Allaie-Reshi-Wafai.: Demographic plasticity of growth and resource allocation pattern in Anthemis cotula
-63-

DEMOGRAPHIC PLASTICITY IN RELATION TO GROWTH AND
RESOURCE ALLOCATION PATTERN IN ANTHEMIS COTULA —AN
ALIEN INVASIVE SPECIES IN KASHMIR HIMALAYA, INDIA

R. R. ALLAIE — Z. RESHI*— B.A. WAFAI
*e-mail: zreshi@yahoo.com

! Department of Botany, University of Kashmir, Srinagar-190 006, Jand, India
*Corresponding author

(Received 21" March 2005; accepted 4™ August 2005)

Abstract. The demographic study of Anthemis cotula L. revealed a protracted seedling recruitment
pattern with peaks in autumn (pre-winter) and spring (post-winter). The major recruitment pulse in
autumn contributes to the fecundity component of the life history while the minor recruitment pulse in
spring aids in survival of the species. The total drymass accumulation shows striking variations between
the pre-winter and post—winter populations. Compared to post-winter population, the pre-winter plants
show higher drymass accumulation due to higher relative growth rate (RGR) and consequently higher
number of seeds per plant. Allocation of dry matter to leaves was also higher. The present studies indicate
that A. cotula tends to allocate a greater proportion of total biomass to above ground than to below
ground parts which is characteristic of species invading disturbed habitats The extent of resource
allocation to reproduction exhibited by the species is characteristic of the habitats that are less mature and
are highly disturbed.
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Introduction

Invasion by exotic plant species is occurring at an unprecedented rate as a result of
human activities that have increased the number of introductions and the rate of spread
of many species [42, 16]. These invasions have serious biological [48, 62], economic
[50], and social [7] impacts which has led to a surge of interest in identifying
morphological, growth and reproductive traits associated with invasiveness [60, 56, 52,
64]. Studies have revealed that exotic invasives often exhibit morphological,
physiological and demographic plasticity [17, 26] which allows them to take advantage
of a variety of habitats [8, 46]. Plasticity of a species has been suggested as one
character for predicting invasiveness [57]. Also, plastic resource allocation of plants in
response to varying growing conditions has been reported [30, 53, 54, 22].

Demographic plasticity in relation to growth, resource allocation and reproduction of
invasive plant species has been little studied although demographic studies of plants
have attempted to describe population dynamics of species in particular habitats and to
obtain insights into microevolutionary processes that affect the life-history attributes
[14, 63]. In particular, it has been demonstrated that variability in establishment could
cause differences in fitness among annual plants [9, 5, 68, 49] and, therefore, may
promote life-history trade-offs among fitness components [37]. In view of the
ecological significance of plasticity, present studies were carried on A. cotula to
investigate the effect of demographic trade-off on growth, resource allocation and
fitness of the individuals of two population cohorts and to gain insight into the strategies
employed by the species to invade virgin areas in the Kashmir valley.
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Materials and methods

Anthemis cotula L. of family Asteraceae is an annual herb. Although native to the
Mediterranean region it has been widely introduced as a weed of cultivation in
temperate areas. Its European distribution extends northwards to southern Norway,
central Sweden and southern Finland. In south its range extends to the Atlas Mountains
and Canary Islands, and includes Egypt and western Asia. The species has also got
introduced into USA, Canada, Argentina, Australia and New Zealand. In Kashmir
valley, it is a non-native invasive species, forming almost mono-specific stands in
ruderal habitats.

The present studies were conducted in the Mirza Bagh campus of the University of
Kashmir, lying within the geographical co-ordinates of 34° 5' to 34° 6' N latitude and
74° 8' to 74° 9' E longitude at an altitude of 1586 meters above mean sea level. An area
of 7 acres, previously occupied by a grassland, now supports vegetation dominated by
A. cotula. For demographic study, five permanent quadrats of 50 cm” were set up. The
quadrats were surveyed after an interval of 15 days during the study period from the
stage of seedling recruitment to maturation i.e. from September 2001 to June 2002,
except during last half of January when the entire study area was snow covered. The
seedlings, after attaining distinctive appearance, were marked using colour paint
following Khushwaha et al., (1981) [39]. The marked seedlings were again counted on
the subsequent census to record mortality and survival of the individuals. The seedlings
without colour marking on each sampling date constituted the new recruits which after
counting were marked with the colour paint in the permanent quadrats to distinguish
between previous and new recruits on successive sampling dates. The cumulative gains
and losses in the population were obtained on the basis of data on new recruits and
mortality at different census dates [29].

Growth analysis

Growth analysis was carried on pre- and post-winter populations. Pre-winter
population was raised before the onset of winter during September-October and post-
winter population after winter with the onset of spring during February-March. The
populations were raised from one year old achenes sown in experimental pots of 30 cm
diameter, filled with garden soil and sand in the ratio of 3:1. The pots were irrigated
weekly in the early morning and in the late afternoon. The seedlings after emergence
were thinned and 5 seedlings of almost equal size were maintained in each plot. 100
pots of each population were maintained for further studies.

Sampling was done after every fortnight and on each sampling date, 5 plants were
randomly harvested. Soil was washed off from the roots and the plants were divided
into three samples. Number of tillers, inflorescences, and achenes (when present) was
counted and in each sample the stem height was also measured. The samples were
separated into leaves, stem, root and at later stages into reproductive parts and standing
dead as well. The plant material was oven dried at 800°C for 24 hours to constant
weight and the dry mass of each component was determined using an electronic
balance. The growth parameters computed included:

Relative growth rate
Relative growth rate (RGR), also called Efficiency Index by Blackman (1919) [12],
represents the efficiency of the plant as a producer of new material. It is analogous to
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the rate of interest earned. RGR provides a convenient interaction of the combined
performance of various parts of the plant. Since it refers to growth in relation to mass it
provides a more informative comparison of relative performance of plant. The value of
RGR over a period of time T; to T, was obtained by the following formula:

loge WZ B loge I/Vl
Tz _Tl

RGR=

where, W, and W, are the total plant dry weights at times T, and T;, respectively.
RGR obtained by above formula was expressed in gg™'day™ .

Root:shoot ratio

Root:shoot ratio (RSR) is the ratio between total dry weight of roots shoot or total
above ground dry weight of the plant. The advantage of RSR is that this quantity is by
its very structure more responsive to the change than root or shoot weight ratios,
particularly when shoot weight (SW) is greater than root weight (RW) or vice versa.
This quantity is very sensitive to environmental influences [35].

RSR=RW/SW

Root weight ratio (RWR)
Root weight ratio is the ratio between total dry weight of the roots per plant (TRW)
and total dry weight per plant (TDW).

RWR = TRW/TDW

Shoot weight ratio
Shoot weight ratio (SWR) is the ratio between total dry weight of the shoot (TSW)
and the total dry weight per plant (TDW)

SWR=TSW/TDW

Leaf weight ratio

Leaf weight ratio (LWR) is an index of leafiness of the plant on dry weight basis. It
is a measure of the productive investment of the plant because it deals with the relative
expenditure on potentially photosynthesizing organs. It is the ratio between total dry
weight of the leaves (TLW) and the total dry weight per plant (TDW).

LWR=TLW/TDW
Results

Data on population size, recruitment pattern and mortality (Fig.1) reveal that
maximum population size was recoded before winter during September, followed by a
decline till March. The number of individuals again increased in April with the onset of
favourable conditions but declined subsequently. Population size closely followed the
recruitment pattern which occurred in two pulses. The major peak in recruitment was
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recorded in September during autumn season and minor peak in April (after the end of
winter).

Mortality showed an irregular pattern (Fig. 1) but highest number of deaths was
recorded only in autumn immediately after mass recruitment of the seedlings.
Thereafter, mortality declined but remained more or less uniform till December.
Mortality was again recorded in April after the second wave of recruitment, after which
the population size remained more or less stable.

Figure 1. Size, recruitment and mortality pattern in natural populations of Anthemis

cotula
5500 B Population size
5000 + .
4500 { \ O New recruits
'= 4000  F2 B Mortality

Growth pattern

The pre- and post-winter populations differed considerably in different growth
attributes (Tables 1 and 2 ). The RGR in the population sown prior to winter increased
from an initial value of 0.008 g.g-1 day-1 to a peak value of 0.0354 g.g-1 day-1 after
173 days of emergence and thereafter it registered a decline(Table 1). The post-winter
population showed higher RGR (Table 2), immediately after emergence, and such a
trend continued up to 72 days after emergence when highest value of 0.049 g.g-1 day-1
was obtained. Subsequent to this initial burst in growth, a sharp decline was registered
except at maturity when the population showed some increase in growth rate.

RSR in both pre- and post-winter populations (Tables 1 and 2) was higher during
vegetative stages compared to later stages of the life history. In the population sown
prior to winter, the highest value (0.500) of RSR was recorded after 158 days of
emergence, whereas in post winter sown population, the highest value of 0.393 was
obtained just 27 days after emergence. Lowest values of 0.087 and 0.062 in pre- and
post-winter sown populations, respectively, were observed at the senescence phase of
the two populations. RWR (Tables 1 and 2) also recorded highest values during the
initial stages of life history, both in pre- and post-winter populations. In the former,
highest value of 0.333 was obtained 158 days after emergence while the lowest value of
0.080 was observed at the senescence phase. Likewise in post-winter population the
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highest value of 0.282 was recorded only 27 days after emergence and the lowest value
of 0.058 was obtained at senescence. Contrary to RSR and RWR, the SWR in both the
populations (Tables 1 and 2) increased with age. In pre- and post-winter population the
highest values obtained at the senescence phase were 0.919 ad 0.941, respectively.

Figure 2. Comparison of drymatter allocation (%) to different plant parts in pre- and
post-winter populations of

120

Pre-winter population Post-winter population

Percent allocation

Days after emergence

LWR in pre-winter sown population (Table 1) registered an increase up to 188 days
after emergence when the highest value of 0.454 was recorded followed by consistent
decline till the end of the life cycle. The pattern was more or less similar in post-winter
sown population where the highest value of 0.500 for the ratio was observed only 42
days after emergence. Beyond this stage, the LWR exhibited decline.

Table 1. Growth characteristics of pre-winter population of A. cotula.

Parameter Days after emergence
143 158 173 188 203 218 233 248
Root-shoot ratio
(RSR) 0.421 | 0.500 | 0.450 | 0.319 0.213 0.187 0.117 | 0.111
Root-weight
ratio(RWR) 0.285 | 0.333 | 0.309 | 0.242 0.175 0.158 0.104 | 0.100
Shoot weightratio | ) 714 | 666 | 0.689 | 0.757 | 0.824 | 0.841 | 0.895 | 0.899
(SWR)
Leaf weight ratio
(LWR) 0.252 | 0.277 | 0.309 | 0.454 0.332 0.222 0.200 | 0.096
Relative growth
rate (RGR)gg' -1 0.008 | 0043 | 0.030 | 0.035 | 0.013 | 0.017 | 0.023
day”!
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Dry matter accumulation in both the experimental populations showed an increase
with age. Comparative analysis of the data reveals higher dry mass in individuals of pre-
winter sown population. Allocation of dry matter to different components (Tables 3 and
4) reveals higher contribution to stem followed by reproductive parts, in both the
populations, although the allocation to different plant parts was consistently higher in
the population raised before winter in comparison to population grown after the winter.
The allocation pattern of dry matter worked out on percentage basis in both the
populations (Fig. 2) also points towards increase in allocation to reproductive parts with
age at the expense of allocation to stem, root and leaves.

Table 2. Growth characteristics of post-winter population of A. cotula

Parameter Days after emergence
27 42 57 72 87 102 117 132
Root-shootratio | 393 1 241 | 0377 | 0.216 | 0.142 | 0.138 | 0.122 | 0.062
(RSR)
Root-weight
ratio(RWR) 0.282 | 0.194 | 0.274 | 0.177 0.124 0.121 0.109 | 0.058
Shoot weight ratio
(SWR) 0.717 | 0.805 | 0.725 | 0.822 0.874 0.878 0.890 | 0.941
Leaf weight ratio
(LWR) 0.363 | 0.500 | 0.369 | 0.314 | 0.260 | 0.260 | 0.259 | 0.165
Relative growth
rate (RGR)gg™! - 0.031 | 0.038 | 0.049 | 0.017 | 0.009 | 0.009 | 0.027
day’’!

Comparative analysis of vegetative and reproductive attributes of the two
populations at maturity (Table 5) reveals higher values for stem height and number of
tillers, branches, inflorescences and achenes/plant in pre-winter compared to post-winter
population. The number of branches/tiller, however, was higher in post-winter
population while the 1000 achene weight was almost same in both the populations.

Table 3. Dry matter (g/plant) allocation pattern in pre-winter population of A. cotula. (Mean
and + standard deviation based on 3 replicates of 5 plants each)

Component Days after emergence
143 158 173 188 203 218 233 248 263

Stem 0.012 0.014 0.061 0.139 0.669 1.336 2.356 4.788 | 7.705+
+0.007 | £0.001 | #£0.002 | £0.021 | £0.190 | +0.114 | £1.035 | #£3.245 | 5.917

Root 0.008 | 0.012+ | 0.050«= | 0.111« | 0.274+ | 0396+ | 0.481+ | 1.038+ | 1.389+
+0.003 | 0.004 0.018 0.041 0.033 0.036 0.094 0.528 0.244

Leaves 0.007 | 0.010+ | 0.050«= | 0.208+ | 0.517+ | 0.558+0. | 0.919+ | 0.998+ | 1.293+
+0.001 | 0.001 0.007 0.074 0.131 078 0.068 0.367 1.356

Reproductive ] ) ] ) ) 0.073 | 0.524 | 2.630 | 5.937
parts +0.054 | £0.358 | £1.795 | £4.524
Standing dead | - ] ] ] 0.097 | 0.142 | 0303 [ 0.866 | 0.900
& +0.048 | +0.074 | £0.109 | +0.657 | +0301
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Table 4. Dry matter (g/plant) allocation pattern in post-winter population of A. cotula .
(Mean and + standard deviation based on 3 replicates of 5 plants each

Component Days after emergence
27 42 57 72 87 102 117 132 27
Stem 0.004 0.011 0.048 0.346 0.730 0.755 1.075 3.106 0.004
+0.0002 | £0.001 | £0.001 | £0.021 | +0.100 | +£0.272 | £0.026 | £1.517 | £0.0002
Root 0.003 0.007 0.037 0.134 0.175 0.240 0.301 0.434 0.003
+0.001 | £0.003 | £0.002 | £0.008 | +0.039 | +0.142 | £0.019 | £0.049 | +0.001
Leaves 0.005 0.018 0.050 0.238 0.365 0.514 0.716 1.216 0.005
v +0.006 | £0.002 | £0.005 | £0.013 | +0.099 | +0.052 | £0.117 | £0.107 | +0.006
Reproductive ) ] ] 0.012 | 0.099 | 0300 | 0.487 | 2.389 ]
parts +0.004 | £0.0004 | +£0.057 | £0.095 | £0.053
Standine dead 0.026 0.032 0.162 0.177 0.219
ng - - - £0.016 | +£0.017 | +0.011 | +£0.004 | £0.082 i
Discussion

The present studies reveal that in the Kashmir Himalaya recruitment of A. cotula
occurs in two pulses. Major pulse in recruitment occurs before winter in autumn and a
minor pulse after winter in spring. Similar pattern of recruitment in this species has been
reported by Kay (1970) [38]. The species experiences considerable mortality during
winter which in other winter annuals has been attributed to frost heaving of the soil [55,
44]. Apart from frost heaving, the mortality in A. cotula may be due to strong
intraspecific competition between the seedlings since the seedling density is very high
during the initial stages (Fig. 1). However, Mack (1976) [43] and Watkinson and Harper
(1978) [70], did not observe significant mortality during seedling stage in non-rosette
forming winter annuals. Results of the present study clearly demonstrate temporal
variability in germination time and thereby recruitment. Similar results were obtained
by Gonzalez-Astorga and Nunez-Farfan (2000) [26] in Tagetes micrantha. Furthermore,
an ecological trade-off between survival and fecundity was detected in relation to
seedling emergence time, as striking differences in survivorship and fecundity among
pre-and post-winter populations were observed [6]. This phenotypic variation in the life
history trait of emergence time is ecologically and evolutionarily important due to its
effect in determining species fitness [9, 5, 45, 69, 40, 49, 68]. The variation in
emergence time has been reported to be the result of both genetic variation and
phenotypic plasticity [61]. In A. cotula, environmental control of emergence seems
evident but the existence of genetic predisposition needs to be determined. In Tagetes
micrantha variation in emergence time has been reported to be controlled both by
environmental [21] as well as genetic factors[26]. This life-history trade-off had a
significant effect on resource allocation pattern in the population cohorts since the total
dry matter accumulation exhibited striking variations between the pre-winter and post—
winter populations. The pre-winter plants displayed higher drymass accumulation
(Table 3) due to higher RGR and consequently higher number of seeds per plant (Table
5). These differences could be attributed either to differences in length of the growing
period or to environmental conditions. Differences in biomass production between plant
species has been attributed to a wide variety of factors [51]. The most extensive study
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on interspecfic variation in RGR is that of Grime and Hunt (1975) [28], who compared
130 herbaceous annuals, perennials and tree seedlings and reported RGR ranging from
0.031 to 0.386 g g-1 day-1. Grime and Hunt (1975) [28] and Grime (1979) [27]
distinguished 3 different groups of species; ruderals, competitors and stress-tolerants. A.
cotula belongs to the ruderal category and exhibits high RGR. The ecological advantage
of high RGR seems clear as fast growth results in the rapid occupation of a large space
which is advantageous in competitive situations [28]. A high RGR may also facilitate
rapid completion of the life cycle, so essential for ruderals [51]. How fast growing
species achieve high RGR has been frequently addressed. In the studies carried on 24
species by Poorter and Remkes (1990) [51], RGR did not show a clear correlation with
NAR implying that the carbon economy, the balance of photosynthesis and respiration
expressed per unit leaf area, is not of overriding importance in explaining variation in
RGR. Allocation of dry matter to leaves (LWR) is higher in A. cotula as has been
reported for other fast growing species too [51], but without any significant correlation
with RGR. The present studies indicate that A. cotula tends to allocate a greater
proportion of total biomass to above ground parts than to below ground ones which is
characteristic of species invading disturbed habitats [3, 24, 1]. The distribution of
biomass among the various plant organs depends to a large degree on the nature of the
limiting resources. Abrahamson and Gadgil (1973) [3] argued that if light is a limiting
factor, then the plant may respond either by allocating more biomass to stem which
results in taller plants, the strategy helpful in avoiding shade or to leaves which intercept
more of the available light. These patterns of resource allocation have been observed in
golden rods [3] sunflowers [24] and little blue stem [59]. Both these strategies seem to
be adopted by A. cotula to maximize its growth rate leading to high reproductive output
which aids in its spread. Such optimization of resources by plants in response to
environmental conditions has also been reported by Thornley (1972) [66], Bloomn et
al., (1985) [13], Robinson (1986) [58], Hirose (1987) [34], Johnson and Thornley
(1987) [36], Szaniawski (1987) [65], Levin et al., (1989) [41], Hilbert (1990) [33] and
Dewar (1993) [20] in different taxa. Decreased allocation to roots has been reported for
Eucalyptus seedlings [18, 19], tropical perennial grasses [31], temperate annual grasses
[67] and old field annuals [25] invariably from nutrient enriched environments.

Table 5. Vegetative and reproductive characteristics at maturity in pre- and post-winter
populations of A. cotula. (Mean and * standard deviation based on 3 replicates of 5 plants
each).

Site Parameter Pre-winter Post-winter
No. population population
1 Stem height (cm) 77.330+13.620 69.000-+6.244
2 Number of tillers/plant 2.000£1.000 1.000+0
3 Number of branches/tiller 10.500+3.968 13.660+0.570
4 Number of branches/plant 19.000+6.928 13.660+0.570
5 Number of inflorescences/plant 88.000+66.340 63.330+45.930
6 Number of achenes/plant 12,419+37.214 7203.787+21.540
7 1000 achene weight (g) 0.393 0.385
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The underlying physiological mechanisms that determine the observed allocation
patterns are still largely unknown [71] and many of these mechanisms are hormonally
mediated [15] which have been scarcely studied. The variations in the allocation of
resources to different plant organs in pre- and post-winter populations of A. cotula
(Tables 3,4 and Fig. 2) could be due to different growth forms of the plants. For
example, basal rosette habitats in pre-winter plants can alter the resource allocation
pattern and such observations draw support from the studies carried out by Abrahamson
(1979) [2] on 52 populations of 50 wild species.

Allocation of resources to reproductive structures has been particularly studied in
detail [29, 10, 11] because reproductive allocation and its controls are clearly key
questions in the long term population and evolutionary perspective,. In view of this,
allocation to reproduction was studied in A. cotula, which revealed an allocation of
around 30 percent resources to seeds in both pre- and post-winter populations inspite of
significant differences in total drymass/plant in two populations. The allocation of
resources to reproduction recorded during the present study is characteristic of the
species that inhabit less mature and highly disturbed habitats [3, 24, 1, 2]. Such a
characteristic allocation pattern has been attributed, by some, to genetic factors [23]
while others have shown it to be environmentally cued plastic response of the plants
[32, 4].

The present data (Table 5) clearly suggest that individuals in the pre-winter
population have a significantly high fecundity (12,419 achenes/plant) while individuals
in post-winter population produce only 7,204 achenes/plant. However, individuals in the
latter population experience less mortality compared to the former population. Thus,
variation in plant emergence time in A. cotula produces a life history trade-off, with
early emergence favouring the fecundity component of fitness and late emergence
favouring the survival component. These observations are supported by the studies
carried out by Mosseau et al., (2000) [47].

In conclusion it can be stated that the invasion of local ruderal habitats in Kashmir
Himalaya by A. cotula is due to the fine tuning of its life history strategy to the
prevailing environmental conditions. Protracted recruitment pattern aided by habitat
disturbance and favourable moisture, temperature, light and nutrient regimes, and high
population size even after seedling mortality are the key attributes contributing to the
establishment and spread of this species.
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