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Abstract: The black poplar (Populus nigra L.) is an ecologically and economically important tree species,
characteristic for floodplain forests in Europe. It is now considered to be endangered in many European
countries due to the loss of its natural habitat caused by the development of river engineering and intensive
land use management of riverside areas. Multi-stem specimens can be found occasionally in natural black
poplar populations. The percentage of such individuals is low, although in some stands it may be over a doz-
en percent. The origin of multi-stem trees may be different. As a consequence, trunks being part of such a
tree can have the same or different genotypes. The study aimed to find out whether all trunks of multi-stem
black poplars are ramets of the same genet or if their genotypes are different, in which case they increase
the gene pool of the population. We used 13 microsatellite nuclear markers to analyze the genotypes of
83 trunks belonging to 34 multi-stem black poplar trees from five natural populations from the Oder river
valley in Poland. We also performed the sibship analysis of all trunks. The results showed that the trunks
being part of the particular individual had distinct genotypes in five trees (14.7%). This indicates that they
were formed as a result of the fusion of two genetically different individuals. The sibship analysis revealed
that one multi-stem tree was represented by full-sibs. In the remaining four trees the fused trunks were
not related. Nevertheless, we found three pairs of half-sibs between different trees that were distant from
each other. The majority of the multi-stem trees we examined developed most probably due to the damage
to the apical meristem of the main shoot of a single-stem tree. Nevertheless, some of them were indeed
formed from two distinct individuals. Therefore, if a particular population consists of a small number of
individuals, we recommend to study the genotypic homogeneity of each multi-stem tree.
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Introduction

Populus nigra L., the black poplar, is one of the
most threatened forest tree species of natural flood-
plain forests in the temperate zones (Lefévre et al.,
1998). The main reasons for this are the loss of its
natural habitat due to urbanization, drainage of wet-
lands for agricultural use, and canalization of rivers
for flood prevention (Mahoney & Rood, 1991) as
well as introgressive hybridization with cultivat-
ed, fast-growing Euramerican hybrids of Populus X
canadensis Moench, i.e. P. X euramericana (Vanden Bro-
eck et al., 2004; Smulders et al., 2008a). For example,
in Belgium and the Netherlands, only a few native
specimens of the pure black poplar remain, addition-
ally duplicated as a result of vegetative propagation
by human (Smulders et al., 2008a). To restore flood-
plain forests and to conserve the remaining genetic
resources of black poplar, various national programs
have been developed in many European countries
(Arens et al., 1998; Lefevre et al., 1998; Hughes et
al., 2005). In Poland, black poplar is not legally pro-
tected as a species, but most populations are part of
the Natura 2000 network. Nevertheless, although
this conservation program prevents further devasta-
tion of well-preserved and ecologically valuable frag-
ments of river ecosystems, a progressive reduction in
black poplar population size is still being observed
in Polish river landscapes (Boratynski et al., 2001;
Tylkowski, 2010; Lewandowski & Litkowiec, 2017).

Black poplar reproduces mainly generatively, pro-
ducing large amounts of seeds with short viability
(Braatne et al., 1996). The seeds are transported by
wind and water and can germinate only on suitable,
bare moist surfaces (Seiwa et al., 2008). Under fa-
vorable conditions, the young generation appears
very abundantly, and even over 4,000 seedlings per 1
m? can be found (Braatne et al., 1996), but only a few
of them survive the first year (Johnson, 2000; Dix-
on & Turner, 2006). Black poplar has also developed
strategies to survive in unfavorable environmental
conditions or after damage. It can grow secondary
trunks, as an induced response to injury or to a dra-
matic change in the surrounding habitat (Barsoum
et al., 2004; Francis et al., 2004) - the phenomenon
known as sprouting (Del Tredici, 2001). If the injury
is caused to the apical meristem of the main shoot
of a single-stem tree, it can lead to the growth of
additional trunks resulting in multi-stem trees with
trunks that have the same genotypes. Furthermore,
the root system of black poplar can produce shoots
known as root suckers (Corenblit et al., 2014). Root
suckers usually develop after the primary trunk expe-
riences some kind of traumatic damage like logging
or fire (Del Tredici, 2001). They can produce many
duplicate clones of the same individual in a close
neighborhood (Smulders et al., 2008b).

Our field observations have shown that mul-
ti-stem trees occur in natural populations of black
poplar with low frequency, but it may exceed over a
dozen percent in some stands. Most of them arise as
a result of some damage to the main shoot of young
individuals, but they can also be formed from the
fusion of various trees growing close to each other,
especially during the seedling stage, when seedling
density is very high. Therefore, particular trunks of
mature multi-stem individuals can have the same or
different genotypes.

This study is an offshoot of the project aiming at
investigating the genetic variation of black poplar in
the Oder river valley in Poland. As we have found
multi-stem individuals of the species, the question
arises whether they are always ramets of a single
genet or it is necessary to analyze all trunks of such
trees, because they can have different genotypes.
This is a very important issue, especially for pre-
serving and restoring small, fragmented populations
with multi-stem individuals, where each genotype
is extremely valuable to ensure the maintenance of
evolutionary potential and the ability to adapt to the
ongoing climate change. To the best of our knowl-
edge, this is the first study aiming to determine the
genotypes of trunks of multi-stem black poplars.

Methods

In total, we analyzed 83 trunks of 34 multi-stem
trees. The studied individuals were found in five natu-
ral populations of black poplar located in the Oder riv-
er valley (Table 1). They form trees consisting of two
to six trunks. One of the studied trees is presented in
Fig. 1. We had selected only individuals for which the
fusion of trunks had taken place up to 1.5 meters from
the ground. As pure black poplars have a phenotype
similar to their hybrid varieties, the species genetic
purity of all trunks was confirmed with microsatellite
markers according to Wojkiewicz et al. (2021).

DNA was extracted from young poplar leaves
using the standard CTAB protocol (Dumolin et al.,
1995). All samples were genotyped with 13 nucle-
ar microsatellite loci described by van der Schoot et
al. (2000) and Smulders et al. (2001). Specifically,
WPMS01, WPMS04, WPMS06, WPMS07, WPMSO08,
WPMS09, WPMS10, WPMS11, WPMS12, WPMS16,
WPMS17, WPMS18 and WPMS20 were used in the
study. Marker amplification was performed accord-
ing to Wojkiewicz et al. (2019). The products of each
polymerase chain reaction (PCR) were analyzed us-
ing an ABI3130x! capillary sequencer (Life Technolo-
gies, USA) with GeneScan™ 500 LIZ® internal size
standard. The genotypes were scored using GeneM-
apper ver. 4.0 (Life Technologies, USA) and checked
manually.
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To determine the genotypic resolution power of
microsatellites used in the study, a test of the reli-
ability of loci was performed (Alberto et al., 2005).
This test informs about the risk of sampling two dif-
ferent individuals having the same multilocus geno-
type. We calculated the number of distinct multilo-
cus genotypes (MLGs) and identified trees that had
the same MLGs using the package RClone (Bailleul
et al., 2016). All MLGs were later assembled into the
corresponding clonal lineages (MLLs) as the number
of MLGs can be overestimated due to the occurrence
of slightly different MLGs resulting from scoring er-
rors or somatic mutations. This analysis was carried
out using multi-stem black poplar trees from this
study as well as the data for trees with single trunks
from Wojkiewicz et al. (2021). To identify MLGs that
belong to the same MLL, we calculated the Rozen-
feld’s genetic distance (difference in length between
alleles; Rozenfeld et al., 2007) for each pair of unique
MLGs found in the study and compared them to
MLGs identified as sexually produced by simulations
(Arnaud-Haond et al., 2007). Finally, a threshold was
determined from the distribution of genetic distanc-
es among samples, under which genetic distances

k)

Fig. 1. Two-stem black poplar tree in the Oder river valley
in Poland (phot. A. Lewandowski)

were considered to be due to scoring errors or somat-
ic mutations. This threshold equals the minimum ge-
netic distance among sexually produced MLGs.

We performed the sibship structure analysis in
the program COLONY ver. 2.0.6.6 (Jones & Wang,
2010) to find out if the genets within the same tree
are related to each other. The Full-Likelihood method
was chosen with high precision and long run length.
We set the parameters for a dioecious species with
inbreeding, clonality, and female and male polyga-
my. We had no prior sibship as well as no excluded

Table 1. Results of the multilocus analysis of the genetic
identity of trunks in the multi-stem black poplar trees.
Individual trunks are marked with letters a—f

Genotype

Population/Tree no.

same different

Kedzierzyn Kozle (KK)
13ab +
30ab
Brzeg Dolny (BD)
4abc
5ab
7ab
8abcdef
11abc
31ab
33ab +
60ab
61ab
62abcd
74abc
Ciechanéw (CI)
lab
53ab
57ab
72abcd
75ab
82ab
92abcd
93ab
Bytom Odrzanski (BO)
4ab +
26ab +
35abcd
36ab +
48ab +
54ab +
Cigacice (CG)
lab +
22ab
28ab +
33ab
58ab
66ab
68ab
Total 29 5

+

+ i T e T S S e S .

+

+ + + +
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maternity, paternity, or sibship. A 0.005 genotyping
error was set per each locus without updating allele
frequencies and with sibship scaling. We computed
the probability of each pair of trunks being full-sibs
(FS) or half-sibs (HS) over ten independent runs.
Pairs were considered HS or FS if the corresponding
average probability was at least 75%.

Results

Based on the test of the reliability of loci, we con-
cluded that a set of nine loci would be sufficient to
accurately determine the number of different MLGs
in the studied sample (data not shown). The fre-
quency distribution of the pairwise Rozenfeld’s ge-
netic distances was very similar in each population.
A threshold of at least four (population BO) up to
seven (populations KK and CI) different alleles
discriminated among different MLLs. Overall, we
identified 46 MLGs for 83 trunks tested. The anal-
yses showed scoring errors or somatic mutations in
10 MLGs. Therefore, the final MLL number, which
corresponds to the number of genets, was 36. Some
trees turned out to be the clones of a single individu-
al as they grouped into the same MLLs: two individ-
uals from population BD (5ab and 8abcdef) and two
from population BO (35abcd and 36ab).

Several multi-stem black poplars that were ana-
lyzed in this research indeed came out to be formed
from genetically distinct individuals. Five out of 34
trees studied (14.7%) had trunks that belonged to
different MLLs. All of them were trees with two
trunks. One such individual was identified in pop-
ulations KK, BD, and CG (trees no. 13ab, 33ab, and
28ab, respectively), two in population BO (4ab and
48ab) and none in population CI (Table 1).

The sibship analysis revealed that trunks from
tree no. 13 (population KK) are FS with a very high
probability (99.8%). We also identified three pairs of
HS. They were between trunks of different trees. One
pair was found in population BO (trunks no. 4b and
48b) and two pairs in population CG (trees no. 1 and
22; and trunks no. 28b and 58a).

Discussion

Numerous studies have already shown that mul-
ti-stem trees often arise via sprouting (e.g., Vesk &
Westoby, 2004; Fujiki & Kikuzawa, 2006) due to ei-
ther direct disturbance that causes some injury to the
existing stems (e.g., Peterson & Jones, 1997; Miura
& Yamamoto, 2003), or indirectly, as a consequence
of environmental stresses such as drought, salt stress
or increased light levels (e.g., Dunphy et al., 2000).
Nevertheless, multi-stem trees can also develop as a

consequence of the merging of two different individ-
uals, as in the case of some pine species in the sub-
genus Strobus (e.g., Torick et al., 1996). Regardless of
the cause, multi-stem architecture is considered to
enable persistence at a site (Bond & Midgley, 2001;
Del Tredici, 2001).

The majority of multi-stem black poplar trees
examined in our study (85.3%) had trunks with the
same genotypes, being ramets of a single genet. They
were probably the result of the damage to the api-
cal meristem of the main shoot of single-stem trees.
Such damage can easily happen because poplars
grow in the area of dynamic river floods and with
high herbivore abundance. The occurrence of mul-
ti-stem trees in natural populations of black poplar in
the Oder river valley may also be a survival strategy
that allows persistence in unfavorable environmental
conditions. Although P. nigra occurs along the Oder
with high frequency (Danielewicz, 2008), our field
observations have shown that most individuals are
in terminal age classes. Mature trees can still pro-
duce seeds, but due to the strong transformation of
the Oder valley they lack suitable places for natural
regeneration because poplar seeds have short via-
bility and require specific water and soil conditions
for germination and further growth (Guilloy-Froget
et al., 2002; Suszka et al., 2014). This situation may
force sprouting to increase the survival of a given
genotype. Consequently, such trees persist longer
than individuals that cannot resprout. Sprouting al-
lows P. nigra to prolong its life span and, in the case
of root suckers, to additionally spread into adjacent
areas, thereby circumventing the difficult process of
seedling establishment (Del Tredici, 2001). The clon-
al expansion of black poplar also enhances sediment
and nutrient trapping, as well as land stabilization
(Francis et al., 2009).

Some trees that were analyzed in the present
study grouped into one MLL. They were also includ-
ed in the same MLL as the neighboring single-stem
individuals (data from Wojkiewicz et al., 2021),
forming small or moderately sized clonal units. It
is possible that these trees were planted, though it
seems that particular genotypes are more likely to
produce secondary trunks and root suckers than
others. Theoretical studies suggest that a high rate
of clonal propagation should increase the effective
number of alleles and heterozygosity in a popula-
tion, while an opposite effect is expected on genetic
differentiation among populations and on genotypic
diversity (Meloni et al., 2013). The greater number
of clones delays the time between generations, and
thereby, moderates the loss of alleles through ge-
netic drift (Wei & Jiang, 2012). Clonality has also a
huge role in preserving heterozygosity as shown by
Bradbury et al. (2021) who studied different Euca-
lyptus species.



Trunks of multi-stem black poplars may have different genotypes — evidence from the Oder valley in Poland 5

The present research proved that some multi-stem
black poplars occurring in the Oder river valley were
formed in the process of the fusion of two genetically
different individuals. It is impossible to say wheth-
er merging occurred at the seedling stage or later,
when the individuals were well established, though
we hypothesize that it happened in the past when
environmental conditions were sufficient enough for
the dense growth of the seedlings. Nevertheless, we
found only a few multi-stem trees that have distinct
genotypes (14.7%). It seems that when conditions
allow the trees to grow up, the high competition
could result in a single survival shoot per bunch, in
most cases. The presence of trees with fused trunks
with different genotypes increases the gene pool of a
population. This has an especially great meaning in
small endangered stands, where every single geno-
type is important to maintain the evolutionary and
adaptive potential of such populations. The sibship
analysis revealed that only one multi-stem tree was
represented by full-sibs (population KK). There were
also three pairs of HS in two other populations (BO
and CG), but these trunks belonged to different trees
that were distant from each other. Till-Bottraud et al.
(2012) found that multi-stem trees of the deciduous
and mast-seeding species Nothofagus pumilio in Pata-
gonia (Chile) were mainly composed of merged indi-
viduals that were highly related. The authors pointed
to selfing, inbreeding, dispersal conditions leading to
related seeds end up in the same place, abiotic se-
lection on clusters of seedlings growing at the edge
of the second-growth forest, and kin selection as
possible explanations of this result. In the case of P
nigra, it seems that the fusion does not depend on
the degree of kinship. Though seeds of both N. pum-
ilio and P. nigra are wind-dispersed, poplar seeds are
lighter and can be additionally spread by water. This
is probably the reason why related individuals may
end up in different places. It is also possible that the
probability of fusion of related trees and spatial dis-
tribution of genets is affected by local environmental
conditions, but our dataset in not sufficient to prop-
erly resolve this issue.

Conclusion

The conducted research shows that not all mul-
ti-stem black poplars in the Oder river valley have
trunks with the same genotypes. They thus developed
most likely as a result of the fusion of two genetically
distinct seedlings. The occurrence of such individuals
is, however, rare. Therefore, due to the time-consum-
ing and relatively high cost of molecular analyzes, it
is not necessary to test the genotypic homogeneity of
each multi-stem black poplar specimen. Instead, for
genetic population studies and conservation efforts,

it is sufficient to collect material only from a single
trunk per such a tree. Nevertheless, we recommend
studying all trunks if the population is small.
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