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SIZE-DEPENDENT REPRODUCTION AND SEX ALLOCATION
IN FIVE SPECIES OF RANUNCULACEAE
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Abstract Reproductive allocation and sex allocation are central to plant life-history theory. Especially in re-
cent years more and more ecologists and evolutionists have focused on the sex allocation theory. Reproductive
allocation discusses the trade-off between growth and reproduction and sex allocation primarily studies the op-
timal allocation of resources to two sexes which may explain the diversity of breeding systems in plants.

To examine the adaptation of size-dependent resource allocation and discuss the effective factors on re-
source allocation the variations of reproductive and sex allocation of five insect-pollinated hermaphrodite
species in Ranunculaceae were studied in two populations located separately at East Tibetan Alpine Meadow

3500 m and Sub-Alpine Meadow 2 900 m . Sampling positions were located in Maqu 101°53" E  35°58’
N and Hezuo 102°53" K 34°55" N in Gansu Province respectively. From June to September in 2001 we
sampled stochastically by the different phenology of five species at floral stage including under- and above-
ground parts. The samples collected were individually enclosed into sampling bottles and fixed in FAA  alco-
hol formaldehyde acetic acid 8:1:1 . The samples were heated to constant weight for 10 h at 65 °C. Each
individual was dissected into different parts such as flowers androecium gynoecium and corolla etc.
roots stems and leaves then were weighed under the Sartorius Balances 107* g  and P/O pollen/ovule
ratios per flower were counted in haemacytometer under the microscope . Individual size is represented by veg-
etative biomass. Reproductive allocation is the proportion of biomass of total flowers to vegetative biomass sex
allocation is the proportion of androecium biomass to biomass of total flowers. We used the power function Y =
aX’ to analyse relationships between individual size and reproductive components.

Our results showed 1 in all five species the reproductive investment increases but the proportion of re-
production reproductive allocation decreases with increased individual size which is consistent with the pre-
vious conclusions indicating size-dependency of reproductive allocation at flowering. 2 there is significant
negative size-dependent sex allocation in these species in that the larger individual allocates more resources to
female function 1i.e. gynoecium . This means that plants can adjust the resource allocation between the two
sexes by its status at flowering to gain higher fitness. However the relationship between P/O  pollen/ovule
ratio and size is complicated and differs among species. 3 the trade-off between male and female allocation
existed and is influenced by environment. This result confirms the assumption of sex allocation theory.

Key words Size-dependent East Tibetan alpine meadow Reproductive allocation Sex allocation Ranun-
culaceae Insect-pollinated Hermaphrodite P/O
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Table 1  Regression of reproductive component y on size x during flowering periods in five Ranunculaceae species both x and y are In-transformed

Species Reproductive component N R? b
Androecium 20 0.239 8" 0.602 6
Ranunculus longicaulis Gynoecium 20 0.208 6" 0.903 4
var. nephelogenes Sex allocation 28 0.047 4™ -0.206 2
/% 28 0.137 8" -10.037 0
Androecium 19 0.2630° 0.4770
Delphinium kamaonense Gynoecium 19 0.3351° 0.538 3
var. glabrescens Sex allocation 31 0.107 2™ -0.3453
/% 31 0.002 7™ -0.2412
Androecium 16 0.562 6™ 0.853 6
Aconitum gymnandrum Gynoecium 16 0.382 4 0.791 6
Sex allocation 25 0.416 6™ -0.220 4
3% 25 0.136 1™ -1.733 6
Androecium 15 0.6358"" 0.876 4
Anemone obtusiloba Gynoecium 15 0.526 17 0.8337
Sex allocation 33 0.056 1™ -0.2275
/% 33 0.116 2" -2.8908
Androecium 14 0.317 8" 0.6737
Trollius ranunculoides Gynoecium 14 0.3200" 0.567 8
Sex allocation 29 0.190 2" -0.3149
D% 29 0.101 9™ —-13.609 0
¥ p<0.05 *x p<0.01 *xx p<0.001 ns No significance
p<0.01
2.2 2900 m SDS
2 5
b>0
b<0 3.1
b<0

SDS Size-dependent strategy

2.3 Trade-off
3 b
1 1 5 Happer
Trade-off 1977 Samson & Werk 1986 Weiner 1988 Rees &
Crawley 1989 Thompson et al. 1991 de Jong &
Trade-off b 1 Klinkhamer 1994  Schmid et al. 1995 Sugiyama &
Trade-off Bazzaz 1998 Zhang & Jiang 2002
3
Trade-off ~ Pickering 1994
5
Trade-off

Charnov 1982 SDS Reekie 1998
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Table 2 Relationships between flowering-stage resource allocation y and plant size x at the lower altitude size represented
by the biomass of vegetative organs both x and y are In-transformed
Species Reproductive component N R? b

Total flowers 10 0.289 4™ 0.819 8

Ranunculus longicaulis Reproductive allocation 10 0.019 3™ -0.1802
var. nephelogenes Androecium 10 0.154 0™ 0.702 3
Gynoecium 10 0.287 3™ 0.976 2

Sex allocation 10 0.007 8™ -0.1175

/% 10 0.025 2™ -0.2739
Total flowers 16 0.803 4™ 0.888 8

Delphinium kamaonens Reproductive allocation 16 0.060 2™ -0.1112
var. glabrescens Androecium 16 0.2630" 0.4770
Gynoecium 16 0.3351" 0.538 3

Sex allocation 16 0.152 7™ —-0.411 8

/% 16 0.005 6™ -0.061 3
Total flowers 10 0.976 9 0.944 3

Aconitum gymnandrum Reproductive allocation 10 0.128 5™ -0.0557
Androecium 10 0.944 5™ 0.714 0
Gynoecium 10 0.903 6™ 0.969 4

Sex allocation 10 0.644 0™ -0.2303

5/% 10 0.4497" -0.2553
Total flowers 20 0.158 17 0.348 4

Anemone obtusiloba Reproductive allocation 20 0.396 4™ -0.6516
Androecium 20 0.031 4™ 0.2113
Gynoecium 20 0.219 8" 0.884 0

Sex allocation 20 0.021 5™ -0.098 5

5/% 20 0.228 1" -0.6727
Total flowers 15 0.800 8" 0.828 4

Trollius ranunculoides Reproductive allocation 15 0.147 1™ -0.171 6
Androecium 15 0.367 17 0.3370
Gynoecium 15 0.490 0 0.967 7

Sex allocation 15 0.636 3" -0.491 4

/% 15 0.267 4" -0.6307

1 Notes see Table 1

3 x y Xy
Table 3 Regression analyses between reproductive resource status x and two sexes allocation y within population both x and y are In-transformed
Hezuo Maqu
Species Reproductive traits
pecles eproductive traits N Rz b N R2 b
Ranunculus . * -
Lo Androecium 10 0.4756 0.8100 20 0.465 4 0.723 4
longicaulis var.
nephelogenes Gynoecium 10 0.917 5™ 1.144 7 20 0.618 8" 1.340 8
Delphinium Androecium 16 0.160 1™ 0.3753 15 0.766 7" 1.157 8
kamaonense var. glabrescens Gynoecium 16 0.354 3" 0.558 2 15 0.3149" 0.683 5
Androecium 10 0.952 7" 0.750 6 16 0.710 7°* 0.778 9
Aconitum gymnandrum Gynoecium 10 0.921 6™ 1.024 7 16 0.125 1™ 0.367 5
Androecium 20 0.508 2 0.670 5 13 0.733 9™ 0.755 5
Anemone obtusiloba Gynoecium 20 0.860 2 1.379 6 13 0.834 8™ 0.8419
Androecium 15 0.583 7" 0.456 1 14 0.4333" 1.030 5
Trollius ranunculoides Gynoecium 15 0.699 4 1.249 0 14 0.2420" 0.646 8

1 Notes see Table 1
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