
Climate	Change	

1	

Climate	and	tectonic	change	are	the	most	important	factors	
influencing	species	distribu7ons.	

Williams	et	al.	2007	



Climate	Change	

2	

How	does	current	(and	future)	climate	change	compare	to	previous	climate	change?		
How	and	to	what	extent	will	this	influence	species	distribu7ons	across	the	globe?	

Williams	et	al.	2007	
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Outline	of	topics	in	this	sec/on:	
	
1)	Climate	change		
-	Briefly	reflect	on	past	climate	change		
-	Focus	on	data	for	current	climate	change	using	IPCC	
	
2)	Biogeographic	effects	of	climate	change	
	
3)	Predic7ng	changes	in	distribu7ons	
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Goals	and	learning	objec/ves:	
	
1)	Understand	and	interpret	the	sources	of	informa7on	
from	the	IPCC	(and	appreciate	the	depth	of	the	assessment)	
	
2)	Consider	the	various	ways	that	species	may	respond	to	
climate	change	(e.g.,	ex7nc7on,	distribu7onal	shiOs,	or	
evolu7on)	
	
3)	Address	the	complexity	involved	with	predic7ng	changes	
in	distribu7ons	with	climate	change,	and	what	various	
factors	should	be	considered	
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Global	climate	has	changed	frequently	
Climate	has	changed	with	cycles	of	glacia7on	

(From	Gates	1993)	

Change	since	last	
glacial	maximum	
has	not	exceeded		
~	1	oC	per	1000	yrs	
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Global	climate	has	changed	frequently	
Biomes	have	shiOed	in	loca7on	due	to	climate	change	

Figure	from	Thompson	&	Anderson	2000:	Biomes	of	western	North	
America	at	18,000,	6000	and	0	14C	yr	BP,	reconstructed	from	pollen	
and	packrat	midden	data.	

packrat	midden	sites	

pollen	sites	
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Series	of	reports	from	IPCC	(Intergovernmental	Panel	on	Climate	Change)	

h]ps://www.ipcc.ch/index.htm	
	
h]ps://www.ipcc.ch/publica7ons_and_data/publica7ons_and_data.shtml	
	
FiOh	Assessment	Report	(AR5)	released	in	2014	
-  Wri]en	by	>830	scien7sts	from	>80	countries	selected	to	form	author	teams		

to	produce	the	report	
-  Draws	on	work	of	>1,000	contribu7ng	authors	and	>1,000	expert	reviewers		
-  The	AR5	assessed	>30,000	scien7fic	papers		

Evidence	for	climate	change:	
	
1)  Sea	level	rise 	 	 	 	 	 	5)	Declining	arc7c	sea	ice	
2)  Global	temperature	rise 	 	 	 	6)	Glacial	retreat	
3)  Warming	oceans 	 	 	 	 	7)	Extreme	events	
4)  Shrinking	ice	sheets 	 	 	 	 	8)	Ocean	acidifica7on	

Current	Climate	Change	
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Recent	change	has	been	excep7onally	rapid	

From	IPCC	2007	(leO)	and	IPCC	2013	(right)	
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Chapter 2 Observations:  Atmosphere and Surface

2

for shorter or longer time periods or when new data are 
added. When linear trends for two parts of a longer time 
series are calculated separately, the trends calculated for two 
shorter periods may be very different (even in sign) from the 
trend in the full period, if the time series exhibits significant 
nonlinear behavior in time (Box 2.2, Table 1).

Many methods have been developed for estimating the long-
term change in a time series without assuming that the change 
is linear in time (e.g., Wu et al., 2007; Craigmile and Guttorp, 
2011). Box 2.2, Figure 1 shows the linear least squares and 
a nonlinear trend fit to the GMST values from the HadCRUT4 
data set (Section 2.4.3). The nonlinear trend is obtained by 
fitting a smoothing spline trend (Wood, 2006; Scinocca et 
al., 2010) while allowing for first-order autocorrelation in 
the residuals (Supplementary Material 2.SM.3). The results 
indicate that there are significant departures from linearity 
in the trend estimated this way.

Box 2.2, Table 1 shows estimates of the change in the GMST 
from the two methods. The methods give similar estimates 
with 90% confidence intervals that overlap one another. 
Smoothing methods that do not assume the trend is linear 
can provide useful information on the structure of change 
that is not as well treated with linear fits. The linear trend fit 
is used in this chapter because it can be applied consistently 
to all the data sets, is relatively simple, transparent and 
easily comprehended, and is frequently used in the published 
research assessed here.

and also for SO4
2– (2 to 5% yr–1). The strongest decreases were in the 

1990s in Europe and in the 2000s in the USA. There is robust evidence 
for downward trends of light absorbing aerosol in the USA and the 
Arctic, while elsewhere in the world in situ time series are lacking or 
not long enough to reach statistical significance. 

2.3 Changes in Radiation Budgets

The radiation budget of the Earth is a central element of the climate 
system. On average, radiative processes warm the surface and cool the 
atmosphere, which is balanced by the hydrological cycle and sensible 

Box 2.2, Figure 1 |  (a) Global mean surface temperature (GMST) anomalies relative 
to a 1961–1990 climatology based on HadCRUT4 annual data. The straight black 
lines are least squares trends for 1901–2012, 1901–1950 and 1951–2012. (b) Same 
data as in (a), with smoothing spline (solid curve) and the 90% confidence interval on 
the smooth curve (dashed lines). Note that the (strongly overlapping) 90% confidence 
intervals for the least square lines in (a) are omitted for clarity. See Figure 2.20 for the 
other two GMST data products.
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Box 2.2 (continued)

heating. Spatial and temporal energy imbalances due to radiation and 
latent heating produce the general circulation of the atmosphere and 
oceans. Anthropogenic influence on climate occurs primarily through 
perturbations of the components of the Earth radiation budget.

The radiation budget at the top of the atmosphere (TOA) includes the 
absorption of solar radiation by the Earth, determined as the difference 
between the incident and reflected solar radiation at the TOA, as well 
as the thermal outgoing radiation emitted to space. The surface radia-
tion budget takes into account the solar fluxes absorbed at the Earth’s 
surface, as well as the upward and downward thermal radiative fluxes 
emitted by the surface and atmosphere, respectively. In view of new 

Trends in °C per decade

Method 1901–2012 1901–1950 1951–2012 
Least squares 0.075 ± 0.013 0.107 ± 0.026 0.106 ± 0.027

Smoothing spline 0.081 ± 0.010 0.070 ± 0.016 0.090 ± 0.018

Box 2.2, Table 1 |  Estimates of the mean change in global mean surface temperature (GMST) between 1901 and 2012, 1901 and 1950, and 1951 and 2012, 
obtained from the linear (least squares) and nonlinear (smoothing spline) trend models. Half-widths of the 90% confidence intervals are also provided for the estimated 
changes from the two trend methods.

Global	mean	surface	temperature	anomalies	
rela7ve	to	annual	data	from	1961-1990		

Least	squares	trends	for	1901-2012	
1901-1950	and	1951-2012	

Smoothing	spline	(solid)		
with	90%	CI	(dashed)	

Current	Climate	Change	
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961−1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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Derived	from	one	of	the	previous	datasets;	White	boxes	show	incomplete	records	
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961−1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}
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As the oceans warm, the water itself expands. This expansion is one of the main drivers of the independently 
observed rise in sea levels over the past century. Melting of glaciers and ice sheets also contribute, as do changes in 
storage and usage of water on land.

A warmer world is also a moister one, because warmer air can hold more water vapour. Global analyses show that 
specific humidity, which measures the amount of water vapour in the atmosphere, has increased over both the land 
and the oceans.

The frozen parts of the planet—known collectively as the cryosphere—affect, and are affected by, local changes 
in temperature. The amount of ice contained in glaciers globally has been declining every year for more than 20 
years, and the lost mass contributes, in part, to the observed rise in sea level. Snow cover is sensitive to changes in 
temperature, particularly during the spring, when snow starts to melt. Spring snow cover has shrunk across the NH 
since the 1950s. Substantial losses in Arctic sea ice have been observed since satellite records began, particularly at 
the time of the mimimum extent, which occurs in September at the end of the annual melt season. By contrast, the 
increase in Antarctic sea ice has been smaller.

Individually, any single analysis might be unconvincing, but analysis of these different indicators and independent 
data sets has led many independent research groups to all reach the same conclusion. From the deep oceans to the 
top of the troposphere, the evidence of warmer air and oceans, of melting ice and rising seas all points unequivo-
cally to one thing: the world has warmed since the late 19th century (FAQ 2.1, Figure 2). 

FAQ 2.1, Figure 2 |  Multiple independent indicators of a changing global climate. Each line represents an independently derived estimate of change in the climate 
element. In each panel all data sets have been normalized to a common period of record. A full detailing of which source data sets go into which panel is given in the 
Supplementary Material 2.SM.5.

FAQ 2.1 (continued)
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From	1840:		
-  Land	surface	air	temp	
-  Sea-surface	temp	
-  Marine	air	temp	
-  Sea	level	
-  Summer	arc7c	sea-ice	

extent	

From	1940:	
-  Tropospheric	temp	
-  Ocean	heat	content	
-  Specific	humidity	
-  N.	hemisphere	snow	cover	
-  Glacier	mass	balance	

From	IPCC	2013	
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Figure SPM.6 |  Comparison of observed and simulated climate change based on three large-scale indicators in the atmosphere, the cryosphere and 
the ocean: change in continental land surface air temperatures (yellow panels), Arctic and Antarctic September sea ice extent (white panels), and upper 
ocean heat content in the major ocean basins (blue panels). Global average changes are also given. Anomalies are given relative to 1880–1919 for surface 
temperatures, 1960–1980 for ocean heat content and 1979–1999 for sea ice. All time-series are decadal averages, plotted at the centre of the decade. 
For temperature panels, observations are dashed lines if the spatial coverage of areas being examined is below 50%. For ocean heat content and sea ice 
panels the solid line is where the coverage of data is good and higher in quality, and the dashed line is where the data coverage is only adequate, and 
thus, uncertainty is larger. Model results shown are Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model ensemble ranges, with shaded 
bands indicating the 5 to 95% confidence intervals. For further technical details, including region definitions see the Technical Summary Supplementary 
Material. {Figure 10.21; Figure TS.12}

Observations Models using only natural forcings
Models using both natural and anthropogenic forcings

Land surface
Global averages

Ocean heat contentLand and ocean surface

SPM

Summary for Policymakers

18

Figure SPM.6 |  Comparison of observed and simulated climate change based on three large-scale indicators in the atmosphere, the cryosphere and 
the ocean: change in continental land surface air temperatures (yellow panels), Arctic and Antarctic September sea ice extent (white panels), and upper 
ocean heat content in the major ocean basins (blue panels). Global average changes are also given. Anomalies are given relative to 1880–1919 for surface 
temperatures, 1960–1980 for ocean heat content and 1979–1999 for sea ice. All time-series are decadal averages, plotted at the centre of the decade. 
For temperature panels, observations are dashed lines if the spatial coverage of areas being examined is below 50%. For ocean heat content and sea ice 
panels the solid line is where the coverage of data is good and higher in quality, and the dashed line is where the data coverage is only adequate, and 
thus, uncertainty is larger. Model results shown are Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model ensemble ranges, with shaded 
bands indicating the 5 to 95% confidence intervals. For further technical details, including region definitions see the Technical Summary Supplementary 
Material. {Figure 10.21; Figure TS.12}
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From	IPCC	2013	

For	an	overview	of	“climate	forcing”:	
h]ps://www.climate.gov/maps-data/

primer/climate-forcing	



Five-Year	Global	Temperature	Anomalies	from	1880	to	2015		

13	Nasa:	h]ps://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4419	

NASA:	2013	7ed	with	2009	and	2006	for	the	seventh	warmest	year	since	1880.	
With	the	excep7on	of	1998,	the	10	warmest	years	in	the	134-year	record	all	have	
occurred	since	2000,	with	2010	and	2005	ranking	as	the	warmest	years	on	record.	



Five-Year	Global	Temperature	Anomalies	from	1880	to	2015		

14	Globally	averaged	temps	in	2015	sha]ered	the	previous	mark	set	in	2014	by	0.13	Celsius	

Earth’s	2015	surface	temperature	was	the	warmest	since	modern	record	keeping	in	
1880,	according	to	independent	analyses	from	NASA	and	Na7onal	Oceanic	and	
Atmospheric	Administra7on	(NOAA)	(map	shows	global	surface	temperature	anomalies)	
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Figure 2.32 |  Trends in annual frequency of extreme temperatures over the period 1951–2010, for (a) cold nights (TN10p), (b) cold days (TX10p), (c) warm nights (TN90p) and (d) 
warm days (TX90p) (Box 2.4, Table 1). Trends were calculated only for grid boxes that had at least 40 years of data during this period and where data ended no earlier than 2003. 
Grey areas indicate incomplete or missing data. Black plus signs (+) indicate grid boxes where trends are significant (i.e., a trend of zero lies outside the 90% confidence interval). 
The data source for trend maps is HadEX2 (Donat et al., 2013c) updated to include the latest version of the European Climate Assessment data set (Klok and Tank, 2009). Beside 
each map are the near-global time series of annual anomalies of these indices with respect to 1961–1990 for three global indices data sets: HadEX2 (red); HadGHCND (Caesar et 
al., 2006; blue) and updated to 2010 and GHCNDEX (Donat et al., 2013a; green). Global averages are only calculated using grid boxes where all three data sets have at least 90% 
of data over the time period. Trends are significant (i.e., a trend of zero lies outside the 90% confidence interval) for all the global indices shown.
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Trends	in	annual	frequency	of	extreme	temperatures	from	1951	–	2010		
for	grid	boxes	with	40+	years	of	data	exis7ng	through	2003	(grey	=	incomplete/
missing	data;	black	(+)	indicates	significant	trend	outside	90%	CI)	
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Figure 2.32 |  Trends in annual frequency of extreme temperatures over the period 1951–2010, for (a) cold nights (TN10p), (b) cold days (TX10p), (c) warm nights (TN90p) and (d) 
warm days (TX90p) (Box 2.4, Table 1). Trends were calculated only for grid boxes that had at least 40 years of data during this period and where data ended no earlier than 2003. 
Grey areas indicate incomplete or missing data. Black plus signs (+) indicate grid boxes where trends are significant (i.e., a trend of zero lies outside the 90% confidence interval). 
The data source for trend maps is HadEX2 (Donat et al., 2013c) updated to include the latest version of the European Climate Assessment data set (Klok and Tank, 2009). Beside 
each map are the near-global time series of annual anomalies of these indices with respect to 1961–1990 for three global indices data sets: HadEX2 (red); HadGHCND (Caesar et 
al., 2006; blue) and updated to 2010 and GHCNDEX (Donat et al., 2013a; green). Global averages are only calculated using grid boxes where all three data sets have at least 90% 
of data over the time period. Trends are significant (i.e., a trend of zero lies outside the 90% confidence interval) for all the global indices shown.
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Trends	in	annual	frequency	of	extreme	temperatures	from	1951	–	2010		
for	grid	boxes	with	40+	years	of	data	exis7ng	through	2003	(grey	=	incomplete/
missing	data;	black	(+)	indicates	significant	trend	outside	90%	CI)	
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Figure SPM.7 |  CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface temperature relative to 
1986–2005, (b) Northern Hemisphere September sea ice extent (5-year running mean), and (c) global mean ocean surface pH. Time series of projections 
and a measure of uncertainty (shading) are shown for scenarios RCP2.6 (blue) and RCP8.5 (red). Black (grey shading) is the modelled historical evolution 
using historical reconstructed forcings. The mean and associated uncertainties averaged over 2081−2100 are given for all RCP scenarios as colored verti-
cal bars. The numbers of CMIP5 models used to calculate the multi-model mean is indicated. For sea ice extent (b), the projected mean and uncertainty 
(minimum-maximum range) of the subset of models that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea 
ice is given (number of models given in brackets). For completeness, the CMIP5 multi-model mean is also indicated with dotted lines. The dashed line 
represents nearly ice-free conditions (i.e., when sea ice extent is less than 106 km2 for at least five consecutive years). For further technical details see the 
Technical Summary Supplementary Material {Figures 6.28, 12.5, and 12.28–12.31; Figures TS.15, TS.17, and TS.20}
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Figure SPM.8 | Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of (a) annual mean surface temperature 
change, (b) average percent change in annual mean precipitation, (c) Northern Hemisphere September sea ice extent, and (d) change in ocean surface pH. 
Changes in panels (a), (b) and (d) are shown relative to 1986–2005. The number of CMIP5 models used to calculate the multi-model mean is indicated in 
the upper right corner of each panel. For panels (a) and (b), hatching indicates regions where the multi-model mean is small compared to natural internal 
variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi-model mean is 
large compared to natural internal variability (i.e., greater than two standard deviations of natural internal variability in 20-year means) and where at least 
90% of models agree on the sign of change (see Box 12.1). In panel (c), the lines are the modelled means for 1986−2005; the filled areas are for the end 
of the century. The CMIP5 multi-model mean is given in white colour, the projected mean sea ice extent of a subset of models (number of models given in 
brackets) that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For 
further technical details see the Technical Summary Supplementary Material. {Figures 6.28, 12.11, 12.22, and 12.29; Figures TS.15, TS.16, TS.17, and TS.20}
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In	our	oceans,	higher	CO2	emissions	result	in	ocean	acidifica7on	

Future	Climate	Change	
Projected	change	in	northern	hemisphere	sea	ice	extent	and	ocean	
surface	pH	with	two	carbon	emissions	scenarios	

Increased	levels	of	carbonic	acid	
reduces	the	pH	levels	in	oceans.	
	
	
	

Lower	pH	reduces	
availability	of	minerals	
like	calcium	carbonate	
(building	blocks	for	
shells	and	skeletons	of	
many	marine	fauna)	
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Changes in panels (a), (b) and (d) are shown relative to 1986–2005. The number of CMIP5 models used to calculate the multi-model mean is indicated in 
the upper right corner of each panel. For panels (a) and (b), hatching indicates regions where the multi-model mean is small compared to natural internal 
variability (i.e., less than one standard deviation of natural internal variability in 20-year means). Stippling indicates regions where the multi-model mean is 
large compared to natural internal variability (i.e., greater than two standard deviations of natural internal variability in 20-year means) and where at least 
90% of models agree on the sign of change (see Box 12.1). In panel (c), the lines are the modelled means for 1986−2005; the filled areas are for the end 
of the century. The CMIP5 multi-model mean is given in white colour, the projected mean sea ice extent of a subset of models (number of models given in 
brackets) that most closely reproduce the climatological mean state and 1979 to 2012 trend of the Arctic sea ice extent is given in light blue colour. For 
further technical details see the Technical Summary Supplementary Material. {Figures 6.28, 12.11, 12.22, and 12.29; Figures TS.15, TS.16, TS.17, and TS.20}
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• A lower warming target, or a higher likelihood of remaining below a specific warming target, will require lower cumulative 
CO2  emissions. Accounting for warming effects of increases in non-CO2 greenhouse gases, reductions in aerosols, or the 
release of greenhouse gases from permafrost will also lower the cumulative CO2 emissions for a specific warming target 
(see Figure SPM.10). {12.5}

• A large fraction of anthropogenic climate change resulting from CO2 emissions is irreversible on a multi-century to 
millennial time scale, except in the case of a large net removal of CO2 from the atmosphere over a sustained period. 
Surface temperatures will remain approximately constant at elevated levels for many centuries after a complete cessation 
of net anthropogenic CO2 emissions. Due to the long time scales of heat transfer from the ocean surface to depth, ocean 
warming will continue for centuries. Depending on the scenario, about 15 to 40% of emitted CO2 will remain in the 
atmosphere longer than 1,000 years. {Box 6.1, 12.4, 12.5} 

• It is virtually certain that global mean sea level rise will continue beyond 2100, with sea level rise due to thermal 
expansion to continue for many centuries. The few available model results that go beyond 2100 indicate global mean 
sea level rise above the pre-industrial level by 2300 to be less than 1 m for a radiative forcing that corresponds to CO2 
concentrations that peak and decline and remain below 500 ppm, as in the scenario RCP2.6. For a radiative forcing that 
corresponds to a CO2 concentration that is above 700 ppm but below 1500 ppm, as in the scenario RCP8.5, the projected 
rise is 1 m to more than 3 m (medium confidence). {13.5}

Figure SPM.10 |  Global mean surface temperature increase as a function of cumulative total global CO2 emissions from various lines of evidence. Multi-
model results from a hierarchy of climate-carbon cycle models for each RCP until 2100 are shown with coloured lines and decadal means (dots). Some 
decadal means are labeled for clarity (e.g., 2050 indicating the decade 2040−2049). Model results over the historical period (1860 to 2010) are indicated 
in black. The coloured plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing number of available models 
in RCP8.5. The multi-model mean and range simulated by CMIP5 models, forced by a CO2 increase of 1% per year (1% yr–1 CO2 simulations), is given by 
the thin black line and grey area. For a specific amount of cumulative CO2 emissions, the 1% per year CO2 simulations exhibit lower warming than those 
driven by RCPs, which include additional non-CO2 forcings.  Temperature values are given relative to the 1861−1880 base period, emissions relative to 
1870. Decadal averages are connected by straight lines. For further technical details see the Technical Summary Supplementary Material. {Figure 12.45; 
TS TFE.8, Figure 1}
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Climate	may	have	direct	impacts	on	range	limits	of	species	
For	example,	some	species	range	boundaries	appear	to	be	
directly	linked	to	temperature	thresholds	and	physiological	
tolerance	

-4oC	January	
minimum	isotherm	

(from	Root	1988)	

Eastern	Phoebe	

But	most	species	range	limits	and	distribu7on	shiOs	are	likely	to	be	
much	more	complex	with	climate	change…	
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Distribu7ons	of	taxon	diversity:	oceanic	zooplankton	species	
diversity	is	strongly	correlated	with	sea-surface	temperature	

Rutherford	et	al.	1999	
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Distribu7ons	of	taxon	diversity:	oceanic	zooplankton	species	
diversity	is	strongly	correlated	with	sea-surface	temperature	(SST)		

Posi7ve	rela7onship	between	SST	and	diversity	between	-2	and	27	°C	(nega7ve	>	27	°C)		

Nonlinear	rela7onship	between	satellite	SST	and	
diversity	(solid	line)	and	the	distribu7on	of	the	data	
(shaded	area)	

Satellite	SST	
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a)	

b)	

Rutherford	et	al.	1999	
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How	do	species	and	communi7es	respond	to	climate	change?	
	
Three	op7ons:	
	
1. 	Ex7nc7on	(local,	regional	or	global)	
2. 	Emigra7on	(e.g.,	distribu7onal	shiO)	
3. 	Evolu7on	(given	sufficient	gene7c	varia7on)	
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How	do	species	and	communi7es	respond	to	climate	change?	Three	op7ons:	
	
1. 	Ex7nc7on	
2. 	Emigra7on	
3.  	Evolu/on	

co
ld
	to

le
ra
nc
e	
(°
C)
	

Oyster	
Lagoon	

pond	1		pond	2		pond	3	
-------------------------------	

F3	

Rapid	evolu7on	of		
cold	tolerance	in	a		
marine	popula7on	of	
s7ckleback	transplanted	
to	freshwater	
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Three	poten7al	pa]erns	of	distribu7onal	shiOs:	
	
Range	retrac/on:	range	retracts	towards	center	at	one	or	both	boundaries	without	
expansion	at	the	other	boundary	(eventual	conclusion	is	ex7nc7on).	
	
Range	expansion:	range	expands	at	one	or	both	boundaries	without	retrac7on	at	
the	other	boundary.	
	
Range	shiA:	en7re	range	shiOs	with	retrac7on	at	one	boundary	and	expansion	at	
the	opposite	boundary.	
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Records	of	distribu7onal	change:	benthic	invertebrates	at	Monterey	Bay	in	
1930’s	and	1990’s:	
Resurveyed	57	transect	plots	in	the	inter7dal	community	
	
	Species	composi7on	change	at	Monterey	Bay:	

Gain	 Loss	 no	change	
Sagarin	et	al.	1999	
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Records	of	ex7nc7ons:	records	of	ex7nc7ons	of	popula7ons	of	Edith’s	
checkerspot	bu]erfly	(Euphydryas	editha)	from	museums,	private	collec7ons,	
and	researchers’	field	notes	–	compared	to	contemporary	surveys.	

Parmesan	et	al.	1996	
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Records	of	distribu7onal	change:	good	records	of	range	shiOs	in	
European	bu]erflies	
Of	35	non-migratory	European	bu]erflies,	63%	have	shown	range	shiOs	to	the	
north	by	35–240	km	during	this	century	(only	3%	have	shiOed	to	the	south).	

Northward	range	shiOs	of	Pararge	aegeria	in	Great	Britain	and	Argynnis	paphia		
in	Scandanavia	(Parmesan	et	al.	1999)	

Blue	=	range	in	1970	
Green	=	range	in		1997	

Popula7ons	in:	
1915-1939	(black)	
1940-1969	(red)	
1970-1997	(blue)	
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Records	of	distribu7onal	change:	good	records	of	range	shiOs	in	
European	bu]erflies.	
Some	bu]erfly	species	did	not	shiO	their	range	(blue)		–	southern	popula7ons	went	
ex7nct	at	the	southern	edge	(red).	

Non-shiOing	distribu7on	of	Carterocephalus	palaemon	Parmesan	et	al.	1999	
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Poten7al	spread	of	diseases	due	to	warming	climate.	
Predicted	suitability	maps	for	malaria	(hatched	area	shows	current	global	distribu7on)	

		

Rogers	and	Randolf	2000	

REPORTS 

treme scenarios of climate change. First, the 
present-day distribution was used to establish 
the climatic constraints currently operating on 
malaria. Then, the results were applied to future 
GCM scenarios to predict future distribution. 
Simple maximum likelihood methods were 
used (16) (Fig. IA), based on the mean, max- 
imum, and minimum of three climatic vari- 
ables: temperature, precipitation, and saturation 

vapor pressure. The match between prediction 
and reality was significantly closer than that 
achieved by previous models (12). Some false- 
positive areas, in eastern South America and 
Iran, were recorded as of "limited risk" on 
earlier maps (17), whereas others, in the south- 
ern United States and northern Australia, coin- 
cided with successful vector control campaigns. 
Because these predictions were based on 

present-day malaria maps, the disappearance of 
malaria in historical times from the edges of its 
global distribution has effectively been incor- 
porated (18). This itself is a reflection of cli- 
matic conditions. In cooler regions, where mos- 
quito life-spans barely exceed extrinsic incuba- 
tion periods, transmission cycles are inherently 
more fragile. Not only the range of each climat- 
ic variable, but also the covariation between 

Fig. 1. (A) Current 
global map of malaria A 
caused by P. falcipa- 
rum [yellow hatching, 
data from (7)] and 
distribution predicted 
with maximum likeli- 
hood methods (red 
through green poste- 
nior probability scale -'.\ , 

in key; light blue areas Probability . .. 
indicate no prediction, *.0.65- 1.0 
i.e., conditions very || -0.649 
different from those in ~ .0 .4 
any of the sites used to |.X 
train the analysis). * 0.5049 
These methods give *= - 
predictions that are 
78% correct, with 14% [=Observed. 
false-positives and 8% __ .__ 
false-negatives (12). 
(B) Discriminating cri- 
teria derived from the B 
current situation were 
then applied to the 
equivalent climate 
surfaces from the 
high scenario from 
the HadCM2 experi- 
ment (19) which pre- 
dicts mean global |i 
land surface changes 
of +3.450, +3.630, . 4 . 
and + 3.290C in 
mean, minimum, and -N- : . " *t'i 
maximum tempera- ::- 
tures, respectively; 
+ 1.87 hPa for SVP; 
and +0.127 mm/day 
for precipitation by 
the year 2050. The 
yellow hatching and 
the probability scale 
are the same as in (A). C t - = presently suitable, becoming unsuitable by 2050 
(C) The difference be- - * = presently unsuitable, becoming suitable by 2050 
tween the predicted 
distributions given in 
(A) and (B), showing 
areas where malaria 
is predicted to disap- 
pear (i.e., probability 
of occurrence de- 
creases from >0.5 to 
<0.5) (in red) or in- 
vade (i.e., probability 
of occurrence increas- 
es from <0.5 to 
>0.5) (in green) by 
the 2050s in relation 
to the present situa- 
tion. The gray hatch- 
ing is the current 
global malaria map 
shown in yellow hatching in (A). 
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This content downloaded from 142.103.160.110 on Wed, 2 Apr 2014 02:29:50 AM
All use subject to JSTOR Terms and Conditions



Biogeographic	Effects	of	Climate	Change	

Some	species	or	communi7es	may	lag	behind	temperature	changes	
Range	shiOs	are	observed,	but	do	not	keep	pace	with	climate	change.		

sampling	loca7ons	

Forero-Medina	et	al.	2011	

Sampling	loca/ons	for	birds	along	an	eleva/on	gradient	in	the	Cerros	del	Sira,	Peru		
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Forero-Medina	et	al.	2011	

Some	species	show	range	shiAs,	but	lag	behind	temperature	change	
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Some	species	or	communi7es	may	lag	behind	temperature	changes	
Range	shiOs	are	observed,	but	do	not	keep	pace	with	climate	change.		



35	

Predic7ng	Species	Distribu7ons	

Elith	&	Leathwick	2009	

Maps	of	species	occurrences	are	associated	with	environmental	
variables	(climate	envelope).		

To	predict	distribu7onal	shiOs,	spa7al	change	in	environment	is	projected	into	
future	under	different	scenarios,	and	species	distribu7ons	are	recast.	
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An	analog	of	the	concept	of	the	fundamental	niche	is	the	
concept	of	the	climate	envelope,	which	has	been	used	to	
compute	an	ecoclima9c	index.	

Ecoclima/c	Index:	a	measure	of	the	overall	clima7c	favourability	of	a	loca7on	for	
permanent	establishment	by	a	taxon	based	on	developmental	and	distribu7onal	
responses	to	temperature,	moisture,	and	day	length.	In	short,	a	measure	that	
predicts	the	extent	to	which	a	loca7on	has	the	poten7al	to	support	a	taxon.	

40o	N	

35o	N	

30o	N	

40o	N	

35o	N	

30o	N	

species	geographic	
distribu7on	

shiO	in	species	
distribu7on?	

climate	envelope	
shiOs	north	
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November 2006 CLIMATE CHANGE BC ECOSYSTEMS 2781 

Current AD 2025 

Coast HCDF ?CWH 

South: BBQ PP IDF ICH 

Central/North: BSBPS ?SBS BWBS SWB 

Montane: IMH ESSF ?MS HAT 

Fig. 2. Shift of the climatic envelope of ecological zones based on the ensemble simulation CGCM lgax for the normal periods 
2011-2040 (2025), 2041-2070 (2055), and 2071-2100 (2085). The ecological zones are: CDF, Coastal Douglas-fir; CWH, Coastal 

Western Hemlock; BG, Bunchgrass; PP, Ponderosa Pine; IDF, Interior Douglas-fir; ICH, Interior Cedar-Hemlock; SBPS, Sub 
boreal Pine and Spruce; SBS, Sub-boreal Spruce; BWBS, Boreal White and Back Spruce; MH, Mountain Hemlock; ESSF, 
Engelmann Spruce-Subapline Fir; MS, Montane Spruce; SWB, Spruce-Willow-Birch; AT, Alpine Tundra. 

(Appendix B: Fig. B3). An additional precipitation 
increase or decrease by 10, 25, 50, and 100% (more 
than predicted by GCMs) can slow or reverse the 
anticipated expansion of grassland habitat and dry 
interior ecosystems (Appendix B: Fig. B3). Although 
these values are far beyond expectations from GCMs, 

they may approximate the effect of increased water use 

efficiency due to elevated atmospheric C02 concentra 

tion if water is a limiting factor for growth and 

survival (Knapp and So?le 1996, Idso 1999, Saxe et al. 
2001, Polley et al. 2003). As expected, there is no effect 
from increased or decreased precipitation for wet 
coastal ecosystems or the moist inland mountain 

ranges. 

Tree species distribution and frequencies 

Table 4 provides statistics for changes in distribution 
and frequency of all tree species in British Columbia (a 
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CDF					Coastal	Douglas-fir	
CWH			Coastal	Western	Hemlock	
BG							Bunchgrass	
PP								Ponderosa	Pine	
IDF							Interior	Douglas-fir	
ICH						Interior	Cedar-Hemlock	
SBPS				Sub-boreal	Pine	and	Spruce	
SBS						Sub-boreal	Spruce	
BWBS		Boreal	White	and	Black	Spruce	
MH						Mountain	Hemlock	
ESSF					Engelmann	Spruce-Subalpine	Fir	
MS							Montane	Spruce	
SWB					Spruce-Willow-Birch	
AT								Alpine	Tundra	
Hamann	&	Wang	2006	
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(Appendix B: Fig. B3). An additional precipitation 
increase or decrease by 10, 25, 50, and 100% (more 
than predicted by GCMs) can slow or reverse the 
anticipated expansion of grassland habitat and dry 
interior ecosystems (Appendix B: Fig. B3). Although 
these values are far beyond expectations from GCMs, 

they may approximate the effect of increased water use 

efficiency due to elevated atmospheric C02 concentra 

tion if water is a limiting factor for growth and 

survival (Knapp and So?le 1996, Idso 1999, Saxe et al. 
2001, Polley et al. 2003). As expected, there is no effect 
from increased or decreased precipitation for wet 
coastal ecosystems or the moist inland mountain 

ranges. 

Tree species distribution and frequencies 

Table 4 provides statistics for changes in distribution 
and frequency of all tree species in British Columbia (a 
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tion if water is a limiting factor for growth and 
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coastal ecosystems or the moist inland mountain 

ranges. 
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AD	2055	 AD	2085	

Current	 AD	2025	
Climate	envelope	model	for	BC		
forests	predict	some	types	will	
disappear	(forest	types	in	bold		
show	major	area	reduc7ons)	



Predic7ng	range	shiOs	of	montane	species		
with	climate	change	

Moderate	climate	change	scenario	
predicts	~3°C	warming	in	next	
century	
	
Temperature	decreases		~6°C	per	
1000	m	eleva7on	
	
If	species	track	changing	
environments,	predicted	range	
shiO	of	500	m	eleva7on	

Resplendent	Quetzal	(Pharomachrus	mocinno)	



Gasner	et	al.	2010	Biol.	Cons.	
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Predic7ng	range	shiOs	of	montane	species		
with	climate	change	



Current	and	predicted	distribu7ons	of	the		
Resplendent	Quetzal	in	Monteverde	

Forested	areas	

Predicted	distribu7on	

Current	distribu7on	

Gasner	et	al.	2010	Biol.	Cons.	



Predic7ng	range	shiOs	of	montane	species		
with	climate	change…which	variables?	

In	this	mountain	range,	cloud	moisture	is	predicted	by	
how	far	a	site	is	from	the	con7nental	divide.	

Wind-driven	mist	moves	
over	divide	



Varia7on	in	species	composi7on	across	sites	is	be]er	
predicted	by	distance	of	sites	from	the	con7nental	divide	

than	by	eleva7on	

Bird	species	composi7on	is	more	highly	
correlated	with	changes	in	vegeta7on,	

like	epiphytes,	which	are	directly	
affected	by	moisture/precipita7on	
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Resplendent	Quetzal	(Pharomachrus	mocinno)	

Predic7ng	range	shiOs	of	montane	species		
with	climate	change…which	variables?	

Gasner	et	al.	2010	Biol.	Cons.	

1.0	

We	see	a	very	different	picture	of	popula9on	trajectories,	depending	on	
how	species	shiB	their	ranges	with	respect	to	habitat	variables…		
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Annual	temperature	varia7on	

Recall	Janzen’s	hypothesis:	Temperate	regions	have	higher	overlap	in	
thermal	regimes	across	seasons	compared	to	tropical	regions.	

McCain	2009,	Ecol.	LeFers;	Janzen	1967,	American	Naturalist	

Temperate	Mountain	

Predic7ng	Changes	in	Distribu7ons	-	Physiology		



46	McCain	2009,	Ecol.	LeFers;	Janzen	1967,	American	Naturalist	

Tropical	Mountain	 Temperate	Mountain	

Annual	temperature	varia7on	
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Recall	Janzen’s	hypothesis:	Temperate	regions	have	higher	overlap	in	
thermal	regimes	across	seasons	compared	to	tropical	regions.	

Predic7ng	Changes	in	Distribu7ons	-	Physiology		
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Current	temperature	range	

Current	mean	temperature	

Predicted	temperature	range	in	2100	

Predicted	mean	temperature	in	2100	

Temperature	(°C)	
	

Data	from	diverse	tropical	ectotherms		
(e.g.,	fish,	insects,	rep7les,	amphibians)	
suggest	that	tropical	species	living	in	stable	
aseasonal	climates	have:	
	
1)	narrower	thermal	tolerances	than		
					higher-la7tude	species	
		
2)	live	in	climates	closer	to	their		
				physiological	op7ma		

Tewksbury	et	al.	2008,	Science	

Amazonian	lizard	
Enyalioides	palpibralis	

temperate	lizard	
Nucras	tesselata	

Predic7ng	Changes	in	Distribu7ons	-	Physiology		



Temperate	

Tropical	

Fitness	curves	for	insects	 Change	in	fitness	across	la7tudes	due	to	climate	warming	

In	ectotherms	(e.g.,	insects,	herps),	basic	physiological	func7ons	like	locomo7on,	
growth	and	reproduc7on	are	strongly	influenced	by	environmental	temperature	
à	Climate	change	has	direct	impacts	that	can	be	readily	predicted	

decreased	
popula7on	
growth	

Deutsch	et	al.	2008	PNAS	

Predic7ng	Changes	in	Distribu7ons	-	Physiology		



Deutsch	et	al.	2008	PNAS	

Warming	tolerance	(CTmax	–	Thab)	
	
Thermal	Safety	Margin	(Topt	–	Thab)	
	
Black	line	represents	level	of	warming		
(ΔT) by	2100	
	
Insects	at	higher	la7tudes	will	remain	
high	above	thermal	safety	margin	
	
Tropical	insects	will	approach		
near-lethal	temperatures	
	

Predic7ng	Changes	in	Distribu7ons	-	Physiology		



Climate	change	is	predicted	to	be	most	deleterious	for	tropical	
representa7ves	from	these	four	ectothermic	taxa.	Performance	
should	increase	at	mid-	and	high-la7tudes	

Deutsch	et	al.	2008	PNAS	

Performance	impact	in	2100	

Predic7ng	Changes	in	Distribu7ons	-	Physiology		



Predic7ng	Changes	in	Distribu7ons	–	Bio7c	processes	

51	

Bio7c	interac7ons	make	predic7ons	of	distribu7onal	change	difficult	
Experiment	using	three	species	of	Drosophila	(Davis	et	al	1998).	
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Temperature	(°C)	

2-spp	clines:	D.	subobscura	and	
D.	simulans	were	affected	at	
different	temps	
	
3-spp	clines:	D.	subobscura	and	
D.	simulans	were	highly	reduced	
with	D.	melanogaster	
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10	oC	 15	oC	 20	oC	 25	oC	

Without	dispersal	
popula7ons	at	extreme	
temperatures	went	
ex7nct.	
	
Dispersal	maintains	sink	
popula7ons.	
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Predic7ng	Changes	in	Distribu7ons	–	Bio7c	processes	

Bio7c	interac7ons	make	predic7ons	of	distribu7onal	change	difficult	
Experiment	using	three	species	of	Drosophila	(Davis	et	al	1998).	



Black-headed	
Nigh7ngale-Thrush	

Slaty-backed		
Nigh7ngale-Thrush	

Orange-billed	
Nigh7ngale-Thrush	

Predic7ng	Changes	in	Distribu7ons	–	Bio7c	processes	

Bio7c	interac7ons	may	be	primary	drivers	of	species	range	shiOs	and	loss	

Slaty-
backed

Black-headed

Orange-billed

X      X 
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Recall	song	playback	experiments	and	closest	approach	
to	speaker	as	a	metric	of	aggression.	
	
For	Nigh7ngale-Thrushes,	interspecific	compe77on	is	
asymmetric	(lower	eleva7on	species	more	aggressive).	
	
Expected	that	lower	species	(Orange-billed	NT)	will	
invade	higher	eleva7ons,	facilitated	by	climate	change.	

Slaty-
backed

Black-headed

Orange-billed
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Nigh7ngale-Thrushes	

Jankowski	et	al.	2010	

Predic7ng	Changes	in	Distribu7ons	–	Bio7c	processes	

Bio7c	interac7ons	may	be	primary	drivers	of	species	range	shiOs	and	loss	
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European	distribu7on	of	the	clouded	Apollo	
bu]erfly	(Parnassius	mnemosyne)	and	three	
species	of	the	genus	Corydalis	that	act	as	
larval	host	plants.	
	

Araújo	&	Luoto	2007	

Predic7ng	Changes	in	Distribu7ons	–	Bio7c	processes	
Bio7c	interac7ons	may	be	primary	drivers	of	species	range	shiOs	and	loss	
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Modelled	distribu7on	based	on	baseline	and	future	(2050)	
condi7ons	assuming	unlimited	dispersal	(UD)	and	no	
dispersal	(ND)	among	Corydalis	spp.	larval	host	plants	
	
Distribu7ons	and	projec7ons	depend	upon	variables	used	
in	model	(climate	vs.	climate	+	host	plant)	as	well	as	
unlimited	or	no	dispersal	

Unlimited	
dispersal	

No		
dispersal	

Araújo	&	Luoto	2007	

Predic7ng	Changes	in	Distribu7ons	–	Bio7c	processes	
Bio7c	interac7ons	may	be	primary	drivers	of	species	range	shiOs	and	loss	
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Predic7ng	Changes	in	Distribu7ons	-	Challenges	

Lack	of	knowledge	of	explicit	
spa7al	distribu7ons	of	species	

Shortcomings	in	the	discovery	
and	descrip7on	of	new	species	

Lack	of	knowledge	of	a]ributes	
of	species	and	their	interac7ons	

Mokany	&	Ferrier	2011	
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