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Introduction

Climate change demands a shift to a much less carbon intensive pattern of economic growth
(ADB, 2009) and the incorporation of adaptation measures to help cope with its adverse
effects (Marambe et al. 2013; Punyawardena et al. 2013). Climate change is threatening
food production systems, livelihoods, and the food security of billions of people across Asia
where more than 60% of the people are actively involved in agriculture. According to the
IPCC (2007), the average global temperature increased by about 0.76 °C and global mean
sea level rose by 12 to 22 cm during the last century. These changes are affecting the entire
world, from low-lying islands in the tropics to the Polar Regions. The global average
temperature increased between about 0.15°C and 0.3°C per decade for 1990 to 2005. This
can now be compared with observed values of about 0.2°C per decade (IPCC 2013).

Climate change, among other factors, is already forcing biodiversity to adapt either through
shifting habitat, changing life cycles, or the development of new physical traits (MEA 2005).
The Figure 1 shows the projected area to change by 2100 in relation to how much area is
currently protected (Conservation Risk). Many of the tropical, but not temperate regions,
with greatest risk (red) are also of highest conservation value as indicated by their higher
number of globally unique amphibians, birds, mammals and reptiles. This provides baseline
information on a global scale to quantitatively demonstrate the urgent need to plan
reserves and other conservation efforts in view of future global change impacts.

Figure 1. The global Conservation Risk area in 2100 (Source: University of California, San Diego, USA)
Globally Significant Biodiversity in Sri Lanka
Sri Lanka, along with the Western Ghats of India, has been identified by Conservation

International (Cl) as one of the 34 global biodiversity “hotpots” considering nct only the high
concentration of endemic species, but also the loss of over 75% of the primary vegetation
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(Mittermeier et al. 2000). Moreover, Sri Lanka together with Western Ghats, has also been
identified as one of the eight Global Biodiversity Hotspots (Myers et al. 2000) based on the
number of endemic plants and vertebrates, their density, and remaining primary vegetation
relative to the original extent. The globally significant biodiversity and agro-biodiversity of
Sri Lanka (Gunatilleke et al. 2008, Pushpakumara and Silva 2008, Marambe et al. (2012) and
the impacts of the changing environments on biodiversity (Marambe et al. 2006) are well
documents.

Invasive Alien Species (1AS)

Invasive alien species (IAS) are species whose introduction and/or spread outside their
natural past or present distribution threaten biological diversity of the new environment
(http://www.cbd.int/invasive/WhatarelAS.shtml). The spread of IAS is a significant and
growing threat to the country’s globally significant biodiversity and reflects concerns raised
in the Millennium Ecosystem Assessment (MEA), which identified IAS as one of the five
major drivers of global biodiversity loss and ecosystem change. As an island, Sri Lanka is
particularly susceptible to the spread of IAS, particularly their negative impacts. According
to an analysis carried out by Vié et al. (2009) on the 2008 IUCN red list of threatened
species, IAS has been identified as (a) the fifth most severe threat to Amphibians, following
habitat loss, pollution, disease and fires, (b) the third most severe threat to bird species
after agriculture and logging, (c) the third most severe threat to mammals after habitat loss
and utilization (mostly for food and medicine), (d) the fourth most severe threat to Reptiles
after pollution, persecution and natural disasters, and (e) a major threat to a broad range of
marine species facing extinction. An overall assessment of the impact of IAS on the
biodiversity of Sri Lanka is reported in Marambe et al. (2010).

Climate Change vs Invasive Species

The global impact of 1AS has been recognized by the Convention on Biological Diversity
(CBD), which calls for the control and monitoring of alien species that threaten ecosystems,
habitats and species. The article 8(h) of the CBD requests all member governments to “as far
as possible and appropriate, prevent the introduction of, control or eradicate those alien
species which threaten ecosystems, habitats or species.” The problems faced by the
countries due to the presence of IAS are not new. The IAS present in Sri Lanka and their
impact on the ecosystems of Sri Lanka ecosystem are well documented (Marambe et al.
2001; Marambe et al. 2010; Marambe et al. 2011; Ranwala et al. 2011). With no pressure
from natural enemies, rapid reproduction, adaptable to new and changing environments,
and mature early with aggressive growth and spread, thus out-compete native species are
the specific characteristics of aliens that can be invasive. The IAS has continued to affect the
natural (terrestrial, aquatic and marine) and agro-ecosystems of Sri Lanka affecting its
biological diversity and food security (Marambe and Gunawardena 2010).

Climate change and IAS present two of the greatest threats to biodiversity and the provision
of valuable ecosystem services. Apart from the human induced habitat destruction, IAS are
the second most significant factor that controls environmental change worldwide, resulting
in negative impacts on environmental conservation, economic growth, and sustainable
development. Combined, the complexity of their interactions dramatically increases, and
evidence is rapidly growing on how climate change is compounding the already devastating
effects of invasive species. Climate change impacts, including warming temperatures and

97



changes in CO2 concentrations, are likely to increase opportunities for IAS because of their
adaptability to disturbance and to a broader range of bio-geographic conditions (Figure 2).
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Figure 2. Impact of climate change on IAS (a modified version from Dukes and Money, 1999)

The predicted climate changes would have following impacts on the IAS in Sri Lanka thus
resulting in significant negative impacts on the globally significant biodiversity of the
country.

(a) Longer growing season - influencing the species’ reproductive capacity (increased
seed production and biomass),

(b) Higher environmental temperatures - improving plants’ fertility resulting in
increased population sizes (e.g. Echinochloa crusgalli; Marambe and
Amarasinghe 2002) and increased fruit and seed set due to enhanced activity of
insect pollinators activity,

(c) Increasing seasonality and marked wet and dry cycles - benefitting aquatic invasive
alien plants where fluctuations of water levels help expansion of the free-floating
IAS such as Eichhornia crassipes, extreme climatic events supporting the escape
of exotic pet animals from captivity (e.g. Chitala ornata and Hypostomus
plecostomus; Silva and Kurukulasuriya, 2010) that would likely to benefit from
rising temperatures, and prolonged droughts supporting enhanced insect pest
incidence (e.g. Paracoccus marginatus; Wijesekara, 2010),

(d) Higher CO, levels - supporting the prevalence of C; invasive species that are reported
from Sri Lanka such as Mimosa pigra and Prosopis juliflora (Wijesundara, 2010),
and

{(e) Changes in atmospheric circulation - affecting the dispersion pathways of IAS
making warmer-water alien species become more abundant where established
and helping their expansion.
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It is important to note that the present distribution of IAS may not be in equilibrium with
the current climate, nor indeed their potential establishment and/or spread may not
necessarily be determined primarily by climate. For example, Marambe et al. (2002), in an
attempt to identify the relationship of pest and diseases outbreaks in rice cultivation over a
period of 40 years from 1960 to 2000 (using proxy data cost of control efforts) in relation to
change in environmental temperature, concluded that there is no clear relationship
between the two parameters. However, this conclusion was drawn using limited data
available on the pest and disease incidence both spatially and temporally. Accurate
prediction of the effect of climate change on IAS and native biological diversity is difficult,
due to the complexities involved in. Accurate prediction of the future scenarios of climate
change/global warming is essential in order to establish the potential impacts of climate
change on IAS and the resulting effects on natural and agro-ecosystems.

Recent research have indicated that mathematical models has indicated sustained multi-
year periods of “cooling” embedded within the longer-term warming produced in the 21%
century simulations (Easterling and Wehner, 2009). Therefore, it is reasonable to expect
that the natural variability of the real climate system can and likely will produce multi-year
periods of sustained ‘cooling” or at least periods with no real trend even in the presence of
long-term anthropogenic forced warming, which would no doubt have different impacts on
the biodiversity and 1AS of a given ecosystem. Continuous research for better understanding
and information use from key sources of climate predictability, and interactions between
the ocean and atmosphere, atmosphere and land, as well as volcanic eruptions, greenhouse
gases and land use changes is essential in this regard. Hansen et al. (2010) recently updated
the Goddard Institute for Space Studies (GISS) analysis of global surface temperature change
and concluded that the rate of global warming has not declined despite year-to-year
fluctuations associated with E/ Nino-La Nina cycle of the tropical ocean temperature.

Recent research has allowed a better understanding of some of the mechanisms that could
act as a trigger in promoting invasions. However, predictions are feeble in this regard due to
the existing gaps on the biology of the IAS, susceptibility to invasion of the host ecosystem,
vulnerability of native species to climate change and impacts of IAS, and dynamism of
changes in the interactions within ecosystems and human activities. The IPCC (2007) links
the warming worldwide with poleward and altitudinal shifts in plant and animal ranges. It is
forecasted that many ecosystems will become vulnerable to biological invasions as climatic
barriers are removed. The IPCC (2007) concludes that a temperature increase of greater
than 1.5 °C-2.5 °C of the global average temperature will cause dramatic changes to species
distributions and ecosystem structure and function. This would result in overwhelmingly
negative consequences for global biodiversity and ecosystem goods and services.

Conclusions:

Climate change is global environmental problem that will alter distributions and abundances
of many species, including increasing the ranges, establishment opportunities and
consequent impacts of IAS. Invasive alien species threaten biodiversity and livelihoods
across the globe and must be considered when planning climate change adaptation
strategies. Found in terrestrial, freshwater and marine environments, IAS adversely affect
the livelihoods, lifestyles and heaith of island dwellers and cause harm to ecosystems and
biodiversity. Islands are extremely vulnerable to the impacts of invasive species, and

99



introduced pests, weeds and diseases have caused biodiversity loss and ecosystem
disturbance on islands worldwide. The synergy of climate change and invasive species,
though complex and poorly understood, could be devastating for some native plants and
animals as well as for food security, international trade and other economic activities in the
Pacific. Despite physical and natural resource limitations, important consideration will need
to be given to integrated planning, social cohesion, increased attention to managing
biodiversity {in particular, IAS), and a strengthening of territorial planning if islands are to
become economically, socially, and ecologically resilient and self-sufficient.
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