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Abstract

Identifying characteristics of invasive species or growth forms that facilitate their

range expansion is critical for management. Clematis vitalba L. (old man's beard) is an

invasive temperate liana in many areas of its introduction, yet its seedlings do not

thrive in circumstances where resources are limited. Although some lianas in both

tropical and temperate climates have been shown to spread by clonal stems along

the ground, the bulk of previous research on C. vitalba reproduction has focused

largely on aspects of seed ecology. The vegetative growth of the species is poorly

understood. The first objective of our study was to evaluate the use of vegetative

spread by C. vitalba as a means of local dispersal and population growth. We exca-

vated ten 1-m2 plots in infested riparian zones and found an extensive, branching

network of creeping stems, both above and below ground. Our second objective was

to test the ability of C. vitalba stem fragments to act as vegetative propagules. After

4 months, �50% of two-node fragments had regenerated, from both creeping and

climbing stems. These studies help explain how a temperate liana forms populations

and dominate ecological communities. The findings provide good evidence that

C. vitalba may rely quite heavily on asexual reproduction. In addition, the results doc-

ument liana stem phenotypic plasticity; fragmented climbing stems are just as likely

as fragmented creeping stems to reprogram shoot tissue systems, generate roots and

regrow as independent plants.
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1 | INTRODUCTION

Successful dispersal, recruitment of new plants, and maintenance of

a reproducing population are all elements of a successful invasive

plant species (Davis, 2009). Employing multiple mechanisms to those

ends improves the chances of a favourable outcome. Indeed, in addi-

tion to reproduction by seed, some lianas in both tropical and tem-

perate zones, including invasive species, rely at least partly on

vegetative growth (growth that involves non-flowering plant parts)

for dispersal, recruitment, and reproduction (Buru et al., 2016;
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Larson, 2000; Leicht-Young & Pavlovic, 2015; Mori et al., 2020;

Penalosa, 1984).

The main benefit of sexual reproduction is that it ensures genetic

diversity in a population, which leads to adaptability in changing envi-

ronments. As a complementary system, vegetative reproduction gen-

erally supports more rapid growth and range expansion with fewer

resource inputs than sexual reproduction (Schurko et al., 2009). Lianas

can produce multiple stems, which elongate and branch, root, and

develop shoots, both on the ground and as climbers, which enables

short-distance expansion. Pollinators and mates for cross-fertilisation

are unnecessary for such growth. Thus, it is possible for a single suc-

cessful, genetically fit seedling or plant fragment to arrive and popu-

late a new habitat by vegetative spread.

When vegetative plant parts that form adventitious roots are

subsequently separated from the mother plant (genet), they become

independent clones (ramets) of the genet (Jeník, 1994; Munné-

Bosch, 2015; Oborny & Bartha, 1995). Another form of clonal repro-

duction is through the regeneration of plant parts into individual

ramets after fragmentation (Mogie & Hutchings, 1990). Ramets repre-

sent new recruits, which increase propagule pressure and a plant's

odds of surviving in a new environment because the risk of destruc-

tion is reduced with the presence of more individuals (Colautti

et al., 2006; Davis, 2009; Richardson et al., 2007).

For a plant species that is incapable of growing upright on its

own, the optimal circumstance is to climb a tree or other support,

which allows it to maximise its photosynthetic capacity. Ground-

based vegetative spread permits an established liana to expand its

range, albeit incrementally, while searching for trees to support

its stems (Wyka et al., 2019). Research has shown that many species

of creeping lianas can produce dense networks of branching stems,

both above and below ground (Buru et al., 2016; Leicht-Young

et al., 2011; Putz, 1984; Sakai et al., 2002; Schnitzer et al., 2000). The

creeping stems root at the nodes, which physically anchor them to the

ground and provide an increased uptake of water and soil nutrients.

As discussed above, rooted fragments that become severed from the

rest of the stem can become self-sufficient plants, yet any connec-

tions between the rooted nodes allow them to share resources and

enhance their resiliency in less-than-ideal environments (Mar-

shall, 1990; Roiloa et al., 2014). The connections also make it possible

for any shoots and leaves along the continuum to provide photosyn-

thates to other sections of the stem. Furthermore, the active and dor-

mant buds on vegetative growth serve as a “bud bank” (Ott

et al., 2019), complementary to the seed bank a liana may develop, to

allow the species to persist over time.

Clematis vitalba L. (old man's beard) is a very troublesome non-

native liana in some native forest remnants (Ogle et al., 2000).

Although new research has demonstrated poor survivability of very

young C. vitalba seedlings in the presence of dense ground cover (Jar-

vis-Lowry, 2023), in New Zealand, more mature vines have been

reported to grow at a rate of 6.3 kg m�2 yr�1 (fresh weight), using

twining petioles to climb and smother trees and shrubs indiscrimi-

nately (West, 1992). Recent rudimentary investigations indicate that

C. vitalba could also become problematic in non-native farm forestry

settings in New Zealand, where site preparation between rotations

and before planting tree seedlings involves mechanically breaking and

clearing debris with bulldozers and stacking into windrows, including

any C. vitalba that may be present. Evaluation of small C. vitalba indi-

viduals at a Pinus radiata plantation forest in Taihape, New Zealand,

suggested that nearly all shoots arose, not from true seedlings, but

from creeping stems that appeared to originate in the windrows

between the trees, indicating that broken stem fragments had regen-

erated (personal observations, December 2019).

Clematis vitalba may rely heavily on vegetative growth and repro-

duction, yet there has been no peer-reviewed research published on

the ability of the species to asexually reproduce. Two New Zealand

studies: (1) an unpublished government report (referenced by Ken-

nedy, 1982); and (2) a master's thesis (Van Gardingen, 1986), have

examined the capacity of C. vitalba stem fragments to regenerate. In

April while the plant was going dormant, Van Gardingen (1986) col-

lected two-node fragments from a mature vine, placed them upright

in 1:1 mix of sand and loam, with one node covered, and watered

overhead. Monitored over the course of 8 months, there was no

growth of any kind. Kennedy (1982) mentioned that McClelland

reported poor regeneration from one-node sections but found that

20% of fragments from stems that were at least 3 years old produced

shoots. Only 12.5% of 2-year-old fragments regenerated, and no

younger material regenerated. Few other details are known about

either of these studies. To the best of our knowledge, vegetative

spread in Clematis vitalba has not been studied outside of

New Zealand.

Temperate lianas are not as well-studied as those in tropical

regions (Ladwig & Meiners, 2015; Mori et al., 2018). The purpose of

this study was to discover what role vegetative growth may play in

the invasion success of C. vitalba, with two objectives: (1) determine

the extent of vegetative spread in creeping stems of C. vitalba; and

(2) determine how readily C. vitalba stem fragments (from both creep-

ing and climbing stems) can regenerate. To this end, an initial in situ

observational study was carried out to investigate the frequency of

natural layering and branching of C. vitalba creeping stems as poten-

tially important contributors to dispersal, recruitment, and survival of

the species. Based on these observations, an ex situ experiment was

designed to test the ability of C. vitalba stem fragments to act as vege-

tative propagules after injury. As the first steps in characterising and

defining the magnitude of its vegetative reproduction, these results

may help predict the spread of C. vitalba, inform choices for its con-

trol, and contribute to understanding temperate liana ecology.

2 | MATERIALS AND METHODS

2.1 | In situ observations

In January–February 2021 (mid-late summer), three river flood plain

sites in the Manawatu Region, New Zealand (Manawatu River at Awa-

puni [�40.3861, 175.5858], Oroua River at Awahuri [�40.2763,

175.5208], and Rangitikei River near Halcombe [�40.1238,

2 JARVIS-LOWRY ET AL.
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175.4458]), each separated by at least 17 km were selected as repre-

sentative of riparian zones highly infested with C. vitalba. Across the

three sites, a total of 10 random 1 m � 1 m plots (five at Awapuni,

two at Awahuri, and three at Halcombe) were chosen, all at least two

metres from the nearest tree (only creeping stems were present in the

plots, unsupported by any sort of trellis). The plots were excavated by

hand to determine the characteristics, abundance, and frequency of

rooting, branching and shoot development of the C. vitalba stems pre-

sent, both above and below the soil surface. All C. vitalba material

inside the boundaries of the plot was examined, whether it grew into

the plot from outside or was rooted in the plot. Any portion of stems

or shoots that extended beyond the plot boundaries was excluded.

Plots represented a range of vegetation cover of the study species,

from approximately 10% to 90%. Shade levels in the plots from over-

head trees ranged from 10% to 75% of full sunlight; the canopy cover

index (immediately above the ground level vegetation) of each plot

was calculated using the Gap Light Analysis Mobile Application

(GLAMA) for Android phones (Tichý, 2019; see Table S1). All vegeta-

tion other than C. vitalba within each plot was removed, and all

C. vitalba stems and associated parts were traced to their lowest point

underground (Figure 1), removed, examined and measured (stems and

shoots were stretched linearly and measured in a straight line to the

meristem). In each plot, the following was recorded: (1) whether stems

were found above or below the soil surface; (2) depth of stems below

soil surface; (3) diameter of stems present; (4) presence of stem

branching; (5) the distance between stem nodes; (6) number of nodes

with roots; (7) number of nodes with shoots (current year's new

stems); (8) any flower or achene production from creeping shoots;

(9) length of stems and shoots.

2.2 | Ex situ experiment

To obtain material at an optimum time for re-growth, stem fragments

for this experiment were collected just as the first spring flush of

C. vitalba growth began (mid-September 2021, early spring). Woody

stem fragments of both climbing and creeping stems were collected

from the same three sites where the in situ observations were con-

ducted. Eighty fragments of each stem type were obtained and cut to

30 cm in length, with two nodes. Visible bud activity at the nodes

(leaves/shoots or roots) and fragment diameter (which ranged from

2 mm to 2.5 cm) were recorded.

Regeneration begins with adventitious rooting, which is contin-

gent on numerous factors, including appropriate environmental condi-

tions, an appropriate balance of endogenous compounds, and an

inherited ability to allow differentiated cells to de-differentiate and

form new tissue (Geiss et al., 2009). No attempt was made in this

experiment to manipulate any endogenous factors, although environ-

mental conditions were optimised for rooting of C. vitalba stem frag-

ments. Immediately following collection, the fragments were placed at

random in punnet trays and covered completely with soil-less potting

mix with a controlled-release fertiliser (see Data S1 for additional

details). Trays were kept in a shade house (45%–50% full sunlight),

with no supplemental light, but with regular hand weeding and daily

F IGURE 1 Left: Plot (1 m2) staked and edges cut; Right: Following removal of all non-target species vegetation, all above and belowground
Clematis vitalba stems removed (30 cm deep). The prominent white flowers in the right-hand image belong to another creeping species, Calystegia
silvatica (Kit.) Griseb. ssp. disjuncta Brummitt.
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overhead watering. The maximum daily temperature ranged from

19.3�C in September to 27.3�C in January. Four months after burial

(January), fragments were removed from the trays. As a measure of

regeneration, the presence of any nodal growth and the number and

length of shoots at each node were recorded.

2.3 | Data analysis

The observational study was an exploratory investigation of the hori-

zontal stem morphology and growth patterns of C. vitalba, and due to

the limited number of plots assessed (each plot took an average of 4 h

to excavate), no statistical analysis was undertaken.

Analysis of the ex situ experiment was carried out using R statis-

tical software, version 4.2.0 (R Core Team, 2022). Due to the time

required to dig up belowground stems, 90% of the creeping stems

were obtained from above ground. To avoid bias from unbalanced

sampling, belowground stems were eliminated from the analysis. Pre-

diction of stem regeneration and yield (number of shoots produced

by fragment) was made by fitting a negative binomial regression

model, with the MASS package (Venables & Ripley, 2002). Stem type

(creeping or climbing), initial stem diameter, and initial presence of an

active bud (whether root or shoot) were included as fixed effects.

Also, a linear regression mixed model was fitted to predict the total

length of new shoots produced, with the lmerTest package (Kuznet-

sova et al., 2017). Stem type and initial stem diameter were included

as fixed variables, with tray as a random variable. For the linear

model, assumptions of normality and heterogeneity of variance were

violated, so a standardised square-root transformation was per-

formed on the data before fitting the model (the most appropriate

transformation was calculated using the bestNormalize package;

Peterson, 2021).

To achieve a non-singular fit, stem provenance was not used as a

variable in either model. As no interaction terms were significant in

either model, models of main effects were selected based on Akaike

Information Criterion (AIC) and goodness of fit calculated with the

DHARMa package (Hartig, 2022). Multicollinearity of fixed predictors

was calculated using the variance inflation factor (VIF) with the car

package (Fox & Weisberg, 2019), and visualisation of the model was

accomplished with the effects (Fox, 2003) and ggplot2 packages

(Wickham, 2016).

3 | RESULTS

3.1 | In situ observations

In the 10 study plots, C. vitalba was found to have a complex lateral

network of stems, roots, and shoots. No more than 20% of stems

were found below ground, up to a median depth of 25 cm. Median

diameter of belowground stems was 5.2 mm (interquartile range

[IQR] = 4.40, 6.45) and of aboveground stems was 4.0 mm

(IQR = 3.20, 4.90; Figure 2). Median branching frequency of

aboveground stems was once per metre (1.03; IQR = 0.84, 1.16), and

belowground stems every 0.44 m (IQR = 0.10, 0.61). Nodes were

produced every 10–16 cm in all stems, with roots present at fewer

than 1% of aboveground nodes (median 0.49; IQR = 0.26, 0.57) but

at 67.5% of belowground nodes (IQR = 60.25, 93.50). Shoots were

present at 11.2% of belowground nodes (IQR = 8.50, 13.92) and of

30.4% aboveground nodes (IQR = 22.72, 38.27). Most shoots were

produced at nodes with roots present, and often multiple shoots

were present at a single node. No seedlings were found in any of the

plots investigated; all small ‘individuals’ were actually shoots originat-

ing from a creeping stem. In 60% of plots, no flowers were present,

but in the remaining plots, 3.35% of shoots produced by aboveground

stems had also produced flowers or flower buds. In the plots with

80%–90% C. vitalba cover, a 1 m2 plot yielded 42–48 m of older (ear-

lier than current year) stems (16 m belowground, 29 m aboveground)

and 80–94 m of young, leafy shoots (the current year's stems).

3.2 | Ex situ experiment

Four months after collection, 48.7% of all stems (48.0% of creeping

stems and 49.4% of climbing stems) had produced new shoots and

roots. All new growth originated from the nodes (32% of all nodes:

30% of creeping stem nodes and 34% of climbing stem nodes). Of

those stems that had at least one visibly active bud (roots or shoots

present) at the time of fragmentation and burial, 50.7% regenerated,

whereas 47.7% of stems with no active initial bud regenerated. Nei-

ther stem type nor the presence of an active bud at the time of frag-

ment collection were significant predictors of fragment regeneration

or regrowth yield (stem type p = 0.99; active bud p =0.97). On the

other hand, for every 1 mm unit increase in initial diameter, the

expected count of shoots produced in the 4 months following frag-

mentation increased by 85% (incident rate ratio [IRR] = 1.849,

p =0.02: Table 1, Figure 3).

Total new shoot length per 30 cm stem fragment averaged

61 cm, but neither initial diameter nor stem type were important pre-

dictors of shoot length at α = 0.1 at that early stage of regeneration

(Table S2). An additional observation of note was the development of

flower buds on shoots from three stem fragments, two climbing and

one creeping. All three fragments measured between 3 and 5 mm in

diameter at the time of collection.

4 | DISCUSSION

4.1 | In situ observations

Creeping C. vitalba stems were pervasive in highly infested sites,

forming an intricate, branching web of vegetative growth at the

ground level. The measurements and observations made from

the excavated plots give a good indication that C. vitalba relies quite

heavily on creeping vegetative growth. This is consistent with

research on other liana species, many of which have clonal tendencies

4 JARVIS-LOWRY ET AL.
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(Buru et al., 2016; Leicht-Young & Pavlovic, 2015; Mori et al., 2018;

Penalosa, 1984; Sakai et al., 2002). Aboveground stems comprised

more than 80% of the lateral network, and in all the plots examined,

no true seedlings were found. However, it is worth noting that the

ground in these sites had a heavy vegetation cover with no bare soil,

and therefore true seedlings would not likely have survived there due

to poor survivability of C. vitalba seedlings in such situations (Jarvis-

Lowry, 2023).
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F IGURE 2 Data from excavation of Clematis vitalba stems in 1 m2 plots in infested riparian zones, comparing differences between above and
belowground stems. Clockwise from top left: boxplots comparing stem diameter; comparison of distance between stem nodes; comparison of
stem branching frequency; proportion of stem nodes producing roots, and proportion producing shoots.

TABLE 1 Coefficient estimates and
incidence rate ratios (IRR) from a
negative binomial regression model
(selected based on AIC and goodness of
fit diagnostics using DHARMa package in
R) factor effects on the regeneration
(number of shoots produced) of 30 cm,
2-node Clematis vitalba fragments.

Predictors Estimate (SE) Est CI p IRR

(Intercept) �0.130 (0.345) �0.862, 0.626 0.706 0.878

Initial fragment diameter 0.615 (0.271) 0.085, 1.193 0.023 1.849

Active initial bud �0.012 (0.279) �0.589, 0.570 0.965 0.988

Vertical stema �0.004 (0.277) �0.581, 0.569 0.990 0.996

Observations 149

Note: The P-values in bold are significant at α = 0.05.
aVertical, climbing stems (as opposed to lateral, creeping stems).
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West (1992) documented vigorous and rapid elongation of

C. vitalba shoots in New Zealand, and found average shoot elongation

in one season to be just over 2 m. As a validation of that vigour, in the

plots with the highest density of the target species, the length of

shoots generated by the stems (>80 m) was double that of the stems

themselves (>40 m).

A small fraction of shoots (<3%) from the creeping stems bore

buds or flowers at the time of the observational study, which was dur-

ing the middle of the phenological flowering period for C. vitalba

(West, 1992). Hence, creeping stems can support sexual reproduction

as well as vegetative growth. However, the primary function of

aboveground stems is apparently to produce photosynthetically active

growth (26% of nodes) while elongating, with only a small investment

in rooting (5.5% of nodes). On the other hand, belowground stems

seem to primarily function as conduits for water and nutrients: nearly

half of belowground stem nodes developed roots (44.8%), whereas

only 7% produced shoots.

4.2 | Ex situ experiment

Clematis vitalba stems climb by wrapping twining petioles around suit-

ably sized supports. No published descriptions of climbing C. vitalba

stems refer to adventitious rooting, nor have inspections of vertical

stems by the researchers produced any evidence of rooting (personal

observations, 2019–2022). Accordingly, any active buds on climbing

stems would have been forming shoots and leaves or had a bud with

a potential shoot system at the time of collection, but no roots (Hart-

mann et al., 2018). In the observational study, only 1% of above-

ground creeping stem nodes developed adventitious roots under

normal circumstances, while over 30% of the same nodes produced

shoots. Consequently, because only aboveground creeping stem frag-

ments were used in the study, they would not have been much more

likely than climbing stems to recover from fragmentation by rooting.

The study findings confirmed that whether woody C. vitalba frag-

ments originated from creeping or climbing stems, they had the same

propensity in optimal conditions to grow roots and regenerate

(48.7%). Previous research (Ward & Henzell, 2000) found that

C. vitalba stems that were cut down but left rooted resulted in 61%

regrowth when pruned in late spring. The current experiment shows

that spring-fragmented stems removed entirely from their original

habitat were slightly less successful at regenerating than those spring-

cut stumps that were still firmly rooted in the ground. This result

indicates that buds on the fragments were readily able to convert

potential leaf and stem tissue to root tissue for regeneration (Geiss

et al., 2009; Su et al., 2021).

Although highly variable between species, plastic reprogramming

of tissue is a well understood aspect of clonal plants and has been

widely exploited in plant propagation practices (Hartmann

et al., 2018; Kevers et al., 2009; Tailor et al., 2022). This same plastic-

ity was also reflected in the morphological differences observed

between the above and belowground stems of the in situ study. Many

tropical lianas have been shown to fall with their hosts, develop

adventitious roots and spread along the ground in search of a new

host (Putz, 1984; Schnitzer et al., 2000; Schnitzer et al., 2004; Yorke

et al., 2013). Given that C. vitalba in the canopy can cause the death

and collapse of host trees, its dynamic plasticity should easily permit

C. vitalba stems that drop with the host to behave similarly, whether

the stems remain attached to the mother plant or become

fragmented.

Researchers have typically documented a loss of ability to form

adventitious roots as a plant ages, though the decline varies by spe-

cies (Díaz-Sala et al., 2002; Greenwood et al., 1989; Horstman

et al., 2017). Although vertical and lateral stems were equally capable

of regrowth in this study, the results suggest larger diameter C. vitalba

fragments have a significantly better chance of successfully forming

independent ramets than their smaller counterparts. Fragment diame-

ters ranged from 2.0 mm to 2.5 cm in the current experiment. Cer-

tainly, annual secondary growth depends on environmental

conditions, and stem age cannot be precisely determined based solely

on diameter. Nonetheless, several 2 cm C. vitalba stem cross sections

observed by the lead author had 8–10 annual rings (personal observa-

tions, 14 January 2021). Thus, rooting capacity of C. vitalba is likely to

increase with age but requires further investigation.

4.3 | Management implications

The results of this research indicate that in a forestry plantation or

other environments where land is cleared mechanically, each metre of

Clematis vitalba stem broken up by machinery in spring could yield

several new, independent plants, each with multiple shoots. Flower

production can occur in the first year from a regenerated stem frag-

ment, and hence both asexual and sexual propagation are possible in
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are model estimates.
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the same year as the clearing. Thus, mechanical clearing into wind-

rows could exacerbate an infestation, unless C. vitalba growth from

the windrows is repeatedly controlled. Removal of all stems would be

a preferable alternative, although considering the extensive nature of

creeping stem networks, full removal may be impractical where infes-

tations are severe unless they can be sprayed prior to winter dor-

mancy and mechanical clearance.
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