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Although golf courses are intensively
managed by humans, they contain
various natural environments,
ranging from managed open
turfgrass areas to more natural,
shaded forests and aquatic
habitats. Different habitat types
often occur in close proximity on
golf courses, creating transitional
zones or ecotones that can provide
habitats for species requiring

such diverse environments.

This literature review concentrates
on the potential of golf courses to

maintain and promote biodiversity,
which encompasses a variety of
natural habitat types and species
diversity. Additionally, possibilities

to address climate change and
carbon sequestration on golf courses
are briefly explored. Separate
sections provide guidance to golf
courses for enhancing biodiversity
and adopting climate-friendly course
management practices.
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4 Golf Course 2030

In Finland, there are over 200 golf built and natural environments.
courses with a total area of nearly Typical features of golf courses
12,000 hectares (Table 1). Golf include well-maintained lawns,
courses are established for playing fairways, and greens for playing,
golf, but they also include various but between fairways or on their

Distribution of Finnish golf course areas based on different habitat types (Finnish Golf Union 2023).

REX

outskirts, there may also be various
less-maintained green areas such as
roughs, water areas, single trees or
groups of trees, and forests.

Habitat type Area (ha) Area (%)
Lawns 5,848 50
+ Greens 153 1
« Teeing grounds 149 1
- Foregreen 153 1
+ Fairways 2,913 25
+ Maintained roughs 1,460 13
+ Ranges 1,020 9
Water hazards 149 1
Bunkers 32 <0.5
Paths and roads on golf courses 44 <0.5
Other areas (incl. forests and wooded areas) 5717 49
Total 11,790 100
In Finland, many golf courses Golf courses are typically open, types occur in close proximity
include water hazards, wetlands, mosaic-like areas, where maintained on golf courses, creating transition
or forests, and many of them have and less maintained areas with low  zones or ecotones that can provide
been established at least partially or tall vegetation, as well as other habitats for species requiring
on former farmland (Table 2). habitats, vary. Different habitat such environments.

Occurrence of different habitat types on Finnish golf courses (Finnish Golf Union 2023).

Habitat type Occurrence on Finnish golf courses (%)
Flowing water (incl. ditches) 49
Lake (golf course on a lakeside) 20
Water hazards, wetland 71
Sea (golf course extends to seashore) 8
Forests and woodlands 84
Individual old park trees 8
Previous agricultural land (at least partly established on 75

agricultural land)
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Significant habitats
on golf courses and their The diversity o

birds and insects,

. S S such as butterflies,
species communities. peetles, anc
bees, depends on
the diversity of

vegetation present
on a golf course.

Figure 1. Golf courses typically include a variety of natural habitats.

Biodiversity refers to the variability maintained greens and fairways
among habitats, communities, to less-maintained roughs and
and species (Korhonen et al. 2022). meadows (Saarikivi et al. 2010).
The goal of maintaining biodiversity
is not to maximize the number of
species but to preserve various
habitats, including those with

low species richness, and the
characteristic species associated
with each habitat. Biodiversity also
encompasses the preservation of
genetic diversity among individuals
of the same species.

The variety of habitats found on

a golf course significantly impacts
its biodiversity. Especially, vegetation
creates habitats for other species.
Many species depend on the
diversity of trees, shrubs, and
understory vegetation, making
vegetation crucial for the composition
and diversity of the animal
population (McKinney 2002, Colding
Golf courses consist of various and Folke 2009). For example,
natural habitats, often characterised the diversity of birds and insects,

by diverse soil types, the presence such as butterflies, beetles, and

of small bodies of water, woodlands, bees, depends on the diversity of
bunkers, and varying heights of vegetation present on a golf course.
vegetation, ranging from well-
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Biodiversity and Carbon Sequestration on Golf Courses.

The presence of natural habitats
increases the diversity of plant and
animal species on golf courses,
including the number of rare species
(Nooten et al. 2018). Areas with
original vegetation that have been
preserved between and along the
edges of playing areas typically
host more diverse and species

rich communities than the
well-maintained playing areas.
This is because the structure of
vegetation in these areas is more
diverse than in the areas used for
playing. Therefore, it is important
to conserve original meadows and
woodlands, or even expand them
whenever possible. The larger the
original habitats are, the more
diverse are the species communities
that can be preserved. Golf courses
also contain unique vegetation
types and habitat combinations,
which can host specific species
communities (Hui et al. 2017b).

When golf courses are established
in forests or areas with a natural
or semi-natural landscape, their
ecological value often decreases

(Colding and Folke 2009). In such
cases, there may no longer be
suitable habitats for species adapted
to the stable conditions found in the
interior of the forest, and there is a
risk of destroying habitats for rare
and endangered species. On the
other hand, if a golf course is
located in an urbanised area or

is established on conventional
agricultural land, it is expected to
increase local biodiversity.

Golf courses can play a role in the
conservation of species, especially
in urban areas, their surroundings,
and in areas of intensive agriculture
(Colding and Folke 2009, Saarikivi
et al. 2010). For example, an English
study found that bird, carabid
(ground beetle), and bumblebee
diversity on golf courses was more
diverse and abundant than in nearby
farmland (Tanner and Gange 2005).

Paying attention to ecological
values in golf course design and
habitat management can, over time,
enhance biodiversity even in broader
areas (Tanner and Gange 2005,

Colding and Folke 2009).
Therefore, golf courses should be
integrated into the planning of
larger green space networks to
better ensure the preservation

of various species' habitats in the
future (Nooten et al. 2018).

Many golf courses have
characteristics that are important
for biodiversity, providing habitats
for endangered and regionally rare
plant and animal species (Colding
and Folke 2009). For example,

they can serve as breeding grounds
for amphibians and nesting
environments for birds.

How to increase the biodiversity of golf courses

Support meadows and other natural open areas.

Reduce highly maintained lawn areas.

Preserve or create natural vegetation areas: Leave parts of the golf course natural or
plant areas with indigenous vegetation, such as forests, trees, meadows, and aquatic plants.
This allows for the presence of a wide variety of species on golf course.

Favour areas including trees: Trees are especially important in maintaining biodiversity.
They provide habitats, shelter, and food for many species.

Create nesting sites for pollinators: Both decaying wood and sandy areas provide nesting sites.

Raise awareness: Educate golf course staff and players about the importance of biodiversity
and how they can contribute.
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The most intensive
maintenance is
applied to greens,
followed by

teeing grounds,
fairways, and the

surrounding roughs.

Fairways and roughs

Golf courses are typically either
9-hole or 18-hole layouts. Golf is
played on the turf areas of golf
courses, which consist of various
intensively managed areas. The
most intensive maintenance is
applied to greens, followed by
teeing grounds, fairways, and the
surrounding roughs (Allan-Perkins
et al. 2019). Greens are maintained
with very short grass, and they
are often watered and fertilised
regularly. Sand is also applied to
the grass on greens to improve
aeration and water permeability.
Pesticides may be used on greens
for pest control.

Fairways receive less intensive
maintenance. The grass on fairways
is allowed to grow taller than on
greens, but they are still subject to
watering, fertilisation, and pesticide
use. Roughs receive the least
amount of maintenance. Vegetation
in the roughs is allowed to grow
taller than on fairways, and the

use of fertilisers and pesticides

is minimal.

R&A

In an American study, it was found
that there was no difference in the
abundance and species richness of
soil bacteria among the differently
intensively managed turf areas

on golf courses, including greens,
fairways, and roughs (Allan-Perkins
et al. 2019). However, the intensity
of maintenance did impact the soil
fungal community, with the poorest
fungal diversity being found on
heavily maintained greens, while the
richest fungal diversity was observed
in the roughs. Fairways also had a
higher fungal diversity compared

to greens. These differences were
attributed to the intensity of
pesticide use. Similarly, in an English
study, it was observed that the most
intensively managed turf areas,
namely greens and teeing grounds,
had significantly smaller microbial
communities compared to less
intensively managed fairways and
roughs (Bartlett et al. 2008).

Golf Course 2030 9



10 Golf Course 2030

Figure 2. Outside the fairways, there is space
for flowering plant species that enhance the
biodiversity of the golf course by providing
habitats and food for animals. Meadows and
fields are crucial for pollinating insects, so it is
essential to ensure the presence of flowering
plants from spring to autumn.

Intensive lawn mowing has been
observed to reduce plant and
invertebrate biodiversity while
benefiting pest insects and weeds
(Watson et al. 2020).

In a study conducted in Finland,
pitfall traps were set up on golf
course fairways, their edges,

roughs, woodlands, and bunkers,

in vegetation typical of golf courses
(Saarikivi et al. 2010). The traps
captured a variety of carabids
(ground beetle) species, but they
were primarily common species
found in open areas or generalist
species capable of efficiently
spreading and living in various
habitats. Despite the presence of
open habitats, such as bunkers

and pond edges, on golf courses,
specialised species adapted to
open habitats were not found. Golf
courses also did not provide suitable
habitats for forest species, as they
were only observed at the edges

of woodlands and in woodlands
adjacent to the golf course. It is
interesting to note that in the
study, an endangered ground beetle

REX

species, Chlaenius nigricornis, The most effective way to diversify
was found at the edge of a pond the vegetation was by cutting

on Hiekkaharju golf course. High the grass, removing the clippings,
carabid species richness was aerating the soil, and sowing
attributed to the high habitat new plants from seeds bird vetch
diversity on golf courses. The highest (Vicia cracca), red clover (Trifolium
species richness and biodiversity pratense), and meadow sage (Salvia
were discovered at Tali golf course,  pratensis). Only cutting, removing
which is an older course with less clippings, and aerating, or leaving
modified vegetation but more the grass uncut, yielded poorer
diverse environments than the other  results. However, a single cutting
studied courses. Tali golf course session was insufficient to maintain
features old trees and a dense the sown plant species. Multiple
canopy cover in a unique urban cutting sessions are required to
park setting. prevent the originally present

grasses from outcompeting the

Diversifying vegetation also newly planted flowering plants.

increases the abundance and
biodiversity of animal species,
such as arthropods (insects)
(Pornaro et al. 2018). Diversifying
turf vegetation, for example, with
clover, can benefit bee populations
(Rasmont et al. 2005). An Italian
golf course was studied to explore
methods for diversifying the
vegetation containing grasses,
such as couch grass (Elytrigia repens)
and red fescue (Festuca rubra),

in the roughs (Pornaro et al. 2018).

Reduce intensive mowing: Where possible, decrease the intensity of mowing in turf areas.

Even a small reduction in mowing intensity can benefit biodiversity.

Increase rough areas: Expanding the rough areas on the golf course can be beneficial.

Tall, flowering vegetation in roughs provides habitats for invertebrates and serves as a food
source for pollinators. You can introduce diversity by varying the height and plant species in
the roughs. Maintaining diverse, flowering roughs may require occasional mowing to prevent
dominant grasses from taking over.

Create habitat for native species: Consider creating habitat for native species that have
become rare due to changes in land use, such as maiden pink (Dianthus deltoides) or other
native wildflowers. Establishing dry meadows is most successful in nutrient-poor and sandy
soils. Regular maintenance, such as mowing, can help maintain these habitats.

Golf Course 2030 11



Biodiversity and Carbon Sequestration on Golf Courses.

Water hazards can
host a variety of
species, including
amphibians,
dragonflies, water
bugs, and diving
beetles, and they
can support diverse
aquatic vegetation.

12 Golf Course 2030

Water hazards and
other small water bodies
on golf courses

Golf course water hazards are often
artificial, as is theirimmediate
vicinity, which is heavily modified by
human activity. Nevertheless, many
species of aquatic environments can
utilise golf course ponds as habitats
or breeding grounds. These water
hazards can host a variety of species,
including amphibians, dragonflies,
water bugs, and diving beetles, and
they can support diverse aquatic
vegetation. Ponds and wetlands

in golf courses also function as
valuable breeding sites for local
nesting waterfowl and as stopover
points for migratory birds (Puustinen
et al. 2001, Sammalkorpi et al. 2005),
especially in areas where natural
wetlands are scarce. At night, these
water bodies can attract foraging
bats (Parker et al. 2019). Golf courses

with small, fishless water bodies

can be significant habitats

for species that favour such
environments. For example, in
Sweden, a quarter of all ponds in the
Stockholm region are found on golf
courses (Colding et al. 2009).

In a study conducted in the Greater
Helsinki area of Finland, it was
observed that golf course ponds
hosted frog populations of similar
size to those in natural ponds
(Saarikivi et al. 2013). Similarly, in a
study in the Stockholm region of
Sweden, no significant differences in
amphibian or aquatic invertebrate
biodiversity were found between golf
course ponds and similar natural
ponds, despite the assumption

that golf course ponds might be
subject to higher chemical pollution
(Colding et al. 2009).

Figure 3. At Hirsala Golf Course, a water
hazard connects to a transitional area
featuring natural marsh vegetation on one
side. This extensive water hazard includes a
variety of open water areas, submerged and
floating aquatic plants, as well as shoreline
vegetation with emergent plants.
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Biodiversity and Carbon Sequestration on Golf Courses

These findings suggest that golf
courses, within the constraints of
the local landscape, can indeed
support various forms of aquatic
biodiversity. In addition to permanent
open water hazards, biodiversity

can be enhanced by the presence

of more vegetated and seasonally
wet pools, as well as small

flowing streams.

Water hazards and ponds

Permanent water hazards and
other ponds that remain filled

with water throughout the year

can be considered habitats

similar to natural ponds, providing
environment for aquatic organisms
that require open water. In ponds,
water quality, vegetation, and other
biota interact in various ways.

High nutrient levels in water can
promote the growth of aquatic
vegetation, which, in turn, absorbs
nutrients. On the other hand, rapid
proliferation of nutrient-loving algae
can lead to water turbidity, which
impairs the habitat for submerged
aquatic plants (Scheffer et al. 1993).
Massive algal blooms can be
unsightly and may cause unpleasant
odours when they decompose.
Cyanobacterial blooms can also

be toxic to aquatic organisms or
animals seeking food or water in
the affected water.

A study on the biodiversity of
constructed water bodies in
Netherlands found that the
diversity of aquatic invertebrates
and the number of endangered
species were highest in nutrient-
poor waters (Vermonden et

al. 2009). Similarly, nutrient-rich
but clear-water pools with abundant
submerged vegetation were also
diverse in terms of species,

14 Golf Course 2030

especially featuring a high number
of aquatic snails. In contrast, the
diversity of aquatic invertebrates
was lowest in the most nutrient-rich
and turbid waters, where submerged
vegetation was absent.

Natural structural features enhance
the biodiversity value of ponds.
These features can include gently
sloping shorelines with natural
vegetation. The zone of emergent
vegetation extending from the
water's edge into shallow water

is crucial for many aquatic
invertebrates that seek food among
the plants and find protection from
predators in these areas (Oertli and
Parris 2019). Emergent plants include
tall grasses and herbs like reeds,
rushes, cattail, iris, and some sedges.
Within these plant communities,

a variety of other lower wetland
plant species can typically be found.

In ponds with steep edges, the
zone of emergent vegetation
formed by tall grasses can become
narrow. This can increase the

risk that water recedes from the
emergent zone entirely during the
summer, leaving some aquatic
organisms without the necessary
protection (Liao 2022). Therefore,
it is advisable to maintain a
sufficiently high water level,
especially during the summer,

in at least some of the golf course
water hazards to prevent the
complete withdrawal of water
from the emergent zone.

U WL 8
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In addition to emergent plants,
the presence of submerged and
floating-leaved vegetation in
deeper water has also been found
to have a positive relationship with
aquatic invertebrate biodiversity
(Vermonden et al. 2009). Some
species also require open water
habitats to thrive (Liao et al. 2023).

Small natural ponds and constructed
water features that are not
connected to larger water bodies
are typically fishless unless fish
have been intentionally introduced.
Fish are efficient predators of small
aquatic invertebrates and compete
for food resources with waterfowl,
among other species. For instance,
the critically endangered horned
grebe (Podiceps auritus) prefers
fishless waters, and this species

has been observed breeding in
ponds on golf courses in Finland.
Keeping ponds fishless can enhance
their value as habitats for aquatic

REX

invertebrates like diving beetles
(Liao et al., 2020) and as
environments for birds (Haas et

al. 2007). Even in fish-inhabited
ponds, it is possible to create
refuge areas for small vertebrates
by increasing emergent vegetation
(Liao et al. 2023).

Many species that utilise ponds
spend part of their life in terrestrial
habitats. For example, amphibians
and many insects are aquatic only
during their larval stages and return
to water mainly for breeding or
overwintering as adults. Facilitating
the movement of animals between
water and terrestrial habitats can

be achieved by preserving natural
vegetation around ponds as corridors
or patchy stepping stones leading to
more extensive natural areas. Most
species can likely traverse even open
grassy areas, but taller vegetation
provides better protection for small
animals from predators.

Golf Course 2030 15



Biodiversity and Carbon Sequestration on Golf Courses

Seasonal wetlands

In addition to permanently open
water bodies, seasonally drying
ponds also play a significant

role for species dependent on
water. Temporary ponds often
have lower species richness in
aquatic communities compared to
permanent ones, but they harbour
specialised species that may not
thrive in permanent ponds (Hassall
et al. 2011, Oertli and Parris 2019).
Seasonally drying ponds can
promote the abundance of insect
species, for example, those that are

Figure 4. By arranging stones
along the streambed and its
edges, conditions for trout
spawning are created,.and the
stream'’s flow and - meandering are
shaped to enhance biodiversity.
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vulnerable to predation by fish

and large aquatic invertebrates in
permanent water bodies (Zedler
2003). The increased insect
abundance benefits other animals
that prey on them. Especially in the
spring, seasonal ponds have been
observed to attract more birds and
other wildlife than permanently open
water bodies (Dixneuf et al. 2021).
On golf courses, these seasonal
wetlands or depressions can occur
naturally, or their formation can

be encouraged by directing and
collecting meltwater and runoff.

Streams and rivulets

Streams and flowing water channels,
such as brooks, are common
landscape features on golf courses.
The characteristics and species
found in flowing waters depend
heavily on the environment and
conditions in the headwaters of the
watercourse (Jonsson et al. 2017).
Additionally, a golf course can
impact a stream beyond the portion
that runs through it. Therefore,
planning for the management of
watercourses should ideally be done
at the scale of the entire watershed,
crossing property boundaries.

Flowing waters create various
microhabitats due to the

small-scale variations in the
channel's shape and structure.

In streams, it is beneficial to promote
variations in channel width and
depth, meandering, and different
types of substrate and roughness

on the bottom. Especially on

former agricultural or forestry

lands, watercourses are often heavily
modified by human activities,
sometimes straightened into
ditches. In such cases, creating
structural variability might require
restoration efforts, such as reshaping
the channel through excavation

or adding rocks, gravel, or coarse
woody debris to the channel

(Ahola and Havumaki 2008).

In small streams, the species
communities are closely linked to
the riparian zone - the area
surrounding the stream channel.
The riparian vegetation along

the channel binds the soil on the
streambanks, preventing its erosion
and reducing the transport of
sediments and chemical pollutants

into the water from the surroundings.

Leaf litter produced by vegetation,
particularly deciduous trees in

the riparian zone, serves as

an important food source for

the benthic organisms in the
streams. Trees and branches that

have fallen into the stream are
particularly effective in trapping
debris carried by water, making
them valuable structures for the
stream'’s ecosystem (Koljonen et
al., 2012). Wood in the water also
serves as d significant food source
and substrate for aquatic microbes
(Brichner-Huttemann et al. 2019)
and the aquatic invertebrates
that depend on them (Hax and
Golladay 1993).

Riparian zones with trees not
only contribute ledf litter but also
provide shade, creating contrasts

REX

in vegetation relative to the open
areas of the stream channel. This
shading limits the growth of large,
fast-growing aquatic and shoreline
plants, which in turn frees up more
space for aquatic mosses that thrive
in flowing waters (Turunen et al. 2019).

Create variation between water hazards: Adjust shade from trees, the structure of shorelines,

the ratio of vegetation cover and open water, and seasonal water level to create diversity among

different water hazards. Water hazards can also vary by size.

Reduce fertiliser and pesticide use: Avoid the use of these chemicals near water bodies and on

slopes where surface runoff flows directly into water bodies.

Control excessive nutrient loading: Leave a natural buffer zone of vegetation around the

shoreline where no fertilisers are applied. Allow space for vegetation that can absorb excess

nutrients and remove excessive plant material when necessary. If vegetation will be cleared,

it is best to do so in the autumn. Use a pump to keep water oxygen-rich deep in the water.

Border water hazards with less managed areas: Surround water hazards at least from one side

with less intensively managed vegetation, such as roughs or woodlands. Utilise shoreline bushes

of ditches or streams associated with water hazards as ecological corridors.

Favour gentle shorelines: Loosely sloping shoreline areas make it easier for wildlife to move

between land and water and provide space for shoreline vegetation.

Introduce natural organic matter: Increase the amount of leaf litter, branches, and logs in the

water to provide habitat and food sources for aquatic organisms.

Avoid, monitor, and manage invasive species: Be vigilant about invasive species and take action

to prevent their spread into water hazards and other water bodies.

Study the local biodiversity: Investigate the biodiversity of nearby small water bodies and

explore opportunities to create additional habitats for species that require specific conditions.
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Biodiversity and Carbon Sequestration on Golf Courses

The transition zones
between wooded
areas and open
spaces are often
rich in biodiversity,
as they provide
habitat for species
from both open
environments

and forests.

18 Golf Course 2030

Some species also appear to prefer
these transitional zones. Hungarian
studies have found specific
arthropod species that favour
transition zones between deciduous
forests and grasslands (Magura et
al. 2001, Horvath et al. 2002, Magura
2002, 2017). However, in Nordic
studies on ground beetles (carabid
beetles) conducted in managed
forest environments, a similar
preference for forest and open

area transition zones has not been
observed (e.g., Helidld et al. 2001,
Niemeld et al. 2007). On the other
hand, in Finnish research conducted
on golf courses, it was observed
that great tits (Parus major), blue
tits (Cyanistes caeruleus), and pied
flycatchers (Ficedula hypoleuca)

REX

edge to the shaded and cooler forest
interior — can extend several tens of
meters from the forest edge into its
interior. If closed forest communities
are present within the golf course
area and there is a desire to preserve
them, their living conditions can

be safeguarded by mitigating the
edge effects. This involves reducing
the penetration of solar radiation,
wind, and airborne particles from the
forest edge into the forest interior.
This can be achieved by avoiding
unnecessary clearing of trees and
undergrowth (Koivula et al. 2019)
and allowing the edge of the wooded
area to grow as dense as possible.
The most effective barrier effect

at the edge can be achieved with
evergreen conifers, such as spruce
(Hamberg et al. 2009). Additionally,
at the outermost forest edge,

in front of conifers, flowering trees
and shrubs can be favoured.

Forest edges between wooded areas
and open spaces provide favourable
habitats for many deciduous trees
and shrubs. The increased light at
forest edges enhances the flowering
and fruiting of species like rowan
(Sorbus aucuparia) and bird cherry
(Prunus padus), which, in turn,
benefits pollinators and fruit-eating
animals. The sun-exposed forest
edge is also a suitable environment
for many insects and fungi that
inhabit dead or dying wood,
particularly on broadleaved trees
such as aspen (Populus tremula) but
also on other deciduous tree species
(Kaila et al. 1997, Martikainen 2001,
Sverdrup-Thygeson and Ims 2002,
Lindhe and Lindeléw 2004, Lindhe
et al. 2005, Junninen et al. 2007,
Ranius et al. 2011, Koch Widerberg
et al. 2012, Lariviere et al. 2023).

The edge effect observed in forest
understory vegetation (Hamberg

et al. 2009) and ground beetle
species (Noreika and Kotze 2012) -
which refers to the change in species
composition when transitioning
from the sunny and warm forest

preferred and produced more
offspring in nest boxes placed near
the edge of open areas compared to
similar nest boxes located 50 meters
inside the forest (Saarikivi and
Herczeg 2014).

The benefits of these transitional
zones are largely related to plant
diversity and variation. Such diversity
is typically abundant in broad
natural transition zones (Magura

et al. 2017). Therefore, it is
advantageous to leave a buffer
zone between forest edge trees and
open grassy areas, allowing shrubs
to develop and permitting grassy
vegetation to grow at least partially
without intensive maintenance.

A dense shrub layer at the forest
edge can enhance bird biodiversity
(Melin et al. 2018).

Favour natural vegetation at edges: Allow shrubs and herbaceous vegetation to develop in
the transition zone between the forest and open area.

Promote native tree and shrub species along the edges of wooded areas.

Favour dead wood: Preserve dead and dying trees in the edge forests, especially large
deciduous trees, as they are valuable for heat-loving saproxylic (wood-dependent) insects.

Let the forest edge grow dense: If you wish to protect the characteristic species of closed
forests, let the forest edges grow dense.

Add bird nest boxes: Consider placing bird nest boxes, especially for tits, in the trees along
the forest edge.

Golf Course 2030 19



Biodiversity and Carbon Sequestration on Golf Courses

Forests naturally
host a variety of
species that may
not be found in
other habitat types
on golf courses.

20 Golf Course 2030

In Finland, approximately half

of the total area of golf courses
consists of various maintained
grassy areas, with the other half
comprising water hazards, bunkers,
and other landscaped areas outside
the actual playing fields (Table 1).
Additionally, a significant portion
of this landscaped area may be
wooded. While the primary purpose
of golf courses is to facilitate the
game of golf, wooded and forested
areas alongside fairways are often
kept open to make it easier to find
golf balls that have strayed from
the fairways and into the trees.
However, these wooded areas and
forest patches on golf courses can

provide habitat for wildlife species
dependent on forest environments.

Because wooded areas on golf
courses are not part of the playing
area itself, they are well-suited for
supporting biodiversity. Forests
naturally host a variety of species
that may not be found in other
habitat types on golf courses.

Wooded areas attract species

that use trees for food, habitat,

or breeding sites, as well as their
predators and other associates.
These species may include
mammals, birds, arthropods,

and various small invertebrates,

as well as bryophytes, lichens, fungi,
and diverse microbial communities.
Additionally, many species that

are not directly dependent on trees
still prefer forest environments.

The tree canopy, including the upper
parts of trees and their crowns,
represents only one part of a forest.
The understory vegetation beneath
the canopy and the forest floor,
shaped by tree roots and litter, also
contribute unique characteristics
and host distinct species. Since

the essential features of forest
ecosystems are largely created by
trees collectively, individual trees

or small groups of trees growing
between fairways cannot provide
the similar biodiversity benefits.
However, trees growing in open
areas also have their own unique
ecological value (see section on
Old Park Trees - page 31).

The composition of species in
wooded areas depends on the
quality of the forest. Site-specific

factors such as climate, soil
composition, nutrient levels,

and moisture determine the types
of forest ecosystems that can
develop in a given location.

For example, fertile clay soils

can support the development of
deciduous forests, while nutrient-
poor sandy soils might give rise to
pine heathlands, each with its own
distinct species composition.

The size and shape of wooded areas
also influence the quality of forest
habitats. The narrower the wooded
areq, the larger the proportion

of transitional zone, where the
influence of adjacent open areas can
be strong. In narrow wooded strips,
specialised forest species have fewer
opportunities compared to larger,
continuous forested areas, even if
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the tree cover is similar. On the other
hand, narrow tree strips may provide
suitable habitats for sun-loving
species that do not thrive in the
shaded conditions of dense forests.

Many biodiversity-enhancing
structures develop naturally in
forests, but their development

is often a process that spans at
least decades. Therefore, in forest
environments, biodiversity is

best conserved by preserving
pre-existing crucial structural
elements. However, the quality of
forest habitats and their ability
to sustain biodiversity can also
be actively enhanced within the
constraints set by site conditions.
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Figure'5. Vegetation typical of harsh growing &
conditions in forests can thrive'on open
intermediary areas of golf courses if the soil
conditions are suitable and trampling is not
too intense:

Forest structure

In wooded areas, the diversity of
tree species and variation in the

age structure of trees enhance
small-scale biodiversity in the
environment, i.e., the number of
different microhabitats. Each tree
species has specialised associated
species, and their presence depends
on the occurrence of the right host
tree species (Keto-Tokoi and Siitonen
2021). Therefore, increasing the
diversity of tree species generally
expands the opportunities for
diversifying the species composition.
Biodiversity is also increased by
having trees of different ages, sizes,
and conditions in different canopy
layers in wooded areas.

Variation created by different tree
species, developmental stages,

and stem densities influences the
understory vegetation (Uotila and
Kouki 2005, Ampoorter et al. 2014,
Tonteri et al. 2016). Mixed-species
forests and forests with varying tree
structures can host a diverse range
of plant species from deciduous
and coniferous forests, as well as
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semi-open and closed forests.

A similar small-scale variation is
also an important factor explaining
the biodiversity of forest floor
invertebrates (Niemeld et al. 1996).
Further variation is introduced

by coarser-scale variations in the
forest structure, where certain
areas within a forest may be more
conifer-dominated while others
are more deciduous-dominated
(Huuskonen et al. 2021).

Tree plantations and forest stands
that have previously been managed
as commercial forests are often
structurally uniform and lack tree
species diversity. To enhance
diversity in such areas, one can
accelerate the diversification of
the tree structure by creating
gaps within the even-aged stands,
allowing for natural regeneration
of deciduous trees and shrubs
(Maher-Hasselquist et al. 2021,
Saukkonen and Valkonen 2022).
New tree species can also be
introduced by planting them in
these gaps.
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On golf courses, it is advisable not to
limit to just the most common main
tree species but to also favour native
broadleaved trees, such as birches,
rowans, bird cherries, and willows.
The wooded areas bordering open
grassy areas often have abundant
edge habitats that are suitable for
many light-demanding deciduous
tree species. For biodiversity, it is
essential to maintain undisturbed
thickets in wooded areas as they

are favoured environments for many
forest birds (Klein et al. 2020).

Old and large trees are valuable
structural features for biodiversity.
As trees age and grow, their structure
becomes more diverse, and various
microhabitats accumulate within the
tree (Korkjas et al. 2021b). Because
trees have along lifespan, and their
biodiversity values develop slowly,

it is essential to preserve the oldest
and largest trees in the forest stand
for as long as possible.

Figure 6.

Active management

for biodiversity can be
considered when a forest
site includes only one
tree species and when all
trees are even-aged.
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Favour diverse forest structure: In uniform stand structures,
variation can be created by making gaps where new

tree species can be introduced through planting or

natural regeneration.

Preserve undisturbed thickets in some places.
Retain the oldest trees.

Favour native infrequent species: In forest stand
management, prioritize the preservation of native tree species
that are otherwise scarce in the surrounding landscape.
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Tree microhabitats

Structural features associated with
individual trees can themselves
serve as biodiversity-enhancing
microhabitats. These structures
typically develop as a result of
aging and damage to trees and
may include, for example, cavities
excavated by woodpeckers, rot
holes, pockets under loose bark,
bare barkless wood surfaces, fire
scars, resin flows, branch fractures
and dead branches, witches broom,
surface vegetation on trees,
perennial fungal fruiting bodies,
and animal nesting structures (Kraus
et al. 2016, Korkjas et al. 2021a).

The greater quantity and diversity
of tree microhabitats have been
suggested as one reason for the
higher biodiversity of certain groups
of organisms in unmanaged and
managed forests (Paillet et al.

2010, 2018). In Central European
studies, the diversity of living tree
microhabitats (Paillet et al. 2018)
and the abundance of specific
microhabitat types (Basile et al.
2020) have been found to be related
to the diversity or abundance of
some taxonomic groups, although
not all target groups have shown
such connections. To date, there
have been no published studies on
the effects of tree microhabitats on
species diversity in boreal forests.

While there is still limited evidence
regarding the quantitative effects of
tree microhabitats on biodiversity,
numerous examples exist of the
connections between specific
microhabitat types and species or
groups of species (Hamadldinen et
al. 2023, Table 3). Based on this,
tree individuals with a variety of
microhabitats can be considered
potentially valuable for biodiversity.
However, in conventional forest

management, favouring the
healthiest tree individuals often
leads to the felling of such valuable
or potentially valuable trees for
deadwood or complete removal.
In such cases, microhabitats in
living trees are destroyed or their
developmental trajectories are
prematurely disrupted. Therefore,
it is advisable to thoroughly
discuss the goals of forest
management with foresters when
planning forest work.

Various microhabitats naturally
form over time in living trees,
but their development is often
associated with unpredictable

natural phenomena, such as damage

caused by animals, pathogens,

or weather events. Certain tree
species, like aspen and oak, have
higher prevalence and more diverse
microhabitats than others (Kérkjas
et al. 2021a). Individuals of these
tree species often survive for a long
time even when damaged, which
means that the microhabitats
formed on them also persist for

an extended period. In Finnish
conditions, goat willow (Salix
caprea) is a noteworthy, fairly

early declining but resilient tree
species, with ample opportunities
for the development of various
microhabitats (Siitonen and
Hamberg 2012).
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Tree microhabitats and their significance for species (see Figure 8).

Microhabitat

Cavities and rot holes

Formation

Hollows and cavities form in tree
trunks as a result of heartwood
decay and excavation by
woodpeckers. Woodpeckers often
prefer trees with wood that has
already been softened by decay, but
at least the black woodpecker can
excavate its cavity in a hard trunk.

Significance for species

Hollows and cavities serve as
natural nesting and hiding places
for hole-nesting birds and some
mammials, such as flying squirrels
and bats.

Dead branches and canopies
in living trees

Individual branches or canopy
limbs on trees may die and remain
attached to the tree.

Dead branches provide a different
microhabitat for species dependent
on dead and decaying wood,
especially when compared to similar
deadwood on the ground.

Pockets under loose bark

In patches where the living bark
tissue had died, outer bark can
partially detach from the trunk.

A gap forms between the bark and
the wood.

In bark pockets, various invertebrate
animals inhabit. Larger bark
pockets serve as nesting sites for
birds like the Eurasian treecreeper
and hiding spots for bats.

Exposed wood surfaces

Exposed wood is revealed when
branches tear or break, as well as in
areas where the cambium layer has
died and the bark has fallen off.

Exposed wood surfaces attract
fungi and insects that feed on
wood, as well as lichens that grow
on wood surfaces.

Cracks on trunks

Cracks extending into the trunk
can form due to freezing, twisting,
or decay.

Cracks provide hiding places for
various invertebrates.

Polypores and other
fruiting bodies

Fungi living in the trunks produce
fruiting bodies on the surface

of the trunk, which can be annual
or perennial.

Many insects use the fruiting bodies
of fungi or their spores as their food
source. Fruiting bodies also host
parasitic microfungi and microbes.

Epiphytic bryophytes
and lichens

Bryophyte and lichen covered
patches on tree branches and
trunks provide shelter and habitats
for small organisms.

Epiphytic bryophyte and lichen
vegetation hosts invertebrate
communities, that provide food

for birds. Some forest birds store
their winter food among bryophytes
and lichens.
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Do not remove damaged or structurally unusual trees unless they pose an obvious danger

or other significant harm.

Remember to discuss biodiversity-related management goals and constrains clearly with

contractors or workers before conducting any forest management activities in wooded areas.

Communicate with the golf course’s user community about the valuable structural features
of the trees and their significance for wildlife. Highlight charismatic species on the course
and the tree structures that are important to these species, such as 1) the musk beetle

(Aromia moschata) and old goat willows, 2) the Siberian flying squirrel and its nest holes in

aspen trees, and 3) the velvet-top fungus (Phaeolus schweinitzii) and old coniferous trees.

Dead wood

In Finland, there are approximately
4,000 to 5,000 species that
depend on dead and decaying
wood (Siitonen 2001). Among
these species, hole-nesting birds
and wood-rotting fungi with large
perennial fruiting-bodies are
perhaps the most noticeable and
well-known examples. However,
the majority of species that rely on
deadwood as their habitat are less
conspicuous invertebrates, fungi,
and microorganisms.

Preserving biodiversity dependent
on deadwood starts with having a
diverse living tree population from
which deadwood forms when trees
or their parts die. Which species

can be found living on a piece of
deadwood is determined by several
different factors such as tree species,
mode of tree death, ground contact,
size, decay stage, and surrounding
environmental conditions (Stokland
et al. 2012).

The biodiversity of species living

in deadwood increases with the
amount of deadwood, as deadwood
dependent species are usually

strongly resource-limited. At the
stand level, for example, the richness
of beetle species living in deadwood
has been observed to increase
significantly with deadwood volume,
at least up to 20 m3/ha of volume
(Siitonen et al. 2001).

The size of deadwood also affects
species richness. Larger deadwood
hosts more wood-decaying fungi
species than smaller-diameter
deadwood, but smaller-diameter
dead-wood, such as branches, may
contain species not necessarily
found on larger-diameter deadwood
(Juutilainen et al. 2011).
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Deadwood forms naturally in forest  artificial snags have been found

areas as trees weaken and die. to serve as habitats for some
However, if a forest is logged and endangered beetle species

the wood is removed or if weakened  (Jonsell et al. 2004, Lindhe and

and dead trees are cleared away, Lindeléw 2004). Standing, decaying
deadwood does not accumulate trees, especially deciduous trees,
unless specific measures are taken are essential nesting sites for

to preserve it. In young forests, cavity-nesting birds (Vatka et al.

it may take decades until large, 2014, Andersson et al. 2018),

coarse woody debris develops. so it is advisable to save them

In built environments, deadwood whenever possible.

can be introduced more quickly by
bringing it in from outside. Large,
slowly decomposing deadwood can
serve as landscape elements in
park-like settings (Nieminen 2020).

During tree felling, the woody
debris can be placed in the terrain
in a way that minimizes disruption
to the golf course's use, and they
can be moved if necessary. The

In forestry practices, such as thinning placement of deadwood pieces

or individual tree removal, the can also increase the variety of
accumulation of deadwood canbe  deadwood habitats. Deadwood
promoted by leaving felled trees in exposed to abundant sunlight may
place. Trees that are to be removed  host different species communities
can be cut high up, leaving behind a  than deadwood in shaded conditions
tall stump or a standing snag several  (Vogel et al. 2020).

meters high. In managed forests,

Avoid unnecessary removal of dead trees.
Do not remove standing dead trees if they do not pose a specific hazard.

Collect dead branches that have fallen on lawns and other well-kept areas and move them to
wooded areas where they can blend into the high vegetation.

Save removed trees as tall stumps and logs whenever possible. The cut part can be moved
elsewhere if needed, such as deeper into the forest where it is less obtrusive.

Maintain different deadwood habitats by preserving:
deadwood from different tree species
both standing and downed deadwood
trees of different sizes, including larger ones

Place deadwood in areas with different light and moisture conditions across the landscape,
including in water bodies.

Figure 7. Astanding dead pinejtree at the
boundary between the green.and the bog
is a scenic element as well as a source of

food and habitat for other species. During For example, aspen supports several rare and endangered species that thrive in sunny conditions.
the game, there may be an opportunity to

observe woodpeckers.
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Species communities
on forest soils

Litter produced by trees is an
important factor influencing the
local biodiversity and abundance of
soil-dwelling invertebrates (such as
nematodes, earthworms, springtails,
mites) in forest ecosystems.
Deciduous trees, which produce
easily decomposable leaf litter,
tend to support a richer community
of soil organisms compared to
conifers, which produce acidic and
slowly decomposing litter. Therefore,

A
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deciduous trees often enrich the soil
fauna in conifer-dominated forests
(Koivula et al. 1999, Korboulewsky
et al. 2016). On the other hand,

the slowly decomposing litter layers
formed by conifer needles can
themselves serve as important
habitats for certain species.

Tree root associated fungi play

an essential role in the microbial
communities of forest soils. Fungi
associated with tree roots, especially
ectomycorrhizal fungi, are different
species than those associated

with herbaceous plants growing in
open areas. Even if the trees are
planted, typical forest-associated
soil microbiota develops naturally
over time. In a study conducted

in Finland, it was observed that
ectomycorrhizal fungal communities
associated with trees growing in
constructed park areas were

almost as diverse as those in natural
forests (Hui et al. 2017a). The
presence of trees and the choice of
tree species are the most significant
factors influencing mycorrhizal
fungal communities.

Diversify the selection of tree species and leave tree litter (such as leaves and needles) on

the ground to decompose.

Leaf litter from deciduous trees can improve conditions for many forest floor and soil
microorganisms, especially in areas dominated by conifers. Broadleaved trees and aspen
produce particularly high-quality leaf litter.

Leave fallen leaves on turf areas after chipping or move them to nearby forest areas.
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Old trees
include many
microhabitats
that are absent
from young,
vigorously
growing trees.

Old, broadleaved trees are essential
habitats for two highly diverse
groups of organisms: species that
inhabit living trees in hollows and
other dead parts of trees, and lichen
species that grow on tree trunks.

Old trees include many microhabitats
that are absent from young,
vigorously growing trees (Figure 8).
These microhabitats include

hollows in the trunk, dying and

dead branches, large branches, bark
injuries and scars, woodpecker holes,
sap leaks, and fungal fruiting bodies
(Siitonen 2012, Larrieu et al. 2018).
Each of these microhabitats hosts
species that are specially adapted
to that particular microhabitat.

The number of these microhabitats,
or microhabitat richness, increases
as trees age (Siitonen 2012,
Keto-Tokoi and Siitonen 2021).

Research specifically on the
saproxylic species, which live on
damaged or decaying wood in
old broadleaved trees, has not
been conducted extensively on
golf courses in any of the Nordic
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countries. However, findings from
studies conducted in city parks and
estate parks can be applied to golf
courses where such tree species are
present. There are 17 golf courses
known to have old park trees, which
accounts for 8% of the golf courses
(Table 2). It is likely that park trees
have been planted on other golf
courses as well. However, since
most golf courses were established
after the early 1990s, the planted
trees are still young and have

not had enough time to develop
microhabitats. The most valuable
old trees for biodiversity are found on
golf courses that include old estate
parks, tree alleys, or similar cultural
environments. Old park trees may
also occur as individual trees or
groups of trees in the forests of
golf courses.
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For saproxylic species, a particularly
important microhabitat is hollow
trees and the decomposing wood
dust and litter that accumulates

at the bottom of these hollows,
forming "mulm". In a Swedish study,
less than 1% of oak trees that were
at most a hundred years old had
hollows, half of the oak trees aged
between 200 and 300 years were
hollow, and all oak trees over 400
years old were hollow (Ranius et al.
2009). In the case of maples and
common limes (Tilia * vulgaris),
hollows can develop in trees less
than 100 years old. In a study of park
trees in Helsinki, it was found that
approximately 6% of the measured
broadleaved trees with a minimum
diameter at breast height of 30
centimetres had hollow trunks, and
additionally, about 9% of the trees
had smaller hollows in their trunks
(Peuhu and Siitonen 2011). The
likelihood of a tree becoming hollow
was influenced by the tree species,
tree diameter, and the openness
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of the environment. Hollows were
more common in maples and lindens
than in oaks, elms, and ashes, and

in larger trees compared to thinner
ones (Kymadaldinen 2011). They were
also more common in trees growing
in open areas than in those growing
in shade.

Hollows in deciduous trees and the
decay within the tree trunks are
caused by heartwood-decaying
fungi. The heartwood in the tree
trunk is composed of dead cells,
which heart-wood-decaying fungi
typically colonize through branch
tears or other trunk injuries.

Most broadleaved trees share

a similar fungal community
responsible for decay, but oak,

in particular, have their own set of
fungi (Niemeld et al. 2012, Niemeld
2016). For oaks, sulfur polypore
(Laetiporus sulphureus) is typically
responsible for heartwood decay.
In elms and ashes, a common
species is dryad's saddle (Polyporus

Figure 8.

squamosus), which can also grow on
linden and maple. Hollow common
lindens are primarily decayed by
artist's bracket fungus (Ganoderma
lipsiense), which can occur on many
other deciduous tree species as
well. On maple trees, mossy maple
polypore (Oxyporus populinus) and
northern tooth fungus (Climacodon
septentrionalis) are common
decaying fungi, with their spores
typically entering the wood through
branch crack on the trunk. In parks
with broadleaved trees, there are
also rare and endangered decaying
fungi, such as the threatened geasy
bracket (Auranti-porus fissilis),
primarily found on elms, and the
threatened Spongipellis spumeus,
which grows on maples, elms,

and ashes. Exclusive to old oaks
are the threatened Phellinus
robustus and the dark red,
tongue-like, and slimy beefsteak
fungus (Fistulina hepatica).

Microhabitats in an old oak tree
(Siitonen 2012). Various microhabitats
host specialised saproxylic species.

A = Dead limb

B = Woodpecker hole

C = Dead branches

D = Branch cavity

E = Sulphur polypore fruiting bodies
F = Trunk cavity

G = Large fallen branch

H = Base cavity,

I = Barkless knob,

J = Resin flow

K = Dead roots underground

Within these cavities created by
decay fungi and other heartwood-
decaying organisms, a diverse
community of invertebrate species
thrives (Siitonen 2012). Some of
the most abundant groups of
species within these cavities include
beetles, dipterans (flies), and
hymenopterans (wasps and ants).
In a study focused on beetles living
in hollow trees in Helsinki and
Vantaa's mansion parks, a total

of 131 beetle species associated
with decaying wood were found

in three parks and fifteen trees
(Peuhu et al. 2019). This included
several rare species, such as the
beetle species previously classified
as near-threatened Eucnemis
zaitzevi, Quedius microps, and
Cryptophagus fuscicornis, as well
as the near-threatened Eledona
agricola. All the species found in
Helsinki's mansion parks are likely
to occur in the hollow trees of golf
courses as well.

In Finland, the most diverse
community of species within

hollow trees, including many
endangered species, is found in Turku's
Ruissalo (Karhu et al. 1995). Among
the endangered invertebrates
associated with hollow oaks, you
can find the vulnerable hermit beetle
(Osmoderma barnabita), strictly
protected under the EU Habitats

Directive, which is only found in
Ruissalo and the surrounding oak
forests (Landvik et al. 2016). There
are also near-threatened species
like Mycetochara humeralis and
Pentaphyllus testaceus. The hermit
beetle has also been found in

the trees on the Aura Golf course
(Landvik 2000, Laji.fi 2023), where,
in principle, all other endangered
species found in Ruissalo could
also occur.

Hollow trees are often more suitable
for saproxylic beetle species in open
environments compared to closed
forests (Ranius and Jansson 2000,
Koch Widenberg et al. 2012), likely
because the temperature inside

the tree cavities is higher in open
environments, allowing for faster
larval development.

Several cavity-nesting birds and
various bat species use the hollows
in old trees for nesting and roosting.
Among cavity-nesting birds, species
like the common starling, stock
dove, tawny owl, and the near
threatened Eurasian wryneck have
regularly nested on Helsinki Tali

golf course (Talin luontoikkuna 2023).

The common starling also occurs
in the nesting bird species of the
Master Golf course in Bodom Lake,
Espoo (Kiema 2022). All of these
cavity-nesting species prefer open,

Plant park trees in the golf course.
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sparsely wooded deciduous forests
with open areas, making golf courses
and their surrounding environments
suitable habitats for them.

In Finland, there are 13 species of
bats (Laji.fi 2023), and in Ruissalo,
nine of these species have been
observed (Ruissaloinfo 2023).

Most bat species in Finland also
prefer habitats like old deciduous
forests with open areas or those
adjacent to water bodies. Bats have
been surveyed on golf courses in
Hirsala, where the Daubenton’s bat
and northern bat were observed
(Kylliginen 2019). It can be assumed
that golf courses and their
surroundings are potentially suitable
habitats for most of our bat species.

Old park trees support a diverse and
unique lichen community on their
trunks. This community includes
many species that are rare and more
typical of southern distribution areas
(Vitikainen 2009, Stenroos et al. 2011).

Allow old park trees to continue growing even with decay or fungi. However, regularly inspect

these trees and take necessary safety measures to ensure the safety of golf course users.

Create open areas around trees: Diversity of beetles associated to old park trees increases

when there are open areas around them.
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Carbon sequestration

Golf courses
should aim to

maintain a ca rbo n On golf courses, carbon is The most significant emissions
sequestered through the process come from intensely managed

bCl l ance, Wh ere th © of photosynthesis by vegetation, teeing grounds and greens, whereas

amount of ca rbo g] but it is also released into the fairways and roughs contribute
atmosphere during maintenance less. A significant portion of a golf

Seq u eSte red or activities, which involve the use of course's carbon emissions comes

stored on the various equipment and chemicals, from the use of nitrogen fertilisers.
such as fertilisers (Bartlett and Therefore, special attention should

course equa Is or James 2011). be paid to the maintenance of grass

. . . areas (Petrosillo et al. 2019).
exceeds the amount  Areas subject to intensive
. maintenance practices release more
re | ed Sed Into carbon into the atmosphere than

the Otmosphere they can sequester (Bartlett and
' James 2011, Figure 9). According to

an English study, the largest carbon
emissions result from mowing grass
areas, the use of nitrogen fertilisers,
and irrigation (Mark et al. 2011).

Carbon Carbon
emissions sequestration

Teeing grounds

Fairways

Other (e.g., shrubs, calluna)

Figure 9. Maintained turf areas on golf courses release more carbon into the atmosphere

than less maintained forests and shrublands (darker orange colour indicates higher emissions).
In addition to natural soil respiration, carbon dioxide emissions result from turf fertilisation,

h irrigation, mowing, aeration, and pesticide use. Forests sequester more carbon than

| well-maintained turf (darker green colour indicates better carbon sequestration). The image

I is based on data from the publication by Mark et al. (2011).
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According to a study conducted an increase in soil carbon content
in England, the most intensively (Hui et al. 2017b).

maintained areas of golf courses
have reduced soil-bound carbon
(Bartlett et al. 2008). This reduction
is likely due to the lower abundance
and diversity of soil fungi in the most
intensively maintained areas of golf
courses (Allan-Perkins et al. 2019).
The amount of carbon sequestered
by microbes was twice as high on
fairways and roughs compared

to teeing grounds and greens
(Bartlett et al. 2008). Significantly
more microbially-bound carbon Factors such as the size, shape, and
was found at a depth of 0-75mmin  vegetation structure of the golf
the soil compared to deeper layers.  course (including the proportion
This soil layer contains abundantly  of trees and less maintained areas

Trees sequester significantly more
carbon than maintained turf areas
and release less carbon into the
atmosphere (Bartlett and James
2011). The amount of wooded area
on a golf course plays a crucial role
in determining the overall carbon
emissions of the golf course (Mark
et al. 2011). The more trees a golf
course has, the smaller its overall
carbon emissions tend to be.

roots and accumulates cut grass compared to greens and teeing
clippings, which provide a food grounds) significantly influence
source for microbes. Consequently,  whether more carbon is sequestered
microbial populations are higher on the golf course than is released
in this layer, which in turn supports  into the atmosphere (Bartlett and
other organisms. According to a James 2011).

study conducted in urban woodlands
in Finland, the diversity of soil
bacterial species increased with

How to increase carbon sequestration on a golf course

Reduce maintenance of turf areas where possible.

Decrease the use of fertilisers, especially nitrogen-based fertilisers, which can be a significant
source of carbon emissions.

Leave grass clippings on the ground.
Promote the growth of trees and allow forests to flourish.
Plant more trees.

Increase the area of non-turf areas. These areas have the potential to enhance
carbon sequestration.

36 Golf Course 2030 Golf Course 2030 37




Biodiversity and Carbon Sequestration on Golf Courses

38 Golf Course 2030

Ahola M, Havumdaki M (2008). Purokunnostusopas — Kdsikirja metsépurojen
kunnostdjille. Pohjois-Pohjanmaan ympdristokeskus ja Kainuun
ympdristokeskus.

Allan-Perkins E, Manter DK, Jung G (2019): Soil microbial communities
on roughs, fairways, and putting greens of cool-season golf courses.
Crop Science 59: 1753-1767.

Ampoorter E, Baeten L, Koricheva J, Vanhellemont M, Verheyen K (2014).
Do diverse overstoreys induce diverse understoreys? Lessons learnt from
an experimental-observational platform in Finland. Forest Ecology and
Management 318: 206-215.

Andersson J, Domingo Gémez E, Michon S, Roberge JM (2018). Tree cavity
densities and characteristics in managed and unmanaged Swedish boreal
forest. Scandinavian Journal of Forest Research 33(3): 233-244.

Bartlett MD, James IT (2011). Are golf courses a source or sink of
atmospheric carbon dioxide? A modelling approach. Proceedings of the
Institution of Mechanical Engineers, Part P-Journal of Sports Engineering
and Technology 225: 75-83.

Bartlett MD, James IT, Harris JA, Ritz K (2008). Size and phenotypic
structure of microbial communities within soil profiles in relation to different
playing areas on a UK golf course. European Journal of Soil Science 59:
835-841.

Basile M, Asbeck T, Jonker M, Knuff AK, Bauhus J, Braunisch V,
Storch 1 (2020). What do tree-related microhabitats tell us about
the abundance of forest-dwelling bats, birds, and insects? Journal of
Environmental Management 264: 110401.

Briichner-Hiittemann H, Ptatscheck C, Traunspurger W (2019). Unicellular
organisms in benthic habitats on different substrates in a first-order stream
and their contribution to secondary production. Aquatic Microbial Ecology
83(1): 49-63.

Colding J, Folke C (2009). The role of golf courses in biodiversity
conservation and ecosystem management. Ecosystems 12: 191-206.

Colding J, Lundberg J, Lundberg S, Andersson E (2009). Golf courses and
wetland fauna. Ecological Applications 19(6): 1481-1491.

Dixneuf C, Peiris P, Nummi P, Sundell J (2021). Vernal pools enhance local
vertebrate activity and diversity in a boreal landscape. Global Ecology and
Conservation 31: e01858.

Haas K, Kdhler U, Diehl S, Kohler P, Dietrich S, Holler S, ..., Vilsmeier J
(2007). Influence of fish on habitat choice of water birds: a whole system
experiment. Ecology 88(11): 2915-2925.

Hamberg L, Lehvdavirta S, Kotze DJ (2009). Forest edge structure as a
shaping factor of understorey vegetation in urban forests in Finland.
Forest Ecology and Management 257(2): 712-722.

Hassall C, Hollinshead J, Hull A (2011). Environmental correlates of plant
and invertebrate species richness in ponds. Biodiversity and Conservation
20: 3189-3222.

Hax CL, Golladay SW (1993). Macroinvertebrate colonization and biofilm
development on leaves and wood in a boreal river. Freshwater biology
29(1): 79-87.

Heliola J, Koivula M, Niemelé J (2001). Distribution of carabid beetles
(Coleoptera, Carabidae) across a boreal forest-clearcut ecotone.
Conservation biology 15(2): 370-377.

Horvdath R, Magura T, Péter G, Téthmérész B (2002). Edge effect on weevils
and spiders. Web Ecology 3(1): 43-47.

Hui N, Liu X, Kotze DJ, Jumpponen A, Francini G, Setdla H (2017a).
Ectomycorrhizal fungal communities in urban parks are similar to those
in natural forests but shaped by vegetation and park age. Applied and
Environmental Microbiology 83(23): e01797-17.

Hui N, Jumpponen A, Francini G, Kotze DJ, Liu X, Romantschuk M,
Strommer R, Setdla H (2017b). Soil microbial communities are shaped by
vegetation type and park age in cities under cold climate. Environmental
Microbiology 19(3): 1281-1295.

Huuskonen S, Domisch T, Finér L, Hantula J, Hynynen J, Matala J, ...,
Viiri H (2021): What is the potential for replacing monocultures with
mixedspecies stands to enhance ecosystem services in boreal forests in
Fennoscandia? Forest Ecology and Management 479: 118558.

Hamaldinen A, Runnel K, Mikusinski G, Himelbrant D, Fenton NJ,
Lohmus P (2023). Living trees and biodiversity. In boreal forests in the face
of climate change: Sustainable Management (pp. 145-166). Cham: Springer
International Publishing.

Jonsell M, Nittérus K, Stighdall K (2004). Saproxylic beetles in natural and
man-made deciduous high stumps retained for conservation. Biological
conservation 118(2): 163-173.

Jonsson M, Burrows RM, Lidman J, Féltstrom E, Laudon H, Sponseller RA
(2017). Land use influences macroinvertebrate community composition in
boreal headwaters through altered stream conditions. Ambio 46: 311-323.

Junninen K, Penttila R, Martikainen P (2007). Fallen retention aspen trees
on clear-cuts can be important habitats for red-listed polypores: a case
study in Finland. Biodiversity and Conservation 16: 475-490.

Juutilainen K, Halme P, Kotiranta H, Monkkdnen M (2011). Size matters in
studies of dead wood and wood-inhabiting fungi. Fungal Ecology 4: 342-349.

Kaila L, Martikainen P, Punttila P (1997). Dead trees left in clear-cuts
benefit saproxylic Coleoptera adapted to natural disturbances in boreal
forest. Biodiversity & Conservation 6: 1-18.

REX

Golf Course 2030 39



Biodiversity and Carbon Sequestration on Golf Courses

40 Golf Course 2030

Karhu K, Rassi P, Rutanen | (1995). Threatened insects of Ruissalo.
Entomologica Fennica 6: 123-125.

Keto-Tokoi P, Siitonen J (2021). Puiden asukkaat. Suomen puiden
seuralaislajit. Gaudeamus, Helsinki. 495 s.

Kiema S (2022). Pesimdlinnustoselvitys 2022 Master Golf Course Oy.
Luonto--ja viherkonsultti Sami Kiema. 21 s. https://mastergolf.fi/

wp-content/uploads/2023/01/Pesimalinnustoselvitys-Master-Golf-
Course-Oy-2022.pdf.

Klein J, Thor G, Low M, Sjogren J, Lindberg E, Eggers S (2020): What is
good for birds is not always good for lichens: Interactions between forest
structure and species richness in managed boreal forests. Forest Ecology
and Management 473: 118327.

Koivula M, Punttila P, Haila Y, Niemela J (1999). Leaf litter and the
small-scale distribution of carabid beetles (Coleoptera, Carabidae) in the
boreal forest. Ecography 22(4): 424-435.

Koivula M, Virta T, Kuitunen M, Vallius E (2019). Effects of undergrowth
removal and edge proximity on ground beetles and vascular plants in urban
boreal forests. Journal of Urban Ecology 5(1): juz007.

Koch Widenberg M, Ranius T, Drobyshev |, Nilsson U, Lindbladh M (2012).
Increased openness around retained oaks increases species richness of
saproxylic beetles. Biodiversity and Conservation 21: 3035-3059.

Koljonen S, Louhi P, Maki-Petdys A, Huusko A, Muotka T (2012).
Quantifying the effects of in-stream habitat structure and discharge on
leaf retention: implications for stream restoration. Freshwater Science
31(4): 1121-1130.

Korboulewsky N, Perez G, Chauvat M (2016). How tree diversity affects soil
fauna diversity: a review. Soil Biology and Biochemistry 94: 94-106.

Korhonen A, Jauni M, Hamberg L (2022). Luonnon monimuotoisuus
ulkoilumetsissd. Teoksessa: Hamberg L & Korhonen A, Ulkoilumetsat -
suunnittelu, hoito ja kdytto. s. 65-77.

Kraus D, Bitler R, Krumm F, Lachat T, Larrieu L, Mergner U, ...,
Winter S (2016). Catalogue of tree microhabitats — Reference field list.
Integrate+Technical Paper 13. 16 p. https://informar.eu/tree-microhabitats.

Kylliginen M (2019). Monimuotoisuuden kartoitus ja edistdminen Hirsalan
golfkentdlld. Pro gradu - tutkielma, Bio-ja ympdristotieteellinen tiedekunta,
Helsingin yliopisto. 51s. ja 10 liitettd.

Kymadalainen M (2011). Monimuotoisuudelle arvokkaat ontot puut
kaupunkialueilla — onttojen runkojen esiintymistodenndkéisyyteen
vaikuttavat tekijét. Metsdnhoitotieteen pro gradu-tutkielma. Helsingin
yliopisto, Metsdtieteiden laitos. https://helda.helsinki.fi/bitstream/
handle/10138/28160/Maija%20Kym%C3%A4|%C3%A4dinen.pdf.

Korkjas M, Remm L, Lohmus A (2021a). Development rates and persistence
of the microhabitats initiated by disease and injuries in live trees: A review.
Forest Ecology and Management 482: 118833.

Korkjas M, Remm L, L6hmus A (2021b). Tree-related microhabitats on live
Populus tremula and Picea abies in relation to tree age, diameter, and stand
factors in Estonia. European Journal of Forest Research 140(5): 1227-1241.

Laji.fi (2023). Suomen Lajitietokeskus. (Visited 31.3.2023).

Landvik M (2000). Erakkokuoriaisen (Osmoderma eremita)

suojelusuunnitelma. Lounais-Suomen ympdristokeskuksen moniste
18/2000, 24 + 60 s.

Landvik M, Niemela P, Roslin T (2016). Opportunistic habitat use by
Osmoderma barnabita (Coleoptera: Scarabaeidae), a saproxylic beetle
dependent on tree cavities. Insect Conservation and Diversity 9: 38-48.

Lariviere D, Holmstrom E, Petersson L, Djupstrom L, Weslien J (2023).
Ten years after: Release cutting around old oaks still affects oak vitality
and saproxylic beetles in a Norway spruce stand. Agricultural and Forest
Entomology: 1-11.

Larrieu L, Paillet Y, Winter S, Butler R, Kraus D, Krumm F, ...,
Vandekerkhove K (2018). Tree related microhabitats in temperate and
Mediterranean European forests: A hierarchical typology for inventory
standardization. Ecological Indicators 84: 194-207.

Liao W (2022). Aquatic invertebrates in the five ponds of Hirsala Golf.
University of Helsinki, Ecosystems and Environment Research Programme.

Liao W, Venn S, Niemeld J (2020). Environmental determinants of diving
beetle assemblages (Coleop-tera: Dytiscidae) in an urban landscape.
Biodiversity and Conservation 29(7): 2343-2359.

Liao W, Venn S, Niemelé J (2023). Microhabitats with emergent plants
counterbalance the negative effects of fish presence on diving beetle
(Coleoptera: Dytiscidae) diversity in urban ponds. Global Ecology and
Conservation 41: e02361.

Lindhe A, Lindeléw A (2004). Cut high stumps of spruce, birch, aspen and
oak as breeding substrates for saproxylic beetles. Forest Ecology and
Management 203(1-3): 1-20.

Lindhe A, Lindeléw A, Asenblad N (2005). Saproxylic beetles in standing
dead wood density in relation to substrate sun-exposure and diameter.
Biodiversity and Conservation 14: 3033-3053.

Magura T (2002). Carabids and forest edge: spatial pattern and edge effect.
Forest Ecology and management 157(1-3): 23-37.

Magura T (2017). Ignoring functional and phylogenetic features masks the
edge influence on ground beetle diversity across forest-grassland gradient.
Forest Ecology and Management 384: 371-377.

REX

Golf Course 2030 41



Biodiversity and Carbon Sequestration on Golf Courses

42 Golf Course 2030

Magura T, Téthmérész B, Molndr T (2001). Forest edge and diversity:
carabids along forest-grassland transects. Biodiversity and Conservation 10:
287-300.

Magura T, Lévei GL, Téthmérész B (2017). Edge responses are different in
edges under natural versus anthropogenic influence: a meta-analysis using
ground beetles. Ecology and evolution 7(3): 1009-1017.

Maher-Hasselquist M, Kuglerova L, Sjégren J, Hjéltén J, Ring E, Sponseller
RA, ..., Laudon H (2021): Moving towards multi-layered, mixed-species
forests in riparian buffers will enhance their long-term function in boreal
landscapes. Forest Ecology and Management 493: 119254.

Mark D, Bartlett MD, James IT (2011). A model of greenhouse gas emissions
from the management of turf on two golf courses. Science of the Total
Environment 409: 5137-5147.

Martikainen P (2001). Conservation of threatened saproxylic beetles:
significance of retained aspen Populus tremula on clearcut areas. Ecological
Bulletins 49: 205-218.

Melin M, Hinsley SA, Broughton RK, Bellamy P, Hill RA (2018). Living on the
edge: utilising lidar data to assess the importance of vegetation structure

for avian diversity in fragmented woodlands and their edges. Landscape
Ecology 33: 895-910.

McKinney ML (2002). Urbanisation, biodiversity & conservation. Bioscience
52: 883-890.

Niemelé J, Haila Y, Punttila P (1996). The importance of small-scale
heterogeneity in boreal forests: variation in diversity in forest-floor
invertebrates across the succession gradient. Ecography 19(3): 352-368.

Niemeld J, Koivula M, Kotze DJ (2007). The effects of forestry on carabid
beetles (Coleoptera: Carabidae) in boreal forests. Journal of Insect
Conservation 11: 5-18.

Niemeld T (2016). Suomen kéaévdat. Norrlinia 31: 1-430.

Niemela T, Terho M, Kiema S (2012). Sienet ja laho Helsingin puistoissa.
Helsingin kaupungin rakennus-viraston julkaisut 2012:8, 74 s.
https://www.hel.fi/static/hkr/julkaisut/2012/sienetjalaho__net.pdf.

Nieminen J (2020). Kaupunkien lahopuuopas — Lahopuun vaaliminen
rakennetuilla viheralueilla. Viherympdristéliiton julkaisu nro 69.

Nooten SS, Schultheiss P, Wright J, Macdonald C, Singh BK, Cook JM,
Power SA (2018). What shapes plant and animal diversity on urban golf
courses? Urban Ecosystems 21: 565-576.

Noreika N, Kotze DJ (2012). Forest edge contrasts have a predictable effect
on the spatial distribution of carabid beetles in urban forests. Journal of
Insect Conservation 16: 867-881.

Oertli B, Parris KM (2019). Review: Toward management of urban ponds for
freshwater biodiversity. Ecosphere 10 (7): e02810.

Pdaillet Y, Bergeés L, Hjaltén J, Odor P, Avon C, Bernhardt-R6mermann
M, ..., Virtanen R (2010). Biodiversity differences between managed
and unmanaged forests: Meta-analysis of species richness in Europe.
Conservation biology 24(1): 101-112.

Paillet Y, Archaux F, Du Puy S, Bouget C, Boulanger V, Debaive N, ...,
Guilbert E (2018). The indicator side of tree microhabitats: A multi-taxon
approach based on bats, birds and saproxylic beetles. Journal of Applied
Ecology 55(5): 2147-2159.

Parker KA, Springall BT, Garshong RA, Malachi AN, Dorn LE, Costa-Terryll
A, ..., Kalcounis-Rueppell MC (2019). Rapid increases in bat activity

and diversity after wetland construction in an urban eco-system.

Wetlands 39: 717-727.

Petrosillo |, Valente D, Pasimeni MR, Aretano R, Semeraro T, Zurlini G
(2019). Can a golf course support biodiversity and ecosystem services?
The landscape context matter. Landscape Ecology 34: 2213-2228.

Peuhu E, Siitonen J (2011). Ontot puistopuut ovat merkittdvé elinympdristé
monimuotoiselle lahopuu-eliéstélle. Metsdtieteen aikakauskirja
1/2011: 63-67.

Peuhu E, Thomssen P-M, Siitonen J (2019). Comparison of three trap types
in sampling saproxylic beetles living in hollow urban trees. Journal of Insect
Conservation 23: 75-87.

Pornaro C, Macolino S, De Luca A, Sallenave R, Leinauer B (2018). Plant
species diversity of naturalized roughs as affected by conversion strategies.
Agronomy Journal 10: 1709-1717.

Puustinen M, Koskiaho J, Gran V, Jormola J, Maijala T, Mikkola-Roos M,
... Sammalkorpi | (2001). Maa-talouden vesiensuojelukosteikot.
VESIKOT-projektin loppuraportti. - Suomen ympdristé 499. 61s.

Ranius T, Jansson N (2000). The influence of forest regrowth, original
canopy cover and tree size on saproxylic beetles associated with old oaks.
Biological Conservation 95: 85-94.

Ranius T, Niklasson M, Berg N (2009). Development of tree hollows in
pedunculate oak (Quercus robur). Forest Ecology and Management 257:
303-310.

Ranius T, Martikainen P, Kouki J (2011). Colonisation of ephemeral forest
habitats by specialised species: beetles and bugs associated with recently
dead aspen wood. Biodiversity and Conservation 20: 2903-2915.

Rasmont P, Pauly A, Terzo M, Patiny S, Michez D, Iserbyt S, Barbier Y,
Haubruge E (2005). The survey of wild bees (Hymenoptera, Apoidea) in
Belgium and France. FAO-Report pp. 1-18.

REX

Golf Course 2030 43



Biodiversity and Carbon Sequestration on Golf Courses

44 Golf Course 2030

Ruissaloinfo (2023). Ruissalon lepakot: Yét pitenevdt. https:/www.
ruissaloinfo.fi/ruissalon-lepakot-yot-pitenevat/ (Visited 31.3.2023).

Saarikivi J, Herczeg G (2014). Do hole-nesting passerine birds fare well at
artificial suburban forest edges? Annales Zoologici Fennici 51(6): 488-494.

Saarikivi J, Knopp T, Granroth A, Merilé J (2013). The role of golf courses in
maintaining genetic connectivity between common frog (Rana temporaria)
populations in an urban setting. Conservation Genetics 14: 1057-1064.

Saarikivi J, Idstrom L, Venn S, Niemelé J, Kotze DJ (2010). Carabid beetle
assemblages associated with urban golf courses in the greater Helsinki area.
European Journal of Entomology 107: 553-561.

Sammalkorpi I, Mikkola-Roos M, Lammi E (2005). Kalaston merkitys
linnuille lintuvesissd ja vesiensuojelukosteikoissa. Linnutvuosikirja
2004: 145-149.

Saukkonen T, Valkonen S (2022). Ulkoilumetsien hoito. Julkaisussa:
Hamberg L, Korhonen A, Ulkoilu-metsét — suunnittelu, hoito ja kéytto, s.
125-159.

Scheffer M, Hosper SH, Meijer ML, Moss B, Jeppesen E (1993). Alternative
equilibria in shallow lakes. Trends in Ecology & Evolution 8(8): 275-279.

Siitonen J (2001). Forest management, coarse woody debris and saproxylic
organisms: Fennoscandian boreal forests as an example. Ecological Bulletins
49: 11-41.

Siitonen J (2012). Microhabitats. Julkaisussa: Stokland J, Siitonen J, Jonsson
BG, Biodiversity in dead wood. Luku 7, s. 150-182. Cambridge University
Press, Cambridge.

Siitonen J, Hamberg L (2012). Taajamametsien merkitys luontoarvojen
turvaamisessa. Julkaisussa: Hamberg L, Léfstrém I, Hékkinen |,
Taajamametsdt — suunnittelu ja hoito, s. 34-43.

Siitonen J, Kaila L, Kuusinen M, Martikainen P, Penttila R, Punttila P, Rauh
J (2001). Vanhojen talousmetsien ja luonnonmetsien rakenteen ja lajiston
erot Etelé-Suomessa. Metsdntutkimuslaitoksen tiedonantoja 812.

Stenroos S, Ahti T, Lohtander K, Myllys L (toim.) 2011. Suomen jékéldopas.
Norrlinia 21: 1-534.

Stokland JN, Siitonen J, Jonsson BG (2012). Biodiversity in dead wood.
Cambridge University Press.

Sverdrup-Thygeson A, Ims RA (2002). The effect of forest clearcutting
in Norway on the community of saproxylic beetles on aspen. Biological
Conservation 106(3): 347-357.

Talin luontoikkuna (2023). https://talinluontoikkuna.fi/ (Visited 31.3.2023).

Tanner RA, Gange AC (2005). Effects of golf courses on local biodiversity.
Landscape and Urban Planning 71: 137-146.

Tonteri T, Salemaa M, Rautio P, Hallikainen V, Korpela L, Merila P (2016).
Forest management regulates temporal change in the cover of boreal plant
species. Forest Ecology and Management 381: 115-124.

Turunen J, Markkula J, Rajakallio M, Aroviita J (2019). Riparian forests
mitigate harmful ecological effects of agricultural diffuse pollution in
medium-sized streams. Science of the Total Environment 649: 495-503.

Uotila A, Kouki J (2005). Understorey vegetation in spruce-dominated
forests in eastern Finland and Russian Karelia: Successional patterns after
anthropogenic and natural disturbances. Forest ecology and management
215(1-3): 113-137.

Vatka E, Kangas K, Orell M, Lampila S, Nikula A, Nivala V (2014). Nest site
selection of a primary hole-nesting passerine reveals means to developing
sustainable forestry. Journal of Avian Biology 45(2): 187-196.

Vermonden K, Leuven RS, van der Velde G, van Katwijk MM, Roelofs JG,
Hendriks AJ (2009). Urban drainage systems: An undervalued habitat for
aquatic macroinvertebrates. Biological Conservation 142(5): 1105-1115.

Vitikainen O (2009). Jalopuuympdiristéjen epifyyttijékélat. Julkaisussa:
Leinonen R, From S (toim.) Jalo-puuympdristéjen hoito ja uhanalaiset lajit.
Suomen ympdristd 41: 51-54.

Vogel S, Gossner MM, Mergner U, Miiller J, Thorn S (2020). Optimizing
enrichment of deadwood for biodiversity by varying sun exposure and

tree species: An experimental approach. Journal of Applied Ecology 57(10):
2075-2085.

Watson CJ, Carignan-Guillemette L, Turcotte C, Maire V, Proulx R (2020).

Ecological and economic benefits of low-intensity urban lawn management.

Journal of Applied Ecology 57: 436-446.

Zedler PH (2003). Vernal pools and the concept of “isolated wetlands’.
Wetlands 23(3): 597-607.

REX

Golf Course 2030 45



Biodiversity and Carbon Sequestration on Golf Courses

46 Golf Course 2030

REA

The R&A group of companies was formed in 2004
to take on The Royal and Ancient Golf Club of
St Andrews' responsibilities for governing the Rules of
Golf, staging The Open, golf's original championship,
and developing the sport. The World Golf Museum
in St Andrews is part of The R&A group.

Together The R&A and the USGA govern the sport
of golf worldwide, operating in separate jurisdictions
with a commitment to a single code for the Rules
of Golf, Rules of Amateur Status and Equipment
Standards. The R&A, through R&A Rules Ltd, governs
the sport worldwide, outside of the United States
and Mexico, on behalf of over 41 million golfers in 144
countries and with the consent of 159 organisations
from amateur and professional golf.

The R&A has responsibility for running a series of
world class amateur events and international matches
in women's and girls' as well as men's and boys' golf.
The R&A stages the AIG Women's Open and works
with the DP World Tour to stage the Senior Open
presented by Rolex.

The R&A is committed to investing £200 million over
ten years in developing golf and supports the growth
of the sport internationally, including the development
and management of sustainable golf facilities. For
more information, visit www.randa.org.

oo

@PEN

RandA.org







