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ABSTRACT: Since 1970, climate extremes have been impacting biodiversity in the Americas with
greater frequency, duration and severity than ever previously recorded. There is widespread
evidence of longer droughts, more frequent wildfires, higher temperatures and more intense storms,
hurricanes and precipitation events. As well as greater variability of El Nifio Southern Oscillation
events, the total area impacted by flooding, glacier retreat and permafrost melt, desertification,
landslides and avalanches has grown. Further, concurrent extreme events - such as flooding and
high temperatures, droughts and high winds, and droughts and flooding - are becoming increasingly
common. Extreme events are not only emerging as a critical factor in climate change; they also have
a greater correlation to predicted changes in biodiversity than climate change alone. Although
ecosystems show high resilience to hurricanes, ice storms and other extreme events, significant
impacts on biodiversity may occur once certain thresholds in duration, intensity and severity are
exceeded. The resulting losses in biodiversity can reduce ecological resilience and adaptive capacity
to climate change. To manage for potential biodiversity loss and to provide adaptation options for
ecosystems to become more resilient to climate hazards, researchers and policymakers require a
baseline monitoring database. The current database, the forest biodiversity observing network,
consists of more than 500 individual observing sites that allow for transect studies to interlink climate
and biodiversity information. Canadian case studies are featured to illustrate the benefits of using
transect studies to analyze the impacts of climate hazards and their associated risks for biodiversity.
To strengthen the existing database of biodiversity observing sites in the Americas, future sites
located in areas of critical biodiversity, across climate, chemical and ecological gradients, are
discussed. Strategies for risk assessment and the analysis of impacts on biodiversity are shown for
sites with hurricane, ice storm and heavy browsing damage.
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1. Introduction

The warming of the climate system is unequivocal, as is now evident from observations of increases
in global air and ocean temperatures, widespread melting of snow and ice (glacial and permafrost),
and rising global average sea level (IPCC, 2007). Within this new reality of climate change, the
intensification of climate extremes has emerged as one of the most complex and critical factors,
profoundly impacting species, ecosystems and the Earth’s biodiversity as a whole (IPCC, 2001;
Jentsch et al., 2007).

Small changes in climate can result in disproportionately great changes in frequency and magnitude
of extreme events (Leemans and van Vliet, 2005). A shift in the distribution of temperature has a
much greater effect at the extremes than near the mean. A shift of one standard deviation causes a
one-in-40-years occurrence to become a one-in-six-years occurrence, reducing wait times between
extreme events (Kharin et al., 2007). Thus, impacts will be more rapid, diverse and widespread than
previously predicted (Leemans and van Vliet, 2005).

Ecosystems respond faster to extreme weather than to average climate. There is a more rapid
appearance of ecological responses to extreme events and most observed changes in biodiversity
are attributed to changes in extremes (Leemans and van Vliet, 2005). Seasonal extent and climate
variability are more of a factor in explaining species gradients than annual climatic conditions, with
the exception of annual potential evapotranspiration (Githaiga-Mwicigi et al., 2002). The rate of
climate change and the impact and pattern of climate extremes will be critical, and these will vary at
national, regional and even local levels.

Ecosystems display amazing recovery responses to most climate extremes. In some cases,
biodiversity may actually increase because of a reduction in the dominant species that allows for a
greater number of non-dominant species to occupy the site (Huston, 2007). There may also be an
increase in biodiversity as more invasive species and warmth-demanding plant species occupy sites
impacted by climate extremes. But while a warmer climate can, under certain scenarios, eventually
support more biodiversity (new species), it also leads to losses of native species.

Biodiversity generally decreases in the immediate- to short-term when subjected to climate
extremes, especially with reduced wait times between events. This is especially true of intense fires,
hurricanes (Category 3 or higher), heat waves, extreme precipitation and storm surges, prolonged
drought and desertification. The biodiversity of species adapted to cold and wet conditions, species
in high latitude areas, species with low reproductive rates and/or limited mobility, endemic species,
and specialist species with narrow habitat requirements and long lifetimes is expected to decrease
with increased climate extremes (Archaux and Wolters 2006; Leemans and van Vliet, 2005,
Appendix 1).

The threat of climate extremes to biodiversity is further compounded by the fact that humans have

altered the structure of many of the world’s ecosystems through habitat fragmentation, land
degradation, pollution and other disturbances, making them less resilient to change. The situation is
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dire, with biodiversity decreasing 1,000 times faster now than at rates found in the fossil records
(Balvanera, 2006). In the past, one mammal and two bird species were lost every 400 years; at
present-day rates, 58 mammals and 115 birds are being lost in an equivalent time span
(Groombridge, 1992). Species of mammals and birds reported to be extinct since 1970 include the
Omiteme cottontail, Toolache wallaby, Dobson’s fruit bat, Colombian grebe, Bush wren, and the
Guam flycatcher (http://www.unep-wcmc.org/latenews/extinct.html).

Biodiversity and climate have a complex, symbiotic relationship. Not only does climate impact
biodiversity but biodiversity, in turn, also mitigates climate extremes. Biodiversity is fundamental to
climate regulation and is an important consideration in stabilizing ecosystems and supporting
sustainable development (Stott, 2007). Ecosystems containing many different plant species serve as
more efficient carbon sinks, are more productive and can better withstand and recover from climate
extremes, pests and disease. As extreme events continue to escalate in intensity, the capacity of
natural ecosystems to act as buffers to climate change, including climate extremes, is undermined.
This has serious implications for ecosystems and societies (IPCC, 2001; Jentsch
et al., 2007).

How ecosystems cope with escalating climate extremes is thus a central question in climate change
and ecological conservation (Reusch et al., 2005). The International Panel on Climate Change
reports a measurable increase in intense tropical cyclone activity and areas impacted by drought
since 1970 (IPCC, 2007). The same trend is evident for wildfire and severe floods. Most current
climate change studies indicate that the frequency, duration, severity and intensity of extreme events
will continue to increase and that there will be more climatic variability (Conway, 2007; Markham,
1996; Jentsch et al. 2007, Appendix 1). With such intensive changes impacting ecosystems, it is
imperative to understand these changes and to track responses to climate extremes across a range
of ecosystems and bio-climatic zones in the Americas.

A comprehensive review of the scientific literature was compiled to identify current and anticipated
impacts of six major categories of climate extremes on biodiversity in the Americas: extreme heating;
hurricanes; drought; ice storms; wildfire; and precipitation and floods. Analysis of these findings, as
well as data obtained from a standardized assessment of diversity in existing 1-ha biodiversity sites,
reveals how dramatically climate extremes are reshaping ecosystems and reinforces the need for a
global monitoring organization to track changes and make appropriate adaptation recommendations.

2. Measuring the Impact of Climate Extremes

Gauging the impact of climate extremes on biodiversity requires reliable quantitative forms of
measurement. Diversity curves are a rapid assessment tool that allows scientists to consider all
species and not focus solely on the rare ones. They can be used to illustrate climate-related impacts,
with the y-axis representing proportional abundance on a logarithmic scale and the x-axis
representing the number of species or families. The families are ranked from greatest to least
abundance, with each family having a minimum of five individuals.
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Diversity curves provide a relative measure of proportional abundance of trees between sites,
identifying areas of high, moderate and low abundance. Latitudinal gradients of diversity exist from
high in the tropics to low in the arctic. Peru averages 152 different plant species per hectare, with a
diameter of 10 cm or more. In northern Europe, the average is 18 species per hectare; in the eastern
United States, it is 29. In Canadian sites, the average number of tree species is 11 per hectare. The
diversity curves can also show if and to what extent the number of families might be reduced through
climate extremes, as well as other threats such as human impact and prescribed burns (Environment
Canada, 2003).

Figure 1 shows diversity curves for tree families generated from biodiversity data for the hurricane-
impacted site at Bisley, Puerto Rico vis-a-vis comparable diversity at Backus Woods, Long Point
Biosphere Reserve, Canada, and Soberania National Park, Panama, highly diverse Urubamba,
Peru, moderately diverse Jiangfengling National Park, China, and Dikola, Cameroon, and single-
species forests in the Charlevoix Biosphere Reserve, Canada. Black spruce at Charlevoix is an
important Canadian monoculture benchmark: however, this is only one tree family per hectare
compared to nearly 50 in South America. Backus Woods, Canada, and Bisley in Central America
have a similar number of families (<15), while Dikola, Cameroon, has around 30 families per hectare
(Figure 1). The diversity curves suggest that the conservation of a single species in a northern
ecosystem may be more critical to the way that an ecosystem functions than it would in a highly
diverse tropical ecosystem, with its abundance of species and genetic variations.

INTERNATIONAL SMITHSONIAN INSTITUTION
BIODIVERSITY OBERVATION SITES

—=8— Bisley, Puerto Rico
—&— Dikola, Camaroon
—a— Jiangfengling NP, China
—4&— Urubamba, Peru
—&— Charelvoix BR, Canada
0.1 Tie® — — Soberania NP, Panama
—4&— Backus, Long Point BR, Canada

0.01 +

Proportional Abundance

0.001 T T T T T T T T T T

Rank

Figure 1 Diversity in Smithsonian International forest biodiversity observing sites for Asia, Africa, South

America and Canada.
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The diversity curves provide a benchmark for establishing existing biodiversity under current climate
conditions. To see how climate extremes may affect this biodiversity, sites for which data are
available have been evaluated to determine if they experienced a climate extreme during the
monitoring period. The diversity curves were then compared before and after the event and also with
similar sites that had not experienced a climate extreme. Since the existing network of 1-ha
biodiversity monitoring plots were sites of opportunity — established in biodiversity reserves, parks or
university lands and not necessarily in places where climate extremes were expected to occur —
there is not enough data to generate diversity curves for the majority of the climate extremes
examined here. The resulting gap in data underscores the importance of strategically locating sites
in ecosystems vulnerable to climate extremes.

3. Literature Review and Analysis of Impacts of Climate Extremes

3a. Extreme Warming

Global air temperatures are expected to increase by 1.4 to 5.8°C by the end of the century, a rate of
warming almost certainly without precedent in the last 10,000 years (IPCC, 2001). Increasing
frequency and occurrence of higher day and night extreme temperatures is predicted. It is estimated
that 3% of species will do well under the new conditions, 9% will experience no change, 15% will be
able to adapt and 73% will not be able to adapt (Fischlin, 2007). Heat-stressed and degraded
systems are expected to be replaced by better adapted ones, but degradation is fast and recovery
is slow. The recovery process is impacted by habitat fragmentation, pollution and other land-use
changes. All regions of the Americas will be impacted, particularly raised peat bogs, the arctic, alpine
and mountainous areas, the boreal forest, and arid and semiarid ecosystems.

Warmth-demanding plant species have become more abundant in the last 30 years, coinciding with a
precipitous rise in temperatures. More generalist species that are better able to compete and
opportunistic species with wide ranges and rapid dispersal are likely to become more abundant, while
endemic species and specialists with narrow habitat and long lifetimes are in danger of declining.
There will likely be an increase in weedy plants or invasive species because of their ability to
reproduce at a faster rate. High temperatures may also reduce cold resistance of plants and
negatively influence species’ responses to variability in temperature extremes. With extremely high
temperatures, there is a risk of species extinctions and decline or death of tropical or temperate
forests.

Canadian ecosystems and communities are already experiencing the challenge of adapting to a
changing climate, with average temperatures in Canada’s north warming at rates some two to three
times greater than the rest of the world. Canada’s northern ecosystems, indigenous cultures and
population health are experiencing significant impacts from the changing climate and from other
related atmospheric changes, including increasing persistent organic pollutants, ultraviolet radiation
levels, an expected 50% melting of the permafrost and decreased snowfall (Gough and Leung,
2002). Ice is thinner, breaking up earlier and forming later. Animals, including polar bears and some
bird species, may be extirpated in Ontario, Canada, as their range shifts north (Varrin et al., 2007).



( Impacts of Climate Extremes on Biodiversity in the Americas >

In tropical Central and South America, there is a high risk of bird loss and significant species
extinctions in the near future in areas with the most significant concentration of biodiversity. A 1°C
increase in global air temperature puts 50% of large primates and 9% of tree species at risk of
extinction and modifies the functioning and composition of forests (IPCC, 2001; MEA, 2005). It also
reduces boreal forests by 25% and causes major dieback in these and other forests (Markham,
1996). With forest dieback in the Amazon, there is less recycling of rainfall and increased CO, in the
atmosphere (Betts, 2007), as well as a massive concomitant increase in the abundance of lianas.
This increase in lianas results in a less efficient carbon sink since it provides smaller forest carbon
stores than the larger, longer-lived trees (Betts, 2007).

Several biomes in Costa Rica with the highest numbers of endemic species are especially vulnerable
to extremes in temperatures and may experience the largest reductions in area or will disappear
completely (reviewed by Malcolm et al., 2006). El Nifio Southern Oscillation has been identified as
the cause of decreasing precipitation and increasing temperature in Costa Rica. When these climate
extremes are combined with deforestation, a rising of the cloud cap will probably occur. In the cloud
forests, ferns and orchids will die with the lifting of the cloud cap, and toad and frog populations could
go extinct (Markham, 1996; Killeen, 2007). Loss of trees in cloud forests is irreversible. If trees are
cut, no vegetation is able to gather moisture from clouds and conditions are too dry for the forest to
re-establish (Wilson and Agnew, 1992; Folke et al. 2004). Preserving sufficient forest cover in the
Amazon Basin to maintain rainfall patterns requires conservation efforts and monitoring across the
entire eco-region (Olson et al., 2001).

Extremes in temperature will exacerbate many of the impacts on biodiversity already observed.
Ranges of flying insects, birds and raccoons have moved north, arctic and alpine plants have
contracted northwards, and genetic changes have been noted in insects, birds and mammals.
Breeding dates have shifted for frogs, spring peepers and birds. Other impacts that will be
compounded by temperature extremes include increased local diebacks and extinction rates of trees,
earlier budding and leafing, and a polewards or upward shift of the treeline border between trees and
tundra (IPCC, 2001). The maximum rates of spread for some sedentary species, including large tree
species, may be slower than the predicted rates of change in climatic conditions.

Studies have shown that the urban climate of Toronto, Ontario, Canada, has already warmed
equivalent to the expected 2050 climate. To illustrate the impact of extreme temperature on
biodiversity, a 1-ha climate change experimental site was established in 2002 at the Humber
Arboretum in Toronto. Along with native tree and shrub species, trees native to Washington D.C. — a
region two growing zones to the south, the distance that trees might potentially have to migrate with
a change in temperature extremes — were also planted at the site. On this site, tree survival and
growth was undermined by extreme browsing damage caused by deer and mice populations, which
have increased with milder winters. Despite protection from tree guards and other measures, more
than 70% of the newly planted trees were browsed, with approximately 30% mortality in five years
(Karsh et al., 2008). One of the lessons of this study is that temperature extremes in the urban forest
need to be offset with the planting of much larger stock to reduce browsing impact from the
corresponding increase in animal populations.

8 )
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3b. Hurricanes

The number of hurricanes, storms and catastrophic wind events are all expected to increase and to
become more intense. A greater number of Category 4 and 5 hurricanes are predicted, as these are
linked to El Nifio weather events and ocean warming. Since Category 3 or higher hurricanes can
result in a restructuring of the forest, Caribbean islands, tropical montane forests, coral reefs and
mangroves are all at risk (Krockenberger et al., 2003).

The most immediate and severe effects of hurricanes are complete defoliation and mortality. Most of
the damage is a direct result of wind or falling debris, so wind protection in these forests is crucial.
Hurricanes may prevent pioneer tree species from living long enough to reach the forest canopy and
large individuals of early successional species have the highest damage rates (Dallmeier and
Comiskey, 1998). This creates room for late successional hardwoods (Arevalo et al., 2000). Species
with rapid growth following the hurricane are the best survivors.

The “storm” forests in the Caribbean are characteristic of the type of trees that grow in a hurricane’s
wake: short, shrubby, multi-stemmed trees with spongy heartwood. There is an increase of ethylene
production at the root collar resulting in more auxin being produced and more hormones, which
results in a sprouting response (van Bloem et al., 2006). Sprouting maximizes leaf area index and
minimizes the distance to transport water to the stem. These forests are typified by reduced number
of canopy strata, abundance of lianas, absence of giant trees and dominance by one or two species
(Dallmeier and Comiskey, 1998).

An increased frequency and intensity of storms and hurricanes may shift ecosystems to a less
desired stage, with diminished capacities to generate ecosystem services, followed by loss of
ecosystem resilience and increased risk of forest fire (Folke et al., 2004). Forests adapted to extreme
events recover quickly, but it may be decades before the site will attain the floristic, physiognomic
and avifaunal characteristics of the mature forest (Dallmeier and Comiskey, 1998).

Figure 2 shows the Bisley site in Puerto Rico before and after Hurricane Hugo hit in 1989. There was
a reduction in the number of families, from nine to eight a year after the hurricane. By 1999, there
were 12 or more families, which is comparable to other sites in the region. It appears that the
hurricane initially reduced biodiversity, but that recovery took place quite quickly.

3c. Severe Drought

The regions impacted by drought are predicted to expand, and summer drought is expected to
increase in frequency, extent, and duration before the end of this century (Archaux and Walters,
2006; Fischlin, 2007). Tropical montane forests will be particularly affected. These forests support
ecosystems of distinctive floristic and structural form and contain a disproportionately high number
of the world’s endemic and threatened species. Drought in some regions of the Americas may be
accompanied by increasing aridity and desertification (Markham, 1996). As summer soil moisture
decreases, drought stress increases.
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BISLEY, PUERTO RICO, USA
BEFORE AND AFTER HURRICANE HUGO (1989)

—&— Bisley, Puerto Rico, 1988
—— Bisley, Puerto Rico, 1991
—— Bisley, Puerto Rico, 1992
—A— Bisley, Puerto Rico, 1994
—— Bisley, Puerto Rico, 1996

0.1 1 —@— Bisley, Puerto Rico, 1999

0.01 A

Proportional Abundance
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FIGURE 2 Diversity of tree species in Bisley, Puerto Rico, one year prior to the hurricane damage in 1988
and at subsequent measurement periods from 1991 to 1999. Note: Data are currently unavailable for all but
the top 10 families ranked from highest to least abundance.

Maximum moisture deficits are expected in northwestern Argentina, the southwestern United States
and northwestern Mexico. Central California and the Intermountain West may have significant
deficits. North Chile and central and southeastern Argentina are predicted to be dry, and the area
affected by very dry conditions may double as a result of climate change and climate extremes
(Laurenroth et al., 2004). The evergreens in the Amazon could be transformed to savannah
ecosystems within the next century (Killeen, 2007). Savannization of Amazonia and drier biomes in
northeast Brazil, along with accompanying desertification, is anticipated because of the synergistic
combination of climate change, climate extremes and land-use changes (Nobre, 2007).

Forest biodiversity may be particularly resistant to drought, although the duration of drought may be
the most important factor when assessing impact on ecosystems. The relationship between the
timing of drought, flowering and pollinators is critical. A delay in flowering due to drought can lead to
extinction of pollinators (Harrison, 2000). Prolonged drought can also cause desertification, enabling
greater encroachment by woody plants into perennial grasslands and associated land degradation
in arid and semiarid regions (Peters et al., 2004). Further impacts of desertification include reduced
biological productivity and chronic wildfires.
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Extreme drought acts synergistically with other threats. Infestation by bark beetles is closely linked
with drought-induced water stress (Allen and Breshears, 1998; Breshears et al., 2005). With
increased temperatures, host defences are lowered, allowing pathogens and parasitism to flourish.
Extremes can negatively precondition trees and thereby increase their susceptibility to secondary
damage through pests and pathogens and to windthrow. Drought combined with high winds leads to
increased dust storms and loss of soil and its biodiversity (Krockenberger et al., 2003).

3d. Ice Storms

Most climate models project a decrease in frequency and magnitude of extreme cold events. But
there is also some evidence of sharp cooling, and the number and severity of ice storms may actually
increase in some latitudes (Varrin et al., 2007). Minimum temperature effects can result in sudden
cold injuries that are often lethal; however, the timing of extreme frost events may be more important
than temperature (Jentsch et al., 2007).

Ice storms result in reduced access for people in the sugar maple industry to forestland because of
flooding, deep snow, or wind- and ice-damaged trees. Mortality of trees is indicated at 75% crown
damage. Trees have a high rate of recovery at lower damage levels and changes in composition and
loss of syrup production are non-persistent (McCready, 2004). Recently thinned forest plantations,
single species ecosystems, and maples and oaks are generally the most impacted by ice; however,
susceptible species are often balanced by epicormic branching (rapid crown recovery). As with other
extremes, more diverse stands are the best form of insurance against impacts (Neilson et al., 2003).

In January 1998, an area from Kingston, Ontario, to the Maritimes in Canada was struck by the worst
glaze ice storm of the century. The impact of the storm was concentrated in the valley of the St.
Lawrence River, with the zone around St. Jean-sur-Richelieu, southwest of Montreal, Quebec, being
the most heavily hit. Prior to the ice storm, four permanent forest biodiversity monitoring sites had
been established in the affected region: two sites at the Mont St. Hilaire Biosphere Reserve, Quebec;
a site at Gananoque, Ontario; and a site at Ste-Hippolyte, Quebec. After the storm, a quantitative
assessment of the damage to all four 1-ha sites was conducted. The Mont St. Hilaire Biosphere
Reserve lay within the zone of greatest damage. The range of crown damage for this storm was 20-
50% (Environment Canada, 2003).

Figures 3a and 3b show diversity curves for ice storm-damaged pure sugar maple sites in
comparison to undisturbed sugar maple and also to more biologically diverse sites. The maple mixed
wood sites at Gananoque, Tiffin, and Long Point, Ontario, Canada, have very similar patterns of
proportional abundance, with the two Carolinian sites at Long Point having nine to 11 tree families
and the maple mixed wood sites at Tiffin and Gananoque having six and eight tree families
respectively (Figure 3a).

The two sugar maple sites in Quebec, whether damaged in the ice storm or not, had four tree families
(Figure 3b). The ice storm-damaged forest at Gananoque, Ontario, with eight families, was younger

o)
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and different in composition than the two impacted sites at Mont St. Hilaire, Quebec, with almost half
the number of families. The maple mixedwood site in Mont St. Hilaire had five tree families in
comparison to the maple mixedwood site in Grosse-lle Historic Site, Quebec, with seven tree

a)

DIVERSITY OF TREE SPECIES
IN MAPLE MIXEDWOOD FORESTS
ONTARIO

—o— Gananogue
—&— Tiffin

—— Backus, Long Foint BR
—8— Wilson, Long Faint BR

(18]

0.

Proportional Abundance

DIVERSITY OF TREE SPECIES
IN SUGAR MAPLE AND MAPLE MIXEDWOQD FORESTS
QUEBEC

—8— Lake Hill, Mont St.Hisire - Sugar Maple

—&— Ectany Bay, Mont. StHilsire - Maple Mixedwood
—&— Laurentides - Sugar Mapl=

—{— Gresse-lie Historic Site - Maple Mixedwood

[N ]

0.01 1

Proportional Abundance

FIGURE 3 a) Diversity of sugar maple site at Gananoque, Ontario, Canada, impacted by ice storm damage
in comparison to Carolinian sites at Long Point, Ontario, Canada and b) Diversity of sugar maple at Mont.
St. Hilaire, Quebec, Canada, ice storm impacted site in comparison to maple mixedwood site in Quebec,
Canada.
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families. It is unclear whether this reduction in families could be attributed to the ice storm, since less
than 70% of the crown was damaged.

3e. Wildfire

Forest fire is associated with global climate change and climate extremes (Lavorel et al., 2007). As the
maximum number of consecutive dry days is decreasing in the Caribbean and elsewhere, the number
of areas with severe wildfires is expected to rise in the Americas by the end of this century. Fire seasons
are expected to lengthen by as much as 30 days in some regions, triggered by increased spring and
winter temperature extremes and earlier spring snowmelt (Miller, 2006). An earlier start to the fire
season is anticipated, with a significantly greater number of areas experiencing severe to extreme fires.

Already a trend of increasing fire size, amplitude and duration has been observed (Odion et al.,
2004). The area burned by forest fires in Canada has risen dramatically since 1970 as summer
season temperatures have warmed. The areas burned in the United States have also been on the
rise since 1960 (Fishlin, 2007). Large and severe wildfires are predicted to become more common.
The areas particularly at risk are boreal forest, taiga, temperate forests, managed stands and forest
plantations, streams and fisheries.

Extreme forest fire modifies biodiversity and can result in significant changes in distribution of
dominant plant species and younger age distributions (Stocks et al., 1998.). It also affects the
understory and bares mineral soil (Lavorel et al., 2007). In this respect, its impact exceeds those of
other extreme events (Eversham and Brokaw, 1996) and may incite a more rapid rate of vegetation
transformation than other climate-induced change. It can cause temperate dry forests to become
grasslands and moist tropical forests to become dry woodlands. With extreme fire, seedling
establishment is hindered, plant and animal habitat is modified, and species are at greater risk.

Fire is synergistically linked to El Nifio events, hurricanes, drought, lightning strikes, deforestation,
forest fragmentation and land-use change. Extreme forest fire is most severe during El Nifio years,
when drought conditions predominate (Killeen, 2007). Fires in the tropics often follow hurricanes.
Since these forests are often not adapted to fire, more than 90% of all canopy trees can be destroyed
and the understory completely burned. Even so, recovery may occur with vegetation repopulating the
site in five years’ time but with different species, causing the forest to be in an earlier successional
stage and therefore less able to withstand climate extremes in the future. Fire is more prevalent in
degraded forests, so any extreme or human impact that reduces the resiliency of the forest puts it at
higher risk of extreme fire. Large forest fires release tons of carbon dioxide into the atmosphere,
which acts as an escalating trigger for even more climate extremes and fire.

3f. Intense Precipitation and Floods

The frequency and variability of extreme precipitation showers is increasing. This puts excessive
stress on ecosystems that can more readily adjust to reduced precipitation than greater variability in
precipitation. Areas vulnerable to extreme and variable precipitation are tropical montane forests,
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peat bogs, and arctic, arid and semiarid regions. Intense showers have a particularly significant
impact in places like Venezuela, where the risk of erosion may be higher on steep deforested slopes.

The number of flood disasters is expected to increase, and these may alternate in the same regions
as droughts. Storms and floods threaten low-lying islands, boreal forest, coral reefs, mangroves,
coastal marshes, fisheries, animal habitat and sandy beaches. The combination of floods and high
temperature events is also on the rise, especially impacting rivers and wetlands. Ocean warming and
ocean acidification is escalating, affecting coral reefs, zooplankton populations and shell-producing
organisms, while glacier retreat and permafrost melt is becoming more extensive in polar, mountain
and alpine regions. This type of extreme is also linked to greater risk of landslides, avalanches,
floods, mudslides and reduced water availability. Simultaneously, sea level rise and storm surges are
also increasing, impacting aquifers, estuaries, fisheries, and agriculture and wildlife reserves through
saltwater intrusion, land inundation and habitat destruction.

4. Synergies Between Climate Extremes and Other Threats to Biodiversity

The impacts of climate extremes will depend on other significant processes, such as habitat loss and
fragmentation. The top threats to biodiversity that are exacerbated by climate extremes include
global climate change, habitat destruction, deforestation, invasive species, and fire regime alteration
(Ervin and Parrish, 2006, Killeen, 2007). For cerrado vegetation in Brazil, high rates of habitat
destruction to cropland may mean that only current reserves will survive (Thomas et al. 2004) and
the cerrado may disappear completely by 2030 since it is very suitable for mechanical agriculture
(Killeen, 2007).

According to a literature review and assessment by the WWF (2007), summarized in Appendices 2
and 3, the primary threat to biodiversity is deforestation in Brazil, the Caribbean, Chile, Colombia, El
Salvador, Guyana, French Guyana, Mexico, Panama, Peru and Venezuela. This suggests that any
international effort on introducing incentives for avoided deforestation in Central and South America
may have tremendous benefits.

Human impacts decrease ecosystem resiliency and increase vulnerability to climatic hazards (Betts,
2007). Discrete events of novel extreme magnitude and frequency may drive ecosystems beyond
stability and resilience (Jentsch et al., 2007). Resiliency may be exceeded this century because of
climate change, climate extremes, land-use changes, pollution and overexploitation of resources
(high confidence IPCC4 — Fischlin, 2007). The rapid rate of climate change, climate extremes and a
fragmented landscape will inhibit the ability of many species to adapt or migrate to regions adequate
for survival (Killeen, 2007). Key climate variables may increase in frequency to a point at which
species are unable to recover normal or viable populations (Markam, 1996). All of these threats are
challenges for mitigation and adaptation and may involve reassessment of human economic activity.
A description of a few of the major impacts and why they are of concern, along with recommended
adaptations, are listed in Appendix 4.
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5. Baseline Monitoring Database

The synergistic interactions between climate extremes and other hazards are impacting ecosystems
to such an extent that it is imperative for a global monitoring network to track these changes and
assess ecosystem resiliency. To manage for potential biodiversity loss and to provide adaptation
options to help ecosystems become more resilient to climate hazards, researchers and policymakers
require a baseline monitoring database. Organizations such as the Smithsonian Institution are
recognizing the need for such a monitoring network and are starting to put a framework in place.

In 1992, the Smithsonian Institution (Dallmeier, 1992) initiated a global biodiversity monitoring
program under the auspices of UNESCO. In the Americas, this forest biodiversity observing network
consists of nearly 500 individual observing sites in 20 countries (Figure 4). The design of the sites
recognizes that biodiversity conservation is not single-species management but, rather, the ability
to manage multi-taxa simultaneously. It is also able to support the four major types of habitat
biodiversity monitoring activities: monitoring based on species at risk; monitoring based on
population trends; monitoring based on status and trends in habitat; and monitoring based on

BIODIVERSITY SITES IN THE AMERICAS
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FIGURE 4 Smithsonian Institution forest biodiversity observing sites in the Americas. Source: Smithsonian
Institution and Environment Canada
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threats to biodiversity. By incorporating standardized 1-ha plot sizes, measurement protocols for
multi-taxa and transects across physical, chemical and ecological gradients, the forest biodiversity
observing network is able to facilitate unique investigations into the cumulative impacts of climate
extremes on forest biodiversity that can increase understanding of climate change and help reduce
the adaptive deficit of the Americas (Fenech et al., 2005).

Among the important findings that these sites can help yield are baseline data on climate variability
and extremes in ecosystems. The heat-unit-by-family biodiversity model for forests, suggested by
Rochefort and Woodward (1992), is a useful means for obtaining such data.

Heat is a powerful trigger of climate extremes. Changes of 1 or 2° centigrade average annual global
temperature translate into significant biological impacts, adaptations and vulnerabilities. The heat
unit is the accumulation of heat above the base relationship temperature of 5°C commonly referred
to as a growing degree day (GDD). This basic relationship can serve as an effective diagnostic tool
for gauging expected versus observed climate variability and identifying sites where biodiversity is
or is not in equilibrium with the changing climate (Maclver, 1998). By mapping the spatial variability
of climate-based biodiversity and then subjecting it to a 2XCO, atmosphere, using climate
change scenarios, anticipated and future changes in biodiversity can be calibrated and mapped
(Maclver, 1998).

Figure 5 shows the number of species and families as related to heat units in Canada compared
to eight sites from Virginia, United States, and sites in Panama, Ecuador, Peru, Bolivia,
Paraguay, Argentina, Brazil and Venezuela. The South American sites help to provide the
upper limit for forest biodiversity at the family levels along with heat units calculated for the
Americas (Karsh et al., 2007). Based on sites in Canada, the United States, and Central and
South America, preliminary research seems to suggest that the Family Diversity Axis may not be
linear but, rather, logarithmic or exponential approaching equatorial regions (Maclver, 1998;
Karsh et al., 2007).

In Canada, the heat-unit-by-family-biodiversity model has not only enabled initial verification of
the family biodiversity baseline but also allowed for the calibration of biodiversity for mixedwood
forest species in southern Ontario. In addition, it has helped to identify areas of southern Ontario
that will require enhanced conservation practices for the adaptability of native species, including
areas that will be vulnerable to climate extremes and other concurrent impacts such as invasive
exotic species.

Figure 6 depicts the gradient analysis and the relative linearity of the basic heat by family

biodiversity relationship for mixedwood forest sites from Long Point on Lake Erie to Tiffin on
Georgian Bay, Ontario, Canada (Maclver, 1998).
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FIGURE 5 Number of a) species and b) families as related to heat units in Canada compared to
reference Smithsonian Institution forest biodiversity observation sites in the United States, Caribbean
and South America.
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FIGURE 6 a) Heat by family biodiversity for mixedwood forest in southern Ontario, based on Smithsonian
Institution forest biodiversity observing sites, and b) cumulative impact of the chemical atmospheres on
climate-based biodiversity at Smithsonian Institution forest biodiversity observing sites.
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6. Potential New Global Biodiversity Monitoring Sites across the Americas

The most vulnerable ecosystems to climate extremes will include those habitats where the first or
initial impacts are likely to occur and those where the most serious adverse effects may arise or
where the least adaptive capacity exists. These include arctic, mountain and island ecosystems.
Tools and guidance in the form of scientific predictions of ecological states are needed to highlight
priority ecosystems at high risk of climate extremes and to guide climate change adaptation options.

To meet the full range of monitoring requirements, permanent plot networks must be expanded across
the Americas to include sites subject to a broader range of climate extremes, human activities and
impacts. Protected areas (IUCN), Global Biosphere Reserves (UNESCO) and Smithsonian global
reference sites, based on scientifically sound, standardized monitoring protocols, are essential to provide
an effective, community-based platform to monitor changes in ecosystem functioning and resilience.

In Ontario, Canada, analysis showed the tremendous value of using transect studies in evaluating
climate impacts on biodiversity. Moreover, with only 11 families at the Canadian network’s most
diverse location in Long Point, Ontario, it underscored the fact that Canada can ill afford to lose a
single species. In Ontario and Quebec, Canada, and in Bisley, Puerto Rico, the analysis further
demonstrated the value of using Smithsonian sites established prior to the climate extreme event,
allowing for direct comparisons of impacts.

It is recommended that more forest biodiversity observing sites be established in accordance with the
Smithsonian Institution protocol across ecological, chemical and climate gradients in highly altered
landscapes and vulnerable areas in the Americas to detect change and adaptation response to
climate extremes. With sites ranging from the equatorial to polar, climate-biological transects using
standardized monitoring and global modelling could be used to further calibrate this analysis. The
forest biodiversity global site networks, established to evaluate climate extremes under increasing
human impact, would increase their coverage by being connected using GIS, remote sensing-type
technology.

The World Wildlife Fund has ranked eco-regions in the Americas by distinct biodiversity features:
species endemism, rarity of higher taxa, species richness, unusual ecological or evolutionary
phenomena and global rarity of habitat type (WWF, 2007). This is particularly helpful when identifying
areas to monitor. Areas in urgent need of protecting are regions in which monitoring sites need to
be established. The areas identified as being in need of protection are lowland and montane forests
in western Amazonia (Thomas et al., 2004), as well as the Pantanal, Gran Chaco, and Caatinaga
regions (Killeen, 2007). The best remaining refugia for lowland moist forest species are on the
western edge of Amazonia, adjacent to the Andean highlands. It is vital to strengthen and expand
protected areas and monitoring networks in the western Amazon. As much forest should be
conserved in Amazonia as possible, since species ranges are expected to change drastically (Miles
et al., 2004).
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Some areas and species should be earmarked for protection, monitoring and restoration simply for
their overall significance and contribution to biodiversity. Peat bogs sequester twice as much CO, as
all the world’s forests even though they form only 3% of the global land area. Willow absorbs eight
tons of COs in its first growing season. Thirty-five percent of the world’s crops depend on pollinators
such as bees. Tropical forests have 50% of all plant and animal species, two-thirds of known
terrestrial species and the largest number of threatened species. These forests have vertebrates that
are very sensitive to the abundance of food reserves, birds and mammals that are affected by
unusual weather, and food plants and trees whose flowering and survival, respectively, is highly
vulnerable to drought. Thus, all of these ecosystems need to be monitored closely as their total
impact on ecosystem resiliency is high.

7.The Case for a UN Global Monitoring Organization

Climate extremes will have a powerful impact on biodiversity and on the human communities that
benefit from this biodiversity. Because of the strong linkages between biodiversity and climate
extremes, there are many instances at regional, national and international levels where integrated
joint actions that address the synergies between the issues are more effective than dealing with each
issue separately.

It is expected that biodiversity’s natural adaptation responses to a changing climate, especially given
other environmental pressures such as habitat loss and fragmentation, will be insufficient to stem the
additional losses in biodiversity triggered by climate change. As a result, planned or directed
adaptation activities are urgently needed now to slow the increased rates of future biodiversity
losses. Maintaining biodiversity as an adaptation strategy allows ecosystems to provide goods and
services to communities while societies learn to cope with climate change. Adaptation in support of
biodiversity conservation is also essential if United Nations Framework Convention on Climate
Change (UNFCCC) objectives and Millennium Development Goals for poverty alleviation, food
production and sustainable development are to be met.

The integration of adaptation and mitigation actions within the context of climate extremes,
biodiversity conservation and sustainable development all call for greater synergy in implementing
the Convention on Biological Diversity (CBD) and other relevant multilateral environmental
agreements. Synergies in protecting biodiversity under climate change will be facilitated by proposed
joint action on biodiversity and mitigation through international pilot measures to reduce
greenhouse gas emissions from deforestation along with adaptation to deal with the changing
climate change impacts.

Planned adaptation encompasses efforts to restore resilience to ecosystems, since resilient
ecosystems maintain biodiversity, continue to deliver ecosystem goods and services, and protect
human, plant and animal communities from climate hazards such as erosion, flooding and drought.
A wide range of adaptation activities has been designed or planned by many countries — including
Canada, the United States, Mexico, Colombia, Kiribati, Sudan, Nepal, Bangladesh, the United
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Kingdom and Finland (CBD, 2006) — but few such adaptation actions have been implemented to
date. In many cases, adaptation actions have been delayed because the knowledge base and
partnership processes required to support adaptation implementation for biodiversity need to be
strengthened first. Studies indicate that many additional species will be lost if adaptation- and
resilience-building actions continue to be delayed, while management options will become more
limited and expensive and have a lower likelihood of success.

Given that climate extremes and land degradation are major causes of biodiversity loss and that
biodiversity conservation and its sustainable use can contribute to both climate change mitigation
and adaptation, it is necessary to have an organization responsible for promoting synergy at local,
national and international levels. Desertification and land degradation issues affect global climate
change through soil and vegetation losses, while biodiversity in turn influences carbon sequestration,
thereby helping to regulate climate change. Since climate extremes pose one of the most significant
threats to biodiversity, activities that promote adaptation to climate change can also contribute to the
conservation and sustainable use of biodiversity, sustainable land use and water management.

All nations in the Americas must be encouraged to recognize the importance of developing synergistic
actions on biodiversity, adaptation and climate change that maximize opportunities for successful
biodiversity conservation while also helping to slow the rate of future losses of biodiversity. Maintaining
and enhancing biodiversity should be part of all national policies, programs and plans for adaptation
to climate extremes in order to allow ecosystems to continue providing necessary goods and services,
including support for natural disaster preparedness. Such a policy would increase investment in
adaptation initiatives that strengthen resilience in natural ecosystems. One potential initiative that
shows great promise is offering incentives for the conservation of forests (avoided deforestation) and
peatlands. This and other activities that slow deforestation and/or forest degradation could provide
substantial biodiversity benefits and help to meet the global goal of reducing the rate of loss of
biodiversity by 2010. The creation of a new organization at the United Nations level, responsible for
consolidating and increasing the Global Biodiversity Monitoring Network and integrating research on
biodiversity and climate, would help immeasurably in developing and facilitating such urgently needed
pan-American responses to climate change and extremes.

The disaster which struck New Orleans after Hurricane Katrina in 2005 illustrates how healthy and
resilient ecosystems are truly our best defence against the impacts of climate extremes. Hurricane
Katrina touched down on a coastal region of the United States that has been under environmental
pressure for over a century. Re-engineering of the Mississippi River, accomplished through a system
of canals and levees, diverted natural sedimentation flows and steadily eroded coastal wetlands.
Development also destroyed barrier islands and oyster reefs that buffered the coast. During the
hurricane, the tidal surge was able to travel unimpeded up shipping canals and burst over the levees
surrounding New Orleans. Although damage from the storm would have been considerable in any
case, breaches occurred more often in areas where wetlands had been destroyed and levees were
exposed to wave action. A global monitoring organization is essential to establishing when and where
such disasters may happen and to determine when ecosystems are out of equilibrium so that action
can be taken before the critical tipping point is reached.
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