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In recent years the pace and detail 
of archeological exploration in the 
Near East have been so great that the 
chronology and locale of domestication 
of plants and animals are becoming 
fairly well established. At the same 
time, from paleoecological studies we 
are learning more about the eviron- 
mental changes during this critical 
period in man's cultural evolution. A 
major factor in both these develop- 
ments is the growing inventory of 
radiocarbon dates, without which the 
necessary refinement of the chronology 
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creased body of facts and carefully con- 
trolled inferences, the question of 
climatic determinism-the effects of 
climatic change on cultural develop- 
ment-deserves reexamination. 
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A compilation of radiocarbon dates 
from Near Eastern prehistoric sites 
(1) provides a useful chronological 
listing of the cultural stages of the 
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transitional period from food-collecting 
to food-producing (Table 1), and 
other summaries discuss the regional 
developments (2). 

Before the phase of terminal food- 
collecting, cultural evolution was slow, 
and the radiocarbon chronology is less 
well established. The Zarzian stage of 
terminal food-collecting was preceded 
by the Baradostian, comparable in gen- 
eral technological level to the earlier 
part of the Upper Paleolithic of Europe. 
The Baradostian at Shanidar Cave in 
the Zagros Mountains of northeastern 
Iraq (Fig. 1) dates from 26,500 to 
> 34,000 years old, and Solecki (3) 
reports a stratigraphic unconformity 
between this level and the Zarzian level 
above-supposedly resulting from ab- 
sence of occupation of the site for at 
least 15,000 years. However, more re- 
cent work in nearby Iran by Howe at 
Warwasi and by Smith at Ghar-i-Kar 
suggests that the Zarzian developed di- 
rectly out of the Baradostian without 
any cultural hiatus (4). 

The types of subsistence can be 
partially reconstructed from artifact 
types and from the remains of plants 
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and animals at these sites. The Bara- 
dostian people apparently relied pri- 
marily on wild game-largely sheep 
and goat at Shanidar-as had the 
Mousterians before them (5). Although 
the Zarzians, who followed, possessed 
a more complex suite of microlithic 
artifacts, they also relied primarily on 
game animals. The occurrence of ob- 
sidian artifacts at several Zarzian sites 
indicates travel to the Lake Van area 
200 kilometers across the mountains in 
eastern Turkey, the nearest source of 
obsidian, a valuable raw material for 
microlithic tools. The importance of 
these movements in post-Zarzian times 
cannot be overemphasized, for they 
may have been a prime factor in the 
development of seasonal migrations 
and in transfer of early plant domesti- 
cates within the region and beyond it- 
true marks of domestication that sur- 
vive today in the region (6). 

Most of the Zarzian and earlier sites 
are in caves, although certainly the 
hunters must have lived in the open air 
much of the time. During the subse- 
quent stage of incipient food produc- 
tion, however, open living sites are 
characteristic (7). At Zawi Chemi 
Shanidar the large number of grinding 
tools indicates extensive use of plant 
foods, but there is no positive evidence 
of plant domestication or, in fact, of 
plant-collecting. Sheep was a more im- 
portant food source than goat, and the 
relatively high proportion of imma- 
ture specimens has implied to Perkins 
that sheep was domesticated (5, 8). 

The next stage, termed the stage of 
established food production, had per- 
manent open sites with house archi- 
tecture, domesticated wheat and barley, 
domesticated goat, sheep, pig, and dog, 
artifacts for cutting and grinding grain, 
ground-stone artifacts, well-formed fig- 
urines, and other amenities of a stable 
agricultural village. Most of the sites 
of this stage are in the modern "natural 
area" of cereal grains and of domesti- 
cable animals, although at Ali Kosh 
on the Mesopotamian piedmont steppe 
neither the terrain nor the climate is 
suitable for wild forms of these plants 
and animals (except barley), which 
implies that they had been introduced 
into the areas as domesticates, unless 
climatic conditions differed at that 
time (9). 

Thus, the cultural sequence indicates 
a hunting economy of people living 
primarily in caves and rock shelters 
until about 11,000 years ago, and then 
a trend toward open settlements with 
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Table 1. Summary of cultural and vegetational sequences in the mountains north of Meso- 
potamia. Intermediate cultural stages may occur. 

Representative sites 

Jarmo, Sarab, basal 
Ali Kosh, Caybnii 

Karim, Shair, Asiab, 
Zawi Chemi Shan 
dar, Shanidar B-1, 
Ganj-i-Dareh 

Zarzi, Palegawri, 
Shanidar B-2, 
Warawasi Ghar- 
i-kar 

Shanidar C 

Shanidar D 

Cultural stages 

Earliest estab- 
lished food 
production 

Incipient food 
production 

Terminal food- 
collecting 
(Zarzian) 

Food-collecting 
(Baradostian) 

Food-gathering 
(Moustenian) 

incipient food production until about 
9000 years ago, when permanent vil- 
lages and a variety of domestic plants 
and animals had been established. How 
does this chronology compare with the 
climatic and paleoecologic sequence? 

Environmental Sequence 

In general, paleoclimatic materials 
of importance in the region fall into 
three categories - glacial fluctuations, 
zoological evidence, and paleolimnol- 
ogy-and each tells a different type of 
story about the environmental history 
for the time range in question. 

Glaciers occupied the high parts of 
the Zagros Mountains in the Pleistocene. 
In fact, moraines and cirques occur at 
such low levels that the snowline must 
have been as low as 1500 to 2100 me- 
ters, or 1200 to 1800 meters lower than 
today. The climate therefore was much 
colder (10). Unfortunately the lack of 
organic material in glacial deposits 
means that the sequence of ice recession 
in the Zagros cannot be dated by radio- 
carbon analysis, but if analogy is made 
with the glaciers of the European Alps, 
which may have started their retreat by 
18,000 years ago, the Kurdish glaciers 
were probably well up in the moun- 
tains by 11,000 years ago. If this cor- 
relation is correct, the climate of the 
Zagros Mountains was already warm by 
11,000 years ago, and thus environ- 
mental change could not have been the 
major cause for plant and animal do- 
mestication (11). It was also argued 
that even if climatic change were still 
in progress 11,000 years ago it would 
result merely in shifting of the vegeta- 

Radiocarbon 
years ago 

-9,000- 

-5,500-- 

-11,000-H1-i,000- 

12,000 

26,500 to 
> 34,000 

> 40,000 

Zeribar 
pollen 
zones 

C 

B 

A-2 

-14,000----- 

> 40,000 

A-1 

Vegetation 

Oak woodland 

Oak-pistachio 
savanna 

tion belts up the mountains, so that 
man could easily follow these belts to 
retain the natural environment he pre- 
ferred. 

The zoological evidence comes en- 
tirely from bones of game animals 
recovered from archeological sites. Al- 
though these provide valuable informa- 
tion about diet and the progress of 
domestication, they have proven less 
useful for climatic and environmental 
interpretations. 

First of all, the distribution and 
habitat preferences of wild game in the 
region today, to the extent that they 
are known, may not accurately reflect 
the conditions of the recent past, be- 
cause of severe hunting pressures with 
firearms in modern times and the vir- 
tual removal of natural predators. In 
any case, the distribution of Zagros 
wild game depends more on the varied 
habitats provided by diverse topography 
and landforms than on the general 
climate or vegetation (12). Finally, 
some of the bones found at these 
archeological sites may be of animals 
hunted high in the mountains or far 
away in the lowlands, so their presence 
at particular sites may not indicate the 
nature of the past local environment. 

Presumably because of these factors, 
the faunas recovered from the Pleisto- 
cene levels (Mousterian and Barados- 
tian) at Shanidar are essentially the 
same as those for the Zarzian and sub- 
sequent levels, including the modern 
(5, 13). The Zarzian fauna at Pale- 
gawra is also similar (14). 

An explanation for this similarity 
may come from the possibility that the 
Baradostian there predates 26,500 
years ago and the Zarzian postdates 

335 



12,000 years ago, with a stratigraphic 
hiatus between, marking a time when 
the cave was unoccupied. This hiatus, 
if it exists, spans the time of maximum 
glaciation, at least in western Europe. 
Perhaps the preceding millennia had a 
milder climate, like today's, so that the 
fauna was the same. Archeological 
finds, however, suggest that in most 
localities no cultural hiatus existed be- 
tween Baradostian and Zarzian. Fur- 
thermore, paleolimnological evidence 
indicates no major climatic and en- 
vironmental changes between 40,000 
and 12,000 years ago. 

Lake sediments provide a record of 
climatic change that has the advantage 
of continuity, good chronologic control, 
and freedom from direct cultural inter- 
ference. Its most informative compo- 
nent is the pollen sequence, which 
reveals the history of the regional vege- 
tation. The Zagros Mountains today 
have a simple altitudinal zonation of 
vegetation belts. Below about 600 
meters is a warm steppe. Between 600 
and 2000 meters is oak woodland, now 
much modified by cutting and grazing, 
covering a belt about 50 to 100 kilo- 
meters broad (Fig. 1). At higher ele- 
vations, and to the north on the Ira- 

nian and Anatolian Plateaus, is a cool 
steppe characterized by Artemisia 
(sage). 

Pollen sequences are known from 
three localities in the Zagros Moun- 
tains. In the Kermanshah Valley (ele- 
vation, 1300 meters), at the inner 
(northern) edge of the oak woodland, 
are two spring-marsh sites with sedi- 
ments from 28,000 to more than 40,000 
years old, with a pollen assemblage 
marked by high values of Artemisia 
and chenopods and less than 2 percent 
oak (15). The same assemblage occurs 
in pollen zone A-1 (Fig. 2), dated 
23,000 to 14,000 years ago, at Lake 
Zeribar (elevation, 1400 meters) in the 
middle of the oak woodland (16, 17). 
This assemblage is similar to those of 
modern surface samples collected from 
the steppe of the Iranian and Anatolian 
Plateaus (18). These and other surface 
samples, taken from a transect from 
the plateau across the Zagros Moun- 
tains to the Mesopotamian steppe, 
show that oak-pollen values as low as 
2 percent are found only in areas more 
than 75 kilometers from the oak wood- 
land (18). Because the mountains of 
the Zeribar-Kermanshah area are only 
about 75 kilometers broad, oak must 

have been absent from the mountains 
in this region between 40,000 and 

14,000 years ago. A cool steppe simi- 
lar to that of the higher parts of the 
Iranian Plateau must have prevailed 
during this interval in the region of 
the present oak woodland. This evi- 
dence vitiates the hypothesis from the 
Shanidar fauna that the climate for the 
Baradostians 26,500 to 12,000 years 
ago was similar to today's. 

It might be postulated that the oak 
woodland was depressed at this time 
to the Mesopotamian piedmont or even 
to the lowland. But a third site, Lake 
Mirabad, at an elevation of 800 meters 
near the base of the mountains and the 
oak woodland, shows pollen curves 
(Fig. 3) essentially similar to those for 
Lake Zeribar, at least down to the base 
of the sediments 10,400 years old (17). 
Because of this similarity, the piedmont 
was probably also treeless before 
14,000 years ago. The oak may have 
had its main Pleistocene distribution as 
far away as the Mediterranean littoral. 
The dominance of Artemisia pollen in 
Pleistocene sediments even in Mace- 
donia as late as 12,600 years ago sup- 
ports the view that much of the eastern 
Mediterranean had a late-Pleistocene 
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Fig. 1. Localities of modern collections of wild einkorn, emmer, and barley in the Zagros-Taurus Mountains and adjacent areas, in 
relation to the oak woodland. Modified from Harlan and Zohary (27) with additions supplied by J. R. Harlan in 1967. 
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vegetation markedly different from that 
of the present (19). 

From about 14,000 to 11,000 years 
ago (zone A-2), the pollen sequence 
at Lake Zeribar shows the first con- 
tinuous curves for oak and pistachio 
pollen (but only 1 to 2 percent), to- 
gether with a decrease in the percentage 
of Artemisia pollen (17). The region 
still contained few trees, which were 
confined to local habitats. The occur- 
rence of charcoal of oak and probably 
juniper at the Zarzian cave of Pale- 
gawra (14) indicates that some trees 
were available to the inhabitants. The 
faunal list at Palegawra includes red 
deer (Cervus elephas) and other types 
that today are found in forests. But one 
might properly ask, How many char- 
coal fragments make a forest? Or 
better, How many Cervus bones make 
a forest? Red deer is a grazer, not a 
browser, so it prefers the open land- 
scape for food. Woodland, where 
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available, is used for protection from 
predators or weather, but irregular 
topography can provide the same pro- 
tection. Darling (20) reports that the 
red deer in Scotland favors open land, 
to which it is better adapted than to 
forest. Its American ecologic (and per- 
haps taxonomic) equivalent, the elk 
(Cervus canadensis), was abundant 

throughout the treeless Great Plains 
until the latter part of the 19th century 
(21). Disturbance of its habitat as well 
as indiscriminate hunting (or even 
slaughter) decimated the herds, which 
are now restricted to the western moun- 
tains, where they are associated with 
woodlands as well as openings. 

Considering our poor knowledge of 
the natural habitat of the red deer in 
the Near East, perhaps we could com- 
promise by supposing that red deer 
could thrive with enough trees to sup- 
ply the charcoal fragments at Palegawra 
but not enough to be recorded by more 
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than 2 percent in the pollen rain at 
Lake Zeribar. 

After 11,000 years ago, the tree- 
pollen percentages rise steadily (pollen 
zone B), and for several thousand years 
the vegetation was probably an oak- 
pistachio savanna such as can be 
found today on south-facing slopes 
near the lower tree line of the Mesopo- 
tamian foothills. About 11,000 years 
ago there was also a sharp increase in 
Plantago (plantain), which today is 
more common in the pollen rain of the 
lower steppe than at higher elevations. 
These trends indicate a climate warmer 
and drier than that of today at Lake 
Zeribar. 

After 8000 years ago, the percentages 
of oak pollen increased more steeply, 
both in the Zeribar and the Mirabad 
sequences, and by 5500 years ago they 
reached the high pollen values of 50 
to 70 percent that have since been 
maintained (zone C). The precipita- 
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Fig. 2. (left). Selected pollen curves from Lake Zeribar, western 
Iran (17). For location, see Fig. 1. Fig. 3. (right). Selected 
pollen curves from Lake Mirabad, southwestern Iran (17). For 
location, see Fig. 1. 
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tion had apparently gradually increased 
from 11,000 years ago, although possi- 
bly the slowness of rise in oak-pollen 
percentage during this interval may re- 
flect slowness of migration of oak trees 
from distant Pleistocene refuges. 

The pollen sequence at Lake Zeribar 
is supported by other sediment analyses. 
Seeds and fruits and other plant frag- 
ments indicate that the climate before 
14,000 years ago was not really cold 
but rather only cool-temperate - no 
colder than southern Scandinavia today 
(22). Cool-temperate species of Cla- 
docera-the small crustaceans so abun- 
dant in lakes-are common at these 
levels (23). In younger sediments the 
aquatic flowering plants and the di- 
atoms (22, 24) indicate intermittently 
low water levels and thus probably a 
warmer or drier climate than before. 
Warm-temperate species of Cladocera 
became common 11,000 years ago, and 
the cool-temperate types left soon 
after (23). 

No other pollen studies have been 
completed in the Zagros Mountains or 
Mesopotamia to check the regional 
variations in Pleistocene vegetation. The 
preliminary pollen counts reporting 
palm and fir at Shanidar (25), never 
elaborated, confirmed, or published in 
any detail, unfortunately continue to be 
quoted seriously (26). Sediments with 
well-preserved and abundant pollen 
are so rare in the region that additional 
reliable information on vegetational 
history may be very difficult to obtain. 

Climatic Determinism 

Because the glacial evidence is not 
precisely datable and the vertebrate 
evidence is relatively undiagnostic in 
many respects, paleoclimatic recon- 
structions must depend largely on the 
paleolimnological evidence, particularly 
pollen, which is based on a continuous, 
well-dated fossil record that is well sup- 
ported by modern analogs. The evi- 
dence from glaciation indicates a Pleis- 
tocene climate colder than the present; 
the pollen sequence not only confirms 
this conclusion but also provides the 
detailed chronological framework for 
comparison with the cultural sequence. 
It now appears that the environmental 
change, from a cool steppe to a warm 
oak-pistachio savanna, occurred about 
11,000 years ago, at approximately the 
same time as the first manifestations of 
domestication of plants and animals. 

We therefore can no longer say that 
the environmental change was com- 
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pleted long before the cultural change, 
and therefore that the two were not 
related. Furthermore, the environ- 
mental change did not simply involve 
a vertical movement of the principal 
vegetation belts up the mountains from 
Pleistocene refuges. Woodland may 
have been completely absent from 
mountain and piedmont during the 
Pleistocene, except for riverine habi- 
tats. Although evidence from fossils 
indicates that the domesticable fauna 
(sheep, goat, ox, pig) remained much 
the same, perhaps the domesticable 
plants had a different distribution. Re- 
cent work on the wild grains provides 
some clues. 

Harlan and Zohary's (27) maps of 
the modern distribution of wild wheats 
and barley indicate that wild emmer 
(Triticum dicoccoides) is largely con- 
fined to the oak woodlands of the 
Zagros-Taurus Mountains and to the 
Palestinian area (Fig. 1); perhaps if 
the oak did not occur in the Zagros 
region before 11,000 years ago, neither 
did emmer. Consistent with this possi- 
ble history is the fact that modern 
domesticated emmer wheat is more 
closely related genetically to the Pales- 
tinian race of wild emmer than to the 
Zagros race and may therefore have 
developed from a domestication that 
took place in or near Palestine (27). 

Wild einkorn (Triticum boeoticum), 
by contrast, has its major modern dis- 
tribution on the interior plateaus and 
in the mountains as high as 2000 meters 
(Fig. 1); before 11,000 years ago, when 
the Artemisia steppe covered the moun- 
tains, wild einkorn may have been more 
common in the Zagros foothills and the 
Mesopotamian piedmont than today. 

Wild barley (Hordeum spontaneum) 
occurs in undisturbed sites primarily in 
the steppe below the mountains, and in 
the oak woodland of the foothills, 
rarely as high as 1500 meters (Fig. 1). 
Before 11,000 years ago it may have 
been confined to even lower elevations 
in Mesopotamia, or to the now-desert 
Arabian Peninsula. 

All this implies that prehistoric man 
in the Zagros Highlands before 11,000 
years ago was familiar only with ein- 
korn among the wild grains, and that 
emmer and barley immigrated or ex- 
panded subsequently. Emmer may have 
been domesticated first in Palestine, 
according to the genetic evidence, and 
then imported to the Zagros region; or 
it may have been domesticated inde- 
pendently in the Zagros area at a later 
date after the wild form had spread 
into the region as a component of the 

oak woodland. Barley likewise may 
have been a late-comer to the Zagros, 
following the climatic change of 11,000 
years ago. 

If we then assume that game animals 
before 11,000 years ago were more 
abundant in the mountains than in the 
plains, because of the greater diversity 
of topography and habitats (despite the 
relative cold and the lack of trees), and 
that man the hunter also lived mostly 
in the mountains because of the avail- 
ability of wild game for food and of 
caves for shelter, then with the change 
to a warmer climate and the immigra- 
tion of wild grains we had available the 
combination of circumstances most 
favorable for domestication of animals 
as well as of emmer and barley, ac- 
companied by shift from caves in the 
mountains to open living sites in the 
foothills, where ground was more fa- 
vorable for cultivation. 

Although I have always felt that 
cultural evolution-gradual refinement 
of tools and techniques for controlling 
the environment-is a stronger force 
than climatic determinism in the de- 
velopment of early cultures, the chron- 
ological coincidence of important en- 
vironmental and cultural change in this 
area during initial phases of domestica- 
tion is now well enough documented 
that it cannot be ignored. A much 
greater problem, of course, will be to 
prove that the environmental change 
was the cause of the cultural revolution. 
This hypothesis needs severe testing 
from many approaches. Only with more 
extensive and more detailed paleoeco- 
logic and archeologic studies of the 
critical period from 12,000 to 9000 
years ago, closely controlled by radio- 
carbon dating, can we obtain more in- 
sight into this problem which has in- 
terested the student of early man for 
two generations. 
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UFO Project: Trouble 
on the Ground 
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UFO Project: Trouble 
on the Ground 

Boulder, Colorado. The Air Force- 
sponsored investigation that was in- 
tended to still the controversy over 
unidentified flying objects (UFO's) has 
become mired in controversy itself. 

The project, conducted at the Uni- 
versity of Colorado under the direction 
of the eminent physicist Edward U. 
Condon, has been plagued with troubles 
almost as bizarre as the phenomena it 
is investigating. It has been criticized 
by reputable scientists who are inter- 
ested in UFO phenomena, embarrassed 
by publication of an indiscreet internal 
memorandum, attacked by a mass- 
circulation magazine, disowned by a 
national group of UFO enthusiasts, 
threatened with libel suits and a con- 
gressional investigation, and depleted in 
staff strength by two firings, a heated 
resignation, and a narcotics arrest-all 
before the project has even had a 
chance to publish its final report. And 
still more controversy lies ahead, for 
one of the ousted scientists is preparing 
a popularized dissenting report which is 
scheduled to be published at the time 
the Condon group's final report is made 
public. 

The full story of the Condon group's 
internal troubles is not known at this 
time, for Condon has refused to discuss 
the matter in any detail and has ordered 
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his staff not to talk to reporters. Condon 
discussed the controversy briefly in pre- 
liminary telephone conversations with 
Science, agreed to hold an interview 
with Science, then changed his mind, 
partly on the ground that his project 
should be judged by its final report 
rather than by its administrative prob- 
lems, and partly because he felt the 
situation was too "complex and emotion- 
laden" for accurate reportorial treat- 
ment. 

The University of Colorado under- 
took the UFO project in late 1966 at 
the request of the U.S. Air Force, which 
has been under mounting criticism for 
its handling of the "flying saucer" prob- 
lem over the past two decades. Critics 
claim the Air Force has consistently re- 
fused to take UFO's seriously, and some 
even charge that the Air Force has 
deliberately suppressed evidence that 
UFO's are vehicles from another world. 
In an effort to still the clamor, the Air 
Force decided to commission an inde- 
pendent study by respected civilian sci- 
entists whose word might carry weight 
with a skeptical public. 

But finding topflight scientists willing 
to tackle the somewhat "messy" UFO 
problem, where observations are diffi- 
cult, professional recognition is slight, 
and the field is cluttered with crackpots, 
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was not easy. Various scientists were 
approached informally and turned the 
Air Force down. Finally, the Air Force 
came up with a seemingly perfect choice 
in Condon, a distinguished theoretical 
physicist, former head of the National 
Bureau of Standards, and former presi- 
dent of the American Physical Society 
and the American Association for the 
Advancement of Science. Moreover, 
Condon, a tough, fearless man, known 
for speaking out on vital national issues 
and for his battles with the House Un- 
American Activities Committee, seemed 
ideally suited to handle the controver- 
sial assignment. But even Condon's arm 
had to be twisted a bit. "He was not at 
all eager," says an Air Force UFO spe- 
cialist. "He took the job out of a sense 
of duty." 

The university's contract with the Air 
Force (ultimately for about $500,000) 
became effective on 1 November 1966 
and originally called for research to be 
completed by 31 January 1968, but 
difficulty in mapping out a methodology 
necessitated extending the project until 
30 September 1968. The Condon group 
has now essentially completed its field 
investigations and is preparing its final 
report, which will be reviewed by the 
National Academy of Sciences; the re- 
port is then expected to be made public. 
But already critics are charging that the 
Colorado scientists have conducted a 
biased and less-than-diligent investiga- 
tion and that any report the group pro- 
duces will be suspect. The chief targets 
of criticism have been Condon, who is 
professor of physics and astrophysics at 
Colorado, and the project coordinator, 
Robert J. Low, who was previously an 
assistant dean at the university's gradu- 
ate school and who has recently been 
appointed a special assistant to Colo- 
rado's vice president for academic 
affairs, though he still retains some 
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investigations and is preparing its final 
report, which will be reviewed by the 
National Academy of Sciences; the re- 
port is then expected to be made public. 
But already critics are charging that the 
Colorado scientists have conducted a 
biased and less-than-diligent investiga- 
tion and that any report the group pro- 
duces will be suspect. The chief targets 
of criticism have been Condon, who is 
professor of physics and astrophysics at 
Colorado, and the project coordinator, 
Robert J. Low, who was previously an 
assistant dean at the university's gradu- 
ate school and who has recently been 
appointed a special assistant to Colo- 
rado's vice president for academic 
affairs, though he still retains some 
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