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     Optimal leaf size and shape depend upon a leaf’s environ-
ment, especially physical factors such as light levels, heat dissipa-
tion, and water availability, conductance, and loss. Biological 
interactions such as competition with other plants, herbivory, 
pollination, and seed dispersal also infl uence optimal leaf size 
and shape ( Givnish, 1979 ;  Bond and Midgley, 1988 ;  Brown et al., 
1991 ;  Dawson and Geber, 1999 ;  Geber et al., 1999 ;  Westoby 
et al., 2002 ;  Bañuelos et al., 2004 ;  Delph et al., 2009 ;  Malhado 
et al., 2009 ;  Harris and Pannell, 2010 ). In dioecious species, 
selection would be expected to favor different leaf sizes in males 
and females whenever the sexes experience distinct physical or 
biological environments. For example, because female plants 
generally invest more than males in reproduction ( Obeso, 2002 ; 
 Wheelwright and Logan, 2004 ), they may be restricted to more 
benign habitats with higher light levels or water availability, or 

their growth rate, compromised by the costs of reproduction, 
may limit their height, thereby exposing them to more shady 
environments. In either case, males and females would be 
expected to differ in leaf traits (ecological causation hypothesis). 
Alternatively, intrasexual competition among males may favor 
branching patterns that enhance pollen dispersal and, indirectly, 
leaf sizes distinct from females (sexual selection hypothesis) 
( Midgley, 2010 ). Genetic correlations between morphological 
traits or between life-history stages may infl uence leaf traits dif-
ferently in males or females, or correlations between sexes may 
constrain the independent evolution of sex-specifi c leaf traits 
(genetic correlation hypothesis) ( Slatkin, 1984 ;  Poorter, 2007 ). 
For example, artifi cial selection on fl ower size can result in cor-
related evolutionary responses in leaf traits ( Delph et al., 2009 ). 
Such constraints could partly explain why leaf traits generally 
show lower sexual dimorphism than reproductive traits even 
though phenotypic variation is greater in leaves than in fl owers 
( Arendt, 2007 ). Nonetheless, sexual dimorphism in leaf size 
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( N  = 1841). F 1  leaves were measured again in 2002 and 2010 ( N  = 55 and 974, 
respectively), when trees were 18-, 21-, 26- and 29-yr old (depending whether 
they were from the 1981 or 1984 cohort). From each parental and F 1  tree, 10 
haphazardly chosen leaves were collected from at least three different branches 
1.5–2.5 m off the ground. We avoided small or incompletely expanded newly 
emerged leaves such as those found at the tips of branches, or unusually big 
leaves such as those on stump sprouts. For F 2  seedlings, we could only measure 
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 P  < 0.0001,  t  = 5.0,  NW
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 Given that our estimates of  h  2  were not statistically signifi -
cant, they should be considered only tentative. Nonetheless, 
they suggest that a sizeable portion (ca. 60%) of the phenotypic 
variation in leaf length of adult trees could be due to additive 
genetic variance ( Fig. 4A ). The positive correlation between 
mean leaf lengths of male and female siblings, although not 
signifi cant because of small sample sizes (Spearman rank:  r  s  = 
0.52,  N  = 9,  P  = 0.16;  Fig. 1 ), also suggests that there is additive 
genetic variation for leaf length. 

 DISCUSSION 

 Female trees of  Ocotea tenera  have leaves that are roughly 
10% bigger than male leaves (8% longer, 5% wider, 12% larger 
area). By observing trees planted as seedlings of known-mater-
nity in experimental plots, we were able to eliminate the possi-
bility that sex differences in leaf size were due to the habitat in 
which a tree occurred, its age or the genotype of its mother. 
Sexual dimorphism in leaf size is rare among plants but where 
it occurs (e.g.,  Silene latifolia ,  Simmondsia chinensis ) ( Kohorn, 
1994 ;  Delph et al., 2002 ), females tend to have bigger leaves 

in males between leaf length and width and factors such as 
number of leaves, maximum trunk diameter, or age or size at 
fi rst reproduction ( P  > 0.10). 

 Heritability estimates  —     Heritability estimates for leaf length 
using  H2boot  ( Phillips, 2012 ) with data from 11 female trees 
and their reproductively mature male and female offspring were 
positive although not statistically signifi cant ( h  2  = 0.63, SE = 
0.48,  P  = 0.095). A regression of mid-offspring leaf length on 
maternal leaf length yielded a slope of 0.29, which yielded a 
similar estimate ( h  2  = 0.58,  P  = 0.14). When we restricted the 
analysis to female trees and their female offspring alone (in ef-
fect, treating female leaf size as a character distinct from male 
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habitat under natural conditions, commonly as nearest neigh-
bors ( Wheelwright and Bruneau, 1992 ), and trees grown in the 
experimental plots shared the same environment, so sexual dif-
ferences in leaf dimensions were not due to spatial segregation 
of the sexes in distinct habitats ( Midgley, 2010 ). Nor were 
ecophysiological differences at a local scale a likely explanation 
because we collected leaves of males and females in the same 
habitat and from the same height above ground, where they pre-
sumably experienced similar light, heat dissipation, water trans-
port and water loss conditions. Thus, the ecological causation 
hypothesis seems unlikely. We cannot rule out changes in leaf 
shape as a correlated response to sexual selection on fl ower or 
stem size ( Midgley, 2010 ), but this seems improbable because 
male leaves of  O. tenera  are smaller than in females even though 
their fl owers, trunk diameter, and height are bigger ( Wheelwright 
and Logan, 2004 ). We did not quantify branching patterns, but 
even if they differ between the sexes, infl orescences are axial, 
not terminal, so architectural constraints alone ( Bond and Midgley, 
1988 ) are unlikely to drive the evolution of sexual dimorphism 
in leaf size in this species. 

 The most compelling explanation for sexual dimorphism in 
leaf size in  O. tenera  may relate to gender differences in repro-
ductive investment. As in the case of  Leucadendron  spp. ( Harris 
and Pannell, 2010 ), female trees of  O. tenera  have to support the 
development and maintenance of relatively expensive fruits over 
a period of months. Perhaps females must produce bigger leaves 
to compensate for having to divert scarce nutrients to fruits and 
seeds and for having lower per-area photosynthetic capacities 
than males ( Wheelwright and Logan, 2004 ). By having larger—
but fewer and more widely spaced—leaves than males, females 
may also increase light exposure to their fruits, which would 
allow fruits to make photosynthetic contributions to their own 
construction costs ( Wheelwright and Logan, 2004 ). In addition, a 
more open canopy could make females’ fruits more visible to 
avian seed dispersers. On an ecological (as opposed to evolution-
ary) time scale, however, we failed to fi nd any relationship within 
individual trees between leaf size and reproductive effort or life 
history traits. In the absence of any relationship between leaf size 
and lifetime seed production (a proxy for fi tness), our study sheds 
little light on how natural selection currently acts on leaf size. 
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