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produced male offspring, while the warmer sites produce female offspring. The observed 
nest-warming trend up to 0.36 and 0.49°C for the last 100 years, which explains the 
observed sex ratio (Hays et al., 2003). Increasing temperatures reduce the number of male 
offspring and threaten the population.

 2.3.2 Changes in distribution

Humans have the ability to live in almost any place on earth. The distribution of plants 
and animals, however, is limited to a continent, a country or maybe even a small region 
within a country. They are adapted to the environmental conditions which enable them 
to survive long enough to reproduce and maintain their populations. A large number of 
factors determine reproductive success: climate, environment (see previous chapter) and 
biotic conditions (e.g. presence or absence of competitors for space or nest sites). With 
a change in climate, all these factors will change. In order to survive, species have two 
options: adapt to the changes so they can continue to reproduce within a given area, or 
move to another area where the conditions are better. The question, however, is whether 
species are able to migrate to other areas. A tree will not be able to move to another area 
and can only depend on the successful distribution of its seeds to other areas that are 
more suitable.
Many ecological monitoring programmes have provided information on the location and 
size of the distribution area of species. In the last few years, several studies have analyzed 
observed changes in the distribution areas and tried to relate those changes to climate 
variables, exemplified below. They include both increases, changes, and decreases in 
distribution areas (including expansion into new areas) and the decrease in population 
numbers. The main conclusion is that the recent changes in climate have had a significant 
impact on the distribution of plants and animals in both terrestrial and aquatic systems.

Plants

The EEA climate change indicator report (2004) presented changes in plant distribution 
as one of the indicators. It concluded that in recent decades a northward extension of 
various plant species has been observed in Europe which is likely to be attributable 
to increases in temperatures (Ad-Hoc Technical Expert Group on Biological Diversity 
and Climate Change, 2003, Parmesan and Yohe, 2003). Many Arctic and alpine tundra 
communities are affected. The density of trees and shrubs increased (Molau and Alatalo, 
1998). In western Europe, thermophilic (warmth demanding) plant species have become 
more abundant compared with 30 years ago (van Oene et al., 2001). In the new version 
of the Dutch flora, 41 new plant species have been added this year (Appendix 1). These 
species are located in at least three places in the Netherlands, and they have survived 
three generations. An additional 87 new plants are nominated for the next list as they have 
been frequently observed. Despite the increase in abundance of thermophilic plants, a 
remarkably small decline in the presence of traditionally cold-tolerating species has been 
observed (van Oene et al., 2001). 
Endemic species have been replaced by other species in the mountain regions of 
Europe due to a number of factors, including climate change. Higher temperatures and 
longer growing seasons associated with climate change appear to have created suitable 
conditions for certain plant species that have migrated upward, and which now compete 
with the endemic species (Gottfried et al., 1994, Grabherr et al., 1994). The net e�ect 
on species richness varies from region to region and even within single regions. While 
richness has increased in some places, it has declined in others. In the Alps, for example, 
evidence exists that climate warming over the past 60 years may have encouraged spruce 
and pine species in the sub-alpine region and sub-alpine shrubs on summits (Theurillat 
and Guisan, 2001). The net e�ect is an increase in species richness in 21 out of 30 
summits in the Alps compared with 50 to 100 years ago. Similar trends have occurred in 
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the Pyrenees, Scandinavia, Bulgaria and the Urals (EEA ETC/ACC et al., 2004).
Similar changes in mountainous areas have been observed in other continents. In the 
Olympic Mountains of Washington state, sub-alpine forest has invaded higher-elevation 
alpine meadows, partly in response to warmer temperatures (Peterson et al., 1994). In 
Alaska, comparison of photographs taken in 1948-50 with others taken in 1999-2000 
of the area between the Brooks Range and the Arctic coast show an increase in shrub 
in tundra areas, and an increase in the extent of spruce forest along the treeline (Sturm 
et al., 2001). The increased vegetation is attributed to increasing air temperatures, 
on average 1°C per decade over the last three decades. In the Argentine Islands, the 
populations of two native Antarctic flowering plants increased rapidly between 1964 and 
1990, coinciding with strong regional warming over the Antarctic Peninsula. The Antarctic 
Pearlwort (Colobanthus quitensis) population increased fivefold while Antarctic Hairgrass 
(Deschampsia Antarctica) increased by a factor of 25. The unusually rapid increases 
are attributed to warmer summer temperatures and/or a longer growing season, which 
enhance the plant’s ability to reproduce (Fowbert and Smith, 1994).

Lichen and moss flora

It is expected that species with a high migration capacity have the ability to quickly 
change their geographic distribution. Recent changes in the Dutch lichen flora as well as 
changes in the moss flora are very clear examples. Since the end of the 1980s, particularly 
warm temperate species with a (sub-) Atlantic or Mediterranean distribution pattern have 
been increasing. Species with a boreo-montane distribution have been decreasing (van 
Herk et al., 2002, van Herk and Siebel, 2003). 

Fungi

Just like lichens, fungi can quickly expand their distribution range if conditions are 
favourable. Plicaturopsis crispa, a small fungi that lives on dead branches and trunks 
of various deciduous trees, had a typical southern distribution in Europe and was until 
recently completely absent in the lowlands of western Europe. At the end of the 1980s the 
first observations were recorded (RIVM et al., 2003). Since then, the population expanded 
strongly and became abundant in many locations far to the north and west of the original 
range. This dramatic increase can only be explained by a lack of severe winters in recent 
decades.

Birds

Compared to plant studies, relatively few studies have been focused on changes in the 
distribution area of birds. Comparison of breeding distributions of birds in the UK for two 
periods (1968-1972 and 1988-1991) showed that the northern margins for many species 
had moved approximately 19 kilometres northwards. The range shift occurred during a 
period when central England’s temperature warmed by about 0.5°C over the last century, 
and the 10-year period 1988-1997 was the warmest on record (Thomas and Lennon, 
1999).
Many more studies have focused on increases or decreases of bird populations. Veit et 
al. (1996) studied the 90% decline in Sooty Shearwater (Puffinus griseus) between 1987 
to 1994 in the California Current System. This decline seemed inversely correlated with 
the 0.8°C rise in seasurface temperatures. They demonstrates that the decline of Sooty 
Shearwaters is not a localized phenomenon, but linked to large-scale changes in ocean 
currents and consequent changes in food supply. 
Other birds benefit from increase in temperature. The survival of some European 
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bird species wintering in Europe increases between 2% and 6% per 1°C rise in 
winter temperature, depending on species (EEA ETC/ACC et al., 2004). This effect is 
considerable particularly because of the increase in winter temperatures. The correlation 
between bird survival and winter temperature has been observed for many species, such 
as the Grey Heron (Ardea cinerea), Common Buzzard (Buteo buteo), European Cormorant 
(Phalacrocorax carbo), Song Thrush (Turdus philomelos) and the Redwing (Turdus iliacus). 
The higher survival rate clearly a�ects population, but the e�ect is less obvious because of 
other factors determining population dynamics, such as productivity.
Penguins are also considered to be sensitive to changes in climate. The reduction 
of ice also has severe consequences for several species of penguins in Antarctica 
(Barbraud and Weimerskirch, 2001, Croxall et al., 2002). Recent changes in these seabird 
populations reflect regional climate change. Increased snowfall reduces hatching success. 
Additionally, the melting of the sea ice and the consequent decrease in extent changes 
the abundance and distribution (Loeb et al., 1997) of the krill for which penguins forage. 
Adequate food availability has declined strongly in the region. Many large penguin 
colonies have been rapidly declining over the last decade and are the cause of extreme 
concern.
The Adélie Penguin (Pygoscelis adeliae), for example, is found only where sea ice persists 
well into spring in the sea ice zone that surrounds Antarctica (Ainley et al., 2001). For most 
of the last 20,000 years, populations have been increasing and colonizing new areas to 
the south, as suitable nesting habitat has been exposed by slowly retreating ice sheets. 
More recently, during the last 50 years, colonies of the Adélie Penguin have been declining 
and even disappearing altogether from the west coast of the northern Antarctic Peninsula 
and offshore islands such as the South Shetlands. This is the northern part of the range 
of the species. Air temperature records for the last 50 years reveal a marked warming 
which has been particularly evident in winter. By contrast, warming in the southernmost 
part of the Adélie Penguin’s range has loosened rather than melted the sea ice. This has 
coincided with increases in breeding colonies, though the rates of change have slowed 
recently (Ainley et al., 2001). Adélie Penguin populations have shrunk by 33% over the 
past 25 years in response to a decline in their winter sea ice habitat.

Amphibians

Amphibian populations are declining around the world (Alford and Richards, 1999). This 
has received considerable attention from the media and scientists. Climate change is 
only one of the many factors that is believed to have contributed to the decline. Other 
factors are radiation, predation, habitat modification, environmental acidity and toxicants, 
disease and interactions among these factors. The changes have been quite dramatic. 
In Costa Rica, for example, twenty of 50 species of frogs and toads in a 30-km2 study 
area, including the locally endemic Golden Toad (Bufo periglenes), disappeared following 
synchronous population crashes in 1987 (Pounds et al., 1999, Pounds, 2001). The 
results of the studies by Pounds et al. indicate that these crashes probably belong to a 
constellation of demographic changes that have altered communities of birds, reptiles and 
amphibians in the area and are linked to recent warming. The changes are all associated 
with patterns of dry-season mist frequency, which is inversely correlated with sea surface 
temperatures in the equatorial Pacific, and has declined dramatically since the mid-1970s. 
Also in Puerto Rico, three frog species (Eleutherodactylus karlschmidti, E. jasperi, and 
E. eneidae) are presumed to be extinct and eight populations of six different species of 
endemic Eleutherodactylus frogs are significantly declining at elevations above 400 metres. 
Burrowes et al. (2004) have monitored 11 populations of eight frog species for several 
decades in Puerto Rico. They focused on climate change and diseases as the potential 
cause for the decline. Their analysis of weather data indicates a significant warming trend. 
They found a strong correlation between years with extended drought periods and frog 
decline. The 1970s and 1990s, the extinction periods, were significantly drier than average.
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Marine species

In the section on phenology we gave several examples of changes in timing of life 
cycle events in marine systems. In addition, the distribution area of species is changing 
rapidly in marine ecosystems. RIVM (2003), for example, presents monitoring data of a 
population increase of the Scaldfish (Arnoglossus laterna) and the Lesser Weever Fish 
(Echiichthys vipera) along the Dutch coast. These species occur from the Mediterranean 
Sea to southern Scandinavia but were rare in the North Sea. Beare et al. (2004) analyzed 
trawl data from Scottish research vessels over the last 75 years. They clearly showed 
that catches of the warm water pelagic species, Anchovy (Engraulis encrasicholus) and 
Sardine (Sardina pilchardus), increased suddenly after 1995. All these increases correlate 
well with the increase in temperature since the end of the 1980s.
Rappé (2003) described some remarkable observations of marine coastal organisms 
including autochthonous crabs and shrimps, molluscs and aliens of Belgium. Populations 
fluctuate during the last two decades following severe or mild weather conditions. They 
disappear after harsh winters and come back more rapidly than in the past. Some offshore 
species are stranded or extirpated more often. Species new to the area turn up and 
establish themselves. These observations are believed to be mainly triggered by changes 
in oceanographic or climatic conditions, luring or forcing southern species into the North 
Sea and its coastal waters. There are similar examples along the American coasts as well 
(Parmesan and Galbraith, 2004).
Increasing evidence is found that every part of the whole food web in marine systems is 
undergoing significant changes (EEA ETC/ACC et al., 2004). An important basis of the 
food chain is zooplankton. Some zooplankton species have shown a northward shift of 
up to 1000 kilometres, in combination with a major reorganization of marine ecosystems. 
These shifts have taken place south-west of the British Isles since the early 1980s and 
from the mid 1980s in the North Sea (Beaugrand et al., 2002). In contrast, the diversity 
of colder temperate, sub-Arctic and Arctic species has decreased. Furthermore, a 
northward extension of the ranges of many warm-water fish species in the same region 
has occurred, indicating a shift of marine ecosystems towards a warmer north-eastern 
Atlantic. An invasion of warm-water species into the temperate areas of the northeast 
Atlantic has also been observed. For example, the cold-temperate Calanus finmarchicus 
copepods are now rapidly replaced by the warm-temperate Calanus helgolandicus. 
Most of the warm-temperate and temperate species have migrated northward by about 
250 kilometres per decade, which is much faster than the migration rates expected in 
terrestrial ecosystems (Parmesan and Yohe, 2003).
Coral reefs are the most diverse marine ecosystem and embrace possibly millions of plant, 
animal and protist species (Hoegh-Guldberg and Fine, 2004). They have become one of 
the clearest indicators of climate change’s ecological impacts. Mass coral bleaching - the 
loss of the dinoflagellate symbionts from reef-building corals - and mortality has affected 
the world’s coral reefs with increasing frequency and intensity since the late 1970s. 
Mass bleaching events, which often cover thousands of square kilometers of coral reefs, 
are triggered by small increases (1 to 3oC above mean maximum) in water temperature 
(Hoegh-Guldberg and Fine, 2004). The temperature regimes of corals used to be very 
stable, covering a range of 3°C between minimum and maximum (Smith et al., 2001). 
During recent El Niño events, water temperatures in many tropical waters have increased 
by over 5°C, which resulted in massive bleaching events of up to 95% in shallow waters off 
countries like Sri Lanka, India, Kenya, Maldives and Tanzania . The loss of living coral cover 
(16% globally in 1998, an exceptionally warm year) is resulting in an unspecified reduction 
in the abundance of myriad species (Hoegh-Guldberg and Fine, 2004).
Furthermore, it is expected that corals on the northern hemisphere will also migrate to 
northern areas in response to the increases in temperature. This has been observed by 
Precht and Aronson (2004). Both the Staghorn Coral (Acropora cervicornis) and Elkhorn 
Coral (Acropora palmata) are now expanding their range northward along the Florida 
Peninsula and into the northern Gulf of Mexico.
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Insects

Many invertebrate species have been observed for very many years in a row. A large 
study of changes in the distribution area of 35 butterfly species in Europe by Parmesan 
et al. (1999) concluded that 22 of them had shifted their ranges northwards by 35-
241 kilometres. This is consistent with a 0.78°C warming over the past century. In 
the Netherlands, the Comma Butterfly (Polygonia c-album) has expanded from the 
southern part of the Netherlands in 1980, to the whole of the Netherlands, including the 
Wadden Islands in the north of the country, by 2000 (van Swaay, 2003). Since the very 
warm summer in 2003 there have also been many reports of the Swallowtail (Papilio 
machaon) in the northern provinces of the Netherlands. The northern distribution area 
of this species was previously limited to the southern part of the country. In addition, of 
other Lepidoptera, the Microlepidoptera species have undergone significant changes in 
distribution area that can be attributed to climate change (Ellis et al., 1997). In California, 
the Edith’s Checkerspot Butterfly has been disappearing from the lower elevations and 
southern limits of its range (Parmesan, 1996).
One range change that is currently becoming a societal problem is the northward 
expansion of the Oak Processionary Caterpillar (Thaumetopoea processionea). After the 
first observation in 1991 in the southern part of the Netherlands, the species advanced its 
distribution range to the middle of the Netherlands. The species requires warm conditions 
and originates in southern and central Europe. The caterpillars are a concern to human 
health because of their stinging hairs that can irritate the skin and bronchial tubes (Moraal 
et al., 2002). 
That insects have the ability to quickly respond to changes in climate is illustrated by the 
enormous northward expansion of the Mountain Pine Beetle (Dendroctonus ponderosae) 
in Canada in the latter half of the 20th century. Logan and Bentz (1999) have projected 
that the species will expand its distribution in response to increases in temperature. Data 
from the Canadian Forestry Centre show a significant increase in infestations in areas 
that were historically climatically unsuitable for the beetle. The Mountain Pine Beetle 
population has doubled yearly in the last few years. It killed pine trees across about 
two million hectares of forest in British Colombia in 2002 alone. The beetle’s range has 
been limited mainly to the southern half of British Colombia by cold winter temperatures 
and summers too cool for the beetles to complete their development in a single year 
(Anonymous, 2003). These large-scale pest infestations have large economic impacts on 
the forestry sector.
The number of invertebrate species is very large and often they are not included in 
monitoring programs. The existing monitoring programmes are providing increasingly 
convincing information. Kleukers and Reemer (2003) comprehensively studied a 
substantial part of the Dutch fauna (Table 2). In total 1331 terrestrial species of Apidae 
(honeybees and stingless bees), Asilidae (robber flies), Carabidae (ground beetles), 
Formicidae (ants), Mollusca (snails and slugs), Odonata (dragonflies), Orthoptera 
(grasshoppers) and Syrphidae (hoverflies) were studied. They focused on 339 species of 
which the northern border of their distribution ranges run through the Netherlands. No less 
than 101 species have expanded their range to the north in the 20th century. They were 
mainly dragonflies and molluscs. In total 63 species contracted their range and retreated 
southwards (especially many species of bee). The species possessing expanding ranges 
are mainly species of disturbed and cultivated habitats. The declining species are mainly 
those restricted to more undisturbed nature reserves. The Carabidae are an exception. 
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 Table 2 Trends of southern invertebrate species in The Netherlands. Increase, stable and 
decrease means respectively that the northern border moved north, did not 
change, or moved south (source: Kleukers and Reemer, 2003).

Species group Decrease Stable Increase

Dragonflies (20 species) 10 30 60

Bees (85 species) 38 51 11

Ants (3 species) 33 67 0

Ground beetles (78 species) 15 48 37

Robberflies (6 species) 0 67 33

Molluscs (28 species) 0 50 50

Hoverflies (54 species) 15 26 59

Locusts (15 species) 27 53 20

All groups (293 species) 22 44 34

A useful indicator of climate change-induced distribution shifts is the Wasp Spider (Argiope 
bruennichi). This species is also moving to the north in Europe. In 1980 the spider was found 
in the southern part of the Netherlands and it has now moved up to the central part of the 
Netherlands. In addition to the higher temperatures, the spider benefits from the increase of 
grass species in peat and heath vegetation (van der Linden, 2000, 2004).

Diseases

The changes in temperature, precipitation and species distribution also have had a direct 
impact on the distribution area of many vector-borne diseases like lyme disease (Lyme 
borreliosis), malaria and dengue fever. The EEA ETC/ACC et al. (2004) state that an 
increase in cases of tick-borne diseases per year has been observed since the 1980s in 
the Baltic countries (Sweden, Finland, Poland, Latvia, Estonia and Lithuania) as well as 
the central European countries (Switzerland, Germany, the Czech Republic and Slovakia). 
In Sweden, ticks expanded their northern distribution extensively between 1980 and 1995. 
During this period, northern areas with newly-established tick populations had less severe 
winters and more summer days. The chances of surviving winter for both ticks and host 
animals increased, as did the length of the vegetation season. These changes imply easier 
access to food for host animals and longer periods of activity for ticks. However, it is not 
clear yet how many of the 85,000 cases of lyme disease reported annually in Europe are 
attributable to temperature increases over the past decades (EEA ETC/ACC et al., 2004).
Although tick-related diseases cause health problems in Europe, at the global scale 
malaria and dengue fever are having much larger impacts. In Mexico, for example, dengue 
fever has spread from its former elevation limit of 3,300 feet (1,006 metres) up to 5,600 
feet (1,707 metres). The same upward movements of these diseases is happening in 
Colombia, Indonesia and Kenya. The increase in distribution range has caused the death 
of thousands of people in areas where population had previously been unexposed to 
these diseases.

Mammals

The larger mammals often have a position at the top of the food chain. Therefore, they 
are very vulnerable to changes in the trophic levels below them. Furthermore, they often 
require large nature areas with a large amount of suitable space to maintain a viable 
population. They are also sensitive to a large number of indirect impacts of climate 
change. For example, in Khabarovsk, Russia, fires fuelled by drought and high winds 
threatened the nature reserves where the only remaining Amur Tigers live.
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Seals will also potentially be negatively affected by increasing temperatures. Stirling 
et al. (2004) recorded an unusually warm period with rain, not snow, in early April 1999 
along the coastline at the end of the Hall Peninsula on the south-eastern Baffin Island, 
Nunavut. In contrast, long-term meteorological data collected nearby indicated that the 
air temperatures for the month of April are normally 10-20°C cooler than the recorded 
averages. Periodic warming to near freezing, probably due to the maritime influence of 
nearby open water in Davis Strait, occurs in this area in late March and early April, but 
not usually to the degrees observed now. During this warm period, they found slumped 
roofs over some Ringed Seal (Phoca hispida), birth lairs and others that had collapsed. 
Newborn pups were left lying on the bare ice, subject to thermoregulatory stress and 
vulnerable to significantly increased predation by polar bears and Arctic Foxes (Alopex 
lagopus). Stirling et al. (2004) concluded that if the climate continues to warm in the 
Arctic, it is likely that rain will be more widespread during early spring. This removes the 
protection by birth lairs and exposes young ringed seal pups to predation. This affects 
seals and the polar bears that depend on them for food.
The Polar Bear (Ursus maritimus) is also often mentioned as being extremely vulnerable 
to climate change. Its habitat is decreasing rapidly. In spring the bears wander onto the 
ice to hunt seals through and feed their pups. With the earlier ice break-up, this becomes 
increasingly difficult and they more frequently remain on land and visit or invade local 
fishing villages, where they become a nuisance (Hansell et al., 1998, Kerr, 2002). 
Decreased weight in adult polar bears and a decline in birthrate since the early 1980s 
have been attributed to the earlier spring break-up of sea ice, which have shortened 
the spring seal hunting season by two weeks. Derocher et al (2004) analyzed all these 
impacts on polar bears. They state that in the short term, climatic warming could improve 
bear populations and seal habitats in higher latitudes if currently thick perennial ice is 
replaced by annual ice, making it more suitable for seals. However, a cascade of impacts 
beginning with reduced sea ice will be lead to reduced storage in fat tissue. This will result 
in lowered reproductive rates because females will have less fat to invest in cubs during 
the winter fast. As sea ice thins and becomes more fractured and labile, it is likely to 
move more in response to winds and currents. Polar bears will need to walk or swim more 
and thus use greater amounts of energy to maintain contact with the remaining preferred 
habitats. All polar bears show behavioural elasticity, but given the rapid pace of ecological 
change in the Arctic, the long generation time and their highly specialized nature, it is 
unlikely that they will survive as a species if the sea ice disappears (Croxall et al., 2002).

Summary

The above examples show that recent changes in climate have caused significant 
phenological and distributional changes everywhere in the world. These changes 
have altered and will further alter many interactions between species (e.g., predation, 
pollination, and competition). The change in timing of events and in distribution varies 
considerably from species to species and from region to region. Long-term monitoring 
series clearly show a large interannual variability in timing, but simultaneously also 
prove that many species directly responded to extreme weather events which never 
happened before. Such response is not expected, assuming only gradual climate change 
(cf. Leemans and Eickhout, 2004). Such extreme events will definitely determine the 
development of local populations and species.
The changes observed should be seen in the context of a global mean average increase 
in temperature of 0.7 °C. The changes are already considerable and in some cases 
devastating. One might wonder what might happen next if the global warming continues 
beyond, for example, 2°C. Plant and animal species are not only confronted with climate 
change but also with other environmental change, including habitat loss and the response 
of other species (including humans). Such complex interactions will be difficult to 
comprehend completely. Projections of future impacts will therefore remain strenuous.
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 3. Are the observed 
changes a sign 
that things are 
getting worse?
The IPCC (2001) concluded that “recent regional climate changes, particularly temperature 
increases, have already affected many physical and biological systems.” Their map 
(Figure 9), however, reflected few of the abundant changes everywhere documented in 
the preceding sections. The ecological impacts of climate change are now observed 
everywhere and some unexpected changes occurred. This conclusion is supported by our 
assessment and several other recent compilations of climate-induced responses (Roos et 
al., 2003, Root et al., 2003, Parmesan and Galbraith, 2004). All these studies show similar 
trends for many different species, ecosystems and regions.

 Figure 9 The changes in large-scale ecosystems or biomes with am equilibrium  
global vegetation model and a change in global mean temperature of 3°C  
(after Leemans and Eickhout, 2004).

The question that immediately arises is “Were these changes expected to happen so fast 
and with such a magnitude?” To answer this question we have to evaluate how future 
impacts of climate change are determined. 
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 3.1 Assessing future impacts of cl imate 

change on ecosystems

Many of the quantitative ecological impacts assessments completed over the last decade 
or so have used two components. First, numerical scenarios for future atmospheric 
trends and climate change were produced. Second, these scenarios were used to drive 
a model to describe possible responses to climate change. Applying this approach is 
relatively straightforward and potential impacts and vulnerabilities of different systems are 
established. Before 2000 climate change was not considered a major threat. Only boreal 
forests and tundras were then considered sensitive to it (e.g., Sala et al., 2000). Therefore, 
few researchers attributed ecological changes to the obviously ongoing responses 
to climate change because non-climatic influences often dominate local, short-term 
biological changes. The attribution to climate change of observed changes, however, still 
remains questionable, mainly because the predominant use of just correlative approaches 
(Parmesan and Yohe, 2003).
Most future impact assessments are done for doubling CO2 concentrations. In most 
scenarios this only occurs beyond 2050. Climate change scenarios, derived from 
advanced global dynamic climate models, are combined with current climate to obtain 
more realistic temperature and precipitation patterns. Climate is generally defined as 
long-term monthly or seasonal means, the so-called climatic normals: average weather 
for a period of 30 years (e.g. 1961 to 1990) (see, e.g., Leemans and Cramer, 1991, New et 
al., 1999). Thus this approach only depicted gradual changes throughout the seasons and 
ignored extreme events of shorter duration. Additionally, in presenting the results, only 
the differences (i.e. the impacts) were highlighted. The traditional approach resulted in a 
very static assessment of impacts. These studies did not emphasize the rate of change, 
but only indicated the magnitude, yet it was changing conditions, not static ones, that 
encompassed the critical questions.
However, despite these obvious limitations, the majority of impacts assessments 
appearing in the literature over the last two decades used such static and inappropriate 
approaches. However, better models and tools were not yet available. Emanuel et 
al. (1985) were among the first to use this approach. They applied the Holdrige life-
zone classification and showed that climate change would have large impacts on the 
distribution of ecosystems. They concluded that about 35% of all the world’s ecosystems 
would change in a climate with double the CO2. Their pioneering result can still be 
compared favourably with recent studies based on more advanced models (e.g. Cramer 
and Leemans, 1993, Tchebakova et al., 1993, Malcolm and Markham, 2000, van Minnen et 
al., 2000, Bachelet et al., 2001, Leemans and Eickhout, 2004) (cf. Figure 9). Of course, the 
more recent studies have added more spatial detail, used dynamic models, more realistic 
species and ecosystem responses, and more comprehensive climate scenarios, but the 
magnitude of change of recent studies is still very similar to the earlier ones.
More recently, transient climate scenarios that depict a year-to-year change (but still 
on monthly climate variables) have been applied (e.g. Cramer et al., 2001, Sitch et al., 
2003, Leemans and Eickhout, 2004). These models respond to some of the inter-annual 
variability of a monthly mean climate change. During the first decades simulated, the 
models show little response, then an accelerated response and at the end of the 21st 
century a levelling off. Still, the simulated impacts are comparable with the equilibrium 
approaches both in direction and magnitude. The only advance that some of these models 
have made is evaluating the transient response of CO2 uptake and release (e.g. Cramer et 
al., 2001, Lucht et al., 2002). Some phenological features are explicitly simulated by these 
more dynamic models. Leafing, for example, is a function of plant-specific temperature 
threshold functions (e.g. when spring temperatures increase over 5°C), which causes 
simulated plant growth to follow changes in growing seasons.
Leemans and Eickhout (2004) used a simple transient scenario approach and 
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comprehensive biome model to calculate whether vegetation can adapt to the simulated 
changes over a century. Grasses, for example, disperse quickly, while tree populations 
disperse much more slowly (van Minnen et al., 2000). A warming of 1°C in 2100 is 
equivalent to a long-term rate of change of 0.1°C per decade. At this rate, only 50% of 
the impacted ecosystems may be able to adapt. With increasing rates of warming, the 
adaptation capacity rapidly declines. At a rate of warming of 0.3°C per decade, only 30% 
of the vegetation can adapt. Then, forests are especially threatened. Further shifts lead 
to degraded ecosystems and negative impacts dominate. Unfilled habitats in ecosystems 
will be filled rapidly by opportunistic ‘generalist’ species (Solomon and Leemans, 1990, 
Dukes and Mooney, 1999, Lake and Leishman, 2004). As a consequence, invasive species 
will even become even a larger threat to biodiversity under climate change.
The analysis by Leemans and Eickhout (2004) shows that one can approximate the 
risks for dangerous climate change (cf. the objective of UN-FCCC) but not precisely 

 Figure 10 The projected changes in the species ranges with the Euromove model for 
Dryopteris dilatata (upper left), Scleranthus perennis (upper right), Ranunculus 
bulbosis (lower left) and Botrychium lunaria (lower right)
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determine its features. One of the problems with these approaches, however, is the coarse 
aggregation of the analysis. Generally, between 15 and 30 biomes are distinguished 
globally, all with a large extent. Changes start to occur at biome margins and only affect 
whole biomes after extremely large changes in climate. Using such highly-aggregated 
models conceals much smaller scale but still relevant impacts.
Some analyses have used advanced species-based models instead of plant type-based 
biome models (e.g. Huntley et al., 1995, Bakkenes et al., 2002, Thomas et al., 2004, 
Thuiller et al., 2004)). Generally the distribution of species is empirically derived by 
regressing climate variables and species abundance. These studies show species specific 
responses to climate change. This supports the assumption that biomes do not respond 
as unique entities but species population probably do (Figure 10). This approach shows 
many more subtle impacts in many more regions than just along margins of biomes. In 
fact, Thomas et al. (2004) indicated much larger adverse impacts using species than 
Leemans and Eickhout (2004) did using biomes. This means that most of the studies 
evaluated by the IPCC (2001) probably underestimate projected future impact levels. 
Impacts are thus likely more rapid, diverse and widespread than those depicted in 
traditional impact assessment.

Most of the changes that we observed over the last decade are consistent with a warming 
climate. However, many of the changes that we are experiencing occur much faster 
than indicated with the traditional climate scenario–model impact studies. For example, 
Leemans and Eickhout (2004) simulate that only 5% of all land-based biomes are affected 
with a 0.5°C increase in temperature compared to pre-industrial temperatures. The impact 
levels of Thomas et al. (2004) are a few percentage points higher. Such an increase in 
temperature occurred, nonetheless, over the last few decades and these authors’ model 
could therefore be a realistic validation exercise to compare to observed changes. The 
observed changes indicated that all species, not just a small percentage, respond initially, 
especially when phenology is considered. Additionally, many species have already shifted 
their ranges, the most extreme being a few new Dutch lichen species from the tropics. 
(van Herk et al., 2002). These species possess almost no dispersal limitations. The overall 
impression is that the observed responses are more widespread and appear more swiftly 
than scenarios and models suggest.

 3.2 Why are ecological impacts  

occurring so rapidly?

Species respond to changes in the environment in many different ways. Some of these 
responses are linear and predictable. Photosynthesis (an important component of plant 
growth), for example, ceases below a temperature threshold (generally 0°C), increases 
rapidly above the threshold until an optimum is reached, after which it declines again. 
Many other processes are more complex and involve interactions with other species (e.g. 
predator–prey), multiple thresholds, hysteresis (i.e. response initiation lags the forcing) 
and irreversible changes. Some of these responses could even be abrupt even when the 
forcing or changing factor in the environment only changes gradually. (e.g. Scheffer et al., 
2001, Scheffer et al., 2002, Brovkin et al., 2003, Claussen et al., 2003). A rapid change in 
the ocean currents of the North Atlantic is such an example (Rahmstorf, 2002). 
Generally, however, responses to extreme changes are much more apparent. The causal 
attribution is here also much more obvious. For example, forest fires that affect millions of 
hectares occur only when the amount of fuel (woody material and debris) and its dryness 
reach critical values. Fire is an abrupt change but reversible, at least over time scales 
from decades to centuries. An example of an irreversible change is the extinction of 
species. This can result from threshold effects and be accelerated when habitats become 
fragmented due to human activities. This process is highly non-linear, with little or no 
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decrease in populations until a critical levels of fragmentation are achieved, at which point 
extinction can rapidly and inevitably follow even in the presence of large scale efforts 
to rectify the damage. In all these complex situations, it is difficult and sometimes even 
impossible to unambiguously attribute responses to specific causes.
When we analyze the observed responses of the biota, most result from extreme climatic 
events. For example, the early budding and leafing of shrubs and flowering of bulbs in 
the Netherlands in February 2004 was clearly caused by unexpectedly high temperatures 
for that time of the year. Also the emergence of subtropical lichen species is clearly 
encouraged by more frequent hot and dry summers and mild winters. The recent analysis 
by Klein Tank (2004) demonstrating that extreme weather events contribute non-
proportionately to recently observed climate change (rather than obvious changes in the 
climatic normal or long-term average), explains why ecological impacts are becoming so 
abundant over the last decade. Ecosystems respond most rapidly and vigorously to these 
large events especially. 
Many have argued that the observed changes show that species and ecosystems are 
resilient and can thus easily cope with these climate changes. They respond effectively 
and continue to function. For example, coral reefs have revived after major bleaching 
events due to warmer surface water during an el Niño event. Unfortunately, it is not as 
simple as it seems. The continued warming trend pushes many species into conditions 
that they have never experienced. This increases stress and will eventually lead to 
degradation. Many models, however, show that many such stressed and degraded 
systems will be eventually replaced by better-adapted species and ecosystems. That may 
be true, but degradation is a generally fast process (days to decades), while recovery 
through growth and succession is a slow process (decades to millennia), and often 
constrained by habitat fragmentation, pollution and other human-induced stresses. This 
mismatch in time scales will lead to local die-backs and rapidly increasing extinction rates 
(Huntley et al., 1997). Additionally, opportunistic species with wide ranges and effective 
dispersal mechanisms will become more abundant, while specialist with narrow habitat 
requirements and long lifetimes (= slow growth rates) will decline. It will be impossible 
under such conditions of rapid climate change to uphold UN-CBD’s aim to reduce the rate 
of biodiversity decline significantly by 2010.
Unfortunately, extreme events have been neglected in the traditional impact assessments. 
That absence is an obvious reason for the apparent underestimation of current ecological 
impacts. The actual unfolding of climate change over the last decades and in the coming 
decades will provide most likely many more surprises. Species, communities, landscapes, 
ecosystems and biomes are much more sensitive and vulnerable than is commonly 
appreciated. With continued climate change over the coming decades, natural responses 
of species and ecosystems (cf. Article 2) will not be adequate for survival, and many 
ecosystems will rapidly become depauperated.
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 4. Conclusions: 
many reasons for 
concern
The IPCC (2001) introduced several different reasons for concern while assessing the 
evidence for dangerous anthropogenic influences on the climate system (Smith et al., 2001). 
They indicate that above 2°C, risks rapidly increase. Although they explicitly mentioned 
that below that level, there already will be risks, they judged (at that time) that they would 
be acceptable. Their assessments used observed responses to estimate the risks at lower 
levels of warming. At that time, however, the impacts could not be unambiguously attributed 
to specific changes in climate, partly because such attribution was speculative by scientific 
standards (Parmesan and Yohe, 2003). 
Our study uses recent observations on the character of the observed changes of local, 
regional and global climate. It is now well established that changes in climatic extremes (more 
heatwaves, more intense rain, different hurricane paths and intensity, etc.) have become more 
pronounced in the last decades than changes in the climatic ‘normals’. Linking the observed 
changes in species and ecosystems with the changes in extreme weather events, we provide 
a consistent correlation of adequate forcing and response. With this new understanding, 
it is becoming obvious that traditional impact-assessment approaches are inadequate for 
precisely estimating the extent and magnitude of responses. They only provide the proper 
direction.
This study indicates that it is likely that the IPCC ‘reason for concern’ level of 2°C is actually 
too high. Even with small changes, there will be disproportionately large changes in the 
frequency and magnitude of extreme events and consequently unpredictable but devastating 
impacts on species and ecosystems with even a moderate climate change increase of 1 to 
2°C.
Anthropogenic climate change will continue for many decades, likely even for centuries. 
We are venturing into the unknown with increasingly unique climate, and its associated 
impact could be quite disruptive. Defining tight climate protection targets and subsequent 
emission reduction targets is becoming, more than ever, a must. Given the wide recognition 
that human-induced climate change is a serious environmental and development problem, 
adequate measures are needed to reduce emissions of greenhouse gases and to reduce 
the vulnerability of different sectors and ecosystems to climate change. Based on current 
scientific understanding of the response of species and ecosystems, we suggest that efforts 
be made to limit the increase in global mean surface temperature to maximally 1.5°C above 
pre-industrial levels and limit the rate of change to less than 0.05°C per decade. 

The maximum of 1.5°C tightens the climate protection targets of 2°C by the EU and the Ad-
Hoc Technical Expert Group on Biological Diversity and Climate Change (2003) considerably. 
This is necessary, however, because impacts are more widespread, threaten delicate species 
interactions, and are triggered by the more rapidly occurring changes in extreme events. It 
thus comprehensively combines IPCC’s reasons for concern ‘Risks to unique and threatened 
systems” and “Risks from extreme climate events’ (Smith et al. 2001). That ecosystems and 
species more strongly respond to changes in extreme events causes an additional reason for 
concern. Swart et al. (1998) already argued that beyond a warming rate of 0,05°C per decade 
the adaptation capacity of ecosystems becomes severely restricted. Although we support 
their argument, it is well established that rapid climate change will disproportionally lead to 
more extreme events. This is also what is observed in recent weather records. Together, this 
makes a strong argument for limiting the rate of change to maximally 0.05°C per decade.




