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More sensitive of climate change in high latitude or
high elevation areas
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There are three potential fates for species under climate
change: adaptation in situ, tracking climate change in spatial
and/or temporal dimensions, and local extinction.

Species number
per ecoregion
~ 500-1000
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Table 1. Averages for plant species richness, land area, latitude, annual temperature, and annual precipitation from 79 countries on 4
continents within the Northern Hemisphere,

. _ . Species Area Latitude Average annual Average annual
Continent No. of countries richness (km?) (") temperature (°C) prefipitation (mm)
Africa 20 3270 733439 13.3 24.5 1115.7
America 15 11760 1604862 19.3 209 1281.7
Asia 21 8809 1224387 28.9 19.6 1064.5
Europe 23 3122 922169 50.8 9.9 639.8
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(A) Relationship between species richness and latitude for 79 countries in Northern
Hemisphere. (B) Relationship between species richness and country area

Ihm et al. 2007. Journal of Plant Biology. 50(3) : 321-324



Plant migration to track climate change
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Figure 3. Alterations in species richness from Northern Hemisphere

as consequence of changes in Ty, Tiax, and P
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This 1 and 2°C increase

in global warming translated
into an increase in species
richness of 1.6 and 3.2%,
respectively, while the 50-yr
and 100-yr elevation in air
temperature was associated
with a richness increase of
0.4 and 0.8% in country scale.

They analyzed climatological and geographical variables in 90 countries from
the Northern Hemisphere to determine the significant variability of plant
species richness as it relates to broad-scale levels of global warming.

Ihm et al. 2007. Journal of Plant Biology. 50(3) : 321-324
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Over larger spatial and temporal scales, species that remain in situ to
experience climate change will eventually interact with species tracking
climate change, which should also affect how species richness responds to
climate change.
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Alexander et al. 2015. Nature. 525: 515-520.



Mountain summits are especially suited for long-term
studies of biotic responses to environmental changes
because they represent natural permanent study sites

that are easy to re-locate over time.

They investigated
changes in vascular
plant species
richness in nine
summit floras in the
central part of the
Fennoscandian
mountain range
compared to
historical data from
1950.

FIGURE 1. Map of the study area with the location of the visited suramits. The dashed line is the border between Norway and Sweden. The

center of the area lies at 63°03'N, 12°29'E.

Moen and LagerstrGm. 2008. Arctic, Antarctic, and Alpine Research. 40: 382-395.



30 r

m oy
80 o5 | O New species
01950 - g
70 F @ Missing species
I 2002 w
] [
ﬂ 80 | 220
o o
8 - >
] -
5 "E 15 +
g 40 r 2
o
E o E 1ot
5 L
=z =
20
5 |
10 F
L] 0
: C = c = s C = T & 5 5 5 & 5 5 5 I g
@ @ ] @ < @ T z © 2 a a @ = & ) a
b o @ n 5 i CL =] & £ E] E =] o > =3
9 ® E y £ =] 5 2 i = 5 G = 2 E 5 £
i k= S & = = £ 2 = 8 2 = x B E 5 ¥
& @ = = g £ . ¥ - g I T © 5
=3 e d L ] 5] &) b £ g
= = = Tg [ T o = = = W
ol o m & i = = ]
= = = n v o =5
@ ' @
-

The number of species found on the summits. (Left) The total number of
species. (Right) The number of species established and locally extinct on
the summits since Kilander (1955).

Moen and LagerstrGm. 2008. Arctic, Antarctic, and Alpine Research. 40: 382-395.
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They use a dataset of
repeated plant surveys
from 302 mountain
summits across Europe,
spanning 145 years of
observation, to assess
the temporal trajectory
of mountain
biodiversity changes as
a globally coherent
imprint of the
Anthropocene.

Geographical and temporal distribution of studied summits and surveys.
Numbers in brackets beside the region names indicate the number of

summits/surveys.

Steinbauer et al. 2018. Nature. 231-234.
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Average species richness change on
mountain summits over time
compared to mean annual
temperature over time. Upper parts
of inset panels, mean annual
temperature; lower part, change in
species richness (in species
numbers). N ., number of ummits
/surveys within the mountain
region providing data for the panel.
Correlation between rate of change
in species richness and rate of
change in temperature (ATcor) is
positive for all mountain regions.
Orange shading marks the 5th and
95th percentiles of the resulting
richness change values from a
bootstrapping approach across all
summits in one region.

Steinbauer et al. 2018. Nature. 231-234.



Richness change (ASR per year)
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Fig.1. Locationof the sites included inthis analysis: 1, Barrow, United States;
2, Atgasuk, United States; 3, Toolik Lake, United States; 4, Niwot Ridge, United

States; 5, Alexandra Fiord, Canada; &, Audkuluheidi, lceland; 7, Thingwellir,
lceland; 8, Svalbard, Norway; 9, Latnjajaure, Sweden; 10, Finse, Nonway; and
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Walker et al. 2006. PNAS. 103: 1342-1346
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AM: alpine meadow; AS: alpine steppe; ASM: alpine swarm meadow.

Wang et al. 2022. Nature Reviews Earth & Environment.



Effect of cooling on change in species

richness is always ighored
Warming and cooling spells in EU during past 60-year
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Fig. 2 Seasonal warm and cold spells in Burope based on 1951-2006
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ENSEMBLES temperatare data (http:/fwww ensembles-euworg, 0.5°
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Menzel et al. 2011. Int J Biometeorcol (2011) 55:921-932



Thus, there are inconsistent results
about the effects of warming on species
richness depended on time, why?

The net change in species richness = species gain —
species loss within some time intervals for a given area.

Species
loss

Species
gain

Wang et al. 2019. Journal of Ecology.



Reciprocal translocation along a elevation gradient
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We experimentally created a scenario in which an alpine community
that experiences warming at higher elevations meets with species
tracking warming from lower elevations (i.e., scenario 1). Similarly, an
alpine community that experiences cooling at lower elevations will
meet species tracking cooling from higher elevations (i.e., scenario 2)
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Summary

Both warming and cooling increased annual species richness,
which depended on the number of species that tracked
temperature changes (i.e., “say where these species come from
here”).

Species gains from tracking temperature change, rather than
species loss from original plots, predicted the determined net
change in annual species richness.

The annual rate of species gain rate depended on species
richness tracking temperature change, but the annual rate of
species loss depended on the species richness of the original
community.

Our results suggest that warming experiments in situ may
generally overestimate the negative effect of warming on
species richness.






