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ARTICLE INFO ABSTRACT

To ensure the rescue, temporary conservation and further restoration of plant populations and communities
threatened by exploitation, translocation appears to be an appropriate method in the context of mining. Little
is known, however, on its effect on mutualistic interactions, such as pollination, and on the resulting plant pop-
ulation dynamics. Whole-rock translocations were performed as a conservation strategy for the endemic metal-
lophyte flora of Katanga, Democratic Republic of the Congo. The aim of this study was to quantify the flower
visitation, sexual reproduction and ramet demographic structure in such a translocated population, and to com-
pare the data with those from natural populations of Aeollanthus saxatilis, one of the threatened species of the
chasmophytic community. The study also documented the plant’s flower visitor guild. The ramet density, de-
mographic structure, pollination success and seed abortion rate were assessed in 10 quadrats per population, in
the translocated population and in two subsisting natural populations. The flower visitation rate was quantified
during three observation periods (20 min each) in six quadrats per population.

Small differences were observed in the visitor guild between the translocated and natural populations, but the
flower visitation rate was equivalent. No clear difference in the reproductive performance or ramet demographic
structure of the populations was found. The flower visitor guild was mainly composed of generalist pollinators,
which probably helped in establishing a functional visitor guild at the receptor site.

Rock translocation therefore appears to be an encouraging approach, allowing the conservation of functional
mutualistic interactions and the maintenance of a population structure comparable to that of natural chasmo-
phytic plant populations.
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ity (Montalvo et al., 1997). Evaluations of demographic and reproduc-
tive attributes of restored populations are therefore to be encouraged.

1. Introduction

Restoration success is usually assessed through community or
ecosystem approaches (Harzé et al., 2018; Montalvo et al., 1997). Only
a few studies have explored population attributes, such as demogra-
phy and vegetative or reproductive performances, following restora-
tion, and among these, even fewer have dealt with rare or threat-
ened species. However, population ecology can be useful for evalu-
ating restoration success when particular species are targeted (Harzé
et al., 2018; Montalvo et al., 1997), and some of the nine attributes
of successfully restored ecosystems listed by the Society to Ecological
Restoration (2004) indirectly include population traits. At the popula-
tion level, a successfully restored or translocated ecosystem should pro-
vide favourable abiotic conditions for population reproduction, growth,
migration and adaptive evolution, in order to ensure long-term viabil-
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Mutualistic interactions, such as pollination and seed dispersal, are
essential for ensuring the sexual reproduction of most angiosperms,
and shape the long-term demography of species (Byers & Chang, 2017;
Vanbergen et al., 2013). Plant-pollinator interactions are an important
process that need to be re-established in restored ecosystems (Forup,
Henson, Craze, & Memmott, 2007). To evaluate success of restoration,
a common method is to study plant-pollinator interactions at the com-
munity scale (Kaiser-Bunbury et al., 2017; Stpiczyniska & Zych, 2017),
but focusing on endemic or endangered species is also crucial in or-
der to adapt conservation and restoration actions (Giovanetti, Cervera,
& Andrade, 2007; Monty, Saad, & Mahy, 2006; Tepedino, Sipes, &
Griswold, 1999). Obligate pollination mutualism between plants and
pollinators are rare, and plant population size, spatial arrangement

Received 12 February 2019; Received in revised form 19 November 2019; Accepted 25 November 2019

Available online xxx
1617-1381/ © 2019.



S. Boisson et al.

and environmental conditions are likely to modify the guild and the
relative importance of flower visitors (Kato & Kawakita, 2017; Kearns,
Inouye, & Waser, 1998). When flower pollination only relies on a few
specialist species, habitat modifications are even more likely to alter vis-
itation, seed set and demography (Cropper & Calder, 1990; Monty et al.,
2006). For instance, variations in insect visitation may significantly af-
fect seed set, and are an important component of individual plant fitness
and population demographic structure (Kirchner et al., 2005; Tarasjev,
2005).

In southeastern Democratic Republic of the Congo (DRC), the Katan-
gan Copperbelt ranks amongst the most important copper-cobalt
(Cu-Co) resources in the world (Cailteux, Kampunzu, Lerouge, Kaputo,
& Milesi, 2005; Mudd & Jowitt, 2018). Katangan Cu-Co outcrops ap-
pear as scattered hills (Brooks, Baker, & Malaisse, 1992; Duvigneaud &
Denaeyer-De Smet, 1963). Due to their eco-geographical isolation and
strong selective pressures linked to high metal toxicity (Baker, Ernst,
Van der Ent, Malaisse, & Ginocchio, 2010), these metalliferous sites sup-
port unique vegetation, with metallophyte communities including en-
demic and threatened species (Boisson et al., 2017; Faucon et al., 2010,
2016).

Three types of plant communities that depend on the Cu-Co gra-
dients, the pH and the depth of soil have been identified in these
ecosystems (Ilunga wa Ilunga, Séleck, Colinet, Meerts, & Mahy, 2013;
Malaisse, Brooks, & Baker, 1994; Muyumba, Liénard, Mahy, & Ngongo,
2015; Saad et al., 2012; Séleck et al., 2013). Two grassland communities
have been largely studied in terms of their structure, composition and
plant-soil relationships: these are the steppic savanna on the lowest and
intermediate Cu-Co concentrations, supporting dense vegetation, and
the steppe on the highest Cu-Co concentrations, supporting species that
are tolerant to metals and drought (e.g. Boisson et al., 2020; Delhaye et
al., 2016; Ilunga wa Ilunga et al., 2013; Lange et al., 2014; Le Stradic et
al., 2016; Saad et al., 2012; Séleck et al., 2013). The third community
develops on very rocky and highly mineral habitats that are made of
cellular siliceous rocks (CSRs). These rocks present cavities where sub-
strate aggregates, and are found at the top of the outcrops (Malaisse,
Schaijes, & D’Outreligne, 2016). The CSRs were originally silicified algal
dolomites, but they have been altered to a mixture of silica and dolomite
(Fay & Barton, 2012). The distinctive chasmophytic communities that
develop on CSRs include six of the 56 endemic taxa of the Katangan
Copperbelt: Aeollanthus saxatilis, A. subacaulis var. linearis, Batopedina
pulvinellata subsp. pulvinellata, Faroa malaissei, Euphorbia cupricola and
E. fanshawei (Copperflora.org: Boisson, Lebrun, Séleck, & Mahy, 2012;
Malaisse et al., 2016). One of them (A. saxatilis) is on the IUCN Red List.

Although the most effective conservation measure would be the
in situ preservation of large Katangan Cu-Co outcrops (International
Council on Mining & Minerals, 2006; Saad et al., 2012; United Nations,
1992), the increasing demand for Cu and Co make this unlikely to
happen (Boisson, Monty, Lebrun, Séleck, & Mahy, 2016; Brooks et al.,
1992). Mining societies have established ecological restoration pro-
grammes, such strategies involve the transfer of intact mats of steppe
and steppic savanna vegetation, including the plants, their entire root
systems and their associated soils, from sites destined to be exploited to
receptor sites (Le Stradic et al., 2016). The chasmophytic community is
also part of this programme through the translocation of entire CSRs to
receptor sites. This presents an opportunity to address restoration suc-
cess via a population approach.

To ensure the rescue and temporary conservation of plant species
for further restoration, the receptor site should allow the establishment
and long-term persistence of the translocated populations through ap-
propriate ecosystem functioning, including biotic interactions and sta-
ble abiotic conditions over time (Bullock, 1998). For the translocation
of an entire CSR to another site in the same region to be successful
the abiotic and biotic conditions should not vary because these alter
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the population structure and functioning. Such conditions include
changes of the CSR’s direct environment and the location of the site in
the landscape, which can affect the individual fitness of the population
and/or cause changes in the flower visitor guild.

This study aimed to evaluate the success of CSR translocation to a
receptor site, focusing on a strictly endemic, ‘Near-Threatened’ plant
species of the chasmophytic community (Faucon et al., 2010) — A. sax-
atilis P.A. Duvign & Denaeyer-De Smet, 1963 (Lamiaceae). This species
was selected as the study model because we were in determining
whether pollinators would be lacking at the receptor site, thus leading
to a decrease in sexual reproduction and altering the demographic struc-
ture. Specifically, our objectives were to: i) characterise the flower vis-
itor guild of A. saxatilis; and ii) compare the visitation rate, pollination
success, seed abortion rate and resulting population structure between
the translocated and two natural populations.

2. Material and methods
2.1. Study species

Aeollanthus saxatilis is an herbaceous metallophyte that can reach a
height of 25cm (Malaisse et al., 2016). Individuals can produce several
tubers, each is capable of producing one or several stems, depending on
the plant’s stage development (Fig. 1). For this study, we considered the
ramet of A. saxatilis — one tuber and all the stems emerging from it. The
flowering season extends from January to March. During this time, each
reproductive stem produces one floral scape of around eight nodes. Both
purple flowers of each node are receptive at the same time, as soon as
the two flowers of the preceding node begin to fade. The corolla is vi-
olet and the tube is 5-10mm long. The corolla closes during the night
(LA, pers. obs., 2018). The fruit is schizocarpic, with four single-seeded
mericarps (henceforth referred to as seeds) contained in a circumscissile
fruiting calyx composed of four dark nutlets (Malaisse et al., 2016). The
seeds are between 700 um and 1 mm in diameter. The weight of 1000
seeds is ca. 0.054 g. A preliminary experiment of hand pollination, car-
ried out under controlled conditions, indicated that the species is strictly
allogamous (data not shown). The area of occupancy of A. saxatilis is
estimated at 48 km?, with populations that never exceed 1 km? Due to
this restricted area of occupancy, A. saxatilis appears as ‘Near Threat-
ened’ on the IUCN’s Red List of endangered species (Meersseman et al.,
2014). Among the 19 populations known in 2010 (Meersseman et al.,
2014). All are located in mining areas and are threatened in the short or
medium term. Only three remaining natural populations could be found
between the cities of Tenke and Fungurume, two of which were avail-
able for sampling in this study.

2.2. Study area and populations
The study was carried out in the southeastern DRC, at three sites

located in the region of Fungurume (10.62°S, 26.32°E) (Boisson et al.,
2016). The region has about 40 Cu-Co outcrops that form a complex

Fig. 1. Aeollanthus saxatilis growing on a cellular siliceous rock in a natural population
near Fungurume, Democratic Republic of Congo.
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of hills, the altitudes of which range from 1200m to 1400 m (Frangois,
1988). This region experiences a warm, mild temperate climate, with a
dry winter season, corresponding to the Cwa type in the Képpen-Geiger
classification (Climate-data.org, 2018). The rainy season extends from
November to March, and the dry season from May to September. The
average annual temperature is 20.9°C, and the average annual precip-
itations reach 1081 mm (Climate-data.org, 2018). Katangan ecosystems
are intentionally burnt almost every year (Le Stradic et al., 2016).

The two remaining natural populations (NP1 and NP2) of A. sax-
atilis located in the region of Fungurume were selected to serve as refer-
ence sites for this assessment of restoration success. The region has been
historically dominated by the naturally-open, dry forest called miombo.
This forest is dominated by the Caesalpinioideae family, and the canopy
height is less than 15m (BM Campbell, 1996). The region of Fungurume
is being urbanised, and the outcrops are operated by mining companies.
Patches of natural metallophyte vegetation and miombo still exist, and
are temporarily protected.

NP1 is located on the CSR located at the crest of a hill partly cov-
ered with miombo trees. The site is currently subject to artisanal min-
ing, but the human pressure remains low. NP1 is spread over more than
1200 m?. NP2 is developed on the CSR located on top and on the upper
western slope of a hill with an area of 900 m?. The pressure resulting
from artisanal mining has been rising over recent years, and is now sig-
nificant (BS, pers. comm., 2018). The hill is covered with miombo trees.

In this area, so-called ‘reconstructed ecosystems’, located 3km north
from NP1 and NP2, contain translocated populations of endemic
species, and are expected to include all the three plant communities (i.e.
steppe, steppic savanna, chasmophytic vegetation). The translocation of
an A. saxatilis population to the receptor site occurred in 2014, four
years prior to this study. The CSRs were mechanically translocated us-
ing machinery during the rainy season of 2014. The CSRs were spread
over a targeted zone of the receptor site to simulate a density equivalent
to that of the donor site. Those translocated CSRs originated from two
Cu-Co outcrops in the Fungurume region that are now operated by min-
ing companies. This translocated population (referred as TP) covers an
area of 3000 m?, reflecting its original size, and has not been exposed to
further disturbances since the reconstructed ecosystem was completed
in 2014. The site topography is negligible, and there are no trees on
the site or in the surrounding area. Field data collection from the three
populations took place at the end of the 2018 rainy season, from March
6-22.

2.3. Ramet demographic structure and seed set

Based on the area occupied by each population, we first validated
the size of the population, and then randomly marked 10 CSRs hosting
A. saxatilis to be representative of the occupied area at the site. On each
marked CSR, we plotted one 50 cm x 50 cm quadrats, centred on an indi-
vidual of A. saxatilis. The number of ramets and number of stems from
each ramet in the quadrats were counted. All ramets with visible signs
of flower production (floral buds, flowers, fruits or scars left by fallen
fruits) were recorded as ‘breeding ramets’.

Each quadrat was then subdivided into nine (3 X 3) equal sub-
quadrats. On the ramet closest to the centre of each subquadrat (called
‘focal ramets’), we collected and counted all the mature fruits during
two collections performed between March 6 and 10, and 19 and 22.
There were one to nine focal ramets per quadrat, depending on the
ramet density and their distribution in the quadrat. Among the focal
ramets, three breeding ramets per quadrat (when possible, otherwise
one or two) were randomly selected to assess pollination success and
abortion rate (totalling 23 in the TP, 20 in NP1 and 29 in NP2). For
each of these, the number of fruiting calyces and the number of vi-
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able and aborted seeds contained in each fruiting calyx were counted
under a binocular microscope (Euromex Nexius Zoom 1703-B). Vacant
locules of the fruit, indicating that seeds had already been released from
the fruiting calyx, were also counted as viable seeds. In the locules, ma-
ture (i.e. dark brown) or immature (i.e. light green) seeds with robust,
rounded and smooth surfaces were considered viable. Seeds that did not
meet these criteria (i.e. those having physical abnormalities or being
flat) were considered as aborted. The pollination success was calculated
for each breeding ramet, defined as the proportion of fruiting calyces
containing at least one viable seed, considering that these resulted from
successfully visited flowers. The abortion rate per breeding ramet was
calculated as the proportion of aborted seeds in the fruiting calyces re-
sulting from successfully visited flowers.

2.4. Flower visitors

From the 10 quadrats placed in each population, six were selected
for recording flower visitors. For each of those 18 quadrats, three obser-
vation sessions of 20 min were carried out. To the extent possible, given
the organisational constraints, these were distributed equally through-
out the day, from 7.00a.m. to 7.00p.m., and were chosen to cover
sunny and cloudy conditions at the same frequency for the three popu-
lations. Before each session, the number of floral units contained in the
quadrat was determined. All insects visiting any flower in the quadrat
during an observation session were recorded and captured with a net
for accurate identification by specialists; a total of 12 insects were cap-
tured inside the quadrats. For a comprehensive documentation of the
visitor guild, seven additional insects that visited the A. saxatilis flowers
were captured outside of the quadrats. The Hymenoptera were identi-
fied by Alain Pauly and the Diptera by Kurt Jordaens on the basis of six
to 10 pictures per specimen, taken with a Euromex Nexius Zoom 1703-B
binocular microscope mounted with a camera.

The visitation rate was defined as the number of visits in a quadrat
(all insect species together) per observation session.

2.5. Data analysis

We compared the ramet density (i.e. number of ramets per square
metre) between the populations using a one-way analysis of variance
(ANOVA), followed by Tukey HSD post-hoc tests. To compare the ramet
demographic structures of the natural and translocated populations, the
stem number (a proxy for ramet development stage) distributions of
the three populations were compared using the Kolmogorov-Smirnov
test. We also compared the proportion of breeding ramets (i.e. those
having produced flowers during the 2018 flowering season) between
the translocated and natural populations using a one-way ANOVA, with
population being the fixed factor. Because of high heteroscedasticity,
the proportion of one-stemmed ramets per quadrat (as a proxy for re-
cruitment) was compared between the populations, using a non-para-
metric pairwise Wilcoxon test.

We compared pollination success and abortion rate between popula-
tions, using ANOVA with a mixed-effect model, followed by Tukey HSD
post-hoc tests. Population was considered to be the fixed factor, and
ramet was used as a grouping factor.

To compare visitation rates between the translocated and natural
populations, we performed an analysis of covariance, with population
as the fixed factor and the number of floral units as the covariate. The
data were arcsine-transformed to improve the homoscedasticity. Except
where otherwise stated, the assumptions of homoscedasticity and nor-
mality were verified prior to parametric testing. A significance thresh-
old of 0.05 was adopted for all the statistical analyses. All analyses were
performed using R version 3.3.2 (R Development Core Team, 2010).
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3. Results
3.1. Ramet demographic structure and seed set

The ramet density in the TP (mean * SE: 59.2 + 14.1 ramets. m~2)
was not significantly different from that of NP1 (100.8 + 15.1 ram-
ets.m~% Tukey test TP vs NP1 p = 0.244), but was significantly lower
than in NP2 (141.6 * 19.1 ramets.m 2% Tukey test TP vs NP2 p =
0.004). Despite this, the ramet demographic structure of the TP did
not significantly differ from those of NP1 (Kolmogorov-Smirnov test:
D =0.27; p = 0.24) or NP2 (Kolmogorov-Smirnov test: D = 0.30; p =
0.13) (Fig. 2). In the three populations, a similar decline in the num-
ber of ramets with number of stems was observed. Similarly, there was
no significant difference in the proportion of breeding ramets between
the TP (mean * SE: 56.41 + 8.55 %) and NP1 (51.16 + 7.03 %), or
between the TP and NP2 (58.85 + 5.03 %) (F, 2, = 0.31, p = 0.73).
Recruitment was lower in the TP (mean #+ SE: 25.89 * 7.63 % of
single-stemmed ramets per quadrat) than in NP1 (47.09 + 3.08 %),
but this difference was only marginally significant (Wilcoxon test: p =
0.08). Recruitment in the TP did not significantly differ from that in NP2
(26.61 + 3.10 %) (Wilcoxon test: p = 0.76).

Analysis revealed no significant difference in the pollination success
between the TP and NP1 and NP1 (F, 49 = 0.84, p = 0.44), being 77.33
+ 5.64 % (mean * SE), 84.52 = 4.59 % and 68.34 * 6.55 %, respec-
tively, for the TP, NP1 and NP2. Nor was the mean abortion rate per
breeding ramet significantly different in the TP (28.49 + 2.75 %) from
NP1 (25.54 £ 3.02 %) or NP2 (38.47 £ 3.56 %) (Fy¢5 =5.32, p=
0.09).

3.2. Flower visitors

Aeollanthus saxatilis flowers were visited exclusively by Hy-
menoptera (68 % of observed visits) and Diptera (32 % of observed
visits). Identification of the captured insects revealed seven genera of
Hymenoptera, belonging to the families Apidae and Halictidae, and
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100 A
80 4
60 4
40 +
20 +
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two genera of Diptera, both belonging to the family Syrphidae (Table
1). Among these captured specimens, only two Diptera could be iden-
tified to the species level — Ischiodon aegyptius Wiedmann, 1830 and
Paragus borbonicus Macquart, 1842. The third identified Diptera taxon
also belonged to the genus Paragus, but was part of the longiventris
group, which contains an unknown number of sibling species. Flower
visitors of the Apidae family belonged to four genera — Amegilla Friese,
1897, Braunsapis Michener, 1969, Ceratina Latreille, 1802 and Liotrigona
Moure, 1961. Flower visitors of the Halictidae family belonged to three
genera — Lasioglossum Curtis, 1833, Leuconomia Pauly, 1980 and Thrin-
chostoma de Saussure, 1891. Another Diptera specimen was captured,
but could not be identified, and five Hymenoptera were observed, but
could not be captured and thus were also not identified.

The mean visitation rate was lower in the TP (mean + SE: 0.17 *+
0.09 visits per observation session of 20min) and NP1 (0.17 = 0.09)
than in NP2 (0.56 = 0.15), but the difference was only marginally sig-
nificant (F, 49 = 2.95, p = 0.06). The effect of the number of floral units
on the visitation rate was not significant (F; 4o = 1.44, p = 0.24).

The most frequent visitors belonged to the genus Amegilla. All ob-
served insects visited the interior of the flower, and several were seen
visiting flowers of other species.

4. Discussion

Translocation methods have recently been highlighted as being
promising for the long-term restoration of metallophyte communities
experiencing rapid decline (Le Stradic et al., 2016). The successful re-es-
tablishment of plant assemblages following the translocation of topsoil
(Cobbaert, Rochefort, & Price, 2004; Jaunatre, Buisson, & Dutoit, 2012)
or vegetation mats (Le Stradic et al., 2016) has been demonstrated, but
these methods are inadequate for chasmophytic plants, especially when
they grow on large pieces of rock. In addition, if the establishment of
plant species and vegetation development are necessary, translocation
may not be sufficient to ensure the long-term persistence of populations,
as plants interact with other organisms in many steps of their life-cycles.

Translocated population
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Fig. 2. Ramet demographic structure of the three populations of Aeollanthus saxatilis expressed as number of stems per number of ramets.
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Table 1
Details of insect flower-visitors of Aeollanthus saxatilis observed per 20-minute session. Ob-
servations were performed in March and April. x — specimen observed.

Number of
observed
Taxon individuals Presence
TP NP1 NP2
DIPTERA
Syrphidae
Ischiodon Sack, 1. aegyptius 3 X X
1913 (Wiedemann,
1830)
Paragus P. borbonicus 4 X X
Latreille, 1804 Macquart, 1842
Paragus sp. 1 X X
(longiventris
group)
Unidentified 1 X
specimen 1
HYMENOPTERA
Apidae
Amegilla Friese, Amegilla sp. 7 X X X
1897
Braunsapis Braunsapis sp. 2 X
Michener, 1969
Ceratina Ceratina sp. 1 X
Latreille, 1802
Liotrigona Liotrigona sp. 1 X
Moure, 1961
Halictidae
Lasioglossum Lasioglossum sp. 1 X
Curtis, 1833
Leuconomia Leuconomia sp. 1 X
Pauly, 1980
Thrinchostoma Thrinchostoma 1 X
de Saussure, 1891 sp.
Unidentified 1 X
specimen 2
Unidentified 1 X
specimen 3
Unidentified 1 X
specimen 4
Unidentified 1 X
specimen 5
Unidentified 1 X
specimen 6
Total 28

The present study is the first to examine the success of whole-rock
translocation, and to investigate the mutualistic interactions of a met-
allophyte plant with insects. Slight differences were observed in visitor
guild and ramet density between translocated and natural populations
of A. saxatilis, but no difference in reproductive performance or ramet
demographic structure was found in the populations. Rock translocation
therefore appears to be a successful approach for this species.

The presence of a diverse guild of floral visitors affects the ability
of translocated ecosystems to support reproductive populations. Not all
potential pollinators contribute equally to the reproductive success of a
plant species because this depends on their visiting frequency and their
effectiveness in transferring pollen (Lemaitre, Pinto, & Niemeyer, 2014;
Monty et al., 2006).

The pollinator guild of the chasmophytic plants of Katanga is largely
unknown. Our observations allowed a first list of the flower visitors
of A. saxatilis to be compiled, among which several (if not most) are
very likely to play a role in pollination, as all of them entered the
flowers. In this study, the species richness of the flower-visiting in-
sects in the translocated population (five species) was the same as
in one of the natural populations, but the other natural population
showed a higher species richness (11 species). Nevertheless, no de-
ficiency was observed in the translocated population in terms of re-
productive performance in comparison with the natural populations.
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The majority of the identified taxa are known to be generalist polli-
nators, being relatively widespread in the Afrotropical region (Eardley,
Kuhlmann, & Pauly, 2010; Friedrich, 2018; Michener, 2000; Peter, Dold,
Barker, & Ripley, 2004), which probably helped in the recovery of a
functional visitor guild at the receptor site. Considering all the flower
visitors, the flower visitation rate observed in the translocated popula-
tion was equivalent to that observed in the natural populations.

Unlike in several Labiata species (Akter, Biella, & Klecka, 2017;
Aluri, Vergara-Santana, & Juarez, 1997), the number of floral units of
A. saxatilis per quadrat did not significantly influence the frequency of
visits. While relatively low, the observed mean visitation rate of 0.17
visits per 20min and per quadrat in the translocated population seems
sufficient to ensure seed production, allowing the development of seeds
from 77 % of the flowers per breeding ramet, on average — a percentage
comparable to that of the natural populations. If flowers are receptive
for eight consecutive days (LA, pers. obs., 2018) - that is, for 96 h, as-
suming the flowers are only receptive during the 12h of the day as these
flower corollas close at night — each flower would be visited, on average,
2.7 times based on our observed visitation rate (0.5 visits.quadrat~!. h™1)
and the average number of floral units (17.6 flowers.quadrat™!) in the
translocated area.

However, even when the flowers were pollinated, 28 % of the seeds
did not develop. This could be linked to several post-pollination mech-
anisms, such as accidental auto-pollination resulting from flower visi-
tation (Abrol, 2012; Collevatti, Estolano, Garcia, & Hay, 2009) or ma-
ternal regulation of offspring quality, leading to the selective abortion
of seeds with lower potential fitness (Collevatti et al., 2009). Alterna-
tively, the flower visitors may have carried pollen from other species
and saturated the pistils of A. saxatilis (Abrol, 2012). This latter hypoth-
esis is more likely, given that almost all the floral visitors observed in
this study were generalist species.

The overall reproductive performance observed in the translocated
population did not significantly differ from those of the natural popu-
lations, as confirmed by the ramet demographic structure, which was
also comparable between the translocated and natural populations. The
shapes of the three distribution curves indicate a continuous regenera-
tion, although the share of sexual reproduction cannot be distinguished
from that of vegetative reproduction through tubers.

Our results suggest that there was no significant lack of mutualis-
tic interaction in the translocated population compared to that in the
reference natural populations, likely due to the generalist behaviour of
the floral visitors. Four years after translocation, the receptor site seems
to satisfy the required conditions for the maintenance of a reproductive
and viable population of A. saxatilis. However, our assessment of the
success of this rock translocation is based on direct comparison with two
relict populations that were selected as references. It is thus assumed
that these two populations are representative of the natural dynamics
of A. saxatilis. Relict populations are subject to anthropogenic perturba-
tions, however, notably through artisanal mining, and it cannot be ex-
cluded that ancient natural populations used to host higher species rich-
nesses or pollinator abundances, and that the proportion of successfully
pollinated flowers and recruitment may have been higher in those popu-
lations in the past. In addition, our sampling was relatively limited, and
only covered up to the end of the flowering season, due to the restricted
access to the mining sites for administrative and safety reasons.

The explanation associated with the IUCNs status of’ Near Threat-
ened’ assigned to the species mentions an unknown population trend
and a continuous decline in mature individuals (Meersseman et al.,
2014). Despite that the decline is ongoing because of direct habitat
destruction, this study brings encouraging data on the current demo-
graphic structure of the last natural populations in the Fungurume
region, and demonstrates that satisfactory population dynamics can
be expected in A. saxatilis populations following rock translocation.
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The other plant species constituting the chasmophytic plant community
are expected to experience similar restoration success. CSR translocation
is thus encouraging for the medium term for conserving populations of
threatened chasmophytic species, and further studies should also con-
firm its success in the long term (e.g. by identifying the potential for
new individuals to become established).
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