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Abstract: Sri Lanka, as a developing tropical country, faces serious environmental challenges. Forests, as important
ecosystems of Sri Lanka, are under pressure from intensive human activities and climate change. Invasive species repre-
sent a great hazard to autochthonous plant species and ecosystems, which are, at the same time, hosts to extraordinarily
high biodiversity, of which a high percentage is endemic. In this paper, we reviewed the most challenging environmental
problems of Sri Lanka and suggested the improvement of a number of them through silvicultural measures and coop-
eration with international experts, namely Czech foresters. We also reviewed the main forest biomes and addressed the
specific problems and management of different forest types.
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Sri Lanka is an island country situated on the Isnad
of Ceylon in the Indian Ocean and separated from
peninsular India by the Palk Strait (Peiris, Arasarat-
nam 2024). It has maritime borders with India to the
northwest and with the Maldives in the southwest
(Kawshalya 2020). Its geographical location has made
it of great strategic importance for trade, from the
time of the ancient Silk Road through to the Second
World War and beyond (Kawshalya 2020).

It is a developing country with an increasing popu-
lation. Its population was 22.156 million inhabitants
(estimate 2021; DCS 2024). The area of Sri Lanka
is 65610 km? resulting in a population density
of 353 persons per km?.

Such a growing population and its pressure have
potential negative effects on forests and their biodi-
versity (Ellis et al. 2013; Grainger 2013). The informa-
tion on Sri Lanka's current forest cover varies slightly
depending on the source and the definition used,
but it generally falls in the 29-32% range. Accord-
ing to the Forest Resources Assessment (FRA 2020),
Sri Lanka's forest cover is 29.8%, which is roughly
1933 000 ha. Samaranayake (2023) points out that
the rainforests of southwestern and central areas
of the island are, as hubs of global biodiversity, most
threatened by biodiversity loss as a result of intensive
urbanisation. As in other tropical parts of the world,
the terrestrial biosphere has transitioned from pre-
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dominately wild to mostly anthropogenic during the
past 300 years (Newbold et al. 2014; WWF 2016).
It is interesting to compare the state of forests in this
tropical island country to the Central European Czech
Republic, a country of similar size. In comparison
to the Czech Republic:

— Czech Republic: 34.1% (FMI 2022)

— Sri Lanka: 29.8% (FRA 2020)

— total forest area of the Czech Republic: 2 680 372 ha

(MoA 2023)

—total forest area of Sri Lanka: 1 955 178 ha (FRA 2020)

In respect to forest cover, the Czech Repub-
lic has a slightly higher forest cover than Sri Lanka
(by 4.3 percentage points or 718 214 ha in difference).
While the Czech Republic and Sri Lanka share simi-
larities in terms of forest cover percentage, they differ
totally in their tree species composition. The Czech
Republic is dominated by coniferous species like
Norway spruce and Scots pine, while Sri Lanka
has a higher proportion of broadleaved trees with
a higher percentage of primary forests. Sri Lanka's
tropical climate and diverse ecosystems present
a vastly different context for forest management com-
pared to the temperate forests of Central Europe.
The Czech Republic demonstrates distinctive silvicul-
tural practices adapted to its climate and tree species
(e.g. Gallo et al. 2018; Brichta et al. 2023; Cern}? 2023;
Vacek et al. 2020, 2023). Understanding the forest
cover dynamics in Sri Lanka offers valuable insights
into tropical forest ecosystems worldwide. By com-
paring these trends with those found in Central Eu-
rope, such as in the Czech Republic, we can develop
a more holistic understanding of global forest man-
agement strategies. The recent forest management
issues in Sri Lanka highlight a challenge faced by trop-
ical nations worldwide. Interestingly, the Czech Re-
public has historically experienced similar pressures
(human population growth and subsequent urbanisa-
tion, forest cover decrease, agriculture and industry
development, etc.), showcasing potential avenues for
knowledge exchange and collaboration between these
geographically distinct regions. For these reasons,
there is a lot of pressure on biodiversity in Sri Lanka
and cooperation between local and Czech foresters
is being developed with the aim of contributing to the
solution of these problems.

The cooperation of Czech foresters with those
from South-East Asia has a long tradition. For ex-
ample, Prof. E. Viclav worked on several projects
in forestry under the FAO in Bangladesh, Laos and
Vietnam. Other Czech experts include Ing. J. Slavicky
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(worked in Bangladesh, Thailand, Bhutan, and Paki-
stan) and Prof. J. Jenik, who worked in Afghanistan
(Véaclav 2007). Recent activities of Czech foresters
include the efforts to initiate the establishing of for-
estry courses at three universities in Laos and
thereby improve forestry education there under the
'FORHEAL' project (Maru$ak 2019).

The aim of this study is to introduce Sri Lankan
forest ecosystems, review the most challenging envi-
ronmental problems of Sri Lanka, as well as present
the examples of cooperation with Czech foresters
in the introduction of silvicultural measures for na-
ture and biodiversity conservation.

COMPOSITION OF FORESTS
AND THEIR CHARACTERISTICS

Sri Lanka, a biodiversity hotspot, boasts a diverse
range of forest ecosystems brought about by vari-
ations in air temperatures, rainfall, altitude and soil
variations in topography (FRA 2020). Here is a brief
overview of the various forest types found in Sri Lan-
ka and their characteristics according to Ashton
(1991), Volk et al. (2012), and FRA (2020):

Tropical montane forests (Figure 1). Found in the
central highlands of Sri Lanka, typically above
1000 m a.s.l. (1500 m a.s.l.) and are characterised
by cooler temperatures. The average annual tem-
perature is around 15 °C and annual rainfall amounts
to more than 1800 mm. They are distinguished
by dominant tree species Syzygium cumini (jambu),
Cinnamomum zeylanicum (True cinnamon), and
Elaeocarpus serratus (Ceylon olive; veralu). At higher
elevations, these forests experience frequent mist and
fog, with epiphytes and mosses thriving on the abun-
dant moisture. They are mostly located in the districts
of Nuwara Eliya, Kandy, Badulla, Matale, and Ratnapu-
ra. Their total extent is around 3 000 ha (~ 0.15%).

Sub-montane forests (Figure 2). Biomes locat-
ed below the montane forests, at altitudes rang-
ing from 500 m a.s.l. to 1000 m a.s.l. They exhibit
a mix of montane and lowland characteristics, with
diverse vegetation and wildlife. The average annual
temperature is around 15-20°C and annual rain-
fall amounts to 1800 mm or more. They are also
rich in species composition and endemism is about
50%. The dominant trees are dun, keena (Callo-
phyllum spp.), Syzygium spp., Shorea gardneri, S. tra-
pezifolia, Palaquium spp., Homalium ceylanicum,
Cullenia spp., Cryptocarya wightiana, and Neolitsea
involucrata (NCHM 2024). Examples of such for-
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Figure 1. Tropical montane forest

Source: Photo by Channa Suraweera

ests are Knuckles range, Peak wilderness, Hatton, of Nuwara Eliya, Ratnapura, Kandy, Matale, Badulla,
Kotagala, upper slopes of Sinharaja and Deniyaya, Kegalle, Matara, Anuradhapura, and Monaragala.
Sooriyakanda forests. They are located in the districts ~ Their total extent is around 66 000 ha (~ 3%).

Figure 2. The landscape with a tropical sub-montane forest in the Knuckles range

Source: Photo by Sri Lanka Biodiversity, National Clearing House Mechanism (NCHM)
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Lowland rainforests (Figure 3). These forests thrive
in the lowland regions of Sri Lanka, particularly in the
wet zone. Abundant rainfall supports lush vegetation
and a high biodiversity, including many endemic spe-
cies. Therefore, these evergreen forests dominate the
southwestern lowlands, characterised by high humid-
ity, annual rainfall of more than 2 500 mm with no def-
icit period, and temperatures constantly more than
20 °C. Their key features include three distinct layers,
each with typical species: (i) emergent layer (the over-
story) — composed of tall trees exceeding 40 meters,
like Dipterocarpus zeylanicus (hora), Shorea robusta
(sal) and Canarium zeylanicum (kekuna); (i) cano-
py layer — dense with diverse canopy trees reaching
20-30 meters, including Mesua ferrea (Ceylon iron-
wood), Calophyllum calaba, Palaquium ellipticum;
and (iii) understory — characterised by shade-tolerant
shrubs, climbers, and small trees. The districts con-
taining this biome are Ratnapura, Kalutara, Galle,
Matara, Kandy, Matale, Kegalle, Nuwara Eliya, Co-
lombo, Badulla, Monaragala, and Gampaha. Their to-
tal extent is around 124 000 ha (~ 6%).

Tropical moist monsoon forests (Figure 4). Found
in areas influenced by the southwestern and north-
eastern monsoons, typically located in the interme-
diate zones between the wet and dry zones of the
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island. They exhibit characteristics of both lowland
rainforests and dry forests, with moderate rainfall
and diverse vegetation. The average annual tempera-
ture is around 15-20 °C and annual rainfall amounts
to 1 800-2 500 mm with a dry period of 3 months.
They are found in the districts of Monaragala, Polon-
naruwa, Ampara, Matale, Badulla, Batticaloa, Rat-
napura, Kandy, Nuwara Eliya, Matara, Kurunegala,
Hambantota, Gampaha, and Trincomalee. Their total
extent is around 221 000 ha (~ 11%).

Dry monsoon forests (Figure 5). Predominantly
found in the dry zone of Sri Lanka, which includes
the northern and southeastern parts of the island.
Characterised by a distinct dry season and lower
rainfall compared to wet zone forests. The vegetation
is adapted to drought conditions, including mostly
semi-deciduous trees accompanied by deciduous
trees and scrublands. It has a distinct seasonal rainfall
peak from mid-October to January (coinciding with
monsoon rains) and a dry period for 3—6 months,
occurring at elevations of less than 600 m a.s.l. and
often on slopes. Mean annual rainfall amounts
to 1000-1800 mm, mean temperature is above
20 °C. Dry monsoon forests spread in the districts
of Anuradhapura, Mullaitivu, Monaragala, Mannar,
Trincomalee, Vavuniya, Puttalam, Ampara, Polon-

Figure 3. The internal structure of lowland rainforest in Sri Lanka

Source: Photo by Channa Suraweera

284


https://jfs.agriculturejournals.cz/

Journal of Forest Science, 70, 2024 (6): 281-298 Review

https://doi.org/10.17221/19/2024-JES

Figure 4. Moist monsoon forests

Source: Photo by Channa Suraweera

Figure 5. Dry monsoon forest

Source: Photo by Sri Lanka Biodiversity, National Clearing House Mechanism (NCHM)
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naruwa, Kilinochchi, Batticaloa, Hambantota, Matale,
Kurunegala, Ratnapura, Badulla, Jaffna, and Matara.
Their total extent is around 1 090 000 ha (~ 56%).

Riverine dry forests (Figure 6). Found along riv-
erbanks and seasonal watercourses in the dry zone
as they are subject to periodic flooding and drought
conditions, shaping the vegetation composition. They
occur in elevations up to 600 m a.s.l., annual rainfall
amounts to 1000-1 800 mm. They are also called
'dry zone forests' according to FRA (2020). They are
mostly covering the northern and eastern regions,
with dominant tree species being Manilkara hexan-
dra (ironwood), Azadirachta indica (neem), San-
talum album (sandalwood). Many species exhibit
features like deep root systems, deciduous leaves, and
drought-resistant bark. Districts in which they spread
are Ampara, Monaragala, Hambantota, Trincomalee,
Puttalam, Mannar, and Polonnaruwa. Their total ex-
tent is around 22 000 ha (~ 1%).

Mangrove forests (Figure 7). Located in coastal
areas, particularly in estuaries, lagoons, and brackish
water environments, they adapted to thrive in saline
conditions. Mangroves provide vital ecosystem ser-

Figure 6. Riverine dry forest

Source: Photo by Channa Suraweera
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vices such as coastal protection and nursery grounds
for marine life. Rich in biodiversity, supporting a va-
riety of specialised flora and fauna. Found along the
coastline, these saline-tolerant forests play a crucial
role in coastal protection against erosion and pro-
vide habitat for diverse marine life. Common spe-
cies include Rhizophora mucronata (red mangrove),
Bruguiera gymnorrhiza (oriental mangrove), Ceriops
tagal (Indian mangrove), rarer species are, for exam-
ple, from the genus Lumnitzera spp. The artificial re-
generation of mangrove forests is often difficult, due
to the seeds of some mangrove tree species having
alow germination rate (Perera et al. 2019). Mean tem-
perature and rainfalls are variable as they are present
along intertidal sheltered coastlines, usually associat-
ed with river mouths and lagoons. Districts of occur-
rence are Puttalam, Trincomalee, Batticaloa, Mannar,
Hambantota, Mullaitivu, Killinochchi, Ampara, Jaff-
na, Galle, Gampaha, Kalutara, and Matara. Their total
extent is around 8 700 ha (~ 0.4%).

As noted, dry monsoon forests cover the largest
area in Sri Lanka, followed by moist monsoon forests
and lowland rainforests. Each forest type plays a cru-
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Figure 7. Mangrove forest

Source: Photo by Channa Suraweera

cial role in supporting the island's ecosystems and
sustaining its unique biodiversity (Volk et al. 2012).

CURRENT STATE OF BIODIVERSITY
PROTECTION

General threats. Sri Lanka is a biodiversity hot-
spot, with a rich variety of ecosystems and spe-
cies (Bandaratillake 2001). However, the country's
biodiversity is under threat from many factors, in-
cluding deforestation, habitat loss, pollution, and
climate change (Gunatilleke et al. 2008; Geekiyanage
et al. 2015; Kottawa-Arachchi, Wijeratne 2017).

The government of Sri Lanka has taken many steps
to protect the country's biodiversity (Ekanayake,
Murindahabi 2017). In 1980, the government estab-
lished the National Conservation Strategy, which set
out a framework for the conservation and sustainable
use of Sri Lanka's natural resources. The government
has also established a number of protected areas, in-
cluding national parks, wildlife sanctuaries, and ma-
rine reserves (Marasinghe 2014; Suraweera et al. 2024).

Despite the government's efforts, there are several
challenges to protecting Sri Lanka's biodiversity ac-
cording to Surasinghe et al. (2019): deforestation,
habitat loss, pollution and climate change. Illegal de-
forestation is a major threat to Sri Lanka's biodiversity.
Forests are a habitat for a wide variety of plants and
animals, and deforestation can lead to the loss of these
species. Habitat loss is another major threat to Sri Lan-
ka's biodiversity. It can occur due to a number of factors,
including illegal deforestation, industry development,
population increase, agriculture intensification, and air
and water pollution. Air pollution comes from various
sources, including factories and transportation. Water
pollution is caused mostly by industrial and agricul-
tural production. Finally, climate change is a major
threat to Sri Lanka's biodiversity too. Climate change
can lead to changes in air temperatures, rainfall, and
sea levels. These changes can damage both maritime
and terrestrial ecosystems and make it difficult for spe-
cies to survive (Surasinghe et al. 2019).

Main goals for improving biodiversity conserva-
tion in Sri Lanka. The government of Sri Lanka can
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take a number of steps to improve biodiversity con-

servation (DWC 2007; Gunatilleke et al. 2008). These

steps include:

(i) Increasing investment in conservation: The gov-
ernment needs to increase its investment in con-
servation. This investment (subsidies) can be used
to support a variety of activities, such as estab-
lishing new protected areas, restoring degraded
ecosystems, controlling invasive species and prac-
tising sustainable forest management. However,
the administrative system (including subsidies)
should not be overcomplicated, which is counter-
productive (Balas$ et al. 2024).

(ii) Addressing the underlying causes of biodiversity
loss: The government needs to do more to ad-
dress the underlying causes of biodiversity loss,
such as poverty and inequality. This can be done
by investing in education, healthcare,
economic development.

(iii) Strengthening environmental law enforcement:
The government needs to strengthen environ-
mental law enforcement. This will help to deter
illegal activities that damage the environment,
such as deforestation.

(iv) Promoting sustainable development: The govern-
ment needs to promote sustainable development.
This means developing the economy in a way that
does not damage the environment.

and

SELECTED BIODIVERSITY
PROTECTION CHALLENGES

Loss of habitats due to deforestation, shifting cul-
tivation. Sri Lanka is characterised by a remarkable
diversity of forest types, a result of spatial variations
that can be broadly classified as tropical rainfor-
ests. Forests play a crucial role in mitigating climate
change, contributing to the removal of 17-25% of an-
nual greenhouse gas emissions globally (Brack 2019;
Gamage et al. 2021). However, the progress of de-
forestation in Sri Lanka is a contentious issue, with
debates surrounding both its scope and quantity.
Consequently, gaining an understanding of the driv-
ers of deforestation is essential for the development
of policies and measures aimed at addressing and
amending the current status of deforestation activi-
ties. This understanding can pave the way for more
favourable and environmentally friendly outcomes
(NBSAP 2016; Gamage et al. 2021).

The historical relationship between the people
of Sri Lanka and their forests reflects a recogni-
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tion of the environmental and cultural significance
of these ecosystems, serving as a vital source for ba-
sic needs. However, during colonial times, there was
a notable shift as forests were cleared for activities
such as shifting cultivation, paddy cultivation, plan-
tation crops, and human settlements. Even in areas
where forests remained, they were subject to selective
and intensive timber exploitation (Wijesinghe 2003;
UN-REDD 2017).

The alarming levels of deforestation and forest
degradation underscore the apparent negligence
of several policies during the implementation stage
by responsible institutions and officials. Estimates
of Sri Lanka's original forest cover varies slight-
ly, but most reliable sources agree it was around
40-50% of the total land area, while today it has
dropped to around 28% (FRA 2020). According
to UN-REDD (2017), the forest cover had decreased
from 40.0% to 29.7% between 1940 and 2017. Disturb-
ingly, new indicators suggest a rapid reduction in for-
est cover to 16.5% after 2019, attributed to the actions
of the newly elected Executive President and the gov-
ernment (Sellapperumage 2020).

The findings of Gamage et al. (2021) indicate
a decrease in forest area from 1990 to 2010, with
subsequent stabilisation, suggesting the success of na-
tionwide reforestation and afforestation programs.
Notably, various factors such as income, agricultural
gross domestic product, crop production, crop pro-
duction area, poverty, population, literacy rate, agri-
cultural labour force, and agricultural land area have
demonstrated significant impacts on changes in for-
est cover. However, none of these factors indicate any
significant impact on burnt tropical forest cover (Ga-
mage et al. 2021).

Generally, by the year 2000, the forest cover had di-
minished to 22.3% of the land area, marking a stark
decline from 84% in 1881. Recognising the importance
of curbing deforestation and rehabilitating degraded
land, the Forest Department initiated forestation pro-
jects in both dry and wet zones. These projects aimed
to alleviate pressure on natural forests for timber and
contribute to the restoration of degraded landscapes.
The historical context underscores the ongoing chal-
lenges in balancing human needs with sustainable
forest management practices (Bandaratillake 2001;
Wijesinghe 2003; Grainger 2013).

The government introduced a general ban on log-
ging in natural forests and wet zones in 1990
(UN-REDD 2015; FRA 2020) and encouraged sus-
tainable management practices in forest reserves and
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plantations outside the wet zones (NHCM 2024).
Reforestation efforts have been implemented to re-
store degraded forest areas and increase forest cov-
er, as well as programs to involve local communities
in forest management and conservation efforts have
been launched (FRA 2020).

Conflicts in policies, institutions, and responsibili-
ties contribute to the exacerbation of deforestation
in Sri Lanka. Furthermore, the desire of politicians
from the governing party and their supporters to seize
lands has led to the deactivation of forest policies for
personal gain. Currently, the government's policy
priorities do not align with forest-friendly initiatives;
instead, they seem to encourage actions that facili-
tate the confiscation of forest lands (UN-REDD 2017;
Akurugoda, Karunaratne 2022).

Such a substantial decrease underscores the ur-
gent need for effective conservation measures and
sustainable forest management practices to mitigate
the impacts on biodiversity and ecosystem health.
A significant problem for forest restoration and
other conservation projects could lie in the grow-
ing and complicated legislation related to intended
land use changes, as shown for the Czech Republic
(Balas et al. 2024).

Habitat invasion by exotics and harsh colonisa-
tion by invasive alien species. The impacts of invasive
species on native biodiversity and ecosystem services
are significant, ranking second only to habitat frag-
mentation and degradation in terms of environmental
threats. Invasive species can outcompete native flora
and fauna, disrupt the ecological balance, and nega-
tively affect various ecosystem services (NCHM 2024).

Opuntia dillenii (Ker-Gawler) Haworth, commonly
known as prickly pear, belongs to the family Cactaceae
and is originally native to the Caribbean Islands,
North and South America. Introduced to Sri Lanka
as an ornamental plant in the 19" century, Opuntia
dillenii has since become an invasive species, particu-
larly along the coastal area stretching from Hamban-
tota to Yala National Park, including Bundala National
Park (Bambaradeniya 2001, 2002). This succulent
perennial shrub has the characteristic of forming low
clumps or tall branched bushes, sometimes featuring
distinct trunks. In the specific context of Bundala Na-
tional Park (BNP), Opuntia dillenii has invaded sever-
al hectares of sand dune areas, adjacent scrub forests,
and pasture lands. The invasion is particularly prob-
lematic, with dense coverage in certain areas form-
ing large prickly patches that are entirely inaccessible
to both humans and animals (Suraweera et al. 2017).

The spread of Opuntia dillenii seeds is facilitated
by macaque monkeys and some bird species. Accord-
ing to Bambaradeniya et al. (2002), the invasion of this
cactus disrupted the regeneration of coastal vegeta-
tion, including species like Pandanus odoratissimus,
Scaevola takkada, and Spinifex littoreus, which have
already been significantly affected by the tsunami
waves in 2004. Manual removal of Opuntia dillenii
is deemed impractical due to the vast extent it has
covered in the affected areas (Suraweera et al. 2024).
As of 2017, Opuntia dillenii had become the most
highly invasive species in BNP, covering an estimated
9% of the total area, which is approximately 567 hec-
tares (Suraweera et al. 2017). This invasive plant's ex-
tensive coverage highlights the ecological challenges
posed by Opuntia dillenii in BNP, affecting the natu-
ral vegetation and ecosystem dynamics in the area.
Efforts to manage and control the spread of Opuntia
dillenii in BNP would be essential to mitigate its im-
pact on the native flora and fauna (Suraweera, Daha-
nayaka 2017; Suraweera et al. 2024). The main native
tree species that gives its character to BNP, Manilkara
hexandra (Roxb.) Dubard (Perera 2007), is also threat-
ened by introduced and invasive Prosopis juliflora,
originating in Central and South America (Gunarath-
ne, Perera 2014). It was introduced to Sri Lanka for re-
forestation purposes and presently, an extensive area
of BNP has been invaded by it, which results in heavy
damage to the native ecosystems of BNP, which serve
as a refuge for diverse flora and fauna (Weerawardane,
Dissanayake 2005; Suraweera et al. 2024).

The ongoing changes in air temperatures, precipi-
tation patterns, sea levels, and other climatic factors
have far-reaching consequences on ecosystems and
biodiversity (Habibullah et al. 2022). Climate change
exacerbates existing environmental challenges and
introduces new stressors to ecosystems, affecting
species distribution, migration patterns, and overall
ecosystem functioning (Aukema et al. 2017). Both
invasive species and climate change contribute sig-
nificantly to the complex web of ecological challenges
faced by the planet. Integrated and adaptive manage-
ment strategies are essential to address these issues
and mitigate their impact on native biodiversity and
ecosystem services (IPCC 2014).

Climate change. The Intergovernmental Panel
on Climate Change (IPCC) has highlighted that a sig-
nificant number of plant species face heightened
risks of extinction in the future. The spatial distribu-
tion of many species is expected to shift due to cli-
mate change, impacting their habitats and ecological
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niches. These shifts can significantly influence the
dynamics of invasive alien plant species which could
replace some native species in their current habitats.
The interactions between climate change and invasive
species dynamics can have profound consequences
for ecosystems, biodiversity, and the services they
provide (Moodley et al. 2020; Brichta et al. 2024;
Suraweera et al. 2024). Addressing the challenges
posed by both climate change and invasive species
requires integrated and adaptive management strate-
gies that consider the complex interactions between
these environmental stressors. Conservation efforts
focused on preserving native biodiversity, restoring
ecosystems, and managing invasive species are cru-
cial components of effective climate adaptation and
mitigation strategies (Taylor 2013; Kumar et al. 2014;
Fandohan et al. 2015).

The considerable increase in the Earth's tempera-
ture over the past century is a key indicator of climate
change with a potential to accelerate the rate of species
extinction. This emphasises the severity of the impact
that climate change may have on global biodiversity,
including the South Asia region (Woodruft 2010).

The analysis conducted on long-term climate data
from 19 meteorological stations in Sri Lanka, as re-
ported by Jayawardena et al. (2017), indicates that
mean annual daytime maximum and mean annual
night-time minimum air temperatures increased.
Additionally, multi-model ensemble projections sug-
gest that both maximum and minimum temperatures
in Sri Lanka are expected to increase in the future,
as outlined under both moderate emission (RCP 4.5)
and high emission (RCP 8.5) scenarios (Meinshausen
et al. 2011; Jayawardena et al. 2017).

The adaptive strategies to mitigate the potential
consequences of climate change on biodiversity and
ecosystem services will be crucial to maintain the
high level of biodiversity (IPCC 2014). Understanding
these projections is vital for informed decision-mak-
ing in areas such as agriculture, water resource man-
agement, and infrastructure planning, as the impacts
of climate change can have wide-ranging consequenc-
es on various sectors of society and the environment.

Overexploitation for human consumption.
Sri Lanka, positioned as a tropical island and a bio-
diversity hotspot in a strategically significant geopo-
litical centre in the Indian Ocean, is facing increasing
pressure on its land due to large-scale investment and
development projects (MMDE 2016). As one of the
world's 35 biodiversity hotspots, Sri Lanka dem-
onstrates a high level of endemicity across various
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taxonomic groups, showcasing a significant number
of species found nowhere else in the world. Addition-
ally, the country is home to a considerable number
of species that are classified as threatened, highlight-
ing the need for conservation efforts to preserve its
unique and diverse ecosystems (MSDWRD 2018).

However, the country has become a political,
economic, and military battleground for global
powers like the United States of America, China,
and India. The rising population growth on the is-
land has intensified the demand for land, primarily
for agriculture and housing, resulting in detrimen-
tal impacts on Sri Lanka's forest cover (Akurugoda,
Karunaratne 2022). The specific impacts are unsus-
tainable harvesting practices, deforestation, and forest
degradation (Kottawa-Arachchi, Wijeratne 2017), the
conversion of forest land into farms, further reduc-
ing forest cover (Dissanayake et al. 2017) and over-
grazing in forest areas, damaging vegetation and
hindering regeneration (Aluthwatta et al. 2015).

Coastal ecosystems damage.
in population poses a threat to the coastal zone (Katu-
potha 2014; Gopalakrishnan, Kumar 2020). Sri Lanka
has grappled with the challenge of coastal erosion,
leading to severe socioeconomic and environmen-
tal repercussions (Prasetya 2007). This phenomenon
entails the depletion of natural beaches and recrea-
tional spaces, impacting both the local communities'
livelihood activities, such as fisheries and tourism
(CRMD 2006; Clark 2018). With population expan-
sion outpacing available resources, there is a jus-
tification for overutilisation, overexploitation, and
over-extraction as measures for survival (Vitharana,
Abeysinghe 2020).

The consequence of this strain on resources is evi-
dent in the severe issue of coastal erosion. This prob-
lem leads to the damaging or destruction of beach
biodiversity and coastal structures, loss of hu-
man habitats, and disruption of ecological balance
(Prasada et al. 2015; Yincan 2017). The tsunami
in 2004 further exacerbated the problems of the coasts
of Sri Lanka, causing severe and widespread impacts
(Nayanananda 2008). Continuing improper disposal
of garbage (lack of waste management) into the sea and
coastal areas poses a significant and perilous problem,
posing threats to the natural environment and marine
life (MEPA 2021; Ranatunga et al. 2023). The 'Global
Coastal Index' for Sri Lanka placed the island fifth
out of 20 countries known for dumping polythene
and plastic into the ocean (Fernando et al. 2020).
The Sri Lanka Coast Guard (SLCQG), in collaboration

The escalation
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with the Maritime Environment Protection Author-
ity, is actively involved in marine cleaning operations
(Jayathilaka et al. 2023).

Coral and sand mining along the coasts contribute
to the issue of coastal erosion, posing a threat to the
sustainability of coastal habitats, including mangroves
(Dissanayake, Rupasinghe 1996). The coastal locations
of Lansigama and Uswetakeiyawa have been subject-
ed to the most severe erosions (Lakmali et al. 2016).
Approximately one-third of Sri Lanka's population
resides in its coastal regions, relying on diverse eco-
nomic pursuits like tourism, fishing, manufacturing,
and contemporary urban services for their livelihoods
(World Bank 2017). As a result, the nation is vulner-
able to the repercussions of any adverse effects on its
tourism sector (Warnakulasooriya 2020).

The Coastal Zone Management Plan (CZMP) is-
sued in 1990 pinpointed coastal erosion as a signifi-
cant issue, particularly along the South-Western (SW)
coast of Sri Lanka (CCD 1997). Subsequent to that,
the Coastal Zone Management Plan (CZMP) incorpo-
rated traditional coastal protection measures, includ-
ing a series of groins, revetments, jetties, and offshore
breakwaters (CCD 1997; CRMD 2006). Since 2000,
Sri Lanka has implemented soft engineering meth-
ods as part of the Coastal Zone Management Plan
(CZMP) to mitigate erosion. These methods include
sand nourishments, the maintenance of setback lines,
dune reestablishments, and a combination of these
approaches (CRMD 2006; Jayathilaka 2015).

Human-animal conflict, human injuries and fa-
talities. Human-wildlife conflict in Sri Lanka is a sig-
nificant issue that arises from the interaction between
expanding human populations and the natural habitats
of wildlife. Several factors contribute to this conflict.
Direct confrontations between humans and wildlife,
especially large mammals like elephants and leopards,
can result in injuries or fatalities on both sides. El-
ephants, in particular, may become aggressive when
their natural migratory routes are obstructed (Fer-
nando et al. 2005; Fernando 2015).

Habitat encroachment. As human populations
grow, there is increased encroachment into natural
habitats for agriculture, settlements, and infrastruc-
ture development. This encroachment reduces the
available space for wildlife, leading to conflicts as ani-
mals venture into human-occupied areas (Kottawa-
Arachchi, Wijeratne 2017; Perera et al. 2017, 2021;
Anuradha et al. 2019; Dissanayake 2021).

Crop raiding. Wildlife, such as elephants and mon-
keys, may raid agricultural fields in search of food,

causing economic losses for farmers. Elephants,
in particular, are known for damaging crops and
property, leading to conflicts with local communities
(Nijman, Nekaris 2010; Ekanayaka et al. 2011; Hatu-
rusinghe, Weerakoon 2012).

Conservation success. Conservation efforts have
been successful in protecting certain wildlife species,
leading to population increases. While this is positive
for biodiversity, it also brings about challenges as the
animals compete for space with human communi-
ties (Fernando et al. 2005; Thilakarathna et al. 2021).
Conservation principles for southwestern rainforests,
such as allowing natural disturbances and the simulta-
neous initiation of a new forest stand, site-specific en-
richment planting and planting of late-seral rainforest
tree species, were proposed by Ashton et al. (2001).

Lack of mitigation measures. In some cases, the
lack of effective mitigation measures exacerbates con-
flicts. Insufficient or poorly maintained electric fences,
for example, may fail to prevent elephants from enter-
ing agricultural areas (Pathiraja et al. 2014). Efforts
to address human-wildlife conflict in Sri Lanka involve
a combination of strategies such as the development
of effective mitigation measures, habitat protection,
public awareness campaigns, and community-based
conservation initiatives. Balancing the needs of both
humans and wildlife is crucial for sustainable coex-
istence (Buultjens et al. 2017). Also, following exam-
ples of Central Europe, the government could suggest
measures aimed at helping affected farmers secure
their fields in a better way, as well as introducing paid
reimbursement for damages by wildlife and adminis-
trative simplification (Lososova et al. 2019).

Intensive tourism. Coastal zones, in particular,
are threatened by ever-growing mass tourism and the
urbanisation that comes with it. Threats of tourism
to Sri Lankan forests include habitat fragmentation
and degradation as tourism infrastructure develop-
ment (e.g. hotels, roads, trails) fragments forests, dis-
rupting ecosystems and isolating animal populations.
Additionally, activities like off-road driving, trekking,
and camping can damage vegetation and soil structure
(Rathnayake 2015). Tourists observing or interacting
with wildlife can disrupt their behaviour and increase
stress levels. Additionally, illegal wildlife trade and
poaching can be exacerbated by tourism activities
(Buultjens et al. 2017; Karunarathna et al. 2017; Su-
manapala, Wolf 2020; Dushani et al. 2021).

Tourism activities often generate significant
amounts of waste, like plastic packaging and food
scraps, leading to pollution and harming forest eco-
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systems. Additionally, wastewater from tourist facili-
ties can contaminate water sources (Vidanaarachchi
et al. 2006; Fernando 2019). It is important to note that
tourism can also have positive impacts on Sri Lankan
forests, such as raising awareness about conservation
efforts and generating revenue for local communities.
However, it is crucial to manage tourism responsi-
bly and sustainably to minimise its negative effects
on these valuable ecosystems (Zoysa 2022).

STRUGGLES OF BIODIVERSITY
PROTECTION

Deforestation

Forest cover in Sri Lanka has considerably de-
creased in recent years. It was 32.2% in 1995, 28.8%
in 2010, 29.7% in 2017, and around 28-29% in 2023
(FRA 2020). According to Dr. Ravindra Kariyawasam
(News 1st 2019), in 1882, the country's forest density
was around 82%. Between 1990 and 2000, Sri Lanka
lost an average of 26 800 ha of forest per year, which
amounts to an average annual deforestation rate
of 1.14%. In total, between 1990 and 2005 alone,
Sri Lanka lost 17.7% of its forest cover (Mong-
abay 2011; FRA 2020). Only 9.0% of Sri Lanka's for-
ests are classified as primary forests, which are the
most biodiverse form of forest and, together with soils
(Lal 2003; Ostle et al. 2009), one of the biggest car-
bon sinks on Earth (Mongabay 2011). For this reason,
it is necessary to protect autochthonous stands with
effective conservation procedures and further expand
these trees to suitable habitats where they previously
occurred. Only effective conservation and forestry
measures can protect autochthonous stands and
their biodiversity against the introduced plants un-
der conditions of advancing climate change. Between
1990 and 2010, Sri Lanka lost an average of 1.0% (or
24 500 ha) per year. In total, between 1990 and 2010,
Sri Lanka lost 20.9% of its forest cover, i.e. around
490 000 ha (Mongabay 2011).

Most harvested timber species and their impact
on Sri Lankan forests

Two economically important timber species are in-
troduced trees: Mahogany (Swietenia macrophylla)
and teak (Tectona grandis). Swietenia macrophylla
was introduced from Central America, and mahogany
became a highly sought-after timber due to its aes-
thetic qualities and durability. However, its popularity
led to over-exploitation, contributing to deforestation
and raising concerns about its sustainability (Danquah
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et al. 2019). Tectona grandis is valued for its strength,
stability, and resistance to rot. Similar to mahogany,
its popularity has driven over-exploitation and raised
concerns about its sustainable management (Su-
basinghe, Jayerathne 2012). Research showed that
its production characteristics are dependent on the

provenances used (Cerny et al. 2023).

Native species targeted for valuable wood include
tree species such as mee, kumbuk, and jak trees. Mee
(Azadirachta indica) also known as 'neem/, is val-
ued for its timber used in construction and furniture
making. Additionally, its leaves and other parts hold
various medicinal properties, increasing its economic
significance. Kumbuk (Terminalia arjuna) is a na-
tive tree species valued for its strong, durable tim-
ber used for construction, furniture, and agricultural
implements. Its bark also holds medicinal properties,
adding to its economic importance. Jak (Artocarpus
heterophyllus) is a versatile native tree species which
provides timber used in construction, furniture, and
boat building. It also produces edible fruits and seeds,
contributing to its economic value (FRA 2020).

The over-exploitation of these commercially valu-
able timber species has resulted in several negative
impacts on Sri Lankan forests:

— Deforestation: Unsustainable harvesting practices
have led to the loss of forest cover, impacting biodi-
versity and ecosystem services.

— Forest degradation: Selective logging can damage
remaining trees and disrupt forest structure, hin-
dering regeneration and ecosystem functions.

— Loss of biodiversity: Over-exploitation can lead
to the decline of specific tree populations, impact-
ing dependent animal and plant species.

— Soil erosion: Deforestation and degradation can
increase soil erosion, reducing soil fertility and
productivity.

Restoration efforts recognise the negative conse-
quences of unsustainable logging practices as Sri Lan-
ka has implemented various restoration initiatives:

— Plantation programs: Establishing plantations
of native and commercially valuable species aims
to meet timber demands and reduce pressure
on natural forests.

— Community forestry: Engaging local communities
in forest management and promoting sustainable
harvesting practices.

— Conservation reserves: Establishing protected areas
to conserve natural forests and their biodiversity.
These efforts are crucial for restoring Sri Lan-

kan forests and ensuring their long-term sus-
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tainability. However, addressing the demand for
timber, promoting responsible forestry practices,
and enforcing regulations remain ongoing challenges
(UN-REDD 2015; FRA 2020).

Invasive alien plants (IAS)

The challenge is to mitigate the negative impacts
of IAS on natural ecosystems and to stop the spread-
ing of particular invasive tree species. Nevertheless,
unwanted invasion and further non-native tree spe-
cies spreading can threaten particularly the centres
of biodiversity, such as tropical forests (Fine 2002; Ro-
jas-Sandoval et al. 2022). Below, we present three ex-
amples of invasive species management projects from
three national parks (NP) carried out in cooperation
with Czech foresters: Bundala NP, Horagolla NP, and
Horton Plains NP.

Bundala NP. According to the last baseline survey
done by the Department of Wildlife Conservation
(DWC 2005), Prosopis juliflora and Opuntia dillenii
covered approximately 486 ha (8%) and 567 ha (9%)
in the total area of the park, respectively (Suraweera
et al. 2017). Silvicultural measures proved to be effec-
tive in regulating these invasive species (Suraweera
et al. 2024). In long-term ecosystem protection, not
only the number of species and individuals, but also
the total biomass of the organisms is an important pa-
rameter (Zumr et al. 2024).

Horagolla NP. Horagolla is a small forested nation-
al park in the vicinity of a large, urbanised area. Beside
the direct human pressure, it also faces the challenge
of IAS. Sri Lanka's Horagolla National Park faces
a number of challenges that threaten its biodiversity
and ecological integrity. The main problems include:
— Invasive species. Invasive plants such as Lantana

camara and Chromolaena odorata became ram-

pant in the park, crowding out native species. This
has a negative impact on the biodiversity of the park
and its food chain.

— Poaching. Poaching is a serious problem in the
park, threatening the population of elephants, deer
and other animals. Poachers hunt animals for meat,
hides and horns, threatening their survival.

— Pollution. Pollution from surrounding areas, includ-
ing agriculture and human settlements, pollutes the
park's water resources and affects the quality of ani-
mal and plant life.

— Inadequate management. Horagolla National Park
suffers from a lack of funding and personnel, which
limits the park's ability to effectively protect biodi-
versity and combat the above-mentioned problems.

Examples of proposed adequate silvicultural
measures:

There are sites with individual distribution of na-
tive species such as Dipterocarpus zeylanicus (com-
mon name: hora) and also groups of this invasive
species such as Artocarpus elasticus (common name:
budal). First it is needed to properly differentiate
between Dipterocarpus and Artocarpus. Second,
it is desirable to properly mark individual trees for
particular treatment.

On the plots with individual distribution of Arto-
carpus, cut Artocarpus individual mature trees, ring
Artocarpus individual mature trees with a different
intensity of ringing (left 20% x 10% x 0% of cambi-
um/phloem circumference), control with no silvicul-
tural measure.

On the plots with groups of Artocarpus, ring Ar-
tocarpus individual mature trees with a different
intensity of ringing (left 20% x 10% x 5% of cambi-
um/phloem), control with no silvicultural measure.
Then, it is necessary to decide about a pure group
of Artocarpus, whether to prioritise the design of the
research, or to keep the main layer at the cost of not
having a complete experiment.

Horton Plain NP. Horton Plain National Park
(HPNP) are grasslands with edged pigmy forest patch-
es in the upper montane region of Sri Lanka. They
are threatened due to the harsh colonisation of gorse
[Ulex europaeus (Gunatilleke, Gunatilleke 1986;
DWC 2007)]. The area is a habitat of a number of un-
gulate species, including the threatened Rusa unicolor
and the mountain mouse deer (Moschiola sp. nov.),
endemic to the region. Gorse threatens the entire eco-
systems by increasing fire hazards as well as invading
hospitable lands for the endemic plant species Rho-
dodendron zeylanicum. Thus, HPNP urges to adopt
a strategy to control and manage gorse. Initially,
U. europaeus were manually uprooted in three se-
lected plots and burnt on-site in a closed steel cham-
ber. Then, silvicultural measures were implemented.
The preliminary results demonstrated that manual
removal of U. europaeus facilitates the recolonisation
of endemic plant species.

CONCLUSION

In this study, we reviewed the crucial environmen-
tal problems for nature conservation and biodiversity
improvement in Sri Lanka. As a developing country,
it faces many specific engineering challenges that need
to be addressed sensitively considering the island's
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high biodiversity. The government has taken a number
of steps to protect the country's biodiversity, but more
effort is required. By increasing investment in conser-
vation, addressing the underlying causes of biodiversi-
ty loss, strengthening environmental law enforcement,
and promoting sustainable development, the govern-
ment and the people of Sri Lanka can protect the coun-
try's unique natural heritage for future generations.

In this regard, protection and suitable management
in forestry is of utmost importance because forests
play a major role in terrestrial biodiversity conserva-
tion and enhancement. Based on experiences from
the Czech Republic, silvicultural measures, includ-
ing species composition change, thinning, tending
and uprooting to support biodiversity are useful tools
for nature protection under the current conditions
of intensive human impact on forest ecosystems and
ongoing climate change. It starts with strict protec-
tion of the core of primary forests and continues with
applying a suitable silvicultural system in surround-
ing secondary forests (plantations). Since interna-
tional help and cooperation showed many times its
effectiveness and sense, we have presented the results
of cooperation between Sri Lanka's authorities and
Czech foresters. This is evidenced, for example, in the
publication of Suraweera et al. (2024), where the state
of forest vegetation and its biodiversity was evaluat-
ed on model plots in the Bundala National Park, and
ways to stabilise these stands were proposed.
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