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The difficultv here is that we cannot look at 
ancient manhe directly (since we have no  
samples of it); we must instead reconstruct 
the state of early mantle depletion from vol- 
canic rocks, usually basalts, that were created 
by the melting of this mantle. 

Although it is nearly impossible to infer 
the absolute concentrations of trace elements 
in a mantle region from the concentrations 
in the basalts formed in that region, it is 
comparatively easy to determine the con- 
centration ratios of such elements in the 
melting region from the ratios measured in 
the basalts. The  Nb/U ratio is particularly 
useful in this respect because its value has 
been changed from an original Nb/U = 30 in 
the mantle before continent formation (in- 
ferred from analyses of stony meteorites) to 
a value of Nb/U = 47 in the present-day 
mantle (3). This change is clearly related 
(and complementary) to the formation of 
the continental crust, which has a value of 
Nb/U = 10 (see figure). 

Sylvester et al. ( I )  have used this "diag- 
nostic" ratio to show that basaltic rocks from 
a 2.7-billion-year-old region of Western Aus- 
tralia were derived from a mantle source with 
a Nb/U ratio (=  47) that is indistinguishable 
from that of modem mantle rocks. The onlv 
previous attempt to study the Archeanmantle 
in this fashion yielded rather ambiguous re- 
sults, seemingly indicating that the mantle at 
that time had an Nb/U ratio closer to the 
value of the undifferentiated Earth (4). In 
that study, a wide variety of ancient volcanic 
rocks from various localities had been ana- 
lyzed. Sylvester et  al. adopted a different strat- 
egy and decided to do a very systematic study 
of a single formation. They found that the 
apparently scattered results were caused by 
small but variable amounts of contamination 
of the lavas bv crustal rocks. which would 
tend to lower the N ~ / U  ratios i n d  bring some 
of them close to the "~rimitive" value of Nbl 
U = 30. Nevertheless, their least contami- 
nated samples have Nb/U ratios that are in- 
distinguishable from the value (47) of the 
modem mantle, which provides a strong ar- 
gument that 2.7 billion years ago, a similar 
amount of continental crust existed as today. 

Several im~or tan t  issues remain to be re- 
solved. One of these concerns the volume of 
the mantle reservoir that has been sam~led .  
One  formation from Western Australia can- 
not constrain the NbAJ ratio of the entire 
mantle. Similar studies need to be done on 
other continents to confirm the inference 
that a general characteristic of the ancient 
mantle has been measured. Another issue 
concerns the relatively "young" age of the 
formation studied. The period around 2.7 
billion years ago constitutes the end, not the 
beginning, of the so-called Archean period 
of Earth history. This time was marked by a 
particularly high rate of continental growth. 

A t  least, this is what numerous workers who 
have studied the ages and composition of 
Precambrian terrains on several continents 
(5) have concluded. Thus, even if the conti- 
nental crust grew irreversibly from small be- 
ginnings about 4 billion years ago, it may 
have grown to more than half of its present 
mass by 2.7 billion years ago, and the comple- 
mentary imprint on the trace element ratios 
of the residual mantle should have been al- 
ready quite significant, although not  as 
great as at present. This uncertainty means 
that similar studies must be done in even 
more ancient terrains and on different conti- 
nents before the results of Sylvester e t  al. will 

be accepted as a general constraint on the 
evolution of the terrestrial continental mass. 
Nevertheless, a crack has been made in one 
of the more intractable problems of under- 
standing the history of the ground we live on. 
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I ECOLOGY I 
Science and the Protection of 

Endangered Species 
H. Ronald Pulliam and Bruce Babbitt 

N o t  all species are equally 
susceptible to extinction, 
and some species may actu- 
ally benefit from land use 
and other changes caused 
by human activity. T o  ac- 
commodate both sustain- 
able economic development 
and the protection of bio- 
logical diversity, we need to 
know what kinds of species 
are most vulnerable and 
what kinds of human activi- 
ties most threaten them. 

On page 550 of this issue, 
Dobson e t  al. ( 1  ) demon- 
strate that "hoc spots" for 

Hawaii, Florida, and 
California have both the 
most endemic species and 
the most endangered spe- 
cies. The high number of 
Hawaiian endemics is a re- 
sult of the small size of the 
islands and their extreme 
isolation. The  Lake Wales 
Ridge and adjacent areas of 
central Florida are excep- 
tionally rich in endemic 
plants, arthropods, and ver- 
tebrates. During much of 
the past 10 million years, 
coastal Florida has been 
submerged, isolating the 

endangered species tend to California condor. An endan- higher ridges and providing 
occur where the ranges of gered species recently success- ample opportunities for 
many endemic species over- fully reintroduced into its former speciation. In California, it 
lap with intensive urbaniza- range in Ari~ona. is the coastal Mediterra- 
tion and agriculture. Endemic species have, 
by definition, a restricted geographic distri- 
bution. As the size of the geographical area 
that a species occupies decreases, its local 
density in the occupied area also decreases 
(2).  As Dobson et  al. confirm, endemics are 
prone to extinction, especially in the face of 
rapid habitat loss or degradation. 

nean climate and unusual habitat features- 
such as isolated patches of serpentine soils- 
that have resulted in high endemism. All 
three of these areas, especially California, 
Florida, and the Hawaiian island of Oahu, 
are experiencing exceptionally rapid popula- 
tion growth and economic development. In 
Florida, for example, the ridge tops that har- 
bor so many endemic species also provide the 
right microclimatic conditions for citrus Dro- 
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