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Abstract. Plant leaves reach water balance by evaporative water loss through stomata and
water supply from leaf veins. However, it is still unclear whether water supply and transpiration
demand maintained balance during the evolution of basal angiosperms. In the present study,
we measured stomatal density, stomatal length, vein density and leaf thickness from 11 basal
angiosperm species and applied phylogenetically independent contrasts, combined with
phylogenetic trees, to detect correlated-evolution between traits. Our results showed that
along the evolutionary direction, stomatal density and vein density increased gradually while
stomatal length and leaf thickness expressed a declining trend; whether phylogeny was
considered or not, stomatal density was positively correlated with vein density, indicating
their correlated-evolution, and supporting the hypothesis that leaf water balance existed in
basal angiosperms; leaf thickness was correlated significantly with both stomatal traits and
vein density; however, after removing the phylogenetic effect, these correlations disappeared,
indicating non-correlated evolution between these ftraits. The results of the present study
revealed that the maintenance of the balance between water demand and supply, and even
CO, supply, drove the evolution of leaf structure and function in basal angiosperms
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Water balance
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Table 1 Eleven basal angiosperm species selected in this study
Y A VA R LR
Species Life form Habitat

£ 2#| Chloranthaceae

PR Sarcandra glabra (Thunb. ) Nakai 2k HEA Subshrub WM AT IR
HHEl Piperaceae

# AL Piper flaviflorum C. de Candolle A Liana WA LR
ARk FR Schisandraceae

EIN T T Schisandra plena A. C. Smith JBEAS Liana AR

¥ )\ff lllicium simonsii Maximowicz Bull. A Tree WA B, TR R ENEAL
ZE# R Annonaceae

B JE )] Desmos chinensis Loureiro FI. #EK Shrub FBE NI | ARGHEEAR I

4x#44¢ Pseuduvaria trimera Craib K Tree LWL BRI AY | 5 55 B
#Fl Lauraceae

837 Cinnamomum burmanni (Nees et T. Nees) Blume Tk Tree BRAK, AR, HEAECRE D S

et nt4R Phoebe lanceolata (Nees) Nees AR Tree Gl
A ERER Myristicaceae

= KU AR Horsfieldia prainii (King) Warburg Monogr AR Tree VA4S 5 R L 3 2

“ MR TRE Myristica yunnanensis Y. H. Li T¥ K Tree L 5 7 78 Ak 1 B b
ARZF} Magnoliaceae

T % Michelia hypolampra Dandy A Tree W3 . WAk
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MTTRE, FRETSANM, 447 ERTE
AP R AR K (R 2), BT
¥ ( Schisandra plena) W< 1L % B A%, H
65. 72 No. /mm?, i B & ( Cinnamomum burman-
ni) S FL BB E 1k 5] 458. 73 No. /mm?, 25 N #
17 £ 11 R L AR ARG [RI7E 14. 30 ~
48.07 pm Z[a]; M-k B2 AR AL i Bl R (2. 26 ~
8.58 mm/mm?), IR ( Sarcandra glabra) i)
ik B Ak, 1B ) ( Desmos chinensis) )
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Table 2 Leaf traits of the 11 basal angiosperm species examined in this study

4 SFLBBE(No. /mm?) ALK (um) ik 3 B (mm/mm?) IR EE (um)

Species SD (mean * sd) SL (mean + sd) VD (mean +sd) LT (mean + sd)
B\ 93.00 + 13.32 38.28 +3.03 3.41+0.32 336. 00 + 23.33
IR FERTF 65.72 + 11. 46 45.58 +5.03 4.86 + 0.59 273.35 + 25. 13
I 66.93 £ 22. 25 48.07 + 3. 61 2.26 £0.35 252. 14 + 20. 31
(3TN 310.93 + 38. 17 23.90 + 2.00 8.58 +0.76 148.65 + 13. 40
X ayia 309. 68 + 37. 90 21.65 + 1.57 6.65 = 0. 44 117.67 + 11.59
ik 458.73 + 66.29 14.30 + 1. 38 6.88 + 0. 60 169. 03 + 13.84
P 0-Ar 439. 77 + 55.23 17.16 = 1. 63 6.47 +0.79 120. 86 + 10. 47
2 AU A 248.92 + 34. 25 24.52 +2.23 7.08 = 0.56 282.00 + 32. 27
~HRERE 164. 02 + 24. 54 26.80 +3.24 5.19 £ 0.62 256. 72 + 27.00
FETFER 293.45 + 39.76 18.40 + 1. 29 6.41 +0.59 182. 48 + 13.48
WAL 101.64 + 13.76 29.71 +2.73 6.35 + 0.60 210.65 + 11.05
fe/IME ~ KAl 65. 72~458. 73 14.30~48. 07 2.26~8.58 117. 67 ~336. 00

Notes: SD, Stomatal density; SL, Stomatal length; VD, Vein density; LT, Leaf thickness.
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Table 3 Phylogenetic signals of leaf traits

PR s K1d P14

Traits Abbr. Unit K-value P-value
SALE R 5
Stomatal density SD  No./mm® 1.438  0.005
ALK
Stomatal length St Hm 1.779  0.001
-k 2 5
Vein density VD mm/mm? 0.650 0.103
i H LT um 0. 655 0. 041

Leaf thickness

E: K> 1, R FEZREEFTER; K< 1, Rtk
XRGR T MBI,
Notes: K > 1 indicates evolution of traits mainly controlled by
phylogeny, while K < 1 represents phylogeny affecting

traits evolution weakly.
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Evolutionary trends of leaf traits ( mean values) in 11 basal angiosperm species
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Fig. 2 Correlations of leaf vein density with stomatal density and stomatal length
across 11 basal angiosperm species ( *, P<0.05; #x, P<0.01)
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Fig. 3 Correlations of leaf thickness with stomatal density, stomatal length and vein density

across 11 basal angiosperm species ( *, P <0.05;
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