
the  decrease in resistance hecause of a n  
increase cf current in the  pat11 n-lth the  
higher c~ l r ren t .  

T h e  induction of a conductinq path in 
the absence of l1gl1t I> clearly triq:rere,lb~- the 
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stant t e i n ~ e r a t ~ r e  L7,,,., e lcueass  with higher 
c~lrrent tlow t h r ~ u e h  the conductint: p;ith . . 

ancl n-itl-i closer l~rc>simity to the f i a t  path. 
T h e  clistance across n.11ich a metallic path 

Call Duration as an Indicator of Genetic Quality 
can be iniii~ceil call he muc1-i greater than the in Male Gray Tree Frogs 
distance at \vhich a change of retlecti~lry 
clue to the formation oflnetallic patches c , ~ l  Allison M. Welch,* Raymond D. Semlitsch, H. Carl Gerhardt 
1.e Ldetected. T h e  trigger \.oltage 1s distinctly 
depenLlent on teml-rerati~re, nhereas the 
n.1iltl-i of a con~lucting path 1s not.  

T h e  s~lccessfi~l v~sua1~ratio1-i ~ 3 f  the local 
photoinduceel ILL4 transition hy the clcplcted 
iiifierential reflectlon tecl-iniili~e ot-iens the . . 
nray for a varlety of further experimental 
studies. Our  obser1.atio1-i~ nlreailv 11-iJlcate 
that the requirements for creating the tran- 
sition and maintaining the tr,lllhltion are 
f~~nilamentally different. \ri7ith respect to 4 -  
pllcatioi-is, the local I-L,1 traniition is a tool 
tor sn~itching the resisti\.ity of a inaterial by 
many orclers of magniti~cle 111 a controllal~le 
and ohserl-able \\-a,. T h e  generation anil re- 
m o d  ot one or Illore conducting paths a t  
arbitrarily chosen spots of a sanlple is per- 
forllleel by the apprnprlate cl-ioice of external 
uarameters anil monitnreid n-lth \risil-rle livl-it. 
These features suggest an application of the 
local ~hotoin~lucecd I-hl transition in the 
construction of optical sn-itching devices. In 
the experiment, a gal' nf 150 kin hetn.een 
the electrodes n.as chosen to simplify the 
imaging, and a reg~llateil Ldc ~ o \ r e r  <upply \\as 
used fc~r experimental convenience. R7i th  a 
gap iriLdth ot  25 ~ 1 1 1 ,  ho~yevcr, the aypliecl 
voltage coulcl 'e redi~cecl to the orcler of 1 I., 
\rhich can lie pro~icde~l by orilinary polver 
supplies. 
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The "good genes" hypothesis predicts that mating preferences enable females to select 
mates of superior genetic quality. The genetic consequences of the preference shown 
by female gray tree frogs for long-duration calls were evaluated by comparing the 
performance of maternal half-siblings sired by males with different call durations. Off- 
spring of male gray tree frogs that produced long calls showed better performance during 
larval and juvenile stages than did offspring of males that produced short calls. These 
data suggest that call duration can function as a reliable indicator of heritable genetic 
quality. 

T h e  "yood genesu model of sexual selec- 
tion predicts that some attril-rutes of Illale 
courtsl-iil: displays aclvertlse genetic q ~ ~ a l l t y  
Preferences t'or such attributes sl-ioulLd allon. 
ternales to mate \\.it11 high-iluality Inales 
and therel>\- 1-enefit ~ndirectly through en- 
hanced quality of offspring (1 ). Alt1-io~1gl-i 
the  qooil genes hypothesis l-ias l7eei-i tested 
aeveral times ( 2 ) ,  fell- s t u c l ~ e  have pro\-idecl 
clirect genetic eviclence supporting this h;-- 
potl-iesis (3). Only  one such stucly involved 
a species in n - l~ ich  t;males cal-inot llenetit 
directll- ti-om their choice of mates 14). 
Because selection for clirect benefits such as 
co~~rtsl-iip feeiling or parental care sl-ioulcl 
over~vl-ielm ally selection fix indirect (ye- 
l-ietic) benefits (5), the role of gooil genes 
selection in the el-olution and maintenance 
of female t?referei-ices is best tested ii-i sce- 
cies in n.l-iich females Jo not benefit ilirectly 
froin mate cholce 

Female gray tree frogs (Hyln rers~colo~) 
strongly prefer male advertise~nent calls of 
lollg duration in laboratory experilnents (5, 
7). I11 tl-ie fielcl, feinales tieely initiate mat- 
ii-igs n-it11 callii-ig males ancl do not al\vays 
choose the tirst male encountereid (7) .  Ae- 
cause males Ldo not clefenid 01-iposition sites, 
offer i-i~lptial gifts, 01 contribute ~ a r e n t , ~ l  care 
(6. 9 ) ,  and no  ilifferei-ice l-ias been found in ~, 

fertilirat~on success as a f~~l-iction ot  call Ju- 
ration (l i?),  there are no  apparent direct 
benefits of a ternale's mate cl-ioice. \X;e there- 
fore preLdicteid that females selecting mates 
witl-i long calls sl-ioulil benefit inLdirectly 

Dl\ slan 3: B1ol3gcal Sc~ences, clnl\erslty of Mlsso~r ' ,  
3 ~~ tn i s  a, b10 6621 1 ,  USA 

'To ?":h317 c3rrescametice sl?3~1ld be acizessez. E-li-a~l: 
a~~~!eIcli~3b osc~. lmbc.n~sso~~r~ edu 

through ~ncreased fitness of offspring. This 
predict1011 can be tested by evaluating the 
re la t~on l~etween paternal call di~ratlon and 
the genetic q i ~ a l i t ~  of offspring. 

Male gray tree frog aclvertisement calls 
coilsist of rap1cI1y repeated pulses. In dense 
cl-ioruses anii in response to playbacl<s, males 
tenil to increase call Ld~~ration 13) increasing 
the lli~lllber ofpi~lses per call (1 1 , 12). Noi-ie- 
theless, some males consistel-itly produce 
longer calls than others in the same acoustic 
ell\-ironmei-it (7. 12-1 4) .  Altl-iougl-i long 
calls are ~lsuallv i?rocluced at slow rates. , L 

therehy keeping aerobic inetabolic costs rel- 
ati\.ely constailt ( 1  1 , 14),  inales that proiluce 
lol-ig calls spend less tllne calling per night 
(11) ancl attenid fewer choruses uer season 
(8) than inales that proiluce short calls. Long 
calls thus appear to illlpose l-ilgher nonaero- 
bic costs than sl-iort calls. Call iluratlon may, 
tl-ieretore, be an honest ~ncdlcator of inale 
genetic i ~ u a l i t ~  

\X;e tested lvl-iether call duration ii-iilicates 
heritable genetic quality by using maternal 
half-siblingsh~ps (half-slbships) to colllpare 
the  performance of different males' off- 
spring n-l-iile exper ime~-i ta l l~  controlling for 
all lnaternal effects. Maternal half-sibships 
\\-ere generated by artificially crossing each 
female n~it1-i two males that had been piv- 

0 

111g calls of d ~ s t i n c t l ~  different durations in 
the  same social el-ivironment (Table 1 ) .  
T l l ~ ~ s ,  n.~tl-iil-i each lnaternal half-sil~sl-iip, 
one  sibsl-ii~ was sired h r  a male with calls of 
longer duration than the  male >iring the  
otl-ier slh\hit?. Recause call idusation varies 
\\-it11 chor i~s  density, males' calls must be 
assessed In tl-ie same social context in  order 
to  he validly compareil. Thus,  in 1995 we 
selected nine sets of two males that  had 
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heen calling within 2 m of each other,  anil 
in  1996 we selected six sets of two fielil- 
caught males that hail heen calling simul- 
taneously in a s~na l l  captive chorus. T h e  
mean idifference in call iluration between 
the  long- and the  short-caller in each set 
was 10.1 pulses per call 111 1995 and 15.8 
pulses per call in 1996 (Table 1);  in  labo- 
ratory exper~ments ,  female H. eji'rsicolor 
routinely base preferences o n  differences of 
as few as 2 pulses per call (15) .  Further- 
Inore, the  average call durations of ind~v id -  

i 1c not  ual males classif~eil as long-callers 1' -1 
overlap wlth the  average call Ldurations of 
in~livl~luals classifieil as short-callers ( 1  6 ) .  
Long- anLd short-callers diLd not  illffer in  
bodv mass. External artificial fertilization 
allowed ~~namhiguous  assignment of pater- 
nity, and rotation of the  egg-stripping of 
each female between the  pair of males 
eliminated the possibility of effects of fer- 
tilization oriler ( 1  7 ) .  In 1995, each of n ine  
graviLd females was art~ficially crosseil with 
a different set of males to  generate nine 
lnaternal half-sibsh~ps. I11 1996, each of 
11 gravlil females was artificially crosseil 
with at least one set of ~na les  to  generate 
16 maternal half-sibsh~ps. ,411 frogs were 
collecteLd near a pond 111 Roone County, 

Missouri. 
Because the relative performance of ilif- 

ferent genotypes can vary significantly with 
environmental conditions i 18). we reared , , ,  

the resulting tailpoles at two fooil levels, 
therebv creating an  unfavorable anil a favor- 
able g k w t h  en'ironment in which to com- 
pare the performance of offspr~ng (1 9) .  Com- 
parlson of our results with those from field 
studies indicates that our high food treat- 
ment was a realistic approxinlatio~i of con- 
d i t~ons  encountered in nature (20).  Tadpoles 
from the crosses (1995, n = 538; 1996, n = 
384) were raised ~nilividually in containers 
filleil wlth 1.0 llter of water In the lahoratory 
at the two food levels; 15 tailpoles per family 
were reared at each food level In 1995 anil 
six tadpoles per family in 1996 (21).  T o  
assess offspring performance, we used several 
variables 122) that are imnortant determi- , , 

nants of fitness in anurans, predicting future 
survival anid age and size at mati~ritv, which 
influence l i f e t h e  reproiluctive succkss (23). 

Offspring of ~nales  with long calls always 
performed significantly better than or not  
significantly illfferently from offspring of 
~nales  with short calls (24) (Table 2) .  In  
multivariate analvses where rest3onses were 
comhineLd to account for correlatlolis 

Table 1. Average calling performance of s res  exhbiting long versus short calls. For each 1995 male, 
approximately 25 consecutive calls were analyzed from field recordngs. For each 1996 male, at least 20 
min of consecutive calls were analyzed from digitally collected data. 

Call duratlon 
Year Performance Calling effort' 

Pulses per call Seconds 

1995 Long-callers 28.3 1.74 0.214 
Short-callers 18.2 1 05 0.188 
Difference 10 1 i 4.9? 0 69 -t 0.36i 0.026 i 0.040i 

1996 Long-callers 31.5 1.41 0.092 
Short-callers 15 7 0.68 0.082 
Difference 15.8 + 4.6i  0.72 + 0.24i 0.01 0 i 0.048: 

"Calling effort was measured as duty cycle-the p r 3 ~ 3 r t o n  3f time during which the ndv idua was producing 
s ~ u n d .  +P < 0 001 : paired t test 1P > 0.05; paired t test, 

Table 2. Relative performance of offspring of males exhibiting long versus short calls. A shorter atval 
period is interpreted as  better performance For all other varlabes, larger values indicate better perfor- 
mance. NS, not significant. Dashes indicate data not collected in 1995. 

1995 1996 
Parameter 

High food Low food Hlgh food Low food 

Latval growth NS* Long >> short? Long >> short Long > short* 
Larval period Long >> short NS Long >> short NS 
Metamorphic mass NS Long > short NS NS 
Latval survival Long > short NS NS NS 
Postmetamorphic - - NS Long >> short 

growth 
MANOVA X = 0 . 9 6 , d f = 3 ,  X = 0 . 8 1 , d f = 3 ,  X = 0 , 9 0 , d f = 4 ,  X = 0 7 1 , d f = 4 ,  

P = 0.0887 P = 0.0590 P = 0.01 43 P = 0.021 6 

Comblned probability x2 = 26.67, df = 8 ,  P = 0 0008 
test 

'NS = P > 0.05; unvarate ANOVA (24) +Long >> short = P < 0.01. :l:Long > shori = 0.05 > P > 0.01 

among resnonse variables 125), the m a n  
L, A . . 

effect of call iluration was significant at 
both food levels in  1996 and showeLd the 
same trend a t  both food levels in  1995 
(Table 2 ) ,  with offspring of males with long 
calls showing a general performance advan- 
tage over offspring of males with short calls. 
T h e  probability of obtaining these four mul- 
tivariate results that independently support 
the same directional hypothesis was calcu- 
lated as P = 0.0008 (Tahle 2) with the use 
of a combined prohahility test (26) .  T h e  
multivariate tests therefore support the  hv- 
pothesis that offspring performance is pre- 
ilicteil by paternal call iluration. 

T h e  sneclfic benefits realizeid hv off- 
spring of long-callers illfiereid among our 
exnerlme~ital  environments (Table 2).  Be- 
cause variatio~i in the  quality of the  growth 
environment is t ~ e d i c t e d  to influence the  
relation between larval growth and devel- 
opment (27) ,  this difference in responses 
among envlronrnents IS not ~lnexpecte~d. 
T h e  conslstencv of the  general benefit re- 
alized by offspring of 1Yong-callers in  our 
experimental environments suggests that a 
general performance advantage may be ap- 
nlicable 111 other env~ronments  as well. 

Overall, these results proviile strong evi- 
Ldence that  males with long calls relative 

u 

to those of o ther  males in  the  same social 
environment sireil offspring of significant- 
ly higher phenotypic quality than  males 
with short relative call durations. W e  can 
attribute these ohserved pheno typ~c  differ- 
ences to differences in paternal genetic 
contribution, because our comparison of 
maternal half-sibships controls for mater- 
nal genetic contributions anLd maternal 
effects. Thus ,  our results i le~nonstrate that  
r e l a t~ve  call d i l r a t~on  re l~ablv reflects ee- 
netic quality in H.  elersicoldr. Our  ilzta 
suggest a genetic correlation between slre 
call Ld~~rat ion anLl offspring performance, 
which ~mnl ies  that  each trait has a h e n -  
table basls. T h e  preference for long calls 
shoulil. therefore, enahle females to  select 
high-quality mates and benefit inilirectly 
through increaseid fitness of offspring. Re- 
cause fenlale H. ejersicolor ido not  gain 
Ldirect henef~ t s  from their choice of mate,  
the  ~n~d l rec t  genetlc benef~ t s  we have Ldoc- 
umenteil suggest good genes se lec t~on  as a 
probable explanat1011 for the  e v o l u t ~ o n  
and lnalntenance of the  female preference 
in this specles. 
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Neural Correlates of Perceptual Rivalry 
in the Human Brain 

Erik D. Lumer," Karl J. Friston, Geraint Rees 

When dissimilar images are presented to the two eyes, perception alternates spontane- 
ously between each monocular view, a phenomenon called binocular rivalry, Functional 
brain imaging in humans was used to study the neural basis of these subjective perceptual 
changes, Cortical regions whose activity reflected perceptual transitions included extra- 
striate areas of the ventral visual pathway, and parietal and frontal regions that have been 
implicated in spatial attention; whereas the extrastriate areas were also engaged by 
nonrivalrous perceptual changes, activity in the frontoparietal cortex was specifically 
associated with perceptual alternation only during rivalry. These results suggest that 
frontoparietal areas play a central role in conscious perception, biasing the content of visual 
awareness toward abstract internal representations of visual scenes, rather than simply 
toward space. 

Binocular rivalry provides a useful experl- 
mental paradlgm with which to study the 
ne~lral correlates of conscious perception (1 - 
3) .  When  dissilnllar linages are presenteii to 
the two eyes, they compete for perceptual 
dorni~~allce so that each image is visible in 
turn for a few seconds while the other 1s 
suppressed. Because perceptual tra~lsitions 
between each monocular vlew occur sponta- 
lleo~lsly without ally change In the physlcal 
stimulus, neural responses associated with 
perceptual processes call 1.e distinguished 
from those due to stimulus characterlstlcs. 
Recent neuro~~hysiological studies In awake 
Inonkeys have established that, whereas the 
flrille of most neurons in nrimarv visual cor- 
tex ( ~ 1 )  correlates with tl;e stirn;llus and not 
the percept during rivalry, activity of neurons 
at higher levels in the vlsual pathway, such as 
in the inferote~nnoral cortex, reflects the per- 
ceptual state (3).  These fllldillgs suggest that 
rivalry results from a colllnetltloll between 
a l ter~~at ive  stimulus in te~peta t lons  at a level 
heyond the stages of mo~locular processing 
early in visual cortex (4). Psychophyslcal ob- 
servations also suggest that perceptual alter- 
natloll during rivalry results from the same 
neural operations underlying other multi- 
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stable perceptual phenomena, such as depth 
reversals and ambiguous figures, that show 
similar temporal dynamics to binocular rival- 
ry (5). A l t h o ~ ~ g h  less pronounced, sllnilar 
perceptual fluctuations call also be experi- 
enced in  llorlllal vision and lnay therefore 
reflect a haslc perceptual strategy to  re- 
solve visual amhigulty (6). Yet despite slg- 
nificant interest in  the  neural correlates of 
binocular rlr~alry (1-3), the  mechanisms 
underlying these perceptual alterllatiolls 
remain unknown. 

Here we investigate these lllechanls~ns by 
characterizing neural activity associateii with 
perceptual transitions per se, rather than ac- 
tivity associated with perceptual state during 
rivalry. Our  results provide evidence for an  
i~lvolvement not only of occipitotelllporal 
visual areas in binocular rivalry, hut also 
indicate a speclfic and previously ~lnknovvll 
role for irontoparietal areas in nlediating the  
perceptual transitions experienced during rl- 
valry. These results were obtained hy mea- 
surlng brain activlty with fu~lctional magnet- 
ic resonance imaging (fMRI) in liumans 
who reported their percepts under two dif- 
ferent viewing conditiolls (7). In the f~ r s t  
c o n d l t i o ~ ~ ,  subjects vlerved dlchoptic stimuli 
collsistillg of a red-colored drifting grating 
shorv11 to one eye and a green-colored face 
shown to the other eye. These images were 
chosen hecause they are highly dissimilar 
and readily produce full-field rivalry when 
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