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Water movement from soil to plant

LIJplant = solute + LIJmatric + LIJpressure

LIJsoil = LIJmatric

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

W aric represents water’s tendency to adhere to surfaces.

W ressure IS the reduction in water potential due to negative
pressure created by water evaporating from leaves.

Aslongas ¥, < ¥, water flows from the soil to the
plant.
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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. ~
[l NN '

Evaporation of water from a e

leaf surface reduces water —

potential of fluids in the leaf | |
and creates negative pressure. | |

Because of hydrogen
bonding between water
molecules, the negative
pressure created by water
evaporating from surfaces
of leaves pulls water
through water-conducting

cells (xylem) in the stem. Plant fluids:

Plant
Wip= Wr + Wa - Wt - Ws

W= Internal water
W, =Root uptake
W, = Absorbed (air)
W, = Transpiration
W, = Secretions

- In plants, water flows in a

continuous stream from
root to leaf

v, =V W N
I plant = Vootite + Uinatric + ¥ pressure

gradient of water potential
~ from soil to roots.
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\\ '*N Soil water moves down a
bs

atric

Animal
Wla=Wd+Wf+Wa_We_W

W.,,= Internal water

W = Drinking

W; = Food (as source)

W, = Absorbed (air)

W, = Evaporation

W, = Secretion / Excretion

Water budgets in plants and animals.



Plant and animal water balance

The main avenue of
water loss by animals
is evaporation.

The main avenue of

food and drinking.

water acquisition by most
terrestrial animals is with

=

LY

W, (absorption)

Wy W —

Plants lose fluids with
secretions such as nectar
in flowers or extrafloral

Plants lose water mainly through

transpiration (evaporation and & nectaries.
diffusion of water). W oy
W, (secretions)
W, (absorption)

In some environments
plants absorb water from
moist air.

Wind —
~__| Wind increases

loss.
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The saguaro reduces

heat gain by exposing
only tops of its trunk |
and branches to the
midday sun.

tips are shaded and
insulated with a high
density of spines, which
reduces heat gain.

.‘ Z The trunk and branch

into the sun.

C.

Water is stored in ‘
the massive trunk |
and arms. [

The saguaro reduces water loss
by transpiration by keeping
stomates closed and allowing

ils temperature to rise. massive quantities.

E.

evaporative water

acquisition by plants is from
the soil through their roots.

The camel reduces
heat gain by facing

When water is available, both
the saguaro and camel take in

C « | The camel does not
store water in its
hump but fat, which

is a source of
— B.

metabolic water.
The camel is covered
with dense hair which
reduces heat gain.

The camel reduces
evaporative water loss by
| not sweating and allowing
| body temperature to rise.

D.




Ecological transactions with multiple currencies

Water budget: < Heat budget:
Water balance Energy balance

= Hpt Hey £ Hyy £ H, - H,

cv —

" Heat gain by |
metabolism (H,,)

“ Heat loss by

Plants lose water mainly through
transpiration (evaporation and
diffusion of water). - W,

Heat gainby |~

radiation (H,) [
) | radiation (H,)

plants absorb water from 7 /
MOist air. L

/ W, (absorption) ] L
=4 /
NN
\ In some environments )
7

),Tjt Heat loss by

evaporation of
water (H.)

Heat loss or gain
by convection (H,)

—
Wind R
~ Wind increases

Wind evaporative water
loss.

Wind

‘The main avenue of water
acquisition by plants is from
the soil through their roots.

Heat loss or gain .
by conduction (H.y) |

Coupled budgets and
trade-offs:

sunlight

Carbon gain vs. Water loss
Light interception vs. Heat stress

() =

==
CO, atmospheric / @ Transpiration of
pressure (0.03% atm) water out of leaf



Joseph Grinnell Niche pioneers
Charles Elton

(w/ Aldo Leopold)

And NUH is the letter I use to spell Nutches,
Who live in small caves, known as Niches, for hutches.
These Nutches have troubles, the biggest of which is
The fact there are many more Nutches than Niches.
Each Nutch in a Nich knows that some other Nutch
Would like to move into his Nich very much.

So each Nutch in a Nich has to watch that small Nich
Or Nutches who haven't got Niches will snitch. & i

-On Beyond Zebra (1955)



Niche: Questions

Are niches properties of species or habitats?

Do they describe roles (professions) or conditions
(addresses)?

How do you measure them or quantify them?
Are there “empty niches?”

Can two species share the same niche?
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G. Evelyn Hutchinson Funda | niche

Niche axis 2 (e.g., moisture) P
®

Niche axis 1 (e.g., Temperature)

Niche as “N-dimensional hypervolume”
the set of all conditions under which
a species can exist
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G. Evelyn Hutchinson Funda I niche

Niche axis 2 (e.g., moisture) P
®

Niche axis 1 (e.g., Temperature)

Niche as “N-dimensional hypervolume”
the set of all conditions under which
a species can exist

Iverson and Prasad 1998, Distributions of 80 sp. of trees
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What limits Balanus balanoides larvae settle Chthamalus stellatus larvae settle
the throughout intertidal zone but in middle and upper intertidal
. ) survive to adults mainly in zones but survive to adults mainly
distribution of middle to lower intertidal zones. in upper intertidal zone.
barnacles? \f \[
Balanus Chthamalus
Larvac  Adults Larvac  Adult

- Mean high spring tide

Mean high neap tide

Mean tide level

- Mean low neap tide +——

Mean low spring tide

Is there a trade-off?

Spatial patterns within populations

An individual has an equal
probability of occurring
anywhere in an area.

Individuals are uniformly
spaced through the
environment.
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Neutral interactions istic i i
icec Antagonistic interactions
Processes  Petween individuals and between individuals or

between individuals and
local environment

local depletion of resources

What is the role of scale?

Individuals live in areas
of high local abundance,
which are separated by

areas of low abundance.

V

Clumped

Attraction between
individuals or attraction
of individuals to a
common resource



. . - Geographical Range
Spatial pattern is scale o2 i
dependent

Metapopulations -
Populations of populations

" Erickson 1945

Annal. Mo. Bot. Garden

Limestone

Weiher and Keddy 1999 — Conceptual Model
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mm High The American crow, which is

Abundance = e
Varies in Space

number of “hot spots.”

Clumped at
Broad Scales
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Qo random |
©
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n
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Tolerance and distribution in Encelia species

E. californica is confined to a narrow E. actoni lives farther inland, E. farinosa and E. frutescens live still
zone along the coast of California and where conditions are drier and farther inland in areas that are much
Baja California, that is cool and moist in slightly warmer than the arcas hotter. The geographic distributions of
the north and cool and dry in the south. inhabited by E. californica. these two species overlap a great deal.

| 1l

E. californica E. actoni E. farinosa E. frutescens

They are all closely related, how are they different?



