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Robert H. Whittaker

Vegetation gradients

Environmental
tolerance determines
distribution

Great Smoky Mountains
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Fia. 4. Transeet of the moisture gradient, 3500-4500
ft. Top—curves for tree classes; a, mesic; b, submesic;
¢, subxerie; d, xerie. Note expansion of mesiec stands,
compared with Figs. 2 and 3. Middle—curves for tree
specles: a, Tilia heterophylla; b, Halesia monticola (both
the preceding are bimodal, with populations on each
side of the mode of Tsuga); e, Tsuga canadensis; d,
Quercus alba; e, Pinus pungens. Bottom—curves for
undergrowth coverages: a, herbs; b, shrubs.



lverson and Prasad 1998, Distributions of 80 sp. of trees
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lverson and Prasad 2001 CUITE N oo st e

Potential forest change
under alternative
climate change
scenarios based on
species specific
tolerance and
environmental optima.




| Range change in
Crozier 2003 Atalopedes campestris

expansion

Range

100km

Fig. 1 Overwintering range of Atalopedes campestris (shaded) in
Washington, Oregon, California, and Nevada from Opler (1999),
modified to include the western range expansion (lighter shading).
Colonization dates of A. campestris by four cities in Oregon and
Washington show the chronology of the range expansion. Contour
lines represent the January average minimum —4°C isotherm from
19501959 (solid) and 1990-1998 (dotted) (NCDC 2000)
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Fig. 3 Lethal temperature for 50% of the sample (LTsy) fc
Californian (open circles) and Washingtonian (closed circles) thir
instar larvae with a hyperbolic tangent curve fit. Estimated LTy i
=5.6°C (Calif.), and -5.8°C (Wash.) (drop-down lines). Th
difference between populations is not significant (P>0.05)



What is microclimate?




Temperature (°C)
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Stream microclimates

Aquatic environments generally
show less temperature variation
than do terrestrial environments.

{ Daily variation in air:
_——1 about 2.5°-28°C

‘ Daily variation in
_——— an aquatic reed
B | bed: 7°-20°C
/ P S

Daily variation in
a shallow riffle:
1 9°-16°C

Aqhalic reedbed =

;;‘_::-:: J Daily variation in
| adeep pool:
10°-14°C
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<

N/ ecppool




Temperature optima in ectotherms

Photosynthetic rate

(% of maximum)

A moss from a boreal forest
photosynthesizes at a
maximum rate at 15°C.

100 —

80

A desert shrub
photosynthesizes at a
maximum rate at 44°C.

T~ Desert shrub
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20 —
Boreal moss
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Temperature (°C)

Rate of population growth

High

Low

Rate of sulfur oxidation

Rate of population growth by
these antarctic bacteria was
highest at approximately 4°C.

/ Each point represents
population size after 80
hours of incubation at a

. particular temperature.

High

Low
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Temperature (°C)

Rate of sulfur oxidation by these
bacteria from a 59°C hot spring
was highest at approximately 63°C.

Each point is an average

of measurements made on

three replicate bacterial
———_ cultures grown at a
particular temperature.

T T T T T
40 50 60 70 80 90

Temperature (°C)



Evolution of thermal tolerance homeotherms

Tropical species maintain a Sloth

constant metabolic rate over a
narrow range of temperatures. Night monkey _

Human [
Marmosct NI

> Tropical species

Arctic species maintain a
constant metabolic rate over a

broad range of temperatures. Ground squirel | l )
Polar bear cub | |

Eskimo dog > Arctic species

| |
Arctic fox
| N

T T T T T T 1
-20 -10 0 10 20 30 40

Environmental temperature (°C)

What is this range of temperatures called?



-Heat balance equation
A= H_ *H_ ,xH_, +tH -H,

Ccv —

Hg = Total heat stored in an organism

H = Gained via metabolism

H., = Gained / lost via conduction

H., = Gained / lost via convection

H_ = Gained / lost via electromagnetic radiation
H, = Lost via evaporation
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FiGg. 1. Wind tunnel metabolic chamber used to vary the FiG. 4. Metabolic rates of Verdins as a function of wind
radiative and convective environment and measure Verdin speed in the presence and absence of simulated solar radiation
metabolic responses. at an air temperature of 15°C. Values are means and 95%

confidence intervals with n = 7 at 0.4 m/s and n = 8 at all
other wind speeds.

Metabolic thermoregulation in verdins (Aureparus flaviceps)
Wolf and Walsberg, 1996



Not all plants are ectotherms: Symplocarpus foetidus

Snow 1s melted
by radiation and
conduction.

Air temperature= -15°C

.""”/ /!
4
Spath
Spadix
y A

High metabolic rate

of spadix generates

sufficient heat to

melt snow.

6’_.

Taproot

Starch is translocated
from the taproot to the
spadix. Starch




Thermoregulation by environmental manipulation
Fungus-growing termites (Macrotermes bellicosus)

Temperature [°C]

1200 2000 400 1200 2000 400 1200 2000 400 1200

24.Jul. 25.Jul. 26.Jul. 27.Ju
Time and Date :

ayvs i and at a typical mound o
shrub savanna (S5-c; a) and gallery forest (R5-c; b). Temperature of the air: — — —; air channel: — fungus

garden: — — —.

Figure 3. Continuous temperature measurements over the

Korb and Linsenmair, 1998



Thermal tolerance - a virus in a fungus in a plant

Dichanthelium

. . " - (a tropical grass)

25: Wﬁ %

2 2
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& W Dead

215 # Chlorotic

é U Healthy

5 10 Soil heated to 65 C
o) 10 hrs per day
T R That is HOT!

Treatments

Marquez et al. 2007 Science



97.7% Oceans
2% lce

0.02% Fresh
0.00002% Living



In an isosmotic aquatic
organism, internal
concentrations of water
and salt equal their
concentrations in the

Salts and water diffuse
at approximately equal

e""i“"‘“ﬁan- 4] rates into and out of an
Salts Water | isosmotic organism.

Isosmotic

Compared to the environment, a
hyperosmotic aquatic organism
has a lower internal concentration
of water and a higher internal
concentration of salts.

Salts diffuse out of a
hyperosmotic organism at a
higher rate, while water
diffuses in at a higher rate.

Salts Water

Hyperosmotic

Compared to the environment, a
hypoosmotic aquatic organism has a
higher internal concentration of water
and a lower internal concentration of
salts,

Salts diffuse into a
hypoosmotic organism at a
higher rate, while water

diffuses out at a higher rate.

Salts Water

Water Travels on Gradients

—-100 =

7
Dry air has the \.//’”
lowest water |

potential.

Water potential

(more negative).

at the top of the
plant is lower

Water potential
of the soil is = —
higher (less
negative).

0
Water potential of ,//
pure water.

Water potential

<—— Dry airyy =-100

Plant water
potentials ()

4.0

Plant water
potentials (s)

-0.9

0.6 \
Soil me

potential (V)



Water movement from soil to plant

LIJplant g +¥ +¥

LIJsoil =~ LIJmatric:

Water potentials are NEGATIVE and water flows
from less negative to more negative potential.

Y .. represents water’'s tendency to adhere to surfaces.
) IS the reduction in water potential due to negative

pressure
pressure created by water evaporating from leaves.

Aslong as ¥, < Wy, water flows from the soil to the
plant.

matric

solute pressure
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As water evaporates from a
leaf, it moves from higher
water potential within the leaf
to much lower water potential

of surrounding air. - In plants, water flows in a
. NN :

N

\

Because of hydrogen
bonding between water

Evaporation of water from a — COntI NUOUS Stream frOm
molecules, the negative

leaf surface reduces water - )
l A‘j‘” _ root to leaf
'»

pressure created by water

potential of fluids in the leaf
evaporating from surfaces ﬁ TR
\

and creates negative pressure.
H,O
—
of leaves pulls water
through water-conducting

cells (xylem) in the stem. Plant fluids:

+ W

U o
solute + ‘l matnc pressure

: YL TRy

plant

Yo=Y

- pe ¥
SR
D RG

«. Soil water moves down a
" gradient of water potential

" from soil to roots.
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Plant Animal
Wip=Wr+Wa'Wt'Ws Wia=Wd+Wf+Wa'We'Ws

W,,= Internal water W, = Internal water
W, =Root uptake W = Drinking

W, = Absorbed (air) W: = Food (as source)
W, = Transpiration W, = Absorbed (air)
W, = Secretions W, = Evaporation

W, = Secretion / Excretion

Water budgets in plants and animals.



