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may have been domesticated some hundreds, or

even thousands, of kilometers away from the

center of its founder-stock germ plasm. Thus,

the location of founder germ plasm stocks with-

out supplemental evidence cannot be used for

confident reconstruction of the locale of final

domestication. 

Increasing archaeobotanical evidence indi-

cates that the beginning of agriculture, as well

as of crop domestication, was not necessarily a

single event but a process of trial and error. For

oats and rye, for example, the beginnings of

cultivation and subsequent domestication are

separated by millennia and great distances. For

the Near East, current data suggest that at least

three or four species can be considered as early

pioneer crops, which predate the seven well-

recognized species of founder crops. Because

two of these pioneer species—barley and

lentil—belong to the group of founder crops as

well, our understanding of the domestication of

these species must be revised. In the PPNA,

Near Eastern human groups in two regions

already possessed and applied agricultural

knowledge: In the north, they planted lentil and

perhaps rye; and in the south, they raised barley

and probably oat, together with imported lentil.

Although this early barley and lentil was even-

tually domesticated in the region, two of the

crops raised or gathered there—rye and oats—

were abandoned. 

The transition to food production in eastern

North America shows a notable similarity to

the Near East. There, indigenous plants—

chenopod (Chenopodium berlandieri subsp.

jonesianum), marsh elder (Iva annua var.

macrocarpa), squash (Cucurbita pepo subsp.

ovifera), and sunflower (Helianthus annuus

var. macrocarpus)—became domesticants

under indigenous group management between

5000 and 4000 years before the present. In

contrast, the cereal-like erect knotweed (Poly-

gonum erectum), little barley (Hordeum pusil-

lum), and maygrass (Phalaris caroliniana),

though clearly of economic importance as cul-

tivated crops by about 2500 to 2200 years

before present, never became morphological

domesticates. With the shift to maize-centered

agriculture about 900 C.E. and the arrival of

the common bean (Phaseolus vulgaris) several

centuries later, local eastern crops became less

important, and by 1800 C.E., only sunflower

and squash were still being grown (17). 

Thus, both in the Near East and early east-

ern North America, the first stage of agricul-

ture was cultivating annual wild plants; the

second stage was cultivating both wild types

and domesticants; and the last stage was the

cultivation of domesticants alone. Finally, the

recent discovery of PPNA fig domestication

(18) raises the question of whether, in world-

wide locales of agriculture origin, fruit trees

were domesticated contemporaneously with

the annuals.
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T
he protonated hydrogen molecule, H

3
+ is

the most abundant molecular ion in the

universe and plays a pivotal role in inter-

stellar chemistry. As the simplest of all poly-

atomic molecules, H
3

+ is fascinating to both

physicists and chemists, but lately research in

astronomy has been an important driver of both

laboratory work and theory. Interstellar clouds

are almost entirely molecular hydrogen, and

anything that causes ionization of H
2

in them

should lead to the production of H
3
+. On 16 to

18 January 2006, researchers from different

fields in which H
3

+ plays a major role met in

London, at the Royal Society and at University

College London, to discuss this fundamental

molecular ion from a variety of perspectives. A

similar meeting on H
3
+ took place in 2000, but

since then many exciting developments related

to this ion and its deuterated species, both in the

laboratory and in space, made a new discussion

meeting a necessity. 

H
3

+ was discovered in 1911 by J. J. Thom-

son (1). First observed as an “evanescent”

trace product of a discharge in H
2
, its abun-

dance was soon found to exceed that of both

H+ and H
2

+ in most hydrogen plasmas,

demonstrating both its ease of formation and

stability. It was realized that H
3

+ was being

formed by the efficient reaction, H
2

+ + H
2
→

H
3

+ + H (2). H
3

+ is highly reactive, happily

donating a proton to almost every atom and

molecule it encounters. In astrophysical envi-

ronments, the principal seed is cosmic rays,

which, as they traverse interstellar clouds,

leave trails of H
2

+ ions in their wakes, which

are rapidly converted to H
3

+ by the aforemen-

tioned reaction. The importance of H
3

+ for

interstellar chemistry was recognized in 1973

in two seminal papers (3, 4), both of which

demonstrated that H
3

+ is the base of a tree of

ion-molecule reactions that produce many of

the molecules found in space.

Although the presence of H
3

+ in dense

clouds could be inferred, direct detection of

H
3

+ proved to be elusive. The only method of

observing the molecule in space is via the ν
2

vibration-rotation band whose fundamental

occurs near a wavelength of 4 µm. This spec-

trum was observed in the laboratory in 1980

(5). It took 16 additional years before H
3
+ was

detected in interstellar space (6). 

The 2000 Discussion Meeting took place

less than 4 years after this detection, and

roughly a decade after the ion had been found

in the aurorae of Jupiter, Saturn, and Uranus

(7–9). At that time it was already clear that

there was a problem in understanding the

interstellar data. Although the abundance of

H
3

+ in dense clouds was roughly as expected,

it was more than an order of magnitude higher

than predicted in diffuse clouds where abun-

dant electrons destroy H
3

+ (10). That differ-

ence has only become more striking in subse-

The molecular ion H
3
+ is abundant in interstellar clouds and presents many interesting puzzles

in the laboratory. A recent conference explored the current knowledge about this species and its

implications for astrophysics.
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