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Table 1 Total leaf number and leaf longevity of different stem
size class of all sample plots

Size ciass{cm) 2 4 6 8 10 12 u 16 18 20
THWE

Height(m) 4.76 6.36 7.75 9,02 10,04 10,74 11,56 11.80 12,12 12,40
B ILA K 31 210 217 239 159 162 97 48 23 6

No. of trees

érer% /il Leaf number/percentage (%):

B 48 1355 3223 6411 6747 10000 8220 6021 3267 1058
Total 100 100 100 100 100 100 100 160 100 100
W AE 4 22 641 1560 3154 3360 5040 4176 3083 1682 549
Current 45,8 47,3 48.4 49,2 49,8 50,4 50,8 51,2 51,5 51.9
1 8 & 18 511 1215 2423 2550 3780 3107 2276 1235 400
1-year-old 37.5 37.7 37.7 37.8 87.8 37.8 37.8 37.8 37.8 37.8
2 4 4 7 160 326 577 560 770 600 415 216 67
2-year-old 14,6 11.8 10.1 9.0 8.3 7.7 7.3 6.9 6.6 6.3
3 4 A 1 43 122 257 277 410 337 247 134 42
3-year-old 2.1 3.2 3.8 4.0 4,1 4,1 4.1 4.1 4.1 4.0
YA

Life 1.70 1.62 1.57 1.53 1.51 1,48 1.47 1.45 1.44 1.43

expectancy (yr)

Tyons’’ 2.65 3.24 3.34 3.36 3.34 3.30 3.26 3.23 3.20 3,16

1) #REHSBAERETME Time required for the death of 95% individuals of a leaf
cohort (yr)

*2 BILMRSHHR&NESR
Table 2 Life table of leaf populations of Henry pine

z ]: ds ') Lz T: ez

0 1000 258 258 871 1478 1,48
1 742 524 706 480 607 0.82
2 218 200 917 118 127 0,58
3 18 18 1000 9 9 0.50
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HEHEY, R (dbies veitchii) 18] 3% Pyigi (Actinodaphne longifolia)t*® f g (Linum
usitatissimum) ') F& IR 2B\ (Ledum groenlandicum) | Je 3% 111 B ¥ (Kalmia polifoliu)



13 B W Bl BEGEENESR KT SEET LA ST 47

RGBS B (Chamaedaphne calyculara) P VMM Jrh i 3, White Z54F T B &
MR TR ANEAE RAERET —MERENOBRS: MRS EREE

1000

100

7255 /10004 B
Survivals/1000 individuals

10 1
sty Leaf age (¥yr)
m3 BndnsEENR

Fig. 3 Survivorship curves of Honry pine leaves
o 7T1HEEABH Total of 71 sample trees

L ]
A
A

¥k Inferior tree
¥#Ak Average tree
¥4k Dominant tree

ERYBRT BERNERLEC, 55, BREAM FEARRERH BRIR SR
R LSBT ERIRAER X, BEE I ER T EEB ARM 42058 B & & RIEHN
AU, BT RIS E 2RO F AR,

(@) Hhtkrt (b) 144:0t (¢) 2 FH&Ent
12 T T C T T - T 1
~100
10} ¢ 1% E
E . =1 60 -
= B Y 19 &%
b A B S
E 8 - 20 E g
® BEE
E €y
8 = Z
412§
/ z
1 1 L 1 1 1 i
10?  10® 10 102 10° 10t
$tar gt Total leaf number
H4 Kﬁﬂfﬂﬁﬂf.ﬁ!mﬁﬁhﬁ}#ﬁ&ﬁ'—iﬁm‘j’ﬁﬂﬁEEE@EE
Fig. 4 Vertical distribution of leaf numbers of different age

groups and its relation to relative light intensity in the canopy

for (a)

A: &%k Inferior tree

current-year leaves; (b) one-year-old leaves; and (c¢)
two-year-old leaves
B: ¥k Average tree
Dominant tree

C: R#A



48 B &% £ #F % #K 1948

2.3 HEAZENEETLEY

EUENHBEELSAOMET, FERALFEWEE I FER ANREE
FEZ A 4540 B, MR DR RE BV A A, S LN EENEE S 5HEN
BESAH (B 4O BRFRARME . ERROUERERS RETRREBAIR 3 #RiRE
REHER,FHRREA) #T 517,

Bl AREH RAHBRVEERNEE S ZIRERSHITE AL E E X
Ro 71 HRIMERZEER RN, R OZE—BREMNEHTI AL AR KT
AT LRIk Z, I BIR/D. TUEM-EER, Hi, THHERLFATIEE. WE
EBHHHEDERTX-KEgLE RN FORABERDR RIS B T &R, T
M- B R AR AR SRR EE K. —BORB, BE BB & & T 3 EH
BENNE BERHAORCERRTRERLETXRBRFRE TN F (BRE
DB, BERENRBFLETFESMNE, R EESATFHER, TH. &0, HEE
Hi & T e F BT Bl B2 Ri17 %5 FHRENR T R THEN FROME, B
F R D, — Bl L AR Pt BB 3RS 75 R AOFH I, B RE T R R AU £ REY
129, RTFRBAR EXMERT, BEESHOBBETBRE, EREEH KRB KH
FEANFEEERREHERNESELLE FHEEESHS A, B5RER—K, PR
PR 575 R B L BB R s &5 BARFEAR AR ET B AL, B S S LB Hum
A gE 3K E 4o0 IR 40 % BIFRYE, BB 2 ZLERNEN, HEHEE LA R
ARSI, FTATAR, XA B SRR AL RRERERE § # AR
Mgedre R, FERERSETULIN, RERAR K ROEREERRE KN, HEE
B ABREERE T 8, A —EKBEOEH A RELTEY BRERKNESR, X
R R E AR RS SIRNOREBABERSMUNER. FERRNRELIEENS —
6 SEFEBAB R SER, AB—ENERER, RATaEH LPNBKFERFER, REIE
KR 5T, BT B X AL RSB T T T ERAOB & (B, B 4 Hp E 4 ARFE 5.49m Rl 6.69m
K BRI, (B1E 6.09m JNIER, FEIUERT 6 45), IM AR S5 HRAKB AN
B AERKZERVENZ AR EXANERNNSRESFEDRR, RTFEACRE, XB
RAER AT,
2.4 MEBHRERSEGHEETLES

RAETEM BARN AR SR RBINNTH, FRERBERGRHREN, ERERN
AEME b, BHF4HHFTCRRBERTR, TS EsrEEr=BERRE—,
EREHBEFRREFNAR. —BRE, &SP WRARISHEE KRR 7 TR
H, BEREE (B 5). ARIWABHHRE O BER, & 1> 00, BEBERERK; r=0
B, BEA R ALK SR TR ERE r <0 W, BANEERL. BETA,EEHRERE
W, EEROR 4 BAMH BT Fulde (Blr<0), SEHARRER AR S BIERED, TIM
THHEASE K. ARG EATRAREEE L5 R RE A 53, A1 55 R
B, X —a kRO R B RN ERMP. B REP£XHM £ K S50
82005 EMERS TR, B GAERN &R LR R RN SR IRE 0 K 38 ZHF
¥, RA—BES& LARNSHTE, SERAN 1y (SEEH4MNERER S 154E



18 Y OE: BLatHBRERBENESHNAKESEETLES ST 49

HMERBHZ T, TR <r,<n,, ENMEBH RNERLKEZRHABKT FH AL
R, RAMEEERNERENTEE. RNTLAA, HEKLZBARRIBR TR
SR A, S BRI R R 1, <0 DIT IR R R A RIE S R EF S ERE NI T ]
B R A A K RIOMER S E R R LN BERD, ANTEmE&NERE: T
B&OERRS, Xet—PBET ~EENHH A KR, BNNERSRTZEERR
HEARRXFN. Bobh, —#ark LRSS ZEENOR G ERFMFTEIFER
Ko FHRU, WARFREBHE—REHFBESHF - RERELTET. BRI 4—545F
NEERANRTEBUERS LBEIE 5 BHLnrOEE, HEEkNiHAK
FELE RV BB K A5 Bl
//B

2.5j:
= (b) Figk g
(a) Hik lor
o/
e
.5

Wi Height (m)
Bs FRAMKEMLE LEAXEKECREL

Fig. 5 Variation of intrinsic rate of increase (r)in dif-

ferent height position for leaves of (a) inferior tree;
(b) average tree and (c) dominant tree

O —0;: 0—144m Curreat to one-year-old leaves

e—e®: 1 —244n 1-to 2-year-old leaves

A—A; 2—34%44MH 2-10 3-year-old leaves

WA FALE LMK R 5 Z AR R B E R A BRI EE (Fe),
S5KFPALE EHHARTHBROCRABSA Z— 8, W2 T HA0H BB th S, %Ak 4+
BT ALROHIALAR 25 TR AL E 195 B ARZEM S FPET AL 5 SRR AR B B 4 w72



50 B W &

ot
4k

i+ 19%

o

O @) Bk (b) Tk

L I 1 | 1 -0.5pF -
0 10 20 30 40

20 40 60 80 o

(© A

HI ¥ R
Relative light intensity (%)

He sHu-iENkECSHNERBENR R

Fig. 6 Relationship between intrinsic rate of increase
(r) of leaves and relative light intensily in the canopy

for (a) inferior irees (b) average treey and (¢) dominant tree
O0—o0; 0—144&m Current to one-year-old leaves
o—@; 1—244nH 1-to 2-year-old leaves

BEME FBHRAHRAFORE. HHAERKITEOEEH2AELREERNT R
B, ERRBH AR MEREE —EE£5F. FHAOR LB ERES £ X HN
40 %, 10, =0.32, B FUBRAOB & LISMHTTRIREXREL X RO 25% DT, ¥3
AERF ARG H HI T KOKIRAEN ERBRELSR 20%, BETABEX—BE
EA—MERA, EFRERLRHAHOERBESBRETHEZRMR&RD, BTFX
—EE NS BEERSRERE K, 20 EERERERNST, BFERERNER,

WENAFRENRE EHT PSS HEERE 7). EARTARNERMD LK,
FHPARUHFHEGRTEHA, TEEXRKFRER. RRA—hRLARH M T 55
BRI ERTTS, — R ERE R FHEGER, X—EGR SRS ITHH %
AHKFEABEREOEE—F, TR SHEAT RALEHRNRENRENE & 2 HY
FRXXERE—ERR,



13 H I\ BURHHEEREREGRKFSEEETMRE LT 51

sk o ¥ Kinferior

g o EH¥)KAverage tree
go A f ok Dominant tree
g 2r

]

S

i

&

x

[y

ﬁ- .

07 4 & 8 1. 12
W& Height (m)

B 7 BRGTH AR 3B

Fig. 7 Life expectancy c¢f leaf populations in different
tree height positions

3 g

BHFALFRELFGTORRERFABHS U RRERRMLEORER F 2 5,5
RAX Bk EREHENM A RSERRNERELES, BIER LS E R B H
BNX B R AL AER, P HE R —MRIBHL 4R, flm, —EEEMNE 1 R
FEMILFEBLUERENN e gL AL EEEYT, BEIRZ 28 HEH,
A BB H— RS, BREAIN B IR S8R A, 15E LI ¢ 5 Sk
R ER, THMRAEHENGNFGE. BERAEHAREN BIORE R4, FAEERE
B AR HOB 4 W LUR RO A B R BUR T B 0 R R T 3BROBR R, ST AEM i &

SAFRBERNER, BB TTURETRIER. AL LN & B e
WATR HIER, REH4ANER HESERNEES A REIMONERE, BEH
BR, M ARERT. TERTOEYE, T EBRIOFREH, XELERN—0TE K
BT B T ERAUBI &L, BB KRB AN Fak, AN R OB R/
BRBRER LERELRER. EXHMREMFE— SRS AR A 3 F 05
iSRG, BT AR TR B 5 0 R a BOSR A R AT ABA R & B AR i B0 I, TG
R T BN Bk RES HOER. B aiX Dy a7 R, A B ¥ B RER
T-RHESEOHRER, #—PHRNNERARLE EHAEGREREE R BIN5%
KEERERNXFSABEBEZNH, BSHY FIAREROMAERN X H ji—2/
LA NE AT

EDEXNTHEEN A EEREXRNTRGE, SIS HEMZ H B 57Xk
RUL, A SO B AN BN R RO AR EE YR E GUSE) KE LHTH, &
WA BEDTRAENFERERELONFATERS —EEENFEL K. W
i F RS ER A IR LN T RE R AN SHNRESRR L AR S RHE
BIFRE R, TRE T BB T 224, LRHHBERS RRANEW, 84 T &%
B E R, AR ROFE R, X T 1A K RAE R M, WEMRKETRE,



52

o & % R 194

A 5 FE 6 FARB T RA L RAEISREE.

B R BN 30 25 519 B4 & B¥ (Metapopulation, B HREYN &4 4 £ K 3
AR RERCZALDY, FTARMBEG TR H A EIGR T B T L ER & Hp F )
WA BHES B STk, RABMHEYFHBERNMGERIBOUSE 7 £ 48,

BEIAA,

—HEB RSB ENEARNASTH, BARANIAKE, AtetmE

TN R RERGS . RIBARSON B RS H B AR BRI E R TR, 4ok 19 & K3h
DEBRPWEIRERFRER, AW A RAROREANER. FTUNEHE S mE
KB, AR K EOFHBEHEPRR -, TEENERNELERY K
R—ATEENTENLR, X—-RAEFRUARSENZIERERNATH AN EER

Eaz—o
$ % X M

[1] T#%,1980: BRAMBASEEXRASN A, ¥ HEE,

£2]1 M¥.HKMHK,1983 ZWARLBTRRBES HHME, LBFER,3: 111118,

[3] KW,1992, BEWBXAHKESRNEEHHHFR, HWESESHRMFER, 16, 227233,

[47 #M,1986:; MMBEEE, LERERAHME.

(5] E. P, 2f818,1982; &&¥Em, ARBEFHMME,

[6] R. M, #%,1980: HMipAAH%E,HEHMME,

L73 Bazzaz, F. A. and Harper, J. L., 1977 Demographic analysis of the growth of Li-
num usitatissimum, New Physiol., 78 193—208,

L8] Brewer, R, and McCann, M. T., 1982; Laboratory and field manual of ecology..Sa-
unders College, Philadelphia.

£L21 Chabot, B, F. and Hicks, D, J., 1982; The ecology of leaf life spans. Ann. Rev.
Ecol, Syst., 13: 229—259,

[10] Freeland, R. O., 1952; Effects of age of leaves upon the rate of photosynthesis in
some conifers. Pl. Physiol., 27: 685—690.

[11] QGadgil, M. and Bossert, W. H., 1970, Life historical consequences of natural select-
ion. Amer, Natur., 104 1—24.

[12] Harper, J. L., 1981: Population biology of plants, Academic press, London,

[13] Harper, J. L., 1983; The value of a leaf. Oecologia, 80, 53—58,

{141 Harper, J. L. and White, J., 1974; The demography of plants. Ann, Rev. Ecol.
Syst., 5: 419—463,

[15] Hedrick, P. W., 1984; Population biology: The evolution and ecology of populatio-
ns. Jones and Bartlett, Boston.

[16] Humphries, E. C. and Wheeler, A, W,, 1963: The physiology of leaf growth, Ann,
Rev. Pl. Physiol., 14: 385—410,

[17] Kikuzawa, K., 1986: Leaf survival strategy of forest trees, Jap. J. Ecol., 36; 189—
203,

[18] Kimura, M., Mototani, I. and Hogetsu, K., 1968; Ecological and physiological stu-
dies on the vegetation of Mt. Shimagare, VI, Growth and dry matter production of
young Abies stand. Bot, Mag., 81: 287—296,

[193 Kinerson, R. S., Higginbotham, K. O, and Chapman, R. C., 1974; The dynamics of
foliage distribution within a forest canopy. J. Appl. Ecol., 11: 347—353.

[20] Koike, F,, 1986; Canopy dynamics estimated from shoot morphology in an evergreen
broad-leaved forest. Oecologia, 70: 348—350,

[21] Krebs, C, J., 1978; Ecology: The experimental analysis of distribution and abunda-
nce. 2nd edn., Harper & Row, New York.

[22] Ludlow, M. M. and Jarvis, P, O., 1971: Photosynthesis in Sitka spruce (Picea sitc-
heasis Bong. Carr). I. General characteristics. J. Appl. Ecol,, 8: 925953,

{231 Mahall, B. E. and Bormann, F, H,, 1978; A quantitative description of the vegeta-



13

M & Bl BESRERNEGNATSEERLEE AT 53

[24]

[253

£261

[27]

[28]

[290]

£303

{311

£32]

[33]

[34]

£35]

[36]

£37]

[38]

[391

tive phenology of herbs in a northern hardwood forest. Bot. Gaz., 139, 467—481,
Monsi, M., Uchijiina, Z, and Oikawa, T., 1973; Structure of foliage canopies and
photosynthesis, Ann, Rev. Ecol, Syst., 4. 301—327,

Nilsen, E. T., 1986, Quantitative phenoclogy and leaf survivorship of Rhododendroa
mazimum in contrasting irradiance envirénments of the southern Appalachian mount-
ains, Amer. J. Bot., 73: 822—831,

Nur, N., 1987: Population growth rate and the measurement of fitness: a critical
reflection, Oikos, 48: 338—341,

Pianka, E. R., 1983, Evolutionary ecology. 3rd edn., Harper & Row, New York.
Reader, R. J., 1978: Contribution of overwintering leaves to the growth of three
broad-leaved, evergreen shrubs belonging to the Ericaceae family. Cen, J.Bot., 56
1248—1261.

Rook, D. A. and Corson, M. J., 1978: Temperature and irradiance and the total da-
ily photosyntheti¢ production of the crown of a Piaus radiats tree. Oecologia, 36
371—382,

Schaedle, M., 1875: Tree photosynthesis, Ann, Rev. Pl, Physiol., 26, 101—115.
Sharitg, R. R. and McCormick, J. F., 1972: Population dynamics of two competing
annual plant species, Ecology, 54s 723—740,

Small, E., 1972; Photosynthetic rates in relation to nutrient deficiency in peat bog
plants. Can, J. Bot., 50: 2227—2233.

Smith, J. H. G., 1972: Persistence, size and weight of needles of Douglas fir and
western hemlock branches. Can., J, For. Res., 2: 173—178.

Solbrig, O. T. ed., 1980: Demography and evolution in plant populations, ppl—20.,
Blackwell, Oxford.

“‘White, J., 1979: The plant as a metapopulation. Anon. Rev. Ecol. Syst., 10; 109—
145,

White, J., 1980s Demographic factors in populations of plants. In “Demography and
Evolution in Plant Populations”, ed. O. T. Solbrig, pp21—48, Blackwell, Oxford.
Williams, K., Field, C. B, and Mooney, H. A., 1989, Relalionships among leaf co-
nstruction cost, leaf longevity, and light environment in rain-forest planis of the
genus Piper, Amer. Natur., 133, 198—211,

Woodman, J. N., 1971; Variation of net photosynthesis within the crown of a large
forest-grown conifer. Photosynthetica, 5: 50—54,

Yukawa, J., Yamauchi, S., Nagai, S. and Tokuhisa, E., 1977: Leaf longevity and
the defoliating process in saplings of Actinodaphne longifolia, Jap. J. Ecol,, 27: 171—
175,

HORIZONTAL AND VERTICAL FLUCTUATION OF NUMBER AND
LONGEVITY OF LEAF POPULATIONS IN HENRY PINE
(PINUS HENRYI) FOREST

Xiao Yu
(Norshwest Plateas Insiiluie of Biology, Academia Sizica, Xining 810001)

Abstract

I analyzed the horizontal and vertical dynamic characteristics, fluctuating

trends and the demography of leaf populations of Henry pine stands, and ob-
tained the following results,

(1) The leaf number per tree and number of leaves of varying ages inc-

reased with stem diameter, but decreased with stand density. The percentage
of current-year leaves increased with stem diameter, but the opposite was trug
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for 2-year-old leaves, The ratio of }-year-old leaves to 3-year-old leaves kept
stable.

(2) The stem diameter was negatively correlated to the leaf life expect-
ancy. The life expectancy of the leaves in the inferior.trees were the shortest,
and the average trees the longest, while the dominant trees fell in between.

(3) Generally, the number of leaves of varying age classes was highest
in the middle part of the canopy, but difference existed in the structure of
leaf populations among tree types. This could be ascribed to the light condi-
tions in the canopy.

(4) The intrinsic rate of increase of the leaf populations increased with
stem diameter, tree height and relative light intensity in the canopy.The life
expectancy of leaves in different branch cohorts decreased with tree height.
It was inferred that the life expectancy of leaves in the same branch e¢ohort
would increase with branch age.

Key words Pinus henryi; Leaf populationy Leaf longevityy; Intrinsic
rate of increase; Light condition
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