
news and views 

Deer destiny 
determined 
by density 

most beneficial to sons. This is because a 
heavily provisioned son will have a good 
chance of enjoying the bonanza associated 
with holding a harem (Fig. 2a). Mothers in 
poorer condition, on the other hand, can 
allocate fewer resources to their offspring so 
should prefer the less variable return they 
obtain from daughters. 

The most compelling support for the 
Trivers-Willard hypothesis comes from 
long-term studies of the red deer living on the 
Scottish island of Rum. Here, in the 1980s, 
Tim Clutton-Brock and his colleagues 
demonstrated all the separate elements of the 
hypothesis·..!. Some female deer are 
dominant to others, and this dominance 
enhances the lifetime reproductive success 
of their offspring. However, higher rank 
increases the reproductive success of sons 
much more rapidly than that of daughters. As 
predicted. Clutton-Brock and colleagues 
found that dominant females are more likely 
to produce sons, whereas low-ranking 
females are more likely to produce daughters. 

Andrew Cock burn 

Theory predicts that socially dominant females will produce more sons 
than daughters. But when times are hard, the higher growth rate of 
males means that proportionately more will die during development. 
New work shows that, In red deer, these effects can operate In concert. 

W
hen friends or relatives have a 
new baby, we inevitably ask about 
its weight and sex and e..':pect the 

answers to be followed by the qualitative 
observation that mother and baby are "doing 
well". The relationship between offspring 
condition and sex, and maternal condition, 

, lies at the heart of one of evolutionary 
biology's most famous predictions - the 
contention by Trivers and Willard' that, 
in polygynous mammalian societies (where 
some males can mate with many females), 
mothers in good condition should produce 
sons, whereas mothers in poor condition 
should produce daughters. This hypothesis 
has been difficult to test, but Loeske Kruuk 
and her colleagues1 have now used superb 
long-term data from red deer (CCrI'US cla
ph us; Fig. I) to cast the Trivers-Willard 
hypothesis in a new light. Their results, 
reported on page 459 of this issue, may help 
to explain the inconsistency among previous 
studies of mammalian sex ratios '. 

The Trivers-Willard hypothesis is con
ceptually straightforward, as long as the 
mother produces one infant at a time. A 
mother can allocate a certain amount of 
resources to her child, and she should not 
breed if she does not have at least the mini
mum resources required by her baby. But 
what if she has more than this minimum? 
The optimum sex for her offspring will then 
depend on the relationship between the 
extra resources given to her child and the 
number of offspring the child produces, 
which, in turn, determines her number of 
grandchildren. The sex of the offspring is 
significant here because, in polygynous 
mammals such as antelopes, elephants, seals 
and some primates, sons will often have 
much more variable reproductive success 
than daughters. 

Some sons gather large harems because 
they are more attractive or better fighters 
than other males. These sons have the poten
tial to be exceptionally successful, as they can 
sire the offspring of many females each year. 
But, as a corollary, this may mean that other 
sons never acquire a mate. By contrast, most 
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daughters will be able to find a mate and rear 
young, but there is a limit to maximum pro
ductivity - their reproductive lifespan. So, 
according to the Trivers-Willard hypothesis. 
if the enhanced condition from heavy mater
nal investment is maintained by the infant 
into adul~hood, such investment will be 

Figure I Dense deer- the red deer (Cervus 

elaphlls). Kruuk and colleagues' have found that 
the sex ratios of offspring are affected by 
population density. 
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This influential work has inspired many 
studies of other species, from elephants and 
bison to mice and shrews. Bu t support forthe 
hypothesis has, at best, been inconsistent, or 
based on data that provide only some of the 
links in the chain of logic. Unfortunately, 
such partial support may be inconclusive. 
Even when almost all the links are present, 
we cannot necessarily assume that the chain 
will be completed6

• Moreover, there are alter
native explanations for certain sub-com
ponents of the Trivers-Willard hypothesis, 
which are not always acknowledged. For 
example, it is often reported that mothers 
in poor condition are more likely to have 
daughters, without showing that those in 
good condition produce sons. In this case, 
overproduction of daughters can be 
explained by an alternative hypothesis. 
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Additional investment by mother 

Figure 2 Two theories to explain the observed sex ratios in red deer populations on the island of Rum. 
a, The Trivers-W'illard hypothesis states that, as mothers invest more heavily, they will gain a more 
rapidly increasing return (number of grandchildren) from sons than from daughters. So, there 
should be a point at which they switch from preferring daughters to preferring sons. In red deer, this 
point is associated with female dominance rank. b, An alternative hypothesis predicts that males may 
have a disadvantage early in their life because they grow rapidly, predisposing them to fetal mortality 
when resources available to their mother are in short supply. Attempts to breed by dominant red deer 
are unaffected by increasing density, which may predispose some high-ranking females to carry sons 
that die in IItero. 
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Because large size assists males in the compe
tition for females. rapid growth of males will 
be favoured by selection. So. sons may be 
more likely to die. either in the womb or dur
ing infancy. if their mothers find themselves 
in adverse conditions and cannot provide 
additional investment' (Fig. 2b). 

Kruukand colleagues1 have now revisited 
the red deer on Rum. On certain areas of 
the island the population of red deer has 
increased because culling is not allowed. The 
authors found that. as the population densi
ty has increased in these areas. so the tenden
cy of high-ranking females to produce sons 
has disappeared. Not only that. but the birth 
sex ratio as a whole is now biased towards 
females. A direct relationship to density 
seems likely because the correlation between 
condition of the mother and sex of her 
offspring persists elsewhere on the Island. 
where culling is permitted and the popula
tion density remains low". 

How does this change with density relate 
to the Trivers-WilIard hypothesis? It mar be 
associated with increased vulnerability of 
male fetuses to mortality. In dense popula
tions there will be increased competition for 
limited food and other resources. and. in red 
deer. the growth of male fetuses is much more 
sensitive to such changes in environmental 
conditions than that of female fetuses'. 
Kruuk and colleagues found that high-rank
ing females tend to reproduce each year. even 
in areas of high population density. So. more 
of these females may fall into the real m where 
fetal mortality is high (Fig. 2b). masking their 
tendency to conceive more sons. Such inter
actions may explain some of the inconsistent 
results in the literature. For example. Kruuk 
and colleagues point out that there has never 

Display technology 

been positive support for the Trivers-WilIard 
hypothesis from high-density populations of 
hoofed mammals. 

Unsurprisingly. some questions remain. 
Why do dominant females breed every year'f 
irrespective of population density? And what 
is the relationship between a mother's domi
nance and the lifetime reproductive success 
ofher offspring now that density is high? Per
haps most important. the goalposts for tests 
of the Trivers- Willard hypothesis have been 
pushed back even further. The ability to 
match data on lifetime reproductive success 
with those on population density will be 
rare, except when studies persist through the 
lives of many generations of offspring- well 
beyond the term of a research grant or PhD. 
Indeed. where would the studv of mam
malian sex ratios stand if the red deer study 
had started when densities were already 
high. or it had terminated prematurely. 
before the effects of density could be appreci
ated? 
AII.!rc\\' C:ockbllrll IS 1/1 tile E"oIIlIIOII"'" Ecol{lgy 
Grollp. D"'i"oll of Bot,,"), .lrId ZooIOK': AlIslm/i.." 
NullO,,,,1 U,lIIwsit): Call/r~rra. AlIslm/loll C"pital 
Terrilory' 0200. AlIstra/",. 
t.·~"IlI,I: lItuircw.cockburtJ@arru.ctiu.au 
1 Tm"\'r ... I{ L & '\':II.ud. ll E. \~I&""L' 179. "H)...~l ( IQ7J). 

MJuL. l [ n. Cluuun-Umck. T H ,Alhun. S 11.I\:mht:rhln. 
1 \t & loUlnnos, F. [ SoJ'urt 399. ·,.lOCJ-4bl (ImJ. 

, (luttUn.- UIlKk. T. H &: la\(ln, (. R. Q Rn HIIII 61. 3'9-\;4 
(1./10 1. 

" Lhll1on. UnH.k. T H . AI~IIl. 5 [l &. GUlmlt"~\, F. [ ,""tur,' 308. 
358-)60 ' 11JK4 , 
Clulton. nru<k. T H, AI~I11 . S [) &. GUlmll"~s, F [ AIII/II 
nt·hal' ).4.46f~ 1 1 ( I~K6 ' . 

(, I\.r.1dow,~nc"cn [.01. ,"""111/1111( .1.415--0141 11'1971 
1 L1uuon· nnKk. T. H , Alhun, ~ U. & GUIl1n~"'S, F (. Mllllr,')Il, 

131- 13 \ (l9H~ t . 

H Flint,A. P Ft AIt)un . ~. D. &. jJf.n, 5.1. eft ll CCHtlr [ " dCHlHffl 

106. J 74-JHJ ( 1'19; /. 

q. Pu'l, E.. I...J.nS\·.ltn. R , Fun .. hhJIllITIL'r, M c: & Sll'n~lh, N C 
I)rue l-':utl o\wtl XI U.!l A 96, .J.Jfl7-4471 (1'1'1'1 ). 

Glowing developments 
Karl Zlemelis 

If you are a regular reader of Nature, the 
following description may sound famil
iar. A group of researchers have reported 

the discO\'ery of an unusual physical 
phenomenon. the characterization of which 
promises new understanding of an im
portant scientific question. At the end of 
the paper, however. the authors also raise 
the tantalizing possibility that the same 
phenomenon may find widespread applica
tion in a technological context. As so few of 
these promised applications seem to mate
rialize. it could be argued that they repre
sent little more than wishful thinking on 
the part of the authors. But occasionally a 
seemingly far-fetched claim of practical rel
evance does indeed live up to expectations, 
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and does so quickly. One of these success 
stories was celebrated, by both academia 
and industry. at a conference last month'. 

The phenomenon under discussion was 
the electrically driven emission of light 
(electroluminescence) from non -crystalline 
organic materials - both polymeric and 
low-molecular-weight systems - the dis
covery of which was announced barely ten 
years agol.~ . The proposed application is in 
flat-panel light-emitting displays. several 
impressive prototypes of which were exhib
ited atthe meeting (Fig. I). 

Electroluminescence is usually har
nessed in a device structure called a light
emitting diode (LED): essentially a thin film 
of a semiconductor (or several semiconduc
tors) sandwiched between two electrodes . 
On applylOg a voltage. electrons enter from 
one electrode. positively charged 'holes' 
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from the other. Recombination of an elec
tron and a hole. within the body of the 
semiconductor. produces a photon. and so 
leads to the emission of light. LEDs based 
on crystalline inorganic semiconductors 
have a long history. and their performance 
has improved steadily since their creation. 
It is when viewed in this context that the 
recent progress made with semiconducting 
organic materials seems so remarkable (Fig. 
2). 

Consider the e1ectroluminescent poly
mers. The firsr polymer LED emitted 
green· yellow light with a quantum effi
ciency (photons emitted per electron 
injected) of no more than 0.05%. Even 
when driven by a relatively high voltage 
( > 10 V), one needed to be in a darkened 
room to stdnd a chance of seeing the glow. 
Moreover, the early devices were extremely 
short-lived. usually lasting no more than a 
few minutes. Hardly a promising basis for 
the displays of the future! But only nine 
years later. operational voltages of < SV. 
efficiencies of several per cent (the devices 
can be almost too bright to look at) and 
lifetimes of order 1,000-10,000 hours 
appear to be the norm. And the range of 
colours now available effectively spans the 
entire visible spectrum. 

This remarkable advance in perfor
mance can be traced to progress on several 
fronts. First, to achieve the efficient - and 
balanced - injection of electrons and holes 
required to obtain a high photon yield. 
control of the electronic properties of the 
semiconductor-electrode interfaces has 
proved crucial (M. Schworer. Bayreuth). 
This has invariably led to the introduction 
of at least one additional organic layer 
WIthin the device structures, to facilitate the 
injection and transport of the charged 
species (usually the hole~) against which 
the light-emitting material is predisposed. 
The introduction of such a layer has the 
additional advantage of moving the zone of 
emission into the body of the device, and so i 
away from an electrode interface. where . 
impurities can trap the charges and enable 
them to recombine non-radiatively. (See 
ref. 3 for a review.) 

Second has been the marked increase in 
device lifetime. the key to which has been 
to understand and control the degradation 
processes within the organic materials. In 
the case of the polymers, systematic studies I 
have helped to characterize the nature of i 
any structural defects within the polymer 
chains resulting from undesirable reactions 
in the polymerization process; such infor
mation has then guided the development 
of improved syntheses (H. Becker. Co
vion). More generally. the expansion in 
material production from laboratory to 
industry scales has reduced chemical 
impurities to levels more commonly asso
ciated with the pharmaceuticals industry. 
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