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Abstract
1. This account presents information on all aspects of the biology of Viscum album
L. (Mistletoe) that are relevant to understanding its ecological characteristics
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ogy, phenology, floral and seed characters, herbivores and disease, history, and

conservation.

. Viscum album is a widespread obligate hemiparasite on a wide range of angio-
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sperm and gymnosperm trees. Once thought to take just water and nutrients
from its host via a haustorium, it is now suggested to also take carbon. Heavy
infestations can reduce host vitality through prolific water use and carbon
removal.

3. Flowers are highly reduced but are primarily pollinated by flies, ants and bees.
Seeds are dispersed by birds. Removal of the epicarp is necessary for successful
seedling establishment, and seeds have a sticky viscin coat, adhering it to the
host bark. Vegetative spread also happens under the bark of its host resulting in
densities of >700 Mistletoe plants per host.

4. Viscum album is a lowland species, most frequent in open human-made habitats
extending into woodlands in Europe. It has been widely planted for folklore use
centred around Christmas. Despite conservation concerns following removal of
Mistletoe-laden old orchards, the species is thriving and needs control in some
areas. Viscotoxins and lectins in leaves and shoots have been widely used in

herbal medicine and now potentially in complementary cancer therapy.
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Mistletoe. Santalaceae (formerly Viscaceae, Loranthaceae). Viscum
album L. is a woody, evergreen obligate hemiparasite of tree
branches, divergently branching to form a spherical loose mass to
2m diameter. It has an endophytic haustorial system of sinkers for
absorbing water and dissolved nutrients from the host xylem and
a green photosynthetic exophyte. Stems glabrous, up to 1 m long.
Leaves opposite, without stipules, rarely whorled, green-yellowish
green, 2-8x0.5-2.0 cm oblanceolate to narrowly obovate, rounded
at apex, narrowed at base, entire, 3-7 parallel veins, glabrous, co-
riaceous. Dioecious. Inflorescence inconspicuous, 3-5 flowers in
crowded apical cymes, bracts united to the short pedicels. Flowers
more or less sessile, actinomorphic, epigynous. Perianth in two
whorls; calyx rudimentary 4-toothed in females, absent in males;
tepals 4, nearly free. Male flowers scented, with four anthers sessile
on tepals occupying most of the inner surface of the tepal, anthers
opening with pores; rudimentary ovary sometimes present. Female
flowers less fragrant, with two undifferentiated ovules fused to form
a placenta, stigma sessile, c. 0.5mm long; nectaries forming a ring
between the tepals and stigma; staminoides sometimes present.
Fruits pale green turning white (occasionally yellow) viscid berry,
globose or pyriform, 6-10mm, 1-seeded.

A number of subspecies are recognised, treated as forms, variet-
ies or even species by some (Mejnartowicz, 2006). Subspecies album
L. (= var. platyspermum Kell.) is found in Britain and across the entire
range, on dicotyledonous trees and shrubs: leaves variable, berry
usually white and globose; edges of the seed entire; embryos 2-3.
Other subspecies are recognised in mainland Europe, restricted to
evergreen conifers, and only reliably identified by their host plants
although some morphological, biochemical and genomic differ-
ences have been identified (Nagl & Stein, 1989; Schaller et al., 1998).
Subspecies abietis (Wiesb.) Abrom. found on Abies spp. in central
and south Europe (ldZojti¢ et al., 2008), leaves up to 8 cm, not more
than three times as long as broad, berry usually white, pyriform.
Subspecies austriacum (Wiesb.) Vollm. (= subsp. laxum Boiss. & Reut.)
found on Pinus and more rarely Larix and Picea species in central
and southern Europe and northwards to c. 54°N, leaves 2-4(-6) cm,
up to six times as long as wide, berry usually yellow. Subspecies
creticum N.Bohling, Greuter, Raus, B.Snogerup, Snogerup & Zuber
endemic to Crete on Pinus halepensis subsp. brutia, leaves 1-3 cm
up to four times as long as broad, berry white (Bohling et al., 2002;
Mellado & Zamora, 2014a; Zuber, 2004).

Viscum album subsp. album is native to Britain and most of Europe

except the north and east margins.

1 | GEOGRAPHICAL AND ALTITUDINAL
DISTRIBUTION

Within Britain, Viscum album subsp. album is native and widespread
(Figure 1) but is most abundant in the south-west English midlands
and the adjoining southern Welsh borders (Figure 2). Elsewhere
across mainland Britain, this species is either scarce or locally com-
mon, sometimes locally abundant, in extensive but isolated colonies

(Briggs, 2021). As a consequence, V. album is found in around a third
of 10-km squares in Britain (923 of 2805) and the Channel Islands (4
of 14) (Hill et al., 2004). The abundance in the south-west midlands
area has been known and remarked on since the 19th century (Bull,
1864) and confirmed in two national survey projects; in the 1970s
(Perring, 1973) and the 1990s (Briggs, 1999, 2021). Suggestions that
this distribution is due to the presence of orchards are incorrect. The
pattern is related to climate and geography, the species growing well
in an area where, coincidentally, apple orchards are also common
(Briggs, 2021). Many of the scattered populations outside the main
area may originate from deliberate and ongoing naturalised plant-
ings (Briggs, 2021). For example, the northern records from Brora
and Pittentrail in East Sutherland are both deliberately planted on
Malus domestica (Mick Crawley, personal communication). In Ireland,
V. album is not native but has been widely planted and naturalised
(Nelson, 2008) and Hill et al. (2004) note its presence in <1% of hec-
tads (8 of 985).

Outside Britain, V. album is widely distributed in Europe, Asia
and north Africa, but with a patchy and fragmented range. The dis-
tribution is due to a combination of climatic preference, host pres-
ence and seed-vector abundance (Krasylenko et al., 2020; Mellado
& Zamora, 2014a, 2016). The range (Figure 3) includes western and
central Europe, the Apennine peninsula, the Balkans, and Anatolia.
In the north, it reaches southern Sweden, and in the east the Black
Sea and the mountains south of the Caspian Sea. The overall dis-
tribution area extends from 10°W to 80°E and from about 60°N
to 35°S (Boratynska & Boratynski, 1976; Krasylenko et al., 2020;
Zuber, 2004). Detailed descriptions of the distribution can be found
in Tubeuf et al. (1923) and Zuber (2004). Inevitably, the distribu-
tion of V. album is limited by the distribution of its host species, but
subsp. album at least can utilise such a wide range of hosts that its
distribution is unlikely to be affected by host range.

Viscum album subsp. album is primarily a lowland species. Within
the main growing area in Britain the species shows a preference
for altitudes below 200m, with the main population tracing the
Wye and Usk valleys, the Cotswold escarpment and high ground in
Somerset and the Forest of Dean (Figure 2), but it can occur at higher
altitudes. For most of its European range V. album is restricted to
altitudes below 1000 m but in favourable conditions (Section 2.1) it
can be found at much higher altitudes, reaching 450-1550m in the
Swiss Alps (Boratynska & Boratynski, 1976; Dobbertin et al., 2005;
Krasylenko et al., 2020; Tubeuf et al., 1923; Zuber, 2004). Subspecies
austriacum can occur even higher on warm sites exposed to the sun,
reaching 2150 m at the treeline of its host Pinus sylvestris in the
Sierra de Baza, southern Spain (Zamora & Mellado, 2019).

Beyond the native range there are established colonies of V.
album in North America including a long-established naturalised
and expanding population in Sonoma County, California intro-
duced c. 1900 mostly for Christmas decorations and medicinal use
(Hawksworth & Scharpf, 1986; Shaw & Lee, 2020). The population is
tolerated but monitored for further dispersion, and new infestation
points are removed (Shaw & Lee, 2020). A smaller established popu-
lation on Vancouver Island, British Columbia was recorded in 1989 on
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FIGURE 1 The distribution of Viscum
album in the British Isles. Each dot
represents at least one record in a 10-km
square of the National Grid. (@) Native
1970-2019; (O) native pre-1970. Mapped
by Kevin Walker, mainly from records
collected by members of the Botanical
Society of Britain and Ireland, using Dr A.
Morton's DMAP software.

five apple trees, probably introduced in the 1950's (Dorworth, 1989)
but it has been reportedly eradicated (Kope, 2020).

2 | HABITAT
2.1 | Climatic and topographical limitations

Viscum album is adapted to temperate climates, outside the extreme
continental regions. In Britain, its current distribution is associated
with a mean temperature of 3.8°C in January and 15.9°C in July (Hill
et al., 2004). Reportedly, cooler summers can be compensated for
by mild winters (Lakatos & Mirtchev, 2014) since mild winters and
warm springs are suggested to reduce photoinhibition, and thus pro-
mote the expansion of the species (Sangliesa-Barreda et al., 2018).
Iversen (1944) recorded that Mistletoe thrived in England with a
mean July temperature of 16°C, in Scandinavian countries 17°C, and
in the European part of Russia of 18°C on condition that the temper-
ature of the coldest month lies above -5 to -6°C, with a minimum of
-8°C. Confirmation of this comes from the largest Mistletoe popula-
tion in Sweden at Lake Malaren which has a mean July temperature

of more than 17°C with at least 15 days with a maximum tempera-
ture above 25°C, and mean January temperature down to -3.4°C
(Walldén, 1961). Such a general rule is undoubtedly over-simplistic
because of the existence of outlying colonies (Briggs, 2021). For ex-
ample, in Ireland, where the species was introduced, localities all lie
within lower summer temperatures; plants survive but with reduced
reproduction and dispersal (Nelson, 2008).

In Britain, the occurrence of subsp. album coincides with a com-
paratively low annual precipitation of 788 mm (Hill et al., 2004). At
the southern edge of the range of subsp. album in the Pannonian
Basin, Hungary, where precipitation is mostly between 570 and
650mm, summer aridity is a major limiting factor in its distribution,
compounded by high summer temperatures and the sum of high
daily mean air temperature from March to November (Molnar &
Végvari, 2017). Itis likely that in dry environments, water availability
within the host is an important limiting factor. Perhaps because of
this, high relative humidity appears to be important at the edge of
its range. A study in urban ecosystems in Kaliningrad on the Baltic
Sea showed that the geographical distribution and infestation inten-
sity of Mistletoe was positively affected by a high relative humidity
(Skrypnik et al., 2020).
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FIGURE 2 The distribution of Viscum album in England

and Wales, derived from a survey in the 1990s and plotted on

2 kmx 2 km squares of the National Grid to highlight details of the
main distribution. From Briggs (2021)
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As a hemiparasite on tree hosts, there are few topographical
limitations. However, Mistletoe is light-demanding (Dobbertin &
Rigling, 2006) with an Ellenberg value adjusted for Britain of L7—a
plant of well-lit areas (Hill et al., 2004) and, as such, it thrives in
full light. The need for light, and the tendency of birds dispers-
ing the seeds to use prominent perches (Section 5.1) results in
Mistletoe growing in open places such as the edge of forests,
open areas or near roads (Kartoolinejad et al., 2007) and occupies
mainly the upper part of the tree crown (Bilgili et al., 2020), and,
for subsp. austriacum, the tallest trees in the stand (Dobbertin &
Rigling, 2006; Pilichowski et al., 2018). Mistletoe also more easily
infects young shoots, not only because they have thinner bark,
but also because in general they are situated in more sun-exposed,
peripheral tree crowns (Mellado & Zamora, 2014a). Moreover,
the seed embryos contain chloroplasts and light is required for
germination and development of the hypocotyl (Becker, 1986;
Section 8.4).

2.2 | Substratum

Viscum album is a hemiparasite of tree branches with water and nu-
trients taken from the host and so has no direct link to substratum.
For this reason, soil properties do not affect the parasite directly as
its host plays the role of intermediary between the Mistletoe and
the soil. Thus, Ellenberg values modified for Britain are intermedi-
ate: soils of average moisture (F5), pH 5-7 (R6) and of intermediate
fertility (N5) (Hill et al., 2004). Nonetheless, if the host suffers from

FIGURE 3 The circumpolar

distribution of Viscum album from Hultén

527 & Fries (1986); @ indicates isolated
occurrences; hatched areas indicate
regions of common or fairly common
occurrence. Broken lines outline the
distribution of V. album spp. coloratum,
now treated as a separate species Viscum
coloratum (Kom) Nakai.
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deficiencies, it may influence the Mistletoe too, but to a minor ex-
tent (Zuber, 2004).

Although not in contact with the ground, Walldén (1961)
noted that subsp. album in Sweden, eastern Denmark and
Norway, was found only on hosts on limestone soils and calcar-
eous clays, possibly due to Mistletoe needing the better nutri-
ent status of these host trees at the edge of its range. A similar
limitation to calcareous soils and an absence on leached sandy
and clay soils is noted in the Netherlands, Belgium, Spain and
Slovakia (De Graaf, 1980; Fiedler & Vyhnalek, 1977; Galiano
et al., 2011; Laurent, 1900) but is not obvious elsewhere. Other
subspecies, living on coniferous hosts, are mostly found on more

neutral to acidic soils.

3 | COMMUNITIES

Due to its parasitic nature above-ground, V. album subsp. album is
rarely considered in defining community types (it is absent from
Rodwell, 1991) and is not restricted to particular communities. Its
occurrence is dictated by the presence of suitable host trees across
a wide range of communities (Briggs, 2021). As such, it is likely that
Mistletoe is not appreciably affected by community structure or by
flora below the canopy trees. Other subspecies, dependent upon
conifer hosts in mainland Europe, are more restricted to specific
conifer-dominated communities (Zuber, 2004).

Viscum album can affect the composition of communities. In
Mediterranean pinelands of south-east Spain, light availability, soil
fertility (particularly phosphate and potassium) and diversity of
soil microbial communities are higher under trees parasitised by V.
album subsp. austriacum with a higher seed rain of fleshy-fruited
woody plants from birds attracted to feed on Mistletoe berries
(Mellado et al., 2016; Mellado & Zamora, 2016, 2017). These have
caused long-term changes to the plant community, including acting
as centres for the establishment of woody plants such as Berberis
hispanica over pine seedlings. The nutrient enriched soil under par-
asitised trees also increased the cover and diversity of herbaceous
plants, which attracted rabbits, Oryctolagus cuniculus (L.), to the
area as indicated by a five times higher amount of rabbit droppings;
0.404_r0.03g/m2 under parasitised trees versus 0.08i0.07g/m2
under nonparasitised trees (Hodar et al., 2018), leading to further
changes in community composition.

Viscum album subsp. album occurs on a wide range of woody
hosts; a review by Barney et al. (1998) identified 452 host taxa,
across 92 genera in 44 families, particularly the Rosaceae. The
most common hosts in Britain are Malus domestica cultivars,
Tiliax europaea, Crataegus monogyna and Populusx canadensis,
and to a lesser extent species of Salix and Sorbus. In Britain it is
noteworthy that many of the main hosts are of cultivated origin
(Briggs, 2021). Other species are used more rarely across the
Mistletoe range including Acer campestre, those in the genera
Corylus, Juglans, Pyrus, Betula and with a longer list of very infre-
quent hosts (IdZojti¢ et al., 2006; Nienartowicz et al., 2022; Sell

& Murrell, 2009), including species not native to Europe such as
Quercus palustris, Q. coccinea, Q. rubra and Robinia pseudoacacia
(Berthet, 2008; Box, 2000).

In Sweden, Walldén (1961) recorded that 75% of host trees
were Tilia cordata, and further east in the Czech Republic and
Poland, the most common host species were Acer campestre, A.
platanoides, A. pseudoplatanus, A. saccharinum, Crataegus mon-
ogyna, Robinia pseudoacacia, Tilia cordata, T. platyphyllos and
Populus x canadensis (Baltazar et al., 2013; Bulit, 2017; Kotodziejek
et al., 2013). Further east in Iran, the commonest hosts are listed
as Carpinus betulus, Parrotia persica, Populus caspica and Alnus glu-
tinosa (Daryaei & Moghadam, 2012; Kartoolinejad et al., 2007).
In mainland Europe, Betula and Acer are more frequently re-
corded as hosts than in Britain (Briggs, 2021) although Betula is
a poor host in northern areas such as Sweden (Walldén, 1961). In
California, where Mistletoe is naturalised, the main hosts are Acer
saccharinum, Malus sylvestris, Robinia pseudoacacia, Alnus rubra,
Populus fremontii Wats., and Salix lasiandra Benth. (Hawksworth
& Scharpf, 1986).

Genista cinerea in southern France is the only host tree recorded
naturally to host two different subspecies of Viscum—subsp. album
and austriacum (Grazi & Zemp, 1986). Barney et al. (1998) lists 22
host species for subsp. austriacum.

Mistletoe is possibly never found on Fagus sylvatica and is
rare on Pyrus communis, Prunus domestica, Sorbus aria, species of
Alnus, Fraxinus and Ulmus (in northern areas) and, despite urban
mythology, European species of Quercus (Briggs, 2021; Fiedler
& Vyhnalek, 1977; Walldén, 1961; Zuber, 2004). Box (2000,
2019) recorded just 11 Mistletoe-oaks in Britain, concentrated in
Herefordshire, a frequency probably unchanged since the 17th
century.

In Britain, subsp. album is most frequently found in open
human-made habitats especially parkland, gardens, orchards,
roadsides, cemeteries and churchyards, and less frequently in
woodlands (Briggs, 2021). In mainland Europe, this subspecies
is found in similar habitats, extending more into woodlands and

woodland edges.

4 | RESPONSE TO BIOTIC FACTORS

Since V. album is an aerial hemiparasite, it does not compete with
other species except for its host and occasionally dense growths
of Hedera helix (Cadbury & Oswald, 2009). There are no data on
competition with other parasitic epiphytes such as Loranthus
europaeus.

Viscum album subsp. album is extremely resistant to stress related
to air pollution (Patykowski & Kotodziejek, 2013). The distribution
and abundance of Mistletoe in Kaliningrad (Russia) was unaffected
by heavy metal contamination of soil or air polluted by nitrogen di-
oxide (Skrypnik et al., 2020). Other studies have, however, shown a
negative impact of pollution on the abundance and distribution of
subsp. abietes (Hofstetter, 1988).
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Since V. album most often grows in the host crown, it is rarely
browsed. However, low-growing Mistletoe or that on fallen and
felled trees are eagerly and rapidly eaten by rabbits Oryctolagus cu-

niculus (L.) and roe deer Capreolus capreolus (L.) (Tubeuf et al., 1923).

5 | RESPONSE TO ENVIRONMENT
5.1 | Gregariousness

Viscum album is a rare species in many places, sometimes occurring
as solitary individuals, particularly when first colonising an area.
Being dioecious, solitary plants of Mistletoe are unlikely to produce
seeds and invade surrounding hosts. However, in areas where it is
more common (Section 1) it is often locally abundant and can fill the
crown of a host tree. Up to 30 Viscum plants have been recorded on
single Crataegus monogyna hosts in the Netherlands (De Graaf, 1980)
and more than 100 plants on Acer saccharum in Cambridge (Cadbury
& Oswald, 2009). Subspecies austriacum in southeast Spain has
been found to range from 6 to 87 plants on Pinus nigra individuals
of reproductive age (>5years old) with a mean of 22.83+6.55 (SE),
with 2 to 7 (4.92+0.56) large-sized Mistletoes older than 31years.
By contrast, parasitic loads on Pinus sylvestris ranged from 6 to 79
reproductive Mistletoes per tree (mean 20.53+4.57), with from 1
to 10 old Mistletoes (mean 4.73+0.70) (Mellado & Zamora, 2019).
In the southwestern Alps of France, plantations of Pinus nigra subsp.
nigra have V. album subsp. austriacum populations of 287 +161 (SE)
per tree with a maximum of 720 Mistletoe plants, acquired over
10-15years, with an acquisition rate as high as 110 Mistletoe plants
per year (Vallauri et al., 2002). Near Hampton Court, London, UK,
a location with an established Mistletoe colony, an avenue of 199
hybrid limes, Tiliax europaea ‘Koningslinde’, newly planted in 1994,
was rapidly colonised, with infections on 52% of new trees by 2008
(Marris, 2007, 2008).

Variation in density between hosts is partly due to differing
susceptibility of individual trees such that some individuals can be
heavily laden while others nearby remain unaffected (Briggs, 2021),
attributed to differing biochemical composition. Seed delivery can
also be highest on trees attractive to birds, particularly isolated in-
dividuals and those in clumps, in avenues and on ridges, and also
dominant trees (Durand-Gillmann et al., 2014; Lorenc & Véle, 2022;
Walldén, 1961). Loranthus europaeus in the Czech Republic is com-
moner on larger diameter trees, those closer together and those
with less competition, defined by the basal area of other trees within
a 12mradius (Matula et al., 2015) and a similar pattern may be true in
V. album. Clumping of individuals on a host is also increased by clonal
spread below the bark, helping to spread Mistletoe vegetatively
within a host (Section 6.3), and by polyembryonic seeds (Section 8.4)
where up to four individuals can form a single composite plant.

Local abundance has been increased by planting the most fa-
vourable hosts as crops (such as apples and poplars) and the delib-
erate planting of Mistletoe in gardens and public areas. The neglect
of traditional orchards and other plantations as they have become

less economic has also led to increased density (Briggs, 2021; Szmidla
et al., 2019; Tsopelas et al., 2004). By contrast, abundance has also
been reduced locally by extensive collecting for Christmas decoration

and by control of Mistletoe in susceptible orchards (Zuber, 2004).

5.2 | Performance in various habitats

Viscum album occupies a variety of habitats over its geographical
range which may result in some variability in plant performance.
However, the data are insufficient to allow habitat-specific patterns
to be recognised and interactions between Mistletoe and its hosts
are more likely to affect performance of both organisms.

It is likely that host species will influence the growth rate of
V. album but direct published evidence is lacking. However, in the
case of another mistletoe, Phoradendron juniperinum, growing on
Juniperus osteosperma (a non-nitrogen-fixing tree) and Phoradendron
californicum growing on Acacia greggii (a nitrogen-fixing tree) the
growth rate on Acacia greggii was seven times higher compared to
Juniperus osteosperma. This is most likely due to the nitrogen content
in xylem sap being 3.5 times higher in the nitrogen-fixing host than
in the non-nitrogen-fixing host (Schulze et al., 1984). Investigation
may show a similar pattern in V. album.

The effect of V. album on its hosts is much better understood. The
presence of V. album reduces nitrogen content and photosynthesis of
host leaves, causes reduced leaf size and tree vitality, shoot die-off dis-
tal to the Mistletoe, a reduction of the quality and volume of wood pro-
duced, higher mortality, as well as reduced flowering and fruiting, and
increased susceptibility to damage from insects and fungi, to a range of
angiosperm hosts but especially conifers (Barbu, 2009, 2012; Catal &
Carus, 2011; Daryaei & Moghadam, 2012; Hosseini et al., 2007; Ozturk
et al., 2019; Raftoyannis et al., 2015; Sangliesa-Barreda et al., 2013;
Szmidla et al.,, 2019; Tubeuf et al, 1923; Yan et al, 2016; Yang
et al., 2017). As an example, V. album subsp. album on Malus domestica
can result in significant reductions in girth, crown size and fruit crop
(Preston, 1977). Trees of Malus domestica ‘Discovery’ infected as sap-
lings showed most impact, 10years after infection, on smaller M9, M26
and MM111 rootstocks than the larger M25 rootstock. Mistletoe plant
size and berry numbers were lower on the M25 rootstock, which may
be due to the experimental centrally placed infections being shaded by
the more vigorous M25 trees (Preston, 1977).

Large infestations of V. album subsp. austriacum on Pinus sylves-
tris in mainland Europe have been shown to reduce radial growth
by 37%-64% and basal area increment by 29% depending upon
infection level (Bilgili et al., 2018; Kollas et al., 2017; Pilichowski
et al., 2018). Pinus nigra in southwest Spain better tolerates para-
sitism by subsp. austraicum, minimising the impact on reproduction
but at the expense of reduced growth. However, P. sylvestris, which
grows at higher elevations and is only a recent host due to climate
change, is showing a greater effect of parasitism, with a strong de-
cline in reproduction with no perceptible loss of growth. Parasitised
Pinus sylvestris produced fewer cones per tree (28.5+17.48 SE
on parasitised trees vs. 317.63+251.64 on nonparasitised trees),
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smaller cones with fewer seeds (5.86+0.69 vs. 13.18+1.07),
smaller seeds (0.07 +0.01 g vs. 0.15+0.01 g) with lower germination
(70.41+2.90% vs. 90.00+1.90%) and lower seedling emergence
(68.31+3.01% vs. 88.33+2.1%) (Mellado & Zamora, 2019). In Valais,
Switzerland, infected branches of P. sylvestris had shorter needles
(21.6mm vs. 27.0mm) with a lower dry weight (6.2 g vs. 26.6 g) and
branches held fewer generations of needles (2.9 vs. 4.2) significantly
altering the crown architecture (Rigling et al., 2010). Moreover, the
same subsp./host combination has been shown to make trees more
susceptible to a greater reduction in growth following insect defoli-
ation and during droughts, compared to uninfected trees (Camarero
et al., 2019). Infestation rates of subsp. album have been shown to
be higher in pure stands of P. sylvestris (45.1% of trees) than in mixed
stands with 50% P. pinaster (25.4% of trees) (van Halder et al., 2019).

The negative effects of Mistletoe on hosts have been partially
attributed to the profligate water loss by Mistletoe (Section 6.5),
aided by Mistletoe-induced stomatal closure of the pine and conse-
quent reduced carbon assimilation (Zweifel et al., 2012). Indeed, in
Valais, Switzerland, a dry environment with 500 mm annual precip-
itation, Pinus sylvestris with more than c. 10%-20% of its total leaf
area attributable to Mistletoe is at the threshold of keeping a posi-
tive carbon balance (Zweifel et al., 2012).

Viscum album may continue to live on dead host trees for a num-
ber of years. In Silwood Park, Berkshire, Mistletoe on Sorbus sargen-
tiana lived for three full growing seasons after the host tree died. In
Sunninghill Park, Berkshire, a large population of Mistletoe survived
at least two full growing seasons on a dead Populus x canadensis in-
cluding the very dry summer of September 2022 (personal commu-
nication, Mick Crawley).

5.3 | Effect of frost, drought, and so forth

In winter, leaves of V. album subsp. album were not damaged by
freezing to —20°C, while in summer, -5°C caused permanent damage

(Hincha et al., 1997) although no significant damage was observed in
flowers and pollen in April at temperatures of -8°C near the northern
range limit in Sweden (Walldén, 1961). Winter temperatures below
-20°C may kill all Mistletoe leaves and shoots, however they grow
back from adventitious buds on the haustoria (Tubeuf et al., 1923;
Walldén, 1961). Photosynthetic efficiency of subsp. austriacum was
noted to decrease after freezing treatment with temperatures lower
than -22.3°C when hosted by Pinus sylvestris and -17.5°C when
hosted by P. halepensis (Sangliesa-Barreda et al., 2018). Tikkanen
et al. (2021) showed that the seeds of subsp. album tolerated lower
temperatures at germination than seeds of subsp. austriacum, which
may explain why the former has a more northern geographic distri-
bution than the latter.

If in the north of its range, the spread of Mistletoe is limited by
low temperature, then in the south it is limited by drought. This is es-
pecially true of the first developmental stages of Mistletoe. Research
onsubsp. austriacum in Spain has shown that seed mortality increases
toward the tree periphery, because of desiccation of the fruits due
to lower humidity (Mellado & Zamora, 2014a; Sangliesa-Barreda
et al., 2018). In the case of adult individuals, drought tolerance of
leaf cells is very high in winter and is substantially lowered in spring
and summer (L6sch & Bienert unpubl. in Zuber, 2004). According to
Walldén (1961) V. album in Sweden resprouts more easily after sig-
nificant frost damage than after drought damage.

Viscum album is presumed to be intolerant of salt as it is absent

from hosts on saline sites (Hill et al., 2004).

6 | STRUCTURE AND PHYSIOLOGY
6.1 | Morphology

Mistletoe is easy to recognise, with older specimens having a
prominent globose silhouette up to 2 m in diameter (Figure 4;

Becker, 1986). Being hemiparasites of trees and located among

FIGURE 4 Mature plants, detail and multiple growths of Viscum album on hosts; fruiting branches in early winter (left), multiple growths
on ariverside poplar, seen in winter (centre), extensive growths on an orchard apple tree in late summer showing dieback of host and

Mistletoe (right). Photographs by Jonathan Briggs.
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branches sometimes high above-ground level they are often very
noticeable. The spherical structure is a result of dichasial branch-
ing of internodes of similar length for each cohort of internodes
and leaves. Each year one pair of internodes is usually produced
from a terminal bud (Zuber, 2004). Importantly, in the first 5years,
the Mistletoe produces only dichasial leaves and long internodes.
Later, one long internode with one short shoot accompanied by one
pair of scale leaves and one pair of foliage leaves appear each year
(Troll, 1937). As a result, normal-size foliage leaves are not decussate
to the previous year's leaves, but to the scale leaves instead. Scale
leaves may remain for eight or more years (Schénland, 1888). This
general plan sometimes is disrupted, and many abnormalities are ob-
served, such as shoots remaining dormant for several years, only one
shoot developing, whorls of 3-6 shoots forming, or more than two
leaves may be produced in the same whorl (Schénland, 1888). The
spherical shape is also a consequence of growth that occurs without
phototropism or geotropism in adult plants (Frochot & Sallé, 1980;
Tubeuf et al., 1923).

In Mistletoe, the stems and leaves remain green over their
lifespan. Leaves usually live for around 2years (17 months-3years)
(Zuber, 2004) but can live up to 3-4years, especially on elm and
fir hosts, indicating that some traits of Mistletoe may be host-
dependent (Ramm et al., 2000). In subsp. austriacum, leaves remain
the same size once fully expanded in the first season while in subsp.
album and subsp. abietis, leaf growth continues for perhaps 4years
in good growing conditions (Pfiz & Kiippers, 2010).

Stems remain alive longer than leaves, and growth rate of inter-
nodes increases until 5-7years of age and then it clearly declines
(Montfort & Miiller, 1951; Riyekstin'sh, 1980). Since each shoot pro-
duces just two new shoots (pseudodichotomous growth), biomass
growth of Mistletoe is comparatively constant up to about 10years
of age, after which the rate declines (Durand-Gillmann et al., 2014).
At the age of 10, no difference in relative growth rate was found
between the three subspecies of V. album in a common garden ex-
periment: subsp. album 0.61g/g; subsp. austriacum 0.53g/g; subsp.
abietis 0.53 g/g per growing season. These values are similar to other
broadleaved shrubs and other mistletoe species but higher in com-
parison with trees in central Europe (Pfiz & Kiippers, 2010; Schulze
et al, 1984).

The leaf area density (LAD: the total one-sided leaf area per unit
volume) is very low compared to other woody species; 2.4+0.5 m?/
m? (SE, n = 15) in subsp. austriacum, 3.6+1.0 m%/m? (n = 15) in
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abietis and 5.1+0.6 m?>/m? (n = 9) in album (Pfiz & Kippers, 2010).
The only plant communities with a comparable LAD are grasslands
(4.5-18.5 m%/m?) (Pfiz & Kippers, 2010). Low LAD is most likely due
to the Mistletoe leaf blades being tilted close to the vertical with a
minimum of self-shading. Indeed, the leaf blades can be completely
vertical, especially when the internodes grow close to the horizontal.

The epidermis on stems and leaves lacks cuticular ornamenta-
tion and may be covered with wax crystals, most frequently in the
form of irregular platelets and rodlets, which can degenerate and
disappear. No difference in wax microstructure has been observed
between the adaxial and abaxial leaf sides and between male and fe-
male plants (Haas et al., 2003; Westerkamp & Demmelmeyer, 1997).

In the majority of plants with secondary growth, a periderm with
high suberin content replaces the epidermal tissue being produced
by phellogen when the primary growth stops. However, stems of
Viscum, and the Viscaceae in general, have a cuticular epithelium.
This was first described for stems of the European Mistletoe by
Damm (1902), defined as a thick tissue produced by epidermal and
subepidermal cell layers and is high in cutin. The epithelium plays a
similar role as periderm, even if its origin and chemical constituents
are different (Wilson & Calvin, 2003).

Another characteristic of V. album stems is that stomata in its
stems have a transverse orientation (Butterfass, 1987). Such ori-
entation is not widespread in angiosperms and seems to be more
frequent in succulent plants. In Viscum, however, the epidermis
may function for several years without being replaced by cuticu-
lar epithelium. In this situation, secondary stem growth results in
increasing diameter and epidermal cells are stretched transversally
(tangentially). Epidermal cells of young shoots are papilliform and
arranged in longitudinal rows (Figure 5), and paracytic (rarely ano-
mocytic) stomata are distributed among them (Becker, 2004; Khan
et al., 2009). Stomata on the stems are frequent and, because they
are transversally orientated, they may maintain their functionality
when they are stretched (Figure 5). All these traits result in pro-
longed and higher photosynthetic production within the stems.

Viscum album has amphistomatic leaves with stomata distributed
on both sides (Figure 6) with a density of between 36 and 121 sto-
mata per mm? (Baillon et al., 1988; Escher et al., 2008; Mehrvarz
et al., 2012; Tubeuf et al., 1923). This density is lower than in most
trees and shrubs (Kelly & Beerling, 1995).

Leaf anatomy is not differentiated into mesophyll, palisade and
spongy parenchyma as in most leaves (Khan et al., 2009; Ramm

FIGURE 5 Comparison between

a young (left) and 3.5-year-old stem
(right) of Viscum album. Epidermal cells
and stomata on shoots are arranged in
longitudinal rows (arrows indicate the
direction). They are subject to transversal
stretching (right).
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FIGURE 6 Stomata on abaxial (left)
and adaxial (right) leaf surfaces of Viscum
album.

100um

FIGURE 7 Haustoria, the host-parasite interface, of Viscum album: Left: A typical example on apple showing one dominant growth with
reduced host branch diameter beyond the infection (left). Centre: A section of a haustorium on apple, host tissue (in TS) below, parasite
tissue (in LS) above, showing synchronised annual growth rings subsequent to initial infection point (the lowest part of the parasite). p marks
a cortical strand with a secondary sinker about 3years old. b marks dormant host buds. Right: A more complex haustorium, several decades
old and possibly with multiple infections. Line drawing from Thoday (1956), photographs by Jonathan Briggs.

et al., 2000). This structure may help the leaf blade maximise pho-
tosynthesis regardless of its orientation within the spheroidal shape
of the shrub, especially as reorientation would be limited due to leaf
thickness and the lack of a petiole. As leaves become larger, the an-
nual increase in crown volume is extraordinarily low, which results in
very high leaf area densities not found in any other woody species
(Pfiz & Klppers, 2010).

6.1.1 | The haustorium and the host-
parasite junction

Viscum album has an endophytic haustorial system of ‘sinkers’;
wedge-shaped inclusions in the host tissue that provide the plant
with water and nutrients from the host's vascular system. During
the first year, hypocotyls from germinating seeds penetrate the host
cambial cells to establish a primary sinker. These ensure the plant
has an early and sufficient water supply (Mylo et al., 2021). Early
development of these sinkers is dealt with in Section 8.5.

After each sinker reaches the host cambium, a haustorial mer-
istem is induced, and active penetration stops. The meristem then
produces tissue simultaneously with the host cambium over many
years. The subsequent wedge-shaped parasitic inclusion within the

host wood (Figure 7) is the mature sinker. Such sinkers give the im-
pression that the hemiparasite has actively penetrated deep into
the wood whereas the two organisms have simply grown together,
retaining and expanding the vascular connection. Sinkers can ‘pene-
trate’ the host by more than 5 cm within 4 years. In older plants, the
principal or primary sinker is more prominent and larger than others
(Thoday, 1951; Zuber, 2004).

The entire endophytic part of the Mistletoe plant expands basip-
etally rather than acropetally with respect to the host branch. Close
to the point of infection there is often visible hypertrophy of the
host tissues. Broad ridges along the host branches are associated
with flattened cortical strands of the parasite (Section 6.3) elongat-
ing under the host branch surface. As they grow longitudinally along
the branch, these strands produce secondary sinkers which in turn
develop radially within the host. Adventitious buds are often pro-
duced on cortical strands above these sinkers, developing into sec-
ondary aerial shoots (Bissing, 2000a; Mylo et al., 2021; Sallé, 1979,
1983; Smith & Gledhill, 1983; Thoday, 1951).

Anatomical studies of the Mistletoe-host interface demon-
strate a gradual lignification of the Mistletoe parenchyma in this
region (Mylo et al., 2021). In the zone of primary contact between
Mistletoe and its host, the resulting hypertrophy may thicken the
host branch by about 50% (Figure 7). The sex of the parasite has
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no or little influence on the morphometry of the haustorium (Mylo
et al., 2021). It was suggested by Smith and Gledhill (1983) that the
increased growth of the host wood acts to strengthen the mechan-
ical anchorage of the Mistletoe. Hypertrophy of the host tissues
could provide an increased area of haustorium/host connection, aid-
ing water transfer from the host.

6.2 | Mycorrhiza

Viscum album, being a hemiparasite on host branches and having no
roots, does not enter into a direct mycorrhizal relationship. However,
a parasitic Cuscuta species (Convolvulaceae) in Pennsylvania, USA
only successfully parasitised herbaceous hosts that had a mycorrhi-
zal association, and the Cuscuta plants grew faster and lived longer
(Sanders et al., 1993). It is speculated that V. album may also be af-
fected by the host mycorrhizas.

Some other mistletoes seem to conversely affect the mycorrhizal
community of the host. An Arceuthobium mistletoe (Santalaceae) in
a study in Yellowstone National Park reduced ectomycorrhizal fungi
diversity of its host Pinus contorta, seemingly selecting for fungal
species that imposed a lower carbon demand on the host (Cullings
et al., 2005). Another mistletoe, Phoradendron juniperinum Engelm.
(Santalaceae) reduced levels of mycorrhizal abundance by up to 38%
in heavily infested host plants of Juniperus monosperma Engelm. in
Arizona (Gehring & Whitham, 1992). Whether V. album has a similar
interaction with the mycorrhizal associations of its hosts is, however,

largely unknown and worthy of further research.

6.3 | Perennation: Reproduction

Chamaephyte (Hill et al., 2004). Viscum album is a dioecious spe-
cies that spreads between hosts exclusively by seed. V. album
starts flowering 3-7years after germination (Kahle-Zuber, 2008;
Walldén, 1961).

Within a host, Mistletoe can resprout with adventitious shoots
following cutting or harvest (Kahle-Zuber, 2008; Walldén, 1961).
This growth can be very vigorous—it was possible to collect c.
100kg of Mistletoe in the next few successive seasons of harvesting
from the same host tree (Walldén, 1961). Resprouting also follows
damage by fire or frost. This response was noted particularly in the
Cretan endemic V. album subsp. creticum that invades Pinus halepen-
sis subsp. brutia. Bohling et al. (2002) recorded that a fire that does
not kill the host removes the external part of the parasite which can
resprout from surviving tissues within the host tree.

Viscum album can spread vegetatively through a host tree.
Cortical strands containing vascular tissue grow from the haustorium
following the host vascular cambium and phloem (Thoday, 1951).
These strands can photosynthesise and have been measured as
reaching 4-6 cm, growing at 0.75cm per year (Wangerin, 1937,
quoted in Zuber, 2004) before producing secondary haustoria and
adventitious shoots (Sallé, 1983).

The minimum age of a plant may be estimated based on the num-
ber of internodes (Pfiz & Kippers, 2010), though some parts may
be missing. Age can also be estimated by uncovering the tip of the
primary sinker and referring the infection point to the particular
growth ring of the host tree (Noetzli et al., 2003). The difference be-
tween this anatomical and field method of age estimation might be
up to 3years (Bilgili et al., 2013). The field method can overestimate
the age of the old plants and underestimate the youngest (Noetzli
et al., 2003). The field method is also limited in observing only the
extant plant, without considering resprouting or vegetative spread,
resulting in underestimation if the original growth has been dam-
aged or cut.

Mistletoe may live for up to 30-40years (Nierhaus-Wunderwalt
& Lawrenz, 1997; Stypinski, 1997) in both their natural and planted
range; a reported age of 37years on apple trees was given in its
exotic range in Victoria, British Columbia, Canada (Kope, 2020).
However, results of direct investigations give lower estimations.
Accordingly, the oldest V. album subsp. creticum was estimated to be
22years old (Béhling et al., 2002), while maximum age of subsp. aus-
triacum in Turkey was 24 years old (Bilgili et al., 2020), and the age of
the oldest individual of subsp. abietis confirmed in a study conducted

in the Rhine valley in Switzerland was 24.

6.4 | Chromosomes

2n = 20 (Barlow et al., 1978). Species of Viscum have notably large
chromosomes (Wiens & Barlow, 1975), and DNA content for V.
album is 2C = c. 160pg (Schréder et al., 2022), although values be-
tween 107.0 and 205.8 pg have been reported (Nagl & Stein, 1989;
Zonneveld, 2010). The genome of V. album is one of the largest
among flowering plant species so far tested, estimated to be 88.55
Gbp (1C) with c. 55% of its size made up of repetitive compo-
nents, and only 0.03% as genes (Novak et al., 2020). The guanine-
cytosine content is similar to other flowering plants at 39% (Novak
et al., 2020). Recent investigation of gene content in V. album yielded
c. 39,000 open reading frames giving c. 32,000 proteins (Schroder
et al., 2022). Proteomic fingerprinting of V. album is in its early stages
(Vergara-Barberan et al., 2017) but is likely to prove useful in inves-
tigating its pharmaceutical uses (Section 10.5).

In the majority of Viscum species, a ring formation appears at
meiosis involving 4-12 chromosomes (e.g. African Viscum obscurum,
Wiens & Barlow, 1979), and the remaining chromosomes form regu-
lar bivalents. Male plants of V. album have been shown to have six bi-
valents and a ring of eight chromosomes dominates (Barlow, 1981).

Triploid individuals of V. coloratum have been found in Japan
at a frequency of 1.73% (Barlow, 1981) and tetraploids have been
reported for the African Viscum capens subsp. hoolei (Wiens &
Barlow, 1979) but neither have been reportedin V. album. In dioecious
Viscum species, including V. album, a high level of sex-associated and
floating chromosome translocations (i.e. not sex-specific) complexes
occur (Barlow, 1981; Mechelke, 1976; Wiens & Barlow, 1979) due
to reciprocal translocations of chromosome fragments. In plants,
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the permanent translocation heterozygosity was archived via link-
ing translocation with sex determination systems and it is known
for >50 species, including V. album (Holsinger & Ellstrand, 1984). In
Viscum species, the permanent sex-specific translocation hetero-
zygosity is noted among male individuals. The set of translocated
chromosomes segregates together and thus behaves as a large Y-
chromosome. In both sexes floating translocations occur and trans-
location homozygotes and heterozygotes are noted.

It is assumed that fixed translocation heterozygosity plays a fun-
damental role in the evolution and stabilising of dioecy in Viscum be-
cause it enabled two nonallelic sex determinants present on different
chromosome to be in a genetic linkage (Holsinger & Ellstrand, 1984).
It also has selective value as it enables the accumulation and mainte-
nance of adaptive gene complexes (Wiens & Barlow, 1975). This het-
erozygosity seems to be important for Viscum species that, although
being dioecious, are at some risk of biparental inbreeding leading
to loss of genetic variability (Barlow, 1981; Stanton et al., 2009).
Barlow (1981) argued that because most dioecious species of Viscum
tend to form small populations which limits the mating opportu-
nity, and have small, insect-pollinated flowers that further reduces
cross-pollination due to reduced insect foraging, the sex-associated
translocations (and also floating translocations) may offer the same
selective advantage as in monoecious congeners.

Supernumerary chromosomes (B-chromosomes) can be found in
V. album and other Viscum species in both males and female plants
but at different frequencies (Barlow, 1981; Barlow et al., 1978).
Three different B chromosomes were detected in individuals from
populations of V. album from Europe and Japan but the final poly-
morphism is yet not known (Barlow et al., 1978). The existence of
these optional genomic components was initially interpreted as
boosting the diversity, while current hypotheses are related with the
possible harmful consequences and antagonistic relationship with A-

chromosomes (Jones & Houben, 2003).

6.5 | Physiological data

Chloroplasts in Mistletoe are elongated, 7-8 pm long, and show
C, features (Tuquet & Sallé, 1996). The thylakoid system has nu-
merous grains consisting of 3-20 thylakoids and steep lamellae
(Hudak & Lux, 1986). The chlorophyll content of Mistletoe leaves
is host dependent (Ustiiner, 2019; Ustiiner & Diizenli, 2017; Vicas
etal., 2010), with a mean of 7.1 mg/g of chlorophyll a and 1.9 mg/g of
chlorophyll b. These values are within the ranges reported for other
angiosperms. Age-related variability was also observed, with older
leaves showing a higher content of chlorophyll a, and younger ones
with more chlorophyll b (Lee et al., 2016).

In adult V. album, the photosynthetic area of stems (47%) is almost
the same as that of the leaves (53%) The combination of evergreen
leaves and perennial evergreen stems allow the plant to photosyn-
thesise throughout the year (Miguez et al., 2015). V. album is photo-
synthetically active at temperatures below freezing point (Schréder
et al., 2022). The impact of stems on the overall photosynthetic

production is much bigger than in other woody plants (Miguez
et al., 2015).

The mitochondrial genome of Viscum species has been subject
to reductive evolution, a common feature among parasitic plants
(Maclean et al., 2018; Schroder et al., 2022). The mitogenome is ex-
ceptionally variable in size (Skippington et al., 2015, 2017) with a
limited but highly variable number of respiratory genes compared
to other plants (Petersen, Cuenca, Mgller, et al., 2015; Senkler
et al.,, 2018). Out of nine common genes of this respiratory com-
plex, two are missing and the remaining are pseudogenes in V.
album (Zervas et al., 2019). Consequently, a lack of complex | genes
has forced a rearrangement of the respiratory chain in this species
(Busch, 2018; Petersen et al., 2022; Senkler et al., 2018). Only two
transcripts encoding subunits of complex | were detected in recent
studies of the gene space in V. album (Schrdder et al., 2022). Both
subunits play a secondary function in the mitochondrial proteome
of V. album—one is engaged in fatty acid biosynthesis and the sec-
ond in photorespiration. In comparison to some Viscum species that
are missing ccmB and matR genes, V. album probably accrued them
via horizontal gene transfer from two different hosts (Skippington
et al, 2017).

Similar to the mitogenome, the plastome (chloroplast genome)
of Viscum has also been subject to a reduction in size, structural
rearrangement and gene loss (Guo et al.,, 2020). These changes
are especially clear in photosynthetic genes, which are under
relaxed selection that mirrors the shift to parasitism (Petersen,
Cuenca, & Seberg, 2015). The plastome of V. album is intermediate
in size (128,921 bp) compared to other Viscum species (Petersen,
Cuenca, & Seberg, 2015). V. album has lost several genes from its
plastome (e.g. rpl33, ndh genes and infA) and others have been
pseudogenized e.g. matK and some ndh genes (Petersen, Cuenca,
& Seberg, 2015).

The rate of photosynthesis in Mistletoe is lower than that of the
host's assimilation organs (Pfiz & Kuppers, 2010), although this rate
is dependent on the season and age of the Mistletoe leaves (Miguez
et al., 2015). The net CO, assimilation rate is relatively low and
ranges from 1.8 to 10.2 pmol CO, m=2 s (Li et al.,, 2003; Miguez
et al., 2015) with an overall mean of 4.5+3.5 (assumed to be SD)
pmol CO, m~2 st (Escher et al., 2008). Photosynthesis rates per unit
area are similar between leaves and stems (Miguez et al., 2015).

The monosaccharide content of Mistletoe leaves is dependent
on host species (Arda et al., 2003; Krzaczek, 1976), simple sugars
(glucose, fructose, sucrose, raffinose) ranging from 0.02% to 0.235%
dry weight and for starch 4.5% to 20%. There is less variation in the
content of the polysaccharides galactose, arabinose, xylose and
rhamnose (Krzaczek, 1976). The level of carbohydrates (glucose,
fructose, sucrose and sum hexose unit) in xylem sap of Mistletoe de-
pends greatly on the season when growing on Populus x euramericana
(highest in spring), but not on Abies alba, where the sugar content is
lower (Escher, Eiblmeier, Hetzger, & Rennenberg, 2004a). However,
according to Krzaczek (1976) the amount of simple sugars and starch
depends upon the Mistletoe subspecies, the host plant species, and
the organ used for analysis. In most cases, V. album subsp. album
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stems contain slightly more sugar than the leaves, while the opposite
is true in subsp. abietis and subsp. austriacum.

Viscum album has traditionally been described as a hemiparasite
that takes just water and nutrients from its host while providing
its own fixed carbon through photosynthesis. However, there is a
growing body of evidence showing that Mistletoe extracts at least
some carbon from its host. Despite a low net photosynthesis rate
in Mistletoe compared to their host, Mistletoe has very high rel-
ative growth rates (Section 5.2) (Pfiz & Kuippers, 2010), undoubt-
edly due to carbon intake from the host (Richter & Popp, 1992).
Based on experiments using C*3-labelled carbon dioxide, Wang
et al. (2022) suggest complete carbon autonomy of Mistletoe.
However, this assimilation was measured over a relatively short
term and on only one host species, and acropetal carbon trans-
port from more distant parts of the plants cannot be ruled out.
However, Escher and Rennenberg (2006) found C%-labelled
glutamine in subsp. abietis tissues, derived from host xylem sap.
Richter and Popp (1992) calculated that 22.6%-43% of the carbon
may come from the host, but this carbon probably does not come
from the direct products of the host's photosynthesis because the
Mistletoe haustorium does not penetrate the host's phloem tissue
(Khan et al., 2009; Ramm et al., 2000).

Viscum album can apparently utilise inorganic nitrogen as
judged by the presence of nitrate reductase (Escher, Eiblmeier,
& Rennenberg, 2004). However, many trees contain low levels of
nitrate in their xylem sap, and organic nitrogen appears to be the
major source of nitrogen (Escher, Eiblmeier, & Rennenberg, 2004).
Influx rates into V. album from either Populusxeuramericana or
Abies alba has been measured at 0.24-0.55pmolNh™ g™ fw for
organic glutamine and 0.0001-6.8 pmolNh™ g™ for nitrate. There
was, however, a clear preferential influx of glutamine over nitrate
at the concentrations found in the xylem sap of the hosts (Escher,
Eiblmeier, & Rennenberg, 2004; Urech, 1997). Indeed, xylem sap
in V. album contains high levels of low molecular weight amino
acids, particularly asparagine and glutamine, reaching highest lev-
els in spring at 1873+2225 (SD) and 2519 + 5458 nmolNml™, re-
spectively, in Mistletoe on Abies alba (Escher, Eiblmeier, Hetzger, &
Rennenberg, 2004b). Levels in Mistletoe on Populus x euramericana
were lower for asparagine (794 + 391 nmolN ml™) and higher for glu-
tamine (3354 +5326nmolNml™) in spring. The authors concluded
that asparagine, at higher levels than that in either host, is converted
from glutamine, which is lower than in either host. This mechanism
contributes not just nitrogen but the liberated carbon contributes to
the carbon gain of the Mistletoe. V. album also accumulates reduced
sulphur compounds at a higher concentration than its hosts (Escher
etal., 2003).

Nitrogen content of leaves and the activity of the enzyme
phosphoenolpyruvate carboxylase are dependent on the host spe-
cies and the season of the year (Kim et al., 2019; Li et al., 2001).
Nitrogen content in leaves of V. album subsp. album can be about
3% dry weight and, when the host is the nitrogen-binding Robinia
pseudoacacia, it reaches up to 5% (Ture et al., 2010). During senes-
cence of Mistletoe leaves in late summer (Section 7) only viscotoxin

is selectively degraded and the sulphur and nitrogen reabsorbed
into the stems. Other leaf proteins are lost when the leaf abscises
(Schrader-Fischer & Apel, 1993).

Mistletoes of many different species generally consume more
water per unit of carbon dioxide assimilated than their hosts (Scalon
& Wright, 2015). The 8C* index decreases with increase of the
mean annual temperature in Mistletoe, and it is at a relatively con-
stant level in the host trees (Scalon & Wright, 2015). Transpiration
rates have been measured at 2.5+1.2mmolH,0 m2 h™?in ex-
cised twigs, with a water use efficiency ratio of c. 0.006 (Escher
et al., 2008), showing that Mistletoe is profligate in water use.
Mistletoe maintains a high level of transpiration, even when the
host is under severe drought stress, because the Mistletoe sto-
mata, although low in density (Section 6.1), remain open. High tran-
spiration rates are attributed to very low levels of ABA in V. album
during the growing season combined with a low sensitivity to ABA
(Escher et al., 2008; Ihl et al., 1987). High transpiration rates con-
tinue in deciduous hosts even after leaf shed due to the evergreen
Mistletoe stems, until halted by frost (Ziegler et al., 2009). Water
stress can be further increased by direct interception and evapora-
tion or precipitation from Mistletoe plants, reducing annual rainfall
beneath the host canopy by 2%-11% in central Poland (Klamerus-
Iwan & Van Stan Il, 2022).

The widely cited ‘nitrogen-parasitism hypothesis’ suggests
that nitrogen is the most limiting resource for Mistletoes and that
their high transpiration rate is used to acquire sufficient N from
the host xylem (Schulze et al., 1984). However, data by Scalon and
Wright (2015) showed that the difference in nitrogen content in
Mistletoe and host leaves explains only 3% of the variation in the
difference in 8C*3. This finding suggests that nitrogen is not the lim-
iting nutrient for Mistletoe, or at least is not the main component
driving high transpiration rates.

Mistletoe can take up elements selectively from hosts, resulting
in concentration differences between host and parasite tissues (Bell
& Adams, 2011; Kim et al., 2019). Mistletoe usually contains more
K, Mg, Ca, Fe, P, Mn, Cu, S, Zn, B, Ba and less Al, As, Ca, Mg, Cd,
Cr, Cu, Mo, Ni, Sr, Pb, Ti and Fe than its hosts (Gebauer et al., 2018;
Kamar et al., 2018; Lamont, 1983; Lamont & Southall, 1982; Mutlu
et al., 2016; Popp et al., 1995; Ture et al., 2010). This is linked to
reduced dry matter content, needle length or chlorophyll content of
pine needles (Section 5.2).

6.6 | Biochemical data

Viscum album has a rich content of phenolic acids, phenylpropanoids,
flavonoids, triterpenes and phytosterols (Dai et al., 2019; Fukunaga
etal., 1989; Haas et al., 2003; Jager et al., 2021; Schréder et al., 2022;
Wollenweber et al., 2000), which can vary in concentration through
the year (Wdjciak-Kosior et al., 2017). The total content of polyphe-
nol compounds for V. album (assumed subsp. album) was measured at
31.28 mg/g, the total content of flavonoids 25.10 mg/g, and the total
content of phenolic acids 4.07 mg/g, all lower than found in other
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plants tested, Cichorium intybus and Lamium purpureum (Vergun
et al., 2019). There is some evidence of biochemical differences be-
tween subspecies of V. album. For example, Orhan and Orhan (2006)
using samples of leaves and stems combined, identified differences
in fatty acids, with arachidic acid found only in subsp. austriacum and
subsp. abietis, while unsaturated fatty acids, mainly oleic and linoleic
acids were found in subsp. album. The extent of other biochemical
differences are unknown.

The carbohydrate metabolism of Mistletoe is closely related to
the metabolism of host tissues (Section 6.5). A number of polysac-
charides have also been detected in Mistletoe leaves and berries,
with esterified galacturonan being the dominant component in the
leaves and arabinogalactan in the berries (Jordan & Wagner, 1986).
The sticky viscin of Mistletoe seeds (Section 8.3) contains a complex
of neutral and acid polysaccharides, in which hemicellulose and cel-
lulose microfibrils play a dominant role (Azuma et al., 2000; Horbelt
etal., 2022).

Three groups of lectins are found in V. album leaves, all of them
are highly toxic (Majeed et al., 2021). The most characteristic are
viscotoxins, low-molecular-mass antimicrobial peptides belonging
to the thionine class, found in the leaves and shoots of Mistletoe
(Azuma et al., 2000; Butu et al., 2013). The most toxic is viscumin,
which inhibits protein synthesis in cell-free systems and can lead to
cell death (Olsnes et al., 1982). Viscotoxin content shows great sea-
sonal variability, declining most rapidly in leaves prior to abscission
(Schrader-Fischer & Apel, 1993; Urech et al., 2006) and with differ-
ences between subspecies (Schaller et al., 1998). However, V. album
contains several biologically active compounds such as lectins, vis-
cotoxins, different peptides such as viscumamide, different amino
acids, thiols, alkaloids, minerals, phytosterols, triterpene acids,
amines, oligo and polysaccharides (Elluru et al., 2008; Ochocka &
Piotrowski, 2002; Vicas et al., 2011). There is a full review of these
compounds by Pfuller (2000).

The saturated and unsaturated fatty acid content of leaves
also varies depending on the subspecies and host species
(Krzaczek, 1977). Subspecies austriacum living on pine has the high-
est proportion of polyunsaturated fatty acids, reaching 55.08% of
total fat, most likely due to an extended period of assimilation of its
hostpines(Hansen etal., 1996). Based on the main components of the
fat fraction, two groups were distinguished: subsp. austriacum with
dominant oleic acid (over 40%) and subsps. album and abietis, where
the dominant fraction is palmitic acid (29%-40%) (Krzaczek, 1977).
Both the leaves, shoots and berries of Mistletoe also contain over
250 other primary and secondary metabolism compounds used in
medicine (Song et al., 2021), discussed in Section 10.5.

The accumulation of heavy metals (Section 6.5) is influenced
by the degree of environmental pollution. In an area polluted by a
zinc smelter, Mistletoe accumulated less Cd, Ni, Pb and Zn than its
host Sorbus aucuparia (Kolon et al., 2013). Mistletoe leaves sampled
in mining areas of northern Germany showed higher concentrations
of heavy metals (Cd 12, Cu 13, Ni 5, Pb 0.9, Zn 675mg/kg) on low
contamination sites compared to highly contaminated sites (Cd <0.1,
Cu 10, Ni 0.4, Pb 1.1, Zn 123 mg/kg). This was suggested to indicate

a threshold levels of contamination for the effective exclusion of
heavy metals (Sharma et al., 2009).

Little is known about the selectivity of uptake of radioac-
tive elements by Mistletoe. Indirect evidence comes from Chereji
etal. (1996) comparing caesium ***Cs and ¥’Cs content in the tissues
of several dozen medicinal plants (including V. album) in Romania c.
1000km from Chernobyl in the 10years after the nuclear power
plant explosion. The content of both isotopes in Mistletoe was one
of the lowest among the studied plants and in 1987 was collectively
167 Bqkg™* while in potential host species it was many times higher.
Similarly, the content of both these radioactive caesium isotopes in
Mistletoe at the beginning of the 21st century in Slovakia, showed
very low values of <0.9 and <1.95Bqkg™, for ***Cs and **’Cs, re-

spectively (Salamon et al., 2015).

7 | PHENOLOGY

Adult individuals of V. album flower and fruit each year (Ramm, 2006;
Sell & Murrell, 2009; Tubeuf et al., 1923) with the flowering period
being independent of the host species' phenology (Walldén, 1961).
Flower buds develop from early summer to late September. Rising
spring temperatures trigger bud opening usually in February to April
but in warm conditions it can begin as early as January or even the
end of December (Krasylenko et al., 2020; Ramm et al., 2000, 2016;
Sell & Murrell, 2009; Stopp, 1961). In the south-west English mid-
lands flowering generally begins in February, extending into March
while it is generally later in mainland Europe. Observations in south-
ern Sweden in 1949-1961 show that the flowering period took place
from mid-March to the end of April (Walldén, 1961). However, cli-
mate change and fluctuating spring temperatures have an important
modifying effect. The flowering period in Germany in 1891 was re-
corded between 16 March and 20 April but is now generally even
later (Tubeuf et al., 1923). Similarly, in Ukraine flowering is usually
in March-April, but in the Crimean Mountains in 2019 (an unusu-
ally warm winter) flowering was observed in early December 2019
(Krasylenko et al., 2020). Female flowers open earlier than the male
flowers (Tubeuf et al., 1923).

Fruits develop slowly through the summer, ripening in November
to December in Britain (Sell & Murrell, 2009) and western Europe.
Some fruits remain attached until spring (Wangerin, 1937). Fruit
dispersal by birds (Section 8.3) starts in late November and lasts
through April or May, partly depending upon the timing of arrival
of migrant birds, and tending to be latest in northern populations
(Krasylenko et al., 2020; Stopp, 1961).

A cytological study in France shows that the cortical strands
(Section 6.3) produce new sinkers from March to August, with a
maximum during the first half of summer (Sallé, 1978). Activity
of the intercalary meristem at the base of sinkers is from March
to September with a maximum from April to June (Sallé, 1979).
Dormancy of the meristematic tissue was observed from October
to February (Sallé, 1979). Vegetative growth occurs primarily in
the first half of the growing season with an increase in plant mass
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between February and June/July, and fruit growth in the second half
(Urech & Baumgartner, 2019).

New shoots and leaves grow in May and June, and are kept
through the winter. The oldest leaves are shed in late summer (often
September) while green and turgid with little reabsorption of the
chlorophyll (Schroder et al., 2022). Leaves and stems have been ob-
served to become yellow in late winter. Male individuals seem to be
especially affected by this colour alteration (Tubeuf et al., 1923). This
colour change may be due to the changes in chlorophyll content al-
though there are no important changes in chloroplast ultrastructure
between winter and summer leaves (Hudak & Lux, 1986). Colour may
also be connected with changes in nitrogen concentrations resulting
from its allocation to reproductive organs during intensive flower
production. During spring and summer, plants recover their predom-
inantly green colouration. Seeds germinate between February and
April but can be as late as May in northern regions (Zuber, 2004).

8 | FLORAL AND SEED CHARACTERS
8.1 | Floral biology

Within Viscum species dioecy appears to be ancestral, despite mo-
noecy currently dominating the genus, and having evolved indepen-
dently eight times (Maul et al., 2019). Currently, dioecy is common
among species from Africa and Madagascar, the hypothetical centre
of the origin (Maul et al., 2019; Wiens & Barlow, 1979).

The female and male flowers are highly reduced (Figure 8), a
trait often associated with anemophily. However, Mistletoe pol-
len is too heavy and sticky to be easily transported by the wind,
thus anemophily has only marginal significance for Mistletoe and
may occur when male and female plants are in close proximity
(Hatton, 1965; Heinricher, 1919; Walldén, 1961). Therefore, the pol-
lination of the dioecious flowers is almost obligatory by a range of
insects (Table 1) that are attracted by a fruit-like smell and rewarded
by nectar (Becker, 2004). Most effective are various winter-active

L4

insect species, mainly flies (Muscidae, Drosophilidae, Calliphoridae,
Heleomyzidae, Milichiidae, Sepsidae, Syrphidae)—which can
move pollen up to 2 km—and ants (Formicidae) (Becker, 1986;
Hatton, 1965; Ramm et al., 2000, 2016; Sell & Murrell, 2009;
Walldén, 1961). Honey bees (Apis mellifera L., Hymenoptera, Apidae)
and the bumblebees Bombus terrestris (L.) and B. lapidaries (L.) are
potentially effective pollinators although they have only been seen
on male flowers—this however may be misleading. Observations
and discussions made by Walldén (1961) support the argument that
both female and male flowers produce nectar and scent which at-
tract bee pollinators. The scent of male and female flowers is per-
ceived as identical (comparable to apple juice, ripe apples or orange
blossom), but the difference lies in their intensity. The male flowers
produce more volatile sweet-scented substances and relatively small
amounts of nectar, while the female flowers produce more nectar
but are considered less aromatic. In lower temperatures, because of
weaker aroma, female flowers may appear less attractive for insects
which results in fewer visits. It therefore seems the insects are at-
tracted mainly by the scent from the nectaries of male flowers, and
by the nectar secreted around the stigmata of female flowers (Ramm
et al., 2000). Pollinators were observed to visit Mistletoe only spo-
radically when temperature was below 10°C (Hatton, 1965).

In mainland Europe, a low ratio of male flowers to female has
been reported (Noryskiewicz & Noryskiewicz, 2017). Of a total of
1958 Mistletoes examined in Sweden, 28.4% were male and 71.6%
female (Walldén, 1961). Sex ratios observed in Britain are, however,

rather more equal than this (Briggs, 2021).

8.2 | Hybrids

Natural hybridization is possible between subspecies, yet the reli-
able recognition of the hybrids is possible only by using molecular
markers (Piotrowski et al., 2003). It is currently impossible to esti-
mate the frequency of natural hybridization, or the leading direction
of the gene transfer. It seems that hybridization occurs more often

FIGURE 8 Flowers and berries of Viscum album: Female flowers (left), male flowers (centre), mature berries (right). Photographs by

Jonathan Briggs.
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TABLE 1 Pollinators recorded from Viscum album in Great
Britain and continental Europe

Species classification Recorded in GB Source

DIPTERA

Anthomyiidae

Lasiomma sp. Yes 1

Calliphoridae

Calliphora vicina Yes 2
Robineau-Desvoidy

Heleomyzidae

Heteromyza rotundicornis Yes 3
(Zetterstedt)

Milichiidae

Madiza glabra Fallén Yes 3

Muscidae

Eudasyphora cyanella (Meigen) Yes* 3

Helina reversio (Harris) Yes 4

Musca autumnalis De Geer Yes 3

M. domestica L. Yes 3

Polleniidae

Pollenia amentaria (Scopoli) Yes 2

P. rudis (Fabricus) Yes

Scatopsidae

Reichertella pulicaria (Loew) Yes 2

Sepsidae

Sepsis cynipsea (L.) Yes 2

S. duplicata Haliday Yes 2

S. flavimana Meigen Yes 5

Syrphidae

HYMENOPTERA

Andrenidae

Andrena fulva (Muller in Allioni) Yes 6

A. helvola (L.) Yes 6

Andrena rufula Schmiedeknech No 6

Apidae

Apis mellifera L. Yes* 3

Bombus terrestris (L.) Yes 1

B. lapidarius (L.) Yes 7

Formicidae

Formica sp. Yes 5

Megachilidae

Osmia cornuta (Latreille) Yes 6

Sources: 1. Krasylenko et al. (2020), 2. Kahle-Zuber (2008), 3.

Hatton (1965), 4. Ramm et al. (2016), 5. Ramm et al. (2000), 6. Teppner
et al. (2016), 7. Walldén (1961). Presence in GB based on NBN

Atlas (2022).

*Indicates recorded in Great Britain on Viscum.

in populations from the Mediterranean though it was also noted in
Central Europe (Piotrowski et al., 2003; Zuber & Widmer, 2000). In
the latter case, the hybridization was reported only between subsp.

album and subsp. abietis. Those two taxa are genetically closer to
each other than to subsp. austriacium which may facilitate hybridisa-
tion (Mejnartowicz, 2006; Zuber & Widmer, 2000, 2009). There are
no known hybrids in Britain and Ireland.

Artificial hybridization experiments in the 19th century, cross-
ing female subsp. album and male subsp. abietis, gave 44 viable off-
spring. (Heinricher, 1919). However, no information is given about
viability of hybrids or how many flowers were initially pollinated
which precludes any conclusions about the rate of the hybridization.
Piotrowski et al. (2003) tested a bulked sample of 118 individuals
representing all three taxa of different origin in Europe and reported
a total of 15 hybrids.

8.3 | Seed production and dispersal

After pollination a fruit (pseudoberry) develops on the terminal
shoots of female plants. Fruits are normally solitary, but may form
in pairs, triplets or rarely multiple groups (Becker, 2004; Tubeuf
et al., 1923). The mature ovoid fruit is usually 9mmx 8 mm (Derbidge
et al., 2016). According to Tubeuf et al. (1923) the berries of subsp.
album are wider than long, while the berries of subspecies on co-
nifers are longer than wide. The size of the berries may depend
on the number of embryos; subsp. austriacum on conifers tends to
have fewer embryos in comparison to subspecies from deciduous
trees (Tubeuf et al., 1923). The fruit crop estimated for subsp. aus-
triacum in Spain was 2000 berries/m? (Mellado & Zamora, 2014a).
Preston (1977) gives the average number of 175 berries per kg of
Mistletoe fresh mass (range 96-237), depending on the individual
apple host.

Mistletoe produces berries regularly every season and the full
ripening of the seed takes almost a year (Briggs, 2021; Zuber, 2004).
At the beginning the fruit of subsp. album is green but changes to
white and becomes translucentin the late autumn and winter, with no
evidence of ultraviolet reflectance changing the colour perceived by
birds (Burkhardt, 1982). Each berry contains a single seed that lacks
a testa and is coated with viscin that gives the highly adhesive prop-
erties crucial for Mistletoe's dispersion and successful recruitment.
A typical seed contains 1-2, rarely 3-5, embryos with hypocotyl
and two cotyledons and haustorium that emerges from the endo-
sperm (Becker, 2004; Briggs, 2021; Derbidge et al., 2016; Frochot &
Sallé, 1980; Tubeuf et al., 1923). The average size of the embryos for
subsp. austriacum is 5.47 x 3.98 mm, for subsp. abietis 6.42x4.20mm
and for subsp. album 5.20x4.30mm (Tubeuf et al., 1923). The green
and photosynthetically active embryo is visible inside of the fruit of
subsp. austriacum (less so in subsp. album; Tubeuf et al., 1923) and
requires light from the very beginning (Briggs, 2021). Studies con-
firmed a circadian variation in the outline of the fruit shape of subsp.
album which does not appear to be directly linked to temperature,
humidity, or light flux, nor to turgor pressure as a result of xylem
sap flow. However, there was some link with the number of hours
of sunshine perhaps as a result of photosynthetic activity within the
fruit (Derbidge et al., 2016).

85U017 SUOWILIOD BAIIES.D 8|qed![dde auyy Aq pausenob a1e S9ppile YO ‘SN JO S3INJ 10} Akeud1 78U UO 8|1/ UO (SUOTHIPUOO-PUB-SWLIW0" A8 | IMAe1q 18U UO//:SdNY) SUOTIPUOD pue SWe | 8U} 89S *[2202/2T/20] Uo Ariqiauliuo A8|IM ‘881 A 90VT Si/2-GOET/TTTT 0T/I0p/wWod A8 imAiq1pul|uo's euIN0aq /ANy WoJj pepeojumod ‘0 ‘Gr/ZG9ET



16 Journal of Ecology

THOMAS ET AL.

Some seeds may be dispersed simply by gravity. Seed rain of
subsp. austriacum under various Pinus species in southern Spain
varied with altitude from 830.27 +183.79 (SE) seeds/m? at 1300m
to 110.32+49.14 seeds/m? at 1900m (Zamora & Mellado, 2019).
However, the effectiveness of falling below the host in recruitment
success is doubted (Frochot & Sallé, 1980). Zoochory is more effec-
tive in recruitment with endozoochory being more frequent and ef-
fective in terms of recruitment success than exozoochory (Mellado
& Zamora, 2014b). Birds are the primary dispersal vectors while
small mammals are consumers of berries (Section 9.1).

Generalist bird dispersers predominate in Europe while a few
mistletoe specialist frugivores are noted in Australia, South America
and Africa (Watson & Rawsthorne, 2013). According to Mellado and
Zamora (2014b) the use of generalist birds by subsp. austriacum and
so the ability to switch between different bird species, has allowed
it to spread across a diverse and wide European range. The main
dispersers of V. album in Europe are thrushes (Turdus viscivorus L.,
T. torquatus L., T. philomelos Brehm, T. iliacus L., T. merula L., T. pilaris
L.), Waxwing Bombycilla garrulus L., tits (Periparus ater L., Cyanistes
caeruleus (L.), Parus major L.), Jay Garrulus glandarius (L.), Eurasian
Blackcap Sylvia atricapilla (L.) and European Robin Erithacus rubec-
ula (L.) (Mathiasen et al., 2008; Mellado & Zamora, 2014b; Tubeuf
et al., 1923; Walldén, 1961). The increasing population size of the
Mistle thrush (T. viscivorus) in Hungary has been linked to an ex-
pansion of V. album during recent decades (Varga et al., 2014). In
Britain, the list of dispersers is more limited, including Mistle thrush,
Fieldfare (T. pilaris) and Waxwing, and, in recent decades, Eurasian
Blackcap and, possibly, the rose-ringed parakeet Psittacula krameri
(Scopoli) (Briggs, 2021).

The birds either feed on the whole fruit (Turdus spp.) or peel
off the exocarp and feed on the endocarp (e.g. Parus spp.) which
determines the mode of dispersal (Mathiasen et al., 2008; Tubeuf
et al., 1923). Eating the whole fruit results in endozoochory where
the seed is regurgitated or defecated. Feeding on the endocarp re-
lates to exozoochory where seeds adhere to a bird's beak, legs, or
feathers and are rubbed off onto a branch of a potential host which
initiates the infection. With either method, the seed is still covered
with some of its viscin coat, which allows it to adhere to a potential
host (Horbelt et al., 2022). Seed germination and seedling estab-
lishment is not affected by the mode of the dispersion (Mellado &
Zamora, 2014b).

Mistle thrushes in Spain feed on fallen berries in addition to those
actively collected in the tree canopy (Mellado & Zamora, 2014b).
However, studies in Spain and Britain have shown that, although
Turdus species are the most important consumers, they are less ef-
ficient in terms of Mistletoe recruitment (Briggs, 2021; Mellado &
Zamora, 2014b). Mistle thrushes eat 6-10 berries at once, which are
digested for c. 30 min. (Tubeuf et al., 1923), but these birds are highly
territorial and tend to deposit seeds in latrines in relatively restricted
areas or preferred trees which acts to reduce the distance of seed
dispersal (Skorka & Wojcik, 2005). Frochot and Sallé (1980) reported
that the estimated distance of seed dispersal by Mistle thrush might
be c. 20km considering the time of the digestion and speed of flying.

However, factors such as road density or building density may
change dispersal distances by birds (Rybalka, 2017) and in north-
east Spain 3.5 km was more realistic for bird dispersal (Ramsauer
et al., 2022). More details about the behaviour of the major dispers-
ers in Britain are given by Briggs (2021) and in Spain by Mellado and
Zamora (2014b).

8.4 | Viability of seeds: Germination

The fruits ripen in December, but the seeds need a period of winter
dormancy before germination occurs. No mitotic activity or DNA
synthesis in the cells of the terminal meristem is observed during
dormancy (Sallé, 1976). Dormancy can last 6 months, but in warm
conditions it can be shortened to 1-3 months for a proportion of the
more mature seeds (Tubeuf et al., 1923). It is also possible to shorten
the dormancy period using intense artificial lighting (Stopp, 1961).
The normal germination period in Britain is from February to April
but can be later in parts of mainland Europe.

The mature seeds comprise 1-3 chlorophyllous embryos em-
bedded in a green endosperm, centrally placed in the translucent
ripe berry. Polyembryonic seeds (Section 8.4) can develop where up
to four individuals can form a single ‘plant’, growing close together
or even growing on each other and effectively parasitising each
other. This can result in single ‘plants’ bearing both male and female
flowers.

Seeds require light for germination, and viability drops quickly in
darkness; 84% after 8 days, 68% after 14 days, 36% after 21 days and
zero after 5weeks (Tubeuf et al., 1923). Light may be unnecessary
for continued growth of the seedling (Stopp, 1961) but is probably
still necessary for the seedling to thrive and connect to the host via
negative phototropism. The epicarp is a barrier for the hypocotyl
after germination (Stopp, 1961) and so germinating seeds are trapped
inside fruits that remains on the trees until summer (Frochot &
Sallé, 1980). This barrier is effectively removed by birds distributing
seeds without the berry casing (Frochot & Sallé, 1980)—Section 8.3.

Germination occurs regardless of surface or situation. Host bark
morphology seems unimportant, probably because Mistletoe estab-
lishes most effectively on thin, smooth bark of younger branches
even on hosts with fissured bark. There is no recorded effect of bark
pH and chemistry on establishment. Indeed, seeds will germinate
on glass, stone, wood, paper or free-hanging on a thread (Frochot
& Sallé, 1980; Stopp, 1961). Seed germination is also independent
of host phenology (Tubeuf et al., 1923). Walldén (1961) found 97%
viability for seeds in berries fallen to the ground, where successful
growth would be impossible.

The minimum germination temperature according to Stopp (1961)
is 8-10°C. However, in the case of Danish populations, the germina-
tion rate was 65% at 5°C. At 30°C, germination efficiency was re-
duced to 46% by fungal infection (Stanton et al., 2010). The optimum
temperature for germination is 15-20°C (Lamont, 1983; Stanton
et al., 2010). In low-temperature storage, seeds of subsps album
and austriacum, underwent a colour change from green to brown,
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associated with a loss of viability (Tikkanen et al., 2021). The storage
temperature at which 50% of seeds lost viability was -15°C in subsp.
austriacum and between -15°C and -19°C in subsp. album (moisture
content of the seeds was not measured). There was almost 100%
failure of seed germination of subsp. austriacum at -26°C while
10.6% of subsp. album seeds still germinated at this temperature. At
-30°C neither subspecies germinated (Tikkanen et al., 2021). Seeds
of subsp. album can be smaller than those of subsp. austriacum,
which may reduce their tolerance to low temperatures. Seedlings are
resistant against frost down to -15°C (Wangerin, 1937). Humidity
has no effect on germination.

8.5 | Seedling morphology

At germination, 1-3 green hypocotyls (Figure 9) emerge from the
seed, depending on the number of embryos present. The hypoco-
tyls elongate through intense mitotic activity of the terminal mer-
istematic zone and elongation of the underlying cells (Frochot &
Sallé, 1980). The hypocotyls are negatively phototropic and bend
toward the adjoining host bark surface (Sallé, 1983). Physical con-
tact of the hypocotyl against the host induces flattening to form a

(a) (b)

slightly oval disc or holdfast (Frochot & Sallé, 1980; Thoday, 1951)
the epithelium produces lipidic glue, which sticks the hypocotyl to
the host. The holdfast widens to about 1.8 mm diameter (Figure 9)
with high meristematic activity concentrated in the central part.
The host periderm is lifted and the meristem penetrates the peri-
derm and cortical parenchyma forming a primary sinker (Frochot &
Sallé, 1980). In addition to mechanical forces, enzymatic processes
may also help to open up the host tissues (Sallé, 1983). Studies of
V. album subsp. coloratum in Korea (now regarded as V. coloratum)
suggest that xyloglucan endotransglycosylases (XETs), glucanase,
expansins and other cell wall hydrolases have a role during this stage
(Ko et al., 2014).

Each sinker consists of parenchymatous cells and isodiamet-
ric vessels. The outermost vessels of the sinkers are in direct con-
tact with those of the host xylem assuring the Mistletoe plant an
early and sufficient water supply (Mylo et al., 2021). The primary
sinker is the start of the haustorial structure, establishing direct
connection between the hemiparasite and host xylem vessels. The
seedling is not parasitic until this link is made. During this stage,
while the endophytic system is establishing, the external appear-
ance of the seedling varies very little for a year, sometimes longer.

Once connection is established, the endosperm usually becomes

FIGURE 9 Germinating seeds and young seedlings Viscum album. (a, b) Germination in vitro, showing emergence of multiple hypocotyls
from within the endosperm. (c, d) Germination on host bark, showing establishing holdfasts under which host penetration occurs. (e, f)

Established seedlings 3-4years old. Photographs by Jonathan Briggs.
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detached and the hypocotyl becomes more erect, with the seedling
now formed only by the remaining hypocotyl and sucker-like disc
(Frochot & Sallé, 1980). The endosperm may, in some cases, remain
attached for over a year, possibly continuing to support the seedling
(Bussing, 2000a).

The first leaves usually appear in the year following germination,
but may be delayed until the second year in some cases (Frochot
& Sallé, 1980; Ramm et al., 2016). Subsequent development of the

haustorium is described in Section 6.1.1.

9 | HERBIVORY AND DISEASE
9.1 | Animal feeders or parasites

Comparatively few insects and mites have been recorded on
all the European subspecies of Mistletoe (Table 2). Of these,
52 species occur in Britain, 34 of them recorded on Mistletoe.
Most are herbivorous insects, some feeding on dead tissue, but
there are also predators. Most are Hemiptera (34) or Coleoptera
(27), the rest being mainly Diptera (5), Hymenoptera (8) and
Lepidoptera (7). This list does not include taxa involved in pollina-
tion (Section 8.1).

There are eight monophagous species, five of which occur in
Britain (Table 2): Cacopsylla visci (Hemiptera, Psyllidae), Pinalitus
viscicola (Hemiptera, Miridae) Hypseloecus visci (Miridae), Ixapion var-
iegatum (Coleoptera, Apionidae) and Celypha woodiana (Lepidoptera,
Tortricidae). There are also secondary Viscum specialists in Britain.
Anthocoris visci (Hemiptera, Anthocoridae) is a predatory bug re-
stricted to Viscum. Thompson and Blunt (2018) record a parasitoid
wasp (Triaspis sp.; Hymenoptera, Braconidae) that may be a specialist
of Ixapion variegatum. Haarder and Makol (2022) record the gener-
alist parasitic mite Trombidium holosericeum (Acari, Trombidiidae) on
Pinalitus viscicola.

British records for the specialist species are sparse, which may
be due to under-recording as they are usually found when looked for
(Briggs, 2011a; Thompson & Blunt, 2018). Two, Ixapion variegatum
and Hypseloecus visci, were recorded as new to Britain fairly recently
but they may not be recent colonists (Briggs, 2011a). The leaf-mining
monophagous moth Celypha woodiana and Anthocoris visci are of
conservation interest (Section 11).

A study of invertebrates in Mistletoe-laden orchards in
Shropshire identified a distinct Mistletoe community (Thompson
& Blunt, 2018). This community included six specialist Mistletoe
species plus 26 other nonspecialist taxa made up of a wide mix-
ture of species, of which over 30% were predatory, suggesting that
many were opportunistic in occurring on Viscum. The presence of
six species of Psocoptera was notable, and confirms personal ob-
servations by Briggs (e.g. Briggs, 2012) that these barkflies are nu-
merous in the berry clusters, feeding on algae and fungi. Thompson
and Blunt (2018) suggest these may be feeding on Sphaeropsis visci
(Ascomycota, Botryosphaeriales) and that it may be their presence
that attracts predators.

Arthropod communities on V. album subsp. austriacum grow-
ing on Pinus nigra and P. sylvestris in southeast Spain were found
to be similar across hosts, and different and more diverse than
communities on their hosts (Lazaro-Gonzélez et al., 2017). The
higher diversity was attributed to Mistletoe having extremely low
concentrations of defence compounds (including a complete lack
of terpenes) and high nitrogen concentrations in leaves (Lazaro-
Gonzalez et al., 2019b) compared to their host. The main deter-
minant of the diversity was the size of Mistletoe plants—bigger
plants were richer—while elevation made no significant difference
(Lazaro-Gonzalez et al., 2020). The main differences between host
and Mistletoe communities were the presence on Mistletoe of the
herbivores Cacopsylla visci and Pinalitus viscicola and the predator
Anthocoris visci, noted above, and all common across Europe on
a range of Viscum subspecies and hosts (Briggs, 2011b; Hansen
& Hodkinson, 2006; Struwe et al., 2009; Varga, Keresztes, &
Poczai, 2012; Zuber, 2004). These three species are especially
common in southern Europe, and in southeast Spain were found
to made up 19%, 5% and 15%, respectively, of the mass of ar-
thropods on Mistletoe, representing 19.45+3.84, 5.21+1.60 and
15.66 +2.90 individuals/kg (SE), respectively, on Mistletoe com-
pared to 0.0+0.0, 0.07+0.07 and 0.29 +0.25 individuals/kg on
pine trees, both species merged (Lazaro-Gonzalez et al., 2017).

It is surprising that there are few reports of mites (Acari) on
Mistletoe, which may indicate that this group is still under-recorded.
It is likely that harvested material or samples following tree felling
will have lost many of the invertebrates living on the outer parts of
the plant.

Insects found on Mistletoe are rarely seen in quantity and ap-
pear to have little impact on the plant. However some cause damage,
including the monophagous weevil Ixapion variegatum which affects
stems below flower buds and could, if numerous, reduce flower-
ing success (Briggs, 2011a). Krasylenko et al. (2020) speculate that
Agrilus spp. (Coleoptera, Buprestidae), if occurring in quantity, could
cause mortality of Mistletoe and thus be of use in biological control.

Birds taking the berries are described in Section 8.3. In addition
to these, many other birds will consume and therefore destroy the
naked seeds (after removal from the berry). These are primarily Coal
Tit Periparus ater L., Blue Tit Cyanistes caeruleus L., Marsh Tit Poecile
palustris L. and Eurasian Nuthatch Sitta europaea L. Coal tits and blue
tits also eat germinating Mistletoe plants (Baltazar et al., 2013).

Nonflying vertebrates do not often consume Mistletoe as it sim-
ply occurs too high above-ground, but when the foliage is reachable
or on the ground, it is eagerly eaten by deer and rabbits (Section 4).
Moreover, several mammal species, including carnivores, are sus-
pected to eat the berries, including European Pine Marten Martes
martes L., Beech Marten M. foina (Erxleb.), Fox Vulpes vulpes (L.),
Badger Meles meles L. and Red Squirrel Sciurus vulgaris L. (Frochot
& Sallé, 1980; Herrera, 1989; Tubeuf et al., 1923). This could have
implications for dispersal, as these mammals may defecate a signif-
icant distance from the food source, but successful establishment
would be unexpected as they are highly unlikely to defecate on tree
branches. Mistletoe has also been used as animal feed (Section 10.4).
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TABLE 2 Arthropods recorded from Viscum album in Great Britain and continental Europe

Species classification Recorded in GB  Ecological notes Source

INSECTA

COLEOPTERA

Anobiinae

Gastrallus knizeki Zahradnik No Larvae feed in older stem tissues, monophagous 8

G. laevigatus (Olivier) Yes Larvae feed within stem, polyphagous 16

Hedobia imperialis (L.) Yes Larvae feed within dead stem tissue, polyphagous 5

H. pubescens (Olivier) No Larvae feed within older stem tissue, polyphagous 8

Anthribidae

Noxius curtirostris (Mulsant & Rey) No Larvae feed within dead stem tissue, polyphagous 8

Rhaphitropis marchica (Herbst) No Larvae feed within dead stem tissue, polyphagous 17

Apionidae

Ixapion variegatum (Wencker) (=Apion variegatum Yes* Larvae feed within the stems, monophagous 1a,2,7,19

Sainte Claire-Deville)

Buprestidae

Agrilus jacetanus Sanchez & Tolosa No Larvae feed within stem, polyphagous

A. kutahyanus Krolik No Larvae feed within stem, polyphagous

A. roscidus Kiesenwetter No Larvae feed within stem, polyphagous 10

A. viscivorus Bily No Larvae feed within stem, polyphagous 8

Cantharidae

Malthodes marginatus (Latreille) Yes* Larvae feed on saproxylic fauna 19

Cerambycidae

Aegomorphus clavipes (Schrank) No Imago feeds on young bark and leaves, larvae feed 8
within dead stem tissue, polyphagous

Clytus arietis (L.) Yes Imago feeds on pollen and nectar, larvae feed within 8
dead stem tissue, polyphagous

Mesosa curculionoides (L.) No Larvae feed within stem, polyphagous 8

Oplosia cinerea (Mulsant) No Larvae feed within moist dead stem tissue, 18
polyphagous

Pogonocherus hispidus (L.) Yes Larvae feed within stem, polyphagous 3,14

Stenostola ferrea (Schrank) No Imago feeds on young bark and leaves, larvae feed 8
within dead stem tissue, polyphagous

Corylophidae

Arthrolips nana (Mulsant & Rey) No Lives in dead tissue, mould-feeders, polyphagous 6

Sericoderus lateralis (Gyllenhal) Yes Lives in dead tissue, mould-feeders, polyphagous 16

Curculionidae

Xylosandrus germanus (Blandford) Yes Lives in dead tissue, mould-feeders, polyphagous 13

Laemophloeidae

Cryptolestes corticinus (Erichson) No Lives in dead tissue larvae probably mould-feeders, 8
polyphagous

Leptophloeus hypobori (Perris) No Predatory, polyphagous 16

Lathropus sepicola (Miller) No Lives in dead stem tissue, polyphagous 6

Melyridae

Dasytes cyaneus (Fabr.) (=Dasytes caeruleus (Degeer))  Yes Predatory larvae 8

D. plumbeus (Muller) Yes Predatory larvae 8

Scolytidae

Liparthrum bartschi Mihl No Lives in dead tissue, monophagous 14

(Continues)
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TABLE 2 (Continued)

Species classification

DERMAPTERA

Forficula auricularia L.

DIPTERA

Cecidomyiidae

Asynapta viscicola (Skuhrava)
Drosophilidae

Drosophila suzukii (Matsumura)
Sciaridae

Sciaridae sp.

Stratiomyidae

Beris vallata (Forster)

Tephritidae

Anomoia purmunda (Harris)
HEMIPTERA

Anthocoridae

Anthocoris nemoralis (Fabricius)

A. simulans Reuter

A. nemorum (L.)

A. visci Douglas

Orius vicinus (Ribaut)

Aphididae

Aphis fabae Scopoli—sensu stricto
Cinara pini (L.)

Tuberaphis coreana (R. Takahashi)
T. viscisucta (Zhang)
Aphrophoridae

Aphrophora alni (Fallén)

Coccidae

Coccus hesperidum L. (=Lecanium hesperidium (L.))
Filippia follicularis (Targioni Tozzetti)

Gossyparia spuria (Modeer)
(=Eriococcus spurius (Modeer), Gossyparia ulmi L.)

Lepidosaphes ulmi (L.)
Pulvinaria vitis (L.) (=P. betulae)
Saissetia oleae (Olivier)
Delphacidae

Javesella pellucida (Fabricius)
Diaspididae

Carulaspis juniperi (Bouché)

C. visci (Schrank)

Chionaspis salicis (L.)
Lygaeidae

Spilostethus pandurus subsp. militaris (Fabricius)
Miridae

Atractotomus mali (Meyer-Diir)

Recorded in GB

Yes

Yes

Yes

Yes

Yes*

Yes

Yes*

Yes

Yes*

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Ecological notes

Omnivorous

Stem gall inducer, monophagous

Larvae in berries; invasive pest

Saprophagic and mycophagic larvae, polyphagous

Detritivore, polyphagous

Possible feeding on pollen and nectar, Polyphagous

Predatory

Predatory

Predatory

Predator, restricted to Viscum

Predatory

Leaves, sap-sucker, polyphagous

Sap-sucker; widespread on Pinus

Leaves, stems sap-sucker, polyphagous

Causes the leaf edges to curl downward, polyphagous

Leaves sap-sucker, polyphagous

Leaves, stems sap-sucker, polyphagous
Leaves, stems sap-sucker, polyphagous

Leaves, stems sap-sucker, polyphagous

Stems sap-sucker, polyphagous
Leaves, stem sap-sucker, polyphagous

Stems sap-sucker; polyphagous

Leaves, stem sap-sucker, polyphagous

Leaves, stem sap-sucker, polyphagous

Leaf gall inducer, polyphagous

Stems sap-sucker, polyphagous

Larvae stem sap-sucker, polyphagous

Larvae leaf and fruit sap-sucker, imago predatory,
polyphagous

Source

19

16

19

19

16, 19

19

8

1a,2,11,19

19

16

11,12

10

10

19

15
15

16

19

16

11

19
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TABLE 2 (Continued)

Species classification

Blepharidopterus angulatus (Fallén)
Campyloneura virgula (Herrich-Schaffer)
Deraeocoris flavilinea (Costa)

Grypocoris stysi (Wagner)

Hypseloecus visci (Puton)

Neolygus contaminatus (Fallén)

Pinalitus viscicola (Puton) (=Orthops viscicola (Puton))
Nabidae

Himacerus apterus (Fabricius)
Pentatomidae

Pentatoma rufipes (L.)

Psyllidae

Cacopsylla melanoneura Forster

Cacopsylla visci (Curtis) (=Psylla visci Curtis)
Rhyparochromidae

Scolopostethus affinis (Schilling)
HYMENOPTERA

Braconidae

Ecphylus sp.

Heterospilus sp.

Triaspis sp. c.f. T. podlussanyi Papp
Eupelmidae

Eupelmidae sp.

Formicidae

Colobopsis truncata (Spinola)

Crematogaster scutellaris (Olivier)

Lasius brunneus (Latreille)

Temnothorax affinis (Mayr)

LEPIDOPTERA
Cossidae

Zeuzera pyrina (L.)
Erebidae

Euproctis similis (Fuessly) (=Sphrageidus similis
(Fussli))

Notodontidae
Thaumetopoea pityocampa (Denis & Schiffermiiller)
Sesiidae

Synanthedon loranthi (Kralicek)

Tortricidae
Celypha woodiana (Barrett)

Ditula angustiorana (Haworth)

Recorded in GB

*

Yes

*

Yes

*

Yes

*

Yes

*

Yes

Yes*

*

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Ecological notes

Predatory
Predatory
Leaves, stem sap-sucker, predatory polyphagous

Imago and larva feeds on flower and small
invertebrates, polyphagous

Leaves, sap-sucker, monophagous
Leaves, stem sap-sucker, polyphagous

Leaves, sap-sucker, monophagous

Predatory

Leaves, stems sap-sucker, polyphagous

Sap-sucker, polyphagous

Leaves, sap-sucker, monophagous

Sap-sucker, predatory polyphagous

Parasitoid wasp
Parasitoid wasp

Parasitoid wasp, parasitising Ixapion variegatum

Parasitoid wasp

Feeds on honeydew and predatory, polyphagous,
occupies empty corridors carved by the larvae of
other insects.

Occupies empty corridors carved by the larvae of
other insects.

Feeds on honeydew, polyphagous

Occupies empty corridors carved by the larvae of
other insects.

Larvae feed within the stem, polyphagous.

Larvae feed on the leaves, polyphagous

Larvae feed on the leaves, polyphagous

Imago feed on nectar, larvae feed directly under the
stem bark, monophagous

Leaves, leaf-miner, monophagous

Larvae feed on leaves and fruits, polyphagous.

Source

19
16, 19
19
19

1a, 2,19

19

1a,2,3,11,19

19

16,19

19
1a, 2,3, 11, 19

19

16
16
19

16

16

19

12

16

1a,2,3
3,10

(Continues)
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TABLE 2 (Continued)

Species classification Recorded in GB  Ecological notes Source

Epiphyas postvittana (Walker) Yes* Larvae feed on the leaves, polyphagous 21

PSOCOPTERA

Caeciliusidae

Valenzuela burmeisteri (Brauer) Yes Larvae feed on the leaves, polyphagous 19

V. flavidus (Stephens) Yes Larvae feed on lichens, moulds, fungi, leaves and stem, 19

Ectopsocidae

Ectopsocus briggsi McLachlan Yes
E. petersi Smithers Yes
Elipsocidae

Elipsocus hyalinus (Stephens) Yes

Stenopsocidae

Graphopsocus cruciatus (L.) Yes
ACARI

TROMBIDIFORMES

Tenuipalpidae

Cenopalpus lanceolatisetae (Attiah) Yes
Trombidiidae
Trombidium holosericeum (L.) Yes

polyphagous

Feed on the fungal spores and various microflora on 19, 20
the surface of the leaves, polyphagous

Feed on the fungal spores and various microflora on 19
the surface of the leaves, polyphagous

Feed on berries and leaves, polyphagous 19

Larvae feed on lichens, moulds, fungi, polyphagous 19

Phytophagous mite, polyphagous 9

Parasitic mite, generalist. Recorded on Pinalitus 22
viscicola

Sources: 1. Briem et al. (2016); 1a. Briggs (2011a); 2. Briggs (2011b); 3. DBIF (2022); 4. Digirolomo et al. (2019); 5. Grzywocz (2015); 6. Grzywocz
et al. (2017); 7. Harrison (2014); 8. Hellrigl (2006); 9. Khanjani et al. (2013); 10. Krasylenko et al. (2020); 11. Lazaro-Gonzalez et al. (2017); 12.
Lazaro-Gonzalez et al. (2019a); 13. Mokrzycki et al. (2011); 14. Tubeuf et al. (1923); 15. Ulgenturk et al. (2003); 16. Varga et al. (2012b); 17. Wanat
et al. (2011); 18. Zielinski and Graczyk (2003); 19 Thompson & Blunt (2018), 20 Briggs (2012), 21. Briggs (personal observation), 22. Haarder and

Makol (2022). Presence in GB based on NBN Atlas (2022).
*Indicates recorded in Great Britain on Viscum.

9.2 | Plant parasites
There are no reports of plant parasites on V. album other than epipara-
sitism by other V. album plants (Section 8.4). This auto-parasitism,
though difficult to spot from ground level, is frequently seen when
examining plants in detail. The phenomenon helps reduce the disad-
vantages of dioecy as one sex can grow on the other. Similar parasitism
is not uncommon in other mistletoe species (Krasylenko et al., 2021).
The only epiphytic species found on V. album are algae and
lichens, frequently observed in Britain but with no formal re-
cords. The only published report is of two species, Xanthoria pa-
rietina (L.) Th. Fr. (Ascomycota, Teloschistales) and Physcia tenella
(Scop.) DC. (Ascomycota, Caliciales), found in Ukraine (Krasylenko
et al., 2020).

9.3 | Plantdiseases

A wide variety of fungi have been recorded on V. album (Table 3). Most
of them, especially in the phyla Basidiomycota and Zygomycota, have
been found only through molecular studies (Persoh, 2013; Persoh
et al., 2010). A total of 48 fungal isolates and 193 bacterial strains

were identified from V. album (presumed to be subsp. austriacum) in
Turkey (Kotan et al., 2013). The majority of fungi found on Mistletoe
are endophytes, 20 of which are pathogenic and 13 are saprobic.
Fifty-three of the fungi species associated with Viscum have records in
Britain, based on the NBN Atlas (2022). Of these, four Ascomycota are
Mistletoe-specific and have been recorded, albeit infrequently, on V.
album in Britain: Botryosphaeria visci (Botryosphaeriales), Plenodomus
visci (Botryosphaeriales), Septocyta visci-britannica (Capnodiales) and
Rhabdospora visci (Capnodiales) (Dogan et al., 2022). Septocyta visci-
britannica was discovered as a new species in Surrey in 2000, de-
scribed by Punithalingam and Spooner (2002).

Some researchers argue that these pathogenic fungi might have
use in biological control of Mistletoe (Karadzi¢ et al., 2004; Kotan
et al., 2013; Varga, Taller, et al., 2012). However, the biology of these
fungal pathogens, the factors determining their occurrence and the
possibility of their use as regulating factors for infections caused by
Mistletoe are very poorly understood (Karadzi¢ & Lazarev, 2005;
Kotan et al., 2013).

Endophytic assemblages of V. album plants may vary consider-
ably even when in close proximity. Individuals of Mistletoe on Abies
alba separated by less than 1 cm were found to share just 15% of
endophytes (Petrini et al., 1992).
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TABLE 3 Fungi(by phylum and order) associated with Viscum album

Species classification

ASCOMYCOTA

Botryosphaeriales

Botryosphaeria dothidea (Moug.) Ces. & De Not.

B. visci (Kalchbr.) Arx & E. MUill. (= Sphaeropsis visci (Alb. & Schwein.) Sacc.)

Plenodomus visci (Moesz) Gruyter, Aveskamp & Verkley
(= Phoma visci Sacc.)

Capnodiales

Capnobotryella renispora Sugiy.

Cladosporium cladosporioides (Fresen.) G.A. de Vries
C. herbarum (Pers.) Link

Phaeotheca fissurella Sigler, Tsuneda & J.W. Carmich.
Rhabdospora visci (Bres.) Died (= Septocyta visci (Bres.) Punith. & Spooner)
Septocyta visci-britannica Punith. & Spooner
Teratosphaeria microspora Joanne E. Taylor & Crous
Chaetothyriales

Exophiala eucalyptorum Crous

Dothideales

Aureobasidium harposporum (Bres. & Sacc.) Herm.-Nijh.
A. pullulans (de Bary & Lowenthal) G. Arnaud
Sydowia polyspora (Bref. & Tavel) E. Mll.

Eurotiales

Aspergillus flavus Link

A. niger Tiegh.

Glomerellales

Colletotrichum gloeosporioides (Penz.) Penz. & Sacc.
Hypocreales

Clonostachys phyllophila Schroers

Cylindrocarpon orthosporum (Sacc.) Wollenw.
Fusarium fujikuroi Nirenberg

F. oxysporum Schltdl.

F. roseum Link

Leptobacillium leptobactrum (W. Gams) Zare & W. Gams
Nectria cinnabarina (Tode) Fr.

Sarocladium kiliense (Griitz) Summerb.

Trichoderma viride Pers.

Trichothecium roseum (Pers.) Link

Melanosporales

Gonatobotrys flavus Bonord.

Microthyriales

Microthyrium visci Richon

Phaeomoniellales

Neophaeomoniella zymoides (Hyang B. Lee, J.Y. Park, Summerb. & H.S. Jung) Crous

Pleosporales
Alternaria alternata (Fr.) Keissl.
Epicoccum nigrum Link

Leptosphaeria proteicola Crous

In GB

Yes
Yes

Yes*

No
Yes
Yes

Yes
Yes

No

No

No
Yes

Yes

Yes

Yes

Yes

Yes
Yes
No

Yes
No

Yes
Yes

Yes

No

No

Yes

Yes
No

Ecological notes

Pathogenic, endophyte, wood and bark
Pathogenic, leaf, stem, species specific

Pathogenic, leaf, stem, species specific

Endophyte

Saprobic, species specific

Saprobic, pathogenic,

Endophyte

Pathogenic, leaf, stem, species specific
Pathogenic, leaf, stem, species specific

Endophyte

Endophyte

Endophyte, pathogenic
Endophyte, epiphyte, saprobic
Pathogenic

Endophyte
Endophyte

Endophyte, pathogenic

Saprobic

Endophyte, pathogenic
Endophyte

Endophyte

Saprobic

Endophyte

Endophyte, pathogenic
Endophyte, pathogenic, saprobic
Saprobic

Saprobic, pathogenic

Endophyte

Saprobic

Endophyte

Endophyte, saprobic, pathogenic

Endophyte, saprobic, pathogenic.
Endophyte

(Continues)
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TABLE 3 (Continued)

Species classification

Lophiostoma corticola (Fuckel) E.C.Y. Liew, Aptroot & K.D. Hyde
Pleospora loculata (Crié) Sacc.

Ulocladium chartarum (Preuss) E.G. Simmons

Sordariales

Fimetariella rabenhorstii (Niessl) N. Lundq.

Sordaria fimicola (Roberge ex Desm.) Ces. & De not.

Trapeliales

Candida tropicalis (Castell.) Berkhout

Kodamaea ohmeri (Etchells & T.A. Bell) Y. Yamada, Tom. Suzuki, M. Matsuda & Mikata

Sarea difformis (Fr.) Fr.

Trichosphaeriales

Hormococcus heterosporus Preuss

Nigrospora oryzae (Berk. & Broome) Petch
Xylariales

Biscogniauxia nummularia (Bull.) Kuntze

Daldinia concentrica (Bolton) Ces. & De not.
Hypoxylon fragiforme (Pers.) J. Kickx f.

H. fuscum (Pers.) Fr.

H. howeanum Peck

H. rubiginosum (Pers.) Fr.

Jackrogersella cohaerens (Pers.) L. Wendt, Kuhnert & M. Stadler
J. multiformis (Fr.) L. Wendt, Kuhnert & M. Stadler
Nemania serpens (Pers.) Gray

Xylaria longipes Nitschke

BASIDIOMYCOTA

Agaricales

Cuphophyllus borealis (Peck) Bon ex Courtec.
Hygrocybe coccinea (Schaeff.) P. Kumm.

Tylospora fibrillosa (Burt) Donk

Boletales

Imleria badia (Fr.) Vizzini

Buckleyzymales

Buckleyzyma aurantiaca (Saito) Q.M. Wang, F.Y. Bai, M. Groenew. & Boekhout
Cantharellales

Craterellus tubaeformis (Fr.) Quél.
Erythrobasidiales

Erythrobasidium hasegawae (Y. Yamada & Komag.) Hamam., Sugiy. & Komag.
Hymenochaetales

Resinicium bicolor (Alb. & Schwein.) Parmasto
Malasseziales

Malassezia restricta E. Guého, J. Guillot & Midgley
Russulales

Lactarius rufus (Scop.) Fr.

Russula puellaris Fr.

Thelephorales

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yes

Ecological notes
Endophyte

Endophyte, pathogenic
Endophyte, pathogenic

Endophyte
Saprobic

Endophyte
Endophyte
Endophyte

Saprobic
Endophyte

Endophyte, pathogenic
Endophyte
Endophyte
Endophyte
Endophyte
Endophyte
Endophyte
Endophyte
Endophyte
Endophyte

Endophyte

Endophyte

Endophyte

Endophyte

Endophyte

Endophyte

Endophyte

Endophyte

Endophyte

Endophyte
Endophyte
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TABLE 3 (Continued)

Species classification In GB Ecological notes

Tomentella stuposa (Link) Stalpers Yes Endophyte

Incertae sedis

Yunzhangia auriculariae (Nakase) Q.M. Wang, F.Y. Bai, M. Groenew. & Boekhout No Endophyte

ZYGOMYCOTA

Mortierellales

Mortierella macrocystis W. Gams No Endophyte

M. parvispora Linnem. Yes Endophyte

M. pulchella Linnem. Yes Endophyte

CHROMISTA

Oomycota

Leptomitales

Leptomitus lacteus (Roth) C. Agardh Yes Fruit submerged in water
Peronosporales

Pythium inflatum V.D. Matthews No Aquatic; fruit submerged in water
Pythiogeton utriforme Minden Yes Aquatic

Rhipidiales

Rhipidium americanum Thaxt. Yes Aquatic, decaying submerged fruit
Saprolegniales

Achlya colorata Pringsh. Yes Aquatic; fruit submerged in water
A. glomerata Coker Yes Aquatic; fruit submerged in water
A. papillosa Humphrey No Aquatic; fruit submerged in water
Saprolegnia diclina Humphrey Yes Aquatic; fruit submerged in water
S. ferax (Gruith.) Kutz. Yes Aquatic; fruit submerged in water
S. glomerata (Tiesenh.) A. Lund No Aquatic; fruit submerged in water

*Indicates recorded in Great Britain on Viscum.Sources: Data taken from Czeczuga et al. (2010) and Krasylenko et al. (2020).

10 | HISTORY

10.1 | Prehistory

The earliest palaeobotanical record of Viscum sp. in Europe refers
to two fossil species. Viscum miquelii (Geyler & Knkelin) Czeczott
was found in Oligocene-Miocene deposits dated at 28.4-23.0 Ma
(Mai, 2001) and in Miocene-Pliocene deposits in Central Europe
(Kvacek et al., 2020; Worobiec & Lesiak, 1998). Viscum morlotti
(Unger) Erw.Knobloch & Kvacek was more widespread in the flora
of the Middle-Late Miocene in Central Europe (Holy et al., 2012),
south-west France (Kvacek et al., 2011) and Styria in southern
Austria (Kovar-Eder & Hably, 2006). It is not clear how these species
relate to the modern V. album. Fossil pollen grains of Viscum sp. have
also been detected in Miocene (4.2-4.0 Ma) sediments exposed in
Northern Iceland (Denk et al., 2011).

The presence of V. album pollen in Pleistocene and Holocene
deposits is considered an indicator of warm climate conditions and
so aids paleoclimatic reconstruction (lversen, 1944). V. album is in-
efficient at pollen dispersal, and is usually in low frequencies in de-
posits, implying that even small numbers of pollen grains in fossil
pollen records may indicate good local populations (Noryskiewicz &
Noryskiewicz, 2017).

In Britain, Viscum pollen found in the Middle-Lower Pleistocene
deposits of the Cromer Forest Bed in Norfolk should probably be
referred to V. album (Wilson, 1973). In Ireland a single pollen re-
cord from freshwater mud in Co. Waterford (Watts, 1959) suggests
that the species was present during the Hoxnian interglacial of the
Middle Pleistocene (Nelson, 2008; Watts, 1959). There are no fossil
records of Viscum from postglacial deposits in Ireland. Pleistocene
records of V. album from the Eemian interglacial have been found in
Finland (Robertsson, 2000), Germany (Hrynowiecka et al., 2021) and
Poland (Bober et al., 2018; Granoszewski, 2003).

The current Holocene (Subatlantic) range of all V. album sub-
species is due in part to the postglacial migration of host tree
species from refugia. For example, the effective refugial areas for
Abies alba, and so for subsp. abietis, were in the northern Apennine
Peninsula and the Balkans, while noneffective refugia for Abies
alba, from which migration did not happen, were located in the
Pyrenees of Italy (Cheddadi et al., 2014). The Holocene range
expansion of Mistletoe, based on isopollen maps, shows that it
started in the Early Boreal in the Apennines, reaching southern
Scandinavia in the Late Boreal (8600-8000years BP) and Norway
at 60°N in the Atlantic period (Zagwijn, 1994). In Britain there
are Boreal records (8600-8000years BP) of Mistletoe in Cumbria
(Zagwijn, 1994).
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The Atlantic period of the Holocene was the optimum for the
species (Ilversen, 1944) and range reductions occurred in Scandinavia
and Poland after this (Granoszewski, 2003; Noryskiewicz &
Noryskiewicz, 2017; Zagwijn, 1994). There may have been a similar
retreat from northern Britain. The most recent preserved northern
British pollen records are currently the four Mistletoe pollen grains
found in the stomach of Lindow Man, the prehistoric bog body
found in 1984 dated to 2 BC-119 AD (Joy, 2009), but the origin of
those grains is not known. The contemporary disappearance of
Viscum in Denmark may reflect forest decline, mostly due to human
exploitation, and in particular felling Tilia, more than a cooling cli-
mate (Aaby, 1983; Gandil, 1950).

10.2 | Phylogenetics

Genetic studies of V. album across Europe have helped demonstrate
the haplotypic diversity and historic differentiation of the different
subspecies. Few of these studies include British populations, with
just one population included in an otherwise wide-ranging study by
Zuber and Widmer (2009). Since many British Mistletoe populations
are thought to have a planted origin and may be derived from im-
ported plants (Briggs, 2021) that sample may not be representative
of British populations.

Phylogeographic studies indicate that the highest haplotypic
diversity in V. album subsp. abietis is located in south-east Europe
(Zuber & Widmer, 2009). The most common haplotype, out of eight
detected, was widespread in all refugial areas of the host and its cur-
rent range demonstrates that subsp. abietis survived in all the refugia
of its Abies hosts. The presence of this haplotype in the Pyrenees,
which is the part of the Abies alba range isolated from the remaining
domains, at least from the last glacial period, suggests an ancestral
state of this haplotype. Additionally, it may indicate a low genetic
diversity of subsp. abietis populations in that part of the range
(Litkowiec et al., 2021; Sancho-Knapik et al., 2014) but since only
one Pyrenees population was investigated this requires further in-
vestigation. Genetically very distant haplotypes were discovered in
Mistletoe growing on Turkish firs (Abies cilicica and A. bornmuelleri-
ana). The pattern of genetic divergence between Viscum populations
from Europe and the Asia Minor Peninsula found for subsp. abietis
were also found in two other subspecies, reflecting long-term ge-
netic isolation between gene pools from those geographic regions.

For subsp. austriacum, 10 different haplotypes have been iden-
tified with the greatest diversity noted in southern populations of
Pinus sylvestris while in northern stands, a single haplotype domi-
nated (Zuber & Widmer, 2009). This phylogeographic structure
is common in many species and mirrors the northward direction
of postglacial colonisation starting at the southern refugia and
any bottleneck effect that was involved during range expansions
(Hewitt, 2004). In the Iberian refugium subsp. austriacum could also
survive on P. nigra and P. pinaster. There were significant differences
among subsp. austriacum populations as those seen in subsp. abi-
etis. Subspecies creticum possessed private haplotypes; interestingly

they were more closely related with haplotypes detected in subsp.
abietis than to haplotypes of subsp. austriacum.

Thirteen haplotypes were reported across 45 studied popula-
tions of subsp. album. Distribution of the two dominant haplotypes,
H1 and H3, showed a clear geographic pattern, dividing the gene
pool into western European and central European, respectively. In
the UK, haplotype H1 was detected in a single population. Genetic
differentiation among Mistletoe populations growing on decid-
uous trees was much lower (Gg; = 0.521) than in conifer hosts
(Gg; =0.867 and G¢; = 0.791 in subsp. austriacium and subsp. abietis,
respectively) (Zuber & Widmer, 2009). Similar results were obtained
in studies employing isozyme markers (Mejnartowicz, 2006). Higher
genetic diversity in subsp. album can be attributed to a much wider
range of hosts and in consequence, a wider distribution of Mistletoe.
The result is higher intrapopulation diversity of Mistletoe popula-
tions on broadleaf species, because most of the conifer Mistletoe
populations were fixed for a single haplotype that may also point to
limitations in among-population gene flow (Zuber & Widmer, 2009).
Population genetic studies in subsp. album in Belgium based on
AFLP markers, indicated restricted among-population gene flow, es-
pecially in fragmented landscapes (Stanton et al., 2009). Significant
distance between populations and abundance of Mistletoe on a
single host may discourage pollinators and feeding birds from long-
distance movement. Additionally, since the single host tree may
support several Mistletoe individuals, the probability of bi-parental
inbreeding increases resulting in a relatively high inbreeding level
reported for highly fragmented populations (Stanton et al., 2009).

The most detailed phylogenetic survey of the Viscum genus
by Maul et al. (2019) was based on concatenated nuclear (ITS1,
ITS2 and 5.85 rDNA regions) and plastid (rbc L and trnF-L) re-
gions. This strongly supports the monophyletic origin of the
genus that was earlier suggested (Mathiasen et al., 2008; Vidal-
Russell & Nickrent, 2008). The former family Viscaceae appears to
have diverged in the late Lower Cretaceous, c. 124 mya with the
Australasian ancestral distribution (Maul et al., 2019). The crown
group of Viscum genus appeared in the early Eocene and diverged
from Phoradendrae c. 73 mya. The phylogenetic tree showed 10
well supported genetic clades (A-J), with V. album located in clade
B that, together with clade A, are the oldest ones in the Viscum
genus. The ancestor of the A/B clade separated from the re-
maining Viscum species ¢. 51 mya. V. album shares the clade with
Sub-Saharan, Northern Africa, Southern Europe, temperate conti-
nental Asia and the Near East species that indicates a complex and
not fully resolved evolutionary history. Phylogeographic studies of
V. album on chloroplast DNA that included host specificity showed
significant genetic discontinuity among gene pools of Mistletoes
growing on different host tree species (Zuber & Widmer, 2009).
These results therefore justified the taxonomic distinction of
three subspecies within V. album with each taxon characterised
by its own set of haplotypes. The likely mechanism of this intra-
species divergence is evolution by way of host-race formation
(Zuber & Widmer, 2009), suggested earlier for North American
Arceuthobium americanum (Jerome & Ford, 2002). However, more
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studies are needed to understand to what extend the present ge-
netic divergence within V. album is driven by adaptation to partic-
ular host species and to what extent it is govern by other factors,
for example niche specificity, that was recently described for a
Mexican Mistletoe species complex, Psittacanthus schiedeanus
(Ramirez-Barahona et al., 2017).

10.3 | Mistletoe in ancient rituals, customs and
superstitions

Viscum album is steeped in folklore; its growth habit, parasitic nature,
the fact that it ‘never touches the ground’ and unusual white berries
against evergreen foliage all contribute to its status as a special plant.
In Britain and Ireland, it is best known as a plant for kissing under at
Christmas, a notorious custom that by itself makes Mistletoe one
of the best-known nonedible plants. This custom is, however, a re-
cent development, popularised in the 19th century and promoted
throughout Britain and the then British Empire (Briggs, 2021). The
origins of the custom are unclear, but seem likely to be related to the
plant's unusual properties and appearance, and to traditions relating
to protection and fertility, with echoes of midwinter fertility tradi-
tions and also perhaps the myth of the Norse God Baldur, whose
death by Mistletoe was followed by a promise that the plant would
symbolise love and friendship in future (Lindow, 2002). The British
kissing tradition has become widely adopted worldwide, often using
local Mistletoe species other than V. album. Other winter uses in
Europe, possibly now obscured by the kissing tradition, include the
gifting of Mistletoe as a New Year good luck gift.

There are many other Mistletoe traditions in Britain, includ-
ing carrying it when wishing to conceive, and sleeping with it to
dream about a future husband. It is also seen as a symbol of good
luck and protection, kept in the house all year (renewed each mid-
winter) to guard against witchcraft, lightning or other misfortunes
(Mabey, 1996; Vickery, 1995).

Similar traditions are found across Europe. Twigs of Mistletoe
were put to beehives to ensure good honey crops in the following
year (Kowalski, 2007). Mistletoe was widely associated with fertil-
ity, both in humans and other animals. Berries were given to women
with wine to enhance fertility, and in Austria, a twig of Mistletoe was
put into the bed to encourage conception (Paine & Harrison, 1992).
In Poland, twigs of Mistletoe were put into a child's bed to protect
against nightmares (Kowalski, 1998). These traditions should be
viewed against the wider folklore and customs of Viscum species for
Indo-European people, reviewed in James Frazer's The Golden Bough
(1920) on ancient religions and customs. The book takes its name
from traditions celebrating Mistletoe's tendency to be yellowish
both in life and when dried.

A number of traditions celebrate the plant's location, suspended
between the Earth and the heavens, enhanced by it being ever-
green, representing permanence and, on a deciduous host, ongoing
life throughout the year (Madeja et al., 2009). The winter-ripening
berries add to this significance. It is commonly held that Mistletoe

was a divine plant for the Celts during the winter months, based on
Pliny's famous account of Druids harvesting Mistletoe from oaks at
the winter solstice. Despite doubts about the veracity of Pliny's ac-
count it is the basis of many later Mistletoe myths. Stories of oak,
Mistletoe and the Druids were popularised in Britain from the 18th
century (Briggs, 2021; Sell & Murrell, 2009). In the druidic custom,
according to Pliny's account (and later extrapolations), oak was ven-
erated because it rarely holds Mistletoe (Box, 2019; Frazer, 1920).
Mistletoe from oak helped ensure the return of spring (Paine &
Harrison, 1992), and was made into a drink that was a cure-all for
humans and enhanced the fertility of domestic animals (Aldhouse-
Green, 2010; Frazer, 1920). The druidic concept continues to attract
speculation. The pollen grains found in the stomach of Lindow Man
(Section 10.1) led to conjecture about druidic ritual and sacrifice
(Aldhouse-Green, 2010; Gowlett et al., 1989). However this pollen
may simply be the result of accidental ingestion (Joy, 2009). Many
traditions, including the druid account, involve harvesting of plant
without it touching the ground, as ground contact would remove
its sacred properties (Aldhouse-Green, 2010; Frazer, 1920; Madeja
et al,, 2009). This tradition continues today with the hanging of

Mistletoe above the floor as part of the kissing custom.

10.4 | Uses

There is a long history, going back into the mid-19th century, of
harvest and substantial trade to meet the Christmas demand
(Section 10.3). Most of the British harvest has been from the main
Mistletoe area of the south-west midlands, where it is easily cropped
from traditional apple orchards. Domestic supply has been supple-
mented by imports from mainland Europe, particularly from the
apple orchards of northern France. It is possible that many of the
isolated Mistletoe colonies in Britain owe their existence to this
trade, either planted to create a local supply and/or from abandoned
berries from Christmas (Briggs, 2021).

Viscum album has been used as a winter fodder crop. Across
Europe it has been used for fodder since prehistoric times (Akbulut
et al., 2019; Troels-Smith, 1960; Tubeuf et al., 1923). It was prob-
ably only used as a supplemental winter feed, not a primary food
source (Ahmad et al., 2018; Gebczynska, 1980), perhaps in early
spring after previous crop failure (Stypinski, 1997). Some of the
earliest evidence is from Neolithic cattle coprolites in Switzerland
(Akeret & Rentzel, 2001) and there are many archaeobotanical
records of leaves and berries being used as fodder in Mesolithic-
Neolithic cultures in areas of Belgium (Deforce et al., 2013), Sweden
(Goransson, 2002), Denmark (Robinson, 2007) and France (Delhon
et al., 2008). Hejcman et al. (2014) suggest that Mistletoe, having
higher nutritional value than bare twigs of deciduous species in win-
ter, may have been preferentially fed to privileged livestock such as
lactating cows in prehistoric times.

Most British farmers now strive to exclude it from animals be-
cause of worries about its toxicity (Section 10.5). Sheep and cattle
will, however, readily consume the plant when they can access it
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(Briggs, 2021). There is still some use of V. album as winter fodder in
Kashmir (Ahmad et al., 2018) and as forage and silage in arid areas
such as parts of Turkey (Oztiirk et al., 2022). Recent studies in Turkey
have shown that though low in protein and moderate in fibre, it is
high in minerals and ascorbic acid (0.85%) and is a useful comple-
mentary feed for ruminants (Umucalilar et al., 2007).

Consumption by humans is rare, other than drunk as a tisane.
Tubeuf et al. (1923) state that during periods of food shortages, poor
villagers in Germany would dry shoots of Viscum before grinding
them to supplement rye flour.

Other potential usage includes as catalysts in partial hydrogena-
tion reactions of biodiesel (Erenturk & Korkut, 2018), nanocellulose-
based material (Horbelt et al., 2019) and inducing resistance to
downy mildew disease in pearl millet Pennisetum glaucum (L.) R. Br.
(Chandrashekhara et al., 2010).

10.5 | Pharmaceutical use

Viscum album is often considered to be a poisonous plant
(Pfaller, 2000; Stein, 2000) as it contains several biologically ac-
tive compounds such as lectins, viscotoxins, different peptides such
as viscumamide, different amino acids, thiols, alkaloids, minerals,
phytosterols, triterpene acids, amines, oligo- and polysaccharides
(Elluru et al., 2008; Ochocka & Piotrowski, 2002; Vicas et al., 2011;
Yousefvand et al., 2022)—Section 6.6. Their biological properties are
reviewed by Bissing (2000b) and toxicology by Stein (2000).

Pharmaceutical properties have long been known among people
and cultures spanning the natural range of the species. Herbal uses
were documented by ancient scholars, including in Dioscorides' De
Materia Medica (50-70AD), and were repeated in numerous herb-
als throughout the Middle Ages. Purported benefits included gen-
eral healing, fertility treatments, as a calming agent, for purulent
wounds, curing coughs and even mental issues (Goode et al., 2022).
In Britain, Mistletoe was described as a cure for convulsions by
Colbatch (1719).

In continental Europe, Mistletoe tisane is popular today as a
calming drink and is a key ingredient of herbal veterinary medicines
for calming pets (e.g. Dorwest, 2022). It is also an ingredient of
some cosmetics. In traditional Turkish medicine, subsp. austriacum is
used for blood pressure regulation, as a vasodilator drug, and other
uses includes diabetes, arthrosis and cancer treatment (Akbulut
et al., 2019; Bulut et al., 2017). The infusion made of Mistletoe
in India serves as a laxative, while ash from burning dry plants is
used for healing wounds (Ahmad et al., 2018). Other applications of
Viscum-based preparations include as an astringent, diuretic, hae-
mostatic, anaesthetic, analgesic, anti-inflammatory, antisclerotic,
immune-stimulating, sedative, hepatoprotective, antioxidant, antidi-
abetic activities, and in treating epilepsy, migraine, ulcers, eczema,
rheumatism and joint pains, and pain relief including labour pain
(Ahmad et al., 2018; Biissing, 2000b; Hussain et al., 2011; Nazaruk
& Orlikowski, 2016; Onay-Ucar et al., 2006; Shah et al., 2017; Ullah
et al., 2022; Vicas et al., 2011).

Extracts from dried V. album leaves and stems have antimicrobial
properties against a range of bacteria and fungi, including Candida
albicans (Ascomycota, Saccharomycetales) (Ertirk et al., 2003;
Hussain et al., 2011). However, use of extracts of V. album against
Mycobacterium tuberculosis have proved inconclusive (Deliorman
etal., 2001).

Anticancer activity of V. album extracts is ascribed to lectins
and viscotoxins that have cytotoxic and immunomodulatory prop-
erties (Amer et al., 2012; Twardziok et al., 2016) and commercial
preparations are available (e.g. Iscador and AbnobaVISCUM). Use of
Mistletoe in cancer therapy was proposed in 1919 but its effective-
ness is not always clear (Kleijnen & Knipschild, 1994). A potential
use of Viscum preparations in neuroblastoma supportive treatment
has been identified (Menke et al., 2019). Viscum-based preparations
have been shown to positively affect the quality of life of palliative
patients and those under conventional cancer treatments (Gaafar
et al.,, 2014; Kienle & Kiene, 2010; Thronicke et al., 2018) reducing
side-effects from chemotherapy used to treat ovary, cervical and
breast cancers (Hwang et al., 2019; Reynel et al., 2018; Semiglazov
et al., 2006). High dosages, however, may be harmful with strong
side-effects (Kienle et al., 2011).

Anti-tumour activity of Viscum preparations is not yet fully
understood but immunostimulatory properties are certainly in-
volved and Viscum extracts positively affect the dendritic cells
of the immune system (Elluru et al., 2008). In vitro investigations
on cervical cancer cells indicated that lectins of subsp. abietis are
involved in inducing apoptosis (Mavrikou et al., 2020). Moreover,
extracts from V. coloratum induce antiproliferation and antimigra-
tory properties on osteosarcoma cells by decreasing DNA synthe-
sis and interfering with the cell cycle and slowing metastasis (Ge
et al.,, 2016).

11 | CONSERVATION AND MANAGEMENT
The status of V. album in Britain is Least Concern (Cheffings
et al., 2005), a view confirmed by a national survey in the 1990's
(Briggs, 1999). Concerns that orchard loss might threaten Mistletoe
seem unfounded (Briggs, 2021). However, because Mistletoe is
scarce in many areas, it is often included in local conservation plans,
particularly local biodiversity plans. Examples include the Greater
London Biodiversity Plan where it was included on the basis of local
rarity, cultural value and ease of monitoring. Conservation plans
often include local planting projects (Briggs, 2021). Some of the
monophagous insects whose UK status is scarce, have conserva-
tion status. The leaf-mining monophagous moth Celypha woodiana
(Lepidoptera, Tortricidae) is a Priority Species in the UK Biodiversity
Action Plan and Anthocoris visci (Hemiptera, Anthocoridae) is consid-
ered a Nationally Notable B species.

Mistletoe has been a popular garden and parkland plant for cen-
turies and is still actively sought-after and planted. Commercial kits
are now available (Briggs, 2021) that make such plantings more fre-
quent. Once established it can, over several decades, spread into
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surrounding areas. It seems unlikely that the species will become
scarcer in current conditions.

Mistletoe is also a problem in many circumstances, especially
areas where it is abundant and where there are multiple growths per
host (Section 5.2). Since most seeds are spread locally, within the orig-
inal host or to adjoining trees, such multiple infections are frequently
seen, though they may have taken decades to develop in new sites.
In Britain the problem is particularly acute in neglected traditional
orchards in the south-west English midlands. A sustainable balance,
keeping some Mistletoe, is possible with the level of management de-
pending on the desired outcome (Briggs, 2021) ranging from simple
control to ensuring some harvest for seasonal use. Simple pruning is
effective in an orchard or garden situation, not killing the Mistletoe
but reducing its mass. The balance of male and female plants is an
important factor; controlling female plants will limit seed production
and reduce further infections, a good strategy for long-term simple
control. However, it is these female growths that are needed for
Christmas harvesting; the berryless male being valueless except for
pollination. Strategic management for such harvest will retain a pro-
portion of female plants but will cut (and discard) much of the male
growth to reduce long-term impact of those on the host.

This mix of conservation and control is similar across Europe.
Mistletoe is protected in a few countries, though usually only at the
border of its range. For example, it is protected in Sweden but the
landowner can harvest plants to care for the host tree if it does not
affect survival of the population (Swedish Environmental Protection
Agency, 2016). In Norway, Mistletoe has been protected since 1956
and host trees have been protected since 1976 due to its rarity
(Osthagen, 1984). De Graaf (1980) noted a severe decline of half the
subsp. album populations since 1917-1939 in the Netherlands at-
tributed to decline in orchards of the major host, Malus domestica.
However, since 2017, due to the expansion of its range, Mistletoe
has ceased to be protected (Anon, 2022).

Subspecies that grow on conifers are often considered as pests
in commercial plantings as it has a negative impact on reproduction
(Jasiczek et al., 2017). Mistletoe can be controlled by removal of host
species, cultivars or genotypes sensitive to this hemiparasite (Hariri
et al.,, 1991; Sallé et al., 1994), and by avoiding monocultures and
even-aged stands (Thapa, 2013). For example, the level of Mistletoe
infestation in mixed stands is lower than in monoculture Pinus syl-
vestris stands (van Halder et al., 2019). Thinning of stands should
also be avoided to limit the amount of light in tree crowns and thus
Mistletoe establishment (Iszkuto et al., 2020). Wrapping infected
branches with sturdy black plastic to exclude light can work but
may also result in rot in the host due to moisture accumulation (Bhat
etal., 2022). However, the most effective and often the only method
of controlling Mistletoe is pruning away infected branches and re-
moving trees (Noetzli et al., 2003). Removing just the Mistletoe
shoots does not solve the problem as the plant resprouts from
the haustorium (Bhat et al., 2022; Tubeuf et al., 1923). It has been
shown that the removal of branches infected by Mistletoe has a pos-
itive effect on the growth and development of Pinus sylvestris (Yan
etal., 2016).

Removing trees may be useful when single trees are infected.
However, Mistletoe infection becomes of concern only once signif-
icant numbers of plants have accumulated, and generally the most
valuable, dominant hosts are the most infested (Durand-Gillmann
et al., 2014; Pilichowski et al., 2018; Sangliesa-Barreda et al., 2012)
and control may be difficult. Therefore, early detection can be crucial
for controlling Mistletoe. Anci¢ et al. (2014) developed a technique
for mapping the distribution and intensity of infection of subsp. abi-
etis on Abies alba in Croatia using aerial hyperspectral scanning.

Systemic herbicides, such as glyphosate or ethefon, applied di-
rectly can be used to control Mistletoe (Baillon et al., 1988; Bhat
et al., 2022). Safe herbicide doses for the host and other organisms
usually do not destroy the endophytic system of the hemiparasite,
allowing it to quickly resprout (Bhat et al., 2022). Simultaneous me-
chanical removal and chemical treatment with 5%-10% ethephon or
glyphosate in a Juglans regia plantation in Kashmir Valley, India was
very effective in controlling subsp. album (Bhat et al., 2022).

Changes in infestation levels and distribution range, attrib-
utable to climate change, have been reported across Britain and
mainland Europe (Briggs, 2021; Laivins, 2003; Vallauri et al., 2002;
Varga et al., 2014; Walldén, 1961; Zuber, 2004). Examples of
range expansion include heavier infestations and a three-fold in-
crease in range in Hungary (Varga et al., 2014), an expansion in
both natural and urban areas in Ukraine (Krasylenko et al., 2020),
eastward expansion in Poland (Lech et al., 2020), and increas-
ing density of Mistletoe populations in Bosnia and Herzegovina
(Mujezinovi¢ et al., 2017). Altitudinal increases of 150-200 m over
the past 90years have been reported in the Swiss Alps (Dobbertin
et al., 2005) and 200-300m increase in southern Spain (Zamora &
Mellado, 2019).

Predictions of geographical range change as a result of climate
change differ according to the predictive model used. Jeffree and
Jeffree (1996) found that a predicted increase in continentality of
Europe's climate (2°C decrease in coldest month and 2°C increase
in the warmest month) would lead to the current range of V. album
moving to the north-west with a retraction in its south-east range by
1200km. This change would result in the potential loss of Mistletoe
from ltaly, the former Yugoslavia, Romania, Greece and Bulgaria.
However, an increase in the oceanity of Europe's climate (2°C in-
crease in coldest month and 2°C decrease in warmest month) would
displace the current range by 1000km to the south-east, potentially
extending its range into Turkey and the Caucasus. The established
British and Mediterranean ranges may, however, be at risk with
continuing rises in winter temperatures and may possibly cause its
complete loss (Jeffree & Jeffree, 1996; Zuber, 2004). However, re-
sponse to climate change appears to be different for each of the
three main subspecies. Subspecies album is predicted to spread in
all directions, depending upon specific temperature changes, but
subsps austriacum and abietis are likely to move north and east with
a slight decrease in occurrence in southern and western Europe
(Walas et al., 2022). In the case of subsps austriacum and abietis, re-
liant on a limited range of host species, changes of the host range is
also crucial. The range of Pinus sylvestris and Abies alba is predicted
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to be reduced (Dyderski et al., 2018), with significant effects on the

range of these two Mistletoe subspecies.
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