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ilies5• Second, yuccas control larval den
sities of pollinators more effectively than 
they do non-pollinators. Because about 
90% of pollinated flowers abscise6, and 
because abscission of flowers can be selec
tive 7, pollinators experience high 
larval mortality. By ovipositing in young 
fruit, of which only about 10% abscise, 
non-pollinators frequently have a greater 
impact on seed production than do pol
linators. It is of continuing interest to 
determine the mechanisms regulating 
the frequency and impact of this and 
other forms of 'cheating' (see ref. 8) in 
yucca/yucca moth mutualism. 
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Atlantic forest 
extinctions 
SIR - High estimates of future extinction 
rates1 derived from deforestation figures 
appear to be seriously undermined by data 
from South America's Atlantic forests2• 

Here, nearly 90% of the rainforest has 
been cleared, yet no bird s~ecies has so far 
been shown to be extinct . Is the forest
loss-to-species-loss extrapolation "simply 
wrong"2, because forest species survive in 
disturbed habitats3? Could extinctions 
have occurred historically, but unnoticed, 
as on Pacific islands4? Or is there a time
lag between deforestation and extinction1, 

with many species now in serious danger? 
The species-area relationship, S = cAz, 

predicts how many species, S,,, of an origi
nal pool, S 0 , survive a reduction in forest 
area fromA0 to An; c and z are case-specif
ic constants. Thus, S0 = S0 (A0 /A 0 )'. For 
reasons justified elsewhere5, we set z = 0.25 
and consider only endemic species. Non
endemics would survive elsewhere were 
the region entirely deforested 1•5• Using 
published estimates of S0 andA0 /A0 for the 
entire Atlantic forest3•6 and for endemic 
bird areas3•7 within it, we predict the num
ber of extinctions, S,, from Se = S0 - Sn
The box above compares these predictions 
with the latest counts8 of how many 
endemic birds from each area are threat
ened by habitat loss (Sr)- These threatened 
species were identified independently of 
species- area predictions, and have "a high 
probability of extinction in the medium
term future"8• We include Alagoas curas
sow, Mitu mitu, listed as "extinct in the 
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The endemic bird areas (EBAs) of Brazil 's 
Atlantic forests. Data for the various EBAs 
are given in the table below. In the values 
for the whole Atlantic forest, S0 equals the 
sum of endemics from the EBAs (11 + 2 + 
57 + 4 = 74) plus 140 endemics found 
more widely wit hin the region. Simi larly, S, 
equals the sum of the threatened endemics 
from the EBAs (9 + 2 + 27 + 2 = 40), plus 
an additional 20 more widespread threat
ened endemics. The proportion s, / S0 is not 
constant across these areas, but correlates 
with the proport ion of extinctions predicted 
by deforestation, Se / S0 • 

Name EBA Proportion of 
of area code forest remaining 

(A,./A0 ) 

Alagoan Atlantic B47 0.02 
slope 

Bahian deciduous B48 0.06 
forest 

B51/52 0.12 

B54 

Whole region 0.12 

wild", but exclude any species threatened 
solely by tiny ranges, direct exploitation or 
future (rather than current) deforestation. 

Do endemic bird areas hold threat
ened species simply in proportion to the 
numbers of their endemics (S, ex: S 0 )? The 
data reject this hypothesis. In endemic 
bird areas with 12-20% forest remaining 
(B51/52 and B54), 29 endemics are 
threatened (32 are not), whereas in areas 
with 2- 6% forest (B47 and B48), 11 
endemics are threatened, but only 2 are 
not (x2 = 5.93; 1 d.f.; P < 0.02). The 
alternative hypothesis is that the propor
tions of threatened species, S,!Sm corre
late with the proportions of extinctions 
predicted from deforestation S,!S0 • They 
do; r = 0.72. Consequently, for the two 
groups of endemic bird areas, the data do 
not reject the hypothesis that S, and the 
non-threatened species S0 - Sr equal the 
independently derived Se and S0 - S,, 
respectively (x2 = 4.01; 2 d.f.; P > 0.1). 
Finally, as found elsewhere', more 
endemics restricted to single endemic 
bird areas are threatened ( 40 of 7 4) than 
ones found more widely within the region 
(20 of 140; x2 = 38; 1 d.f.; P < 0.01). 

If Atlantic forest endemics were adapt
ed to survive forest fragmentation2'3, we 
would count significantly fewer threat
ened birds than deforestation predicts 
(S, > S1). We do not. We would also count 
fewer threatened species if the forests lost 
them before they became known to 
science. The kinglet cotinga, Calyptura 
cristata, has not been recorded this 
century8. Other species may have escaped 
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Endemic bird Extinctions 
species (S0 ) predicted from 

forest losses (S0 ) 

11 7 

2 1 

57 24 

4 1 

214 (= 74+140) 88 

Currently 
threatened 
species (S,) 

9 

2 

27 

2 

60 (=40+20) 

documentation altogether, but our data 
suggest that such cryptic losses were rare. 

The time-lag between deforestation 
and extinction is thus the best explanation 
for the similarity between the observed 
numbers of threatened Atlantic forest 
endemics and the numbers expected from 
deforestation. Forest clearance is leading 
to bird extinctions in these forests, at 
levels predicted by simple species-area 
analyses. Without immediate conservation 
action, the numerous Atlantic forest 
birds (and untold numbers of other taxa) 
currently threatened will soon be extinct. 
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