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We are dependent on the biological world from which we evolved for our survival. Despite this
obvious reality, many individuals ignore the impact of global warming and its climate change
consequences on that biological world. This discussion explores how the biological world is
impacted and why this author is alarmed.
Physiological Tolerance
Plants and animals are sensitive to variability in environmental conditions - as depicted in
Figure 1.

Figure 1. The physiological and abundance response of organisms to variation in a critical
environmental condition. Modified from
http://faculty.collin.edu/dmcculloch/Field%20Biology/Dispersion/Abiotic%20Factors.htm

For those environmental conditions critical to an organism (horizontal axis - think of a plant
growing in soil) there will be an optimum where the fitness is greatest and growth and
development (left vertical axis) are at their peak. As conditions move away from that optimum,
fitness declines such that growth and development rates drop. Outside that, conditions become
sufficiently severe that growth and development cease and mere survival is possible. Then,
beyond that, conditions become intolerable for the organism.
If we ask where the greatest abundance of this organism will be found in nature (right vertical
axis), the answer is: where conditions are optimal. Then, as conditions depart from that
optimum, fewer and fewer will be found until we reach the zone of intolerance, where none
will be found.
It is possible to produce a curve such as the above, for all environmental conditions critical to a
species. Once we have assessed all such conditions, we have described the ecological niche of
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that species. We thus can predict where in the natural world that species is likely to be found
and how changes in any of the critical conditions will influence the species.
When considering climate change, the critical variables of interest will be temperature and
moisture. If these conditions shift outside the livable range that a species can tolerate, local
extirpation (elimination) or range shift to other locations within tolerance are the only options.
In the case of temperature, if warming exceeds tolerance, the only options allowing survival are
to shift to higher elevations or shift geographically towards the poles.
In terms of temperature response, organisms fall into two broad categories:
Ectotherms derive their body heat from the surrounding environment while Endotherms
generate body heat from internal metabolic process. Ectotherms are comprised of plants, and
those animals we consider ‘cold-blooded:’ arthropods (insects, spiders, crustaceans), worms,
snails, fish, amphibians, and reptiles, etc. Endotherms are mammals and birds.
Most ectotherms are also poikilotherms – meaning their internal body temperature fluctuates
with the surroundings. Endotherms, on the other hand, are homeotherms, meaning, within
their homeostatic capacity, they maintain an optimal internal temperature even as the
environment changes. There are, however, some mechanism that ectotherms exhibit that allow
them to regulate internal conditions – making them somewhat homeothermic. Many of these
are behavioral – involving body orientation in relation to incoming solar radiation, or locational
– involving seeking shade. Many ectothermic reptiles, for example, exhibit limited
homeothermy.
Ectothermic Responses
The basic temperature and metabolic relationship to the environment experienced by
ectotherms is depicted in Figures 2 and 3.
Figure 2 shows that as the external temperature rises, body temperature rises in parallel.
Meanwhile Figure 3 shows that the metabolic rate rises exponentially as body temperature
rises until the optimum, then drops precipitously as the organism dies. This is due to critical
cellular enzyme proteins being denatured and rendered inoperative.
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This relationship provides us with a valuable tool for measuring development rate of
ectotherms. The concept is termed Development Degree Days and can be usefully applied to

Figure 2 Ectotherm body temperature rises as
ambient temperature rises

Figure 3 Ectotherm metabolic rate rises as body
temperature rises

plants and their potential insect pests. For example, the cabbage white butterfly takes 174degree days to develop from hatching to adulthood above the critical threshold of 10.5⁰C.
Below that threshold, no development occurs. This means that at 11.5⁰C it takes 174 days to
develop. However, at 12.5⁰C (two degrees above
the threshold) it takes half that time: i.e., 87 days. If
we know the average daily temperature, we can
calculate how long the caterpillars will take to reach
maturity or the stage when they consume cabbages
voraciously. The same principle can be applied to
crops; we can assess when the crop will be ready to
harvest based on daily temperature data.
While average temperature is important for many
species, sometimes it’s extreme conditions that are
important. For example, the Saguaro (Cereus
giganteus Figure 4) can tolerate freezing conditions
overnight so long as these do not last through the
next day. This limit has variously been defined as 12
to 24 hours of freezing or 36 hours of freezing.
Incidentally, the saguaro is termed an indicator
species of the Sonoran Desert because its
distribution defines the northern limit of that
desert. Steenburgen and Lowe 2005 reported that
the population of Saguaro at Saguaro National
Monument in Arizona suffers repeated catastrophic
Figure 4. The Saguaro, Cereus giganteus
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freezes killing numerous plants, followed by periods of population recovery.
The Florida coastal mangrove is limited at the northern edge of its range by extreme cold
conditions. Cavanaugh et al 2014 reported that as Florida warms, the range of three mangrove
species (Avicennia germinans, Languncularia racemosa, Rhizophora mangle) is extending
northwards.
Meanwhile, there is concern that the 2021 heat dome in the Pacific Northwest may have killed
hundreds of trees. As the above examples indicate, the occurrence or shift of relatively shortterm climate extremes can be dramatic in terms of viability and range adjustment. The Yellow
birch exemplifies a species limited by Degree Days. Its northern limit occurs where this number
drops below 2,000. On the other hand, its southern limit is a function of conditions that are
simply too hot.

Figure 5. Unidentified Australian
mosquito enjoying its ‘last supper’ on
my knee. decades ago.

In the invertebrate animal arena, we have seen
mosquitoes, (Figure 5) notably malaria carrying
mosquitoes of the genus Anopheles, moving to
higher elevations and latitudes. Culex
quinquefasciatus carrying West Nile virus has
moved away from equatorial regions as
temperatures warm. However, its need for moist
conditions means a hot, dry climate results in
extirpation. Aedes aegypti, the vector of dengue,
yellow fever and the Zika virus is experiencing
similar climate consequences.

In addition, the Black-legged deer tick Ixodes
scapularis carrying the Lyme Disease spirochete
Borrelia burgdorferi is spreading northwards as warming occurs.
Other ectotherms influenced by climate change pathogens include starfish off the western
coast of Oregon suffering wasting disease. Additionally, in warming oceans, Dungeness crabs
accumulate domoic acid from algal blooms enhanced by warming ocean temperatures. The
crabs become toxic to humans.
The loss of marine fish species such as herring, pollock, and capelins due to warming oceans is
posing a problem for Murre, an iconic coastal predatory bird species.
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A particularly startling
consequence of the warming
climate is the increase in bark
beetle numbers. Historically,
bark beetle populations were
severely reduced during the
cold winters. However, as
winters have warmed, more of
the beetles survive. The
consequence is that the
populations start larger in the
spring. With the warmer spring
and summer temperatures, the
growth rate and development
rate of the beetles is enhanced
Figure 6. Bark beetle deaths in a Lodgepole pine stand in the
allowing the populations to
Rockies of Colorado.
increase more rapidly. The
beetles are then able to exhibit several generations during the summer – building their
populations to unprecedented numbers.
The result of the increased beetle populations is massive conifer deaths as the beetles destroy
our forests (Figure 6). Ironically, one response of stressed trees is to increase the cellular
concentration of free amino acids, which makes them more nutritious and beneficial for the
beetles.
From an agricultural perspective, it is worth noting that warming temperatures allow pathogens
to extend their ranges towards the poles of the earth, bringing formerly sub-tropical crop pests
into temperate zones. Indeed, viruses, insects, nematodes and fungi are moving towards the
poles at the rate of 3 km (nearly 2 miles) a year.
Among amphibians and reptiles, responses to temperature increase involve changes in
behavior, morphology, and development rate, range shifts, and adjustments in gender.
The tropical Australian keelback snake exhibited spinal abnormalities, ventral scale asymmetry
plus reduced hatchling viability and performance when incubated at temperatures of 30.1⁰C. In
the real world of warming, the Appalachian salamander has exhibited size reduction since the
1950s though whether this is genetic or a developmental consequence of greater metabolic
demand in warmer temperatures is unclear.
In terms of behavior, ectothermic animals are not helpless. Snakes, for example, can locate
themselves where conditions are warm in order to enhance metabolic processes and activity.
Lizards, meanwhile can adjust their location to shade during hotter times, and can also
sequentially raise their feet from the hot soil substrate to help keep cool. Meanwhile, studies
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from as long ago as 2003 report both range shifts of ectotherms poleward and upwards, along
with earlier and more rapid development. Among amphibians, there is evidence of earlier
calling (a sexual behavior), and earlier breeding.
While we often think of gender as being genetically determined, among reptiles there are
species in which the temperature during incubation determines gender: cooler temperature
produce males, and warmer conditions produce females. This pattern is evident in alligators
and some turtles. Global warming will potentially result in species comprised solely of females.
Of particular importance to amphibians, which require water to complete the life cycle, is the
presence of ephemeral water bodies. Permanent water is problematic because it tends to
contain fish which will consume amphibian spawn and/or tadpoles. The problem amphibians
face is that warmer summers with reduced rainfall and reduced snowpack melt may result in
ephemeral water bodies that do not exist long enough to allow development to the adult.
Refugia and Microrefugia
Throughout Southern Oregon, we find locations that serve as cool and moist climatic refugia for
species. These are likely to be compromised by the changing climate and the hotter, drier
summer conditions that result. Larger refugia comprise north facing slopes that are protected
from increasing solar radiation by existing where sunlight is restricted in intensity and duration.
Such locations can serve as refugia for species requiring cooler, moister conditions even as
warming and drying envelope the broader landscape. Riparian habitats can similarly serve as
moist refugia so long as streamflow is maintained. These refugia should be specific targets for
habitat conservation efforts.
Microrefugia (e.g., Figure 7) also exist in
abundance across the region. These are
small patches of cool moist habitat, often
fed by springs, that provide habitat patches
for species requiring such conditions.
Indeed, many ectotherms have inhabited
and speciated (evolved into distinct species)
in these locations over the millennia of their
existence. The isolation of these patches,
and the relatively low mobility of many
species of flora and fauna inhabiting them
Figure 7. The Francis Shrader Old Growth Trail is
good example of a moist cool microrefuge about
has resulted in the existence of a substantial
25 miles east of Gold Beach up the Rogue River.
number of species that are unique to these
refugia. Many of these species are severely
threatened by global warming that is likely to dry out the habitats and render them
inhospitable to the resident species. Numerous extinctions will be the result. The threat of
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extinctions driven by drying conditions in these microrefugia could constitute one of the
greatest biodiversity threats that global warming poses to the region.
Biogeographic Origins
Many of the plant species of the Southern Oregon Siskiyous can be traced back to regional
(biogeographic) origins. Some species evolved in northern (cooler) climates and are defined as
having a northern biogeographic origin. These species ranges-shifted south into Southern
Oregon. Other species, meanwhile, evolved to the south of us, in warmer drier climates and
range-shifted northwards to the area. They are described as having a southern biogeographic
origin.
Studies of the plant species composition of Southern Oregon’s Siskiyous that compare species
compositions now with those reported several decades ago indicate that the region is
exhibiting a detectable shift towards species of a warmer/dryer southern biogeographic origin.
This, of course, is exactly what one would expect in a warming, drying environment.
Aquatic Systems:
Although some endotherms occupy our aquatic systems (whales, porpoises, and a few other
mammals), most aquatic species are ectotherms. This is certainly the case for fish, and the
invertebrates that are their food. Iconic among the fish species in the western U.S. are the
salmonids, especially those species exhibiting an anadromous life cycle that is split between
freshwater rivers and the ocean. These species start life in our rivers, where they grow and
develop. They then migrate to the ocean where they mature. Upon reaching maturity, they
return to the freshwaters of their youth, to mate and breed. They pass through a major
physiological adjustment twice, once as they move from our rivers to the ocean and adapt to
saline conditions, and then again as they return from the ocean to freshwater conditions to
breed. Global warming poses a number of threats to these species: The developing juvenile fish
require clear cool water with low velocity streams. Once in the ocean, they require an
appropriate pH (acidity) and an environment conducive to their food. Once mature, they return
to breed in the rivers from where they came requiring cool waters and water flow sufficient to
allow their passage. Spawning grounds of gravel beds are usually also required.
Global warming and its consequences pose many threats to these fish as do many of our other
human ventures. The warming and modified precipitation patterns compromise the
requirement for clear cool waters for the developing juvenile fish. Excessive logging along
riparian (stream edge) locations results in warming and silted waters. The problem for the fish
is that warmer waters contain less oxygen than cool waters, asphyxiating the fish. Once out in
the ocean, acidification resulting from the dissolving of the greenhouse gas carbon dioxide in
the waters producing carbonic acid, undermines the chemical environment threatening the fish
themselves and their food supply. When the fish return to the rivers to breed, warming waters
and reduced flow (not to mention dams) may prevent their entry and passage up the
waterways. Throughout the cycle, not only are the fish directly affected, but their food items
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(invertebrates and small fish) are also compromised. In short, global warming and its climatic
consequences pose a serious threat to the iconic fish species of our western rivers and streams.
Endothermic Responses
The fact that endotherms are able to regulate their own body temperature suggests, prima
facie, that they should be less threatened by climate change than are ectotherms. While this is,
as a generalization, accurate, many endotherms are experiencing serious climate change
consequences. I will mention a few of them.
Vampire bats are a tropical/sub-tropical species. The northern limit in the distribution of the
common vampire bat (Desmodius rotundus) is the January isotherm (average temperature) of
10⁰C. This historically limited the northern range of bats to southern Mexico and coastal Mexico
zones extending further north. However, with warming winters, the range of the bats has now
increased to include all of Mexico and even extends into the SW U.S.
The Virginia Opossum (Didelphis virginiana) is another South American species that has
extended its range north. The animal can maintain its internal body temperature of 34⁰C when
external temperatures are above -7⁰C. However, if the external temperature drops to - 10⁰C,
the animal can only maintain its body temperature for 20 minutes. This temperature thus
imposes a limit on the northern range of the species. As temperatures warm, the range limit
shifts north.
Another southern species is the Nine-banded armadillo (Dasypus novemcinctus). It requires a
January temperature above 2⁰C, more than 24 freeze-free days and more than 38 cm of annual
precipitation. As winters warm, the range of this species is shifting northwards.
Meanwhile, some species are responding to warming by adjusting their range altitudinally.
These species are limited by warm temperatures and adjust their range upwards as warming
occurs. Southern flying squirrels (Glaucomys volans) have been pushed to the tops of
mountains and now form distinct population on mountain peaks throughout their range. The
problem these species face is that there remains only a limited area of real estate to which they
can adjust before they are on mountaintops and no more real estate is available.
Other species experiencing the same challenge are Bighorn Sheep Ochotona princeps and the
Pika (Ochotona princeps).
A study of mammals in Yosemite comparing early 21st century distribution patterns with a
century previous revealed that of 28 species, most expanded their range upwards and or
contracted range from downslope. Again, the problem is that such range shifts are limited by
the real estate available.
Among North American birds, there is also evidence of climate impacts. The Eastern Phoebe
Sayornis phoebe for example is limited by the -4⁰C isotherm. As this isotherm moves, so does
the range limit of the phoebe. The American goldfinch Cardeulis tristis is expected to exhibit a
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substantial range contraction north if the atmospheric carbon dioxide concentration doubles –
not because of that change but because of the climatic consequences of that increase.
Meanwhile, species such as Bicknells thrush (Catharus bicknelli) in New Hampshire, which is
dependent on spruce/balsam fir forest habitat, is susceptible to the impact climate change will
have on its habitat, with the critical species shrinking ion range as the climate changes. Wetland
species, whether residents or migrants, will be compromised as warming results in drying of the
water on which they depend.
Migratory Species
In many regions of the Unites States –
especially in eastern forests, a large
proportion of the bird species are
migratory, spending their winters far south
– often in Mexico or the Caribbean. These
species (Figure 8) require appropriate
climate and habitat in both locations and
along the route.

Figure 8. Migratory birds, such as the Canada
goose, require multiple habitats

The continental United States has several
flyways that serve as migratory routes for
these species. Notable among these are the
Pacific flyway down the west coast (Figure
9) and the Mississippi flyway down that
river system. Many waterfowl use these
routes and need wetlands that serve as
resting places along the way. Thus, to
conserve these migratory species we need
to be conscious of preserving those
migratory wetlands.

A particular problem confronting many
migratory species concerns the developing
lack of synchronicity between stimuli for
migration and the development of insect
food. Historically, migrating species arrived
Figure 9 Hoh River wetland on the Olympic
at their North American breeding sites in
Peninsula in Washington State
late April / early May. Once here, they
establish breeding pairs, build nests and lay a clutch of eggs. These hatch and the parents feed
the chicks on the insect larvae, caterpillars and the like, that are passing through their
development. The peak of check development coincided with the peak of insect larval density.
The problem is simply that bird migration is stimulated by photoperiod – the relative length of
light and dark, which is not influenced by greenhouse gas emissions. Meanwhile, the
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Figure 10. Resting Polar bear at Saint Louis
Zoological Garden.

development rate of the ectothermic insects is
totally influenced by global warming. The
consequence is that insect development rate
increases such that the peak density of the larvae
arrives earlier in the year. The bird migration,
however, remains uninfluenced. Thus, by the time
the chicks are hatching and developing, the food
flush is passing. Natural selection can induce a
shift in the date of migration to earlier, and this is
happening in some species, but global warming is
occurring faster than natural selection can keep
pace.

An Audubon report some 15 years ago revealed
that for over half of the 305 North American species assessed the average center of the
wintering range had moved 35 miles north over four decades.
Polar Fauna
When those of us living in the northern hemisphere think about polar animals, our minds leap
to polar bears and walruses while in the southern hemisphere, thoughts turn to penguins.
Polar bears (Ursus
maritimus, Figure 10)
exhibit an unusual lifecycle
(Figure 11). While most
mammals feed and fatten
up during summer for a
cold hard winter, the bears
feed on the ice flows and
fatten up during winter.
They then migrate to land
to spend the summer,
where females give birth
to cubs and feed them
Figure 11. Summary of annual polar bear behavior
from the winter build-up.
Dwindling winter ice
presents a problem for the bears since their feeding perches are compromised. They then often
spend hours and die swimming from ice floe to ice floe while those surviving enter the summer
breeding season with depleted fat stores. The result is undernourished cubs with reduced
viability.
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Climate change skeptics frequently use reports that polar bear sightings have increased near
human habitation as evidence that the populations are not declining. This is probably because
hungry bears are visiting dumpsters and garbage landfills seeking food.
Walrus, meanwhile, use ice sheets as platforms to dive in search of food and, after mating in
February, use the ice sheets as locations to raise young in April, shortly after the annual peak of
ice extent. With depleting ice, the walrus colonies end up on land where they are ready prey for
Brown bears and human hunters. Over recent years, vast numbers have been seen in huge
colonies along the Alaska coast in September when sea ice is at its annual minimum.
Meanwhile, at the south pole, many species of penguins are decreasing in numbers. For
Emperor penguins, the problem is warmer Antarctic waters reducing populations of krill, a
major crustacean food item. Emperor breeding colonies (rookeries) are established 60 – 100
miles from the coast requiring a long April march from the ocean (March of the Penguins). After
laying eggs, females return to the ocean to feed and bring food back for the chicks. From April
through September/October males and females alternately march back to the ocean to feed
and return with food. Through October-November the chicks stay inland and huddle to stay
warm as parents continue the long trek. Then, in December, as the southern summer peaks,
the ice shelves break up and the penguin chicks ‘fledge.’ As a result of reducing krill populations
in the warming waters, penguins starve during the breeding season and offspring viability
drops.
Meanwhile, Adelie penguin colonies nest on bare ground along the Antarctic shoreline.
Paradoxically, the warming climate increases snowfall covering the shoreline and reducing
nesting sites. Additionally, the same warming waters reduced their krill populations in the
ocean compromising their food supplies. The warming Antarctic is leading to overall declines in
both penguin species.
The impact of climate change on polar species illustrates clearly how warming can disrupt the
environment of our faunal species and thus indirectly cause population declines. Unlike many
of the examples listed above, where warming is directly influencing the animal species, climate
change can disrupt floral species. This imposes an indirect, though equally critical, negative
impact of fauna.
Distribution of Natural Ecosystems (Biomes)
Although these terms may be unfamiliar to many non-biologists, most of us know what they
are. The term Natural Ecosystem or Biome simply refers to the broad assemblages of plants and
animals occupying a region. Most of us can easily identify them and have a vision for what they
mean: tropical forest, temperate forest, deciduous forest, coniferous forest, woodland,
grassland, desert, tundra, etc., along with nuanced subcategories. In the 1970s, community
ecologist Robert Whittaker recognized that the major controlling factors influencing these
biomes are soils and climate. Interestingly, in many cases the soils occupied by natural systems
have largely been generated by the plant communities present. While many ecosystems
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certainly influence the regional climate, many aspects of climate are imposed on the
ecosystems by external forces. In his seminal 1975 text, Communities and Ecosystems,
Whittaker graphed the distribution of global biomes on a two-axis graph modified in Figure 12.
The axes are average annual precipitation and average annual temperature. This graph has
been used consistently since then to help ecologists and land managers understand the
organization of biodiversity across our planet.
The messages that this chart conveys are critical to understanding how climate change can
affect our natural ecosystems. Basically, this chart indicates exactly what biome will be found
across the globe at given combinations of average temperature and precipitation. The chart
doesn’t tell us what species will be found, but what kind of biological system. For example, the
species occupying a tropical rainforest in South America are different from those occupying a
tropical rainforest in S.E. Asia or South Africa simply because evolutionary pathways have led to
different species in these regions. One caveat readers should understand is that although the
chart depicts precipitation, the critical factor is soil moisture. This means that local wetlands
and riparian (streamside) communities will be different from those of the surrounding
landscape because of the enhanced soil moisture they experience.

Figure 12. The distribution of Biomes across our planet in relation to average annual
temperature and average annual precipitation (modified from Whittaker 1975).
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More critical to this discussion is that the chart tells us what will happen to these biomes if the
climate shifts much from its current pattern. Let’s consider the Rogue Valley, for example. The
average precipitation here is 21.1 inches (53.5cm) while the average temperature is 52.7⁰F
(11.5⁰C). This is depicted by the red ‘X.’ The biome type occupying this region prior to human
influence was a combination of oak/pine woodland / oak chaparral shrubland / grassland
depending on local conditions. This chart tells us that if we adjust the precipitation upwards a
little, the climate here would support a different biome: a temperature coniferous forest – of
the type we see when driving up Hwy 62 towards Crater Lake, for example. If we reduce the
precipitation, however, the biome that would be supported is a cool desert system. By the
same token, if we increase temperature just a little, we would shift towards a hot desert
climate and if we reduce temperature, we’d shift towards a cold desert climate.
For illustrations of the climate trends in Southern Oregon, see Addendum 1
Limits to range shift
It is critical to appreciate that the Whittaker
chart absolutely does not tell us what floral
and faunal biome would exist in the
intersection point on the graph. It merely
indicates the biome for which the climate
would be appropriate. Vegetation only has a
limited capacity to undergo range shift, this
depending primarily on the dispersal capacity
of seeds. One can judge this limitation by
imagining a pine tree (Figure 13) or an oak tree
and thinking about how far the pine cones or
Figure 13, Illustrating the dispersal limit to
acorns generally travel. The image that we
range shift, the cones of Ponderosa pine do
conjure up is one of seeds not falling far from
not fall far from the parent tree.
the parent. This is the genesis of the common
phrase: “The apple doesn’t fall far from the tree.” Only seeds carried by wind, animals, rivers, o
oceans are likely to travel far. Thus, biomes can only shift very slowly. This point will return
shortly.
In addition, human activity serves as a barrier to range shifting by natural ecosystems. This
occurs as a result of our occupation of the landscape with dwellings and travel infrastructure
(roads, bridges etc.) and our conversion of land to agricultural fields through which natural
ecosystem dispersal is prevented by landowners.
Whittaker’s chart indicates how destructive a shift of just a few degrees Centigrade can be,
especially to communities that currently exist at the ‘trailing edge’ of the appropriate
conditions. In the northern hemisphere, the trailing edge will be communities at the southern
or lower elevation edge of their range. A 5⁰C warming would substantially undermine almost all
biomes across the globe resulting in catastrophic biodiversity extinctions.
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Alarming Consequences of Climate Change
Several years ago, Williams and Jackson (2007) modeled the impact of increased atmospheric
greenhouse gas concentrations on the survival and potential future distribution of natural
systems across the globe. Their study assessed the impact of climate change associated with
550 parts per million (ppm) carbon dioxide (CO2) and 850 ppm CO2. Their models asked two
questions: (1) is there anywhere on the globe that conditions will be appropriate for our current
biomes? (2) is there anywhere within 500 km of their current locations that conditions will be
amenable to our biomes? The first question assumes unreasonably that biomes have an infinite
capacity to shift range and location while the latter makes the more reasonable assumption
that, as discussed previously, biomes have a limited capacity to shift. The models concluded
that, at the then current rate of climate change, the higher scenario (850 ppm or some 5⁰C or
9⁰F) would result in the elimination of biomes throughout South Africa and central and
northern South America. Across the rest of the globe, climatic conditions somewhere would be
appropriate for some current biomes but the distance would be great. Meanwhile, there would
be no climatic conditions anywhere on the planet adequate for many biomes. The lower
emissions concentration (550ppm or 3.5⁰C or 6.3⁰F) produced outcomes that were somewhat
less devastating. Though globally less compromised, biomes in the same two regions were
projected to suffer substantially and many biomes across the globe would be eliminated from
their current location and could only continue if substantial range shift occurred. A review again
of Figure 12 will reveal how devastating such temperature changes would be. It is worth noting
that we have already crossed 410 ppm carbon dioxide and 500 ppm carbon dioxide equivalent
of all greenhouse gases, up from the 280 or so ppm present prior to the industrial revolution, so
we are well on the way to passing through the lower value Williams and Jackson modelled and
are heading for the higher more devastating value. The alarming maps they include in that
report are worth reviewing.

Figure 14. NASA projections for soil moisture in North and Central
America by 2095

Not everyone, of course
values the biodiversity on
our planet. To such
individuals, I offer two
considerations: (1) many
natural ecosystems are
located in watersheds and
provide human populations
with clean drinking water
and irrigation water, and (2)
our agriculture, forestry and
fisheries are influenced by
exactly the same two
variables of temperature
and precipitation. Thus, as
15

climate change undermines our natural ecosystems we can expect the same impact on our
agriculture, forestry and fisheries; a consequence well worth the attention of all of us.
If we continue our Business-as-Usual behavior of accelerating fossil fuel use and greenhouse
gas emissions, we are likely to have compromised many of our natural ecosystems by midcentury and most, if not all, by the century’s end. The same is true for our agriculture, forestry,
and fisheries.
One can appreciate the danger by considering the 2015 NASA 2095 climate projections for soil
moisture across North and Central America assuming a Business-As-Usual approach (Figure 14).
The dark brown conditions would be equivalent to the dust bowl of the 1930s, a notable
reminder that climate condition can cause substantial ecological devastation to the detriment
of human communities. Broad megadrought conditions depicted here would destroy natural
ecosystems and agriculture alike.
Impact on our Forests
Like all vegetation, trees are subject to the limitations discussed above in relation to the
Physiological Tolerance curve presented at the beginning (Figure 1). Thus, as the greenhouse
gas composition in the atmosphere rises, and climate across the globe changes, conditions in
any given location allowing current species to thrive will shift. The survival of tree species in any
location depends on their physiological capacity to withstand climate change and their dispersal
ability to adjust range as climate shifts. As discussed above, the dispersal capacity of trees is not
infinite, it is substantially limited by their reproductive process. Figure 14 reminds us how
fragile our forests are likely to be if they are confronted with the droughts NASA projected.
Gerald Rehfeldt, Nicholas Crookston and colleagues, previously working at the USDA/USFS
Rocky Mountain Research Station, Moscow, Idaho, produced a series of projections for western
tree species based on various modeled future climate scenarios. The essence of their approach
was to identify the climate conditions under which the tree species recently thrived, and map
those ‘climate envelopes’ into the future according to the modeled scenarios. Importantly,
these maps do not project where the tree species will occur in the future, only where the
climate would be appropriate for them. Whether that climate is accompanied by the tree
species would depend either on the inherent capacity of the trees to exhibit range shift, or our
capacity to assist that range shift by transplanting the species (a process termed ‘assisted
migration’).
A review of the current and future climate conditions appropriate for several species currently
ecologically and/or commercially important in Oregon will illustrate the problem. The images
depict current / recent historical conditions (left image) and those at the end of the century
(right image). Projections depicted are based on the CGCM3 A2 (Business-as-usual) scenario.
Burgundy represents optimum conditions, which are indicated as decreasing through green to
yellow, with grey representing conditions outside the range. Blue lines indicate the boundaries
of the current range.
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Figure 15 Douglas fir (Psuedotsuga menzeisii)

Figure 16 Ponderosa pine (Pinus ponderosa)

Figure 17 Lodgepole pine (Pinus contorta)
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Figure 18 Sugar pine (Pinus lamertiana)

Figure 19 Pacific Madrone Arbutus menzeisii

Figure 20 Oregon White (Garry) oak (Quercus garryana)
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Figure 21 California Black oak (Quercus kelloggii)

Figure 22 Western hemlock (Tsuga heterophylla)

Figure 23 Sitka spruce (Picea sitchensis)
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Figure 24 Western Juniper (Juniperus occidentalis)

Figure 25 Grand fir (Abies grandis)

Figure 26 Tanoak (Lithicarpus densiflorus)
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Figure 27 Subalpine fir (Abies lasiocarpa)

Figure 28 Englemann spruce (Picea englemannii)

Figure 29 Jeffrey pine (Pinus jeffreyi)

The pattern depicted in Figures 15 – 29 indicates many native Oregonian tree species will suffer
compromised viability if substantial climate change affects the state through the century. The
ecological role and potential commercial contributions of many species will be undermined.
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Several species, notably higher elevation inhabitants, will likely be extirpated as will those with
narrow or specialized niche requirements. Indeed, assuming the Business-as-Usual pattern of
fossil fuel use and greenhouse gas emissions, the only species exhibiting any range extension
are the oaks in which the climate might support a broader range but reduced viability . The
NASA soil moisture projections presented in Figure 14 identify why these outcomes are likely.
It is worth noting here also that we already live in a Mediterranean winter wet / summer dry
climate where our vegetation is fire prone, fire adapted and fire dependent, so fire is both
inevitable and essential to maintaining a healthy forest. We have also experienced decades of
fire suppression that have enhanced the tree density in many locations, especially in our drier
forests. Historical fires, back through the beginning of the 1900s, burned a larger area than

Figure 30 Oregon Department of Forestry fire frequency and area burned (modified from
https://digital.osl.state.or.us/islandora/object/osl%3A957101/datastream/OBJ/view).

those recently, even though there has been a recent increase in area burned since the 1970s.
This pattern is illustrated by data from the Oregon Department of Forestry regarding the huge
acreage they manage for fire (Figure 30). Also included on the chart are the relevant phases of
the Pacific Decadal Oscillation (PDO) that alternates in the Pacific Northwest between a warm
dry phase and a cool moist phase – enhancing or decreasing fire risk accordingly. Over recent
years, the impact of the PDO has been largely superseded by global warming.
If we now combine this reality with that discussed above in relation to the ‘climate envelope’
projections, and depicted in Figures 15 – 29, it is reasonable to foresee conditions where
recovery of a forest system following a severe wildfire will be compromised. Indeed, there is
already evidence from Colorado and the west that recovery of historical forest systems
following wildfires is not occurring in some locations but is being replaced by shifts to shrubland
or grassland.
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Impact on Agricultural Crops:
As indicated above, agricultural crops are influenced by the same variables of soil type
temperature and precipitation (water availability). A discussion of how climate change is
influencing one agricultural crop example (wine grape varietals) is available in Wine Varietals as
an Agricultural Crop in Southern Oregon.
Summary & Conclusion:
Those of us with a basic understanding of how temperature and water availability influence
natural ecosystems across the planet appreciate how devastating the impact of climate change
will be if we fail to address the current climate crisis. One of the charges often levelled at
climate activists is that of being ‘alarmist.’ To this, my response is simply that anyone who
understands the biological consequences of our ongoing business-as-usual behavior and
greenhouse gas emissions has to be alarmed – and for good reason!
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Addendum: Southern Oregon Climate Trends and Projections
The following graphs and discussion are derived from the United States Geological Survey
Climate Change Viewer interactive website which models climatic conditions based on 20
CMIP5 models: https://www2.usgs.gov/landresources/lcs/nccv/maca2/maca2_counties.html.
In these graphs, the red line represents the Representative Concentration Pathway (RCP) 8.5,
while the blue represents RCP 4.5. These values represent the ‘radiative forcing’ or global
warming impact of different trajectories of the global atmospheric concentration of greenhouse
gases. The radiative forcing is measured in watts per meter squared averaged over the surface
of the earth that a designated trajectory anticipates will occur in 2100. The RCP values also
represent changes in watts per meter squared from that existing prior to the industrial
revolution (around 1750). The graphs plot climatic variables influenced by these trajectories.
RCP 8.5 was initially designated as the ‘Worst Case Scenario’ with the expectation that we
would not follow it. Regrettably, data repeatedly suggest that this is the trajectory we are
following. For this reason, the focus in this discussion is on the RCP 8.5 projections.
RCP 4.5, meanwhile, assumes a considerable slowdown below the RCP8.5 emissions trajectory.
A discussion of, and tutorial for, the USGS site is available at:
https://www2.usgs.gov/landresources/lcs/nccv/nccv2_documentation_v1.pdf
Below I present graphs that depict Southern Oregon county trends and projections for average
annual temperature, precipitation, snowpack (reported as the ecologically important
component of snow water equivalent meaning the inches of water in the snow), and soil
moisture. Changes are compared to a baseline as the average of the 1980 – 2010 values.
Temperature:
Annual average temperatures are graphed. Annual and seasonal trends are reported below.

Mean annual temperature, Malheur County.
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Mean annual temperature, Harney County.

Mean annual temperature, Lake County.

Mean annual temperature, Klamath County.

Mean annual temperature, Jackson County.
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Mean annual temperature, Josephine County.

Mean annual temperature, Curry County.

Seasonal Trends in temperature increase across Southern Oregon compared to the 1980-2010 average
Malheur Co annual average approximately 11.0⁰F; Summer approximately 12.0⁰F ; Winter nearly 11.0⁰F
Harney Co. annual increase: > 10.5⁰F; Summer 12.0⁰F; Winter approximately 9.0⁰F
Lake Co annual increase approximately 10.00⁰F; Summer over 11⁰F; Winter approximately 9.0⁰F
Klamath Co. annual increase approximately 9.5⁰F ;Summer app 10.0⁰F; Winter app 9.0⁰F
Jackson Co annual average 9.0⁰F; Summer approximately 11.00⁰F; Winter approximately 7.00⁰F
Josephine Co. annual average over 8.5⁰F; Summer approximately 10.0⁰F ; Winter approximately 8.0⁰F
Curry Co annual average approximately 8.0⁰F; Summer approximately 9.0⁰F Winter approximately 7.5⁰F
The projected general trend across Southern Oregon through the century is one of considerable
warming which itself will likely increase more inland than on the coast.
For a discussion of the implications of these trends, see Distribution of Natural Ecosystems and
discussion surrounding Figure 12.
The message is that if we do not adjust our behavior, we will destroy our natural ecosystems and the
biodiversity they support, along with our agriculture, forestry, and fisheries.
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Precipitation:
Precipitation includes rainfall and snowfall measured in terms of the water content. Snowpack
measured in terms of the snow water content is presented separately because this is ecologically critical
since Spring and Summer snowmelt provide water for streams and irrigation. Data are reported as the
monthly average in inches.
Mean annual precipitation, Harney County.

Mean annual precipitation, Malheur County.

Mean annual precipitation, Lake County.

Mean annual precipitation, Klamath County.
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Mean annual precipitation, Jackson County.

Mean annual precipitation, Josephine County.

Mean annual precipitation, Curry County.

General annual and seasonal trends for Precipitation
Malheur Co. no substantial annual change; ditto winter and summer
Harney Co. no substantial annual change; ditto winter and summer
Lake Co. no substantial annual change; ditto winter and summer
Klamath Co. no substantial annual change; ditto winter and summer
Jackson Co.no substantial annual change; winter small increase, summer small decrease
Josephine Co. no substantial annual change; winter small increase, summer small decrease
Curry Co. no substantial annual change; winter small increase, summer small decrease;
Little change is likely in annual precipitation though westerly counties will probably experience a slight
increase in winter precipitation and a decrease in summer precipitation. Combining these trends with
temperature (above) and snowfall (below) suggests an increasing risk of summer and fall drought.
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Snow Water Equivalent:
While those engaging in winter recreational sports may focus on the thickness of the snowpack, from an
ecological perspective, an important feature of snow is the volume of water it contains and thus
releases when it melts. The following data thus report the water content of the snow as Snow Water
Content (SWE) The general trend throughout the west is of precipitation falling at lower elevations as
rain rather than higher elevations as now. The consequences are a potential increase in winter flooding
and a decrease in summer / fall snowmelt run-off.

Mean annual snow (SWE), Malheur County.

Mean annual snow (SWE), Harney County.

Mean annual snow (SWE), Lake County.
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Mean annual snow (SWE), Klamath County.

Mean annual snow (SWE), Jackson County.

Mean annual snow (SWE), Josephine County.

Mean annual snow (SWE), Curry County.

30

The data illustrate substantial Snow Water Equivalent (SWE) reduction is likely across the state.
General Trend in Snow Water Equivalent
Malheur Co.- 1.04 inches
Harney Co: -1.18 inches
Lake Co. -2.2 inches
Klamath Co: -3.5 inches
Jackson Co: 1.45 inches
Josephine Co: 0.78 inches
Curry Co: - 0.74 inches
Unsurprisingly to most observers, elevation plays a profound role in snow accumulation. High elevation
regions which start with higher snowfall have a greater potential to exhibit a decrease as climate change
unfolds. Coastal and eastern counties with much lower initial snowfall have the least capacity to exhibit
a decrease.
The trend could produce a reduction in snowpack of 90 to 100% by the end of the century, an outcome
that would have a profound impact on the availability of summer and fall stream flow and water for
irrigation canals.
Soil Moisture
Soil moisture is a function of a combination of factors. The most important are those reported above. As
temperatures rise evaporation increases- especially during the summer and fall when plant growth, both
native and agricultural, peaks. This is accompanied by largely unchanged precipitation and reducing
snowfall. A critical consequences is the soil moisture level reported as water stored in the soil.
Meanwhile, throughout southern Oregon, the (Water) Vapor Pressure Deficit rises during the coming
century. This value measures the potential for evaporation of water compared to the availability of
water. There is no deficit when more moisture is available than the potential for evaporation while there
is a deficit when the reverse is the case, i.e., the potential for evaporation is greater than the water
available. Deserts are perfect examples of regions with a high deficit When soil moisture drops and
temperatures rise, this value climbs dramatically, as is projected to occur throughout the region. The
result of these trends is depicted in the following graphs depicting soil moisture through the century.
Mean annual soil moisture, Malheur County.
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Mean annual soil moisture, Harney County.

Mean annual soil moisture, Lake County.

Mean annual soil moisture, Klamath County.

Mean annual soil moisture, Jackson County.
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Mean annual soil moisture, Josephine County.

Mean annual soil moisture, Curry County.

General Trends in Soil Moisture
Malheur Co. -0.28 inches
Harney Co. -0.44 inches
Lake Co.-0.44 inches
Klamath Co. -0.81 inches
Jackson Co. -0.49 inches
Josephine Co. -0.29 inches
Curry Co. -0.31 inches

Throughout the region soil moisture will be declining under the RCP 8.5 scenario. The implications for
agriculture and forestry cannot be overemphasized. These trends will affect many agricultural crops and
tree species directly (see ‘Impact on our Forests’ and the discussion of wine varietals as an example of
an agricultural crop. The dry soils and vegetation suggested by these trends will also generate conditions
that increase the risk that wildfires, once initiated, spread rapidly.
Citation for the USGS site:
Alder, J. R. and S. W. Hostetler, 2013. USGS National Climate Change Viewer. US Geological
Survey https://doi.org/10.5066/F7W9575T
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