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method and suggests that general acid-base 
catalysis by nucleotide side chains is a mech­
anism that can be used in RNA-catalyzed 
reactions. 
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Female preferences for ornaments that indi­
cate male genetic quality would allow fe­
males to enhance the viability of their off­
spring (7). Evidence of female preference for 
traits indicative of "good genes" has been 
found in some species (2). In birds, several 
studies have found evidence for enhanced 
survival of offspring fathered by highly orna­
mented males (3, 4), but it remains possible 
that this effect is a result of differential fe­
male investment in the offspring of these 
males. Differential investment by females in 
chicks fathered by attractive males has been 
experimentally demonstrated in lab and field 
studies (5). 

Although some of the studies reporting 
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good-genes effects in birds have attempted to 
control for maternal effects, these studies 
have only considered investment after laying 
(4). However, it is possible that differential 
investment may occur before laying. Females 
of several bird species deposit varying 
amounts of testosterone in their eggs (6-9), 
and this variation influences the development 
of the chick. Chicks that hatch from eggs with 
high amounts of testosterone beg for food 
more intensively, grow faster than other 
chicks, and are more likely to become dom­
inant once they fledge (6, 10). 

We predicted that female birds would 
deposit higher amounts of testosterone 
when mated to attractive males than when 
mated to,less attractive males. In the zebra 
finch (Taeniopygia guttata), the attractive­
ness of the male can easily be manipu­
lated by using leg bands of different colors. 
Females pair preferentially with red-band­
ed males and avoid green-banded ones. 
This manipulation has a more substantial 
effect on male attractiveness than any other 

Male Attractiveness and 
Differential Testosterone 

Investment in Zebra Finch Eggs 
Diego Gil,*t Jeff Graves, Neil Hazon, Alan Wells 

Good-genes hypotheses of sexual selection predict that offspring fathered by 
preferred males should have increased viability resulting from superior genetic 
quality. Several studies of birds have reported findings consistent with this 
prediction, but maternal effects are an important confounding variable. Those 
studies that have attempted to control for maternal effects have only con­
sidered differential maternal investment after egg laying. However, female 
birds differentially deposit testosterone in the eggs, and this influences the 
development of the chick. This study shows that female birds deposit higher 
amounts of testosterone and 5a-dihydrotestosterone in their eggs when mated 
to more attractive males. 
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head start in sibline rivahv 18). Both increas- water homogenate wi th 3 m l  of ether. Ether fractions 17. W. C. Cause and I .  A. Marsh, Clin. lmmunol, lmmu- 
u , ~ ?  

ing and decreasing alnoullts of testosterolle were decanted from the snap-frozen egg ~olk-water  nopathol. 39, 464 (1986): A. H. W. M. Schuurs, H. 
phase, pooled, and then dried under a stream of Dietrich, J. Cruber, G. Wick, lnt. Allergy lmmunoi. 97, 

with laying order of eggs have been described nitrogen, The dried extract was redissolved in 337 (1992). 
in different species (6, 8, 9). This has been ethanol and kept overnight at - 2 0 " ~ .  Precipitated 18. Reviewed by N. Hillgarth and J. C. Wingfield, in 

interpreted as maternal manipu~ation to ame- proteins and lipids were separated by decanting after Host-Parasite Evolution, D. H. Clayton and J. Moore, 

liorate or impair, respectively, the survival 5 m i n f  centrifugation at 13009, and the ethanol Eds. (Oxford Univ. Press, Oxford, 1997). pp. 78-104; 
was dried under a stream of nitrogen. The dried A. I. Al-Afaleq and A. M. Homeida, lmmuno- 

prospects of the last-hatched chicks. Zebra extract was redissolved in 1.5 m i  of assav buffer. pharm. Immunotoxicol. 20, 315 (1998); 8. Verhulst, 
A .  

finches do show asynchronous hatching, but Extraction efficiencies were assessed in each assay S, J. Dieleman, H. K. Parmentier, Proc. Nati. Acad. Sci. 

it is pronounced ill the lab than in the and were on average 70%. Testosterone (T)  '- 5n- U.S.A. 96, 4478 (1999); A. F. H. Ros, T. G. G.  
dihydrotestosterone (DHT) concentrations were Croothuis, V. Apanius, Am. Nat. 150, 201 (1997); D. 

field (20). The amount of T and DHT that measured by radioimmunnoassay. The established Hasselquist, J. A. Marsh, P. W. Sherman, J. C. Wing- 

female zebra finches deposited in the egg intraassay cbefiicient of variation is 5.0%, and the field, Behav. Ecol. Sociobiol. 45, 167 (1999). 

declined with the position ill the laying se- interassay coefficient of variation is 11.3% [BIOTRAK 19. D. W. Mock and G. A. Parker, The Evolution of Sibling 
testosterone1dihydrotestosterone (3H) assay system Rivaly (Oxford Univ. Press, Oxford, 1997). 

quence, regardless of males' leg-band color Code TRK 600: Amersham Pharmacia Biotech). The 20. R. A. Zann, The Zebra Finch (Oxford Univ. Press, 
(Fig. 2), suggesting that females are reinforc- 
ing the feeding hierarchy within the brood. 
This could be adaptive when food coilditioils 
are poor or very unpredictable. If the proba- 
bility of brood reduction covaried with male 
quality-that is, if brood reduction were less 
liliely when females were paired to attractive 
males--then we would expect that testoster- 
one \\.ould be more evenly distributed within 
the clutches fathered by red-banded inales 
than in those fathered by green-banded 
males. However, the regression slopes of an- 
drogens with egg laying order were not dif- 
ferent between the two conditions (Fig. 2), 
suggestiilg that the conditioils leading to 
adaptive brood reduction in this species are 
more dependent on ellvirollmelltal co~lditiolls 
than on inale quality. 
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Neanderthal Cannibalism at  
Moula-Guercy, Ardeche, France 
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The cave site of Moula-Cuercy, 80 meters above the modern Rhone River, was 
occupied by Neanderthals approximately 100,000 years ago. Excavations since 
1991 have yielded rich paleontological, paleobotanical, and archaeological as- 
semblages, including parts of six Neanderthals. The Neanderthals are contem- 
porary with stone tools and faunal remains in the same tightly controlled 
stratigraphic and spatial contexts. The inference of Neanderthal cannibalism 
at Moula-Cuercy is based on comparative analysis of hominid and ungulate 
bone spatial distributions, modifications by stone tools, and skeletal part 
representations. 

Baulne ("cave") Moula-Guercy is in south- 
eastern France on the west bank of the Rhone 
River. in Ardeche. The stratigraphic sequence 
is exclusively Middle Paleolithic. A test ex- 
cavation in 199 1 revealed 12 horninid sltele- 
tal fragments, some with cut marks (1 ) .  

The lo\\rest exposed units (levels X\'I to 
XX) represent a cold period that is biochro- 
llologically dated to the tellninal Middle 
Pleistocene (isotope stage 6) .  The upper units 
(levels I i7  to XI) represent a cool period 
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col~esponding to isotope stage 4 .  Level i 7 1  is 
volca~lic tephra dated to 72,000 i 12.000 
years ago (2). A thick and homogenous de- 
posit (levels XI1 through X\') between the 
upper and lower units co~ltai~ls an abu~ldant 
fauna representative of a temperate forest. 
We intelyret the data to indicate an Eemiall 
age for the latter deposits (isotope stage 5. 
80.000 to 120,000 years ago) (2). The Nean- 
derthal fossils all derive 60111 level Xi7 .  a 
temporary Mousteriall (Middle Paleolithic) 
occupatioll thought to date to between 
100,000 and 120,000 years ago on the basis 
of bioclxonologies of large and sinall ~nalnmals 
(2). Approximately 30% of the estilnated vol- 
ume of this unit has been excavated (Fig. 1) .  
Contemporal-y European sites are rare. bloula- 
Guercv's detailed naleoe~lviro~u~le~ltal and be- 

Boulevard Franck Pilatte, 06300 Nice, France. 4UMR havioral records coIllplemellt its ~ ~ ~ ~ ~ d ~ ~ ~ l ~ ~ l  
6636 du CNRS, 5 Rue du Chateau de I'Horloge, Boite 
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remains in illumi~lating the trallsitioll fiom the 

site de Provence, Aix-Marseille I, France. 'Musee Re- Middle the 
quien, Rue Joseph Vernet, 84000, Avignon, France. Level X\' contains a lithic assemblage 
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