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1. PRESENTATION

The yew tree (Taxus baccata L.) has always been a source of fascination and interest for people all over
Europe. Its extraordinarily long-lasting and flexible wood has been highly valued for making all kinds
of utensils since ancient times. Evidence of this is the yew wood bow, found at the archaeological site
La Draga, in the Pla de I'Estany, and dated from the Mesolithic era (around 7,000 years ago). The use
of yew for healing purposes also dates back to ancient times, the charred remains of yew having been
found in the fires of Neolithic shepherds, where it was almost certainly used to disinfect livestock. In
Celtic culture, ancient yews often presided over social or religious gathering sites, while today it is highly
valued in the world of medicine for its use in chemotherapy. It is no surprise, therefore, that the yew
has left its mark on our culture.

The biogeographical importance and conservation value of yew forests is a result of the regression
they have suffered over the years, which has made them a rare sight across the European continent.
Mediterranean yew groves, tucked away in shady ravines and often growing on stony ground, are
limited to small stands. Relics from cooler times, when their distribution was more extensive, they
are now in decline, exposed to genetic isolation, forest fires and extreme droughts, factors that are
predicted to intensify in the context of climate change. For all these reasons, Mediterranean yews
constitute a priority conservation habitat in the European Union. The iconic character of the yew makes
its habitat ideal for communicating the intrinsic value of biodiversity and the benefits of the ecosystems
that natural spaces provide us with.

This is the essence of the Life TAXUS project: to contribute to the active conservation of yew groves,
while demonstrating the need to preserve the Mediterranean Region’s natural and cultural heritage,
and doing so in a way that is compatible with the activities humans undertake in the region. To achieve
this, Life TAXUS has approached active conservation actions in yew groves from a global perspective,
through active participation and collaboration between the world of research and knowledge transfer
(the Forest Sciences Centre of Catalonia), local administrations (Consortium of the Serra de Llaberia and
Alta Garrotxa and the Rasquera Town Council), protected natural spaces (the Natural Site of National
Interest of Poblet) and private forest owners, with whom agreements have been set up with the support
of the Land Stewardship Network. The General Management of Forests of the Catalan Government has
provided technical and administrative support for all initiatives throughout the project.

In a globalised world, the factors that threaten conservation have also changed in scale, both spatially
and temporally, their effects, once isolated and sporadic, becoming further-reaching and increasing in
frequency. Nature conservation, therefore, cannot be limited to passively protecting iconic species and
ecosystems, but rather entire regions must be managed with the active participation and consensus
of all social players, meaning landowners, public administrations, scientific institutions and land
stewardship organisations. Working along these lines, this manual of best practices for the conservation
of Mediterranean yew groves provides the tools and experiences for actively preserving yew groves,
promoting their application to relict woodland habitats across the Mediterranean and Europe.

Montserrat Barniol
Director General of Forest
Department of Agriculture, Livestock, Fisheries and Food of the Catalan Government







2. INTRODUCTION

What makes Mediterranean yew groves so exceptional is their scarcity, the environments
where they can be found and, above all, the highly unique tree they contain. The yew (Taxus
baccata L.) is a relict tree (Hampe & Jump 2011), with great ecological, cultural and therapeutic
value. Few species in the world have such symbolic strength (Hartzell 1991, Cortés et al. 2000).
Ever since Neolithic times, humans have been taking advantage of the wood's exceptional
properties for fashioning tools, particularly bows, and have known of the extreme toxicity found
throughout the tree, with the exception of its fleshy fruit (the aril). These properties, together
with the tree's longevity, (there is a yew in Wales dated at 5,000 years old!) have given the
yew a magical and symbolic character in the collective imagination. Its branches were used in
funerals in ancient Celtic, Greek and Roman cultures and ancient trees served as centres for
cult rituals and gatherings. The yew was also heavily exploited during the Middle Age for making
bows. In the 20th century the yew's extraordinary organic compounds (taxanes) were found to
have anticancer properties which were used to fight the illness. The already heavily reduced
European species was unaffected, but the American Pacific and Asian yew populations were
severely reduced as a result.

The European yew groves are now under threat (European Environment Agency, 2009) and in
regression in the Iberian Peninsula (Serra Laliga 2009). A host of adverse factors have led to this
situation, one being a lack of regeneration, caused by low fruit production, water stress and
excessive shade. Yew regeneration also suffers from pressure from ruminant herbivores, which
are tolerant to the taxine, and predators (Hulme 1996, Garcia et al. 2000, Garcia & Obeso 2003,
Perrin et al. 2006, Farris & Filigheddu 2008, Sanz et al. 2009). An additional adverse factor is the
excessive forest cover, meaning more competition from other species or, indeed, other yews
(Svening & Magerd 1999, Iszkulo & Boratynski 2004, Amalesh et al. 2007, Ruprech et al. 2010),
which may eventually lead to phytosanitary problems (Caritat & Bas 2007). Another great threat
to yew groves are large forest fires, which have the power to decimate entire populations, as
happened in central Portugal (http://www.lifetaxus.quercus.pt), and lead to the geneticisolation
of populations. In fact, the lack of genetic continuity has been described as a serious problem, as
it leads to a decrease in genetic variation and increase in genetic divergence among populations
(Young 1996, Dubreuil et al. 2010, Gonzalez-Martinez et al. 2010). To the above, we should add
that the viability of yew populations seems to be in greater danger at the southern boundary
of their habitat distribution (Linares 2013); a problem that is likely to worsen as climate change
gives rise to climbing temperatures and a drop in rainfall (Draper & Marques 2007, Aguila et al.
2015, Thomas 2015).

For these reasons, yew forests constitute a priority habitat for conservation in the European
Union (Habitat 9580* Mediterranean forests of Taxus baccata). As a consequence, it is essential
that we propose effective conservation measures both for the tree and its habitat, particularly
in a context of global change and for a region as vulnerable as the Mediterranean.

This manual is an attempt to synthesise the issues and actions carried out within the Life TAXUS
project (www.taxus.cat), financed by the European Union with the aim of contributing to the
conservation of yew groves in the Natura 2000 spaces in Catalonia, which include practically
all the known yew groves in the country. In Catalonia, 294 hectares of yew groves or mixed
forests have been inventoried, where the yew has a presence with varying densities. The
forest types that can be defined are widely varied, from monospecific and highly dense yew




groves such as that of Miseclos, in Alta Garrotxa, to the centennial yew grove of Cosp, in the
Serra de Cardd, probably the oldest natural forest in the country. Between these are mixed
forests of yew with broadleaf trees or conifers, and even small stands of holm oak, beech and
pine with a high density of yews, often as an understory tree layer. In any case, they always
cover small surface areas (2.5 hectares on average), distributed across the Pre-Pyrenees, from
Montsec and the Ribera Salada to Alta Garrotxa; and especially across the pre-coastal mountain
ranges, in the Guilleries, Cardé, Montseny, Montserrat, Prades, Montsant and Llaberia. These
are relatively small areas on the southern boundary of the species’ distribution, making it an
especially vulnerable habitat in the regional biogeographical context and increasing the need
for conservation measures to be taken.

Out of a total of 38 identified and inventoried stands, Life TAXUS has undertaken conservation
actions across 195 ha. These have consisted in regulating competition to adults, juveniles and
seedlings; phytosanitary treatments of yews affected by Armillaria; protecting regeneration
from herbivores; reinforcing regeneration with the production and planting of yew seedlings;
facilitating seed dispersal through silvicultural interventions; and planting fleshy-fruit producing
bait plants, now companion plant life in the habitat. In addition, birdbaths have been installed
to help maintain populations of seed-dispersing birds and measures taken to protect the forest
against erosion and wildfire. Finally in the public sphere, the use of yew sites has been regulated,
results of conservation work have been published on different media and environmental
educational activities have been set up. A major event organised by Life TAXUS was the IV
International Yew Workshop, held in the Poblet Monastery, in October 2014.

Life TAXUS aspires to making a decisive contribution to the conservation and diffusion of the
natural value of Catalan yew groves. And in addition to this goal, through the use of yew groves
as an umbrella habitat, the project, and, as a natural extension, this manual, hopes to make a
modest contribution to the protection and promotion of the natural and cultural heritage of the
Mediterranean Region.




3. THE YEW TREE AND THE YEW GROVES
3.1. The yew, a highly unique tree

The yew (Taxus baccata) is aniconic tree; itis one of the world's longest living and has tremendous
cultural, natural and scientific heritage value. The yew is a unique tree in many different ways;
it is a dioecious conifer that is poisonous, and not resinous, from the Taxaceae family. The
elasticity, strength and reddish colour of its wood, its slow growth and extraordinary longevity
are its defining characteristics (Abella 1996). The Greeks gave the yew the name Taxus, a term
that could refer to two of the tree's important elements: taxon, meaning bow, or toxikon, which
is ancient Greek for poison (Iglesias et al. 1997).

Taxonomy

Bolos & Vigo (1989) ascribe to Taxus baccata the following taxonomic scheme:
- Division —» Pinophyta

- Subdivision — Spermatophytes (Phanerogamae)

- Class —» Gymnosperms

- Subclass —» Conifers

- Order > Taxales

- Family —> Taxaceae

- Genus —» Taxus L.

1. State of conservation

The IUCN classifies the yew as Least Concern, LC, on an international scale. lIts habitat has
priority conservation status in Europe (see chapter 3.5).

In Catalonia, Taxus baccata is protected by the order of 5/11/1984 published in DOGC on
12/12/1984 (Cortés et al. 2000). It is not classified as a threatened species in the Catalogue of
Threatened Flora of Catalonia (Decree 172/2008 resolution).

2. Description

The yew (Taxus baccata) is a non-resinous evergreen tree, with a corpulent shape, which can reach
a height of 20 m, although it more commonly reaches a maximum height of 8 to 15 m. The trunk
can measure over a metre in diameter at chest height. In unfavourable conditions it is reduced to
having a bushy appearance. Its root system is highly developed and reaches deep into the ground,
the trunk is short and thick, sometimes formed by the union of several stems, the perimeter of
exceptional specimens measuring more than 6 metres. The brown bark, peels off in fine, elongated
flakes, revealing reddish plaques beneath. The crown, under normal conditions, has a very distinct
dark silhouette which is rounded and very open, with protruding branch tips (Cortés et al. 2000).
The branches are long, thick, alternate and flexible, and slightly recurrent at their ends to the extent
that they can touch the ground.
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Figure 1. Monumental yew of Torrent de I'Orri (Alta Garrotxa). Photo: Jordi Bas

The crown is dense, wide, oblong or conical and dark green in colour. The branches are
abundant, long, horizontal and flexible and the highly numerous twigs give the treetop a dense
appearance. The adventitious shoots are greatly abundant on the trunk and in the crown and
produce, beneath the bark, a large number of dormant buds that are stimulated by pruning,
wounds or mutilations (Sobrén 1984).

The leaves are persistent, living for around eight years; they insert spirally and are arranged in
two flat rows; they are needle-like and flat, narrow, lanceolate and sharp; they measure between
10 and 30 mm long and 1.5 mm wide, arranged in a pinnate (feather-like) form along the length
of the branch. They are a dark green colour on the front side and lighter green on the back of
the needle (Cortés et al. 2000). The old leaves fall in the spring when new ones come through.
The yew is a dioecious species, which means that some individuals only have male organs (male
trees) and others have only female organs (female trees). Both the male and female organs are
small and not very visible (Fernandez et al. 2004). Very occasionally a monoecious specimen can
be found, which explains how solitary individuals can bear fruit (Vives 2006).

Figure 2. Detail of yew bark and leaves. Photo: Jordi Bas



3. Flowering

Regular flowering takes place late winter or early spring. Female trees bear fruit every year,
as long as they are not too far away from male trees (Ruiz de la Torre & Ceballos 1979). Both
female and male trees bear fruit from 20-30 years of age (Cortés et al. 2000).

The male cones appear on the axils of leaves from previous years, at the lower part of the
branches (figura 3). They are globular and yellow. They are solitary strobili, with 6 to 12 fleshy
scales, each of which has 3-9 pollen sacs. The pollen is dispersed by the wind. The female
cones can be found alone at the end of a small axillary axis covered in bracts, giving them the
appearance of scaly buds (Fernandez et al. 2004). They contain a single seed and are wrapped in
various sterile bracts. Once fertilised, the female cones turn into eye-catching fruits when they
mature in late summer or autumn (figure 4).

The fruits (in fact false fruits with a single seed inside) are red, measuring 8 to 12 mm in diameter,
and have a fleshy outer layer which covers three-quarters of the seed. This wrapping, called an
aril, turns red when ripe (Cortés et al. 2000).

Taxus baccata is a highly toxic species, thanks to the potent taxine alkaloid. The red, fleshy and
sweet aril is the only edible part of the tree. (Folch et al. 1988). The ovoid, dry, brown seeds are
covered by a woody episperm, which is not very hard and ends in a small tip (Cortés et al. 2000).
The young embryo can stop growing and remain dormant for months or even years (Folch et
al. 1988).

Figure 3. Male yew flowers forming, with the stamen still inside the scales. Photo: Jordi Bas

4. Vegetative growth

Its growth in length is very slow, 1 cm in the first year and 2 or 3 in the second, then growing till
the sixth year at a rate of 3 cm per year. After, its development continues at a slow pace, with
exceptional rates of 15 to 20 cm annually (Sobrén 1985). Because of its resistance to plagues,
drought and even fire, it is one of the longest-living known species (Garcia et al. 2001). It has a
superficial root system formed by long horizontal roots. It also grows in girth at a slow rate, with
trunks measuring 20 to 40 cm in diameter estimated at 80 to 100 years old (Cortés et al. 2000).
It is quick to produce shoots along its branches and reacts well to pruning (Galan et al. 1998). It
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is very difficult to know with accuracy how old individual trees are; some specimens in England
have been estimated at over 2,700 years old. It is one of the longest-living species in Europe
(Ruiz de la Torre & Ceballos 1979).

5. Bearing fruit

From 20-50 years old, the tree regularly produces fruit each year, although in certain, less than
optimum, sites in Eastern Europe, especially abundant fructification has been observed every
2-3 years. The fruits normally appear in the autumn (from August to November) of the same
year and remain on the tree for a period of time (Abella 1996).

The seed has an oval-oblong shape, with an elliptical cross-section, encased in a kind of hood known
as the aril, which is open at one end, fleshy, succulent, a little viscous and sweet inside. It is first green
and then red when mature. The seed and aril as a whole (aril) has the appearance of a globular drupe
which is slightly compressed along its length (Ruiz de la Torre & Ceballos 1979).

Table 1. Biological phenogram of the yew. Source: Cortés et al. 2000.

J F Mr | A | My | Jn JI A s o] N D
Vegetative activity From end-February to mid-November
Dormancy From mid-November to mid-February
Flowering From February to April
Fructification From May to August
Fruit ripening From August to November

Figure 4. Yew in full fruit. Here we see the branches laden with arils. Photo: Jordi Bas.

6. Dispersal

The tree's zoochorous dispersal is carried out mainly by birds, but also carnivores (see chapter 3.3
for more details of the dispersal process). The bright red or orangey aril when mature stands out on
the dark green background of the leaves, which makes it particularly attractive for the animals that
feed on it. Many vertebrates ingest the whole arilocarp, but are only able to digest the fleshy aril and



expel the seed along with their excrement. This not only favours the dispersal of the species,
but also prepares the seeds for germination, as the gastric juices in the stomach inhibits their
inherent dormancy. This could be the reason why yews are often found in stony places, as
these are where animals will often deposit their excrement. (Galan et al. 1998). Although it has
been shown that passing through the digestive tract does not improve rates for germination
and transformation into a yew seedling, the seeds without the aril show subsequent growth
percentages that are higher than for seeds with the aril. (Caritat & Bas 2007).

Rodents are the main predators of yew seeds as they break the hard covering and make the
seeds unviable when they digest their nutritive tissues (Hulme & Borelli 1999, Crespo et al. in
Cortés et al. 2000, Thomas & Polwart 2003). Nonetheless, they can disperse a considerable
number of seeds (Thomas & Polwart 2003), making the rodents' predation-dispersal role, on
occasion at least, advantageous for the yew.

Figure 5. Robin with aril. The thrush family are the main dispersers of the yew. Photo: Jordi Bas

7. Germination

Some authors say that the yew presents epigeal germination (the seeds do not need to be
buried to germinate) and others, less often, hypogeal germination. However, Cortés et al. (2000)
sustains that both are correct as good germination results have been obtained from both types.
Many authors agree on the difficulty this species has in germination (Rios et al. 2015). Just a
small portion of seeds will germinate in the first year, the rest will do so in the second or third.
According to Thomas et al. (2003), although the seed viability is close to 100%, the normal
germination rate stands at around 50-70%.

The seeds of Taxus baccata have a dormancy that lasts around two years in the ground, which
constitutes a disadvantage for their survival (Hulme & Borelli 1996). Some techniques to favour
germination subject the seed to scarification or soaking processes that break the covering.
Stratification systems are also used, in which the seeds are kept in boxes of wet sand at around
20°C for two or three months, and then for atime at 4 or 5 °C (Abella 1996). A kilo of arils contains
more or less 8,000 seeds and in a kilo of seeds, once free of their protective covering, there can
be more than 13,000 units (Carrasco 1989). The methods are clearly outlined in Garcia-Marti
2007, Rios et al. 2015. Although, the best system for reproduction is through the seed, it can
also reproduce asexually through stolons, seem cutting or grafting.




Figure 6. One-year-old yew seedlings. Alta Garrotxa. Photo: Jordi Bas.

8. Herbivory

The entire plant, except for the pulp and aril, is toxic because of the taxine alkaloid. Cornevin
(1892, cited by Clarke et al. 1981) provides the lethal oral doses for different species (in grams
of leaves per kg of animal weight): donkey and mule 1.6 g; horse, 2 g; pig, 3 g; dog 8 g. sheep
and cattle, 10 g, goat 12 g; rabbit 20 g. The strong resistance that ungulates have to its toxicity
may be because the taxine is diluted with the content of the rumen (Clarke et al. 1981). Herds
of domestic goats and cows can cause great damage to yew regeneration. Rabbits, although
they also gnaw on the yew, are not normally so damaging. Red squirrels gnaw at the bark, the
branches of the seedlings and also eat the arils.

Figure 7. Ruminants have a high tolerance to taxine and often browse seedlings and young yews, which can seriously harm regeneration.
Photo: Jordi Bas.



3.2. Yew groves: description and composition

In the Mediterranean and Middle-European mountains the yew is mostly found on north-facing
slopes, under the canopies of deciduous or mixed pine forests. In increasingly restrictive climate
conditions, the yew finds refuge in small, damp sites that are protected from excessive heat (Thomas
& Polwart 2003). In the Iberian Peninsula they live at a wide range of altitudes, from 100 metres
above sea level in Cantabria to 2,100 m in Sierra Nevada, but in the eastern half of the Peninsula they
are found at elevations of between 500-600 and 1,700 m (Cortés et al. 2000).

In Catalonia, yew groves constitute a rather scant and localised plant, covering small surface areas
but with a very wide distribution. They can be found throughout the Pre-Pyrenees and coastal
mountain ranges, from Albera to Els Ports in Tortosa. In general, the yew populations in Catalonia
are in mountainous areas, in high and inaccessible places such as limestone cliffs, gullies and shady
sites; or they are spread out across different communities of beech, oak, pine or holm oak. This
situation can also be seen in other parts of the Mediterranean Basin, like in Turkey (Kaya & Raynal
2001) or North Africa (Corts et al., 2000). Often yew groves are purer and/or the yew appears in the
same proportions as the other species of deciduous trees; a situation replicated in other places in
the Mediterranean, such as Corsica (Laguna & Gamisans 2007) or Sicilia (Bacchetta & Farris 2007).

The yew is often accompanied by mesophilic shrub and herbaceous species. When the yew
grove is dense, the flora of the understory is of low density, consisting of shade-tolerant and
herbaceous species and few shrubs. In less dense areas they mix with the species from the
dominant forest community, whether pine, holm oak (Costa et al. 1998), beech or oak.

The yew can be considered as a species that is at home in a wide range of environments. It can
live in soils with very different characteristics, whether poor or rich in nutrients, and with all
kinds of exposure levels, in shady spots or with high levels of light. However, as a preference
it will always choose places that are cool, damp and shady. The main limiting factor is water
availability, whether from the soil or the atmosphere (Cortés et al. 2000).

e
A

Figure 1. The Cosp yew grove, (at the top on the right) immersed in the Mediterranean landscape of the Serra de Cardé. Photo: Jordi Bas.
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Figure 2. Diagram of a yew grove on a limestone cliff in the Catalan Pre-Coastal Range. Drawing: Pere Rovira from the original by Josep
Nuet i Badia.

1. Factors that restrict the establishment of Mediterranean yew
groves

Climate factors

This is a species best suited to a temperate Atlantic ecology, with a central European climate (Cortés et
al. 2000), but one which penetrates areas with a Mediterranean climate, with annual rainfalls of around
600 mm and relative humidity of, on average, over 70%. Its optimum rainfall stands at around 850-900
mm annually. It tolerates relatively wide ranges of heat, although it avoids continentality. While in the
summer the limiting factor is drought, in winter it is the low temperatures that set the altitude limit
of the species (it suffers during prolonged frosts) and which determine its location in more protected
ravines (Serra, 2009). It has been observed that fog is an important climate factor for yew that live
outside of Atlantic areas (Cortés et al. 2000, Serra 2009).

Its location inside of the circum-Mediterranean environment is connected with the existence of mountain
ridges where heat and water conditions are most in line with those of its optimum area of central and
western Europe. To occupy the largest possible number of spaces, the yew is spread out in a widely diverse
range of environments. Its climatic versatility, once its minimum water needs for survival are met, gives it
an adaptability that counters its slow growth. At times it can even be moved from its optimum climate by
competition from broadleaf trees, a species with a much faster growth rate (Sobrén 1985).

In the Iberian Peninsula the yew is distributed in areas with an Atlantic climate, sub-Mediterranean
environments and also Mediterranean areas, where it generally finds refuge in cool, shady sites.

Topographic factors
Topography has a strong influence in the differentiation of local microclimates. On the limits of
the yew's distribution, as is the case in the southern Mediterranean, the role of the topography
is key (Sobron 1985).



Its slow growth, frugality and mechanical resistance, allow it to live in rocky areas and cliffs,
generally with shady conditions and where water availability is high and sunlight exposure low.
It is often exposed to steep slopes and falling rocks. It is not the optimum situation for the yew,
but rather the consequence of competition with broadleaf trees and the effect of natural or
anthropic disturbances.

The shady orientation of yew sites is almost a constant in the distribution of Taxus baccata
in areas with a Mediterranean climate. This is largely because this is where the coolest and
dampest environmental conditions can be found and because the yew is shade-tolerant. In
areas with a more Atlantic climate the yew is indifferent to which direction the slope faces,
often preferring somewhere with greater sunlight exposure. In the mountains in the centre and
centre north of the Iberian Peninsula easterly orientations predominate, where there is less
likelihood of frost. In the southern half, they are located, almost without exception, on north-
facing slopes or in shady hollows.

The slope determines a series of mechanical processes that have as much of a direct influence
on the tree as they do an indirect one through the soil, and favour the establishment of the yew
before other more demanding plant species. The yew can root on steep slopes often with a
gradient above 25-30°. It adopts subvertical positions on rocky escarpments.

Lithology and edaphology

Although much of the literature indicates the yew's preference for calcareous substrates, this
species can live in a wide variety of different soil types. Nonetheless, in the Mediterranean region
it is more abundant in limestone than siliceous areas, as yews do not like the soil to be too acidic.
Although it often establishes itself almost exclusively on initially eroded soil or lithosol, its absence
from well-developed soils seems to be more a consequence of competition from other woody
species, which would struggle to live in skeletal soils, where the yew can grow.

The yew's slow growth means it is often surpassed by other more competitive species when it
comes to colonising the best soil (Sobron 1985), and therefore forms mixed communities or is
relegated to the understory or to forming groups of regenerated yews in woodland clearings.

-

Figure 3. A gully with low yews located between rocky outcrops and scree slopes in the Serra de Llaberia. Photo: Jordi Bas.




2. Structural typology of yew groves

In terms of the structure of woody species, Caritat et al. 2015 classify the Catalan yew groves
into 6 woodland typologies. Although they can form dense, monospecific or mixed forests, they
are often a companion species, with greater or lesser abundance, scattered throughout the
forest and in some cases forming regeneration groups around seed trees.

* Type 1. Dense yew grove. Fairly young and quite dense forest, dominated by yews and
mainly accompanied by species of Quercus that are quite regular in structure and dominated
by small and medium-diameter classes.

* Type 2. Mixed yew forest with conifers and broadleaf trees. Closed forest with semi-
regular structure, with a not excessively dense dominant layer of adult pines (Pinus sylvestris,
P. nigra and/or P. halepensis), and a second dense layer comprising mainly holm oaks and
yew. Other broadleaf species (Acer sp. pl., llex aquifolium, etc.) are also commonly found as
companion species.

* Type 3. Mature yew grove. Not very dense forest with semi-regular structure, with a
dominant layer comprising very mature yew individuals, and a second layer of young trees
of varying species (mainly the Quercus Pinus genus and yews).

* Type 4. Holm oak forest with yew. Very dense and regular forest containing species of
Quercus, mainly holm oak, with other hardwoods and the presence of the occasional pine
and yew.

* Type 5. Beech forest with yew. Semi-regular structure and notable density of beeches
with young companion yews and beech regeneration.

* Type 6. Pine forest with yew. Not very dense, mature forest dominated by pines (Pinus
sylvestris o Pinus nigra), with a younger layer of Quercus species, with yews and other
evergreens. Similar to type 2, but with a higher and denser tree layer.

The total density of the different tree species in well-formed yew groves range from 2,000 trees/ha
(Poblet) to 3,000 trees/ha (Alta Garrotxa). The yew tends to increase its density in the more northerly
areas, with values that range from 254 trees/ha (Poblet) to 528 trees/ha (Alta Garrotxa) (Aguila et
al. 2015). They are very low densities if compared with the studies conducted by Thomas & Polwart
(2003) in which, in optimum conditions, yew densities in Denmark were recorded at 1,388 trees/ha.
On the other hand, these densities are considerable when compared with yew groves in Navarra,
which range from 11 to 240 trees/ha (Schwendtner et al. 2007). Average heights in Catalonia fluctuate
between 3.6 m and 7.9 m. (Caritat & Bas 2007, Aguila et al. 2014). Figures 4 to 14 show the basic
dasometric data for the main action areas of the Life TAXUS project.

Figure 4. Dense yew grove (type 1) on deep soil in
Miseclos (Alta Garrotxa), with a stand yew height
of 15 m and average adult yew diameter of 10.4
cm (2.5-30.8 cm). The canopy density (an average
canopy cover of 81%), which is mainly yew (66%),
hinders the regeneration of other tree species.
The understory is very poor (10% shrub and 2%
herbaceous cover) due to the high tree cover and
cattle grazing. Photo: Jordi Bas.




Figure 6. Mature yew grove (type 3) on rocky
soil in Cosp (Serra de Card¢), with a stand yew
height of 8.1 m and average adult yew diameter of
41 cm (17-65.5 cm), with large companion black
pines (Pinus nigra). The canopy density gives an
average cover of 55%, consisting largely of yew
(47%). The understory is scant (21% shrub and
6% herbaceous cover) due to goat grazing. Fotos:
Jordi Bas.

Figure 8. Beech forest with small yew stands (type
5) in the Pla de la Calma (Montseny). The stand
yew height is 4.6 m with an average diameter
of 10.4 cm. The canopy density gives a cover
of between 40 and 80% depending on the yew
density. The understory is mostly poor (10% shrub
and 5% herbaceous and moss cover) due to the
high tree density. Photo: Antonia Caritat.

Figure 5. Mixed yew grove (type 2) in a hollow
in Barranc del Titllar (Bosc de Poblet), with a
stand yew height of 9.8 m and average diameter
of 17 cm (4-29 cm). The canopy density gives an
average canopy cover of 80%, with 53% cover of
yew in the densest areas. The understory is not
very dense in the areas with the strongest canopy
cover, with 25% shrub and 10% herbaceous cover
(Vives 2006). Photo: Jordi Bas.

Figure 7. Mixed yew and holm oak forest (type
4) on rocky soil in the Serra de Llaberia, with a
stand yew height of 15 m and average diameter
of 9.8 cm. The canopy density gives an average
cover of 81%, consisting largely of yew (66%). The
understory is mostly poor (10% shrub and 2%
herbaceous cover) due to the high tree density,
but is dense and dominated by rough bindweed
(Smilax aspera) and/or Viburnum tinus in
clearings and the most open stands (Camprodon
et al. 2010). Photo: Jordi Bas.




Figure 9. Pine forest with yew (type 6) in I'Alta
Garrotxa. The stand yew height is 5.7 m with an
average diameter of 4.1 cm. The canopy density
gives an average cover of 80%, between 20 and
40% of which is occupied by the yew as a co-
dominant companion species, which also forms
an understory tree layer. The understory is mostly
poor (5% shrub and 5% herbaceous and moss
cover), due to the high tree density. Photo: Jordi
Bas.
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Figure 10. Distribution by diameter class of the yew in the Miseclos yew grove (Montagut, Alta Garrotxa). Pl: seedlings (h<1.3 m), juv:
juveniles (h>1.3m and DBH<2.5 cm). Photo: Jordi Bas.

Density (trees/ha)
B RS e

8

0 l I . — - | — —

CD5 CD10 CD15 CD20 CD25 CD30 CD35 CD40 CD45
Especies
W Quercus ilex H Pinus sylvestris o |lex aquifolium

Figure 11. Distribution by diameter class of companion species in the Miseclos yew grove (Montagut, Alta Garrotxa).
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Figure 12. Distribution by diameter class of yews in the Barranc del Titllar yew grove (Vimbodi i Poblet, Bosc de Poblet). Regenerated yew
up to 2.5 cm with DBH have not been represented for reasons of scale; they represent an average of 1,078 trees/ha.
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Figure 13. Percentage of distribution by diameter class of companion species in the Barranc del Titllar yew grove (Vimbodi i Poblet, Bosc
de Poblet).
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Figure 14. Distribution by diameter class of the Cosp yew grove (Rasquera, Serra de Cardd). No presence of regenerating or juvenile yews
in the sites under study.




600

500 -
400 -
300 -
200 -
100 I
0 - ; ; ; . . e — . .
Pl Juv 5 10 15

20 25 30 35 40
diameter class

N (trees/ ha)

Figure 15. Distribution by diameter class of yew in the Serra de Llaberia yew groves (Capganes-Colldejou). Pl: seedlings (h<1,3 m), juv:
juveniles (h>1.3m and DBH<2.5 cm).
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Figure 16. Percentage of distribution by diameter class of companion species in the Serra de Llaberia yew groves (Capganes-Colldejou).




3. Flora typology in yew groves

The ecological range of the yew means that it can be found in plant communities with diverse
biogeographical distribution: Euro - Siberian with an Atlantic climate (beech forests and mixed
deciduous forests), sub-Mediterranean (oak forests and pine forests of either Scots or black
pines), and Mediterranean (mountain holm oak forests). They are mostly found in forests but
they also appear in shrub communities. In an initial analysis of the phytosociological behaviour
of the yew throughout the Iberian Peninsula, carried out by Lence et al. (2010), the yew was found
in more than 70 plant associations assigned to the different aforementioned syntaxonomical
classes, which shows the diversity of the environments where the yew can live.

On the Iberian Peninsula two large typologies of communities where yews grow can be
distinguished: 1) those found in the north and west Atlantic, where the yew is mostly associated
with deciduous forests and more humid and damp environments, such as beech or birch forests,
and even riparian woodland (Romero 1993, Sanz et al. 2007, Schwendtner et al. 2007, Lence et
al. 2011, Rodriguez et al. 2011, Portela-Pereira 2016); and 2) those found in the Mediterranean
region to the east, which stretches from Aragon and Catalonia towards the mountains in the
south of the Peninsula, where the yew is associated mainly with Mediterranean and sub-
Mediterranean communities (oak, pine and holm oak forests) (Nuet and Parareda 1982, Alcober
et al. 1988, Costa 2007, Andrés et al. 2007, Medrano 2007).

The only yew grove community described in the Iberian Peninsula is the association Saniculo
europaeae-Taxetum baccatae, described initially in Catalonia (Bolos 1967) and which is also found in
Aragon (= Taxo baccatae-Tilietum platyphylli, Pitarch 2002). It is a mesophilic forest community rich
in Euro Siberian species. The dense tree layer is constituted by Taxus baccata and certain deciduous
trees such as Sorbus aria, Acer opalus, Populus nigra, Tilia platyphyllos, Ulmus glabra or Fraxinus
excelsior. The shrub layer is dominated by Corylus avellana, llex aquifolium, Hedera helix or Daphne
laureola. The herbaceous layer is characterised by the presence of mesophilic plants like Sanicula
europaea, Poa nemoralis, Campanula trachelium, Brachypodium sylvaticum, Aquilegia vuigaris, Lilium
martagon, etc. In the most rugged enclaves, the community becomes poorer in species and certain
rupicolous species may appear (Bolos 1967).

A Principal Components Analysis of the inventories published in the Biodiversity Data Bank of
Catalonia where the yew is shown to have more than 5% cover and other unpublished studies
carried out on Catalan yew groves as part of the Life TAXUS project (Capdevila & Casas 2014),
shows that yews can be clearly separated into different floral types, which can be synthesised
into three large biogeographical groups:

1. Beech forests with yew and nuclei of yew associated to beech forests.

Nemoral species from humid environments with an Atlantic distribution, typical of the Fagetalia
order and Fagion alliance. They are found in mountainous areas with a humid, Atlantic climate,
such as Montseny and Ports.

2. Sub-Mediterranean oak forests, Scots pine forests and mountain holm oak forests with
yew and yew groves of Saniculo-Taxetum

SThese are typical montane forests with a sub-Mediterranean climate, with species typically
found in deciduous forests from the Quercetalia pubescentis alliance and Quercion pubescentis-
petraeae order. This group includes many of the yew groves found in central and northern




Catalonia and in the Pre-Pyrenees (Montserrat, Serra d'Odén, Alta Garrotxa and Osona) and
also in some mountains in southern Catalonia (els Ports and Prades).

3. Lowland holm oak forests and Mediterranean Scots or Aleppo pine forests with yew
The yew groves found in the coastal ranges in southern Catalonia, like the Serra de Llaberia
and Serra de Card6 are linked with lowland holm oak forests. The yew's companion species
are Mediterranean plants typically found in holm oak forests (of the Quercetea ilicis class and
Quercetalia ilicis order). Generally speaking, these yew groves are located on shady slopes and
at the feet of cliffs in coastal mountain ranges, where a higher level of humidity is maintained,
enabling the presence of certain sub-Mediterranean, mesophilic species, typical of deciduous
forests (from the Querco-Fagetea class).

From this analysis it can be concluded that the yew groves present in Catalonia are associated
with three large forest types: beech, oak and holm oak, which are distributed in an altitudinal
gradient and biogeographical distribution (Atlantic - sub-Mediterranean - Mediterranean)
related with a certain humidity and edaphic gradient.
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Figura 17. The understory at a dense yew grove in Miseclos (Alta Garrotxa). Photo: Jordi Bas.



3.3. Habitat dynamics

Until the early 20th century many European woodland areas were kept open for crops or grazing
or had a low density to facilitate their use for wood. The move towards more closed woodland
conditions arose as these practices were gradually abandoned (Peterken 1996). The return of the
forest has, in part, enabled the Mediterranean yew groves to recover somewhat, in a scenario
of generalised regression (see chapter 4.6). However, although the yew is a shade-tolerant tree
(Thomas & Polwart 2003), the closure of tree canopies and increase in the competition is leading
to scant recruitment and rising mortality among adults (Iszkuto 2010, Ruprecht et al. 2010, Dhar
et al. 2007). The moderate opening of the tree canopy, however, favours the expansion of the
yew (Svenning & Magard 1999, Camprodon et al. 2015). The Catalan yew groves are, in general,
relatively young (with the odd exception), with a clear dominance of seedlings, juveniles and
adults of low diameter classes and very few trees with a diameter class of 20 or above (see
chapter 3.2). The regeneration processes and evolution of the Catalan yew groves towards
more mature communities depends on various interacting factors (figure 1). This chapter looks
at the dispersal process and how it influences the regeneration of yew groves.
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Figure 1. Stages of yew growth in relation to the environmental variables that influence its recruitment and maturity: nurse plants, herbivory,
drought, canopy closure (competition) and genetic drift. The thickness of the arrows represents the theoretical magnitude of the effect of the
variables. Drawing: Anna Gallés. Original by Linares 2013.

Although the yew can reproduce vegetatively through adventitious roots, especially when it
is old, the regeneration of yew groves depends on sexual reproduction and, largely, on the
close mutualistic relationship between plants and seed-dispersing animals (zoochory). In this
mutualism, animals obtain a generally abundant food supply with a high caloric content and
the plant is able to disperse its seeds by developing brightly coloured fleshy structures packed
with sugars (the aril for the yew).




Yew individuals tend to group in formations of varying densities known as yew groves. Other
woody zoochorous plants participate in the formation of yew groves which share certain seed-
dispersing animals with the yew, forming a complex network of ecological interactions (Martinez
et al. 2008, Lavabre 2008, Garcia et al. 2013, Peredo et al. 2013). The heterogeneous structure
of this network, as is the case in other regions (Cantabrian mountains), may suggest a strong
functional complementarity. The interactions are mainly organised into two subgroups of
species: one formed by trees, dispersed predominantly by birds, such as the holly, and another
composed of shrubs, dispersed mostly by mammals. In this network there are also species like
the yew, which can be dispersed by both birds and mammals.

In the Cantabrian mountains it has been seen that despite the large amount of seeds that birds take
from the trees, most of the yew seeds fall from the tree by themselves landing beneath the canopies
of adultindividuals or are transported by birds to below other fleshy-fruit plants and pole trees (Garcia
2007). It is precisely the protective canopy of pole trees, such as the Scots, black and aleppo pines,
that offers one of the most effective sites for yew recruitmentin the dry Mediterranean environment.
Very few seeds are deposited outside of the tree canopy. O