyllum-tumny; i — 36ipHe HudenoinHe
mionoBe Tio Fistulina-tumy. CtopoyTBOpIOBabHI YaCTUHU
MO3HAY€eHi CBITJIO-CipuM

Fig. 4. A scheme of cyphellization processes in the order
Agaricales: a, b — agaricoid fruit bodies; ¢ — a pleurotoid fruit
body; d, e — cyphelloid fruit bodies; f— a gasteroid fruit body;
g — a combined cyphelloid fruit body of Rectipilus-type;
h — a combined cyphelloid fruit body of Schizophyllum-type;
i —a combined cyphelloid fruit body of Fistulina-type. Spore-
forming parts are marked with light grey

aHaJIoriuHi MOp(OJIOTiYHI pUCH, XO4Ya HE MPOSIBIISIIN
3MaTHOCTI JO KJIACUYHOIO aBTOMi3y (HATOMICTh iXHi
Kapriodopu IBUIKO 3aB'siAaan Ta KOJANCyBaIu Iicas
J03piBaHHS cnop). [0J0BHOIO OCOOIUBICTIO BCIX LIUX
TaKCOHIB BUSIBUBCS HaA3BUYAHO IIBUIKUI PO3BUTOK
KaprioopiB Ta KOPOTKUI TEPMiH IXHbOTO iCHYBaHHSI.
VYueHi Aifiuiu BUCHOBKY, 1110 YTBOPEHHS TAKUX KOPOT-
KOXXMBYYMX KapIrtodopiB — IIe OJMH i3 CIIOCOOiB ajar-
Tallil MaKpOMilIETiB JO CYBOPUX MPUPOAHUX YMOB, i
MOTro MOXKHA BBaXKaTH OMHIEIO i3 TEHACHIIIN €BOJIIOLIT
arapukoinHux rpu6is (Hopple, Vilgalys, 1999; Hibbet,
Binder, 2002; Hibbet, 2004; Nagy et al., 2011). fIx BBa-
>Kal0Th HAyKOBIli, TaKi PUOU € CBOTO POAY aHAJIOTOM
pocinH-eeMepoiniB, SKi 3IaTHI BUKOPHUCTOBYBATHU
KOPOTKOYACHI MOMEHTH CIIPUSTIUBUX IIPUPOTHIX
YMOB JIJisl TUIOAOHOIIEHHS. 1 1boro criocoOy crie-
Imiasmizainii KaprmogopiB 0yB HEIIOTABHO 3aIlPOIIOHO-
BaHMWi TepMiH "KONpHHOIgu3alisg", a IUIOJOBI Tija
BiATIOBiZHOI OyIOBM OTPUMAJIM Ha3BY KOMNPUHOIIHUX
(Nagy et al., 2009, 2010, 2011; Téth et al., 2013). 3ara-
JIOM Kapriopopu TaKoro TUITY 3apeECTPOBaHi B TPhOX
ponuHax: Agaricaceae, Bolbitiaceae Ta Psathyrellaceae
(B Munynomy Coprinaceae) (puc. 2), a came B po-

137



Puc. 5. XapakrepHi MopdhoIOoriuHi 03HaKM KONMPUHOIZHUX TAKCOHIB, a TaKOX MPUKJIAAU TPUOIB 3 TAaKMMU IUIOJOBUMM
TizaMu: a — 6iMopdiuHi 6a3umii; a, b — 06'eMHi niceBaonapadisu; ¢ — BeJIMKi TOHKOCTIHHI MiMeHialbHi IMCTUIN; d — TEHIITHE
TUIOZ0BE TiJIO 3 pajliaiIbHO-CKJIaI4acTOlO IIAIMMHKOIO; e — MOIepeuHui 3pi3 yepes3 IMJIacTUHKKY HEKOITPUHOIIHOTO Kapriodopa;
f — momepeyHMii 3pi3 4epe3 IJIACTUHKU KOIPUHOIMHOTO Kaprioopa; g — MPUKIAAM NESKUX BHIIB 3 KOMPUHOITHUMU
kaprnodopamu (3niBa HanpaBo) — Coprinus comatus, Leucocoprinus birnbaumii, Bolbitius titubans, Conocybe albipes, Coprinellus
impatiens, Coprinopsis insignis, Parasola leiocephala

Fig. 5. Characteristic morphological features of coprinoid taxa and examples of fungi with such fruit bodies: ¢ — bimorphic
basidia; a, b — presence of voluminous pseudoparaphyses; ¢ — large thin-walled hymenial cystidia; d — slender fruit body with
radially plicate pileus; e — cross section through lamellae of non-coprinoid carpophore; f — cross section through lamellae
of coprinoid carpophore; g — examples of some species with coprinoid fruit bodies: (from left to right) — Coprinus comatus,
Leucocoprinus birnbaumii, Bolbitius titubans, Conocybe albipes, Coprinellus impatiens, Coprinopsis insignis, Parasola leiocephala

nax Bolbitius Fr., Conocybe Fayod (cexuis Candidae
Singer), Coprinellus P. Karst., Coprinopsis P. Karst.,
Coprinus Pers., Galerella Earle, Leucocoprinus Pat. Ta
Parasola Redhead, Vilgalys & Hopple (Johnson, 1999;
Padamsee et al., 2008; Nagy et al., 2009, 2010, 2011,
2012; Toth et al., 2013). Bci KonpuHOIIHI TaKCOHU
MaloTh CIIOPY 3 TTOTOBILEHUMH Ta (32 BUHSITKOM POy
Leucocoprinus) 3a0apBIeHUMHU CTiHKaMHU (pHuC. 2), i IK
MPaBWJIO, MAaIOTh ITOPY ITPOPOCTAHHSI.

JoCIiIHUKN BUIITAINA TaKi MOpMOJIOTiYHI 0cO0IM-
BOCTi (puc. 5), XapaKTepHi U1 KOMPUHOITHUX TJI00-
BUX TiJI:
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a) YTBOpeHHs 6iMOopdiyHMX 0a3uaiii, IKi 3HAYHO Bij-
PI3HSIIOTBCS 32 PO3MipaMU;

0) PO3BUTOK 3aMiCThb 0a3uaiosieit 00'eMHUX TICeBOOIA-
padis, gKi BiaaisaTh 6a3uail oaHYy Bif OJHOT;

B) (hopMyBaHHSI TOHKOCTIHHMX TiMeHiaJIbHUX LIMCTU]L
BEJIMKOTO PO3MIipy;

I') BiIHOCHO TE€HAITHI Kaprnodopu 3 paaiaJbHO-CKIaa-
YacTOI0 IMAIMMHKOI Ta TOHKWMH IDIACTUHKAMM
(Nagy et al., 2010, 2011).

HeoOxigHO OKpeMO BUAUIUTU TaKy CIIUIbHY PUCY

OUTBIIOCTI KOMPUHOIAHUX TAKCOHIB, SIK MaJli po3Mipu

Ta TEHAITHICTb iXHiX KaprnodopiB. Hanpukianm, ToB-
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II1MHA M'SKOTI IMAMMHKU Y OiJIBIIOCTI BUIIB HE Tepe-
Buiye 1 MMm. HaBiTh TpaMa miacTUHOK, SIK TIPaBUJIO,
CWJIBbHO peayKoBaHa, 4yepe3 1o OiuHi MOBEpPXHi OcC-
TaHHIX MPAaKTUIHO TMapaneibHi (puc. 5, f) Ha BimMiHY
Bill HEKOIIPUHOITHUX TAaKCOHIB, Y IKMX IJIJACTUHKU Ha
3pi3i MaloTh KIIMHOMOAIOHY (hopMy (puc. 3, e).

ITpakTuyHa CyTh BCiX LIMX 3MiH — 320€3MEUUTH TyKe
IIBUAKE TIOMOHOLICHHS 3 OMHOYACHUM TO3PiBaHHSIM
cnop. HIBUAKWIA pO3BUTOK IJIOMOBUX TiJl — 1€ TOJIOBHA
BUTO/a Bifl KONpUHOinu3auii. s rpu6iB mocyuimBux
MicClIe3pOCTaHb 3 TOCTIMHUMM KOJIMBAHHSIMU PiBHS
3BOJIOKEHOCTi CyOCTpaTiB KPUTUIHO BaXKJIIMBO TOCSIT-
HYTH CTaJii 3piJOoCTi MJIOAOBOTO Tijia, JOCTaTHBOI IS
e(eKTUBHOTO PO3MOBCIOMIKEHHS CITOP, TIEPI HiXX BU-
cUXaHHs Kaprodopa 3aBaIuTh CIIOPOHOIIeHHI0. Ko-
MPUHOIIHI TPUOM B LIbOMY BiIHOIIEHHI MPOCYHYIUCS
JyXe ganeko. Y JesaKrUX KOMpOoTpo@pHUX MpeacTaBHU -
kiB pony Coprinellus Becb 1IMKJI Bi/l TIOSIBU TTPUMOP/Iist
JI0 CIIOPOHOILIEHHS 3aiiMa€e JiiueHi ronuHu. be3ymoB-
HO, HE Y BCiX KOMPUHOITHUX BUiB OHTOTeHE3 HACTi/Ib-
KM IIBUIKWK, TIPOTE IXHi IJIOAOBI TiJIa 4aCTO iCHYIOTh
He poBuie 1—2 ni6. Hanpuxnan, anst Conocybe albipes
(G.H. Otth) Hauskn., KormprHOITHOTO MpeacTaBHUKA
pony Conocybe, y Benukiii bputanii Oynu oTpumani
TakKi MOrOJMHHI JaHi 1I0J0 TePMiHiB iCHyBaHHS Kap-
nodopiB: 3a4aTKW TJIOJOBUX TiJl PEECTPYIOTh yBeue-
pi 61u3bpko 20:00; mpOTATOM HOYI OCTaHHI IMOBHICTIO
(GOpPMYIOThCS, ajie CIIOpU Ha HUX MOYMHAIOTh YTBOPIO-
BaTUCS JIUIIIE HACTYIMHOTro paHKy 6au3bko 8:00; 3 9:00
1o 11:00 BinOyBa€eThCsI CIIOPOHOIIEHHS, a OMICS TII0-
JIOBE TiJIO TOCUTH LIBUAKO 3aB'SIa€ Ta YaCTKOBO PO3-
TUIMBAETHCS, IBUIKO MOBHIiCTIO Konancytouu (Hallen
et al., 2003).

Bapro nosicHutu, sgKuM YMHOM MOPQOJIOTIUHI
OCOOJIMBOCTI  KOMPUHOIAHUX TPUOIB  COPUSIOTH
LIBUAKOMY TIJIOOOHOLIEHHIO. Bimomo, 1110 arapukoigHi
Kaprodopu KapaMHaJbHO BilPi3HSIOTHCS 3a CIIOCO-
60oM pocty Bin adinodopoinHnx. B octanHix po3mipu
301IbIIYIOTHCSl TOJJOBHUM YMHOM BHACJiIOK KJIITUH-
HOTO IOy, TIOCTYIIOBO HApoCTalo4u Mo Kpaio (1ie
oO6pe TMMOMITHO 3 TOTO, SIK BOHU 00POCTal0Th CTOPOH-
Hi MpeIMeTH — TiJoYKHu, TpaBUHKM Touo). Ha Bia-
MiHY BiJl HUX TUIOAOBI TiJla arapuKOiJHOTO TUITY POC-
TYThb TEpPEeBaKHO BHACJIJOK ILIBUIKOTO 30iJbLICHHS
pO3MipiB KIIITUH 3a4aTKy Kapriodopa (TIpUMOpHis),
MpakTUYHO 03 MOoJaJbIIOro iXxHboro mnogimy. Cto-
POHHIX MpeaMeTiB BOHM HE OOpOCTaloTh, a BiJCcyBa-
I0Th iX yOiK. ¥ KONMPUHOIZHUX TaKCOHIB L€l criocio
pOCTy IOCST CBOTO amorero, a BCi Ha3BaHi BUILE iXHi
XapakTepHi MOp(OJIOTiuyHi 0O3HAKK CHPUSIOTh Kapau-
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HaJbHOMY 301JIbIIEHHIO IIBUAKOCTI PO3BUTKY ILJIOAO0-
pux Tin (Kiies, 2000; Nagy et al., 2011). IIpu oMy
BKpaii BaXKJIMBUM acCIIEKTOM € 3a0e3TIeUeHHSI 10 MOXK-
JIMBOCTI OJHOMOMEHTHOI'O J03piBaHHSI 0a3uIiocrop.
VYV HeKONnpuHOITHMX BUIIB 0a3umii ¢GOpMyIOTh CIIOpU
He OJHOYACHO, a MOYEpProBO BIIPOJOBX KiJbKOX Ii0.
bazunii, 1110 BxXe BiAKMHY/IU CIIOPU, KOJIAIICYIOTh, X
3aMiHIOIOTh HOBIi, PO3BUBAIOYUCh i3 CyCimHix 6a3umio-
Jierl. Y TakoMy BMIIaJKy Hema IMpoOJeM 3 HasBHICTIO
BUIBHOTO MPOCTOPY I 3pilouMX CIop. 30BCiM iHIa
crpasa, KOJIM CIIOPU Ha CYCiIHiX 0a3uIisiX 103PiBalOTh
oaHouacHo. Toai 1t IXHbOro HOPMaJIbHOT'O PO3BUTKY
Ta BiUJIBHOIO BiIiJIEHHSI HEOOXiIHO PO3MIIUTU CYCiIHL
06a3uii B TOpU30HTANBHIl TUIOIIMHI, 51 YOro i Cly-
IyIoTh 00'eMHI TiceBnomnapadizu. Cxoxiii MeTi cIyrye
dopmyBaHHS OGiMophiyHMX 0Oa3uidiil, sKe D03BOJISIE
po3HeCTH 00J1acTi JO3piBaHHS CIIOp HE JIMIIE B TOPU-
30HTaJIbHIM, a i Y BepTUKaJIbHIi TiommuHax. O06'eMHi
LIUCTUAN TIPU IbOMY HE HAIOTh TiCHO YIIaKOBAaHUM Yy
MPUMODPIii TUIACTUHKAM 3JIMMaTucs, 3a0e3Meduyrouun
HasIBHICTh MiX IITACTUHKAMU IIPOCTOPY IJISI aKTHB-
HOro BiJoKpeMJIeHHs1 Oasumiocniop. IcHye rimoresa
(Kiies, 2000), 1110 BeMMKi HUCTUAM Ta TIceBaIomapadisu
MOXYTb BiflirpaBaTh poJib Pe3epByapiB IJIsI €H3UMIB,
HeoOximHux s aBTojisy. Lo cTocyeThcss oCTaHHBO-
ro, To hopMa paaiaibHO-CKJIaA4yacToi MapacoabKoIo-
NiOHOI IAaNWHKY € HAWBUTIIHIIIOW JJISI IIBUAKOIO il
PO3KPUTTS B Mpolieci oHToreHesy. Ciif BiIMITUTH 1€
OIHY XapaKTEpHY PUCY KOIIPUHOIZHUX KapriodopiB —
OuTBIIY "pUXITicTh" IXHIX "TKaHWH". JIOCITIIKYIOUH IXHIO
OyIOBY, JIETKO TTOMITUTH, 110 B "TKaHWHAX" MPUCYTHS
3HAYHO OiJibIlIa YacTKa BEJIMKUX OAJIOHOIOAIOHUX KJTi-
TUH 3i 30iIbIIIeHNM BHYTPIIIHIM 00'€MOM TTOPIiBHSIHO
3 TAKMMU Y TUIOJOBUX TiJ BUIIB Ipu0iB, HE CXUJIbHUX
110 aBTOJI3y abo KoJaricy. [lepeBaxkHO 11e CTOCYEThCS
LIAMMHKU, 0COOIMBO TJIaCTUHOK, 1XHSI TpaMa peayKo-
BaHa 0 MOXKJIMBOI KpaifHbOI MeXi, (DAaKTUYHO SIBIISTIO-
Yyl cO0010 BY3bKHUI MPOILIAPOK MiX TiMEHiaIbHUMU
MmoBepxHsIMU (puc. 5, ¢, f), MEHIIIOI0 MipOI0 — HiXKH,
OCKIJIbLKM BOHA Ma€ 30epiratv XXOpCTKiCThb, JOCTATHIO
IIJIST yTpPUMaHHS Bar IIarmvMHKK. Bee 11e mo3Bolisie Ko-
MPUHOITHUM KapriodopaM IIBUIILLIE JOCIraTh MaKCU-
MaJIbHUX PO3MipiB, MPUUOMY 3 MiHiMaJIbLHUMU €HEp-
reTudyHUMU 3aTpataMu. CHiBBiZHOILLIEHHS MiX Macolo
CIIOp i PELITOI0 IUIOAOBOIrO Tijla Y KOIMPUHOIAHUX Ta
HEKOINPUHOIIHUX BUIIB 3aBXIU Oyae Ha KOPUCTh Mep-
mmx. Lle BKpait BaxkJauBoO JJisl BUIIB, 1110 PO3BUBAIOTh-
Csl B CYBOpUX YMOBAaX, a TAKUM, SIKi 3pOCTalOTh Y OiIbIiI
CIIPUSITIIVMBUX, Ta€ HU3KY TepeBar.
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Ille ogHa BaxJiuBa puca KOIMPUHOIAHUX MaKpOMi-
LIETiB — MEHIIUI PU3MK TOLIKOMXEHHS Kaprnodopis
TBapyuHaMU (KOMaxaMH Ta iHITMMU IpiOHUMU Oe3Xpe-
O6eTtHUMU). [prbU Mo-pizHOMY OOPIOTHCH i3 LIUM (haK-
TOPOM, a 3HayHa YacTWHA BUAIB (OCOOIMBO MiA3eM-
HUX TacTepOifHUX TaKCOHIB) SIBHO TPUCTOCYBAIUCS
JIO PO3MOBCIOIKEHHS CIIOP TBAapMHAMU, 110 MOidal0Th
iXHi TUTOAOBI TiIA. [HIII MAKPOMILIETH YTBOPIOIOTH 10C-
TaTHbO KPYMHi a00 KOPCTKi MJIOAOBI Tija, sIKi BaXKKO
3'iCTH 3a KOPOTKUI TIPOMIKOK 4Yacy, i TOMy BCTUTAIOTh
posnoscionutu crnopu. Lo crocyeTbcst KONMpUHOIA-
HUX TpUOIB, TO BOHU 3a3BUYali MPOCTO BCTUTAIOTH Bijl-
TUIOJOHOCUTH paHillle, HiXK TBAPUHU MOIIKOASATH iXHi
Kapriodopu.

IIpouecc aBToJizy Kapmno@opiB Micias CIOPOHO-
IIEHHS 3HAYHOIO Mipol0 3ajIMIIAEThCS 3araakolo.
HaykoBusiM 10ci He 3po3yMisio, sIKi came eBOJIOLil-
Hi miepeBaru BiH Hamae (Redhead et al., 2001; Nagy
et al., 2009). He BukioueHo, 110 1Ie MPOCTO MOOiu-
HUI HacHimoK (i3ioJoriyHuX 3MiH, HEOOXiZHUX s
301IbIIEHHST IIBUAKOCTI OHTOTEHE3Y TIUIOJOBUX TiJ
y umx rpu6iB. [IpoTe LiTKOM MMOBIpHO, IO BiH Ma€
i meBHi amanTtuBHiI (yHKUii. Tak, HanpukKiIag, MOX-
Ha MPUMYCTUTU, 11O HaMiBpiJKa CAU3UCTA CYCIEeH3is
CIIOp, 110 3aJIUIIAETHCS MiCJISl aBTOi3y IUIOIOBUX TiJl
Coprinellus, Coprinopsis ta Coprinus, Moxe MNpuBa0-
JIIOBATU KOMax, SIKi Hajlajli pO3HOCUTUMYTh CIIOPU Ha
nankax. Kpim Toro, Taka cycrneH3sisi JJerko mpunIiae
JI0 cTeOes POCIMH, IO POCTYTh IO cyciacTBy. Tak
CIIOpU 1IUX TPUOIB MOTPAIUISIIOTH Pa3oM 3i 3'iIeHOoIo
TPaBOIO JI0 IIUIYHKY TPaBOIZHUX TBAapUH, sSIKi TaKUM
YUHOM CHpPHUSIOTH iXHBOMY MOIIMPeHHIO. Baprto
HarajgaTH, 110 BCi KOMPUHOIAHI BUAU MalOTh CIIOPU 3
IIOTOBIIEHNMM OOOJIOHKaMHU (pucC. 2), a TOMY 3maTHi
BUTPUMYBATH TepeOyBaHHS y IIIYHKOBOMY TpPaKTi
TpaBOIMHUX TBapUH 0e3 mKoau mist cede. s 3maTHicTh
0COOJIMBO BUTIAHA 151 KOMTPOTPOMHUX MPEICTaBHUKIB
rpynu, OCKUIBKM IXHI CIIOPU BiJpa3y OIMHSIOTLCS Ha
MPUIATHOMY IS PO3BUTKY CyOCTpaTi.

3arasioMm, [UIs1 KONIPUHOIAHUX TAKCOHIB XapakTep-
Hi Taki O3HaKU: OpiOHI TeHAiITHI Kaprnodopu 3 paii-
aJIbHO-CKJIaMYacTOIO IMAlMHKOIO, IIBUIAKUNA PO3BU-
TOK Ta KOPOTKUI TepMiH iCHYBaHHS IJIOJOBUX Til,
IIBUIKUI aBTOJIi3 OCTAHHIX TiCJAsl CIOPOHOIIEHHS,
TeMHO03a0apBJIeHI TOBCTOCTiIHHI CIIOPU 3 MOPOIO IIPO-
pocTtaHHs, 6iMopdiuHi 6a3uaii, nceBmornapadisu Ta
BEJIMKi TOBCTOCTIHHI LMCTUAM B riMeHii. [IpoTte He B
yCiX KOMPUHOITHUX POAIB HasiBHI OMHOYACHO BCi Ie-
pepaxoBaHi BHUIIEe O3HaKM "KompuHoigHocTi". Tak,
npencraBHUKu poay Coprinus s. 1. Ta 1esIKi BUAU POy
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Coprinopsis (C. atramentaria (Bull.: Fr.) Redhead,
Vilgalys & Moncalvo, C. picacea (Bull.: Fr.) Redhead,
Vilgalys & Moncalvo, C. insignis (Peck) Redhead,
Vilgalys & Moncalvo Tomio) marTh AOCUTH BEJIHUKi
TUIOJOBI Tila (IiaMeTp IIaNMHKY 3a3BUYaii TIepeBUIILYE
5 cm). Y pony Leucocoprinus cnopu 0e30apBHi. Y
Bolbitius, Conocybe, Galerella Ta Leucocoprinus Bincyt-
Hi 6iMop(iuHi 0a3umii, a KOMPUHOIAHI MpeaCcTaBHU-
ku pony Conocybe He MalOTh aHi 6iMOpdiuHUX Oas3u-
IiiA, aHi BeMUKNX 00'eMHMX ItcTHa. CTYITiHb aBTOJIi3y
TUTOMOBUX TiJl TE€X BiAPi3HSIETHCS Y Pi3HUX TaKCOHIB,
HaTIpUKJIaa y JeIKUX TpeICTaBHUKIB poniB Parasola
ta Coprinellus xaprohopHu IBUAKO KOJAMCYIOTh ITiCas
JI03piBaHHSI, ajle He pO3IUIMBAIOThCS B piguHYy. binbii
TOro, iCHy€ JIymMKa, 110 aBTOJIi3 IJIOAOBUX Til y OC-
TaHHIX MOXe MaTu iHIy (i3iojgoriu"ny npupoay (Ha-
MPUKJIIAJ, € Pe3yJbTaToOM OaKTepiaabHOI aKTUBHOCTI)
HiX y TakcoHiB Coprinus s. 1., y IKMX BiH € pe3yJIbTaTOM
Iii creliaIbHUX BHYTPIIIHBOKITITUHHUX (PEPMEHTIB,
y nemry uepry xituHasu (Hallen et al., 2003). ITpak-
TUYHO BCi O3HAKW KOIPMHOIAHOCTI HasBHi JUILE Yy
npencraBHukiB Coprinus s. 1. (Coprinellus, Coprinopsis,
Coprinus i Parasola). Tak uu inakie, Haykosii (Toth
et al., 2013) cxuabHI BiTHOCUTU 10 KOMIPUHOITHUX BCi
BUIM arapuKOiJHUX T'PUOiB, SIKi MaIOTh OiIbIIY YaCTU-
HY Ha3BaHUX BMIE O3HaK. 3arajom, 3a MiHiMaJbHU-
MM OILIIHKaMHU, B MeXKaX MOpsSIIKY Agaricales BUSIBICHO
He MeHIIe 11 oKkpeMux eBOMIOLINHUX JiHIA 3 KOmpu-
HOITHUMM TUTOAOBUMM TijaMM. Bci BOHM HajexaTb
o ponuH Psathyrellaceae (4 ninii), Bolbitiaceae (5 ni-
Hilt) Ta Agaricaceae (2 ninii) (Johnson, 1999; Padamsee
et al., 2008; Nagy et al., 2010; Té6th et al., 2013). Ta-
KMM YMHOM, HaBiTh y MeXaX OAHIi€l POAMHU KOTPHU-
HOIIHI €BOJIIONIIHI JIiHii 3'IBISIIINCS HEOTHOPA30BO Ta
He3aJIexKHO OJlHa Bix ogHoI (puc. 6—8). Sk iy Buman-
Ky ractepoMilerusallii, HaBiTb y MeXaxX OJIHOIO POy
MOXXYTb OYTH BiTOMi SIK KOIPUHOIIHI MPEACTaBHUKU,
TaK i BUAM 3 TUIMOBUMM arapMKOITHUMM Kaprodo-
pamu. 3a MpUKIaA MoXHa B3sATU poau Coprinopsis i
Parasola (Psathyrellaceae), Conocybe (Bolbitiaceae) abo
Leucocoprinus (Agaricaceae), nuBuch puc. 6—8. Ha-
CKIJIbKM HaM BilIoMO, KOTIPUHOIAHI Kaprnodopu Bimomi
BUKIIIOUHO B Euagaricoid-kitazi, Bci momiOHi TaKCOHU
€ canpoTtpodamu, i MarOTh TOBCTOCTiIHHI Ta (3a EIMHUM
BUHSTKOM) TeMHO3a0apBieHi cropu (Matheny et al.,
2006). Lle HaBOAUTHL Ha AYMKY, 1110, TTO-TIEpIIIE, JIUIIE Y
TakcoHiB Euagaricoid-knagu ¢iziojorist Ta MopdoJio-
TisT TUIOTOBUX TiJl CIIPUSIIOTH PO3BUTKY KOIIPUHOITHIX
kaprnodopiB, a Mo-aApyre, JIUIIEe YUCTUM carpoTpodam
KOIMpUHOINM3allisl 00ilse 3HAaUHi €BOJIOLIIHI epeBa-
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Puc. 6. Posmomin KONMPUHOITHMX TaKCOHIB (BUAiIeHi
TEeMHUM) Y MexXax ponuHu Psathyrellaceae (Nagy et al., 2010,
3 IeSIKUMU 3MiHaM1)

Fig. 6. Distribution of coprinoid taxa (marked by dark) within
the family Psathyrellaceae (Nagy et al., 2010, with some
changes)
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(BUiJIeHi TEeMHUM) y Mexax poauHu Bolbitiaceae Conocybe fiorii WU17793

Puc. 7. Posnopin KONpUHOIAHUX TaKCOHIB Conocybe papiliata NL-2370
(Téth et al., 2013, 3 gesskuMu 3MiHAME) t Conocybe ceftoiana WU10436

Fig. 7. Distribution of coprinoid taxa (marked by [ Conocybe alboradicans NL-3226

dark) within the family Bolbitiaceae (TOth et al., Conocybe alboradicans WU14678

2013, with some changes) _{: Conocybe solitaria WU20903
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Conocybe pseudocrispa WUI8009

Conocybe pilosella NL-0831

Conocybe tetrasporoides WU 17385

Conocybe velutipes var. nitrophila WU20916
Canocybe fuscimarginata NL-3668

'Conocybe aff. ochrostnala NL-0830

Conocybe anthracophila var. ovispora WU25461
Conocybe moseri var bisporigera NL-1904
Conocybe nigrescens WU27577

Conocybe microrhiza NL-2180

Conocybe elegans NL-0908

Conocybe velutipes NL-2187

Bolbitius lacteus WUB327

Conocybe siliginea NL-2313

Conocybe velutinomarginata WU28695

Conocybe dunensis WU27359

Conocybe pallidospora WU7395

Conocybe incarnata WU21837
Conocybe cylindracea WU20796
Conocybe lenticulospora NL-0923
Conocybe siennophyila WU17988
Psathyrella michiganensis SMITH 10920 TYPE
Conocybe siennophylla NL-1210
Conocybe ingridiae WU28158
Conocybe ochrostnalta var, favrei WU29786
Pholiolina utricystidiata WU20164
_EE Pholiotina indica WU20891
_— Pholiotina teneroides NL-3501

Pholiotina vexans NL-3967

Pholiotina arrheni NL-2509

Pholiotina nemoralis var. dentatomarginata NL-2962
Pholiotina nemoralis var. dentalomarginata NL-2921
Pholiotina vestita NL-2191
Pholiotina brunnea NL-1216

Pholiotina aporos NL-1241

Descolea maculata var. occidentalis WU21818

Pholiotina cyanopus WU2134
_E Pholiotina aberrans NL-3161
s Pholiotina coprophila NL-2176

Galerella nigeriensis CNF 1/5859

EF64821Bolbitius psittacinus
Bolbitius subvolvatus WU28379

Bolbitius elegans WU23943
Bolbitius vitellinus NL-1994
Bolbitius reticulatus WU30001
Bolbitius coprophilus NL-2460
Pholiotina pygmaeoaffinis WU16600
_:E Pholiotina striipes WU26997
—‘ Pholjotina sulcata NL-1975
Pholiotina dasypus NL-2279
Pholiotina aeruginosa WUZ27104
Galerella floriformis WU22833
A44L R7Galeropsis desertorum

DQ182503Panaeol sphinctrinusAFTOLID1499
—_— AB158633Panaeolus cambodginiensis

vuyooyy

snuigiog

u .

Dija.42]0L)

IIpodosacenns. Po3Mmoil KONPUHOITHUX TaKCOHIB (BUOiIEHI TeMHUM) y Mexax poauHu Bolbitiaceae (Toth et al., 2013, 3
NESKUMU 3MiHaMU)

Continuation. Distribution of coprinoid taxa (marked by dark) within the family Bolbitiaceae (To6th et al., 2013, with some
changes)
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ru. AOCOJIIOTHE TepeBakaHHSI cepel HUX IpeacTaB-
HUKiB 3 TEMHHUMHU TOBCTOCTIHHMUMM CIIOpaMU MOXKE
CBIIUUTH TIPO Te, 1110 iXHsI MOYATKOBA €BOJIIOLLSI BinOy-
BaJlacsl B MiCLIE3pOCTaHHSX 3 CYBOPUMU MPUPOTHUMU
YMOBaMM.

IcHyIOTh AesKi MiACTaBU BBaXKaTH, IO SIK MiHIMyM
3HaYHA YacTMHA KOMPUHOIAHUX TAKCOHIB PO3BUHY-
Jlacsl B XOJi MPUCTOCYBAHHS arapyMkOiTHUX TPUOIB 10
PO3BUTKY Ha TaKOMy creuu@iyHomy cyocTpaTi, SK
€KCKpEeMEHTH TpaBOigfHMX TBapuH. Ilo-mepine, Jact-
Ka KompoTpoHMUX BUIIB cepel MaKpOMILIETiB 3 KO-
MPUHOITHUMU KaprodopaMu 3aHAATO BUCOKA, OCOO-
JIMBO BUIINISETHCS y IIbOMY BiIHOIIEHHI TaK 3BaHa
"Core Setulosi" knama pomy Coprinellus (Nagy et al.,
2012), 6ausbko 50% BUIB SIKOI € KOIPOTPODHUMU.
ITo-gpyre, aganTallii KONPUHOITHUX TAKCOHIB OCO0-
JIMBO e(PEKTUBHI ITiJ yac pO3BUTKY Ha cyOcTpaTax He-
BEJIMKNX 00'€MiB, 3 BiTHOCHO HE3HAYHUM TEPMiHOM
iCHyBaHHSI Ta JIyXe MiHJMBUM BMicTOM BoJjioru. lle
TMOBHOIO MipOI0 CTOCYEThCS EKCKPEMEHTIB TpaBOil-
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Puc. 8. Posnonin KonpuHOIMHUX TaKCOHIB (BUIiICHI
TEeMHUM) y MeXaxX poAuHM Agaricaceae (Johnson,
1999, 3 nesikuMu 3MiHaMM)

Fig. 8. Distribution of coprinoid taxa (marked by dark)
within the family Agaricaceae (Johnson, 1999, with
some changes

HUX, SIKi IIBUAKO BUCHUXAIOTh, YaCTO OYBalOTh 3aTOII-
TaHi BeJIMKMMU TBapMHAMM, a TAaKOX aKTUBHO TOifa-
IOTbCSI KOMaxamu, 30KpeMa >KyKaMU-THOMOBUKAMMU.
3a TakuX 00CTaBMH LIBUIAKUI OHTOreHe3 Kapro@opiB
BUAAETHCSI OCOOJIMBO BUTIAHUM MJISI TPUOiB-KOMpPO-
TpodiB. IIpoTe ciig BKazaTu, 11O HAa ChOTOAHIIHIM
JIeHb OiJIbIlIa YaCTMHA KOMPUHOIIHUX TAKCOHIB PO3BU-
BA€ETHCS Ha iHIIUX TUMaX cyocTpartiB. Cepel HUX Bino-
MO 0arato KcuiaoTpodiB, TYMYCOBHUX Ta MiICTUIOYHUX
canpoTpodiB i HaBiTh KiJbka KapOOTPOMHUX BUIIB.
Lle MOXHa TMOSICHUTU TUM, 110 TpUOM-KONPUHOIIN,
SIKi 30aTHI €(heKTUBHO BUKOPUCTOBYBATU TEPiOaN KO-
POTKOYACHOI HAIBHOCTI BOJIOTH 151 BUOYXOBOTO TIJIO-
JIOHOIIEHHS, OTPUMYIOTb PSIJl BaXKJMBUX TepeBar Haj
IHIIMMU BUIAMU TpUOiB-MaKpOMilIeTiB, 0COOJMBO 3a
yMOB Aediuuty Bojoru. Hanmpukian MoxHa 3ragaTu
Takuii KonpuHoigHuii Bua, sik Coprinellus xanthothrix
(Romagn.) Vilgalys, Hopple & Jacq. Johnson, skuii B
YCiX JIiTepaTypHUX JxXepeaaxX MO3HAYAEThCS SIK KCUII0-
Tpod, XapaKTepHUI IJIs JICOBUX ab0 YarapHUKOBHX
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yrpymnoBaHb. [IpoTe aBTOp AaHOI CTaTTi HEOAHOPA30BO
3HAXOAUB MOTO i B MilllaHOMY CTeIY, ¢ BUJ 3pOCTaB Ha
CTapuXx 3ACPeB'THITNX KOPSHSIX ACSIKUX BUIIB ITOJUHY.
BoueBuab caMe 31aTHICTh BUTPUMYBATH IIBUAKI KO-
JIMBaHHS PiBHSI 3BOJIOXEHOCTI JO3BOJISIE IOMY OIlHA-
KOBO YCHIIIHO iCHYBaTWM B TaKWX BiIMiHHUX MiCLIe3-
POCTaHHSX, K JIiC Ta MilllaHUI CTeTl.

Ha >anb, HaM MaJio BioMo Tpo yac i Micle nos-
BU MEpIIMX KOMPUHOIZHUX TakCoHiB. Hatictapimti
0e3CyMHIBHiI BUKOITHI 3aJIMIIKU TJIOAOBUX TiJl arapu-
KOITHUX TOMOOa3UIiOMIlIeTiB MOXOMASTh i3 CepeauHU
KpelingHoro mepiomy, aje pe3yabraTd JaTyBaHHS 3
BUKOPUCTAHHSIM MOJICKYJIIPHOTO TONIMHHWKA Ta iHIII
HenpsiMi JaHi CBimyaTh MPO iCHYBaHHS TPYIM BXE B
nizHbomy Tpiaci (Berbee, Taylor, 1993; Hibbett et al.,
1997a). BukomnHi peImTku IUIOAOBUX TiJl arapuKoil-
HUX MaKpoMilleTiB HaA3BMYaillHO pinkicHa piv. 3Ba-
JKalouM Ha KOPOTKUI yac iCHYBaHS iXHiX KaprogopiB
YTBOPEHHSI CKaM'STHiJIOCTeI i3 HUX MOXHa CMIiTUBO
BBaXXaTu yHikaJbHUM siBulleM. Lle ocoGauBo crpa-
BEIUIMBO I KOMPUHOIOHMX TUIOAOBUX TiJI, TePMiH
iCHYBaHHS SIKMX IIle KOPOTIIMH. I3 MeHIle necsiTka
BUKOITHUX PEIITOK arapuKOiTHUX IrprOiB (IIepeBaXkHO
30epexkeHux y o0ypiutuHi) auiue Coprinites dominicana
Poinar & Singer (BepxHiii €oleH) MOXHa 3 ICSKOIO
neBHicTIO BigHecTu no ckiaany Coprinus s. 1. (Poinar,
Singer, 1990), ipoTe #ioro cucreMaTUyHe MOJOXKECHHS
3aIUIIAETHCS AUCKYCIHHUM. JOCHITHUKU CXOASIThCS
Ha TOMY, 1110 BKa3aHWiI TAKCOH 3 OJJHAKOBOIO IMMOBIp-
HICTIO MOXe HaJIeXKaTH SIK 10 POOWHM Agaricaceae (T10-
nioHoO pony Leucocoprinus), TaK i 10 OMHOTO 3 POIiB PO-
nunau Psathyrellaceae (Hibbett et al., 1997a; Nagy et al.,
2011). HagBHi maHi A03BONSIOTH JUILIE MPUITYCTUTH,
IO MepIli KOMPUHOITHI TAKCOHM 3'IBUJIMCS Ha MeXi
mixk Kpeiiggnum Tta TpetuHHum mnepiogamu (Nagy
et al., 2011). Kpim Toro, mna pogunau Psathyrellaceae
BIAJIOCSl OTPUMATH JaHi 11100 BiAHOCHOIO BiKY ii KO-
NPUHOITHUX TaKCOHIB. Tak, HalicTapillluM 3 HUX € pif
Coprinosis, nani wayte poau Parasola ta Coprinellus,
B Tol yac sik Bun Coprinus patouillardii Quél. (cucre-
MaTHUYHE TTOJIOXKEHHS SIKOTO B POJAMHI I0Ci 3ajuiia-
€TbCS MUCKYCiiitHUM) 3'siBUBCsI ocTaHHiIM (Nagy et al.,
2011). KpiM Toro, KoJuieKTMB AochigHUuKiB (Nagy
et al., 2012), BUKOPHUCTOBYIOUM METOAU (hiJIOTEHETUY-
HOTO Ta CTaTUCTUYHOIO aHaji3iB, OTpUMaIu CBiTYEH-
HS Ha KOPUCTH TOTO, 1110 HAlOIiIbII iHTEHCUBHA ippa-
miamist BuniB pony Coprinellus mana miciie B MiorieHi.
ABTOpPH TIOB'SI3aJIV 1€ i3 KapaIWHAITBHUMHU 3MiHAMH Y
CKJIaJli pPOCIMHHOCTI Ta ¢ayHU Ha Toi Tepion. Came
TOJII TMoYyaad HaOyBaTU IIMPOKOTO PO3IMOBCIOIXKEHHS
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BIIKPUTI CyXi TpaB'sSTHUCTI IICHO3M (CaBaHHOTO Ta CTe-
MOBOI0 THUIY), IO CYMPOBOIXKYBAIOCS 301JIbILIEHHSIM
BUJIOBOIO Pi3HOMAHITTS BEJIMKUX TPAaBOITHUX CCaBLiB
(Janis et al., 2000; Didukh et al., 2016). Ocranne, 6e3-
YMOBHO, CIIPUSJIO HAKOIMMWYEHHIO BEJIMKOI KiJTbKOCTi
cyOcTpaTiB, MPUAATHUX U1 PO3BUTKY IpUbiB-KOMPO-
TpodiB, i MOIVIO MOCIPUATU IXHBOMY iHTEHCUBHOMY
BUIOYTBOPEHHIO.

3arajioM, KOPOTKO MiJICYMOBYIOUM BCE Bigome
HaM MpO KONMPUHOIAM3ALII0, MOXHAa CTBEPIXKYBATU
HACTYITHE:

a) KONpUHOiaM3allisl — 1Ie CMoci0 amanTaliii arapuko-
IIHMX MaKpOMILIETIB 10 CyBOpUX (30KpemMa MoCylil-
JINBUX) IPUPOTHUX YMOB IIJITXOM €KCTPEMaIbHOTO
MPUCKOPEHHSI OHTOreHe3y KaprnogopiB. BiH BkiIto-
yae Uiaui psa 3MiH y Mmopdoutorii Ta iziosorii nux
rpu0iB;

0) KOIIPUHOIAHI TaKCOHW HEOTHOPA30BO 3'SIBIISIIINCS
B pi3HUX €BOJIIOLITHUX JiHisgx rpubiB Euagaricoid-
KJaayd BHACiAOK KOHBEPreHllii, 110 JT03BOJISIE TO-
BOPUTHU MPO iCHYBAHHS BiAIIOBiIHOIO TPEHY;

B) BCi BOHU € CanpoTpoHUMU BUIAMU 3 TOBCTOCTiH-
HUMU Ta 30e0iAbIIOr0 TeMHO3a0apBIeHUMHU CIIOpa-
MU; XOJIEH KOIIPUHOIAHNI TaKCOH AOCI He BimoMuii
mo3a mexkamu Euagaricoid-xirany romMo6a3umiomi-
LIETIB;

I') OPIEHTOBHMI 4Yac TOSIBUM TMEPLINX KOMPUHOITHUX
rpubiB — Mexa Mixk KpeiiassHum i TpeTuHHUM T1e-
piogamu;

II) MOXKHA BBakaTH, 1110 3HAYHA YaCTMHA KOMPUHOII-
HUX TaKCOHIB PO3BUHYJIACS B XOIi ITPUCTOCYBAHHS
arapuKoIimHUX MaKpOMILIETiB 10 PO3BUTKY Ha €KCK-
peMeHTaX BEJIMKNX TPaBOITHUX TBAPHH;

€) 3acC/IyroBy€ Ha yBary Trimote3a, 110 HaWOiIbIl iH-
TeHCHUBHE BUIOYTBOPEHHS KOIIPUHOITHNUX TAKCOHIB
(MpuHaliMHi, y AeSIKMX 3 HUX) OYJI0 HACTiAKOM JIBOX
B3a€EMHO ITOB'I3aHUX MOIil; TIOITMPEHHS CYXUX 371a-
KOBMX POCIMHHUX YIPyMOBaHb i MACOBOI ippafialiii
BEJIMKUX TPABOITHUX CCaBIIiB.

IMongxu

Aemop sucnoenroe wupy edsunicms JI.I. Hado (L.G. Nagy,
Hungary) 3a 21069310 Hadany modcaugicms 03HaoMU-
mucs 3 020 npausamMu, nPUCesUeHUMU KoHyenyii konpu-
Hoiduzauii, a makoxc ua.-kop. HAH Ykpainu 1.0. Jyoui
ma C.JI. Mocsikiny 3a uinui nopadu nio yac nioeomoexu
DPYKOnUcCy cmammi.
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B.I1. [emora

ITpuniox M.I1. OcHOBHI TpeHau eBOMIONIT MIOJOBUX TiJl
arapuKoMilleTiB Ta KONPUHOIAU3ALiA K OJUH i3 HUX.
YKp. 60T. XypH., 2017, 74(2): 131—147.

InctutyT 60Taniku iM. M.I. XomonHoro HAH Ykpainu
ByJ1. TepenieHkiBcbKa, 2, Kuis 01004, Ykpaina

YV cTatTTi MiZJICYMOBAaHO CyyacHi HayKOBi MO Ha iCHYI0Ui
TEHJIEHILil eBoJIoLLil KaprnodopiB arapukoinfHuXx 6a3umiomi-
1IeTiB. Y 3arajibHUX pucax po3rJIsSHYTI TaKi 3arajbHOBiIOMi
€BOJIIOLIIIHI TPeHAU arapukoinHUX rpubiB, K racTepoMi-

YKp. 60T. XypH., 2017, 74(2)

Hetusauis Ta wudenizauis. OcobaMBY yBary IpUIIJIECHO
HELIOJaBHO BUJJIEHOMY TPEHIY €BOJIOLII arapukKoiTHUX
rpubiB — KompuHoinu3auii. OcTaHHs € CIIocoOOM ajanTa-
il 0a3umiaibHUX MaKpOMILIETIB 10 eKCTpeMaJlbHUX YMOB,
110 He3aJeXXHO PO3BUHYBCS y KiJIbKOX €BOJIIOLIMHMX JIiHi-
X IpuObiB mopsinky Agaricales (y Agaricaceae, Bolbitiaceae
Ta Psathyrellaceae) i monsirae B 31aTHOCTI IJIOJOBUX TiJ 10
HaAIIBUAKOro oHToreHesy. Lle mo3BoJisie iM KOJIOHi3yBaTH
cyOcTpaTH 3i 3HAYHMMMU KOJIMBAHHSMU BMIiCTY BOJIOT'M B HUX.
Haiibinbi moMiTHa 3arajabHa 03HAaKa KOMPUHOIIHUX KapIio-
¢opiB — iX LIBUAKWI aBTOJI3 ITiC/asI CIOPOHOLIEHHs. Po3-
IJISIHYTi OCHOBHiI MOP(OJIOTiuHi 3MiHU, SIKi POOJISATH MOXJIH -
BUM TaKMii cIIoci0 amarmrallii, a TaKOX MOro BUrOAU Ta Iie-
peBaru. IIpoaeMOHCTpOBaHO, IO 1IEi CHOCIO eBOMIOLIiiTHOT
ajganTtauii HaioIbI BUTIAHUIA 111 KOITPOTPO(HUX MaKpO-
MiLIETIB, ajle KOPUCHUIA i 1J1s1 TpUOiB, SIKi pO3BUBAIOThCS HA
IHIIMX TUIAaX cyocTpaTiB. Po3rssHyTi HassBHI BiZTOMOCTI PO
MOXO/KEHHS Ta Yac IMOSIBU MePLINX KOIPUHOITHUX TAKCOHIB
rpu6iB. BkazaHo Ha ixHili TiMOTETUYHUI 3B'A30K 3 IOLIK-
PEHHSIM CYXUX BIIKPUTHUX TpaB'SIHUCTUX LIEHO3iB Yy MiOLIeHi
Ta TMOB'SI3aHOI0 3 LIMM MacOBOIO ippaialli€io BUAiB BEJIMKUX
TPaBOIIHUX CCaBLIiB.

KiiouoBi ciioBa: KompuHOIAU3allisl, €BOIOLIS IJIONOBUX TiJl,
aBTOJ1i3, KOMPOTPOGHI MAaKPOMilIETH

[Mpuntox H.I1. OcHOBHbBIE TPEH/IbI IBOJIIOIUM TJIOJAOBBIX TEJ
arapuKOMHIIETOB ¥ KOMPHUHOUWIM3ANKUSA KAK OIUH U3 HUX.
Vkp. 60T. XypH., 2017, 74(2): 131—-147.

HWuctutyt 60otanuku um. H.I. Xonognoro HAH YkpauHbi
yi. TepemenkoBckas, 2, Kues 01004, YkpanHa

B cratbe mMOABITOXXEHBI COBPEMEHHbIE HayYHble NaHHbBIC
O CYLIECTBYIOIIMX TEHIEHLMSIX HBOJIOUMU Kaprodo-
POB arapukouAHbIX 0a3uIMOMULIETOB. B 001Iux ueprax
pacCMOTPEHbl Takue OOIIEU3BECTHbIE SBOJIOLMOHHBIE
TPEH/bl arapMKOUJAHBIX I'PUOOB, KaK racTepOMMLETU3ALIMS
n uudemm3auuss. Ocoboe BHMMaHWE YIEJICHO HeIaBHO
BBIACJIEHHOMY TPEH/Y 9BOJIIOLIMU arapukKOUIHbIX TPUOOB —
konpuHouauzauuu. [locneaHsisi — 3To crocod anarnra-
MU 0a3uauaibHbIX MaKpPOMMUETOB K BSKCTpeMalbHbIM
YCJIOBUSIM, KOTODbI HE3aBUCUMO pa3BUJCS Y HECKOJb-
KHX 3BOJIIOLMOHHBIX JIMHUI T'puOOB TMopsiaka Agaricales (y
Agaricaceae, Bolbitiaceae u Psathyrellaceae.) n 3aKiioyaet-
csl B CIIOCOOHOCTM TJIOJOBBIX T€J K CBEPXOBICTPOMY OHTO-
reHesy. DTO IMO3BOJISIET UM KOJOHU3UPOBATh CyOCTpaThl CO
3HAYUTEJIbHBIMU KOJEOaHUSMU COJEPKaHUSI BJaru B HUX.
Haubonee 3aMeTHBII 00U MPU3HAK KOIMTPUHOUIHBIX Kap-
noopoB — UX OBICTPbIN aBTOJIU3 TOCJE CITOPOHOILLIEHMUSI.
PaccmorpeHbl 0CHOBHBIE MOpPGOJOrMYecKrue U3MEHEHMUSI,
Jiesarone BO3MOXHbBIM Takoi Croco0 aganTaluuu, a Tak-
K€ ero BbIrofbl U npeumyliiecta. [IpogeMoHCTpUpOBaHoO,
YTO 3TOT CIOCOO 3BOJIIOIIMOHHONM amantaluu Haubdosee
BBITOJICH /ISl KOTTPOTPOMHBIX MAKPOMUIIETOB, HO MOJIE3EH U
IIJIs1 TpMOOB, Pa3BUBAIOLLIMXCSl HA IPYTMX TUIAX CyOCTPaTOB.
PaccmoTpeHbl uMeroldecs: CBEIEHUSI O MPOUCXOXIECHUU
M BPEMEHU TMOSIBJICHUSI TIEPBbIX KOMPUHOMIHBIX TAKCOHOB
rpuboB. YKazaHa MX IMIIOTeTUYECKasl CBSI3b C pacIpocTpa-
HEHUEM CYyXMX OTKPBITBIX TPABSHUCTBIX LIEHO30B B MUOLIEHE
M CBSI3aHHOI ¢ 3TUM MacCOBOI Mppaauainueid BUI0B 00J1b-
LIMX TPABOSIAHBIX MJIEKOMUTAIOLIMX.

Kiouessie ciioBa: KOINpuHOWAU3alMA, 3BOJIOLMA IIJIOJOBbLIX
TEJ1, aBTOJIU3, KOl'[pOTpO(i)HbIC MaKpOMMIIEThI
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Shershova N.V. Lichen indication of air quality in Gostomel urban settlement of Kiev Region. Ukr. Bot. J., 2017, 74(2): 148—153.
M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine
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Abstract. Distribution and occurrence of epiphytic lichen species that are sensitive to air pollution in Gostomel urban settlement,
Kiev Region, were studied. Distribution maps of indicator species were provided. Distribution patterns were identified. Based
on calculation of the Index of Atmospheric Purity (IAP) (Le Blanc & De Sloover), three zones with different air pollution were
distinguished (clean, slightly polluted, moderately polluted); these zones evidently correlate with the mapping data. As a result
of the study, it was determined that the environmental situation in Gostomel is quite favorable, due to relatively small number
of potential pollution sources (primarily, road and rail transport, as well as the largest industrial enterprise of glassworks) and

presence of large isolated green areas, parks and public gardens.

Keywords: epiphyte lichens, lichen indication, mapping, air pollution, air quality, Gostomel, Kiev Region

Beryn

B ocrtaHHi pokM IIMPOKOro BUKOPUCTAHHS Ha-
OyB MeTON JIiXeHOIHAMKALl [/ OILIHKU CTaHy
aTMoc(epHOTro TIOBITPSI Ta HABKOJMIIHLOIO cepe-
nosuila. Leii BiTHOCHO HETOPOTMi i INBUAKUIA METO
JIO3BOJISIE TIPOBECTU OLIIHKY CUTYyallii B OaraTopiuHiii
peTpocniekTuBi. [HCTpyMeHTaabHI MOCTIMIKEHHS BU-
MaraloTh BEJIMKMX BUTpPAT, KPiM TOrO, BUMipIOBaJIbHE
o01aIHaHHS He B YCiX MiCLSIX MOXXHA BCTAaHOBUTH, J10
TOTO X BOHO HaJla€ JaHi 11100 3a0pyAHEHHS OKPEMUX
3a0pyIHIOBAYIB i TUIbKX HA MOMEHT BUMIipIOBaHHSI.

MeTon nixeHOiHAMKALIT MO30aBAEHUI LIMX HEAOi-
KiB. BiH rpyHTY€eTbCSI Ha 3HAHHI €KOJIOTIi BUMIB i yrpy-
MOBaHb, OCOOJMBOCTEN 1XHBOI UYTJAMBOCTI Ta peakilil
Ha pi3Hi 3a0pyAHIO0YI peUOBMHU. JlesIKi Buau iHaMKa-
TOPHUX JIMIIANHKKIB YyTJIMBI HaBiTh A0 1y>K€ HU3bKUX
KOHLEHTpaliii 3a0pynHIOIYUX peyoBUH. BoHu mo-
LIKO/KYIOTBCSI @00 TMHYTh MpPU MOSIBI OCTAHHIX B aT-
MocdepHoMy moBiTpi. IHIII BUAM MEHII YyTIUBI, i €
TpeTs rpyna BUAIB, SIKa MA€ BUCOKY CTiKiCTb HaBiTh
JIO IOCUTb BUCOKMX KOHLIEHTPALLiif OJIOTaHTIB.

© H.B. IEPIIOBA, 2017
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Ak npaBwio, JiXeHOIHAMKALINHI JOCTiIKEHHS
MPOBOISITHCS B IIEBHOMY MICTi Y1 paiiOHi, e po3Tallo-
BYETBHCSI BEJIMKE TIPOMUCIIOBE TIITPUEMCTBO — TTOTEH-
LiiiHe JKepesio 3a0pyaHeHHsI aTMOC(hEPHOro MoBiTPsI
(Kondratyuk, Martynenko, 2006). Hanpukiaza, Ha Te-
puTOpii, mpuIeriiid 10 Haiibiboro B IBaHo-®paH-
KiBCBbKill 00J1. minnmpuemcTBa BupodbHuue 00'etHaHHS
"Xnopsinin" (M. Kamynr), 6iist IBano-®paHKiBCbKOTo
3aBomy ToHKOro cuHTe3y (Kondratyuk, 2008), Ha Te-
puTopii, o npuisrae 1o bypiruncekoi TEC.

JlocnikeHb OLIHKW W MOpPiBHSAHHS SKOCTi HaB-
KOJIMITHBOTO CEPeOBUILA B Pi3HUX 32 PO3MiIpOM Ha-
ceJIeHNX TMyHKTax, Hebarato. OcCTaHHIM 4YacoM BOHU
3niicHIoBanucs TiTbku B EcToHii Ta YkpaiHi. B YkpaiHi
TaKi JOCiIXKEeHHS TTPOBOAUIINCS 31€0iIbIIOrO y BeJI-
KMX i cepelHix MmicTax, MmepeBakHO B 00JIACHUX LIEH-
tpax: Kuesi (Dymytrova, 2008), JIeBoBi (Kondratyuk
et al., 1991), Tepnonomni, Jlyupeky, PiBHOMy, IBaHO-
®pankiBebky (Kondratyuk et al., 1993; Kondratyuk,
1994), UYepwnirosi (Zelenko, 1999), Kpemenuyui
(Nekrasenko, Bayrak, 2002), Xepconi (Khodosovtsey,
1995), Ilonrasi (Dymytrova, 2008), KipoBorpami Ta
Yepxkacax (Kondratyuk, Martynenko, 2006).

Ukr. Bot. J., 2017, 74(2)
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Ha mouarky 2016 p. aBropom Oy/iu Briepiie orry0Jti-
KOBaHi pe3y/bTaTu JiXeHOTHAUKALIMHUX JOCTiIKEHb,
npoBeaeHux y 2013—2015 pp. y manux micrax IpmiHb,
Byua, bosipka KuiBcbkoi 061. (Shershova, 2016). Kpim
TOr0, HaMM TIPOBOAWJIOCS BUBYEHHSI OCOOJMBOCTEH
MOIIMPEHHSI Ta YaCTOTU TPATUISTHHS emi(iTHUX JIU-
LIAHKKIB, YYTJIMBUX 10 3a0pyIHEHHS aTMOC(HEPHOTO
noBiTps B cMT [ocTomernti.

Cwmrt TocToMenb po3TalioBaHuii y 6aceiiHi p. IpmiHb
y ueHTpanbHiii yactuHi KuiBcbkoro Ilomiccs. Kiaimar
TYT TOMIipHO KOHTMHEHTaJIbHUM, MKW, 3 IOCTAT-
HiM 3BoJIoKeHHSIM. CepemnHsl TeMIepaTypa CidHs cTa-
HOBUTB 0J13bK0 —6 °C, mumnst — +19,5 °C. Cepennst
piuHa KiTbKIiCTh omamiB ckjiagae 0am3bko 600 mMm, 3
MaKCUMYMOM YIITKy. TpuBaJlicTh BereTalliiiHOTO Tie-
piony ctaHoBuTh 198—204 mHi. B oporpadiuynomMy ac-
MEeKTi TEPUTOPIs CEJUILA € TPAKTUYHO LIUTICHUM yTBO-
DPEHHSIM.

OIHUM 3 OCHOBHUMX UMHHMKIB, $IKi BIUIMBAIOTh Ha
SKiCTb aTMOC(EPHOro MOBITPsA, € MPOMUCIOBICTh i
aBTOMOOITbHUM TpaHcTiopT. Y TocTtomeni 6113bKo 15
MOTEHLIMHUX CTaliOHApHUX JXKepea 3a0pyaHEeHHS
MOBITPsI, cepell IKUX HAWOUIbIIMMU € MiXXHapOAHUI
BaHTaXHUI aeporiopT "AHTOHOB" (BaHTaXKoIlepeBe-
3CHHST; IPOAYKTHU 3TOPSIHHS aBialliifHOTO IMajyinBa), aK-
1ioHepHe ToBapucTBO "TOCTOMENBbCHKUIA CKII03aBOA"
(BUPOOHMIITBO CKJIOBUPOOIB; OKCUJI BYTJICI[IO, OKCHUJ i
TIOKCUIT a30Ty), pUBATHE MiaANpueMcTBO "KOMiHBEHT
mmoc” (BUpOOHMLITBO O0aIHAHHS IS KOMYHAJIbHO-
TO TOCITOAAPCTBA; OKCUJ BYIJIEIIO Ta JIOKCUH BYTLJIE-
110, OKCUAY a30Ty).

Teputopieto MicTa NPOXOAUTH 3ali3HULS, IO
3'enHye aeponopT "AHToHOB" 3 KueBom. Benukux aB-
Tomarictpaieit y foctomeni Hemae. Yepes ioro LeHTp
MPOXOASITh AaBTOMOOIbHI JOPOTM B HANPSIMKY cen [e-
mumaiB (Bumroponcekuit p-H), HoBe 3amiccsa (bopo-
NSIHCbKUI p-H) Ta cMT byya (KueBo-CBATOMMHCHKUI
p-H) KuiBcbkoi 0611.

Marepianu Ta MeTOIH

Marepianu Oynu 3i0paHi BnpomoBxk 2014—2015 pp.
Tepuropist TocTomenst Oyna moaijieHa Ha KBaapaTH 3i
CTOpOoHOI0 1 KM, sIKi OyJM OOCTEeXeHi 3a JOMOMOIol0
MaplilpyTHoro metonay. Bcboro Ha Ttepurtopii Mmicta
OyJ10 3akjafaeHo 42 MpoOHUX AiISHKU. JochiakyBanu
eni(iTHI TUIIARHUKKU TEpeBaXKHO Ha J00pe OCBITIE-
HUX JOPOCIUX IepeBax (miameTp CTOBOypa HE MEH-
mre 30 cm). Cepen HUX ocHoBHUMM Oynu Tilia cordata
Mill., Malus domestica Borkh., Acer platanoides L.,
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Acer saccharum Marshall, Prunus domestica L., Pinus
sylvestris L. i Quercus robur L.

BuBYeHHS TMIIafHUKIB TIPOBOAMIIOCS TIEPEBAXKHO 3
MiBAEHHOro 60Ky CTOBOYypa, Bifl HOrO OCHOBU JI0 ABOX
METpiB HajJ piBHeM TpyHTY. [Ipu 1iboMy peecTpyBain-
¢Sl BCi BUIM eMipiTHUX JUILIARHUKIB i CKJIagaBcs Mpo-
TOKOJI, SKUW BKJIIOYaB OIUC BCHOTO JIMIIAWHUKOBOTO
ITOKPHUBY 3a TAKUMM MOTO XapaKTepUCTUKAMH, SIK T10-
Ka3HUKM MPeacTaBAeHOCTi pi3HUX BUiB JUIIAHUKIB
i c()OpMOBaAHICTb IXHBOTO IMTOKPUTTSI.

YacToTa TpamassHHS KOXHOIO BUAY JWILNARHUKIB
BU3HAvaIach SIK BiIHOLIEHHSI KiJIbKOCTI TUX JIepeB, Ae
BUSIBJICHUI NAaHWUI BUMI, OO 3arajJibHOI KiJIbKOCTI BCiX
JOCJIKEHUX IEPEB Ha il AUTSIHLL. MUY BUILTAIU TPU
Ki1acu yactotu TparuistHHs: 0—10%; 10—30%; nonan 30%.

JIns BCTaHOBJIEHHS CTyNEeHsS 3a0pyTHEHHsI aTMO-
chepu OyB BUKOPUCTAHUM iHAEKC YMCTOTHU MOBiTps Jle
bnanka i le Caysepa (Le Blanc, De Sloover, 1970).
BiH po3paxoByeTbcs 3a GOpMyI0I0:

IAP = Z—Ql({ :

i=1

Jie 1 — KUTBbKICTh BUAIB JUIIAMHUKIB Ha IiISTHIL, QI.—
€KOJIOTIYHMI IHAEKC i-ro BUaYy (cepelHsl KiJbKiCTb BU-
IiB, CYMYTHIX BUIY Ha BCiX AIITHKAX OMHUCIB), f, — KOM-
OiHOBaHUII TIOKA3HUK TIOKPUTTSI—TparvisiHHs. Lleit
MOKa3HMK S5-0albHU i pO3IIUGPOBYETHCH, SIK:

1 — BUI TpamIIEThCS TyKe PigKo ado0 3 IyKe MaauM
TTOKPUTTSIM;

2 — pigKo a00 3 HU3BLKUM MOKPUTTSIM;

3 — pimko abo 3 cepedHiM ITOKPUTTSIM Ha ACSIKHMX
cTOBOYypax;

4 — yacto ab0 3 BUCOKHMM MOKPHUTTSIM Ha JEIKUX
cTOBOYypax;

5 — myXe 9acTo abo 3 TyKe BUCOKUM ITOKPUTTSIM Ha
OLTBIIOCTI CTOBOYPIB.

Hinenxs Ha 10 mae 3pyyHilne st BUKOPUCTaHHS
3HAUEHHSI.

Innexcu Qi po3paxoByBanucs s 41 BUaa JIUIIA-
HUKiB, 3HAlAEHUX ITiJl Yac MOJbOBUX POOIT, 32 pe3yJib-
TatamMu 00pooKku maHux 30 mpooHux minsHoK. Lli iH-
JIEKCH € TIPOMIKHUMU TaHUMMU IUTSI pO3PaXYHKY iHICK-
CiB UMCTOTH TIOBITPSI HA KOKHOMY 3 TPOOHUX TiJISTHOK.

VY nocnimxeHHi BUKOPUCTOBYBaIM KJlacudikallito
IHAMKATOPHUX BUAiB, paHillle 3aIpOIOHOBaHY ISl BU-
KOPUCTAaHHS B CEpPENHiX MicTaX PiBHUHHOI YaCTUHU
VYkpainu (Kondratyuk, 2008). 3a uiero kinacudikaliero
IHAUKATOPHI JIUIIARHUKU TIOUISIIOTHCSI HA TPU Tpy-
nu: 1) myxe 4yTJuBi 10 3a0pyAHEHHS aTMOC(hEepHOro
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YacToTa TpannsHHs

* 1o 10%

*  10-30%

%  Ramalina farinacea
Y¢ Ramalina pollinaria
% Evernia prunastri

Puc. 1. TlomwupeHHs1 ayxe YyTJIMBUX 10 aTMOC(hEpHOTO
3a0pyIHEHHS BUJAIB KYIIUCTUX JIMIIAWHUKIB HA TEPUTOPIi
cMmt Toctomennb

Fig. 1. Distribution map of very sensitive to air pollution
fruticose species of lichens in Gostomel urban settlement

MOBITPS KYIIUCTI JIUIAWHUKU poliB Ramalina Ach. i
FEvernia Ach.; 2) cepeqHbOUYTJIUBI JUCTYBATi JUIIAK-
HUKUA ponwHU Parmeliaceae; 3) TOKCUKOTOJCPAHTHI
BUAM-iHAMKATOPU KUCIOTHOTO i MUIOBOTO 3a0py-
HeHHSs. JInaiHUKY nepiioi rpynnu MOXYTb OyTHU 3Ha-
WIeHi TTbKY 32 YMOB YHCTOTO aTMOC(EpPHOTo MOBITPS,
Ha BiIMiHY BiJl TMIIAWHUKIB APYTOI IPYIHU, IKi € MEHIII
YYTJIUBI 10 3a0pynHeHHs. Buau-iHoukatopu TpeTboi
TPYIU TIPUOIU3HO PiBHOMIPHO PO3IOMIiJeHi T0 BCiii
teputopii Toctomens. BoHu noiupeHi, sSIK nmpaBuIo,
Ha Kopi ¢opodiTiB ByTUYHUX HACATKEHb.

3i0paHi B pe3yabTaTi MPOBEAEHOrO AOCHiIKEHHS
3pa3Ky Oyl BU3HAYeHi i KiacudiKoBaHi BiIMOBiIHO
JIO HaBEIEHOTO BUIlle TpUHLIUTTY. bynu mpoaHaiizoBa-
Hi MOKa3HUKM IXHBOTO MOIIMPEHHS i YacTOTH Tparl-
JISTHHS, @ TAaKOX TOOYI0BaHI KapTH PO3IMOBCIOMKECHHS
JIMIIARHUKIB Ha TEPUTOPIi MicTa.

Pe3synbraTi Ta 00roBOpEHHS

V pesynibTaTi KamepanibHOi 00pOOKH 3i0paHUX 3pa3KiB i
aHali3y JiTepaTypHUX JaHUX Y cMT [ocToMe b BUsIBIIe-
HO 41 By eniiTHUX JIUMILIARHUKIB, 3 HUX 14 — iHAMUKA-
topHux BuaiB (Konapariok, 2008) (3 Buay 3 BUCOKOIO
YYTJIUBICTIO 10 3a0pyIHEHHS MOBITPs, 7 BUIIB i3 ce-
PeIHbOIO YYTJIMBICTIO i 4 BUIU-iHIMKATOPa KMCIOTHO-
o it MuI0BOTO 3a0pyaHEeHHsT). TakoX Oy BU3HAUEHI
3aKOHOMIpPHOCTi IXHbOTO TTOLLIMPEHHS.
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YacroTa TpannsHHs

+ 10 10%

<+ 10-30%

+ Parmelia sulcata
+ Parmelina tiliacea
Pleurosticta acetabulum
Hypogymnia physodes
Melanohalea exasperatula
Melanelixia subaurifera
Melanelixia subargentifera

3o 3K % %

Puc. 2. ITommpeHHsT CepeIHbOYYTIMBUX 10 aTMOC(HEPHOIrO
3a0pyIHEHHS BUJIiB JIMCTYBATUX JIMIIAKHUKIB HAa TEPUTOPIi
cMT. [TocTomenb

Fig. 2. Distribution map of medium sensitive to air pollution
foliose species of lichens in Gostomel urban settlement

BcranoBieHo, 1110 HAWOUIBIT YYT/IUBI 10 CTaHY aT-
Moc(epHOro TMOBITPSI KYIIWCTi JUINAKHUKU POJiB
Ramalina i Evernia mouivpeHi TiIbKM B CTapux s0-
JIYHEBUX cajJiaX Ha MiBHOYi MicTa Ta Ha HEBEJIUMKOMY
ocTpoBi Ha o3epi B ypouniii Kimepko. [Ipuuomy B ca-
Jax IXHS 4YacToTa TPaIUISIHHS JOCUTh BUCOKa. Tak, y
FEvernia prunastri (L.) Ach. 11eit TOKa3HUK MePEeBUIILYE
30%,y Ramalina pollinaria (Westr.) Ach. BiH cTAHOBUTH
10-30%, a'y Ramalina farinacea (L.) Ach. — 1o 10%.
B ypouuiii KimMepko OyB 3HaliieHUI TiJIbKA OJUH BUJ
nviaitHuka — Evernia prunastri 3 4acTOTOIO TPATUISIH-
Hs 10—30% (puc. 1).

Ipyny muaiiHUKIB 3 cepeAHbOIO YYTJIMBICTIO CKla-
JIatoTh 7 BUAIB, SIKi HaJIeXaTb 10 TPhOX KJAaCiB 4aCTOTU
TparigHHS (puc. 2). Y TocToMerti 11i BUAM TParuIsiiOTh-
cs Mo BCili TepuTOpii, 32 BUHATKOM ITiBAEHHO-3aXiI-
HO1 YaCTUHM, JI¢ 3HAXOAUThCS 3a0ymoBa JaYHOTO Xa-
pakTepy, VIS SIKOi XapakKTepHa BiICYTHICTb 100pe oc-
BiTJIEHUX AepeB HeoOxinHoro Biky. Tak, Hypogymnia
physodes (L.) Nyl. Mmae BUCOKY 4acCTOTy TpaILISTHHS Ha
JlepeBax y COCHOBMX HacamXeHHsX ypouuiia Pokau y
MiBAEHHI YacTUHi HaceJleHOoro MyHKTY. Bua tparis-
€TbCS 1 B COCHOBUX HacaJ>KeHHSIX HeJaleKo BijJl 3aj1i3-
HULIi. ¥ LIEHTpi cea Ha JIUMOBIl ajei Oijis LiepKBU Tpa-
sieTbest Parmelia sulcata Taylor. Miclie3HaxoIKeHHS
LIbOro BUay Oysu 3ahiKCcoBaHi it mooIM3y aBTOMOO1JIb-
HUX J0pir. JIocuTh BUCOKA YaCTOTA TPArUISTHHS JIMIIak -
HUKIiB 3 CEpEAHBOIO YYTIMBICTIO BiAMiueHa B TUX CAMMX
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crapux g0JlyHEBUX cafax, ae OyJo 3HAlAEHO TpU BUAU
JIMIIAMHUKIB 3 BUCOKOIO YYTJIMBICTIO (pUC. 2).

Ipynma TOKCUKOTONEPAHTHUX BUAiIB-iHAUKATOPIB
KUCJIOTHOTO i NujaoBoro 3abpynHeHHs B [ocTome-
JIi BKTIoUa€ yotupu Bunu: Lepraria incana (L.) Ach.,
Phaeophycia orbicularis (Necker) Moberg, Xanthoria
parietina (L.) Beltr. i Lecanora conizaeoides Nyl. ex
Cromb. BoHu npu6JI13HO piBHOMiIpHO PO3MOIiIEHI MO
Bciit Teputopii [ocTomens i, sIK mpaBUIO, TPAIISIIOTh-
csl Ha KOpi JiepeB, BUCAIKEHUX anesiMu, abo B HeBe-
JIMKUX CKBEpax Y3I0BXK aBTOMOOITbHUX T0pir (puc. 3).

Lli BuaM-iHOUKATOPU XapaKTepHi Uil caabKo3a0-
PYIHEHOI Ta cepeaHbo3a0bpyaHeHol 30H (Kondratyuk,
2008). IxHIO MOsIBY B MiCHKMX CKBEpax i BYJIMUHUX
HacaKEHHSIX MOXHA TMOSCHUTU TUM, IO MOOIU3Y
MPOXOASATh aBTOMOOUIBHI noporu. Bukunm Big TpaHc-
MOPTY, 30KpeMa CIOJYKU a30Ty, SIKi € TOKCUYHUMHU
pPEYOBMHAMU, 3YMOBWJIM BiTHOCHO BMCOKY YacTOTy
TparuisiHHSL X. parietina y310BX aBTOMOOUIbHUX Tpac.
OcraHHiil Bua no0pe amanToOBaHUM SIK 10 BUCOKUX,
TaK i HU3bKUX KOHIIEHTpaliil a3oty. Kpim Toro, BiH
MICTUTBh MapieTiH — MIrMeHT, IKUi HeHTpati3ye BilbHI
paavKaiv, 10 YTBOPIOIOTHCS B ClIaHi JUIIAWHUKA TTif
BIJIMBOM Pi3HUX TOKCUKAHTIB. Y He3a0pymaHEeHil 30Hi
TPAIUTSIOThCS TiJIbKY MMOOAUHOKI caHu X. parietina.

AumgodineHuii mummaiHuk Lecanora conizaeoides
OyB BuUsIBJIeHUI Ha miBaHi TocToMens (pailoH ckio3a-
Boay). Ha cdbopmyBaHHSI HECIIPUSITIIMBOI €KOJIOTiYHOL
cUTyallii MoIjla BIUIMHYTH aBTOMOOUIbHA Tpaca, a
TaKOX TIPOMMCJIOBI TMiAMNPUEMCTBA, pO3TalllOBaHi
TyT. CTaH 1nporo paiioHy locTtoMens 3 e€KOJIOTIYHOI
TOYKHU 30py MOXHA OXapaKTepu3yBaTHU SIK BiITHOCHO
HEeCHPUITIUBUIA.

JIviaiHUK-iHAMKATOp TUJIOBOTO  3a0pyAHEHHS
Phaeophycia orbicularis Tpals€eTbCsSl Ha MiJITHKAX,
MPWIENIUX A0 aBTOMOOUIBHUX IOPIr i 3ali3HUYHOI
rinku. Tam OyJ0 3apeecTpoBaHO IOro HamOiiblle
MPOEKTUBHE TOKPUTTA. Lle MOXHa TMOSICHUTU TUM,
1110 TOBITPSA Ha LMX OiISTHKaX 3a0pyaIHeHe TMUJIOM —
MPOAYKTOM 3HOCY aBTOMOOUTbHUX IIWH. Bukua itoro
MPU 3HOCI TPOTEKTOpa IIWHU 3HAYHO TEPEBUIIYE
BUKWJI TBEPAMX YaCTOK 3 BiAMpallbOBAHUMU Ta3aMu
JIBUTYHIB JIETKOBUX aBTOMOOLIiB. Kpim Toro, mim yac
pPyXy aBTOMOOIIS BUKMIAETbCS U a30€CTOBUM MU,
SIKUI € HACJIIKOM 3HOCY (hPUKIIIHHUX HAKJIaJOK,, AUC-
KiB i 34erieHHsI rajbMiBHUX KOJIOAOK. KilbKicTh Tuiay
Pi3HOTO MOXOXKEHHS B MOBITPi HA IUX AUTSTHKAX MPO-
MOPIITHO 301TBIIYETHCS TIPU 30LTBIIICHHI ITOTOKY BaH-
TaXKHUX aBTOMOOIIiB, OCKiJIbKM iHTEHCUBHICTh 3HOCY
MPOTEKTOPA IINH Y HUX BUIIIE.
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YacToTa TpannsHHs

¥ 0o 10%

¥ 10-30%

¥ >30% )& *

% Xanthoria parietina
W< Phaeophyscia orbicularis
% Lepraria incana

+* Lecanora conizaeoides

Puc. 3 PosnoBciomkeHHSI TOKCUKOTOJEPAHTHUX BUIIB-
iHIMKATOPiB KUCJIOTHOrO U TMJIOBOTO 3a0pydHEHHS B
cmT [ocTomenb

Fig. 3. Distribution map of toxitolerant indicator species of
lichens in Gostomel urban settlement

EE
NN

HesabpygHeHa

CnabkosabpynHeHa

CepenHbo3abpyaHeHa

Puc. 4. 3oHu pi3HUX piBHIB 3a0pYIHEHHS TTOBITPST HA OCHOBI
innekca yncroTu nositps Jle bianka u Jle Ciyepa (IAP)

Fig. 4. Zones of different air pollution levels based on
Le Blanc & De Sloover Index of Atmospheric Purity (IAP)
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Lepraria incana — nUUIAWHUK, BJIACTUBUK 151
KHUCAuX cyocTtpaTiB. Haiibinbin kuciaolo € kopa Pinus
sylvestris (Kondratyuk, 2008), 3 s1Koi 3a€0iJbLIOro
CKJIaJal0ThCsl HACaKEHHS y MiBAeHHil yacTuHi Toc-
TOMEJIS.

Ha ocHoBi jaHuX pO3paxyHKy iHIEKCY YMCTOTHU MO~
BiTps Jle bnanka i le Cnysepa (IAP) B TocTromeni Oyau
BUSIBJICHI TPU JIIXCHOIHAUKALIIHYU 30HU, SIKi 3HAYHOIO
MipOI0 KOPENIOIOTh 3 JaHUMU KapTyBaHHS TPYIl BU-
JiB emiiTHUX JTUIIAHUKIB 3 Pi3HUM CTYIEHEM YyT-
JIMBOCTI iX 10 3a0pyAHEHHS aTMOC(EpHOro MoBITPS
(puc. 4).

Cepennbo3abpyaHena 3oHa (IAP = 6,1—15,6) 3uHa-
XOIUTbCS B IiBAEHHO-CXiAHIK 4yacTuHi locTomens.
TyT TpamiioThCd JUITAWHUKW-IHINKATOPU TTHIIO-
BOTO i KUCIIOTHOTO 3a0pynHeHHs — Lepraria incana,
Phaeophycia orbicularis Tomo. EmidiTHUi TTOKpUB B
il YaCTUHI BiIpi3HAETHCS HATMEHIIIOI0 BUAOBOIO Pi3-
HOMAaHITHICTIO, a BUIU, 1110 MalOTh BUCOKY YYTJIUBICTb
o atmocdepHoro 3abpynHeHHs, BiacyTHi. Cepen BU-
JIiB i3 CepelHbOI0 YYTJAMBICTIO 0 3a0pyAHEHHS Tpa-
IIsieThesl Tibku Hypogimnia physodes (L.) Nyl. — Ha
okosnili [ocTroMesnst B COCHOBOMY JIicCi.

CnabkozabpynHeHa 3oHa (IAP = 15,7-25,2) Ha
cxoni TocToMenst mpuypodyeHa 10 aBTOMOOIJIbHOIL Tpa-
cu Ha ¢. [leMuiB i 3a1i3HUYHOI TiJIKK, 110 Beae 0 ae-
ponpomy. Ha 3axoni TocTtomensa poaTamnyBaHHS 1Ii€l
30HAU OOyMOBJIEHE OpOorpadOMiKpOKIiMaTUYIHUMU
yMoBaMU. TyT posraiioBaHa [0JWHA CTPYMKa, i Mpu
BiICYTHOCTi 1OCTaTHbHOI LIMPKYJISILIii TOBITPS IIKiAIUBI
BUKUIW Bill TPAHCIIOPTY Ta TOCITOAAPCHKOI TisIBHOCTI
JIIOAWHU 3aCTOIOIOTHCS, 1110 Oiblll HEraTUBHO BILIM-
Ba€ Ha JIMILIAWHUKY TTOPiBHSIHO 3 TEPUTOPIELO, IKa MA€E
piBHilIM# penbed. ¥ 1iii 30Hi TPAIUISIOTHCS BUIU 3 CE-
PEIHBOIO YYTJIMBICTIO 10 3a0pYAHEHHS, MPOTE BUAU 3
BUCOKOIO YYTJIMBICTIO 10 HbOTO BiJICYTHi.

Hezabpynnena 3oxHa (IAP = 25,3—82,0) Oyma Bu-
sIBJIeHa B IMiBHIYHO-3aXigHill i LEHTpalbHiil YaCTUHI
TocTomensi. XapakTepHOIO PUCOIO LIi€i 30HU € Hali-
Oibllie BUAOBE Pi3HOMAHITTS JMILIARHUKIB-iHAUKATO-
piB gKocTi atMocdepHoro moBiTpsa. Tyt oporpadiuni
YMOBM CIPUSIOTh LUPKYJIALIT MOBITPSI, TOMY BUKUIU
B aTMOoc(epy He CIIPUYMHIOIOTH HACTIIBKU HEraTHB-
HOTO BIUIMBY Ha emibiTHY JixeHodiopy, SK y pasi Bil-
cyTHocTi mpoBiTpioBaHHs. B lTocromeni nepeBaxae
MaJionioBepxoBa 3a0yI0Ba, 1110 J1a€ 3MOTY MOBITPSIHUM
Macam BiJIbHO nepeMilaTrcs i 3adbpyaHeHe aTMocdep-
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He MOBITPsI HE 3aCTOIEThCS. B LieHTpaibHii yacTuHI
TocTomernst po3TalloOBYETHCS JOCUTD BETUKMIA 3eJIeHU
MacuB HacaJXeHb — cTapi M1oaoBi canu. B Hux Bugo-
Be Pi3HOMAHITTS emi(hiTHUX JUILIARHUKIB, YyTIUBUX
IO 3a0pyaIHEHHST aTMOC(EPHOTO TTOBITPSI, IXHS YaCTO-
Ta TparuvIsSTHHS 1 MPOEeKTUBHE MOKPUTTS 3HAYHO BMILI,
HIX B iHIIUX paitoHax [ocTomens.

BunineHi 30HM KOpeJwIOTh i3 30HAMU BUKUIIB
3a0pynHIOI0YNX atMocdepy pedoBUH. OCHOBHUMM
JiKepeJaMy BUKUIIB € aBTOMOOUIbHUM, 3ai3HUYHUIA
TPaHCIIOPT Ta MPOMUCIOBI HiANIPUEMCTBA.

Axiuo nopiBHioBatu TocTtomenbs 3 MaaMMu Micra-
mu Ipminb, byua, bospka KuiBcbkoi 00i., pe3ynbra-
TU KapTyBaHHS SKUX OyJiM OMyOJIiKOBaHI Ha MOYATKY
2016 poky (Shershova, 2016), MOKHa BiA3HAYMTH, 11O,
He3BaXXaroun Ha Te, 110 1Ieil HaceJeHWI IMyHKT 3Hau-
HO MEHIIMIA 3a TUIONIEIO, SIKa CTAHOBMTh 6,4 KB. KM
(rnowa Ipnenst 37 kB. kM, byui 26,57 xB. kM, Bosip-
ku 13 kB. kM), y TocToMesti Oyyio 3HalIEHO CTUTBKU X
IHIMKATOPHMX JTUIIANHMKIB, 5K i B Bosipiti — 14 Bumis,
Ipmini —17 ta Byui — 18.

BucnoBku

Ha ocHoBi aHanizy 3i6paHux gaHux i po3paxyHky IAP
B cMT [ocToMenb Oyi0 BUSIBIEHO TPU JIiX€HOIHAWKA-
LifiHi 30HU, SIKi B 3HAYHill Mipi KOPEJIOIOTh 3 pPe3yJib-
TaTaMU KapTyBaHHS Pi3HUX TPYIl JUIIAHHUKIB-iHAW-
KaTopiB cTaHy aTMochepHoro nosiTps. Jyxe 4yTnusi
JIMIIAMHUKKU 3YCTPIYarOThCs B i30IbOBAaHUX 3€JIEHUX
ocepeakax y He3aOpymHeHilt 30Hi. JInmaitHuKU 3 ce-
PEOHBOIO YYTIUBICTIO B OCHOBHOMY OyJIM 3HaiileHi B
He3a0pyaHeHil i ciabko3adpyaHeHil 3oHax. Buau-
IHOIMKATOPU KMCJIOTHOTO W TMWJIOBOro 3a0pyAHEHHS
OiJIbILI-MEHII PiBHOMIPHO PO3MOAiJIEHI MO TepUTOpii
TocTomens, ane HaiOinblIa iXHS 4YacToTa TpaTIsSH-
Hs 3adikcoBaHa MOOJIM3Y aBTOMOOIIEHUX IOPiT. 30Ha
i3 3a0pyIHEHHSIM CEePEIHBOTO CTYICHS IIPUYpOYCHa B
TocTomeni no posTalllyBaHHSI HAWOiAbLIOrO MiaANpu-
€MCTBa — CKJIO3aBO/Y.

TakuM 4yMHOM, BBaXXa€eMO, 1110 Oijbllia YyacTUHA Te-
puTopii cmT [ocTomennb € He3a0pyIHEHOIO.

ITonsxu

Asmop sucnosaroe 0sunicmo doKmopy 6i0102iUHUX HAYK,
npogecoposi C.A. Kondpamrwky (Incmumym 6omarixu
im. M.I. Xonoonoeo HAH Ykpainu) 3a donomoey npu nio-
eomoegyi cmammi.

Ukr. Bot. J., 2017, 74(2)



CIIMCOK [TOCHJIAHb

Dymytrova L.V. Ukr. Bot. J., 2008a, 65(4): 572—575. [du-
mutpoBa JI.B. JlixeHoiHauKallisi 3a0pyaHEeHHSI aTMOC-
¢epnHoro mositpsa M. Kuepa. Ykp. 6om. xcypu., 2008a,
65(4): 572-575].

Dymytrova L.V. Ukr. Bot. J., 2008b, 65(1): 133—140. [du-
mutpoBa JI.B. JlixeHoiHnuKallisl 3a0pyaHEHHSI aTMOC-
depnoro nositps M. [Monrtasa. Ykp. 6om. ucypu., 2008b,
65(1): 133—140].

Khodosovtsev A.E. In: Konstanty: Almanakh sotsialnykh
doslidzhen, 1995, 2—4: 52—60. [XomocoBues A.E. JIuxe-
HOMHAMKAIIMOHHASI OlLIeHKa CTETNEHM 3arpsi3HEHHOCTU
Bo3ayxa B ropoae XepcoHe. B 30.: Koncmanmu: Anvma-
Hax coyianvrux docnioxncens, 1995, 2—4: 52—60].

Kondratyuk S.Ya., Kucheryavyi V.O., Kramarets V.O.
Ukr. Bot. J., 1991, 48(2): 72—76. [Konuapatiok C.4., Ky-
yepsisuii B.O., Kpamapeup B.O. JlixeHoiHnukauiiiHe
3a0pyaHeHHs MOBiTps1 y M. JIbBOBi. Vkp. 6om. acypH.,
1991, 48(2): 72—76].

Kondratyuk S.Ya., Kucheryavyi V.O., Kramarets V.O.
Ukr. Bot. J., 1993, 50(4): 74—83. [Konapatiok C.A.,
KyuepsiBuii B.O., Kpamapeins B.O. ITopiBHsIbHE JlixXe-
HOIHIMKalliliHe KapTyBaHHSI MicT YkpaiHu. Vkp. 6om.
acypH., 1993, 50(4): 74—83].

Kondratyuk S.Ya. Ukr. Bot. J., 1994, 51(2-3): 148—153.
[Konapatiok C.41. JlixeHoiHnuKalliliHe KapTyBaHHS iH-
JyCTpiaJibHO 3a0pyJqHEHUX pailoHiB Ykpainu. Vkp. bom.
acypr., 1994, 51(2—3): 148—153].

Kondratyuk S.Y., Martynenko V.H. Likhenoindykatsiya,
Kirovohrad: Kod, 2006, 260 pp. [Konmpatiok C.A.,
Maprtunenko B.I. Jlixenoindukayis, Kiposorpanm: Ko,
2006, 260 c.].

Kondratyuk S.Y. Indikatsiya sostoyaniya okruzhayushchey
sredy Ukrainy pri pomoshchi lishaynykov, Kyiv: Naukova
Dumka, 2008, 336 pp. [Konapartiok C.A. [nouxauisn
CMAHy HABKOAUWHbO20 cepedosuuia Ykpainu 3a 0onomo-
eoio aumatinuxie, Kuis: Hayk. mymka, 2008, 336 c.].

Le Blanc E, De Sloover J. Relation between industrializa-
tion and the distribution and growth of epyphytic lichens
and mosses in Montreal. Can. J. Bot. 1970, 8: 1485—1496.

Nekrasenko L.A., Bayrak O.M. Ukr. Bot. J., 2002, 59(3):
278—284. [Hekpacenko JI.A., baiipak O.M. Anani3 Ji-
XeHOIHAMKalilfHOro KapTyBaHHs M. KpemeHuyk. Vip.
oom. xcypu., 2002, 59(3): 278—284].

Shershova N.V. Ukr. Bot. J., 2016, 73(1): 56—60. [I1lepiuo-
Ba H.B. [TommpeHHs 4yTJIMBUX 10 CTaHY aTMOC(EPHOTO
MOBITPs IMIIAWHUKIB B Maux Mictax KuiBcbkoi obac-
Ti . Yip. 6om. xucypn., 2016, 73(1): 56—60].

Shershova N.V. In: FEkolohichna bezpeka derzhavy: tezy
dopovidey IX  Vseukrainskoi  naukovo-praktychnoi
konferentsii  molodykh uchenykh i studentiv (State
Environmental Safety: abstracts of IX Ukr. Sci. and
Pract. Conf. of Young Scientists and Students), Kyiv, Vyd-
vo National Aviation Univ., 2016, pp. 143—144. [Illep-
woBa H.B. JlixeHoinaukalist craHy aTMOC(epHOro mno-
BITpsI B MajJuX HacejJeHUX MyHKTax KuiBcbkoi o0iacTi
(Ha mpukiani cMt Toctomens). B 36.: Ekxonoeiuna 6e3-
nexa depxucasu: X Bceykp. HayK.-npakm. KOH@. M0A00UX

yuenux i cmyoenmie: mesu don. (Kuie, 21 keimus 2016 p.),
Kwuis: Bun-so Ha. asiaw. yH-1y, 2016, c. 143—144].

YKp. 60T. XypH., 2017, 74(2)

Zelenko S.D. Ukr. Bot. J., 1999, 56(1): 64—67. [3eneH-
ko C.J. JlixeHoiHaukaliiiHa oliHKa 3a0pyIHEHOCTI
noBitpst M. YepHirosa. Ykp. 6om. xcypu., 1999, 56(1):
64—67].

PexomMennye 1o npyky
0.€. XomocoBlieB

Hapiitna 15.02.2017

LlepmioBa H.B. JlixeHoinaukauisi crany arMmocgepHoro
noBitps y cmt Focromenn KuiBebkoi o6macri. Ykp. 60T.
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JlocnmimKeHi MOLIUPEeHHS Ta YacTOTa TPATLISTHHST Pi3HUX TPYIT
enihiTHUX BUIIB JUIIAHHUKIB-iHAMKATOPiB CTaHy aTMOC-
(epHOro MoBiTpsi B MaJloMy HacesjieHOMY MyHKTi KuiBcbkoi
obacti — ceuii MicbKoro Tury [octoMmens. CKiraaeHi Kap-
TU MTOLLIMPEHHS iIHAMKATOPHUX BUiB IMILIaiiHUKIB. Ha ocHO-
Bi JaHUX pO3paxyHKY iHAeKCY yucToTH nosiTps Jle bianka u
Jle Cnysepa (IAP) B Tocromeni BUsSIBIEHI TpHU JIiXeHOIHIM-
KalliliHi 30HM, sIKi 3HAYHO KOPEJIOIOTh 3 JAaHUMU KapTyBaH-
Hs1 — He3a0py/nHeHa, c1abKo- i cepeHb03a0pyaHeHa 30HU.
JlaHi 1ociKeHHS MOKa3yIoTh, 1110 CTaH aTMOC(EPHOTOo Mo~
BiTps B [ocTOMENI B 1iJIOMY CIPUSITIIMBUIA, 11O TTOSICHIOETHCS
MOPiBHSIHO HEBEJIMKOIO KUIbKICTIO MOTEHLIIMHUX JIXKepes 3a-
OpyInHeHHs (y Meply Yepry, 1ie aBTOMOOLTbHUM i 3a/1i3HUY -
HMI TPaHCIIOPT, a TAKOX HaMOUIbIIE TPOMUCIIOBE TiIITPU-
€MCTBO — CKJIO3aBOJI) i HAsSIBHICTIO BEJMKMUX i30JIbOBAHUX
3eJICHUX 30H, TIApKiB Ta CKBEPIB.

KuiouoBi ciioBa: iumaiiHUKM, eniditu, JixeHOIHAMKALIis,
KapTyBaHHsI, YMCTOTA MOBITPsI, aTMOC(hepHE 3a0pyIHEHHSI,
SIKiCTh aTMOcGhepHoro noBitps, [ocromenb, KuiBcbka
obJiacTb

LepuioBa H.B. JluxeHounaukauus cocTosiHus
armocgepHoro Bo3ayxa B it [ocromens KueBckoii o01acTu.
YKp. 60T. XypH., 2017, 74(2): 148—153.

HWuctutyt 60otanuku uMm. H.I. Xonognoro HAH YkpauHbl
yi. TepemenkoBckas, 2, Kues 01004, Ykpauna

HccnenoBaHbl pacrpocTpaHeHWE M 4acTOTa BCTPEUYaeMOCTH
Pa3HBIX TPyHIl 3MUMUTHBIX BUAOB JIMIIAHHUKOB-UHINKA-
TOPOB COCTOSIHMSI aTMOC(hEpHOro BO3AyXa B MaJOM Hace-
JieHHOM nyHKTe KueBckoii 0061acTi — Mmoceike ropoacko-
ro tumna [ocromens. CocTaBiaeHbI KapThl pacIpoOCTPpaHEHUS
WHIMKATOPHBIX BUIOB JIMIIAHUKOB. Ha oCHOBe MaHHBIX
pacuera uHaeKca YucToThl Bo3ayxa Jle bianka u Jle Ciyse-
pa (IAP) B ToctoMenie BbISIBI€HBI TPU JIMXEHOUHIUKALIMOH -
HbI€ 30HbI, KOTOPBIC 3HAUUTEIbHO KOPPEIUPYIOT C JAHHBIMU
KapTUPOBaHUs — He3arpsi3HeHHas!, ¢J1abo- U cpelHe3arps3-
HeHHasl 30HbI. [laHHbIe HCCIeI0BaHUST TTIOKA3bIBAIOT, YTO CO-
crostHUe aTMochepHOoro Bo3ayxa B [octoMesie B 1ie10M O1a-
TOMPUSITHOE, YTO OOBSICHSETCSI CPAaBHUTEIHHO HEOOJBIINM
KOJIMYECTBOM TTOTEHIUIMAJIBHBIX MCTOUHUKOB 3arpsS3HEHUS
(B MIEPBYIO OYEPEIb, ITO ABTOMOOUJIbHBIN 1 XKEJE3HOTOPOXK-
HbII TPAHCIOPT, a TakKXKe caMoe KPYIMHOE MPOMBIILIEHHOE
MPEANPUSATAE — CTEKJI03aBO/) U HATUIMEM OOJIBIINX U30JIH -
POBaHHBIX 3¢JICHBIX 30H, ITAPKOB U CKBEPOB.

Kimouesbie clioBa: SIMUTHI, TUXCHOWHINKALINS,
KapTUPOBaHUE, aTMOC(HEPHOE 3arpsi3HEHNE, KAYECTBO
arMmocdepHoro Bo3nyxa, [ocromenn, KueBckast 061acThb
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ExkoJjoriuna cTpyKkTypa enmireifHuX CMHY3iii MOXONOXIOHUX HA MOPOJIHUX
BiaBasax YepBOHOrpaaChbKOro ripHM4ONpPOMHCIOBOTO PaiiOHy
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Karpinets L.I., Lobachevska O.V., Sokhanchak R.R. Ecological structure of epigeic synusiae of mosses on rock dumps of
Chervonograd industrial mining region. Ukr. Bot. J. 2017, 74(2): 154—162.

Institute of Ecology of the Carpathians, National Academy of Sciences of Ukraine
11, Stefanyk Str., Lviv 79000, Ukraine

Abstract. Stable bryophyte communities on rock dumps of the Chervonograd mining area were investigated; their rank as epigeic
briosynusiae was specified. Structure and composition of the moss cover of the region were analysed. Floristic composition,
projective coverage and life forms of bryophytes, features of ecological and coenotic differentiation of the bryoflora were defined.
It was established that in biomorphic structure of mosses, species with growth forms of turfs and mats predominate, while
among ecomorphs, dominating are heliophytes, mezophytes and xeromezophytes as well as epigeic ones. Results of geographic
analysis indicate that the studied bryoflora is boreal (13 species, 65%). A noticeable proportion of boreal moss species and wide
distribution of cosmopolitans, compared to zonal vegetation, resulted from the high level of anthropogenic transformation of

the coal mining area.

Keywords: rock dumps, bryosynusiae, biomorphes, ecological structure, geographical elements

Beryn

AKTHMBHa aHTPOINIOTeHHa [JisUIbHICTb, 30KpeMa BHU-
IOOYBaHHS KOPMCHHMX KOIAJIWH, HETaTUBHO BIUIM-
Ba€E Ha HaBKOJIMIIHE CepeJoBHIlle, TpaHCHOPMYIO-
YA CTPYKTYPHi KOMIIOHEHTH €KOCHCTEM, IIOPYIIYE
ixHi TpoiuHi 3B'13KM, (YHKIIIOHAJIBHY 30aTHICTH Ta
eHepreTMyHui oOMiH. BaxJiIMBMM acrieKToM BiTajiza-
111 1eBaCTOBAaHUX TEPUTOPIil € IXHS 3MATHICTh O ca-
MOBIJHOBJIEHHSI, B SIKOMY BakKJIMBY POJIb BilirparoTh
Opioditu (MoxornofioHi). [1posBisitoun 3HAYHY TOJIEe-
PaHTHICTb IO €KCTpeMaJbHUX YMOB 3MiHEHOIO cepe-
JIOBHILIA, BOHU YTBOPIOIOThb CTiliKi OHO- 4M Oararto-
BUJIOBi 3apOCTaHHS Ta CYTTEBO BIUIMBAIOTh Ha CTPYK-
Typy ¥ TONAIbIINI PO3BUTOK POCIMHHOTO ITOKPUBY.
Creuugivni XiMiuyHi i bi3uyHi BIacTUBOCTI enado-
TOIIiB Ta HETUITOBUIA MiKpPOKJIiMaT MOPOJHUX BigBaliB
YepBOHOrpanCchbKOro ripHUYO-TTPOMUCIOBOTO PalioHY
(YT'TIP) € BaxMBUMU YMHHMKAMU, SIKi BU3HAYAIOTh
TaKCOHOMIUHY CTPYKTYpy Opiodiopu Ta 0cOOJIMBOCTI
¢dopMyBaHHSI MOXOBUX yTPYIIOBaHb.

HociimKkeHHs eKOJIOriyHOi Ta reorpadidyHoi CTpyK-
TYp MOXOIOIIOHUX AAl0Th 3MOTY OLIIHUTU crielu@iKy
BILIMBY MiHJIMBUX €KOJIOTIYHUX YMOB TpaHC(HopMoBa-
HOTO CepeIoBUIIla Ta BCTAHOBUTH MOXOMKEHHS i1 eTa-
M po3BUTKY MoxoBoro nokpusy (Hapon, 2012).
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ToMy MeTa HAIIOTO OOCITIIKCHHS — BCTAHOBUTU
(opUcTUYHUI CKJIaf YrpynoBaHb, MpoaHasi3yBa-
T CUHY3iaJIbHY CTPYKTYPY MOXOMOMIOHUX 3aJIesKHO
Bil. MPOEKTUBHOIO MOKPUTTS BUJIIB B YrpyrnoBaHHI,
BCTAaHOBUTHU PO3MOJiJI 3a €BOJIIOLITHO-reorpadiuHm-
MU eJIeMEHTaMM, CITiBBiIHOIIEHHIM O6ioMop@d Ta eKo-
Mopd Ha TepuTopii noponHux Binsanis YT TIP.

Marepianu Ta MeTOAM

Yrpomnosx 2009—2016 pp. 06'eKTOM IOCTIIKEHb OYI1
OpiodiTHI yrpymoBaHHS, IO cdopMyBalIvcs Ha pe-
KyJIETUBOBAaHOMY BiBaJi (yHAC/iJOK HAHECEHHS 11apy
IpyHTOCYMIiIi) mitouoi maxtu "Hamist", He3apociomy
11 4aCTKOBO peKy/abTHUBOBaHOMY LIeHTpaibHOI 30ara-
gyBasibHOI (padbpuku (1I3D) "YepBoHorpamceka" Ta
MIPUPOIHO 3apOCIOMY BimBaji Hemitouoi maxtu "Bi-
3eiicbka”.

Criliki MOXOBi YTpYIOBaHHSI PO3IJISIIAIM Y paH3i
OpiocHHY3ii1, SIKi MOXYTh OYTH SIK CAMOCTIHHUMU BU-
IiJaMM, TaK i HeBiI'€MHUMH KOMITOHEHTaMU (y paH3i
CMHY3ii1) acouiauiii cynuHHux pociauH (Hapon, 2010,
2013). Ixui Ha3BM KoOHCTaTyBaiu 3a JOMiHAHTHOIO
KJacuikalliero Ta XUTTEBUMU (popMaMU AiarHOCTUY-
HuX BuUmiB MoxoromioHux (Boyko, 1978; Ulychna,
1980; Hapon, 2011; Khodosovtsev et al., 2015), Buko-
pucroByroun kinacudikamito K. iminraitma i E. Po-
o6eprcona (Gimingham, Robertson, 1950), Moaudiko-
BaHy K. Mernedpay (Magdefrau, 1982), I1. Piuapacom

Ukr. Bot. J., 2017, 74(2)
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(Richards, 1984) ta momosHeny M. I'naitm (Glime,
2006).

JocnimkeHHsT CUHY3iaJlbHOI CTPYKTYpU MOXOBO-
ro MOKPUBY 3IilicHIOBaIM BIpomosx 2015—2016 pp.
MapuUIpyTHO-TIOTLOBUM MeTogoM. Ha mniBHiYHOMY
CXWIi yCiX MOPOAHUX BiBATIB y Pi3HUX MOJIOKEHHSIX
(BepiinHa, Tepaca, IMiTHIXCOKS) OyJI0 3aKJageHO [0-
cimHi TpaHcekTH po3mipom 10 X 10 M, Ha SKUX AJIs
onucy OpioiTHUX CUHY3il BUAIISIN MPOOHi TiISTHKI
IUTOIIEI0 BChOTO MOCIIIKYBAaHOTO OpioiTHOTO yrpy-
noBaHHs1. KoopauHaTH OCTaHHBOTO BCTAHOBJIOBAIU
B HeHTpi 3a ponomoroio GPS-nasiratopa "eTrex". B
onuci OpiocuHy3ii 3a3Havau ii IJIOIILY, ITOJ0XEHHS Ha
BinBasi, BUAOBUI CKJIa MOXOMOMIOHUX BUIIB yIpyMHo-
BaHHS, npoekTuBHe MOKpUTTS (I1I1) KoxXHOTO BUAY,
Bu3HaueHe MoaudikoBanum merogom H. KopHeBoi
(Ulychna et al., 1989) y mexxax ainissHKU, (GOpMY POCTY
MoXiB Ta ixHi ekoopmu (Hapon, 2011; Khodosovtsev
etal., 2015).

Knacugikauis Ta HOMeEHKIaTypa BHAIB MOXiB
(Bryophyta) momana 3a M. Tinmom 3i cniBaBTOpamMu
(Hill et al., 2006), meuinHouHuKiB (Marchantiophyta) —
3a P. Ipomem i /1. Jlonrom (Grolle, Long, 2000) Ta
b. Kpannan-Crotiep i P. Crotnepom (Crandal-Stotler,
Stotler, 2000). JI;1s1 TaAKCOHOMITHOTO aHai3y OpiodiTiB
BUKopucToBYBasM cucteMy b. Todinera 3i ciBaBTO-
pamu (Goffinet et al., 2009).

AHaJli3 eKoJIOTiyHOI Ta reorpadiyHoi CTpyK-
Typ Opiodiopu 3aificHioBasn 3a [.D. PUKOBCHKUM,
O.M. Macnoscekum, M.®D. boiikom (Rykovskiy,
Maslovskiy, 2004, 2009; Boyko, 2010). B yrpynmoBaHHsIX
PO3MOIiI BUIiB 32 BiTHOILLIEHHSIM 10 OCBIiTJIEHHSI BCTa-
HosmoBanu 3a X. Enenoeprom ta P. 1onom (Elenberg,
Dull, 1992), iHTeHCUBHICTH OCBITIICHHSI B MiCIIe3-
POCTaHHSIX MOXiB BUMiproBaiM Jitokecmerpom HO-116.
MikpoxiiMaTnaHi Ta egadiyHi yMOBM Ha TTOPYIIEHUX
TEPUTOPISX BU3HAYAIU Y JIMITHI 3a 3arajJbHOIPUIHS-
TUMM METOIMKAMM: TeMIlepatypy — 3a €.B. ApuHyi-
kiHotwo (Arynushkyna, 1970), BmicT Bosioru y cybcrpa-
Ti — 3a C.M. Ilonpuunoto (Polchyna, 1991); y mexax
MOCTIIXXYBAaHUX AUISHOK y TPbOX MiCUSIX BimOupanu
3pa3Ky CyOCTpaTiB MiJ MOXOM, 3MilllyBaJIu iX Ta (pop-
MyBaJIA CEPETHIO TTPOOY.

PesynabraTt  mocigkeHb
tuctrano (Lakin, 1990).

OIpallbOBYBAJIM  CTa-

Pe3yasraTi Ta 00roBOpEeHHS

MoxonomiOHi 9K HeBimZ'€eMHa CKJIamzoBa Ha3eMHOIO
sipycy 6aratboX (hiTOLEHO3iB OMHUMU 3 MEPIIUX 3ace-
JIVJIV TIOPOJHI BiABaJiM BYTiUIBHUX IIAXT Ta cHOpMY-

YKp. 60T. XypH., 2017, 74(2)

BaJld IMOAEKYIM Maiike CYLiJIbHI AUISSHKM MOXOBOTO
ITOKPUBY, 00'€THAHI OMHOPITHICTIO CYOCTpaTy Ta TOMO-
TeHHICTIO €KOTOITHMX YMOB.

Ha mouaTkoBuMX cTamisix 3acejieHHsS Ha TOPOIHUX
BimBajax OOMiHYBaB IiOHEPHMI emireiHUin BuUm —
Ceratodon purpureus (Hedw.) Brid. ITi3Hilie TexHoreH-
Hi cyOCTpaTH 3aceIsiiv i iHII BUAU-TTOCEIEHII 3 T10-
NIOHUMHU €KOJIOTIYHMMU MOTpedaMu, MepeBaXHO eMi-
reitdi moxu — Polytrichum juniperinum Hedw., Bryum
argenteum Hedw., Dicranella varia (Hedw.) Schimp.,
Pohlia nutans (Hedw.) Lindb. Ta dakyabTaTUBHUIA emi-
it — Polytrichum piliferum (Hedw.) (Kuzyarin, 2013).
Ha BinBanax BoHUu cchopMyBaid MOHO- Ta MaJIOBUIOBI
YTPYIIOBaHHSI.

B ymMOBax po3BMHEHOTO IEPEBHOTO SIPYCY 3'SIBIISUTUCS
enireitHi Buau oOpiodiTiB, sIKi 3ae0iabIIOrO € 6araTo-
piuanMmu craepamu: Brachythecium salebrosum (Hoffm.
ex E. Weber & D. Mohr) Schimp., B. albicans (Hedw.)
Schimp., Brachytheciastrum velutinum (Hedw.) Ignatov
& Huttunen Toto. IXHs MpuUCyTHICTb B yrpynoBaHHSIX
XapaKTepHa IUISI Tepacu PeKYyJIbTMBOBAHOTO BimBay
maxty "Hamig" Ta Tepacy il MIHIKKS caM03apociaoro
BimBany maxtu "Biseiicbka" 3 Maiike chopmMoBaHUM
POCIMHHUM MOKPHUBOM Ta BiTHOCHO CTa0iJIbHUM BO/I-
HO-TEPMIYHUM pexXumMoM. JlociiaKyBaHi BiaBaau Bil-
PI3HSIIOTBCS MiXX COOO0IO SIK 3a BiKOM, TaK i CTyIeHeM
peKyIbTUBAlLlil 1 3apOoCTaHHSI.

[ns natimonommioro Bimsany L3® xapakrepHU-
MM € BIIKPUTICTb €KCIO3WIiii, 3HAaYHa BHMCOTa Ta
HaaMipHa coHsiuHa paniauis. IlepeBaxkaHHSI TEMHOI
IIEOHUCTOI MOPOAU, IO JOCUThH JIETKO IPOITYCKa€E
BOJY, NMPU3BOAUTH N0 AeillUTy BOJOTU Yy cyOcTpaTi
Ta IIBMIKOIO Horo HarpiBaHHs. OZHUM i3 HeraTuB-
HUX JiMiTaliifHUX YMHHMKIB Ha BifBaJli, SKUI CyTTEBO
BIUIMBA€E Ha MOIIMPEHHSI POCIMHHOCTI, € BUCOKA KH-
ciotHicth cyocerpary (pH 3,6—4,3) (Karpinets et al.,
2014). Taki eKOTONU 3aCeJWJIN CTiiKi BUAU-IHLIEPTO-
¢inu, gxi nmpenacTaBiasaoTh Me30hiTHY (Pohlia nutans)
Ta kKcepomesoditHy (Ceratodon purpureus, Polytrichum
piliferum) rpynu. Ha 30imHeHMX Ha TTOXXUBHI pEYOBUHU
cyOcTpaTax MepeBaXxarTh MPEACTABHUKU OJIrOoTpod-
Hoi (Polytrichum piliferum) Ta onirome30TpodHOI Irpyn
(Ceratodon purpureus ta Pohlia nutans).

Ha BigBani maxtu "Hanis" Big3zHaueHo HaiiOijblie
Pi3HOMAHITTS €KOJIOTIYHUX TPyl MOXOMOAIOHMX, IO
MOB'SI3aHO 3 Pi3HMM Y Yaci BiACUITAHHSIM TMOPOIU i,
BIiATIOBIAHO, JOCUTb FreTEPOTeHHUMU YMOBAMMU MiCIIE3-
pocCTaHb — Bil KCepoMOP(MHUX Ta OCBITJIEHUX (Tepaca)
IO TIEPE3BOJIOKEHMX i 3HAYHO 3aTiHEHUX (BEPIIUHU).
IMoBipHO, Ha TOLIKMPEHHS MOXOIOAIOHUX BILIMBAIA
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MpoBeeHa Ha BiJiBaJli peKyJbTUBallisl (TeXHiyHa Ta 6io-
JIoriyHa), pparMeHTOBaHICTh IEPEBHOTO Ta TPaB'sSTHOTO
SIpYCiB, @ TAKOX aKTUBHE CaMO3apOCTaHHS B MiTHIKKI
BinBasty. B mociimKyBaHUX yrpylnoBaHHSIX BiiBalIy 10-
MiHYIOTh KcepoMe3oditu — Brachythecium albicans,
Bryum caespiticium Hedw., B. argenteum, Ceratodon
purpureus, Polytrichum piliferum, Campylopus introflexus
(Hedw.) Brid., mesoditu — Sciurohypnum starkei
(Brid.) Ignatov & Huttunen., Polytrichastrum formosum
(Hedw.) G.L. Sm., Brachythecium glareosum (Bruch
ex Spruce) Schimp., Rhynchostegium murale (Hedw.)
Schimp., rirpoditu — Aulacomnium palustre (Hedw.)
Schwagr., Bryum pseudotriquetrum (Hedw.) Gaertn. Ta
Me3orirpodit — Sphagnum girgensohnii Russow. 3a Biz-
HOILIEHHSIM A0 XiMi3My cyOcTpaTy MOMiHYIOUYy IO3U-
1ito 3aiiMaroTh iHueprodinu — Polytrichum piliferum,
Aulacomnium palustre, Ceratodon purpureus, Bryum
argenteum, Sciurohypnum starkei, Rhynchostegium
murale. Tpyrty anumodisniB pernpe3eHTyIOTh TpU BUAN
MOXOMOAIOHUX — Sphagnum girgensohnii, Campylopus
introflexus, Polytrichastrum  formosum. JOCTimIXy-
BaHi YrpyrnoBaHHS MPEACTaBISIOTh  KajbLediau
(Brachythecium glareosum, Bryum pseudotriquetrum),
ranodin (Brachythecium albicans) Ta iHnIUdEepeHTHUI
BUI — Bryum caespiticium.

3a TpodHICTIO B yTpyMOBaHHSIX MepeBaXKatOTh Me30-
Tpodu (Aulacomnium palustre, Sphagnum girgensohnii,
Rhynchostegium murale, Polytrichastrum formosum) ta
oniromezorpodu (Campylopus introflexus, Ceratodon
purpureus, Brachythecium albicans, Bryum argenteum).
MeHIy 4acTKy CTaHOBJSATH Me30€BTpocbu — Bryum
caespiticium, Brachythecium glareosum, Sciurohypnum
starkei, eBTpod — Bryum pseudotriquetrum Ta oOJiro-
tpod — Polytrichum piliferum.

Binsan nHenirouoi maxtu "Biseiicbka" € HalinaBHi-
IIMM cepell iHIIMX JOCTiIXyBaHUX BiIBajiB, BilCU-
MMaHHs TOPOAM Ha SIKOMy 3aBepiieHe B 70-X pokax
MUHYJIOTo cTopiuus. BigzHaueHO 3pocTaHHS 3iMKHe-
HOCTi POCJIMHHOTO TIOKPWBY Ha TTIOPOIHOMY BinBaji B
HaIpsSIMKY Bil BepIIMHU 10 mimHixcks. Cepen BUIIO-
BOTO Pi3HOMAHITTS JOCTIIXKYBaHUX YTPYIIOBaHb Hali-
OiJTbllIa KiJIbKiCTh MOXiB MPECTABIISE TPYIy Me30(]iTiB
3 TIOMipHOIO MOTPe0oI0 y 3BooXeHHi (Brachythecium
glareosum, B. salebrosum, Cirriphyllum crassinervium
(Taylor) Loeske & M. Fleisch., Brachytheciastrum
velutinum, Amblystegium serpens, Pohlia nutans) i
JIAIIIe IBAa BUIM MOXIB HajieXaTb 10 Kcepomesodi-
TiB — Ceratodon purpureus ta Polytrichum juniperinum.
VY OpioyrpynoBaHHSIX BigBajly BCTaHOBJIEHO JIHMIILIE
oauH Mesorirpodit — Cephalozia bicuspidata. 3a Bin-
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HOILLEHHSM A0 XiMi3My cyOcTpaTy HaWOiIbIILy IpyITy
CTaHOBJIATH iHUepTOGiINU — Pohlia nutans, Polytrichum
Jjuniperinum, Ceratodon  purpureus, Amblystegium
serpens, Cirriphyllum crassinervium, Brachythecium
salebrosum, Brachytheciastrum velutinum, Cephalozia
bicuspidata. 1 nuwme onvH Brachythecium glareosum
MpeACTaBsIe Ipyny KajabliedisliB. 3a TpodHICTIO BU-
SIBJIEHO OTHAKOBI 32 YMCEJBHICTIO TPy Me30TpodiB
(Brachythecium salebrosum, Cirriphyllum crassinervium,
Brachytheciastrum velutinum), onirome3otpodis (Pohlia
nutans, Ceratodon purpureus, Polytrichum juniperinum)
Ta Me30eBTpODiB (Amblystegium serpens, Brachythecium
glareosum, Cephalozia bicuspidata).

Ha Bepmmnax Bigsanis LI3® Ta maxtu "Bizeiicpka”
TIPUCYTHICTh TTOOAMHOKUX €K3eMIUISIPIB  JIEPeBHUX
POCJIMH Ta PO3MillleHHSI yTPYIIOBaHHS Ha JIEIII0 3aTiHe-
HOMY Kpalo epo3iifHOTO 0J100a CIIPUSUIN 3MEHIIIEHHIO
IHTEHCUBHOCTI COHSTYHOTO CBIiTJIA, BiIIOBIIHO, i MEH-
1Iiii BTpaTi BOJOTU Yy TexHO3eMi. bpiocuHysii Ha BuU-
3HAUEHMX TpaHCEeKTaX MpeAcTaBjieHi 31e0ibIIOro Ta-
KuMU Bunamu, ik Ceratodon purpureus, Pohlia nutans,
Polytrichum piliferum ta P. juniperinum.

3HauyHA MIiHJIMBICTb E€KOJOTIYHMX YMOB Ha CaMo-
3apoctiii BepinmHi BimBamy mraxtu "Hamisg" ictoTHO
BIUIMHYJIAa Ha Pi3HOMAHITHICTh BUAOBOTO CKJIaay MO-
xonofioHux. IIpornHaHHS MOBEpPXHi CyOCTpaty Ta
MIPUCYTHICTh IEPEBHOTO SIPYCY MPU3BEIIH IO YaCTKOBO-
TO 3aTiHEHHS 1 3HAYHOTO MEePE3BOJIOKEHHST B OKPEMUX
MiCIISIX, 1110 CTaJIO TIePEeAyMOBOIO IJIsI 3aCEJICHHS BUiB
Sphagnum girgensohnii Ta Aulacomnium palustre, ki 3a
nmoTpedamMu BOAHOTO PEXMMY CYTTEBO BilIpi3HSAIOTHCS
BiJl GUIBIIOCTI MOXOTIONIOHUX, MPUYPOUYECHUX 10 KCe-
poMopdHUX YMOB JOCHiIKyBaHoro Bimany. Ha Bim-
KPUTHUX COHSYHMX HiITHKAX BEPIIMHU IIePEBaKarOTh
anBeHTUBHUI BUn Campylopus introflexus i Ceratodon
purpureus.

Ha mocnimKyBaHUX TpaHCEKTax BEPIIUH MTOPOIHUX
BiBaJ1iB BU3HAYEHO TaKi JOMiHAHTHI MOXOBi CUHY3Ii, Y
SIKMX BiATTOBiIHI BUAU OJHOYACHO € AiarHOCTUYHUMM.

IIinsnonepaunna cunysisi Ceratodon purpureus — syn.

Cunmopdodorisi. DropuUCTUUHUN CKIaa CUHY-
3ii mpencrasnstiots Ceratodon purpureus (ITIT 27%) Ta
Pohlia nutans (I1T1 5%). 3aranbHe TPOEKTUBHE TIO-
kputts (3I1IT) moxiB — 32%. Ilnoiia ninsitHku cra-
HoButh 0,3 M? KOOpAMHATH MiCLIE3HAXOMKEHHS —
N 50°18'99"; E 024°13'55".

Micune3HaxomxkeHHd.  YIpyHoBaHHSI  po3Millle-
He Ha BepmmHi BinBany LI3® (JIpBiBchbka 001., Co-
KaJbChKUil p-H, cMT Cinep).

Ukr. Bot. J., 2017, 74(2)



InueprodinbHe, KcepomedodiTHe Ta Me3odiTHE
(BoJioricth cybcTpaty 2,3%) reniodiTHe yrpyrnoBaH-
Hs (iHcosuisg 65,0—78,0 Tuc. 1K), siKe po3MillieHe Ha
noxunit dopmi penvedy nin Betula pendula Roth. Ta
Pinus sylvestris L.

IIyxkonmepuunna MoHOBUIOBA cuny3is Polytrichum
piliferum — syn.

Cunmopdoorias. DIOpUCTUIHUI CKIAA CHUHY3ii
npeacrasisie Polytrichum piliferum (IT11 83,0%. Inoiia
IiISIHKY cTaHOBUTH 3,75 M2; N 50°18'94"; E 024°13'55".

CunekoJoria. IaueprodinpHe, KcepoMe3odiTHe,
reixiodiTHe yrpynoBaHHs, 1110 ¢()OPMYBAIOCS B3TOBXK
Kparo ko0yio0a, yTBOPEHOro BHACIAOK JiHIHUX epo-
3ifHUX TIpOLIeCiB. [HTEHCUBHICTh OCBITJACHHS MiJISTHKI
cTaHoBUTH 83,5—90,5 Tuc. JIK, BOJOTICTh CyOCTpaTy —
1,0%.

Micne3naxomkenna. Bepmmua BimBamy 3D
(JIsBiBcbKa 00:1., CokanbehKuii p-H, cMT COCHiBKa).

IlineHonepuunna cunysis Campylopus introflexus—
Ceratodon purpureus — syn.

Cunmopdodioriss. DIOPUCTUYHUIN CKIIAA CHHY3il
npeacrasnenuii Campylopus introflexus (ITI1 70%) i
Ceratodon purpureus (I1I1 30%). 3I1I1 moxiB — 100%.
ILroma minsHku craHoButh 4,5 Mm% N 50°17'79";
E 024°16'27".

CunekoJorisa. Kcepomesoditae, remioditHe yrpy-
MOBaHHSI, 1110 BUSIBJIEHE Ha TaJISIBUHI 01151 TOOIMHOKUX
nepeB Robinia pseudoacacia L., Betula pendula ta Pinus
sylvestris, npeactabiieHe auuaodinom (Campylopus
introflexus) ta iHueptodinom (Ceratodon purpureus).
IHTEHCUBHICTb OCBITJIEHHSI MiCLI€3POCTaHHS YIpyIo-
BaHHsI CTAHOBUTH 86—91 TUC. JIK, BOJIOTICTh CyOCTpa-
Ty — 3%.

Micue3naxomkennsa. Bepiuna BinBany maxtu "Ha-
nist" (JIsBiBcbKa 00:1., Cokanbehkuit p-H, cMT COCHIBKA).

Ilyxkonepuunna cuHy3sia  Polytrichum  piliferum—
Campylopus introflexus — syn.
Cunmopdogoris. DIOpUCTUYHUIT CKIIQA CUHY-

3il mpencrasnenuit Polytrichum piliferum (I1I1 67%) i
Campylopus introflexus (I1I1 33%). 3T1I1 moxiB —100%.
Ilroma mingaaku craHosuts 2,0 Mm% N 50°17'79";
E 024°16"27".

Cunekousoria. KcepomeszoditHe, remioditHe yr-
pynoBaHHsI, c(OpMOBaHe 3a YydyacTio anuaodina
Campylopus introflexus Ta iHueptodina Polytrichum
piliferum B OTOYEHHiI OKpeMHUX EK3eMIUISIPIB IepeB:
Betula pendula, Pinus sylvestris Ta Populus tremula L.
CTyIiHb OCBITJICHHS OUISTHKA CTaHOBUTH 81—90 THmC.
JIK, BOJIOTiCTBh cyocTpaty — 3,4%.
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Micue3naxomkenns. Bepmuna BigBany maxtu "Ha-
nig" (JIeBiBcbKa 0011., CokanbcbKuii p-H, cMT COCHIBKa).

IMyxxkonepunnna cuny3is Polytrichastrum formosum—
Campylopus introflexus — syn.

CunmopdoJoria. DIOpUCTUYHUIT CKITaJ, CUHY-
3ii mpenctaBisioth Polytrichastrum formosum (ITIT
30%), Campylopus infroflexus (ITI1 30%), Aulacomnium
palustre (IT11 10%), Sphagnum girgensohnii (I11 21%),
Rhynchostegium murale (I1T1 9%). Tlnoma miassHKA
craHoBUTh 4,5 M%; N 49°50'19"; E 024°01'56"). 3I1I1
MoxiB — 100%.

Cunekousoria. YrpynoBaHHSI penpe3eHTYIOThb 3e-
Oinbiioro auuaodiabHi Buau (Sphagnum girgensohnii,
Campylopus introflexus, Polytrichastrum formosum). B
yMOBax 3HAYHOIO 3BOJIOXKEHHs cyocrpaty (37,8%)
MpY IHTEHCUBHOCTI OCBITJIEHHS 25—36 TUC. JIK AOCIi-
JIKyBaHy JIJISTHKY 3acessie€, OKpiM BUIIB 3 TTOMipHOIO
moTpedoro y 3BojioxkeHHi (Polytrichastrum formosum,
Rhynchostegium murale), wme3orirpodit Sphagnum
girgensohnii, Tirpodit Aulacomnium palustre, 31e0inb-
1IOro TiHBOBI Ta HAIiBTIHLOBI BWUAM MiJ HaMETOM
Robinia pseudoacacia, Pinus sylvestris Ta Betula pendula.
VrpynoBaHHs chopMyBajliocsl B MiKpONOHUXKEHHi
pelibedy OISt MOHOJIITY 3aIlle4eHOl ITOPOIMN.

Micue3HaxomKeHHsA. YTpYIOBaHHSI poO3MillieHe Ha
BepmuHi BinmBany maxtu "Hamis" (JIbBiBchbka 00II.,
Cokanbchkuit p-H, cMT COCHIBKa).

ILneTuBHA MOHOBUIOBA CHHY3isl Sciurohypnum starkei —
syn.

Cunvopdodorisi. DIOpUCTUYHUN CKIIQA CUHY-
3ii nmpeacrabnenuii Sciurohypnum starkei (I1T1 100%).
Ilronia gingHky  craHoBuTh 3 Mm% N 50017'78";
E 024°16'28".

Cunekosoria. InueprodinbHe, Me3odiTHe, Tremi-
ocliodiTHe yrpyloBaHHS, MiCLIE3POCTaHHSI SIKOTO
TpUypOYEHE /10 3aTiHEHUX YMOB IIPW iHTEHCHUBHOCTI
ocBiTienHsa 30,5—40,5 tuc. nK mig HameToM Robinia
pseudoacacia, Betula pendula ta Pinus sylvestris. Bono-
ricte cyocrpary — 3,6%.

Micne3naxomxkenns. BepimHa Bigsany maxtu "Ha-
nisg" Ha Hacumi mokpuBHOI Topoau (JIbBiBCchbKa 00II.,
CokanbcbKkuii p-H, cMT COCHiBKa).

IMyxxkonepuunna cunysist Polytrichum juniperinum — syn.

Cunmopdodorias. DIOpUCTUYHUI CKIIAA CHHY3Il
npeacTasistiote Polytrichum juniperinum (ITIT 80%),
Ceratodon purpureus (III1 11%), Pohlia nutans (I1I1
9%). 3I1I1 moxiB ctaHoBuTh 100%. Ilioma oinsIHKY —
9 m?%; N 50°18'70"; E 024°13'29".
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Cunekosioria. B yrpynoBaHHi MOXiB Big3Havaau
rpynu iHueptodisiB Ta oJjirome3oTpodiB, sKi Te-
peBaXaloThb B OCBiTIIeHMX Miclsix. OKpiM Me3ogita
Pohlia nutans xcepome3odiTHy rpyry MOpencTaBiisi-
101b Polytrichum juniperinum ta Ceratodon purpureus B
OTOYEHHI MOOAUHOKUX epeB Betula pendula ta Pinus
sylvestris. |HTEHCHUBHICTb OCBITJIEHHSI YrpyIOBaH-
HSI CTAaHOBUTH 89—96 THC. JIK, BOJIOIICTh CyOCcTpary —
2,5%.

Micune3naxomxkenHsa. BepiimHa BigBajly Iaxtu
"Bizeiicbka" (JIbBiBchbka 001., COKadbCbKUiI p-H,
cmrt Cinenp).

Ha Tepacax BigsaniB LI3® Ta maxtu "Hamis", mis
SIKMX XapaKTepPHUM € BiIKPUTICTh €KCIO3ULIill Ta 3HAU-
Ha COHSITYHA pajiallisi, B eKCTpeMaJlbHUX KCepoMopd-
HUX YMOBAaXx eMireitHi cuHy3ii 31e0iJIbII0ro MpeacTaB-
JieHi criikumu Buaamu Ceratodon purpureus i Bryum
argenteum. Cepel TpaB'STHOTO SIpyCy Tepacu BimaBaiy
maxtu "Hanig" 3a yMOB oNTMMaJIbHOTO BOTHOTO pe-
KUMY  3'SIBISIIOTBCSI  YIPYIOBaHHS, $Ki (OPMYIOTh
Brachythecium glareosum i B. albicans. Tlepmmii BUI
MOXY € AiarHOCTMYHMUM Y OpiOoCHHY3ii, BCTAHOBJEHi
Ha Tepaci BigBaiy maxtu "Biseiicbka", ITyXKe IIeTUBO
STKOTO ITiJ HAMETOM JIEPEB YTBOPUJIO MaliKe CYLiITbHUIA
ITOKPUB.

Ha Tepacax BigBaiiB BYTiJIbHUX IIAXT BCTAHOBJIEHO
TaKi JOMiHAHTHI MOXOBI CUHY3ii.

Ilinbnonepuunna MoHoBunoBa cuHysiss Ceratodon
purpureus — syn.

Cunmvopdodorisi. DIOpUCTUUHUN CKIIAA CUHY3il
npenctasineunit  Ceratodon purpureus (I 65%).
ITnoma mingHkn craHoButh 1,5 M2, N 50°17'86";
E 024°16'12".

Cunekosoria. [HueprodinbHe, Kcepome3odiTHe
(Bostoricthb cyoctpary 0,6%), remioditHe yrpyrnoBaH-
Hs, ske chopmyBagocs Ha I00pe OcCBiTIeHil (95—
100 Ttuc. 1K) mockiit gopMi peabedy. BoHo mexye 3
MOOJIMHOKUMM €K3eMIUISIpaMU caMOCiBy AepeB: Betula
pendula, Pinus sylvestris, Quercus robur L., xym1iB: Rubus
caesius L. i TpaB: Calamagrostis epigeios (L.) Roth., Poa
angustifolia L., Juncus effusus L.

Micue3HaxomKeHHs.  YTpYyMoBaHHSI  po3Millie-
He Ha Tepaci BimBamy LI3d (JIpBiBCchka 0061., Co-
KaJIbCbKUit p-H, cMT COCHiBKa).

IlinsHonepuunna cuny3is Ceratodon purpureus—Bryum
argenteum — syn.

CunmopdoJoria. DIopUCTUYHUIT  CKJTaJ, CUHY-
3i1 mpeacrasisiioth Ceratodon purpureus (IIIT 60%)
i Bryum argenteum (I1I1 40%). 3I1I1 moxiB — 100%.
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ITnoma ningaku craHoButh 1,0 M2, N 50°17'86";
E 024°16'12".

Cunekosoriss. IHueprodinbHe, KcepoMe3odiTHe,
rejioiTHe yrpynoBaHHS Ha BiIKpUTil, 10Ope OCBiT-
neHit (95—100 tuc. 5K), OiAsgHLI ekoTomy. Micies-
POCTaHHSI MOXiB TIPUYpPOUYEHE IO eKCTPeMaIbHUX Till-
porepMiuHMX YMOB (TeMmmepaTypa cyoctpaty 42 °C,
BMicT BoJjioru 0,4%) yHaciIOK OKUCHIOBATbHUX TIPO-
1I€CiB y MMOPOi, SIKi CYITPOBOMXYIOThCS 11 TOPIHHSIM.

Micne3naxomkenns. Tepaca BigBany maxtu "Hamist"
(JIeBiBCchbKa 00.1., CokanbCcbKuii p-H, cMT COCHiBKa).

IlnetmBHa  cuHy3is  Brachythecium  glareosum—
Brachythecium albicans — syn.

Cunmopdoaorisi. DropucTUYHUIL CKIIAA CHUHY3Ii
nipeactapneHuit Brachytecium glareosum (ITI1 46%),
B. albicans (I111 40%), Ceratodon purpureus (I111 13%).
3IIIT moxiB — 99,0%. Ilnoma OUISHKA CTaHOBUTH
1,0 M%; N 50°17'86"; E 024°16'12".

Cunekouorisi. Cepen 3me0iTbIIOro0 KcepoMme3odiT-
Hux rexioditiB (Brachytecium albicans, Ceratodon
purpureus) B YIpyIOBaHHI ITOMiHYIOUYy ITO3UIIIO 3aii-
Mae Me300it B. glareosum, SsKUil HallyacTille Tparis-
€ThCA Y 3aTiIHEHUX YMOBaX Micle3pOoCTaHHs. 3a XiMi3-
MOM cyOcTpaTy OpiodiTy Hajexarb A0 Pi3HUX TPYI:
B. albicans — ranodinis, B. glareosum — xanbuedinis
ta C. purpureus — iHIIEPTO(DIJIiB, AKi 3pOCTAIOTh Ha IIi-
JISHLI TOpOUCTOTO MiKpopenbedy BHACIIIOK HaCH-
naHoi rpyHTocymiuti cepen Calamagrostis epigeios Ta
Centaurea rhenana Boreau. IHTEHCHUBHICTb OCBIT/ICH-
Hs ctaHOBUTH 80—90 THC. JIK, BOJOTICTh CyOCTpaTy —
4,5%.

Micue3naxomkennd. Tepaca Bigsany maxtu "Hagisa"
(JIeBiBCchbKa 00.1., CokanbCcbKuii p-H, cMT COCHiBKa).

IIneTuBHa cunysist Brachythecium glareosum — syn.

Cunmopdodorisi. DropucTUUHUN CKIIAA CUHY3ii
npencraBisiiorb B. glareosum (ITI1 80%), Polytrichum
Jjuniperinum (I1T1 8%), Cirriphyllum crassinervium (I1I1
7%), Amblystegium serpens (I1I1 4%), 3I1I1 moxiB —
99%. Ilnoiua ginssHky ctaHOBUTH 4,0 M2, N 50°18'74";
E 024°1324".

Cunekouioria. YrpyrnoBaHHSI 30e0iIbIIOTO  TIpea-
crapiieHe iHUepTodinbHuMu (A. serpens, C. cras-
sinervium, P. juniperinum), me3oditaumu (B. glareosum,
A. serpens, C. crassinervium) Ta cUiopiTHUMU BUAAMU
(B. glareosum, C. crassinervium) 3a HassBHOCTi B OTO-
yeHHi Calamagrostis epigeios ta Cladonia ochrochlora
Florke y nemo 3atiHeHux ymoBax (72—84 Tuc. JIK) ae-
PEBHOIO POCIUHHICTIO: B. pendula, Q. robur, Populus
tremula. Bonorictb cyocTpaty ctaHoBUTh 10,1%.
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Micne3naxomkennsa. Tepaca Bigsany maxtu "Bizeii-
cbka" (JIpBiBchKa 00i1., CoKambehKuii p-H, cMT CiJlellb).

YHacninok mpoBeleHHSI TEXHIYHOI peKyJIbTUBALIil
(bopmyBaHHS CTPIMKUX CXWJIiB, HACUMAHHS CYTJIWH-
KOBOTO YM CYITIlIIAHOTO 1Iapy) Ta €pO3iiiHUX MPOLIeCiB
Ha BigBaii LI3® BinOyBaeThCS 3CyB TOPOIN Ta TPYHTO-
CyMIllIi 3 BEPXHiX SIpYCiB J0 MOTO MiIHIXXKS, 1110 CTBO-
PIO€E TIepeIlIKOMy IJIsT 3aceJICHHS IiOHepHUX BUIB Ta
¢dopMyBaHHS POCIUHHOTO MOKPHUBY B LIIJIOMY.

IMigaixxcks BinBamy maxty "Hamis" mounHae iHTeH-
CUBHO caMo3apocTaTh. MOXJ/IMBICTh 3aHECEHHS Jiac-
TIOp POCIIMH € TOCUTHh BUCOKOIO, OCKIJTBKH IIaXTa OTO-
YyeHa JIicOM Ta JaYHUMU JiIsTHKaMM, OKPiM TOTO, 3 TTiB-
HIYHO-CXiHOTO OOKY BiaBasy OyJiM BUCaIXKEHi AepeBa
Robinia pseudoacacia ta Betula pendula (Lobachevs'ka,
2012). Ha Borkmux cyocTpaTax IiJHIXCOKS IIaXTH 4aCTO
TPAIUTSIETBCI MailXke CYLUIbHUI MOKPUB MOXiB-MO-
ceNeHIiB Bryum caespiticium, B. pseudotriquetrum Ta
Ceratodon purpureus.

3a yMOB pO3BUHEHOTO IEPEBHOTO SIPYCY IMiaAHINKS
BigBany maxty "Bizeiichka" y mociimkyBaHiil cuHy3ii
yacTKa BUAIB 3 6i0MOp(OI0 IMyXKOI0 UM LIIJIBHOIO TIje-
TUBA 'y Opiodopi € OiIbIIOI0, Hi3K HA iHIITUX AOCITIIKY -
BaHUX BigBanax. Taka dopMa pocTy B MOXOMOTiOHUX
XapakTepHa [jisi OOKOTUTiMHUX BUMiB: Brachythecium
glareosum, B. salebrosum, Brachythecrastrum velutinum,
Cirriphyllum crassinervium.

VY ninHIXOKSIX TOPOTHUX BiflBaJliB BCTAHOBJIEHO TaKi
JIOMiHaHTHI MOXOBi CUHY3il.

IlinsHonepHuHKA cuHy3ist Bryum caespiticium — syn.

CunmopdoJioria. DIopuCTUYHUI CKITaH CUHY3il
npeacTapisiiorh B. caespiticium (I1I1 90%) i Ceratodon
purpureus (ITT1 10%). 3ITIT moxiB — 100%. ITnoma mi-
JITHKM CTaHOBUTH 4,5 M%; 50°17'80"; E 024°16'18".

CunexkoJorisa. [nmudepentHe, KcepoMmesodiTHe, re-
JiodiTHe yrpyrnoBaHHs, c(popMOBaHe Ha YepBOHIil me-
peropiiiii mopoai IMI0CKOi MOBepxHi. [HTEHCUBHICTh
OCBITJICHHSI IOCJIIKXYBaHOI AUISTHKM CTaHOBUTH 76—
88 THC. K, BOJIOTICTh BEPXHBLOTO IApPy CyOCTpaTy —
4,8%.

Micue3HaxomKeHHd. YTpylnoBaHHSI pO3MillleHE Yy
migHixoKki BimBanmy maxth "Hamisg" (JIpBiBcbKa 00T,
CoxkanbcbKuii p-H, cMT COCHIBKa).

Iinsnonepuunna cunysisi Ceratodon purpureus— Bryum
pseudotriquetrum — syn.

Cunmvopdooriss. DIOPUCTUIHUIN CKIIAA CUHY3il
npeactapisiiorh Ceratodon purpureus (I1T165%), Bryum
pseudotriguetrum (I111 30%) i B. caespiticium (I1I1 5%).
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3I1IMmoxiB —100%.I1n01a a1 IHKY CTAaHOBUTH 16,0Mm2;
N 50°17'82"; E 024°16'11".

Cunekosoria. Ha nemro 3artiHeHiii (iHTEHCUBHICTh
ocBiTiieHHs 74,0—80,0 THC. JIK) Ta 3BOJIOXKEHIM AUTSHII
(5,9%), okpim kcepome3o(diTHUX TeaioMIiTHUX BUIIB
Ceratodon purpureus i Bryum caespiticium, yrpyroBaH-
HS TIpencTaBisie Tirpodit B. pseudotriquetrum y Moen-
HaHHi 3 B. pendula, P. sylvestris, Calamagrostis epigeios,
Q. robur, Robinia pseudoacacia, Acer negundo L. Ta nu-
maitnukoM Cladonia ochrochlora Florke.

Micue3naxomkennsa. [TigHiXCKsT BimBady IHaxTu
"Hamist" (JIsBiBchbKa 0071., CoKanbChKuii p-H, cMT Co-
CHiBKa).

ITyxxonepauHHa cuHy3ist Polytrichum juniperinum — syn.

Cunmopdodoriss. DrOpUCTUIHUN CKIIaA CUHY3il
npeacrapisiiorb Polytrichum juniperinum (ITIT 55%),
Brachythecium glareosum (I1I1 10%), B. salebrosum
(ITIT  10%), Brachythecrastrum  velutinum  (I1I1
6%), Ceratodon purpureus (III1 5%), Cirriphyllum
crassinervium (I1I1 5%), Cephalozia bicuspidata (T1I1
5%) i Pohlia nutans (I111 4%). 3I1I1 moxiB — 100%.
Ilromia minstHku craHoBuTh 1,5 Mm% N 50018'75";
E 024°1324".

CuHekoJorisi. YrpynoBaHHS (POPMYIOTh, OKpiM
Kanbuedina (Brachythecium glareosum), iHUEepTOMIIb-
Hi BUIM MOXiB, 31e0iabIoro Me3oditHi (Pohlia nutans,
Brachythecium glareosum, Cirriphyllum crassinervium,

Brachythecrastrum velutinum, Brachythecium
salebrosum), TiHBOBI Ta HaIiBTIHLOBI BUIM Opio-
ditiB  (Cirriphyllum  crassinervium,  Brachythecium

glareosum, B. salebrosum, Cephalozia bicuspidata,
Brachythecrastrum velutinum) 3a yMOB HH3bKOI iH-
TEHCUBHOCTI OCBiT/IeHHS (25—36 TUC. JIK) Tim Ha-
MetoM nepeB (Q. robur, B. pendula, Populus tremula,
P. sylvestris, SOrbus aucuparia L.) Ta 3Ha4HOI BOJIOTOCTI
(11,6%) noBepxHeBOro LIApy CyOCTpaTy i3 He3HAYUHUM
nokputtam qutnaitnuka Cladonia ochrochlora.

Micue3naxomkennsa. [TigHiXCKs BimBady IIaxTu
"Bizeiicpbka" (JIbBiBchbka 00y., COKambChKU p-H,
cmt Cinenp).

PesynbraTu aHanizy OpioyrpynoBaHb CBig4aThb PO
Te, 110 Ha JOCJIIXYyBaHMX NiITHKAX MOPOAHUX Bil-
BaJliB IepeBaXaloTh IIJIBHOAEPHUHHI CUHY3il (6) i3
II1 46,2%, nmenio MeHIIy YacTKy CTAHOBJISITH IyX-
KoaepHUHHI cuny3ii (4) i3 ITIT 30,8% Tta miueTuBHi
cunysii (3), i3 III1 23,1% B OCHOBHOMY B ITiJHIXXKI
camo3apocioro Bigsany maxtu "Bizeiicbka". 31e0inb-
IIOTO TiaTHOCTUYHWM BHIIOM IIiUIBHOIEPHUHHUX CH-
Hy3ii1 Ha BigBayax waxt "Hagis" ta LI3® e Ceratodon
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purpureus (ITI1 27—60%), a NyXKOOEpHUHHUX CUHY-
3iit (BimBasr mraxtu "Hagist" ta L3®D) — Polytrichum
piliferum (ITI1 67—83%) Tta Polytrichum juniperinum
(ITIT 55—80%) — mnepeBaxHo BimBan maxtu "Bi-
3eiicbka”. TIneTnBHI CUHY3ii 3 JiIarHOCTUYHUM BUJIOM
Brachythecium glareosum (I1I1 46—80%) xapakTepHi
11 BigBaniB maxt "Hamig" ta "Bizeficbka”.

Y Opiodtopi mocainKyBaHUX yIpyInoOBaHb BUALIEHO
LIiCTb reorpadiyHUX eJIeMEHTIB: KOCMOMOMITHUI, 00-
peanbHUll, HeMOpaJlbHUI, OOopeaaTbHO-HEMOpPaIbHUIA,
OopealbHO-MOHTAaHHUI Ta cepea3eMHOMOPCHhKO-He-
MopabHui. Hait6iabiy yacTky (65% 3araabHOI Killb-
KOCTi TOCTiIXKyBAaHUX MOXOITOAIOHMX B YTPYTTOBAaHHSIX)
CTaHOBJISAITH BUIM Opio(iTiB, SIKi MpeacTaBisioTh 00-
peanbHuii eneMeHT (13 BumiB): Polytrichum piliferum,
P. juniperinum, Sciurohypnum starkei, Brachythecium
glareosum, B. albicans, B. salebrosum, Brachytheciastrum
velutinum, Bryum caespiticium, B. pseudotriquetrum,
Pohlia nutans, Aulacomnium palustre, Cephalozia
bicuspidata, Cirriphyllum crassinervium. Ha nocnimxy-
BaHUX BiaBajiax OopeasjibHi BUIM MOXIB 3A€01JIbIIOTO
MPUypoOYeHi J0 3BOJIOKEHUX Ta 3aTiHEHUX MicClle3-
POCTaHb: B yMOBaX MiKpPOIIOHIMXKEHb pelbedy Ta ITif-
HiXKOKST BimBajiB i3 caM0O3apOCTaHHSIM JIepeBHUX Ta
TpaB'STHUX POCIIVH.

MeH1y 4acTKy BUIOBOTO Pi3HOMAHITTS MPECTaB-
nst0Th - Kocmomnonitu - Ceratodon  purpureus, Bryum
argenteum i Campylopus introflexus (3 Bumu, 15%).
Crnin 3a3HaunTu, 110 Ceratodon purpureus 3a 9aCTOTOIO
TparuIsiHHSI Ha AOCHiIKeHi TepuTopii 3aliMae Tpo-
BimHe Micue cepen iHmmx opiogitiB (Karpinets et al.,
2014). Bin € omHUM i3 CHHAHTPOITHUX BUIIB, SIKi Yac-
TO YTBOPIOIOTh MIOHEPHIi 3apOCTaHHS Ha Pi3HUX TUIaX
cyOcTpaTiB 3aBASIKA CTiMKOCTI A0 HECHPUSTIUBOIO
BIUIMBY a0iOTMYHUX YMHHUKIB TpaHCHOPMOBaHO-
ro cepemonuiia (Barsukov, 2015; Bondarenko, 2015).
Binomo, 110 B piBHUHHO-cTenmoBoMy Kpumy Mox Tpa-
IUISIETbCS. BUKJIIOUHO Ha TEPUTOPISIX, SIKi 3a3HaIU
3MiH BHACIiIOK JIIOACHKOI HistibHOCTI (Zagorodnyuk,
2015). Takox BCTaHOBJICHO, 1110 3HAYHA MPUCYTHICTh
Ceratodon purpureus Ha TEXHOTEHHMX CyOcTpaTax
BKa3dye Ha KcepodiTU3allilo cepeloBUIla, SIKe CYTTE-
BO BIPI3HSETHCS Bifl MPUPOAHUX €KOTOTIB PETIOHY
(Ragulina, 2015).

VY cnekTpi reorpadiyHuX eJ1eMEHTIB OTHAKOBY 4acT-
Ky (110 5%) B yrpylnoBaHHsX 3aiiMalOTh: IIPEACTABHUK
HeMopallbHOTO eleMeHTy Polytrichastrum formosum,
MOIIMPEHHST SIKOTO TIOB'SI3aHE 3 IMMPOKOJUCTSHU-
mu Jicamu (Hapon, 2012), GopeaabHO-HEMOpab-
Horo — Amblystegium serpens, OopeaJbHO-MOHTaH-
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Horo — Sphagnum girgensohnii, sIKuii, OKpiM TIOIIIN-
PEHHS y 30Hi TaiiTu, MpUypovYeHUii 10 MicIIe3pOCTaHb
y TipCBbKMUX MacuBax, Ta TepMOMiTbHUI cepea3eMHO-
MOPCBKO-HeMopaibHuit Rhynchostegium murale.

BucnoBku

Otxe, OCOOJMBOCTI MOIIMPEHHSI MOXOIOAIOHMX Ta
crneuudika GopMyBaHHS OpioyrpyrnoBaHb 3HAYHOIO
MipOIO 3aJeXaTh Bil yMOB Ha BifBajaX, iXHbOTO BiKy
i cramii cykueciiiHux mpoueciB. Ha Halimonoaiiomy
BinBaii LI3® criiiki OpiodiTHI yrpynoBaHHS 3/1€0iJ1b-
IIOTO € MOHOBUIOBUMU 3 TEPEBaXKaHHSIM Kcepome-
30(piTHUX, IHLEPTOMIUIBHUX Ta OJIIroMe30TPOPHUX
BuiB. @opMyBaHHSI JIEPEBHOTO SIpyCy Ha BiaBaJi max-
™ "Bi3eiicbka" onTUMI3yBaso cepenoBUIle, IO CTa-
JIO TIEpenyMOBOIO IS 3acesieHHsS MpeacTaBHUKaMU
opiodnaopu Me30(piTHOT Ta Me3orirpoditHoi rpym. le-
TEPOT€HHICTh MiKPOKJIIMATUYHUX Ta efahidHUX YMOB
Ha BigBaji maxtu "Hanist" cnpusina mommupeHHIo Mo-
XOMOJIOHUX JOCUTD PI3HUX €KOJOTIYHUX TPYIL.

Ha pocnimxyBaHuX [iissHKaX TMOPOAHUX BiIBajiB
Ha4YMCEIbHIIIO € TpyIa MOXONOAIOHMX OopeaTbHO-
TO TUILYy, IPUYPOUYEHUX 10 3BOJIOKEHMX Ta 3aTiHEHUX
MiCIIe3pOCTaHb, SKi MOMMPUIUCS 3 (POHOBUX COCHO-
BUX i COCHOBO-AYOOBMX JIiCOBMX MAaCHUBIiB. 30i1bIIEHHS
YaCTKM KOCMOITOJIITHUX €JIEMEHTIB B YTPYIIOBaHHSIX Ta
3HaYHa YacToTa IXHbOTO TPATUISTHHSI 3yMOBJICHI IIIM-
POKOIO €KOJIOTIYHOI0 aMILIITyI0I0 BUMIIB Bryophytes,
10 1a€ MOXJIUBICTh 3aCEISATU TEXHOTEHHI TePUTOPIi 3
eKcTpeMaJbHUMU a00 3 TOCUTh MiHIMBUMM YMOBaMU.
HocninxyBaHi yrpyrnoBaHHSI 34€0UTBIIOTO € MaJIOBU-
JIOBUMU CUHY3isIMU 3 MepeBaKaHHSAM IIIJTbHO- Ta MyX-
KOIEpHUHHUX KUTTEBUX (DOPM.
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Kapminens JI.1., JJobauescbka O.B., Coxanbuak P.P.
ExoJioriuna cTpykTypa enireifHuX cuHy3iii MOXOMOAIOHUX

HA MOPOAHHUX BigBajax YepBoHOrpaaCbKOro
ripHUYOMPOMMCIIOBOTO PaiioHy. YKp. O0T. XXypH., 2017, 74(2):
154—162.

Incrutyt exosnorii Kapnar HAH Ykpaiuun
ByJ1. Crepanuka, 11, JIbBiB 79005, Ykpaina

JlocnigkeHo cTiiiki OpiodiTHI yrpynoBaHHsS Ha TepUTOPil
MOpoIHUX BinBasliB YepBOHOIPaIChbKOro TipHUYOMPOMUC-
JIOBOTO pailoHy Ta BUBHAYEHO IXHill paHT SIK erireiHux opio-
CUHY3ii1. 30iliCHeHO aHaji3 CTPYKTYPHU Ta CKJIaay MOXOBOIO
MOKPUBY PETiOHY AOCHiIKeHb. BuszHaueHo (iopucTuuHuUii
CKJIal YTPYIOBaHb, OCOOIUBOCTI €KOJIOTO-IIEHOTUIHOI -
depeHuialii 6piodaopr, MPOESKTUBHE MOKPUTTS Ta XXUTTEBI
¢dopmu mMoxonoaioHux. BcraHoBieHo, mo y 6iomopdoso-
TIYHIN CTPYKTYpPi MOXOIOAIOHUX MepeBaxkaloTh BUIU 3 XKUT-
TEBUMU (popMaMu JIepHUHA Ta IUIETUBO, cepel eKoMopd —
rejioditu, Me3oditu it Kcepome3odiTu, a TAKOX erirei 3 rno-
MITHOIO YacTKo0 iHuepTodiniB. Pe3ynabrat reorpadiuHoro
aHaJji3y cBigyaTh Ipo Te, 110 JOCiKyBaHa OpiodJopa €
6opeanbHoO (13 BUAiB, 65%). [TomiTHA yacTKa GopeanbHUX
BU/IiB MOXiB i 3HaYHE MOLIMPEHHST KOCMOIIOJITIB, MOPiBHSIHO
i3 30HAJILHOIO POCJIMHHICTIO, 3YMOBJIEHI BUCOKMM CTYIIE-
HEM aHTPOMNOreHHoi TpaHcdhopMallii TepuTopii BUAOOYTKY
BYTULIIS.

KirouoBi ciioBa: mopojiHi BiaBaiu, 6piocuHysii, 6iomopdu,
€KOJIOTiYHA CTPYKTYpa, TeorpadiuHi eTeMeHTH
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Kapnunen JI.U., JlJobauesckast O.B., Coxanbuak P.P.
DKoJIornYecKasi CTPYKTYpa eMUreiHbIX CUHY3Ui
MOX000PA3HBIX HA TIOPOJHBIX OTBAIAX UePBOHOIPAJICKOTO
TOPHOMPOMBIIIJIEHHOT0 paiioHa. YKp. O0T. XXypH., 2017, 74(2):
154—162.

Huctutyt skonorun Kapnar HAH Ykpaunbt
yi. Crepanuka, 11, JIsBoB 79005, YkpanHa

HccnenoBanbl  ycToiuuBbIE ~ OpHO(MUTHBIE  COOOIIE-
CTBa Ha TEPPUTOPUU TIOPOTHBLIX OTBaJoB YepBoHOTpas-
CKOTO TOPHOITPOMBIIIJIEHHOTO paiioHa M OMpeaeIeH HUX
paHTr KakK enureiHbIx Opuocuny3uii. [lpoBeneH aHanu3
CTPYKTYpPHI M COCTaBa MOXOBOTO IOKPOBa perruoHa Mcclie-
nmoBaHuii. OmpeneneHbl (PIOPUCTUYECCKUI COCTaB, MPOCK-
TUBHOE TIOKPBITUE U XXU3HEHHbIE (POPMBI MOXOOOPa3HBIX,
OTMEUYEHBI OCOOEHHOCTH 3KOJIOTO-IIeHOTHYeCKON mudde-
peHuMauuy 6puodopbl. YCTaHOBIEHO, YTO B OMOMOpdo-
JIOTUYECKOM CTPYKTYpe MOXO0Opa3HbIX MPe001aaloT BUAbI
C XM3HEHHBIMU (opMaMy NepHOBUHA U TUIETEHUE, CPeIn
3KOMOpG — TeTMOoMUTHI, ME30(PUTHI U KCEpOMEe30MPUTHI, a
TakXke ernured Co 3HAYMTEJbHONM 4acTbhio MHLEPTO(DUIIOB.
Pesynbratel reorpaduieckoro aHajimu3a CBUICTEIbCTBYIOT O
TOM, 4YTO Mccienyemasi 6puodiopa sBsieTcs OopealbHOM
(13 BunoB, 65%). bonbliioe KOJIMYECTBO OOpeaTbHBIX BH-
JIOB MXOB U IIIMPOKOE PaCIPOCTPaHEHNE KOCMOIIOIMTOB, IO
CPaBHEHUIO C 30HAJBHOU PaCTUTEIBLHOCTBIO, O0YCIOBICHBI
BBICOKOI CTEIEHBIO aHTPOIOreHHOM TpaHchOopMalUuu Tep-
PUTOPUH, HAa KOTOPOI TTPOU3BOIUTCS TOOBIYA YIJIS.

KoioueBbie ¢j10Ba: TOPOJAHBIC OTBaIbI, OpPUOCUHY3UH,
61oMOpPGBI, IKOJIOTUYECKAsT CTPYKTYpa, reorpapruuecKue
2JIEMEHTBI
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Kobiv Y., Prokopiv A., Nachychko V., Borsukevych L., Helesh M. Distribution and population status of rare plant species in the
Marmarosh Mountains (Ukrainian Carpathians). Ukr. Bot. J., 2017, 74(2): 163—176.

Abstract. The article presents the results of multiple surveys of habitats of rare plant species in the Marmarosh Mts, Ukrainian
Carpathians, and depicts their exact location and population parameters. Along with the analysis of earlier literature and
herbarium data, this enabled to reveal some spatio-temporal patterns in their distribution, namely habitat characteristics and
trends in population dynamics, which allowed to determine their conservation status. Numerous facts of decline and extinction,
as well as examples of positive dynamics in populations of the studied species were described. Cold-dependent species (Cerastium
cerastoides, Primula minima, Veronica bellidioides) proved to be vulnerable to climate change particularly at the lower limit
of their distribution. Another factor of impact is decrease of grazing, which triggers vegetation succession and consequent
replacement of some low-competitive rare plants (Genista tinctoria subsp. oligosperma, Koeleria macrantha subsp. transsilvanica)
with shrubs or tussock graminoids. However, another group of rare species (Heracleum sphondylium subsp. transsilvanicum,
Gentiana punctata, Jovibarba globifera subsp. preissiana, Veronica fruticans) benefits from the decrease of anthropogenic impact.
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Introduction

The Marmarosh (or Maramures — in Romanian
transcription) Mountains are situated on the Ukrainian-
Romanian border and belong to the Inner Carpathians.
They have a very diverse geological structure with
prevailing crystalline bedrock and rather frequent
limestone outcrops. This significantly differs from the
vast outer part of the Ukrainian Carpathians dominated
by mostly uniform acidic sandstone flysch (Kondracki,
1989). The Marmarosh Mts are the steepest in the
Ukrainian Carpathians (Kruhlov, 2008), therefore
rock outcrops are quite common here. That mountain
range is the second highest (after the Chornohora)
massif in the Ukrainian Carpathians with two summits
of Mt. Pip Ivan exceeding 1900 m a.s.l. This territory
makes an isolated alpine "environmental island". In
the Marmarosh Mts some rare and endemic plants are
confined to the eastern edge of their ranges and do not
occur elsewhere in the Ukrainian Carpathians. All the
above reasons make these mountains unique in terms
of their biodiversity and landscape value, therefore their
considerable part was included into the Carpathian
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Biosphere Reserve. The flora and vegetation of the
Marmarosh Mts have been studied since the Ilate
19t century. The most precise old chorological data
concerning distribution of rare species were published
by H. Zapatowicz (1889), I. Klastersky (1929—1931),
V. Kirist (1935), and M. Deyl (1940). Floristic studies
during the Soviet period, i.e. in the 1950—1980s, were
rather incomplete because of the limited access to
that frontier territory, which remained one of the most
understudied regions of the Ukrainian Carpathians.
Though the "Flora of the Ukrainian SSR" (Flora RSS
Ucr., 1950—1965), as well as V.I. Chopyk's (1976) and
K.A. Malynovski's (1980) monographs contain much
information on the flora of the Marmarosh Mts, most
publications from the last decades lack the exact data
on the localities of rare species and the status of their
populations in the region.

The aim of this study is to fill that gap, i.e. to specify
their distribution in the Marmarosh Mts and compare
contemporary data with those contained in literature
and herbaria in orderto reveal possible dynamic patterns.
Special attention was paid to population parameters of
the rare species, their viability and conservation status.
We indicated the exact location of their habitats to set a
baseline for future monitoring.
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Although the presented data on the rare species are
not fully comprehensive, they are supposed to depict
properly their distribution and population status in the
target region.

Materials and Methods

The results presented below were obtained during field
surveys carried out in 2002, 2006, 2010, and 2016 in the
Marmarosh Mts, Ukrainian Carpathians. The studied
area stretches about 15 km along the Ukrainian-
Romanian border (Figure).

Thorough analysis of the previous publications and
herbarium data on rare species had been performed
before surveying their known localities in situ.

The map of the target area with locations of the
surveyed habitats of rare species is provided in the Figure
where their numeration corresponds to Tables 1—3.

The species were considered as rare following
K.A. Malynovski et al. (2002) compendium.

Density of populations was estimated on sets of
square plots placed randomly using 0.5 x 0.5 m? or 0.1 X
0.1 m? frames with 10-fold repetition (Harper, 1977).

164

— locality numbers

In small populations their total census was estimated
(Elzinga et al., 2009).

Species abundance in Tables 1, 2 is presented
according to J. Braun-Blanquet (1964) scale.

Exact site locations were determined in WGS-84
system with Garmin eTrex GPS navigator with the
accuracy of measurements within 10 metres.

Content of calcium and magnesium in soil was
measured complexometrically and pH(H,0) value
electrometrically (Arinushkina, 1970).

Nomenclature of vascular plants follows "Flora
Europaea” (1964—1980), with modern updates for
endemics by J. Kliment et al. (2016), and M.O. Hill
et al. (2006) — for bryophytes.

Results and Discussion

The habitats of rare species are mostly confined to sites
with special ecological conditions, geological structure
or landforms, which can be considered as "hot spots"”
of their occurrence (Ziman et al., 2009). For instance,
in the Ukrainian Carpathians those are usually alpine,
rocky, marshy or calcareous localities (Kobiv, 2010).
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Therefore, our results are presented with regard to such
hotspots.

Mt. Nenieska. This site is remarkable for its ca. 500 m
long steep rocky north-eastern slope with calcite-
rich sandstone bedrock. It is a habitat of many rare
saxicolous species, most of which are calciphilous
(Table 1). One of them, Leontopodium alpinum (L.)
Cass., we discovered in two localities (#3, 4), where
only about a dozen of its flowering individuals occur.
Local rangers confirm that the population number has
decreased significantly during the last decades, because
the plants have been illegally dug up by souvenir
hunters. That has undermined the population viability
and only some solitary individuals have survived in the
most inaccessible rocky loci. Therefore, the species is
critically endangered.

The rocks of Mt. Nenieska harbor an East-
Carpathian endemic Asfragalus australis (L.) Lam.
subsp. krajinae (Domin) Domin, which is restricted
to steep slopes (localities 2, 3) where the density of its
flowering individuals is about 0.3 specimens per m?2.
The population is maintained by seed recruitment.

Another rare saxicolous species, Aster alpinus L.,
is abundant in the same localities. Its clones with
numerous flowering shoots may cover up to 200 cm?.

The rocks are inhabited by a highly viable population
of Primula halleri J.F. Gmel. The average density of its
flowering individuals is 0.05 specimens per m?. The only
way for recruitment of this short-lived species is seed
reproduction.

Other noteworthy alpine rare taxa are: Cerastium
alpinum L. subsp. lanatum (Lam.) Asch. & Graebn.,
Erigeron alpinus L., Minuartia verna (L.) Hiern. subsp.
gerardii (Willd.) Graebn., and Ranunculus thora L.,
which occur here on a rather large area of about 5
hectares though they do not exhibit high density
(localities 2—5). Scarce patches of sward vegetation
harbor Achillea lingulata Waldst. & Kit.

Steep shady and moist rocks provide habitats for a
rare East-South-Carpathian endemic Achillea oxyloba
(DC.) Sch. Bip. subsp. schurii (Sch. Bip.) Heimerl. Due
to clonal growth it forms dense patches up to 200—300
cm? with numerous flowering shoots (localities 2, 5).

Much more abundant are Hieracium villosum
Jacq. which forms dense clones on rocky shelves and
Botrychium lunaria (L.) Sw. mostly confined to loci of
almost barren gravel. Rhodiola rosea L. that occupies
both types of these habitats is also rather frequent but
subjected to severe damage due to illegal extirpation of
its rhizomes for medicinal purposes.
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A small population of an East-South-Carpathian
endemic,  Heracleum  sphondylium L. subsp.
transsilvanicum (Schur) Brummitt (= H. palmatum
Baumg.), is situated in a steep hollow near the summit
of Mt. Nenieska. Its core zone is confined to the tall-
forb community, which covers about 30 m? (locality
1). Density of flowering undividuals of H. sphondylium
subsp. transsilvanicum is 1.8 specimens per 1 m?. This
aclonal species is capable only of seed reproduction.

All the mentioned species are restricted to the
subalpine zone within 1700—1800 m a.s.l. In terms of
occurrence of the rare plants (for instance, Achillea
oxyloba subsp. schurii, Allium montanum, Aster
alpinus, Astragalus australis subsp. krajinae, Draba
siliquosa, FErigeron alpinus, Leontopodium alpinum,
Primula halleri), the rocks of Mt. Nenieska have most
resemblance to saxicolous sites from the Svydovets Mts
that apparently can be explained by similar geological
structure.

The next cluster of rare species’ localities is the
highest part of the Marmarosh Mts, i.e. Mt. Pip
Ivan with adjacent Mt. Gropa, Mt. Shcherban
(aka Zherban), and Mt. Polonynka built mostly of
crystalline bedrock — gneisses, metamorphic schists and
amphibolites. Considerable area is covered with alpine
vegetation there. Snowbed habitats that harbor highly
specialized prostrate cold-adapted species are most
characteristic of the alpine environment. One of such
chionophilous species is Salix herbacea L. We found
its two small populations (localities 10, 12) confined to
snowbeds on the highest elevations at the ridge on Mt.
Pip Ivan on poorly insolated N and NW aspects. Due to
clonal growth S. herbacea forms dense mats, while its
patches cover small areas of 15 and 4 m?.

Another chionophilous species is Cerastium
cerastoides (L.) Britton, which inhabits bottoms of large
snowbeds in the glacial cirques of Mt. Pip Ivan. It occurs
mostly on gravel sites with poor floristic composition
and low abundance of other herbaceous plants (locality
8). Cerastium cerastoides can form mats up to 100—
150 cm? with 15-20 flowering shoots. However,
flowering is not common and most individuals are
vegetative and stunted. The species is rare now and we
found only two its small populations restricted to 1745—
1820 m a.s.l. altitudinal range. It is remarkable that
according to M. Deyl (1940) it was much more abundant
in the late 1930s being recorded in 19 localities within
1600—1910 m a.s.l. Moreover, earlier H. Zapatowicz
(1889) had reported on its still lower locality at 1580
m a.s.l. Apparently, decline of C. cerastoides is caused
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Table 1. Floristic composition in localities of rare plant species in the hotspots of Mt.
area (names of rare species in boldface)

Nenieska and Mt. Pip Ivan with adjacent
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Achillea oxyloba subsp. schurii
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Allium montanum

Alnus viridis

Anemone narcissifolia

Anthemis cretica subsp. pyrethriformis

Anthoxanthum alpinum

Arnica montana
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Aster alpinus

Astragalus australis subsp. kraji)

Botrychium lunaria

Calamagrostis villosa

Campanula alpina

Campanula carpatica

Campanula kladniana

Cardaminopsis halleri

Carduus kerneri

Carex limosa

Carex pauciflora

Carex sempervirens

Cerastium cerastoides

Cerastium lanatum

+

Cirsium erisithales

+

Deschampsia caespitosa

Draba siliquosa

Erigeron alpinus

Festuca airoides

Festuca carpatica

Festuca picta

Festuca rubra

Galium anisophyllon

Galium erectum subsp. suberectum

o=+ = |+ |+

Gentiana acaulis

Gentiana asclepiadea

Gentiana lutea

—_

Gentiana punctata

Heracleum palmatum

Hieracium alpinum

Hieracium umbellatum

Hieracium villosum

Homogyne alpina

Huperzia selago

Hypericum richeri subsp. grisebachii

+ 1 -
+

Hypochoeris uniflora

Juncus trifidus

Juniperus communis subsp. alpina

Knautia dipsacifolia

Laserpitum alpinum
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Number of locality 1 2 3 4 5 6 7 8 9 10 [ 11 [ 12] 13|14 ] 15 16 17
L ypodium alpinum . . + + . . . . . . . . . . . R R
Leucanthemum vulgare subsp. alpicola - : . . . . . . + . . . R . T+
Linum extraaxillare . : + | +
Lotus corniculatus : . 1 + . . . . . . . . . T | ¥
Luzula luzuloides : 2 2 1 1 - + . 2 . 3
Ligusticum mutellina . . . . . + + . R . ¥ P P
Minuaria verna subsp. gerardii . . + +
Narcissus angustifolius : : : : . - - . . . . . . . . T
Nardus stricta . . . . . + . I
Pedicularis hacquetii . + . . +
Phyteuma orbiculare . + —+
Phyteuma vagneri . . . . . . + . + . + . . ¥ | F ¥
Poa granitica subsp. disparilis . . + . . . . 2 R . R 1 3 . T
Polygala amara subsp. brachyptera . : . + . . .
Polygonum bistorta . : . . . + . . . . + . R . R ¥
Potentilla aurea : : + : : . + - - . . . + . +
Potentilla crantzii . . . . . . . . R . R . R 1
Primula elatior . + . + | + .
Primula halleri - + | + | +
Primula minima . : - . . . . . . +
Pulsatilla alba - - . . . . 1 . +
Ranunculus thora . + + . + . .
Rhodiola rosea . + . + . . R N
Rhododendron myrtifolium : : - : - - 1 . 1 4 . . . . T
Rumex carpaticus + : - : - . . . . . + .
Salix herbacea - . . . . . . . . P . 4
Saxifraga paniculata . : . + 1 . . . . . . .
Scabiosa lucida subsp. barbata : + | + : . - - . . . . . . 1 +
Scorzonera rosea : . . : . : + : . : + : . : . + .
Sedum alpestre . + + . . . . . . . . . 4 + + R I
Sempervivum carpathicum subsp. carpathicum | - : : : . - . . + .
Silene dubia : + | +
Silene vulgaris . + | + | +
Soldanella hungarica . . . . . + . . K . . P
Solidago virgaurea subsp. minuta : : . . - - - . + . + | +
Thymus alpestris . + + + . . . . . . + . R ¥
Vaccinium myrtillus . . + . . + . . 1 . R ¥ 2
Vaccinium vitis-idaea . - . . . . . . . 1
Valeriana tripteris + | + . . +
Veronica baumgartenii . . . . + . . . R +
Veronica bellidioide . . . . . . . . . . K . R . T
BRYOPHYTES
Polytrichum sexangulare
Racomitrium heterostichum : : . - - . . 4 . 3
Sphagnum russowii . . . . . . . . . P . 3
Tortella tortuosa - 2 - 2 . . . . . . . . . R . . 3

P T
+

|+

+

R

]

w

Other species occurring in a single locality (number in brackets) — Adenostyles alliariae (1): 2; Alchemilla sp. (5): +; Asplenium
septentrionale (17): +; Caltha laeta (6): +; Campanula serrata (17): +; Cardaminopsis halleri (5): +; Carex atrata (2): +;
C. canescens (6): 1; C. echinata (6): 2; C. nigra (6): 1; C. ornithopoda (17): +; C. rostrata (6): 3; Carlina acaulis (4): +; Centaurea
mollis (2): +; Cicerbita alpina (1): 1; Cirsium waldsteinii (1): 2; Clematis alpina (2): +; Dianthus compactus (7): +; Eriophorum
polystachyon (6): 3; E. vaginatum (6): +; Geranium sylvaticum subsp. alpestre (1): +; Gymnadenia conopsea (15): +; Leontodon
croceus (15): +; Lilium martagon (2): +; Luzula alpino—pilosa (12): +; L. sudetica (6): +; Molinia caerulea (6): 2; Parnassia
palustris (3): +; Picea abies (16): 2; Polygonum viviparum (5): +; Pulmonaria filarszkyana (2): +; Ranunculus carpaticus (1):
+; Sedum telephium subsp. fabaria (14): +; Senecio nemorensis (1): +; Symphytum cordatum (2): +; Thesium alpinum (14): +;
Vaccinium gaultherioides (15): +; Veratrum lobelianum (12): +; Viola biflora (5): +; V. declinata (7): +; Cetraria islandica (10):
1; Dicranum scoparium (10): 3; Grimmia anodon (17): 1; Homalothecium philippeanum (17): 2; Hylocomium splendens (10): 3;
Lophozia excisa (13): 4; Pohlia nutans (13): 3; Polytrichastrum alpinum (12): 3; Pseudoleskeella nervosa (17): 1; Sphagnum sp. (6): 4.
Location of the sites: 1 — 47°57'44,9""N 24°27'53,0"E; 2 — 47°57'54,2"'"N 24°27"21,6"'E; 3 — 47°57'56,9"'N 24°27'18,6"'E; 4 —
47°57'59,1"N 24°27'17,0"E; 5 — 47°58'07,0""N 24°27'09,7"E; 6 — 47°54'58,2""N 24°20'58,0"'E; 7 — 47°55'05,4"'N 24°20'20,6"'E;
8 — 47°55'19,3""N 24°19'48,7"E; 9 — 47°55'39,5""N 24°16'41,0"E; 10 — 47°55'15,8""N 24°19'48,6"'E; 11 — 47°55'83,0"N
24°19'38,9"E; 12 — 47°55'27,6"N 24°19'37,4"E; 13 — 47°55'35,4"N 24°19'38,0"E; 14 — 47°55'33,0”"N 24°19'31,4"E; 15 —
47°55'35,2""N 24°19'30,5"E; 16 — 47°54'27,2"'"N 24°17'01,1"E; 17 — 47°54'20,6"'N 24°16'39,5"'E.
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mainly by shrinkage of its snowbed habitats due to
decreasing thickness and duration of snowpack that
has been described in the Carpathians recently (Micu,
2009). Interestingly, M. Deyl (1940) admitted that
some largest snowbeds on Mt. Pip Ivan even persisted
throughout some growth seasons in the 1930s, though
that has never happened in the last decades.

The aforementioned chionophylous species are
adapted to long-lasting snow cover, short growth period
and are confined to snowbed communities that belong
to the class Salicetea herbaceae Br.-Bl. 1948. They are
low-competitive and most viable on moss-dominated or
barren patches with initial soil. As a result of warming-
induced succession they are being gradually replaced
by more competitive sward-forming cold-tolerant
graminoids, for instance Poa granitica Br.-Bl. subsp.
disparilis (Nyar.) Nyar. (= P. deylii Chrtek & V. Jirasek).
The latter taxon, which is endemic to the Eastern and
Southern Carpathians, is rather common in the alpine
zone of Mt. Pip Ivan.

Primula minima L. is also a cold-adapted low-
statured species, which forms patches of 25—40 rosettes
per 100 cm?. It occurs at saxicolous alpine habitats up to
the highest elevations, while the lowest locality that we
found on Mt. Shcherbanison 1750 ma.s.l. Interestingly,
M. Deyl (1940) reported the species locality situated
100 m lower, while H. Zapatowicz (1889) — as low as
on 1580 m a.s.l.

A frequent component of many alpine communities
is Sedum alpestre Vill. It is noteworthy that in one of the
glacial cirques of Mt. Pip Ivan (locality 13) this species
dominates in the snowbed community and forms dense
mats that cover up to 0.25 m?, which is uncommon for
other regions of the Carpathians.

It is remarkable that in population replenishment
of all the aforementioned alpine cold-tolerant species
vegetative reproduction markedly prevails over seed
recruitment. That provides for their better persistence
in harsh climatic conditions.

One of the rarest and most endangered species,
Veronica bellidioides L., occurs on the ridge at the NW
summit of Mt. Pip Ivan, which is its only locality still
remaining in the Ukrainian Carpathians (Kobiv, 2009).
The area of its saxicolous habitat is merely about 15 m?
(locality 15). Monitoring of the population showed that
the number of flowering individuals has decreased in
14 years from 25 to only 3 specimens by 2016, which is
critical, because seed recruitment is crucial for further
survival of the species. Moreover, the density of its
seedlings has decreased dramatically. Analysis of the
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past data (KlaStersky, 1931; Deyl, 1940) shows that the
species was much more abundant there in the 1930s,
and the lowermost limit of its distribution has shifted
about 100 m upwards in the altitudinal terms since then.
This proves that currently V. bellidioides is at the brink
of extinction in Ukraine. Such dynamics is in line with
the decline of the species in the Sudetes (Szcze$niak
et al., 2011) at comparatively low elevations, as well as
upward shifts of its altitudinal limits in the Alps (Pauli
et al., 2007; Frei et al., 2010), which apparently have
resulted from climate change.

Another cold-adapted species, Luzula spicata L., has
also demonstrated vulnerability to climate change and
consequent decline in the Alps (Pauli et al., 2007; Frei
et al., 2010). It was reported from the very top of Mt.
Pip Ivan at the end of the 19" century by H. Zapatowicz
(1889), but we failed to find it in the Marmarosh Mts.
Most probably, L. spicata, which was documented in
several highest massifs of the Ukrainian Carpathians in
the late 19" — early 20™ century, has become completely
extinct in the region by now, because it has not been
confirmed anywhere in Ukraine since World War 11.

We also did not manage to reconfirm the occurrence
of another chionophylous species, Saxifraga carpatica
Sternb., which is documented by an old herbarium
specimen from Mt. Pip Ivan (LWS 46140).

According to the European compendia on
ecological indicator values (Ellenberg et al., 1992;
Zarzycki et al., 2002), the above mentioned species,
which show declining trends in their distribution in
the Marmarosh Mts (Cerastium cerastoides, Luzula
spicata, Primula minima, Saxifraga carpatica, Veronica
bellidioides), belong to the most cold-adapted plants
in the Carpathian flora. Their Marmarosh habitats are
restricted to the lowermost limits of their ecological
ranges and the ongoing climate change has an adverse
impact on them.

We managed to find the locality of an arctic-alpine
saxicolous species Potentilla crantzii (Crantz) Beck
ex Fritsch (locality 14) on a steep rocky slope at the
NW summit of Mt. Pip Ivan, which was reported by
M. Deyl (1940) but has not been reconfirmed ever since.
The area of the site is only about 10 m?. The species
produces compact clones with numerous subprostrate
flowering shoots.

An  East-South-Carpathian endemic Anthemis
cretica L. subsp. pyrethriformis (Schur) Govaerts (=
A. carpatica Waldst. & Kit. ex Willd. subsp. pyrethriformis
(Schur) Prodan) is restricted to the high-mountain
zone of Mts Gropa, Pip Ivan and Shcherban. This is
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the only area in Ukraine where it occurs. Apparently,
A. cretica subsp. pyrethriformis forms a metapopulation
comprised of a number of local populations scatthered
within a rather narrow stripe along the Ukrainian-
Romanian border. This suffruticose plant occurs on
rocky and grassland habitats mostly in the alpine zone.
Its highest density (up to 20 flowering individuals per
m?) was noted alongside of the tourist path (locality 7)
in the gaps among the heath or herbaceous vegetation,
which result from moderate trampling. Such gaps
provide suitable microhabitats for seed recruitment
of A. cretica subsp. pyrethriformis (Kobiv, 2012). Its
lowermost locality is situated at 1520 m a.s.l. at the SW
foot of Mt. Shcherban, where the density of individuals
has decreased by 1.8 times over the 14-year monitoring
period.

Rhododendron myrtifolium Schott & Kotschy, a
narrow-range high-mountain species, has a similar
distribution pattern. It is very abundant in the massif
of Mt. Pip Ivan and occurs up to the highest elevations
(localities 10, 15).

Alarge metapopulation of a pan-Carpathian endemic
Sempervivum carpathicum Wettst. ex Prodan subsp.
carpathicum (= S. montanum L. subsp. carpathicum
(Wettst. ex Prodan) Wettst. ex A. Berg.) inhabits rocky
outcrops in the high-mountain zone of Mt. Pip Ivan
within about 5-hectare area. The species produces mats
of numerous rosettes that may cover up to 300 cm?.
The population is sustained primarily by vegetative
reproduction provided by stolon growth.

Gentiana lutea L., a high-mountain Central European
species, is widely spread in glacial cirques on NE slopes
of Mt. Pip Ivan and Mt. Gropa within 1600—1900 m
a.s.l. The species occurs either in the open grassland
habitats or at the edge of scrub vegetation. The largest
population on Mt. Pip Ivan (locality 11) covers ca.
4 hectares and includes 3.5—5.5 thousand flowering
individuals. Density of flowering shoots in clusters may
reach 4 specimens per m?.

On the saddle between Mt. Shcherban and Mt.
Polonynka (locality 16) we found Narcissus angustifolius
Curtis, a species protected by the Bern Convention.
Its population, which numbers ca. 100 flowering
individuals occupies about 30 m?.

Not far from that site, on the rocks at the W summit of
Mt. Polonynka we found a small locality of Campanula
carpatica Jacq., a pan-Carpathian endemic (locality
17). It occurs on an area of only about 2 m?, apparently
being a fragment of the large metapopulation situated
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mostly on the Romanian side. The species forms lax
clones with about 1.5 flowering stems per 100 cm?.

Gentiana punctata L., a Central European alpine
species, is very common in the Marmarosh Mts. Due to
clonal growth it may form clumps up to 3 m? with 8—10
flowering shoots per 1 m?.

As follows from the above data, the massif of Mt.
Pip Ivan with the adjacent territory is a remarkable
hotspot, where localities of many rare alpine species are
concentrated on a comparatively small area (Figure).

Another unique area comprises Mt. Petros and
Mt. Berlebashka (aka Latundur). A series of alpine
calcareous species occur here (Table 2), because
limestone bedrock lies at a considerable altitude, which
is unusual for the Ukrainian Carpathians. One of them
is Genista tinctoria L. subsp. oligosperma (Andrae) Jav.,
an East-South-Carpathian endemic, which does not
occur anywhere else in the Ukrainian Carpathians.
It is a mat-forming dwarf shrub, 10—15 cm high. The
mats cover up to 300 cm? and contain 20—40 flowering
shoots. It is restricted to only two small localities (#22,
28) in the subalpine zone. The area of each of them is
ca. 150—200 m2. However, as follows from M. Deyl's
(1940) monograph, the taxon inhabited a larger range
of localities in the 1930s, which leads to an assumption
that it has declined significantly by now.

The same habitats harbor Jovibarba globifera (L.)
J. Parnell subsp. preissiana (Domin) Holub, a West-
East-Carpathian subendemic. Besides one locality on
Mt. Berlebashka, its largest metapopulation inhabits
the rocks on Mt. Petros and consists of several scattered
subpopulations. They are replenished mainly by stolon
growth. Numbers of rosettes of J. globifera subsp.
preissiana ranges within 5—35 specimens in each
subpopulation, while the percentage of flowering ramets
may reach up to 22%.

Similar metapopulation pattern and habitat
requirements refer to other clonal high-mountain
saxicolous calcareous species, Veronica fruticans Jacq.
and Potentilla crantzii, which often occur together.
Altitudinal range of Jovibarba globifera subsp. preissiana,
V. fruticans, and P. crantzii on the rocks of the S and E
aspects of Mt. Petros is 1530—1755 m a.s.l. (localities
18, 19, 21, 22). Monitoring carried out in selected
localities showed considerable increase in the numbers
of flowering individuals of J. globifera subsp. preissiana
and V. fruticans (2.6—4 and 2.8 times, respectively) in
14 years. This can be caused by the obvious decrease of
grazing during that period.
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Table 2. Floristic composition in localities of rare plant species in the hotspots of Mts Petros-Berlebashka and the Bilyi Potik Valley

(names of rare species in boldface)

Number of locality
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Calamagrostis arundinacea

Calamagrostis villosa

Campanula carpatica

Campanula kladniana

Campanula serrata
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Carex sempervirens

5]
N~

Carlina acaulis

Chrysosplenium alternifolium
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Fagus sylvatica

Festuca airoides

Festuca rubra
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Fragaria vesca
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Gentiana acaulis

Gentiana lutea

Helianthemum nummularium subsp. grandiflorum
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Hieracium umbellatum

Hypochoeris uniflora

Jovibarba globifera subsp. hirta

Juniperus communis subsp. alpina

8]
8]
—_
8]
—_
\S)

Laserpitum alpinum

+ =]+ [+ |+

170

Ukr. Bot. J., 2017, 74(2)



Number of locality 18 19 20 21 22 23 24 25 26 27 28 29 30
Linum extraaxillare . . . . + . . . . 1 . . K

Lotus corniculatus . . . + . . . . +
Luzula luzuloides . . 1 + 1 . 3 . . . 2
Nardus stricta

—_
—_

Parnassia palustris - . . . . . . + . +
Phyllitis scolopendrium . . . . . . . . . R R )
Phyteuma orbiculare . - - . . . . . + + .
Phyteuma vagneri . . . . + . . . . R T
Picea abies 2 2 + . . 2 1
Poa nemoralis 1 1 . . 2 2
Polygala amara subsp. brachyptera . . . . . . . . +
Potentilla aurea . . . + +
Potentilla crantzii 1 + . 1 + + . . . +
Prunella vulgaris . . . . . . ¥ . + T
Rhododendron myrtifolium . . . . . . . . . . +
Saxifraga adscendens . . . . . . . . +
Saxifraga paniculata . 1 . 1
Scabiosa lucida subsp. barbata . . . + + + . . 1 +
Scopolia carniolica . . . . . . . . . R K 1 T
Scorzonera rosea - . . . + . . . . . +
Sedum telephium subsp. fabaria 1 . . . . 1
Silene dubia . + . + + . . . . + +
Stellaria holostea
Stellaria nemorum . . . . . . + . . . . 1
Thymus alpestris 2 2 . 1
Vaccinium myrtillus 1 1 1 1
Vaccinium vitis-idaea
Veronica fruticans + . . 1
Veronica officinalis - - . . . . + . . +
Veronica urticifolia . . . . . + + . . . K . 2
Viola declinata . - . . . . . . . + +
BRYOPHYTES
Ctenidium molluscum . . . . . 2 . . . . 2 . )
Ditrichum flexicaule 1 1 . 2 2 . . . . R 2
Rhytidiadelphus triquetrus . 1 . 3 2 . . . . . . . 2
Tortella tortuosa 1 1 . . . 2 . . . . 3 . 2

+|w| -

+
+

+ [+
+

Other species occurring in a single locality (number in brackets) — Alchemilla monticola (26): +; Alnus viridis (22): +; Aposeris
Jfoetida (22): +; Asplenium septentrionale (19): +; Astrantia major (26): 1; Bellis perennis (26): +; Caltha laeta (25): +; Campanula
abietina (24): +; C. glomerata (21): +; Cardaminopsis arenosa (23): +; Carex canescens (25): 2; C. echinata (25): 2; C. nigra
(25): 1; Chrysosplenium alternifolium (29): +; Clematis alpina (30): 1; Corylus avellana (29): 3; Crepis conyzifolia (21): +;
Cystopteris fragilis (19): +; Digitalis grandiflora (30): 1; Dryopteris carthusiana (23): 2; Epilobium collinum (23): +; E. roseum
(29): +; Eriophorum polystachyon (25): 3; Galeobdolon luteum (29): 1; Geranium robertianum (29): +; Glechoma hederacea (29):
1; Hieracium auranthiacum (24): +; H. pilosella (27): +; H. richeri subsp. grisebachii (20): +; Hypericum maculatum (27): +;
Impatiens noli—tangere (29): 2; Juncus conglomeratus (25): 1; J. trifidus (28): 2; Knautia dipsacifolia (26): 1; Lamium maculatum
(29): +; Leucanthemum vulgare subsp. alpicola (21): +; Lilium martagon (21): +; Ligusticum mutellina (25): +; Lunaria rediviva
(29): 1; Luzula sudetica (25): 1; L. sylvatica (24): +; Lysimachia nummularia (29): +; Melampyrum herbichii (21): +; Molinia
caerulea (25): 2; Oxalis acetosella (24): +; Petasites albus (29): 2; Phleum alpinum (24): +; Polypodium vulgare (30): 2; Potentilla
erecta (25): +; Ranunculus nemorosus (22): +; Rubus caesius (29): 2; R. idaeus (23): +; Salvia glutinosa (30): 2; Sambucus nigra
(29): 2; Sedum atratum (18): +; Senecio papposus (22): +; Solidago virgaurea subsp. minuta (20): +; Spiraea chamaedryfolia
(30): 1; Stachys sylvatica (29): +; Symphytum tuberosum (23): +; Tanacetum subcorymbosum subsp. clusii (21): +; Thesium
alpinum (18): +; Trifolium repens (26): +; Urtica dioica (29): 2; Vaccinium gaultherioides (22): +; Valeriana tripteris (18): +;
Veronica serpyllifolia (27): +; Plagiochila asplenioides (21): 1; Neckera crispa (30): 1; Sphagnum sp. (25): 4. Location of the
sites: 18 —47°57'30,5''N 24°20'23,5"E; 19 — 47°57'33,5""N 24°20'30,5"'E; 20 — 47°57'46,5"'N 24°20'17,9"E; 21 — 47°57'42,4"N
24°20'11,8"E; 22 — 47°57'40,0"N 24°20'10,9"E; 23 — 47°57'35,9"N 24°20'05,6""E; 24 — 47°57'34,3""N 24°20'04,5"E;
25 — 47°57'16,9""N 24°19'38,8"E; 26 — 47°56'51,9""N 24°19'04,9"E; 27 — 47°57'54,3""N 24°19'01,7""E; 28 — 47°57'06,3""N
24°18'58,3"E; 29 — 47°56'08,9"'N 24°15'26,1"E; 30 — 47°55'49,4"'N 24°15'22,0"E.
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We also discovered other positive examples of some
rare species dynamics, namely establishment of their
new populations on limestone bedrock on the S slope
of Mt. Berlebashka. Thus, in 2010 we found a few
individuals of Potentilla crantzii on anthropogenic
outcrops of limestone that had appeared on the side-
slope of a recently constructed road (locality 27). The
species was missing there in 2002, whereas its quite
viable population has developed at the site by 2016.
Most probably, P. crantzii has dispersed from its large
«mainland» population on Mt. Petros situated ca. 2 km
eastwards.

A newly established population of Acinos alpinus (L.)
Moench (= A. baumgartenii (Simk.) Klokov) was first
found near that site on a pasture (locality 26) in 2010.
It occupied about 500 m? area then, but has expanded
to ca. 2000 m? by 2016. However, the average density
of flowering individuals of A. alpinus has not changed
significantly remaining within 1.1—1.3 specimens
per m2,

Quite opposite dynamics was revealed for Saxifraga
adscendens L., an arctic-alpine species that occurred in
the same locality in 2001, but was not found there in the
later surveys.

The same refers to Koeleria macrantha (Ledeb.)
Schult. subsp. transsilvanica (Schur) A. Nyar., an East-
South-Carpathian endemic, which was reported from
the Sslope of Mt. Petros by M. Deyl (1940), but was never
confirmed later. That author also indicated the altitude
of the locality and published its phytosociological
relevé, with a very peculiar floristic composition, which
enabled to locate the site correctly (locality 22) and to
make sure that K. macrantha subsp. transsilvanica has
become extinct in its only known Ukrainian habitat. Its
extinction could be caused by considerable decrease of
grazing and consequent overgrowth of its habitat with
more competitive graminoids or shrubs.

Nevertheless, Festuca saxatilis Schur, another East-
South-Carpathian endemic, has persisted in the same
locality, which is the only one we managed to find in
the region. This saxicolous species forms dense tufts
and occurs within about 25 m2. That locality is also
inhabited by a large population of Bellardiochloa
violacea (Bellardi) Chiov.

Alimestone rock in the spruce forest at the SW foothill
of Mt. Petros provides a habitat for some rare calcareous
species, e.g. Aconitum anthora L. (= A. jacquinii Rchb.),
Campanula carpatica, Symphytum tuberosum L. (locality
23). The first of them is very rare in the region and its
population numbered only 14 flowering individuals
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in 2016, whereas C. carpatica is more common on the
rocks in the forest zone.

On the same limestone bedrock nearby the above-
mentioned habitat we found a small population
of Heracleum carpaticum Porcius, an East-South-
Carpathian endemic (locality 24). It occupied only ca.
10m?in 2016 and contained 6 flowering and 19 vegetative
individuals. This aclonal species is replenished only due
to seed reproduction. The habitat conditions are rather
unusual for that alpine species, which is confined to a
forest glade there at a comparatively low elevation.

Another East-South-Carpathian endemic, Silene
nutans L. subsp. dubia (Herbich) Zapal., is rather com-
mon on Mt. Petros and Mt. Berlebashka and forms a
large metapopulation. Helianthemum nummularium (L.)
Mill. subsp. grandiflorum (Scop.) Schinz & Thell.,
a high-mountain Central European subspecies, was
found only in one locality (#21) on Mt. Petros.

A large population of Gentiana lutea stretches along
steep hollows on the N and NE slopes of Mt. Petros near
its summit (locality 20). The population is confined
to 1660—1770 m a.s.l., occupies about 5000 m? and
numbers 1.5—2.0 thousand flowering individuals.

Polygala amara L. subsp. brachyptera (Chodat) Hayek,
a narrow-range montane taxon, occurs in some calcium-
rich saxicolous or grassland sites (localities 4, 26, 27).

The last noteworthy "hotspot" of the rare species is
the Bilyi Potik Valley, which is remarkable for numerous
cliffs of marbelized limestones situated in the beech
forest zone at much lower elevations in comparison with
the listed above localities. Campanula carpatica is very
abundant on such cliffs and smaller outcrops and forms
lax mats, with up to 3 flowering shoots per 100 cm?.

Cortusa matthioli L., a saxicolous chasmophite,
inhabits shady rock fissures. Its largest population
(locality 30) contains over 100 flowering individuals. The
species number is limited by the availability of suitable
microhabitats and low seed productivity (Kobiv, 1999).

Some publications (Shushman, 2008) and herbarium
data indicate that a very rare saxicolous species,
Sempervivum marmoreum L., also occurs on the cliffs
near the Bilyi Potik stream, but we failed to find it.

Tall-forb communities beneath the rocks harbor
Phyllitis scolopendrium (L.) Newman and Scopolia
carniolica Jacq. Their average density is 1.2 and 0.4
individuals per 1 m?, respectively (locality 29).

Calcicolous flora of these habitats is typical of the
belt of Pieniny and Marmarosh limestone cliffs, which
stretches along the border between the Inner and Outer
Carpathians.
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Table 3. Soil parameters in selected localities of rare plant species in the Marmarosh Mts

Number of locality 2 3 5 8 9 14 15 17 21 22 28 30
pH(H,0) 5.86 6.78 6.56 3.75 4.15 3.91 4.76 5.21 3.86 4.40 6.19 7.05
Content of Ca (mg-eq./100 g) 34.83 | 12.82 | 24.40 1.52 1.95 9.80 12.42 | 13.60 9.60 10.81 18.40 | 36.24
Content of Mg (mg-eq./100 g) 6.02 3.22 4.80 1.50 1.62 8.15 4.01 11.21 8.00 4.82 6.40 17.31

Because of steep topography, wetlands are infrequent
in the Marmarosh Mts. The largest peat bogs that cover
100—750 m? (localities 6, 25) are inhabited by Carex
limosa L. and C. pauciflora Lightf.

In many of his relevés M. Deyl (1940) mentioned
Avenula pubescens (Huds.) Dumort. subsp. laevigata
(Schur) Holub, which could imply that this narrow-
range montane plantisrathercommoninthe Marmarosh
Mts. Apparently, that results from misidentification,
because thorough examination of the specimens, which
we collected in the region (including the localities
stated by that author) and their comparison with the
type material (Nachychko et al., 2017) proved that they
belong to A. pubescens subsp. pubescens, and the former
taxon hardly occurs in Ukraine.

Soil analysis in the selected localities of rare species
(Table 3) showed the highest pH values and content of
calcium on the limestone cliffs in the Bilyi Potik Valley.
Rocky habitats of Mt. Nenieska are also rich in calcium.
By contrast, most acidic and calcium-poor soil is in
the snowbed locality in the glacial cirque of Mt. Pip
Ivan. Almost equal content of calcium and magnesium
was noted in some localities on crystalline bedrock
on Mt. Pip Ivan and Mt. Petros, whereas the former
element prevails significantly in most soils all over
the Ukrainian Carpathians. Apparently, presence of
markedly basiphilous species in some of these localities
is considerably contributed by magnesium.

Conclusion

In biogeographical terms, the Marmarosh Mountains
are the area of remarkable biodiversity, where many
rare plants occur. Some of them, namely Anthemis
cretica subsp. pyrethriformis, Genista tinctoria subsp.
oligosperma, Potentilla crantzii and Veronica bellidioides,
do not occur elsewhere in Ukraine, because edges of
their geographical ranges slightly protrude into the
Ukrainian territory only in that area, while they are
much more abundant in the Romanian Carpathians.
That floristic specificity is caused mostly by the
geological structure of the region, which differs from
the rest of the Ukrainian Carpathians. Other rare
range-edge species that in addition to the Marmarosh
Mts have a very limited distribution in some other
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frontier regions of the Ukrainian Carpathians are:
Festuca saxatilis, Jovibarba globifera subsp. preissiana,
Sempervivum marmoreum, Veronica fruticans. Some of
the listed species, for instance, Veronica bellidioides,
are critically endangered, while Koeleria macrantha
subsp. transsilvanica, has aready become extinct
in the Marmarosh Mts. The localities of these taxa
in the Marmarosh Mts are confined to the north-
eastern limit of their distribution in Central Europe
and their extinction causes contraction of the species’
geographical ranges and possible irreversible loss of
biodiversity, because some peripheral populations
have a unique gene pool (Lesica, Allendorf, 1995). As
follows from the above results, many rare species of the
Marmarosh Mts are narrow-range and the mentioned
facts of decline or extinction are most worrying for the
endemics (Genista tinctoria subsp. oligosperma, Koeleria
macrantha subsp. franssilvanica). Decline of cold-
adapted alpine species (Cerastium cerastoides, Luzula
spicata, Primula minima, Saxifraga carpatica, Veronica
bellidioides) has taken place mainly at the lower limit of
their ecological range and can be explained by climate
change.

Another factor that affects rare species is
considerable decrease of grazing in the region, which
has been observed lately. Along with climate change it
triggers natural succession of vegetation in the habitats
of some rare species and their replacement by highly
competitive tussock graminoids or shrubs. For that
reason, mild grazing regime that still remains in some
open habitats of saxicolous or chionophylous species,
e.g. on Mts Nenieska, Pip Ivan, Petros, Berlebashka
is favorable for their persistence, because it mitigates
adverse changes in these localities. This refers mostly
to low-statured poorly competitive species (e.g. Acinos
alpinus, Cerastium cerastoides, Saxifraga adscendens,
S. carpatica, Veronica bellidioides), which need gaps in
vegetation for their recruitment (Virtanen et al., 1997).
The mitigating effect of grazing against warming-
induced decline of alpine species has been proved
experimentally (Klein et al., 2004).

On the other hand, another group of species has
benefited fromthe decrease ofgrazing. They demonstrate
their highest viability in undisturbed conditions. This
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concerns primarily tall forbs (Heracleum sphondylium
subsp. transsilvanicum, Gentiana punctata), but also
refers to some rare saxicolous components of grassland
or dwarf-shrub communities (Jovibarba globifera subsp.
preissiana, Veronica fruticans).

Thus, various groups of rare species have different
needs for their effective conservation, which should
be carefully considered in implementation of land-use
measures in their habitats. Supposedly, their persistence
in open saxicolous and chionophilous localities could
be best provided by maintenance of mild grazing regime
to prevent overgrowth of their habitats with highly
competitive species.

By contrast with the above-mentioned extinction
events, we have revealed a few facts of colonization
of new habitats by some rare species (Acinos alpinus,
Potentilla  crantzii), which happened recently in
anthropogenically disturbed localities.

Thus, populations of many rare species in the
Marmarosh Mts undergo continuing transformations
responding to changes in climatic factors and varying
anthropogenic pressure or resulting from succession of
vegetation in their habitats.

Almost all species mentioned in this article are listed
in the Red Data Book of Ukraine (Chervona knyha...,
2009). Our survey proved that some studied taxa should
be included into its next edition, namely, Koeleria
macrantha subsp. transsilvanica and Luzula spicata,
both as extinct (EX); however, a few historical localities
of the latter species in the Chornohora still need to be
thoroughly checked for its presence.

Though Potentilla crantzii is rare and confined to a
very small area in Ukraine, it is not prone to decline and
therefore does not require any conservation status.
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Ko6is 10."2, IIpokomnis A.?, Haunuko B.2, Bopcykesuu JI.2,
Tenewr M.? ITommupeHHs i cTan monynsiuiii piatKicHUX BUiB
pociuH y Mapmapocskux ropax (Ykpainceki Kapnaru).
VKp. 60T. XypH., 2017, 74(2): 163—176.

'TactutyT exosorii Kapmar HAH Ykpainu
ByJ1. KosenbHuuiibka, 4, JIbBiB 790026, Ykpaina

’boraHiuHunii cax JIbBIBCbKOTO HAL[iOHAJILHOTO
yHiBepcuTeTy iM. IBaHa ®paHKa
ByJ1. Uepemiunu, 44, JIsgis 790014, Ykpaina

V craTTi MogaHo pe3yIbTaTh OOCTEXKEHb OCENMII PilKiCHUX
BUAIB pocsinH y MapMapocbkux ropax (Ykpaincbki Kaprma-
THU) Ta OMMCAHO IXHE TOYHE PO3TAlllyBaHHS U MOMYJSUiliHI
rmapaMeTpu. Y pe3yibraTi aHali3y MoINepeaHiX JiTepaTypHUX
i repbapHUX MaTepiajiB BCTAHOBJIEHO JEsIKi MPOCTOPOBO-
YacoBi 3aKOHOMipHOCTI IXHbOTO TMOIIMPEHHS, 30KpeMa 0CO-
OJIMBOCTI OCENUI i IMHAMIKY MOMYJISIN, 1110 YMOXJIUBUIO
BU3HAYEHHS IXHbOTO MPUPOAOOXOPOHHOTIO cTaTycy. Busipie-
HO YHCJIeHHI ()aKTU perpecyBaHHS Y1 3HUKHEHHSI, a TAKOX
MPUKIAAU TMO3UTUBHOI AMHAMIKM TOMYJSLIA JOCTIIKEHUX
BuaiB. Xononocriiiki Bunu (Cerastium cerastoides, Primula
minima, Veronica bellidioides) BUSIBWINCS Bpa3IUBUMU 0
KJIIMaTUYHUX 3MiH, 30KpeMa Ha HUXXHI MeXi iXHbOro mo-
IUpeHHs. THIMM (akTopom BIUIMBY € MOCIa0JeHHS BU-
MAacaHHs, 1O CIHPUYMHWIO CYKIECiII0 POCIMHHOCTI i, K
HACJi10K, BUTICHEHHSI JAEIKUX HU3bKOKOHKYPEHTHUX pPif-
KicHuX pociuH (Genista tinctoria subsp. oligosperma, Koeleria
macrantha subsp. transsilvanica) 9arapHudKamMu abo aep-
HUHHUMM 371akaMMi. HaTowmicTs, iHIIa rpyna pinkicHUX BU-
niB (Heracleum sphondylium subsp. transsilvanicum, Gentiana
punctata, Jovibarba globifera subsp. preissiana, Veronica
fruticans) MO3UTUBHO pearye Ha 3MEHILIEHHs aHTPOTIOTEHHO-
TO BILIMBY.

KimouoBi ciioBa: 3MiHM KiliMaTy, BAMUPaHHS, TMHAMiKa
nonyJsiuiii, Tokanitet, Kaprnaru
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Ko6us 10."?, IIpokonus A.2, Haubsruko B.2, bopcykesnu J1.2,
Tenemr M.? PacipocTpaneHnue H COCTOSIHUE IOy IsAIMiA
peIKuX BUAOB pacTeHuii B MapMapomcKuxX ropax
(Ykpaunckue Kapnatei). YKp. 00T. XypH., 2017, 74(2):
163—176.

'"Muctutyt akonorun Kapnat HAH Yxkpannsr
yi. KosenbHuikag, 4, JIbBoB 79026, YkpauHa

’boranuyeckuii cax JIbBOBCKOrO HAllMOHAIBHOIO
yHUBepcuTeTa uM. MBana ®paHko
yi1. Yepemiuunsl, 44, JIbBoB 79014, YkpanHa

[pencraBieHbl pe3yiabTaThl OOCIIEIOBAaHMS MECTOIPOM3-
pacTaHUil peKnX BUIOB pacTeHU B MapMapoIICKIX Topax
(Yxpaunckue KapraTsl) 1 ormrcaHbl MX TOYHOE PACIIONIOXKE-
HME U MOIYJISIIMOHHbBIE ITapaMeTphl. B pe3ynbrate aHaim3a
MPEABIAYIINX TUTEPATYPHBIX ¥ TepOapHBIX TaHHBIX YCTAHOB-
JIEHBI HEKOTOpPbIE IPOCTPAHCTBEHHO-BPEMEHHbIE 3aKOHO-
MEPHOCTH HX PaclpOCTpaHeHHUs, B YaCTHOCTH OCOOEHHO-
CTU MECTOOOUTAHWI, TCHACHUMWM TUHAMUKU TTOIYJISIIINIA,
YTO JAaJI0 BOBMOXHOCTD OMPEAEIUTh UX IMPUPOIOOXPAHHBII
cratyc. BbIsIBIeHbI MHOTrOYMCIIEHHBIE (DaKThl UX PErpeccu-
pPOBAaHUST WJIN MCUE3HOBEHUSI, a TaKXKe MPUMEPHI TTOJTOXKM-
TEJIbHOW AMHAMUKM TOIYJISLMIA HMCCAeI0BAHHBIX BHIOB.
XonopoyctoituuBble Buabl (Cerastium cerastoides, Primula
minima, Veronica bellidioides) oka3amnch ysI3BUMBIMU K KITH-
MaTUYEeCKUM M3MEHEHUSIM, B YACTHOCTU Ha HIKHEH TpaHu-
1le UX pacnpoctpaHeHus. Eme ogHuUM BiaustiomuM ¢hakTo-
pOM SIBJIsIeTCsl ocylabieHre BhITIaca, BBI3BaBIIIee CYKIIECCUIO
PACTUTEIBbHOCTU M IOCJEIYIOIIee BHITECHEHME HEKOTOPBIX
HU3KOKOHKYPEHTHBIX PeIKUX pacteHuit (Genista tinctoria
subsp. oligosperma, Koeleria macrantha subsp. transsilvanica)
KyCTapHMYKAMU WM JAEPHOBMHHBIMU 31akamu. OmHaKo,
Ipyrasi rpynna peakux BunoB (Heracleum sphondylium subsp.
transsilvanicum, Gentiana punctata, Jovibarba globifera subsp.
preissiana, Veronica fruticans) TIOIOXUTEJIbHO pearnpyeT Ha
YMEHbIIIEHHE aHTPOIIOTEHHOTO BIUSHMSI.

Kirouesbie ciioBa: U3MEHEHUsI KIMMaTa, BBIMUpaHHKE,
MUHAMUKa MOy, JJoKanuTeT, KapmaTtsl
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Mycological Records

HoBgi Buay jixeHoinbHuX rpuoiB 1is YKpainu
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Khodosovtsev A.Ye., Darmostuk V.V. New for Ukraine records of lichenicolous fungi. Ukr. Bot. J., 2017, 74(2): 177—183.

Kherson State University
27, Universytetska Str., Kherson 73000, Ukraine

Abstract. Four new for Ukraine records of lichenicolous fungi from Desnyansko-Starogutskyi National Nature Park are
reported. Cornutispora pyramidalis is a lichenicolous coelomycete with triangular hyaline conidia collected on Parmelia sulcata.
Epicladonia stenospora is characterized by one-septate hyaline conidia in pycnidia on Cladonia foliacea. Heterocephalacria
physciacearum is a tremelloid fungus forming pale brown to dark galls on thalli of Physcia stellaris. Refractohilum intermedium
is an annelate hyphomycete with hyaline phragmoconidia growing on crustose thalli of Pachiphyale species. The descriptions,
illustrations, localities, ecological and distribution data for these species are provided.

Keywords: Cornutispora, Epicladonia, Heterocephalacria, Refractohilum

Beryn

B yHikanpHUX maHAmadTaxX MpUIeCHIHCHKIX Ta CTa-
POTYTCHKUX JIiCiB, PO3TalllOBAHUX Y MeKax HalMiBHiv-
Himoro HartionansHOTO TippomHoro mapky (HITIT)
"NecHssHcbKO-CTaporyTehbKuii'", HaMu BUSIBJIEHA YK-
MaJjia KiJIbKiCTb JIixeHO(iIbHUX TpUOiB, cepe SKUX JIe-
KiJIbKa € HEBIIOMUMMU B YKpaiHi BUugamu. Y 1iit ctarri
MU HaBOAMMO OIIMCH, LTIOCTpallii, eKOJOriuHi 0c00-
JIMBOCTI Ta MICLIE3HAXOMKECHHSI YOTUPHOX HOBUX JUIS
VYkpainu BumiB JjixeHodinbHUX rpudiB Cornutispora
pyramidalis, Epicladonia stenospora, Heterocephalacria
physciacearum ta Refractohilum intermedium.

Marepianu Ta MeTOAM

3pa3ku JixeHodiTbHUX I'pubiB 3i0paHO A Yac eK-
cnennuiiHoro Buizay 1o HITIT "Jdecusaucpko-Crapo-
rytecbkuit" 1—8 ceprias 2016 p. Byiu TakoX KpUTUIHO
MepemISIHYTI 3pa3ku poay Pachyphiale Lonnr., 1110 30e-
piraioThcs B JIIXEHOJIOTIYHOMY repOapii XepCOHCHKOIO
nepxxaBHoro yHiBepcutetry (KHER). InenTudikaiiio
BUJIiB MPOBOAWIN B jiabopaTopii GiOpi3HOMAHITTS Ta
€KOJIOTIYHOI0 MOHITOPMHTY XEPCOHCHKOTO JepsKaB-
HOTO YHiBepcuTeTy. BUsHaueHH JiXeHODIIbHUX TPU-
0iB 3IiMICHIOBAIM BiAMOBIIHO A0 Cy4YaCHUX IMOTJISIIB Y

© 0.€. XOJOCOBLEB, B.B. IJAPMOCTYK, 2017
Ykp. 60T. kypH., 2017, 74(2)

TaKCOHOMii OKpeMHUX IpyIl, sIKi 3aCHOBaHi Ha aHaTO-
MO-MOPMOJIOTIYHIX OCOOJUBOCTSIX, KOJbOPOBUX pe-
aKIIisiX OKpeMUX CTPYKTYp Ta CIeKTpi rocrionapis. Jist
BU3HAYCHHST BUKOPHUCTOBYBAJIM TMMYACOBI MiKPOCKO-
MiYHi 3pi3u JIe30M, SKi BUTOTOBJISUIM ITiJ OiHOKYJISIp-
HUM Mikpockoriom MBC—1. [lerani 6ynoBu IIogoBuxX
TiJT BUBYQIM 3 BUKOPUCTaHHSIM Mikpockorna LOMO
MICROMED-2. BumipioBaHHS TpOBOIWUJIN Y BOJi 3
TouHicTiO 10 0,25 MKM /151 BereTaTUBHUX TiB, KOHimil,
KOHimioopiB, KOHiAIOTeHHUX KJIiTUH, 0a3uaiit Ta 6a-
3UII0CHOP, KIITUH MiKHiAiaaIbHOI CTIHKM; Ta 10 5 MKM
JIJIsT BCTAHOBJIEHHST PO3MIpiB MiKHiA Ta iXHiX CTiHOK.
Lwndposi 3HAUEHHS IIpeAcTaBIcHI IK (min. —) x = SD
(— max.) [n], ne x — cepenHe 3HauyeHHs, a SD — cTaH-
IapTHE BiAXWUJCHHS, 1 — KiIbKicTb BUMipiB. Koibopo-
Bi peakilil CTPYKTyp JiXeHOMiTbHUX I'pUOiB BU3HAYA-
JIA 32 JOTIIOMOTIOI0 TaKuX peakTuBiB: 10%-Huil po3unH
KOH; po3uun itony (I) B xaniii iioguai (KI), pozuun
OpuitiaHToBOrO KpeswioBoro cuHboro (BCr). doro-
rpadii 6ysiu 3po0sieHi 3a TOMOMOTroK KOJbOPOBOI Ka-
Mepu 1151 Mikpoo6'ekTiB "Levenhuk C510 NG". 3iopa-
Ha KOJIeKI1isl TiXeHOiTbHUX rPUOiB 30epiraeTbes B Ji-
XeHOoJIoriuHOMY rep0Oapii XepCOHChKOT0O AepXKaBHOIO
yHiBepcutetTy (KHER). Ha3Bu TakCOHIB Ta CKOPOUYEH-
HsI aBTOPiB Y HOMEHKJIATYPHUX KOMOiHALlisIX MOAaHO
3rigHo 3 6a3010 Index Fungorum.
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Puc. 1. Cornutispora pyramidalis (KHER 9907): a — 3aranpHuii Burmsan nikdin (minitika 1000 Mmxm), b — 3pi3 uepe3 mikHiLy
(y Boai, ninilika 100 MKM); ¢ — KOHiAii (y Boni, iHiiika 10 Mxm). Heterocephalacria physciacearum (KHER 9905): d — 3aranpHuii
BumIsAn Gasumiomu (riHifika 1000 Mkm), e — 6asunis (y po3unHi BCr, miniiika 20 Mkm), f — 6asunioctiopu (y po3unHi BCr,
niniiika 10 mxm). Epicladonia stenospora (KHER 9908): g — 3aransauit Buriisin ikHin (miniiika 1000 mxm), # — cTiHKa TiKHIIN
3 KOHiZIiOreHHUMU KJIiTuHamu (Y BO/i, JiHiiika 20 MKM), i — KOHiii (y Bofi, JiHiiika 20 MKM).

Fig. 1. Cornutispora pyramidalis (KHER 9907): a — habit (scale 1000 pm), b — section through pycnidia (in water, scale 100 pm),
¢ — conidia (in water, scale 100 um). Heterocephalacria physciacearum (KHER 9905): d — habit (scale 1000 pm), e — basidia (in
BCr solution, scale 20 pum), f— basidiospores (in BCr solution, scale 10 um). Epicladonia stenospora (KHER 9908): g — habit
(scale 1000 um), # — pycnidial wall with conidiogenous cells (in water, scale 20 pm), i — conidia (in water, scale 20 pm).
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PesynbraTi Ta 00roBOpeHHs

Cornutispora pyramidalis Etayo, Opuscula Philo-
lichenum 8: 134 (2010) (puc. 1, a, b, ¢).

BereratuBHi Tipu 3aHypeHi B cllaHb rocmomaps,
cllabko mowmitHi, 6e30apBHi. [likHiguM crmoyaTKy 3a-
HYpEeHi, Mi3Hillle TPOXW BUCTYIAIOTh HAll MOBEPXHEIO
cllaHi, CBITJI0-KOPUYHEBi 10 TEeMHO-KOPUYHEBUX, KYy-
JISICTi, TIOOMWHOKI, pimiie 3i0paHi 1o 2—3 y rpymu,
(80—)105 £ 20(—135) [# = 15] MKM miameTpom, Bif-
KPUBAIOTHCS IIUISIXOM PO3PUBY alliKadbHOI YaCTUHU
ctiHku. CTiHKa MiKHiAW CKJIaJAa€ThCs 3 MaparjeKTUH-
XIMHMX KJIITHH, 110 po3MillieHi 4—6 psigamMiu, 30BHILIHI
KJIITUHU CTiHKY XXOBTO-KOPUYHEBOTO KOJIbOPY, (6,5—)
9,25 £ 1,25(—11,75) [n = 20] MKM 3aBTOBIIIKH, BHYT-
pilHi KiaiTuHU 6e36apBHi, (4,0—)5,25 £+ 0,5(—5,75)
[n = 20] mxm 3aBToBIIKKM. KoHigiodopu Ta KoHimio-
Te€HHI KJITMHU HEYiTKi HaBiTh y MOJOAUX ITiKHigaX.
Konigii romobmactuyni, 0e30apBHi, OTHOKJIITUH-
Hi, TPMKYTHO1 a0 pijalle YOTUPUKYTHOI (1yXKe pilaKo
M'ITUKYTHO1) (DOPMU 3 OIHIE€I0 MACSHOIO Kparielo B
uentpi (3,0—)4,25 + 0,5(-5,5) [n = 30] mx™m Bix ogHiel
BEPILIMHU 0 iHIIO1, KyTH KOHifili MipamiganbHo1 (pop-
MU, 6e3 IpUAaTKiB, TOHKOCTIHHI.

Ekodorig. Bua yrBoproe 3HeOapBieHi HEKPOTHUYHI
IIMU Ha cnadi Parmelia sulcata Taylor. 3 4epBOHO-
YOPHOIO KpalioBOIO YaCTUHOIO, B LIEHTPI SIKUX PO3BU-
BalOThCS MiKHIIU.

Hocnimxkeni 3pa3ku. Cymcbka o6jaactb, Cepe-
nuHo-byncekuit  paitoH, oxon. c. Oukino, HIIIT
"JlecHsiHCcbKO-CTaporyTchKuit', ypouuiie YOOpPOK,
52°15'12.7" N, 33°35'5.2" E, alt. 130 M Hag p.M., Ha KOpi
Quercus robur, 05.08.2016, 3i6p. O.€. XomocoBLeB Ta
B.B. lapmoctyk (KHER 9907).

IHommpennsa. JlixeHodinpHuit TpuO OyB BimoMmii
e 3 CepenzemuoMop's: Itamist, Icrmanis, [Topryra-
mist (Etayo, 2010; Brackel, 2015).

BingmiuaBcst Ha cnansax Flavoparmelia caperata (L.)
Hale, Hypotrachyna revoluta (Florke) Hale Ta
Parmotrema sp. (Etayo, 2010). Bua P. sulcata € HoBUM
rocnionapeM mist Cornutispora pyramidalis.

Posmipu KoHimiii gocraimkeHoro 3paska (KHER
9907) cniBnagaioTh 3 AiarHO30M BUY, OMHAK PO3Mipu
nikHin 6inbmi — go 130 MxkM giametpom mpotu 50—
70 MKM, sIK 3a3HaueHo y npoTtono3i (Etayo, 2010).

Epicladonia stenospora (Harm.) D. Hawksw., Bull.
Br. Mus. nat. Hist., Bot. 9(1): 20 (1981) (puc. 1, A, i, j).

IlikHinu HamiB3aHypeHi B cjaHb rocrojaps, He
YTBOPIOIOTH TaJlk, PO3CisiHi, CIOYaTKy TMOMITHi Julle
SIK JpiOHI pO3pMBU KOPOBOIO IApy, HAIliBKYJISICTI,

YKp. 60T. XypH., 2017, 74(2)

(73—)75 £+ 10(—125) [» = 10] MKM y miameTpi,
OCTioJIsIpHAa YacTMHa A00pe pO3BUHYTA JIMIE Ha
Mojionux TikHigax. CTiHKa ITiKHiZM Oe30apBHa 10
OJIMBKOBOI B OCTIOJISIpHiil yactuHi, (5,5 —)7,5 = 1,5(—
14) [n = 15] MKM Ta 10 25 MKM 3aBTOBIIKHW Y BepXHiit
YacTUHi, fextura intricata. KOHimioreHHI KJIITUHU
roJIo0JIaCTUYHI, 1110 YTBOPIOIOTHCSI HAa CTIHKAX IMiKHII,
BUIOBXKEHi, aMITyJI0NOAIOH1, 3BY>KeHi OijIsl anmikajlbHOL
yacTh, 6e30apBHi, 3 INTaJcHBKUMHU CTiHKaMH, (6,5—)8,5
*1,5(—13,5) x (2,5-)3,25 £ 0,25(—4,0) [n = 15] MKM.
Konigii mooanHoOKi, edirncoinHi, 3 Tymow BepXiBKOIO
Ta YCIYEHOI0 OCHOBOIO, 0Oe30apBHi, OJHOKJIITWHHI,
piaile IBOKIITUHHI, 3 KiJIbKOMa OJiHHUMU KparuisiMu,
TOHKOCTiHHI, (6,25—)7,75 £ 1,75(—11,75) X (2,75-3,5
*0,5(—4,25) [n = 15] MKM.

Ekounoriss. Bun pocre Ha nmycoukax cnani Cladonia
foliacea (Huds.) Willd. Ta BUKIMKae He3HaUuHE
3HeOapBJICHHS ClIaHi.

Jocaimxkeni 3pa3ku. CyMcbka o6nactb, CepenmHo-
Byncbkuit  paitoH, okoa. c¢. Oukino, HIII
"JlecHsTHCHKO-CTapoTyTChKMit', ypounine YOOpPOK,
52°14'28.1" N, 33°23'28" E, alt. 131 M Ham p.Mm.,
Ha rpyHTi, 03.08.2016, 3i6p. O.€. XomocoBieB Ta
B.B. dapmoctyk (KHER 9908).

IMoumpenns. Bun Bimommit 3 ABctpii (Hawksworth,
1981), Bexawrii (Sérusiaux et al., 1999), Bbinopyci
(Tsurykau, 2014), BemukoOpuranii (Hawksworth,
1986), Hanii (Sechting et al., 2007), Ecronii (Suija
et al., 2008), JIutBu (Motiejinaité, Andersson, 2003),
JliokcemOypra (Diederich et al., 1991), Hopserii
(Zhurbenko, Alstrup, 2004), Himeuyuunu (Brackel,
2009), IMombmi (Kukwa, 2004), Pocii (Zhurbenko
et al., 2012), ®panwuii (Hawksworth, 1981), Yexii
(Kocourkova, 2000), Yini (Etayo, Sancho, 2008).

Heterocephalacria  physciacearum  (Diederich)
Millanes & Wedin, Stud. Mycol. 81: 120 (2015) (puc. 1,
d,ef 8.

basumioma 0,1—1,2 MM y miamMeTpi, BOCKOBO-
JKOBTOTO, POXKEBOTO, CBITJIO-KOPUYIHEBOTO, Cipo-
KOPUYHEBOrO Maifke M0 YOPHOTO KOJIBOPY, OITyKJa,
YacTo 3i 3BY>KEHOIO OCHOBOIO, iHKOJIU (DOpPMY€E Taiu
abo TIPUTHIYYE PO3BUTOK arloTeliiB Tocromaps.
lidu  TOHKOCTIHHiI, 2—3,5 MKM  3aBTOBLIKM.
limeniit 6e30apBHUI, iHOAI 3 TEMHO-KOPUYHEBUMU
TOBCTOCTIHHUMM TichaMM y 30BHIIIHII JacTwHi, (7,5—)
8,5 + 2,5(—14,5) x (3,5-)6,5 + 1,5(-8,5) [n = 10]
MKM, IO MICTITh YMCJEeHHiI mportobasumii. OcTtaHHiI
eJIIMCOoiAHI, TpoJidepyloTh Ha piBHI 0Oa3aJbHUX
kinamiiB. [idinu ta mucrtigu BimcytHi. basumii (25—)
40 + 5(=50) % (6,5-)7,5 £ 0,5(=9,5) [n = 10] Mxm
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LWJIIHAPUYHI, HECENTOBAHI, PiIKo CyOLMIIHAPUYHI, 3
2—3—4munonoaioHumu enidasuaissmu. bazuniocrnopu
(7,5-)9,75 £ 1,75(—12,5) % (3,25-)4,5 £ 0,25(-6,0)
[n = 15] MkM, emincoigHi IO JUMOHOMOAIOHUX 3
TOBCTUMHU OOOJIOHKAMHU, KOCO TIPHKPIIUTIOIOTHECS 10
CTEPUTM.

Ekomnoria. Ha cmani Physcia stellaris (L.) Nyl.

Jocaimkeni 3pa3KH. CyMmchbKa 001acTh,
CepenunHo-byacbkuii  paiioH, okoua. c. QukiHo,
HIIIT "Jecusucwko-Craporyrebkuit”, 52°15'44.1"

N, 33°23'23.6" E, alt. 125 M Han p.M., Ha Kopi Salix,
01.08.2016, 3i6p. O.€. Xoxocosues Ta B.B. JlapmocTyk
(KHER 9905, 9906).

Ioumpennsi. Heterocephalacria physciacearum €
KOCMOTIOJIITOM, 1[0 POCTe Ha IpelICcTaBHUKAX POAUHU
Physciaceae Zahlbr. Bun Bimomuii 3 ABctpii (Diederich,
1996), binopyci (Tsurykauetal., 2016), Benrnkoopuranii
(Diederich, 1996), Eksamopy (Diederich, 1996),
Ecronii (Halonen et al., 2000), Ediomii (Diederich,
1996), Ipnannii (Diederich, 1996), Icnanaii (Millanes
et al.,, 2014), Icmanii (Diederich, 1996), Irtamii
(Brackel, 2011), Kananu (Diederich, 1996), Koaym6ii
(Etayo, 2002), Jlatsii (Czarnota, Kukwa, 2010), JIutsu
(Motiejtinaité, 1999), Hinepmannmis (Boom, Aproot,
1996), I1amya Hosoi-IBinei (Diederich, 1996), IToJbiii
(Kukwa et al., 2002), IToprtyranii (Boom, Giralt,
1999), Pyanau (Diederich, 1996), CILA (Diederich,
1996), ®inngunii (Puolasmaa et al., 2008) Yecwkoi
Pecnyoniku (van den Boom, Palice, 2006), IlIBewii
(Diederich, 1996).

Bin Bimomoro B YkpaiHi Heterocephalacria bachman-
nii (Diederich & M.S. Christ.) Millanes & Wedin
(= Syzygospora bachmannii Diederich & M.S. Christ.)
(Khodosovtsev, 2013) Bigpi3HSI€TbCA KOPOTIIUMU
0a3uisiMu Ta 3pOCTAaHHSIM Ha TIPEICTABHUKAX POAUHU
Physciaceae Zahlbr.

Refractohilum intermedium Cl. Roux & Etayo, in
Roux, Etayo, Bricaud & Le Coeur, Can. J. Bot. 75(9):
1597 (1997) (puc. 2, a, b, c).

KosoHnii 6ii, myxKi, yacTiiie BCbOTO pO3pOCTaIOThCS
no Bciit cnani Pachyphiale, pigme 3ycTpivyaroTbcs
Ha Kpasgx anorteliiB. BereraTtuBHi rihu 3aHypeHi B
cllaHb, 01M3bKo 3—4 MKM 3aBTOBLIKU. KoHigiogopu
6e30apBHi, MOHOHEMATO3Hi, MPsIMi 200 3J1erKa 3irHyTi,
(1-)3—6(—9) cenroBaHi, Heposramxyxeni, 30—75 X
4,5—6 MKM 3 TJIaIKUMU Ta MOTOBIIEHUMHM (OJU3BKO
1,5 MKM 3aBTOBLIKM) KJITUHHUMU OOOJIOHKAMMU.
KoHinioreHHi KJTiTuHU 3 1 —8 aHHESisIMU (AHHEJSLIT
TakoX TIPMCYTHI Ha KOHimiodopax), TepMiHaJbHi,
6e306apBHi, 10—20 % 3,5—4,5 mxMm. KoHinii yTBopio-
IOTbCSI Ha  BepXiBKaX KOHIZIOTEHHUX  KJITUH,
0e30apBHi, MMOOAMHOKI, aKpOreHHi, KerJenoaioHi,
TOHKOCTIHHI, 3BYXXEHi Ta 3a0KpYIJICHI OiJisl amekcy,
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pPO3ILIMPEHi Ta pi3KO 0Opi3aHi OIS OCHOBM, 3 UiTKO
BUpaxeHoto Ximow 2,5—4,0 MKM 3aBLIIMPIIKU, sKa
BiIOMBA€E COHSIUHE BUIIPOMIHIOBAHHSI, TOMY BUIJISIIA€E
TPOXM TEMHIILIO0 3a iHIII YacTMHMU KOHimii, (2—)3—
4(—5) cenToBaHi, 3 HUX 75% KOHifiil — 3-X cenToBaHi,
a 20% — 4-x cenroBani (3a Roux et al., 1997 (1-)3—
5(—6) cenroBaHi, 3-x cenTtoBaHi — 10—75%, 4-x
cenroBaHi — 5—20%), (14—)15,4—17,1-18,7(-20,5) %
(4,5-)4,6—5,1-5,6(—6,3) MmxM [n = 35] (3a Roux et al.,
1997 (10—)14,5—17,9-21,5(-29,5) % (3,5—)4,5-5,2—
6(—7) MKM), BiTHOILIICHHST TOBXWHMU JI0 IUPUHU (2,4—)
3,0-3,4—3,8(—4,4) Mmx™m.

Ekogoria. Ha cnaHsax, piamie Ha anoTerisix
Pachyphiale arbuti (Bagl.) Arnold ta P. carneola, Ha
KOpi cTapux JUCTSHUX AepeB (Aesculus, Magnolia,
Quercus, Fraxinus).

Jocaimkeni 3pasku. AP Kpuwm, fnra, MacaH-
NpiBCbKUi Tapk, Ha Pachyphiale arbuti, na Aesculus
hypocastanus, 01.02.2005, 3i6p. O. XomocoBleB Ta
0. XonmocoBuesa (KHER 1443); Hikitcbkuit
OoTaHiyHMI can, Ha Tinoukax P. arbuti, Ha Magnolia
grandiflora, 18.04.2005, 3i6p. O. Xomocosues (KHER
1373); Cymceka ob6macts, CepenuHo-byncbkuii
paiioH, okoj. c¢. Oukino, HIIIT "]lecHsIHCBKO-
Craporyrcekuii", ypouwuiie Yoopok, Ha Pachyphiale
carneola, Ha xopi Quercus robur, 01.08.2016, 3i0p.
O. XomocoBueB Ta B. lapmoctyk (KHER 9870);
XepcoHcbKa objacth, lonmompucrtaHChbKUil paiioH,
okoia. c. bypkyru, Ha P. carneola, wa Q. robur,
23.11.2015, 3i6p. O. XomocoBueB Ta iH. (KHER 9378);
YarmHcbkuit  paitoH, biocdepHuii  3amoBigHUK
"Ackanisi-HoBa im. ®.E. @anpu-deiina", neHmpo-
mapk, Oing mupexuii, Ha P. carneola, Ha Fraxinus,
01.12.2015, 3i6p. O. XonocosueB (KHER 9378).

IMTommpenns. Binomuii 3 €spor: @pantris, Icmanis
(Roux et al., 1997).

Pim Refractohilum D. Hawksw. MicTUTh BCHOTO
m'sath BuAiB (Index fungorum, 2015). Ha Pachyphiale
3ycTpivyaloThcsl Tpu  Buau  R.  achromaticum,
R. intermedium, R. pluriseptatum (Roux et al., 1997).
Bun R. achromaticum Bigpi3HSIETbCS OPIOHIIIMMU
koHimismu  (10—)12—14,3—17(=20) x (3—) 3,5—
4,3-5(—5,5) MKM, TOHIIMMU KOHiZiOreHHUMU
KJiTuHaMu 4—5 MKM Ta BiIHOCHO MEHIIIOIO KIJIbKICTIO
cent y KoHinmisix (1—)2—3(=5). Bun R. pluriseptatum
Mae Oinbin koHimili (13—)17,5-24,5-31,5(—39) x
(4—)5—-6,1-7(=7,5) MKM, TOBCTilIi KOHigiohopu
5,5—7,0 MKM Ta BiTHOCHO OiJbIIy KiJIbKiCTh CENT y
KoHimisgsx — (1—)3—7(—8). 3pa3ku 3 YKpaiHu MaOTh
pO3Mipu KOHifili, KOHimiohopiB Ta KOHiTiOT€HHUX
KJITHH, 1110 CITiBIIaJaloTh 3 IPOTOJIOTOM, OMHAK MU HE
CITOCTEpIrajy 6-T¥ CENTOBAHUX KOHIIiA.

Ukr. Bot. J., 2017, 74(2)



Puc. 2. Refractohilum intermedium (KHER 9870): a — 3aranbHUii BUTIIAL KOJIOHIM (JTiHitika 1000 MKM), b — KOHimioreHHi
KJiTuHU (Y BOMi, CTpijKa BKa3ye Ha aHHEJIALII, JiHilika 10 MKM), ¢ — KOHifii (y Boai, JiHilika 10 MKM)

Fig. 2. Refractohilum intermedium (KHER 9870): a — general habit (scale 1000 um), b — conidiogenous cells (in water, arrows
indicate annelations, scale 10 um), ¢ — conidia (in water, scale 10 pm)

VKp. 6OT. KypH., 2017, 74(2) 181
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XonocoaleB O.€., lapmoctyk B.B. HoBi 115 Ykpainu
BU/IU JIiX€HO(LIbHUX rpuoiB. YKp. OOT. 3KypH., 2017, 74(2):
177—-183.

YoTupu Buau JixeHOMUIbHUX TPUOIB yreplie HaBeAeHO ISl
Vkpainu 3 tepuropii HITII "lecusancpko-Craporyrebkuii”.
Lenomiuer Cornutispora pyramidalis, 110 OyB 3HaliIeHUI HA
Parmelia sulcata, xapakTepusy€eTbcsi TPUKYTHUMU 0e30apB-
HUMM KoHimisimu. Epicladonia stenospora mae NBOKTITMHHI
0e30apBHi KoHiaii Ta 3poctae Ha Cladonia foliacea. Tpeme-
IsTbHUM Tpub Heterocephalacria physciacearum dopmye
CBITJIO-KOPUYHEBI 10 TEMHMX raJiv Ha ciaHi Physcia stellaris.
lidowmiuer Refractohilum intermedium yTBOpPIOE YHCETbHI
aHeJsIIii Ha KOHITIOTeHHUX KJIiTWHaX, 0e30apBHi ¢parmMo-
KOHiJIii Ta 3pocTae Ha CJIaHsIX HAKUITHUX JIUIIARHUKIB 3 POy
Pachiphyale. Y ctarti HaBeieHi onucH, iTocTpallii, Micues-
HaXOMXXEHHSI, MOIIMPEHHS Ta €KOJOTiuYHi 0COOJIMBOCTI 151
KOXHOTO BUIY.

Kumouosi ciosa: Cornutispora, Epicladonia,
Heterocephalacria, Refractohilum

YKp. 60T. XypH., 2017, 74(2)

Xomnocosles A.E., lapmoctyk B.B. HoBble a1 Ykpausi
BH/IbI IMXEHO(MMIBHBIX TPHOOB. YKp. O0T. 3KypH., 2017, 74(2):
177—-183.

YeTbipe BUIA JIMXCHODWIBHBIX TPUOOB BIIEPBBIC MPUBOIST-
ca 1 Ykpaunsl ¢ teppuropun HITIT "lecuancko-Crapo-
ryrekuit”. Uenomuuernsiit rpu6 Cornutispora pyramidalis,
KOTOpBI ObLT HaiineH Ha Parmelia sulcata, XapakTepu3syeT-
csl TPEYTOJbHBIMU OECLBETHBIMU KOHUAMSIMM. Epicladonia
stenospora VIMEET IBYXKJIETOUHbIC OECIBETHbIE KOHUIMU
u mnpouspactaer Ha Cladonia foliacea. TpemeTSIIBHBIN
rpud Heterocephalacria physciacearum GbopMupyeT CBETJIO-
KOPUYHEBbIE 10 TEMHBIX Tajljibl Ha cioeBulle Physcia stel-
laris. Tudomuuer Refractohilum intermedium o06pa3yeT
MHOTOYMCJICHHbIE aHHEJISILIMM HA KOHUAMOTEHHBIX KJIETKaX,
OecuBeTHbIE (PAarMOKOHUIUU U MTPOU3PACTAET HA CJIOEBU-
1IIe HAKUITHBIX JIMIIAHWKOB U3 pona Pachiphyale. B ctaTbe
MPUBOASITCSI OMUCAHMS, UILTIOCTPALIUUA, MECTOHAXOXICHMS,
pacrpocTpaHeHNe 1 KOJIOTUIeCKUe 0COOCHHOCTH JUTST KaxK-
JIOTO BUJIA.

Kmouessie ciosa: Cornutispora, Epicladonia,
Heterocephalacria, Refractohilum
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Tykhonenko Yu.Ya., Sytschak N.N., Kagalo A.A., Orlov O.O. New records of Uromyces erythronii (Pucciniales) from Ukraine.
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Abstract. Specimens of the rust fungus Uromyces erythronii were recorded on Erythronium dens-canis, a rare species listed in the
Red Data Book of Ukraine, in April 2016 near Chemeryntsi village (Lviv Region, Ukraine) and in May 2016 near Zaluzhne
village (Zhytomyr Region, Ukraine). An investigation of the Erythronium specimens deposited in the herbaria of vascular plants
of Lviv Natural History Museum (LWS) and M.G. Kholodny Institute of Botany (KW) revealed four more samples of this
fungus. A list of all localities in which U. erythronii was recorded in Ukraine is provided. The article is illustrated by micrographs

obtained by scanning electron microscopy.

Keywords: Erythronium dens-canis, rust fungi, distribution, morphology

Introduction

The genus Erythronium L. comprises about 30 species
of spring-flowering perennial plants distributed in
temperate regions of the Northern Hemisphere. It
was established that the genus is probably sister to
Amana Honda and that Tulipa L. is sister to the clade
of Erythronium and Amana (Clennett et al., 2012).
Within Erythronium, there are three strongly supported
geographically distinct clades occurring in Eurasia,
western North America, and eastern North America
(Allen et al., 2003; Clennett et al., 2012). Its centre of
diversity lies in Oregon and northern California (Allen
et al., 2003). The geographic distribution of the only
European species E. dens-canis L. is highly disjunct.
There are several fragmented areas, clearly separated
from one another: north-eastern Portugal, northern
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Spain and the Pyrenees, the Massif Central and the
western Alps, northern Italy, Hungary and the Balkans
to northern Greece (Kleih, 2010). Isolated populations
north of the Alps are located in the Czech Republic,
Slovakia (Fischer et al., 2008), and Ukraine (Chervona
knyha..., 2009).

Uromyces erythronii (DC.) Pass. parasitizes Eurasian
species of Erythronium. In Japan and China it was
also recorded on representatives of Amana (Hiratsuka
et al., 1992; Teng, 1996), which is in concordance with
the modern status of Amana as a genus separate from
Tulipa and closely related to Erythronium. It should be
noted that rusts of the genus Uromyces (Link) Unger
do not occur on plants of the genus Tulipa. The earlier
mentions of this fungus in Ukraine (Zerova et al., 1971;
Tykhonenko, 1999) are based on the only collection
from Transcarpathian Region, which, unfortunately,
has been lost.
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The aim of this publication is to report new records
of U. erythronii made in Ukraine in 2016 as well as those
identified from the previously collected herbarium
specimens of its host plant.

Materials and Methods

Specimens collected in the field were labelled and
dried for further treatment. Aeciospores and teliospores
mounted in water and/or lactic acid were investigated
by light microscopy under Primo Star microscope and
AxioVision 4.7 software, used as well for measurements
of microstructures. For scanning electron microscopy
samples were coated with an ultrathin coating of gold
by ion beam sputtering unit JFC-1100. Images were
obtained by scanning electron microscope JEOL JSM-
6060 LA. Analysis of general distribution is based on the
data from many bibliographic sources, and databases
available through the Internet.

The specimens are deposited in the Mycological
Herbarium of M.G. Kholodny Institute of Botany,
National Academy of Sciences of Ukraine (KW) and
in the herbarium of the Institute of Ecology of the
Carpathians, National Academy of Sciences of Ukraine
(LWKS).

Results and Discussion

The rust fungus Uromyces erythronii was recorded on
Erythronium dens-canis, a rare species listed in the Red
Data Book of Ukraine. Specimens were collected in
April 2016 near Chemeryntsi village (Lviv Region,
Ukraine) and in May 2016 near Zaluzhne village
(Zhytomyr Region, Ukraine). Subsequent investiga-
tion of the Erythronium specimens stored in the herbaria
of vascular plants of Lviv Natural History Museum
(LWS) and M.G. Kholodny Institute of Botany (KW)
revealed four more samples of this fungus. The
synonymic names, description of spermogonial,
aecial and telial stages, and data on distribution
in Ukraine of this species are provided below. Original
illustrations are followed by information on its
morphology, general distribution and phenology.

Uromyces erythronii (DC.) Pass., Comm. Soc.
crittog. Ital. 2(fasc. 3): 452 (1867). — Aecidium erythronii
DC., in Lamarck & de Candolle, Fl. fran¢., Edn 3
(Paris) 2: 246 (1805). — Caeoma cynophron Schltdl.,
Linnaea 1: 242 (1826). — Caeoma erythroniatum Link, in
Willdenow, Sp. pl., Edn 4 6(2): 42 (1825). — Coeomurus
erythronii (DC.) Kuntze [as 'Caeomurus'], Revis. gen. pl.
(Leipzig) 3(2): 450 (1898). — Uredo erythronii DC., in
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de Candolle & Lamarck, Fl. fran¢., Edn 3 (Paris) 5/6:
67 (1815).

Spermogonia on both sides of leaves, honey-
coloured, solitary or mixed with the aecia, more or less
conical. Aecia mostly hypophyllous, although they may
appear on the petioles, in oblong or orbicular groups
on yellow spots, generally quite conspicuous, peridium
0.3—0.4 mm in diameter, at first covered by the
epidermis but later cup-shaped with coarsely incised
and outwardly turned margin (Figure, a). Peridial cells
are of variable shape, generally pentagonal, rhomboid
or almost square, outer wall almost smooth, inner is
covered with warts. Aeciospores globose, polygonal
or ellipsoidal, 20—30 x 15—24 um, densely and finely
verruculose (Figure, b, ¢), with a yellow-orange
content. Telia on both sides of leaves in groups, rounded
or elongated, 0.3—1 mm long, pulverulant (Figure, d),
chocolate-brown. Teliospores globoid or ovoid, 22—
42 x 15—25 pm, with prominent apical papilla, wall is
ornamented with longitudinally, sometimes bifurcated,
ridges which are transversely connected by short, thin
and almost parallel striae (Figure, e, f), pedicel is short
and hyaline.

0, I, IIT — on Erythronium and Amana species.

Distribution in Ukraine*:

On Erythronium dens-canis

0, I — Lviv Region, Peremyshlyany District,
Chemeryntsi village, Golyj Kinets hamlet, Mokre
wood, forest of Fagus sylvatica L. and Carpinus
betulus L., 49° 40" N, 24° 44" E, 24.04.1935, leg. E. Foty-
niuk (LWS 21164, LWKS-B 1192, KW-M 70319); ibid.,
08.04.2016, leg. A. Kagalo and N. Sytschak (LWS
31781, LWKS-B 1191, KW-M 70320). Transcarpathian
Region, near Svaliava, 48° 33" N, 22° 59" E, 04.1925,
leg. A. Margitai (KW 122870); Tiachiv District, Velyka
Uholka village, near road to the tract Aldomyrove, forest
of Fagus sylvatica, 48° 15' N, 23° 40" E, 22.04.1975, leg.
L. Tasenkevych (LWS 21149, KW-M 70321).

III — Zhytomyr Region, Romaniv District, 2 km
to the west of Zaluzhne village, forest of Quercus
robur L. and Carpinus betulus, 50° 14" N, 27° 56' E,
12.05.2016, leg. O. Orlov (KW-M 70322). Lviv Region,
Peremyshlyany District, Chemeryntsi village, Golyj
Kinets hamlet, Mokre wood, forest of Fagus sylvatica

* In spring of the current year aecial stage of U. erythronii
was collected in a new locality: Transcarpathian Region,
Rakhiv District, 4.6 km to the east of Luh village, Carpathian
Biosphere Reserve, Kuziy massif, hornbeam-sessile-oak-
beech forest on the eastern slope of Tempa Mt., 47° 57' N, 24°
07"E, 06.04.2017, leg. N. Sytschak and A. Kagalo.
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Uromyces erythronii on Erythronium dens-canis: a — aecium; b, ¢ — aeciospores; d — telium; e, f — teliospores. Scale bars: a, d —
100 um; b, ¢, e, f— 5 um
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and C. betulus, 49° 40’ N, 24° 44" E, 09.05.1934, leg. E.
Fotyniuk (LWS 21143, KW-M 70323).

General distribution. Europe: Austria, Bulgaria,
Croatia, Czech Republic, France, Hungary, Italy,
Montenegro, Romania, Slovakia, Slovenia, Spain,
Switzerland, Ukraine. Asia: China, Georgia, Japan,
Korea, Russian Federation (Southern Siberia).
Dogtooth violets are widely cultivated in public and
private gardens beyond the natural ranges of Erythronium
species; therefore, U. erythronii has been also recorded
in Belgium (Vanderweyen, Fraiture, 2008), Germany
(Kruse et al., 2013), and the UK (Wilson, Henderson,
1966; Henderson, 2000).

Uromyces erythronii is absent from North America
despite of presence of about 20 indigenous species of
Erythronium. The only rust recorded on representatives
of Erythronium in this continent is U. heterodermus
Syd. & P. Syd. distributed in the western USA and
Canada, which is quite different from U. erythronii
by its morphology: it lacks aecia in its life cycle,
and its teliospores are striately verrucose above and
almost smooth below (Arthur, 1934). It implies that
U. erythronii probably originated after the divergence
of Eurasian and eastern North American clades of
Erythronium but before the split of Eurasian species.

Uromyces erythronii is a typical spring species strictly
dependant on phenology of its host plant. According to
the special study (Fukuda, Nakamura, 1987), teliospores
germinate in the soil and basidiospores infect the tightly
rolled leaves at the early period of the growing season.
Aecia appear about one week after the leaf emergence.
Telia are produced by stomatal infection of aeciospores
when aerial shoots began to yellow and after they have
completely decayed, teliospores disperse to the ground.
The growth period of both host and parasite lasts only
for about a month. All four Ukrainian specimens of
U. erythronii with aecial stage were collected in April
and both with telia — in the first half of May.
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Tuxonenko 10.4.!, Cuyak H.M.2, Karano 0.0.2,
Op:os 0.0. Hosi 3uaxinku Uromyces erythronii
(Pucciniales) 3 Ykpainu. YKp. 00T. xxypH., 2017, 74(2):
184—188.

'THetutyT 60Taniku iM. M.I. Xonoagnoro HAH Ykpainu
ByJ1. TepeleHkiBebKa, 2, Kui 01004, Ykpaina
Iacruryt exosorii Kaprmar HAH Ykpainu

ByJ1. KozenbHuuiibka, 4, JIpBiB 79026, Ykpaina

onicekuii (pimian YkpHIIITA im. I.M. Bucoupkoro
Bys1. HeckopeHux, 2, c. JloBXuK, ZKUTOMUPCBHKUIT P-H,
XKuromupceka o6, 10004, Ykpaina

V xsitHi 2016 p. mo6nu3y ¢. Yemepunui (JIbBiBcbKa 0071.), a
y TpaBHi 2016 p. mo6mu3sy c. 3anyxHe (2Kuromupcbka 001.)
Oynu 3i0paHi 3pa3ku rpuda Uromyces erythronii Ha Erythroni-
um dens-canis — piIKiCHill poclUHi, BHeceHiil o YepBoHOI
KHUTA YKpaiHu. Y pe3ysbTari AOCiIKeHHs 3pa3kiB Eryth-
ronium, SIKi 30epiraloTbCsl y repOapisix CyAIMHHUX POCIWH
JIbBiBCbKOTO TIpUpoao3HaBUYoro mysew (LWS) ta IHctuty-
Ty 60oTtaHiku iM. M.T. XonoaHoro (KW), Oyi0 BUSBJICHO 1iie
YOTHUPU BUTIAJKN PO3BUTKY I[LOTO ITprba. Y CTaTTi HaBeIeHO
CIUCOK YCiX JIOKAJIITeTiB, B AIKUX U. erythronii OyB 3apeecTpo-
BaHUI1 B YKpaiHi. Poborta imoctpoBaHa mikpodororpadisi-
MU, OTPUMaHUMU 32 TOTIOMOTOI0 CKaHYBaJbHOTO €J1eKTPO-
HHOTO MiKpOCKoOTIa.

Kimowosi cnoBa: Erythronium dens-canis, ipxacrti rpuou,
MOIIMPEeHHSsI, MOpdoJIoTist
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Tuxonenko 10.41.!, Cpiuak H.H.2, Karano A.A.?,
OpJioB A.A.° Hossle naxoaku Uromyces erythronii

(Pucciniales) n3 Ykpaunbl. YKp. 00T. XypH., 2017, 74(2):
184—188.

"Mucturyr 60tanuku um. H.T. XonoagHoro HAH Ykpautsi
yi. Tepemenkonckas, 2, Kues 01004, YkpanHa

Mucrutyt skonorun Kapnar HAH YkpauHbt

yi. Kosenbauukas, 4, JIeBoB 79026, Ykpanna
*Monecckuit punman YkpHUMITXA um. I'H. Breicoikoro
yi1. HeckopeHsbix, 2, ¢. JloBxuk, ZKUToMupckuii p-H,
Kuromupckas 06:1. 10004, Ykpanna

B ampene 2016 . B okpecTHOCTsIX ¢. YemepuHiibl (JIbBOB-
ckast 0011.), a B Mmae 2016 I. B OKPECTHOCTSIX C. 3alyXHOe
(Kuromupckass o00s.) OblIM coOpaHbl 00pasilbl Trpuda
Uromyces erythronii na Erythronium dens-canis — peakoMm
pacTteHMM, 3aHeceHHOM B KpacHyto kHuUTy YkpauHbl. B
pesyJbTate McclienoBaHusi 00pasioB Erythronium, XpaHsi-
IUXcsl B TepOapusiX COCYIUCTBIX pacTeHuil JIbBOBCKOTO
npuponoBeaueckoro mysest (LWS) nu UHctutyta 60TaHUKKA
uMm. H.I. XonogHoro (KW), ObL10 BBISIBICHO €Ille YEThIpE
ciyyasi pa3BUTHS 3TOro rpuba. B craTbe npuBeAeH CIMCOK
BCEX JIOKAIUTETOB, B KOTOPbIX U. erythronii ObL1 3aperucTpu-
poBaH B YkpauHe. PabGora wuiocTpupoBaHa MUKPO(hOTO-
rpadusiMU, TIOJYIEHHBIMM C TIOMOIIBIO CKaHUPYIOIIETO
3JIEKTPOHHOTO MUKPOCKOTIA.

Kiouesie cioBa: Erythronium dens-canis, p>xkaBUMHHBIE
rpulbl, pacIpocTpaHeHue, MOPGhOIOT s
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I1opiBHAILHO-aHATOMIYHA XaPAKTEPUCTHKA YePeLIKiB JUCTKIB
a0opureHHnx BuiB Spiraea (Rosaceae) haopu Ykpainu

Haranis M. BEJJEMELDB', Haranig B. HY KMMHA'!, Mukona M. ®EJJOPOHYYK?

Structural Botany

'boraniunuii can iM. akaa. O.B. ®omina HHLI "[HcTuTyT Giomorii”
KwuiBcbkoro HalioHaibHOTO YHiBepcuteTy iMeHi Tapaca LlleBueHka
ByJl. Cumona [letmiopu, 1, Kuis 01032, Ykpaina

2Iucrutyt 6oraniku iM. M.T. XonogHoro HAH Ykpainu

ByJ1. TepenieHkiBceobka, 2, Kuis 01004, Ykpaina

Belemets N.M.!, Nuzhyna N.V.!, Fedoronchuk M.M.? Comparative anatomical characteristics of petiole of native species of the
genus Spiraea (Rosaceae) in the flora of Ukraine. Ukr. Bot. J., 2017, 74(2): 189—194.

'0.V. Fomin Botanical Garden, ESC "Institute of Biology" of Taras Shevchenko National University of Kyiv
1, Simon Petliura Str., Kyiv 01032, Ukraine

’M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine
2, Tereshchenkivska Str., Kyiv 01004, Ukraine

Abstract. In order to find additional diagnostic features, the anatomical structure of petioles of eight species of Spirae in the flora
of Ukraine was studied. It was established that the following anatomical features are significant diagnostic characters: shape of
petiole cross-section; presence, location and shape of trichoma; cuticle thickness on the outer cell wall of petiole epidermis;
pecularities of the structure of vascular system; number of inclusions of calcium oxalate around the main vascular bundle. It
was shown that morphologically well-defined species, S. hypericifolia, S. crenata, and S. chamaedryfolia, essentially differ in
anatomical features of petiole structure. A presence of significant distinctions in the structure of petioles of the related species
S. media and S. polonica is an additional argument for taxonomic separation of the latter one, whereas the absence of such
features in morphologically close species S. u/mifolia and S. chamaedryfolia may be an additional confirmation of the uncertain

status of S. ulmifolia.

Keywords: Spiraea, petiole, anatomical features, morphometric parameters, taxonomy, flora of Ukraine

Beryn

g dmnopu YkpaiHu HaBOASATH CiM abOPUTEHHUX
BUmiB pomy Spiraea L. Kpim Toro, 0arato BUIiB,
copTiB Ta GOpM € IHTPOAYKOBAHUMU, SIKi IITHPOKO
KYyJBTUBYIOTb SIK JeKopaTuBHi pociauHu (Boniuk,
2008). CucreMaTUYHHMI CTaTyC OESKUX IIPUPOTHUX
BUIB MOTpeOye yTOUyHEeHHs. 30KpeMa, TUCKYCIMHHUM
Yy TaKCOHOMIYHOMY BimHoIIeHHi € . ulmifolia Scop.,
SIKWN OesIKi CUCTeMaTWKW NPUHMAIOTh 3a CHUHOHIM
S. chamaedryfolia L. (Gladkova, 2001). [TpodaeMHUMMI
BBAXKAIOTbCSI TAaKOX OMUCAHI 3 TepuTOpili YKpaiHu
S. polonica Blocki ta S. pikoviensis Besser. ITotpe0ye
JIOIaTKOBOI TAaKCOHOMIUHOI apryMeHTallii BUIOBOIO
crarycy S. litwinowii Dobrocz., ommcanuii 3 JiBO-
OepexHoi yactTuHu Ykpainu [.M. JloGpouaeBoro
(Dobroczajeva, 1954). Tomy mnsg CIpocTyBaHHS 4u
MOTBEpIKEHHS BUIOBOI MPWHANEKHOCTI IIMX Ta
IHIIIMX TaKCOHIB HEOOXiIHE 3aJydyeHHsI JOJAaTKOBMX
iaTHOCTUYHHUX O3HAK.

© H.M. BEJIEMELLb, H.B. HY2XKMHA, M.M. ®EJJOPOHYVYK, 2017
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Bizomo, 110 TakMMHU NiarHOCTUYHUMMM O3HaKaMu
B CUCTEMaTHLi TOKPUTOHACIHHMX € aHaTOMiuHi
OCOOJIMBOCTI TeHEpPaTUBHUX i BEreTaTUBHUX OpTraHiB
pocaun (Deep morphology..., 2003; Zamani et al.,
2008; Faghir et al., 2016). 3okpema, mis LKMX Lijel
HEpiIKO BUKOPHCTOBYIOTH HaHi OymoBM By3na I
yepemka quctka (Metcalfe, Chalk, 1950; Esau, 1980;
Leeetal., 2010). EneMeHTH HOIaJIbHOI Ta METIONSIPHOT
CTPYKTYp SIK KOHCEpBAaTWMBHI O3HAKM BETETATUBHMX
OpraHiB pOCJIMH 3HAWLUIM IIUPOKE 3aCTOCYBaHHS
TaKOX TIpU BUPILIEHH] (ITOreHETUYHUX M[POoOIeM
cuctematuku (Fedoronchuk, 1985). V¥ nitepatypi Bxke
HaABOMITHCS IaHi TIPO MOXKJIMBICTP BUKOPWCTAHHS
METIONSIPHUX O3HAK ISl TAKCOHOMIYHMX Liijieli BUIIB
pony Spiraea. 30KpeMa, HEIIOZABHO OYIIO TOCIiIKEHO
aHATOMIUHY CTPYKTYypy 4depellka BWIiB Spiraea,
NolmupeHux 1 KyasTuBoBaHuX Ha Kopeiicbkomy
niBocTpoBi (Lee et al., 2010). ABTOpU BUSIBWIN 3HAYHI
BiAMIiHHOCTI B aHATOMIYHUX OCOOJIMBOCTSX YEpPELIKiB

189



Tabauys 1. JlocaimKeHi BUIM Ta MiCIIsl NOXOKEHHS BUXiTHOT0 MaTepiaxy

Table 1. List of the studied species and localities of their origin

Bun Miclie MoXoKeHHST BUXiZIHOTO MaTtepiaity
Spiraea hypericifolia "Kuromupcbka 06:1., KopoctuiiBebkuii p-H, ¢. Benuki Korapuiia, Buxoau rpasirtis no p. Terepis, 2013 p."
S. crenata "MukosnaiBcbka 001., KpuBoosepcebkuii p-H, 6aceiin p. [TiBnennwuii byr, mo6ausy c. Tomockis, 2005 p."
S. litwinowii "Jlyrancpka 00J1., 3anoBigHuK "Crpinenbkuit cren”, 1990 p."
S. media "2Kuromupcbka 06:1., 2KUTOMUPCHKMIA p-H, cKelist KpareBcbkoro Ha 6epe3i p. THuon'sits, 2013 p."

S. pikoviensis

"BinHuupka o61., Kanuniscbkuit p-H, okonui ¢. [Tukis, 2015 p." (locus classicus).

S. polonica

"TepHorminbebka 001., 3animuubkuii p-H, c. 3enennii [ait, ZKexaBcbkuii 3akasHuk, 2012 p." (locus classicus).

S. ulmifolia

"3akapraTcbKa 00:1., PaxiBebkuii p-H, ¢. Ksacu, 2013 p."

S. chamaedryfolia

"WUpkytckasi 06:1., noc. JlucreeHHuuHoe, . Kpecrosasi, 1983 r."

NeSIKUX BUIIB, SIKi Oy BUKOPUCTAHI 151 JiarTHOCTUKU
1 pO3MEXyBaHHSI KDUTUIHUX TAKCOHIB.

B VYkpaini momiOHi mociimkeHHs 1151 pony Spiraea
111e He rpoBoauancs. Tomy MeTOI0 Halloi poOoTH OyJ10
BUBYEHHSI CTPYKTYPHO-aHATOMIYHOI Pi3HOMAaHITHOCTI
YepeulkiB aBTOXTOHHUX BUMIB poay Spiraea diopu
YKpainu Ta 3'iCyBaHHS MOXJIMBOCTE BUKOPUCTAHHS
X JAHUX SIK TOZATKOBUX MiarHOCTUYHUX O3HAK ISt
CUCTeMaTUKU POLY.

Marepianu Ta MeToaM

JocninxeHHs aHATOMIYHOI OyIOBU 4epellka JMCTKa
TPOBENIEHO Yy BOCHBMU BUJIB POAY Spiraea — cemu
abopureHuux (S. hypericifolia L., S. crenata L.,
S. litwinowii, S. pikoviensis, S. media Schmidt,
S. polonica, S. ulmifolia) Ta omMHOTO, TIIO0 KYJIBTUBYETHCS
(S. chamaedryfolia). Yepemku BimiOpasn 3 XUBUX
POCJIUH, iIHTPOAYKOBAHUX Y OOTAHIYHOMY Cay iM. aKaf.
0.B. ®omina. [eorpadiune MOXOMKEHHSI BUXiTHOTO
Marepiany JOCTiIXKyBaHUX POCIUH HaBeEeHO B Ta0II. 1.

IlonepeuHi 3pi3u yepelikiB poOwIn y cepeaHiit
iX yacTuHi. JlocmimxyBaayu o aBa Yepeuiku 3 TPbOX
pociuH KOXHOro Buay. HaTuBHiI momnepeuHi 3pi3u
TOBIIMHOIO 10—15 MKM BUTOTOBJISIM 3a OOIIOMO-
rOI0 3aMOPOXYBaJbHOTO MikporoMa. OTpumani 3pi-
31 3abapsioBanu cadpaHiHoMm. Bumipu mpoBoau-
JIU 3a TOTMIOMOIOI0 OKYJsIp-MikpomeTpa (X7-0KyJsp,
x4- ta X40-00'ektuB) Ha Mikpockom XSP—146TR
ta miporpamu Image J. Cratuctuuny oOpoOKy na-
HUX TPOBOAWIN 3a IOTIOMOTOI0 TIporpaMu Statistica
8. JIoCTOBipHIiCTh pe3y/bTaTiB BU3HAYAIM 32 f-KpU-
tepiem CrbioneHTta. Mikpodortorpadii BUKOHyBaimn
3 BUKOpHCTaHHIM mudpoBoi kamepu Canon Power
Shot A630.

Pe3synsraTi Ta 00roBOpeHHs

IlonepeuHi 3pi3u yepelKiB AOCHIIKEHUX BUIIB Pi3-
HATbCA 32 POPMOIO: OKPYIJIO-POMOIUHI, 3 1yXKe OIyK-
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JIO10 abaKciaJlbHOIO Ta CJ1a0KOOIMYKIIOI0 afaKcialbHOIO
nosepxHeto (S. hypericifolia, S. crenata); TpUKYTHO-
OKpYTIJIi, 3 Iy>Ke OIMyKJIOK abaKCiaJIbHOIO i Maiixke Ipsi-
MOI0 afiakciajibHOO oBepxHeto (5. media, S. litwinowii,
S. pikoviensis, S. polonica) Ta ceprnomnonioHi, 3 mdyXe
OIYKJIOIO abakcialbHOIO Ta YBIrHYTOIO alaKCiaJbHOIO
noBepxHeto (S. ulmifolia, S. chamaedryfolia). B oc-
TaHHBOTO BUJY YiTKO BUPAXEHi TAaKOX OiUHi BigpocT-
ku. Yepeuku S. ulmifolia, S. chamaedryfolia, ocodnuBo
Ha abakciaJbHill TOBEpXHi, TYCTO BKPUTi TOBTUMMU HeE-
3aJI03UCTUMU TPUXOMaAMM, TOMi K Yy S. media iX 3Ha4-
HO MeHIIre. [y gepetkiB S. polonica xapakTepHi TOBTi
OJHOKJIITUHHI TPMXOMU Ha 000X MOBEPXHSIX Uepellka,
a 4epemku S. crenata BKPUTI YMCETbHUMH KOPOTKU-
MU Ta TOBI'MMU HUTKOTMIOAIOHUMU TpuxoMaMu. Ha ue-
pemkax S. hypericifolia, S. litwinowii Ta S. pikoviensis
TPUXOMMU BiICYTHi.

OpnHo1apoBa eItigepMa B yCiX BUIiB YTBOPEHa IIiJIb-
HO MPWIETJIMMU KJIITUHAMM OKPYTJI0-OBaJIbHOI (hop-
MU. 30BHIlIHS CTiHKA emiepMaJbHUX KJIITUH 3HAYHO
TTOTOBIIIeHA I BKPUTA TOHKUM IIaPOM KYTUKYIIH, JIVIIIE
y S. litwinowii TOBIIIMHA KYTUKYJU TOPiBHIOE TOBIIMHI
KJIITUHHOI CTiIHKYU. BHYTpilllH4 Ta Oi4Hi KJIITUHHI CTiH-
KU emiiepMU B yCiX BUIB TAKOX MOTOBIIEHI.

Ilin emigepMol0 MO TIEPUMETPY 4YepellKa po3-
TallloBaHa IUIaCTMHYAcTa KOJIeHXiMa, sKa B JaTe-
pajbHill Oro YacTWUHI y OilbIIocTi BUOIB Mae 2—3
mwapu kiithH. Ilin amakciaJbHOIO €migepMoI0 Kib-
KiCTh ILIApiB KOJICHXIMU MOXKE€ KOJMBaTUCI Big 2—3
(S. chamaedryfolia) no 8 mapis (S. crenata), Toai SIK i
abakciaJbHOIO TTOBEpXHEI0 — Bif 3—4 1IapiB KIITUH Y
S. chamaedryfolia no 8—9 mapiBy S. crenata. B ycix Bu-
JIiB Kpallle po3BMHeHa abakciaabHa KoJeHXiMa. 3a CTy-
MEeHEM ii PO3BUTKY MOAIOHUMU MiX COO0I0 BUSIBUIUCS
Taki BUunu: S. crenata i S. media (7—9 11apiB KJIiTUH);
S. hypericifolia, S. litwinowii, S. pikoviensis, S. polonica
(4—6 wrapiB); S. ulmifolia ta S. chamaedryfolia (3—4
Iapu).
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Tabauys 2. MopdomeTpryHi NOKA3HUKN YepenIKiB AOCTiIPKYBAHUX BUIB Spiraea
Table 2. Morphometric parameters of petiole of the studied Spiraea species

ToBmuna (M*m), MKkm
SoHiums 30BHIIIIHS KJTITHHHA
Bun AnakcianbHa KJIITUHHA CTiHKa AbaxkciatbHa . K ..
Yepeniok K . .. . cTiHKa abakcialbHOT
emninepma ajakciabHOT emninepma R
. ernigepmMu
ernigepMu
Spiraea hypericifolia 318,2+14,7 18,5£3,1 4,8+1,2% 15,4128 3,1+1,3
S. crenata 446,1£35,6 18,8+2,1 7,4+1,6 20,5+0,9 71,7
S. media 613,4+18,7 28+3,2 8+0,8* 30+3,1 9,5+1,2
S. litwinowii 528,1+115,6 22,6122 9,5+2 25+3,4 10,4+2.4
S. pikoviensis 393,6+35,4 22,413,8% 8,9+1,5* 28,9+1,7 13,5+3.8
S. polonica 623,2+16,4 18+3,3* 5,6+1,6% 21,5+1,6 10,1£1,9
S. ulmifolia 691,5+85.8 33,7+3,5% 7,412,1 28,813,1 7,81£0,9
S. chamaedryfolia 797,5+201,8 22,6+2,2% 7,1£1,6* 28,11£2,7 9,6+1,4

* CTaTUCTMYHO 3Hauylla po30iXHICTh 3a f-KpurtepieM CrbhlogeHTa Ha piBHi p < (0,05 MOKa3HUKIB alaKciaabHOI erigepMu

MOPiBHSIHO 3 abaKCiaJIbHOIO.

IIpoBigHa cucrema B yciX BMOIB 3aBXIU MiCTUTb
OIVH BEJIMKUIA TYJOK KOJATEPaJbHOTO THITY, KW
OTOUYIOTb BEJIMKi KJIITUHU OOKJIAAKU 3 TOTOBILEHU-
MM CTiHKaMH. Y depelnkax S. hypericifolia ta S. crenata
B CepenHiii JyacTUMHiI KpiM BEJMKOTO € Ie aBa 0id-
HUX IPIOHUX MPOBIMHUX MyYKHU, TOMAI SIK B iHIIUX BU-
IIiB BOHM 3'SIBJISIIOTHCS JIMIIE Oisi OCHOBU JIUCTKOBOL
TUTACTUHKMU.

XJopeHxiMa B yepellkax JOCTiIKEHUX BUIIiB pPO3-
TallloBaHA ITiJ KOJICHXIMOIO TIEPEBaXKHO B JIaTepaslb-
Hili 4acTMHi, a TakoX Yy IXHiX OiUHUX BUpoOcTax. Y
HampsIMKY [0 LIEHTPY 3 abakciajabHOI Ta ajakciaiab-
HO1 TIOBEpPXHi HACUYEHICThb XJOpOoIjacTaMy KJiTUH
XJIOPEHXIMU 3MEHIIYEThCS, IO TOB'SI3aHO 3 TOTOB-
LIEHHSIM KOJIeHXiMHU B X Micusix. Hailpo3BuHeHiina
XJIOpEHXiMa XapaKTepHa IJIs1 YepelikiB S. hypericifolia
i S. crenata. [Jeiio MeHUIe 1i€l TKAHUHU CITOCTEpira-
eTbcs y S. pikoviensis. Y BuniB S. media, S. litwinowii,
S. polonica xjiopeHximMa MpeacTaBieHa MOMIpHO, a y
S. polonica ta S. chamaedryfolia napeHxima, 110 TIpU-
JISITa€ A0 KCUJIEMU 3 aJlaKkCialbHOI MOBEPXHi, MiCTUTb
CKYITYEHHSI XJIOPOILIACTiB. XapakKTepHOI0 OCO0JU-
BicTIO S. chamaedryfolia € HasIBHICTh 3HAYHOI KiJTBKOCTI
XJIOPOIUIACTIB y KJiTMHaX MapeHxiMu. B uyepenikax
S. ulmifolia XxnoporuacTu TparuISIIOTHCS TIEPEBaXXHO B
napeHxiMi OiYHUX BiIPOCTKiB y HE3HAUHI KiJIbKOCTI.

Y mapeHxiMi HaBKOJO IIPOBIZHOIO Mydyka HasiBHI
MOOJMHOKI BKJIIOUEHHSI OKcajaTy Kajbllilo y BUIJISI
npy3 a0 KpUCTaIiB pi3HOMaHITHOI (hopMHU, SIKi Bimmi-
YEeHi y BCiX JOCHIiIXXYBaHUX POCIUH, KpiM S. crenata.
HaiiGinbie BKIIOYEHb OKcallaTy KaJjblLiilo CITOCTepi-
raeThes y yepemkax S. polonica ta S. chamaedryfolia
(pucyHox, f, h).
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IlonepeuHi 3pi3u UepelIKiB OOCHiIXKYyBaHUX BU-
IIiB Pi3HATBCS MiX co0010 32 MOPHOMETPUYHUMU
rmokasHukamu (tads. 2). HaiimeHIny TOBIIMHY uYe-
pemka Maioth S. hypericifolia Ta S. pikoviensis, Tomi
SIK HaWTOBCTIIIli YepelIku BimMiueHi y S. ulmifolia Ta
S. chamaedryfolia. Y 6inbIIIOCTi BUAIB 30BHIIIIHS CTiH-
Ka ajakciaJbHOI ermizepMu yepellka TOHIIA 3a adak-
ciaJibHY, 3a BUHSITKOM S. hypericifolia Ta S. ulmifolia, B
SIKMX TOHILIOIO BUsIBUIAcS abakKciaabHa. XapaKTepHUM
IJIST 4epeInkiB S. litwinowii Ta S. pikoviensis € 3Ha9HE
MOTOBILEHHS 1apy KYTUKYJIW, a TaKOX BiICYTHIiCTb
TPUXOM Ta I100pe pO3BMHEHA MOKPWBHA TKAHWHA, TT0-
PIBHSIHO 3 iHIIMMU AOCTIIXKYBAaHUMU BUAAMU.

3a (popmMolo Uepelrka Ha IMoTnepevyHoOMY 3pi3i, KiJlb-
KiCTIO BKJIIOUEHD Ta 1IapiB KOJEHXiMU, 3HAUHOMY MO-
TOBILEHHIO 30BHIIIHbOI1 KJIITMHHOI CTiHKM €MiIepMU,
BIICYTHICTIO TPUXOM Ta I100pE PO3BUHEHOIO MOKPUB-
HOI0 TKAHWHOIO HAMOLIbII MOMIOHMMU MiX CO00I0
BustBUIIUCS S. litwinowii Ta S. pikoviensis (Tabm. 2), xo4a
3a TOBIIMHOIO YepellIKiB, abakciaabHOI emimepMu Ta ii
30BHIIIHBOI KIIITUHHOI CTIHKY i BUAX JEIII0 BiAMIiHHI.

Yepewok S. polonica Biapi3HSIETbCA Bil TaKOTO
S. media GiNBIIOIO KiJBKICTIO TPUXOM, IXHHOIO HasIB-
HIiCTIO Ha ajakciajabHill MOBEPXHi, TOHILIOWO emiaep-
MOIO, JEII0 TOHILOK 30BHILIHBOI CTIHKOIO KIIITUHU
emnigepMu, OiTbIIOK0 KUJIBKiCTIO BKJIIOUEHb Ta MEHIIIOI0
KiJIBbKiCTIO 11apiB KoJieHXxiMu. Lli 03HaK1 MOXYTh Ci1y-
TYBaTH JOZaTKOBUM CBiTUEHHSIM Ha KOPUCTH TAKCOHO-
MiuHOI BimOKpeMIeHOCTi 5. polonica Bin S. media.

Ha ocHOBI MNOpiBHSUIBHOTO aHali3y 4YepeuikiB
S. crenata, S. media Ta S. pikoviensis BCTAHOBJIEHO, 1110
S. crenata 9iTKO BiIpi3HSAETHCS Bil IBOX OCTAHHIX BU-
JIiB 3a (popMOIO Yepellka Ha MornepeyHoMY 3pi3i 100-
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[MonepeuHi 3pi3u yepemikiB BULIB pony Spiraea: a — S. hypericifolia, b — S. crenata, ¢ — S. media, d — S. litwinowii, e —
S. pikoviensis, f — S. polonica, g — S. ulmifolia, h — §. chamaedryfolia; 1 — anakciaibHa emnigepma, 2 — KoJieHXima, 3 —
XJIOpeHXiMa, 4 — IPOBIAHUI TTy4OK, 5 — abaKciaJlbHa ermiaepma, 6 — BKIIFOUCHHST OKCaJlaTy Kajbllilo, 7 — TpUxoma

Petiole cross-sections of Spiraea species: a — S. hypericifolia, b — S. crenata, ¢ — S. media, d — S. litwinowii, e — S. pikoviensis,
f—S. polonica, g — S. ulmifolia, h — S. chamaedryfolia; 1 — adaxial epidermis, 2 — collenchyma, 3 — chlorenchyma, 4 — vascular
bundle, 5 — abaxial epidermis, 6 — inclusion of calcium oxalate, 7 — trichome

192 Ukr. Bot. J., 2017, 74(2)



pe PO3BUHEHWMU TPOBITHUMU MyYKaMU Ta TYCTUMU
TpUXOMaMM Ha emiaepmi, 1o0pe PO3BUHEHOIO XJIO-
PEeHXIMOI0 Ta 1i XapaKTepoM po3TainyBaHHs. Yepeliok
S. crenata Ha TIOTIEpEYHOMY 3pi3i Ma€ OKPYIJIO-POM-
OiuHy dopmy, Tofi K y BULiB S. media it S. pikoviensis
BOHA TPUKYTHO-OKpYyIJa. BuinesazHaueHi TakcoHM
TaKOX BilIPi3HSIOTHCS MiX COOOI0 3a KiJbKiCTIO IIIa-
piB racTuHYaToi KojieHximu (y S. crenata ta S. media
7—9 miapiB, y S. pikoviensis 4—6). Y KJIiTUHAX OCHOB-
HOI 0e3xJTopo(diabHOI MapeHXiMU YepelikiB S. media
Ta S. pikoviensis BiIMiueHi KpUCTaJIM OKcajaTy Kajb-
1ito, Tomi K y S. crenata BoHM BimcyTHi. Yepemku
S. pikoviensis TaKOX BiIpi3HSIIOTbCS BiJl TAKUX y TOIe-
peIHIX BUIiB MEHILOK TOBLUIMHOIO, BiICYTHICTIO TPU-
XOM i TOBIIIOO TTOKPUBHOIO TKAHWHOIO.

Helo BimoKpeMJieHE IMOJOXEHHS 3aiiMal0Th MOp-
dosoriuno cxoxi Bumn S. ulmifolia ta S. chamaedrifolia.
3BakalouM Ha TOAIOHY OymOBY YepellKiB Ta BiICyT-
HICTb CTaTUCTUYHO NOCTOBIPHOI Pi3HULI MiX OLIb-
LICTIO MOP(GOMETPUYHUX TTOKA3HUKIB (TabJI. 2), MOX-
Ha TIPUITYCTUTH, 110 S. ulmifolia ta S. chamaedrifolia 3a
LIMMM O3HaKaMu OJIM3bKi MiX c00010.

BucHoBku

V pesynbrati NpoBeIeHUX AOCHIIKEeHb BCTAHOBJIEHO,
110 JIJIST JiaTHOCTUKU IOCTiIKEHUX BUMIB POy Spiraea
IONAaTKOBUMHM IaTHOCTUYHUMM O3HaKaMU MOXKYTh
OyTM TaKi aHATOMiUHi OCOOJMBOCTI YepellKa JIMCTKA:
¢dopMa yepelika Ha MOIMEPeYHOMY 3pi3i; HasIBHICTb,
JIoKaui3ailis Ta popMa TpUXOM; TOBIIIMHA KyTUKYJIM Ha
30BHIlLLIHIM CTiHII KJITUH emigepMU 4Yepelika; Kijlb-
KiCThb LIapiB KJIITUH MJIACTUHYACTOI KOJIEHXIMMU.

BusiBiaeHo Taki BimMiHHOCTI y IPOBiIHIN cucTeMi Ue-
pelIKiB: HAsSIBHICTb Y CEPeAHIN YaCTHHI Yepenika JBOX
OIYHMX TIPOBITHUX MaluWX IyYKiB Yy S. hypericifolia Ta
S. crenata, 9K i B iHILIMX BUJIiB BOHU 3'SIBJISTIOTHCST JIUIIIE
OLJIsI OCHOBU JIUCTKOBOI IJIACTUHKM, a TaKOX BKJIIO-
YeHHs1 oKcajaTy KaJibllil0 HaBKOJO OCHOBHOIO IpO-
BiIHOTO ITyYKa, HailOibIIa KiITBKICTh IKUX BimMiueHa
IIJIST 9YepeIKiB pOCIH S. polonica ta S. chamaedryfolia.

Pesynpratu Haworo JOCHIIKEHHS MOKa3aj,
mo MopdosoriuHo Omm3bki Bumu S. ulmifolia Ta
S. chamaedryfolia 3a GiNBIIICTIO aHATOMIYHUX O3HAK
yepelika (ceprnonoaioHa ¢opMa MorepevyHoro 3pisy,
TOBIIMHA 4YepelllKa, TOBLIMHA abakKciaabHOI erigep-
MU, TOBILIMHA 30BHILIHBOI CTIHKM KJITUH agakciaab-
HOI emizepMu) Malike He BiIpi3HSIOTbCS MiX CO0O010,
110 Ja€ IIiJCTaBM CYMHiBaTuUCSI Y BUIOBOMY CTaTyCi
S. ulmifolia.
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[TonioHMMM MiXK co00r0 3a aHATOMIYHUMM O3HaKa-
MU (hopma uepenika Ha MornepevyHoMy 3pi3i, KiTbKiCThb
BKJIIOUEHb OKCalaTy Kalbllil0, KUJIbKICTh IIapiB KO-
JIEHXiMM, TOBIIMHA aJaKCiaabHOI eMiIepMu, TOBLIXHA
30BHIIIHIX CTIHOK KJIITUH aJjaKciaJlbHOi Ta abakKciaib-
HOI emifepM, BiICYTHICTb TPUXOM) BUSIBWJIMCSI TAKOX
S. litwinowii Ta S. pikoviensis. BomHouac Takuit Mopdho-
JIOTiYHO noOpe BimokpemyieHult BUf, sK S. hypericifolia
3HAYHO BiJPi3HSETHCS Bill yCiX iHIIUX TaKOX 3a Oib-
LIICTIO aHATOMIYHMX MOKA3HUKIB. HasggBHICTB CyTTEBUX
BIIMiHHOCTE! y CTPYKTYpi YepelIKiB OJIM3bKUX BUMiB
S. polonica, S. media ta S. pikovieinsis € OMHUM 3 TOIAT-
KOBHUX apryMeHTiB TaKCOHOMIYHOI BiJOKPEMJIEHOCTI
S. polonica Bin S. media.
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Benemeus H.M.!, Hyskuna H.B.!, ®enoponuyk M.M.2
IlopiBHSA/IbHO-AHATOMIYHA XaPAKTEPUCTUKA YePelKiB JUCTKIB
abopureHHux BUIiB Spiraea (Rosaceae) piopu Ykpainu.
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KuiBchbKOro HallioOHAJTBHOTO YHIBEPCUTETY

imeHi Tapaca llleBueHka,

Bys1. Cumona ITetmopu, 1, Kuis 01032, Ykpaina

AHcrutyT 60TaHiku iM. M.T. Xosnonnoro HAH Ykpainu
ByJ1. TepemeHkiBcbKa, 2, Kuis 01004, Ykpaina

HocnimkeHa aHatoMiyHa OygoBa 4YepellKiB BOCBMM BHU-
niB pony Spiraea, 3 IKMX CiM € BUIAMM TIPUPOIHOI (hopu
Ykpainu Ta S. chamaedryfolia € BUIOM, 1110 KYJIBTUBYETHCS.
BcraHoBieHo, 1110 TS 1iaTHOCTUKY BUJIiB MOXXHA BUKOPUC-
TOBYBAaTH TaKi aHATOMiuHi O3HaKH, SIK: (hopMa yepelika Ha
MOoTNepeyHOMY 3pi3i, HasIBHICTb, JIOKaJli3allisi Ta (hpopMa TpU-
XOM, TOBLIMHA KYTUKYJIM Ha 30BHIIIHIA KJIITUHHIA CTiHII
enifgepMu yepeliika, 0CoOIMBOCTI OYA0BM MPOBIAHOI CUCTE-
mu. JloBeneHo, 1110 MOPGhOIOriYHO 100pe OKpeCieHi BUAU
S. hypericifolia, S. crenata, S. chamaedryfolia cyTTeBoO Binpi3-
HSIIOTBCSI TAKOXK aHATOMIYHUMU OCOOJIMBOCTSIMU CTPYKTYPH
yepelika. HasgBHiCTh BiAMiHHOCTel Yy BHYTpillIHili OynoBi
YepelKkiB OJM3bKuX BUMiB S. media Ta S. polonica € omHuM
3 1OJATKOBUX apryMEHTIB IXHbOI TAKCOHOMIUHOI BiJIOKpEM-
JIGHOCTI, TOJi SIK BiICYTHICTb TAKMX O3HAaK Y MOP(POJIOTriuHO
Om3bKuX S. ulmifolia ta S. chamaedryfolia nae ninctaBu cym-
HiBaTHCA y BUTOBOMY cTaTyci S. ulmifolia.

KimouoBi ciioBa: Spiraea, yepeliok JUCTKa, aHATOMIYHI
03HaKu, MOpGhHOMETPUYHI MOKAa3HUKM, CUCTeMaThKa, (Jiopa
Ykpainu
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Benemen H.M.!, Hyxuna H.B.!, ®enoponuyk H.M.?
CpaBHHUTEIbHO-AHATOMIYECKAS XapAKTEPUCTUKA YePEIKOB
JIMCTbEB A00PUTeHHbIX BUIOB Spiraea (Rosaceae) haopbi
Ykpaunbl. YKp. 00T. XypH., 2017, 74(2): 189—194.

'borannyeckwii cag uM. akaa. A.B. ®omuHa,
VYHII "UucTtutyT 6uoaorun”

KueBckoro HallMoHaIbHOTO YHUBEPCUTETA
umeHu Tapaca LlleBueHko

yi1. Cumona Iletmopsl, 1, Kues 01032, Ykpanna

Mucrutyt 6otanuku um. H.T. XonogHoro HAH Ykpautbl
yi. Tepemenkonckas, 2, Kues 01004, YkpanHa

N3ydyeHo aHAaTOMUYECKOe CTPOCHUE YePEIIKOB BOCHbMU BU-
NIOB poja Spiraea, N3 KOTOPBIX CEMb SIBIISIIOTCSI BUAAMU TIPH-
ponHoil ¢yiopsl YKpauHbl U oauH BUL (S. chamaedryfolia)
KYJIETUBUPYETCS] HA TEPPUTOPUU CTPAHBI. YCTAHOBJIEHO, YTO
ompeieIeHHOe 3HAUYeHHWE Ui AMArHOCTUKU BUIOB MMEIOT
TaKMe aHaTOMMYECKHe OCOOEHHOCTH, Kak: ¢opMa yeperl-
Ka Ha TIOMEPeYHOM CEeUeHUW, HaJIndue, JOKaIu3alus u
(opma Tpuxom, TONIMHA KYTUKYJIbl Ha BHEIIHEW KJIETOY-
HOU CTeHKE 3MUIEPMBbI Yepelka, 0COOEHHOCTH B CTPOCHUU
npooasuieil cuctembl. JlokazaHo, 4To MOPGhOJIOTHUYECKU
XOpOIIIO O4YepueHHble BUIBI S. hypericifolia, S. crenata n
S. chamaedryfolia cymiecTBEHHO OTJIMYAIOTCS aHATOMMYeE-
CKUMU OCOOEHHOCTSIMU CTPYKTYpPHI Uepenika. Hamuane ot-
JIMYUI B CTPYKTYpe YEepEelIKOB ONU3KMX BUIOB S. media n
S. polonica siBnsIeTCSl OHUM U3 TOTIOJHUTEIBbHBIX apTyMeH-
TOB TaKCOHOMMYECKOW CaMOCTOSTEIHbHOCTU ITOCIIEIHETO,
TOT/Ia KaK OTCYTCTBUE TAKUX TPU3HAKOB Y MOPGhOIOTnIecKr
onuskux S. ulmifolia w S. chamaedryfolia naét ocHoBaHue co-
MHEBaThCSI B BUIOBOM cTaTyce S. ulmifolia.

Kirouessie ciioBa: Spiraea, 4epelok JucTa, aHaTOMUIECKUE
MpU3HAKK1, MOpHOMeTpUIECKIe TToKa3aTen, CcTeMaThKa,
dopa YkpauHbl

Ukr. Bot. J., 2017, 74(2)



Brparu Hayku

\I/

In Memoriam

ITAM'ATI CTEITAHA IBAHOBNYA KOBAJIbYYKA
(02.09.1933 —25.12.2016)

[TimoB 3 xutTs nocaigHuk npupoau Ilominas, onuH
i3 opranizaTopiB HaiuioHaabHOro NMpUpOIHOro mMap-
Ky "Toninbebki ToBTpu", 3acimykeHU MPUPOTOOXO-
poHellb YKpaiHu, JlaypeaT XMEJIbHUIIBKOI 00JacHO1
npemii imeHi Ilerpa baumHchkoro, kaHaumar 6iono-
TiYHUX HayK, AOLEHT, CTApLIMii HAyKOBUIA CMiBpOOiT-
Huxk HITIT "IMoninbeeki ToTpu" Cremnan IBaHOBMY
KoBanbuyk.

CrenaH IBaHOBMY HapoauBcs 2 BepecHs1 1933 p. y
c¢. Comnonka IlycroMuTiBCbKOTO p-HY JIBBIBCHKOI 00.
Yy POAMHI CJIy>K00BIiB. 3aKiHUMB JIbBiBCbKMI A€epKaB-
Huil yHiBepcuTeT iM. IBana ®panka (1956) 3a coewi-
anpHicTio "Biosorig". TpymoBy AisUTbHICTH poO3IOYaB
Ha [lpukaprnaTchKiii CiIbCbKOroCHOAAPChKiil CTaHILIiT
(1956—1958) wmoyonIMM HAyKOBMM  CITiBPOOITHM-
KOM, 3TOJIOM BUKOHYBaB 00OB'SI3KM 3aBigyBaya j1a00-
paTopiero IpyHTO3HaBCTBa Ta arpoximii (1958—1961).
VY 1961 p. 3akiHuMB acmipaHTypy npu BcecorosHomy
HayKOBO-JOCJTIAHOMY iHCTUTYTI ILIYKPOBUX OypsIKiB
AH CPCP (m. KuiB). Ynpomosx 1961—1994 pp. nipa-
moBaB y Kam'ssHe1b-I1omiabCbKOMY CiTBCBKOTOCITO-
JapCbKOMY IHCTUTYTi, J€ TPOWIIOB YCi CTyIeHi me-
JIaroriyHoi iepapxii — Big acHUCTeHTa OO 3aBigyBaya
Kadenporo OoTaHiku, (izionorii Ta 3aXUCTy POCIUH

© JL.I JIIOBIHCbKA, 2017
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(1988—1994). A 3 TpaBHs 1998 p. mpairoBaB cTapIIuM
HaykoBuM criBpodiTHukoM HIIIT "Tlominbceki Tos-
TpU".

Hnsg C.I. KoBaibuyKka XxapakKTepHUMU OyJIu aKTUB-
Ha >XUTTEBA TO3Ullisl, TPOMaIChbK1iI1 000B'SI30K Ta Bij-
MOBiANBHICTh 3a JOpYyYeHY cripaBy. BiH OyB rososoiwo
Kam'siHeub-IToninbcbKoOro BinAieHHST YKpaiHChKOTO
6oraniuHoro ToBapucrtsa pu AH YPCP (3 1967 p.),
yjaeHoM obnacHoro Teorpacgiunoro toBapuctsa YPCP
(1977—1994), KepiBHUKOM CEKIil OXOPOHU POCIMH-
HOTO CBITY MicbKOi opraHi3aiii ToBapucTBa OXOPOHU
MIPUPOIN, PAMOHHOTO KOMITETY 3 OXOPOHU MPUPOIH,
Panu 3 oXopoHU HaBKOJUIIHBOTO CEpeAOBUINA i pa-
LIiIOHAJIbHOTO BUKOPHMCTAHHSI TIPUPOAHUX pPeCypciB
XMeIbHUIIBKOI 00J1aCTi, 3aCTYITHUKOM TOJIOBU KOOP-
nuHaliitHoi Pagy 3 BuUpillleHHS NHUTaHb OpraHizailii
IMonminbChbKOro HaliOHATBHOTO MPUPOMHOTO MapKy
(posnopsimkeHHs1 Tlpesumenta YkpaiHu Bim 1 KBiT-
Ha 1990 p. Ne 16), uieHOM rpoMaachKol opraHisariii
"ToBapuctBa [lomiTbCHKMX TPUPOTOAOCITITHNUKIB Ta
MIPUPOIOITIO0IB".

3a iHiuiatuBu Ta Oe3nocepeaHboi yyacti C.I. Ko-
BaJIbuyKa po3po0Jsiacs i BIPOBAIKyBajlacs €KOJIO-
riguHa mporpama XMeJIbHUIBKOI obmacTi, KaM'sHeb-
IMoninbchbKoro paifoHy i Micta. BiH cTOSIB 011 BUTOKIB
CTBOPEHHSI MPUPOAHO-3arnoBigHoro ¢bouHny gk Ilpu-
JIHICTPOBCBKOTI'O perioHy, Tak i XMeabHUIILKOI 00J1acTi
B LIiJToMy. 3a OT0 MPOMO3ULIisSIMUA B 00J1aCTi CTBOPEHO
noHaza 20 3aKa3HUKIB 3arajJibHOJAEPKaBHOIO i Miclie-
BOro 3Ha4yeHHs IUiolleto moHaxd 11,5 tuc. ra. Bin He
TUIBKM MiATPUMYBAB ineto cTBopeHHs y [ToainbcbkomMy
perioHi HallioOHaJbHOIO MPUPOAHOIO IMapKy, a i BTi-
JIIOBAB 11 y XKUTTS, OyB iHiLlIaTOPOM Ta OpraHizaTopom
IT'SITU HAyKOBO-EKOJIOTIYHUX EKCIIeAUIIiif 3 BUBUCHHS
BILJIMBY TOCMOIAPCHKOI JisUILHOCTI Ta MOHITOPMHIY
pivok [IHicTpoBCchbKOTro 6aceiiHy. BuBuarouu GiopizHO-
MaHITTS 3aMOBIMHUX 00'€EKTIB MPUPOIU, BiH chHOpMy-
BaB JIJIsI 00J1aCTi CITMCOK BUIIB, SIKi MiIJIATal0Th OXOPO-
Hi Ta BKModeHi 10 "YepBoHoi kHurn Ykpainu" (1980,

1996).
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C.I. KoBanbuyk OYB OTHHUM 3 aKTUBHUX OpraHiza-
TOpiB perioHaJbHUX HAyKOBUX 3i0paHb i Oe3moce-
penHiM y4JacHMKOM 0OaratboX KoHepeHIiii, 3'T31iB
botaniuHoro ta I[eorpadiyHOro ToBapucTB YKpaiHu.
BiH cucremMaTMYHO MPOBOAMB TPUPOIOOXOPOHHY Ta
€KOJIOTiYHY TpOoIaraHay Ha CTOpiHKax 3aco0iB Maco-
BOI iH(popMallii.

Buenwnii € aBropom matike 100 HaykoBuX my0Jtika-
i1, y TOMy 4ucCIi iaocTpoBaHoro Hapucy "Ilam'aTku
mpuponu XmeabHuaumHu' (1995). Came 1g mpaiis
3100yJ1a IIUPOKY YMTALbKy ayauTopito. BiH € Takoxk
CITiBABTOPOM KOJIEKTUBHMX Tipaup "[lpupomHi 1iH-
HocTti HattioHansHoro mpupoaHoro rmapky " [ToaiabebKi
Tostpu" (1999), "BoaHi 6ararctBa XMeJbHUYYMHU"
(2001), "3amosigHa Yemeposeuunna" (2016) ta moHan
200 HayKOBO-ITyOIIIUCTUYHUX CTaTeit.
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3a akTUBHY TPpUPOJ00XOpoHHY HistibHicTh C.1. Ko-
BaJIbUyK CTaB JiaypeaToM XMEJIbHULIbKOI 00JacHOi
npewmii imeHi Ilerpa Bauumncekoro (2005), oTpuMmaBn
TovecHe 3BaHHS "3aciy>kKeHWil TPUPOIO0XOPOHEIh
Ykpainn" (2007), pimenusm cecii Kam'sHeins-ITo-
TIbCBbKOI palioHHOT paau XMEJbHUIIbKOI obsac-
Ti BiH OyB HaropomxeHui Bim3Hakoio KaM'siHellb-
IMoninbebkoi panu "3a 3acyru” (2007).

Caitna mam'ate npo CremnaHa IBaHoBuuya KoBaib-
YyKa — TaJIAHOBUTOI'O BUYCHOTO, OpraHi3aTopa, 3aciry-
JKEHOTO TPUPOTOOXOPOHIIS 3aJUIIUTLCS B CEPISIX
MOro KoJieT, y4HiB Ta piIHUX.

JI.T. IIOBTHCbKA

Ukr. Bot. J., 2017, 74(2)



CBITJII TIAM'ATI TIOJbCHKOTO BOTAHIKA
IIPO®ECOPA KAPOJIA JIATOBCHKOTO
(1939-2017)

V nepumii Micsiub 2017 poky 3 Tloabiii Hagiiiia
CyMHa 3BicTKa — 0O0ipBajJioCcsl KWUTTS BUIATHOIO
MOJIbCHKOTO 0OTaHiKa, BUEHOTO Ta Memarora, IIMPO-
ro jgpyra Ykpainu, mpodecopa YHIBEpCUTETY iMeHi
Anama Minkesuua B Ilo3HaHi, moyecHoro ujeHa Yk-
palHCHKOTO OOTaHIYHOrO TOBAPMCTBA, JOKTOpA radiji-
ToBaHoro, npogecopa Kapons JIstoBcbkoro. BiH Bi-
MIAIIOB y BIYHICTh PanTOBO, Y PO3KBiTi TBOPUMX CUJI,
MOBHUI 3aAyMiB Ta IJIaHiB HOBUX JOCiIXEeHb, €KCIIe-
WL, MyOTiKaniii.

HaykoBa cnagmuHa npogecopa K. JIsitoBcbkoro 6a-
raTta Ta pisHoMaHiTHa. BiH 3a1u1uB opuriHaibHi mpa-
11l y pi3HUX raly3s1X O0TaHIKW: CUCTEMATULi CYyTUHHUX
pocivH, MopdoJIorii, aHaToMii, ¢piopucTulli, (itoco-
30J10Tii, icTopii Hayku. Lle Oyna sickpaBa 0COOUCTICTb,
iHTeJlireHTHa, 00JapoBaHa, epyaoBaHa, J00PO3UYIBa
JIFONMHA, IIiKaBUM CIIBPO3MOBHMK, SIKWIl 3aBXIU
00'eIHYBaB HaBKOJIO cebe [00ipHE TOBapHCTBO.
Kaposb JIsgToBCbkMit OyB OAHMM i3 OpraHizaTopiB
Kadeapu TaKCOHOMIi pOCIIMH YHiBEpCUTETY, BUXOBaB
TUIesiIy BUYEHHUX, 3allydyaroud ix IIe 3i CTYyIeHTChKUX
YaciB JO BUBYEHHS 11 PO3BUTKY OOTaHIYHOI HAyKH.

BiH 3anuimmThes y Halii mam'sti Sk OMUM3bKUi Apyr
YKpaiHCBhKUX OOTaHiKiB HacaMImepel 3aBASKU IIAPUM
Ta TUTIIHUMM KOHTaKTaM i3 IIIMPOKUM KOJOM HaIluX
KOJIET, a TaKOX 3i CBOIM OCOOJIMBUM CTaBJICHHSIM J10
© B.B. ITIPOTOIIOIIOBA, M.B. IIIEBEPA, A.T1. IJIbIHCBHKA,

A.B. €HA, CJI. MOCHKIH, b. ALUKOB'AK, 3. LEJbKA,
I1. CKVAJIAXK, B.K. TOXTAPb, 2017
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MOCTaTi BUIATHOTO TMOJLCHKOTO Ta YKPaiHCHKOIO
Hatypaimucta — tpodecopa Mocuma (IO3eda)
ITauocbkoro, B yBiKoBiYHeHHs mam'sti sikoro K. JIs-
TOBCHKHMII 3pOOMB BaroMuii BHECOK, aKTUBHO IIpa-
LIOIOYM HaJl BUIAHHAM [PYroro Tomy "XepCOHCKOM
¢ophl" Ta TIOMYISIPU3YIOYN HAyKOBI TIpalli BUSHOTO.

Kaponb JIgToBchbkUii HapomuBcst 25 JMcToIaga
1939 p. y Bapmasi. 3akiHuuB BimmiieHHs OioJorii
Ta HayK mOpo 3emito YHiBepcUTeTy iMeHi Amama
Miuxkesuua B [To3Hani (1959—1964), notim 10 1974 p.
npauipoBaB Ha Kadeapi QapMaueBTUUHOI OOTaHiKU
MenuyHoi akagemii B [To3HaHi, oe mig KepiBHULITBOM
npod. Tageymia Koansi mochiimkyBaB aHaTOMiuHi
0COOJIMBOCTI TIIOMIB BUIIB pomiB Anthriscus Pers.,
Chaerophyllum L. ta Erysimum L. Y 1972 p. ycIimHo
3aXMCTUB AuMcepTallito Ha Temy "Studia nad morfologia
i anatomiag owocOw i nasion Srodkowoeuropejskich
gatunkOw rodzaju Erysimum L.", 3a sIKy OTpUMaB
HAyKOBUI  CTYIiHb JOKTOpa (apMalleBTUIHUX
HaykK. 3 1974 p. i 10 OCTaHHBLOTO Yacy MpailloBaB Ha
Kadenpi TaKCOHOMii pOCIMH YHiBepcUTETy iMeHi
Anama MiukeBuya B Ilo3HaHi, 1e MPOMIIOB HUISX
Bim ang'toHKTa 10 mpodecopa; MpauoBaB JUPEKTOPOM
IHCTUTYTY OioJIOTii HAaBKOJUIIHBOTO CEepeaOBHUILA
(1996—1999), xypatopom Iep6apito POZ (1976—1996),
OyB MOYECHUM HaCTaBHMKOM HAayKOBOTO KOJIa HaTypa-
JIICTIB YHIBEPCUTETY, a TAKOX 4JeHOM boTtaHiuHOI KO-
Micii [TonbchKoi akagemii Hayk (1993—2014).

OcHoBHo gistibHicTiO K. JIsiTOBChKOrO Oyia re-
JaroriyHa, sika MOro MOBHICTIO TorauHama. Jlekiiii,
MPaKTUYHi 3aHSTTSI, a OCOOJMBO IOJbOBI MPAKTUKU
mpodecopa Bim3Hayaaucs BUCOKOMAXOBOK BUKJIA-
JAllbKOIO MaiicTepHicTio. BrpomoBxk Oaratbox poKiB
pa3oM i3 CTyaeHTaMM BiH 3[iliCHIOBAB OOTaHiUHI €K-
cKypcii B YkpaiHy, 30kpema B XapkiB, Onecy, XepcoH
(muB. ¢OTO, 3p0O0OIEHE HOTO YIHEM).

CTyaeHTH BUCOKO LIiHyBaJlk HOro — He TiJIbKU MOBa-
Xanu, a i mupo moowiu. Iig KepiBHULITBOM npode-
copa K. JIaroBcbhKoro Oynu 3axuiieHi moHan 100 ma-
ricTepchbKuX Mpalb Ta TPU KaHAWIATCHKI AucepTallii:
Emx6etn Ta6pux (E. Gabrych, "Flora pol uprawnych
Pojezierza Krajenskiego i Rowniny Charzykowskiej",
1988), 30irneBa Uenbku (Z. Celka, "Flora roslin
naczyniowych grodzisk Wielkopolski', 1996) ta Ilerpa
Cxymnaxa (P. Szkudlarz, "Strukturalne zroznicowanie
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owocow i nasion w rodzinie Ericaceae i Empetraceae”,
1996).

V HayKoBilf poOOTi BUEHOTO BaxKJIMBe Miclle 3aiimMa-
JIM KapIoJIoTiuHi JochigkeHHs. BiH gertaibHO BUB-
YMB aHATOMIIO TUJIOAIB i HACiHUH €BpPa3iliChbKUX BU-
niB pony Lepidium L., cKjlaB aHATOMO-KapITOJIOTiUHi
OMUCHU BUJIiB, BUOKPEMUB MiarHOCTUYHI aHATOMiuHi
Ta MOP(OJIOTIYHI O3HAKU TUIONIB i HACIHWH, 3aIpo-
MOHYBaB KJIIOYi JJ1s1 BU3HAYEHHS BUAIB i MiABUAIB 3a
IIMMM O3HaKaMM. 3a pe3yIbTaTaMi CBOTO JOCIiIKEeH-
HS1 BUIIJIWB IBi CTPYKTYPHi TpyNu IUIOAIB (cepensemM-
HOMOPCBKY Ta a3iiichKO-aMepUKaHCBbKY), AKi BiImo-
BialOTh Pi3HUM (HOPMOTBOPUYUM reorpadiyHUM LIeH-
TpaM POy, 3allpOTNIOHYBaB PO3MIIUTU pin Lepidium
Ha Tpu miaponu: turnosuii, Cardaria ta Lepia, mo
3roJJOM YacTKOBO OYJI0 MiATBEPKEHO pe3ysibTaTaMu
Cy4aCHUX MOJIEKYJISIPHO-0i0NMOTIYHUX JOCHIIKEHb, a
camMe — BUSIBJIEHI TPU OCHOBHIi (biJIeTMYHI JiHil po3-
Butky. K. JlsgToBchbKuil ymepiiie HaBiB 1151 opu
Ykpainu L. pinnatifidum Ledeb. Y uinomy, pesyasraTtu
OPUTIHAJIBHOTO MOCHIMKeHHsT poay Lepidium mokiaB
B OCHOBY OITy0JiikyBaHO1 HUM Yy 1982 p. MoHorpadii
"Taksonomiczne studium karpologiczne eurazjatyckich
gatunkow rodzaju Lepidium L." Bin Takox OyB aBTO-
poOM ompalLoBaHHS PsiAy POAiB Jjisi 0araTOTOMHOTO
dnopuctuanoro BunanHs "Flora Polski" (1985).

Baromi BHecku K. JIsgToBChbKMil 3p0o0OMB y AOCITi-
JKEHHSI CUHAHTPOMHOI (hJIOPUCTUKU, Pi3HI aCMEKTH
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ITpodecop K. JIsiToBChbKUiA
Ha 6epesi HopHoro mopst
(Oneca, 2006 p.).

®oro 3. Lleapku

SIKOI BUKJIQJIEH] y IOr0 YMCJIEHHUX OPUTiHAILHUX MTy0-
JIIKAIIisIX Y CIiBaBTOPCTBi 3 Kojeramu. BoHu npucss-
YyeHi 3HaxinkaMm HOBMX 1151 T1ombIii BUIiB amBeHTUB-
HUX POCJIMH; eK0OioMopdOoI0Tii OKpeMUX TAKCOHIB B
AHTPOITIOTEHHUX MiClIe3pOCTaHHSIX; iCTOPUKO-Teorpa-
(iYHMM acreKTaMm 11010 OKPEMUX BUIiB aIBEHTUBHUX
pocinH; 6iosorii, XOpoJIorii Ta eKOJIOril cereTaabHUX
pociuH; dmopi 3anizaunb [lomemnii, bonrapii ta Hi-
JiepJaHaiB, Ha MiACTaBi SKUX aBTOP 3pOOUB 3arajbHO-
0i0J0TiYHI BUCHOBKHU.

VeBinomniooun  BaxKJIMBICTH OXOPOHU MPUPOIU,
0c00JIMBOI YBaru BUEHU HaJaBaB HOCIiAXKEHHIO pil-
KiCHMX BUJIiB pOCJIMH, OMYOJIiKyBaBILIM pPa30M 3 KoJjlera-
M "Red list of vascular flora of Wielkopolska (Poland)"
(2007), "Wykaz gatunkdéw roslin naczyniowych dziko
rosngcych w Wielkopolsce" (2013).

Kapoap JIgTtoBchbkuit croinbHo 3 bormaHom Aii-
KOB'SIKOM OYyB aBTOpOM IT'STU TOMIB 0iOiorpa-
dii "Rozmieszczenie, ekologia i biologia chwastow
segetalnych” (1996, 2001, 2006, 2011, 2016), o
BMIIlly€ BCi TMOJIbCbKI Tpali B raay3i AOCHiIXeHb
MMOJILOBKX Oyp'siHiB, omyoOsikoBaHux mo 2015 p. Bin
HamMcaB TakKoX 562 eHUUKIONEAUYHUX CTaTTi y
"Stownik Botaniczny" (2003) ta 123 — y "Leksykon
popularnonaukowyj. Botanika" (2005), omyGiikoBa-
HUX 3a pefakuiero Amiuii Ta €xu IIBEeHKOBCHKUX.
3aranoMm K. JISTOBCHKMIT € aBTOPOM Ta CIiBaBTOPOM
6u3bKo 150 HayKOBUX Mpallb.

Ukr. Bot. J., 2017, 74(2)



3aBasgxku HanojermuBuM 3yciissMm K. JIgToBcbKo-
ro mo0aumja CBIT TPYHTOBHA Tpaulsl — JIPYrUil TOM
"Xepconckoit dmopsr” (ITavockmit, 2008), sxwuit pa-
30M i3 TepmuM, omyoJikoBaHuM y 1914 p., mizicHo
BiII3epKaooTh 10pobok Mocuma ITauocbkoro 3
JIOCITIIKEHHST (PJIOpU CBOEPIMHOIO MiBAEHHOTO perio-
Hy YkpaiHu. BiH 3aiiicHUB Takox H00ipKy IyOJika-
wiit M. TayochKoro Ta Hammcas MepeaMOBY 10 306ip-
Huka "Rozwazania o sieci powigzan w Swiecie roslin"
(Paczoski, 2012), B IKuii yBIilIIIM 1IiKaBi Ta aKTyajb-
Hi TOHWHI poOOTH BUAATHOTO HATypasicTa, HAIpUK-
nan: "EpreHu Kak rpaHuiia eBporeicKoii 1 a3uaTcKoi
pactutenbHoct”, "Ro$liny synantropijne”, "Dwie
socjologie" To1Io.

HaykoBuii gopobok mnpodecopa Kaponst JIsiToB-
CbKOTO, OTO TleJaroriyta Ta pizHoOiuHa rpoMajachKa
JiSIBHICTh HE 3a/IMIIMIMCS HernmoMmiyeHMMu. BiH OyB
BiI3HAUeHUl 4YWCAeHHUMU Haropogamu Ilosbii,
a B YkpaiHi B 2006 p. obpanuii [ToyecHuM 4jieHOM
YKpaiHchbKOTro 60TaHiYHOTO TOBApUCTBA.

VrponoBx 22 poKiB BUCHUI BUKOHYBaB (hyHKIIii
onikyHa HaykoBoro koJjia mpUpoOJHMKIB — OpraHiza-
Lii CTYAeHTCHhKOI AisIbHOCTI TIpU Bigaini Giojorii YHi-
BepcuTteTy iMeHi AnamMa MillkeBruya, 3a BAroMUiA BHE-
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COK Y PO3BHUTOK SIKOTO BiH oTpuMaB TUTyI [lodyecHuit
OmikyH. 3a moHan 90-piuHy icToOpito Ii€i opraHizaiii
TUIBKM J1Ba OIMiKyHM OyJIM BiJ3HAu€Hi LIMM MOYECHUM
THUTYJIOM.

TTpodecop K. JIgaToBCHKUIA TTO3a THUM, 1110 OYB BU-
JIaTHUM OOTaHiKOM, OyB HaJ3BUYaliHO 100pPOI0, BUCO-
KOAYXOBHOIO JoauHow0. Iupuit 10 iHIIKUX, TPUSI3HUI
o koser 3 ITodbuii Ta 3-3a KOPAOHY, aje Mepeaycim
JIIOOJISTUMI CTYICHTIB.

IMonbebKi Ta yKpaiHChKi HayKOBLII 30€peKyTh J00-
py nam'satb nipo Kaposs JISToBcbKOro — HaTXHEHHO-
ro BYCHOTO, TaJJAHOBUTOTO ITlefarora, mupy Ta CBITIY
Jlropuny.

Requiescat in pace!

B.B. [IPOTOIIOIIOBA, M.B. IIEBEPA,

A.IT. UIBIHCBKA, A.B. €HA, C.JI. MOCSIKIH,
B. S1IKOB'SK, 3. LIEJTBKA, 1. CKVIUIAX,
B.K. TOXTAPb
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Hocnaignuku iTodioTn Ta MikodioTn Ykpainu

\ ’ Explorers of Plants and Fungi of Ukraine

MAPIAH PAIIMBOPCBKMI / MARIAN RACIBORSKI
(1863-1917)

24 ©epe3na muHae 100 pokxiB Bix JAHA CMEPTi BUIATHOIO
MOJILCbKOTO MiKoJsiora Ta 60TaHika, MioHepa OXOPOHU MpU-
ponu B [loabii Mapiana Paunbopcekoro.

Haponuscs Bin 16 Bepecust 1863 p. y c. bxososa Orma-
TiBCHKOTO MOBITY (miBIeHHO-cxinHa [Tosbina). Moro Garb-
KO OYB YYaCHUKOM IOJBCHKOTO MOBCTaHHA 1863 p., a ToMy
ciM'st HEBIOB3i Mic/IsT HAapOIKeHHsT MapiaHa eMirpyBajia 10
[Beiinapii Ta nuie 3rogoM roBepHyJacs 1o Kpakosa. B
17 pokiB, 3aKiHYMBILM peabHy 1LIKoay B Kpakosi, BiH 3a-
MCcaBCcsl BUTBHUM CITyxadeM Ha MeIULIHY B STeTOHChKOMY
YHIBEPCUTETI, OCKIJIbKM HE MaB TiMHAa3i1i{HOI OCBITH.

Ile B mikoni M. Paiinbopchbkuii BUSIBUB iHTepec 10 OoTa-
Hiku. Tak, y Biuli 14 pokiB BiH 3Hai1I0B nepiunit aist [Tobii
nokanirer Elodea canadensis Michx. Tomy npupoaHo, 1110 B
YHIBEPCUTETI BiH CTaB yYHEM BiJOMOro OOTaHiKa i MiKco-
minerosora mpodecopa KO3eda Pocradincekoro, a micis
3aKiHYeHHsI HaBYAHHS TPAIIOBaB OT0 aCUCTEHTOM Ha Ka-
denpi 6oTaHiku. Monoauii HayKoBellb Bil3HAYaBCsl BUHSIT-
KOBOIO TPalbOBUTICTIO i B 29 pokiB BxXe MaB 0Ju3bKo 40
HayKOBUX MyOJiiKaliii Mpo CJIU30BUKU, TPUOU, BOAOPOCTI,
MEeYiHOYHUKU Ta BUILLI POCIAUHU Pi3HUX perioHiB [lompuii.
3 1OpOOKY ILOTO TIEPiOAY OCOOIMBOIO IPYHTOBHICTIO BiI3HA-
YalOThCS POOOTHU B rajly3i 1majaeo00TaHiKu, 30KpeMa, PrCBs-
yeHi ¢y1opi Ta cucTeMaTHIli BUKOITHUX MArOpOTe.

Cawme 3a 1i npaui M. Paimbopcebkuii B 1892 p. orpuman
CTUTICHJTIIO JIUIST CTaXyBaHHS 32 KOPIOHOM, Jieé TIPOBiB YO-
TUPU POKU, TIPAITIOIOYN B HAYKOBUX YCTAHOBAX Pi3HUX MICT
Himeuunnu. B 1896 p. sik 3HaHUil crielialicCT-NTepPUa0IOT
OTpUMaB PIiYHUN KOHTPAKT [JIs1 OINpallOBaHHS MaropoTei
o. fBa. 3a uac mnepeOyBaHHS B IHmOHe3ii (TOmilIHS
Tomnanaceka Oct-IHaist) M. Pauubopchkuii 3i0paB Beu-
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Ye3Hy KOJIEKIIil0 MiclieBUX TpUOiB Ta POCIMH, siKa 30epira-
etbcs y Herbarium Bogoriense (BO) ta Herbarium Universitatis
Jagellonicae Cracoviensis (KRA). Ha Tl ocHOBi BueHMIi OT1IcaB
NIECSITKY HOBUX IIJIST HAYKW BUJIIiB Ta HAABUIOBUX TAKCOHIB 3
Pi3HUX CUCTEMATUIHUX TPYII.

[Ticng moBepHeHHs 3 0. SIBu B 1900 p. BUKIagaB 60TaHi-
Ky y Buiii pinbHunuiit mkosi B Jlyosnsinax nooau3sy JIbBosa
(teniep JIbBiBCbKMIA HAIlIOHAIBHUIA arpapHUIl yHIBEPCUTET).

Y 1904 p. BiH OyB o6panuit romoBoto [loabChKOTO TO-
BapuCTBa TIpUPOAO3HaBLiB iMeHi KomepHuka. 3aBosku
iioro 3ycwuisam y 1907 p. npu JIbBiBcbkoMy yHiBepcuTeTi
O0yB cTBOopeHuil biomoro-6otaHiuHuii iHCTUTYT. Y 1909 p.,
OTpUMaBILLIU nocaay npodecopa, nepeixas 10 JIbBoBa.

Ha ny6nsiHCbKO-JIbBiBCbKUIA MEpio MpUMajae HalakKTUB-
Hima gisuibHicTb M. Palimbopchkoro sk gociinHuka ghaopu
Ta MikoOioTn Ykpainu. 3i cBoiMu yaHsIMU A. BpyOieBcbKUM,
A. Bongiuko, K. Pynmeprom, 3. XMeneBCbKUM BiH OITyOJTi-
KyBaB HU3KY ITIOHEPHUX POOIT, MPUCBSIYECHUX BUIOBOMY
cknany rpu6iB Tanmuunu, Kapnat, [oginas ta BykoBuHu.
1910 poky M. Panubopcbkuii nepeixaB 1o Kpakosa, e 3a-
cHyBaB IHcTUTYT GoTaHiku npu Kadeapi 6otaHiku. Toro x
pOKy cTaB milicHuM mpodecopom AreroHCcHKOTO yHiBepCH-
teTy. Y 1912 p. BiH 06iitHs1B mocany aupektopa boraniuHoro
cany B Kpakosi.

ITpodecop M. Panubopchkuii OyB OgHUM i3 IMiOHEpiB
CIIpaBU OXOPOHU TIPUPONIU, aKTUBHO TIPOTIaryBaB ifei mpu-
POIOOXOPOHHOTO PYXY, HATOJIONIYIOUN Ha BasKJIMBOCTI PO3-
Oy10BU MepexXi MPUPOJHUYO-KPAE3HABUMX MY3€iB.

Buenwii 3amuimB mo cobi maM'sTh SIK MPO IOCTiIHUKA,
0ailIMBOrO Ta BUMOIJIMBOIO TeAarora il BUMTENs, JIOAUHUA
BUCOKOI 0COOMCTOT KyJbTYpu. OQUH 3 HOro Mnepiiuux y4HiB,
BuaaTHU OotaHik mpodecop Brnamucinas Lllagep mnucas:
"Mapian PanmbopceKkuii OyB i 3aTUIIAETHCS CBITJIMM i TIO-
JIyM'STHUM 00pa3oM y KapThHi 6ioorivanx Hayk [TosbImi Ha
nepenomi XIX i XX cromiTp".

Jlitepatypa npo BYEHOTO:

Kotodziejezyk J. Marian Raciborski (1863—1917). Ziemia,
1927, 12(24): 480—48]1.

Kusniar W. Marian Raciborski jako pionier rucha polskiego ku
ochronie przyrody. Ochrona przyrody, 1920, 1: 24—27.

Morozewicz J., Rostafinski J., Rouppert K., Godlewski E.,
Szafer W. Maryan Raciborski. Kosmos, 1917, 42(1-4):
66-95.

Mréwcezynski B. Dutur 7 rajskiego ogrodu, Warszawa: Nasza
Ksiegarnia, 1958, 278 pp.

Szafer W. W dziesigciolecie Smierci Mariana Raciborskiego.
Kosmos, 1927, 52: 203—-219.

10.4. THXOHEHKO
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