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Model Systems — Molecular Biology

The nematode C. elegans exhibits all
of the properties of multicellular
organisms — yet 1t 1s only 1 mm long,
can be grown as a microorganism, and
all 959 of its cells are readily visible. It
thus provides the researcher with an
1deal compromise between complexity
and tractability.

C. elegans web site




Hawai'| as a Model System

» Evolution and the origin of species

 Structure and functioning of ecosystems

* The development and sustainability of
human societies
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Islands as Model Systems

* Evolution and the origin of species

» Structure and functioning of ecosystems

* The development and sustainability of
human societies




Why Ecosystems?

Relative simplicity. All basalt, low
diversity, volcanic topography.

Continuous gradients. Well-defined
substrate ages, spectacular rainfall gradients.







Mauna Loa Monthly Mean Carbon Dioxide
NOAA ESRL GMD Carbon Cycle
390 T [rrrrrrrm [rrrrrrroT [rrrrrrrro1 [rrrrrrrrT [rrrrrrrm
I 1958-1974 Scripps Institution of Oceanography W, |
380~ 1974-2006 National Oceanic and Atmospheric Administration ,‘;‘,” f .
- Jv;? t | -
370 /i et,‘ -
. AT y
¥
360 I~ },‘,',c . _
i goidl 1 }
eyl
350 p Y —
- i t(’~ I =
Wl Y
LAY |
340 - o 1Y ¢ =
A ;r“ ' -
L | i",‘ 4
330 - ‘ "l;'g \ —
I W i
‘ ] "" f /
320 g pAMATY _
- A 4
310 La i iiaauis TEETTIRRE L eisoiissg fes i susggi Liidiisisg TrTTINERT
1955 1965 1975 1985 1995 2005

YEAR




w B) ddN |enuuy

Decomposition
NPP
NPP best-fit

|
N
o

15 20

Mean Annual Temperature

<
Q
wn
(0)]
—
O
wn
w»n
o
o~
S~~~
<
-
~







Why Ecosystems?

Relative simplicity. All basalt, low
diversity, volcanic topography.

Continuous gradients. Well-defined |
substrate ages, spectacular rainfall gradients.

Distinctive rock chemistry. Mantle
source, with isotopic signature from basalt
weathering (determined using element/NDb ratios)
different from the ocean (using 87Sr/868r)
continental crust (using “3Nd/44Nd).




Rock, Rain, and Dust

 In young soils, most of the nutrients that forests need
come from the breakdown of lava rock

 Where it's wet, rock is depleted of most of its nutrients by
a few tens of thousands of years, and most nutrients (not

phosphorus) come from rain and cloudwater

Phosphorus from lava lasts longer - a good thing,
because there is very little in rain. However, by 1.5
million yrs most of the phosphorus from rock is gone.
Thereatfter, the trickle of dust blown in from Asia (mostly
during Ice Ages) is the most important source of
phosphorus to Hawaiian forests
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A massive sandstorm blowing off the
northwest African desert has blanketed
hundreds of thousands of square miles of the
eastern Atlantic Ocean with a dense cloud
of Saharan sand. The massive nature of this
particular storm was first seen in this SeaWiFS
image acquired on Saturday, 26 February 2000
when it reached over 1000 miles into the Atlantic.
These storms and the rising warm air can lift dust
15,000 feet or so above the African deserts and then
out across the Atlantic, many times reaching as far as
the Caribbean where they often require the local weather
services to issue air pollution alerts as was recently
the case in San Juan, Puerto Rico. Recent studies by the
U.S.G.S.(http://catbert.er.usgs.gov/african_dust/)
have linked the decline of the coral reefs in the Caribbean
to the increasing frequency and intensity of Saharan Dust
events. Additionally, other studies suggest that Sahalian
Dust may play a role in determining the frequency and
intensity of hurricanes formed in the eastern Atlantic Ocean
(htt ww.thirdworld.org/role.html)

Provided by the SeaWiFS Project, NASA/GSFC and ORBIMAGE
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* Evolution and the origin of species

 Structure and functioning of ecosystems

* The development and sustainability of
human societies




Model Systems - Culture

In the Pacific, history has given us an
unparalleled opportunity to compare what literally
hundreds of societies have wrought, at times 1n
highly similar environments, at times in strikingly
different ones. It 1s not only the range of
environmental variation among 1solated Pacific
islands, but also the demonstrable fact that many
societies had common origins, that renders them
such marvelous microcosms — such wondertful
natural and cultural experiments — of history.

Kirch 2000







Polynesian Agriculture

Features of both the society and the land make human-
land interactions more accessible to understanding in
Polynesia than anywhere else

Hawaiians in particular were great farmers, intensifying
agriculture by very different pathways in the very
different lands that they farmed

The most significant contrast was irrigated wetland
cultivation (lo’i kalo) versus rain-fed dryland agriculture
(uala and other crops)

The mode of agricultural production shaped (in part) the
development of society — in Hawai'i as elsewhere
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