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Abstract It has been shown that in many clonal perennials, when light is limiting , shoot natality

decreases and shoot mortality increases with increasing stand density. In this paper ,emergence and

A 3¢ F 1996-07-3080 K » 1996-09- 1500 B 2 7S .
»  Supported by the National Natural Science Foundation of China (No. 39330050)and the Tropical Advancement
Foundation of the Netherlands (No. W86-117).
We would like to thank Dr. H. j. During, Dr. H. de Kroon,Dr. J. H. Willems and Dr. Ming Dong for their valuable

suggestions during the study.



10 Moy o & 2 K& 21 %

survival of new shoots in a giant bamboo Phyllostachys pubescens,were observed in 25 permanent
plots, each 6 mX 6 m,over a period of eight censuses at weekly intervals. Our results show that
in this bamboo, shoot natality (the number of newly emerged shoots per plot) significantly in-
creased with increasing density of adult shoots. More precisely, the number of newly emerged
and/or surviving shoots, significantly increased with increasing density of adult shoots carrying
new leaves, but not with that of those carrying old leaves. Furthermore ,shoot mortality was densi-
ty independent. This may be due to the fact that the stands where P. pubescens exists always re-
main relatively open, and the growth of the new shoots is not directly light-dependent.

Key words Clonal growth,Density dependence, Leaf age, Mortality , Natality , P. pubescens

Clonal perennial plants are dominant components in many plant communities and some form
near-monocultures. Their shoots may be physically connected by means of rhizomes or stolons
(Hutchings et al. ,1976;Maddox et al. ,1989;van der Toorn et al. »1982),allowing resources
such as carbohydrates, nutrients and water to be translocated between connected shoots (Mar-
shall, 1990; Pitelka et al. ,1985). A number of studies have shown that as a result of physiological
integration,shoot natality decreases whereas shoot mortality increases in stands of increasing den-
sity (Bradbury,1981;Briske et al. ;1989 ;de Kroon ez al. ,1991 ;Dickerman et al. ,1985;Harnett
et al. ;1985 ;Hutchings et al. ,1976;Lapham et al. ,1987;Liddle et al. ,1982). Even self-thinning
has been reported in a clonal species (de Kroon et al. ,1995).

In high density stands density dependence results largely from shoot density being limited by
the environmental carrying capacity as mainly determined by light levels in the stands (de Kroon
et al. ,1995;de Kroon et al. , 1991). In relatively open stands of clonal plants, or where new
shoots do not directly compete for light, we may expect that natality will increase with increasing
parent shoot density,because more parent shoots can allocate more resources to daughter shoots.

On the other hand,during the growth of new bamboo shoots of Phyllostachys resources are
apically translocated from parent shoots to daughter shoots through rhizomes (Bamboo Research
Institute of Nanjing Forestry University,1974). In respect to the absorption of resources, daugh-
ter shoots nearest to the parent shoots have precedence over the others on the rhizome. Thus the
positions of daughter shoots away from a parent shoot along a rhizome have great influences on
their growth potential and survival possibility. We may expect shoot survival (or death) rate will
not vary with varying density of parent shoots,i. e. shoot mortality will be density independent.

Besides, it is well known that the age structure plays an important role in the dynamics of
populations (Harper,1977). Yet,little is known about age of clonal perennials because it is very
difficult to determine.

In this paper we present results of a field investigation on the recruitment of new bamboo
shoots in a population of Phyllostachys pubescens Mazel. It is a giant bamboo species native to sub-
tropical China,where it is widely distributed and cultivated with care. Every year 7~10 years old

shoots are selectively harvested for timber use. Therefore,the bamboo groves always remain rela-
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tively open and leave lots of gaps to be filled by new shoots from year to year.

New shoots of Phyllostachys are tightly wrapp;ed with brown sheaths until reaching the
canopy of the stands. Then they develop their first branch. It has been found that for at least a
dozen days,the new shoots grown in a darkroom and covered by black cloth grew as well as those
under normal conditions (Ueda,1960). This indicates that the growth of the new shoots mainly
depends upon the resources stored in the parents (including rhizomes).

In southern China, year of emergence of every surviving new shoot is marked permanently
with colour paint on its stem around June of every year. So we can relate the age structure of par-
ent shoots to the potential of regeneration. _

Here we want to test the above mentioned hypothesis of positively density-dependent natality

and density-independent mortality in P. pubescens.

1 MATERIALS AND METHODS

1.1 The species and study area

P. pubescens is a monopodial bamboo species and its shoots are widely spaced inside the
stands. Height of mature shoots often reaches over 10m and sometimes up to 20m, and
their diameters at breast height (DBH) range from 6~16cm,but there is no clear shoot size
hierarchy in stands of this species. No signs of decay of rhizome connections between living
shoots were observed during investigation.

In this bamboo,leaves have life span of two years, except those on the first year shoots
whose life span is one year. Two years old leaves and leaves on the first year shoots are
dropped in April ,during the emergence and elongation of new shoots (Bamboo Research In-
stitute of Nanjing Forestry University,1974). Thus,in April four types of shoots can be rec-
ognized : 1) newly emerged shoots which have no leaves;2) one year old shoots that have ful-
ly vertically grown and are dropping their leaves formed during the first year (henceforward
called“first year shoots”);3) mature shoots which are just dropping their two years old
leaves (henceforward called “adult shoots with old leaves”);4) mature shoots with leaves
formed the year before and kept on the shoots for another year (henceforward called “adult
shoots with new leaves”).

New shoots emerge from buds on rhizomes which are belowgroundat a depth of about
15~40cm. The number of new shoots formed on a rhizome seems to decrease markedly with
the rhizome aging (Ueda,1960). Lateral buds are activated every summer and new shoots
then emerge aboveground every following spring (March, April). At about the end of April,
a great number of new shoots showing symptoms of dying (i. e. having no guttation on the
tips of sheaths covering the emerging shoots,loosening of the sheaths,and cessation of height
growth) will be harvested for consumption. The shoot population structure thus mainly de-

pends on the births,deaths and harvests of new shoots,and on the harvests of adult shoots.
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Once the new shoots reach the canopy »they begin to shed their sheaths and develop branches
and leaves. Normally all tall shoots keep alive for 7~10 years after emergence, and then
they were harvested for timber use. Therefore ,it also is of practical importance to understand
the regeneration pattern of this bamboo species.

The bamboo stands were situated in the Nature Reserve of Jinyun Mountain (29°50'N,
106°26'E) ,about 40km north of the city of Chongqing, Sichuan province .China. They cov-
er some 30 hectares. We learned from the local people that it had a stable history of more
than 40 years. This area was exposed to the East Asian monsoon. From 1976 to 1993,aver-
age temperature in the coldest month was between 5. 2°C and 9.4 C,in the hottest month
between 24.9°C and 30.4°C,and annual average temperature was between 17.6C and
18. 7'C. The average annual precipitation was between 913. lmm and 1514. 0 mm (accord-
ing to data from Beibei Weather Station,alt. 215m,at the foot of Jinyun Mountain). The
study sites were located at the middle of a slope of about 15 degrees, facing northeast, at
about 800m above sea level.

1.2 Methods

25 permanent plots, each 6m x 6m ,were randomly placed in the centre of the bamboo
forest. In March 1994,before emergence of new shoots,the parent shoots in each plot were
counted, and the age of each parent shoot was ascertained and recorded. From the end of
March 1994 ,new shoots began to emerge. We made the first census on April 1,and succes-
sively censuses at weekly intervals until May 20th, 1994, when all surviving new shoots
reached the canopy and began to branch. During each census, newly sprouted shoots were
marked and numbered by means of a small bamboo-stick stuck into the soil next to each new
shoot. Base girths and heights were measured for each new shoot at each census. At the end
of April 1994, when new shoots going to surviving appeared obviously different from those
doing to be harvested and going to die,40 rhizomes outside the permanent plots, were ran-
domly excavated with care to observe the relationship between the sequence of these shoots
on their rhizomes and the shoot survival possibility.

Relations between the number of emerging or surviving new shoots per plot and the
number of parent shoots with new or old leaves per plot were investigated using regression
analysis. Oneway ANOVA and LSD technique (Steel and Toorie, 1960) were used to test
the significance of differences in size (in terms of both base girths and heights) between new
shoots with different fates in each census,and the significance of differences in size between

censuses for each group of new shoots with the same fate.
2 RESULTS

2.1 Emergence and survival

New bamboo shoots emerged aboveground from about the end of March to the end of
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April 1994. Thereafter no emergences were observed. There were altogether 316 new shoots
in the 25 permanent plots, and the number of new shoots in a plot ranged from 6 to 28.
Losses of new shoots resulted from deaths and harvests. There were no deaths during the
first four censuses. 135 (43%) new shoots died during the fourth to seventh census. 112
(35%) new shoots which showed symptoms to die, were harvested for consumption during
the fifth to the seventh census. 69 (22%) new shoots survived (Fig. 1).

Based on the time of emergence aboveground, age-specific survivorship curves were
drawn for certain cohorts in the population (Fig. 2). Death occurred mainly during the peri-

od of 4~7 census,irrespective of the age of new shoots.
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Fig.1 Number of new shoots in 25 permanent plots in the
Phyllostachys pubescens stands
Births,cumulative number of emerging shoots; Deaths,cumulative number of died
shoots; Harvest, cumulative number of harvested shoots; Total, number of surviving

shoots ; Abortions ,number of died+harvested shoots

On 40 excavated rhizomes,there were altogether 118 emerged new shoots, the number
of shoots on a rhizome ranged from 0 to 5. All 28 shoots appeared going to survive were the

first 1~2 ones on the rhizomes. The other 90 shoots appeared going to be harvested or going
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Fig. 2 Survival of cohorts of new shoots of Phyllostachys pubescens.

The initial number of new shoots in each cohort is indicated

{o die. Of them,79 (88%) were the 2~5th new shoots on the rhizomes, 11 (12%) were
the first ones.
2.2 Density of shoots

The number of newly emerged shoots per plot (natality) and the number of surviving
new shoots per plot were positively correlated with the number of adult shoots per plot (r=
0. 40; p<70. 05 and r=0. 44; p<0. 05 ,respectively). More precisely, natality was positively
correlated with the number of adult shoots carrying new leaves (r=0. 53; p<<0. 01) ,but not
correlated with that of those carrying old leaves (r=—0. 27; p=>0. 05) s;and the number of
surviving new shoots per plot also was positively correlated to the number of adult shoots
carrying new leaves (r=0.52; p<{0.01),but not correlated to the number of adult shoot
carrying old leaves (r=—0. 09; p>>0. 05).

The ratios of the total number of newly emerged shoots and surviving new shoots to the
total number of adult shoots, which are the per capita rates of birth and survival,were 1. 32
and 0. 29 respectively. The ratios were 2. 41 and 0. 53 respectively ,as they were with respect
to the adult shoots carrying new leaves. Overall density measures of adult shoots masked the

differences in resources supplying capacity to new shoots between adults carrying new and
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old leaves. Besides, the number of new shoots aborted, both died and harvested per plot,

were proportional to the number of emerged new shoots (Fig. 3) ,suggesting that mortality

rates were relatively constant across all plots independent of density.

2.3 Differential size growth

Size (in terms of base girth and height) of
new shoots with different fates differed signifi-
cantly at each census (Table 1). At the begin-
ning, mean base girth of new shoots that ulti-
mately survived was about 1.1 and 1.8 fold
larger than that of those to be harvested and to
die respectively, and the corresponding differ-
ences in mean heights were 1.3 and 2.1 fold.
Up to the fourth census, after which synchro-
nized massive death of smaller and shorter new
shoots occured the larger and taller new shoots
vigorously elongated, the size differences be-
tween new shoots that ultimately survived and

the new shoots that were to be harvested or

were to die increased up to 1. 6 and 4. 4 fold in

terms of base girths, and 3.9 and 19. 7 fold in

terms of heights. Thereafter, there were no

great changes in base girths for all new shoots.
The heights of new shoots going to die stayed
more or less stable ,heights of new shoots going
to be harvested grew relatively slowly ,while the
new shoots to survive elongated very fast before
entering the top of canopy:at the sixth census
the height differences between new shoots go-
ing to survive and new shoots going to be har-
vested or going to die had augmented up to
13.8 and 111. 4 fold, respectively. At the sev-
enth census,only the new shoots surviving re-
mained in the plots. These data show that larg-
er and taller new shoots grow disproportionably
faster than smaller and shorter ones. A large

number of smaller,shorter new shoots die dur-
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Regression lines are all highly significant ; Deaths: y =
0. 03+ 0. 42x,t=8. 90,df =23,t>>1,,; Harvests: y =
0.04+0. 35%,t="7. 44,df =23 ,t>>t,  ; Total lost:y=
0.07+0. 78x,t=21.01,df =23,t>t, n

ing the period of vigorous growth of the larger and taller ones.
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Table 1 Mean base girths and mean heights of new shoots that are going to die (deaths), will be harvested
(harvests) and survive (survival) measured at each census for Phyllostachys pubescens. S. E. are given in parentheses
and number of observations are given in square brackets. Differences between new shoet groups at each census and be-

tween censuses within each new shoot group were tested for significance separately;values with the same letter are not

significantly different at p=0. 05

Deaths (cm) Harvests (cm) Survival (cm)
Base girth

wk. 1 6.9 (2.8)a [113] 10.3 3.9b [61] 12.2 “4.8)c [45]
wk. 2 8.7 3.4)d [159] 15.2 (5.3) e {108] 20.2 (5.5 f {747
wk. 3 10.0 4.2 g [192] 25.1 (7.7 h {150] 39.8 (8.6)1 93]
wk. 4 10. 4 4.6) g [203] 27.5 (8.4) ] [156] 45.1 8-k [98]
wk. 5 12.4 5.4 1 [87] 28. 2 @8.4j [157] 47.7  (6.3>m  [98]
wk. 6 12.6 (5.5)1 [19] 29.3 9-Dj (6] 47.7 (6.3)m [98]
wk. 7 none none 47.7 (6.3) m [98]
wk. 8 none none ’ 47.7 (6.3)m [98]
Height

wk. 1 2.4 (1.3) a [113] 3.5 (1.7 b [61] 4.9 (2.6) ¢ [45]
wk. 2 3.3 (1.7 d [159] 6.9 3.Db [108] 9.7 3.4 c [74]
wk. 3 4.4 (2.7 e [192] 17.7 (8.6) f [150] 41. 4 (17.8) g [93]
wk. 4 4.8 (3.2) e [203] 22.7 (12.3) h [156] 91.7 (45.0) 1 [98]
wk. 5 6.2 (4.2) [87] 26.7 7.4k [157] 286.5 (111.3)1  [98]
wk. 6 6.2 (4.0) j [19] 59.5  (41.00m  [6] 675.5 (166.7>n  [98]
wk. 7 none none 1035.6 (165.0) o [98]
wk. 8 none none 1303.4 (147.3) p f98]

3 DISCUSSION

3.1 Density dependent effects

Our results show that natality of new bamboo shoots was positively density dependent
on adult shoots. More particularly , the number of new shoots was positively density depen-
dent on adults carrying new leaves,not on those carrying old leaves. In this bamboo, the pho-
tosynthetic capacity of new leaves has been reported to be able to exceed that of old leaves by
3. 3 times (Huang Qiming et al. ,1989). Such differences in photosynthetic capacity between
new and old leaves also found in other plant species (Mooney et al. ,1983). These togather
suggest that the amount of assimilates stored in parents (adult shoots and rhizomes) controls
the number of new shoots that are produced and establish themselves successfully. Thus,
physiological integration among shoots seems to at a large extent regulate the recruitment of
new shoots.

Ye Zhiyun (1988) also found that in P. pubescence ,number of new shoots surviving per
plot was positively density dependent on adult shoots. This contrasts with many studies on
other clonal plants. Their shoot production was found to be negatively correlated with the
density of stand (Briske et al. ,1989;de Kroon et al. ,1991;de Kroon et al. ,1995; Harnett
et al. ,1985;Lapham et al. ,1987). The elongating new bamboo shoots do not require light

until reaching the canopy, where upon they shed their sheaths and develop branches and
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leaves. Until then they seem to completely live on the resources stored in the parents. So,the
more adult shoots,the more resources they can provide ,and the more new shoots can be pro-
duced. This explains the positive density dependence in our stands. From model studies on
other clonal plants we know, however, that there is an optimal stand density for maximum
productivity of the stands (Schieving ez al. , 1992). It is reasonable to expect the production
of new shoots also to decline beyond maximum point.

Knowledge on the pattern of density dependent effects is important for understanding
the mechanisms controlling the reported usual year to year fluctuation in the production of
new bamboo shoots (Bamboo Research Institute of Nanjing Forestry University , 1974 ; Ue-
da, 1960). In “good” years a larger amount of new shoots are produced than in “poor”
years. This may be largely explained by the fact that the number of adults carrying new and
old leaves in the stands were not equal. We showed that the adults carrying new leaves play
a significantly more important role than those carrying old leaves as regards new shoot pro-
duction. Since the new shoots drop their leaves at the end of the first year and then start to
develop leaves that persist for two years, they join the group of adults with new leaves that
gave rise to their emergence and thus contribute to the existing rhythm. The inequality in
numbers of adults with new or old leaves can be due to the careless removal of adults in a
certain year or due to the occasional occurrence of other limiting factors, such as severe
drought and serious pest. Once such a population structure is formed,it will inevitably result
in a fluctuation in the production of new shoots from year to year ,until the population struc-
ture of the adult shoots is readjusted to equal numbers of adults carrying new and old leaves.
3.2 Size differentiation

Larger and taller new shoots , which were the nearest to their parents on the rhizomes,
obtained a disproportional share of the resources over smaller and shorter new shoots, which
were farther away from their parents. Smaller and shorter new shoots had a significantly
higher mortality risk. And shoot mortality was density independent. Survivorship increasing
with size of the young shoots has also been reported in a clonal palm species (De Steven,
1989). The smaller and shorter Phyllostachys shoots were usually harvested,and there are
strong reasons to assume that most of them would inevitably die even if they were not har-
vested. Theoretically ,removal of these smaller new shoots may somewhat reduce the cost of
resources. From a management point of view ,harvesting those stagnated new shoots for con-
sumption is one of the most effective ways for a maximum utilization of bamboo shoot re-

sources.
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