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OIKOS 36: 355-361. Copenhagen 1981

Population dynamics of the ruderal weed Eupatorium
odoratum and its natural regulation

A. S. Yadav and R. S. Tripathi

Yadav, A. S. and Tripathi, R. S. 1981. Population dynamics of the ruderal weed
Eupatorium odoratum and its natural regulation. — Oikos 36: 355-361.

The paper deals with the dynamics and regulation of a population of Eupatorium
odoratum L., which is a dominant ruderal weed in abandoned cultivated fields, and
on wastelands and roadsides in many parts of the world.

The recruitment and mortality of the individuals has been studied in a five year old
fallow following their fate at short intervals over a one year period. The population
flux, age structure of the weed population and survivorship of the plants of different
age groups have been presented in the paper. The seedling population experienced
very heavy mortality with only 1.4% survivors left at the end of the one year study
period, while the older population showed greater survivorship. An attempt has also
been made to identify the factors regulating the population size. The presence of
associated vegetation greatly suppressed the production of fertile shoots and seeds.
The poor growth exhibited by the E. odoratum seedlings transplanted near its adult
plants indicates the role played by the adults in regulating the population growth of
E. odoratum.

A. S. Yadav and R. S. Tripathi, Dept of Botany, School of Life Sciences, North-
Eastern Hill Univ., Shillong-793 014, India.

CTaThbsi KAMETCH HU3YYEHUs OMHAMUKY M PeryJflMM UUCIIEHHOCTH Eupatorium
odoratum L., OOMIHHDYIQLIErO PyOEpASIHHOIO COPHAKA Ha 3a6paueHHHX Moye—
BEX 3eMIIX, IMyCTQUAX M OBOYMHAX OOPOr' BO MHOIMX paffoHaxX 3E€MHOI'O hiapa.
TonarHeHne ¥ OTTan PaCTeHMt B NOMYJFIMAX HCCIIENOBA/IM HA S5-JIeTHEM Ma-
py 4Yepe3 KOpPOTKHE HMHTEpBaJH BPEMEHM B TeueHHWe Iepyoma 6Garnee roja. B
CTaTbe NpeNCTaBJIeHH JAHHHE 10 NMOTOKY 3HEPIMH 4Yepes IOMyJIALMIo, BO3pacT—
HOM CTPYKTYpe, BHIBHBAEMOCTH PACTEHWI Pa3HEIX BO3PACTHHX I'PYITI. B mnomy-
JHIMHA BCXQINOB HAGUIGNAETCST BHICOKass CMEPTHOCTBb, BEMMBAJIO Juub 1,42% pac-
TEHMH B KOHLE I'OIMUYHOI'O Nepuora HUCCJISNOBaHM, a y pacTeHult 6oriee cTap—
wero BO3pacTa BHMMBAEMOCTD Belle. Buria cOesiaHa Takke TNOMNHTKa MOeHTH(H-—
Kaip GaKTOpOB, PEryJMpyHuMX pasMephl NomysspM, Hamrme mpyrux pacre-
HAM B 3THX aCCOUMALMAX CHWKAET MPONOYKLMIO TUIONOHOCSUMX [MOBEroB U ITpo—
POCTKOB. (CJIAGHIt POCT MPOPOCTKOB E. odoratwnm TPaHCIUIAHTHPOBAHHEX BOIM—
3M B3POCJEX PACTEHMM, IOKasasl porlb 3pefBIX PAaCTEHWM B PeryJyiMH IUIOT-
HOCTY nonyrsupM E. odoratum.

Accepted 20 June 1980
© OIKOS 0030-1299/81/030355-07 $ 02.50/0

24* OIKOS 36:3 (1981) 355



Introduction

Eupatorium odoratum L. is a serious weed in many
parts of the world. Although a recent introduction to
the flora of India, it has become a dominant weed due to
its rapid spread during the last few decades. It is an early
colonizer in abandoned cultivated fields. It also grows
profusely on the wasteland and roadsides in the north
eastern region of India and elsewhere at lower altitudes.
This weed produces a large number of cypselae that are
carried by wind. The seed germination starts with the
onset of rains. Any attempt to control the species can be
effective only when its biology and population be-
haviour are thoroughly known. Thus, the population
growth, and the mechanism of population regulation in
nature should be carefully studied. A thorough know-
ledge of mortality, recruitment and longevity of indi-
viduals is a pre-requisite for any study of population
dynamics. These aspects have engaged the attention of
many workers (e.g. Sagar 1959, Foster 1964, An-
tonovics 1972, Sarukhan and Harper 1973, Hawthorn
and Cavers 1976). Harper and White (1971) have de-
scribed schematic models for the successive stages in-
volved in the regulation of number and mass in plant
populations. However, the natural regulation of the
numbers of individuals has not been intensively studied.

The population regulation may be attributed to the
death and suppression of growth of individuals caused
by the competition from the associated vegetation, be-
sides interactions between seedlings and adult plants of
the same species. In perennials, the adult plants regulate
the growth and survivorship of new recruits to a great
extent. This is clear from the work of Friedman (1971)
who found that the growth of both naturally growing
and transplanted seedlings was greatly suppressed when
they were grown close to the adults.

The aim of the experiments reported in the present
paper is to gather information on the population
dynamics of E. odoratum and to identify some of the
important factors that regulate the population growth.
An attempt has also been made to study the effect of
associated vegetation on the reproductive behaviour of
the weed and of the adult population of E. odoratum on
the survivorship and growth of its new recruits.

Materials and methods

E. odoratum is a perennial. The plants may grow very
high, sometimes attaining 3 m. The seeds of E.
odoratum start germinating with the onset of rains in the
province of Meghalaya in May and June. The plants
grow vegetatively until October after which sporadic
flowering starts and reaches a peak in December, fol-
lowed by fruiting. The fruits mature in February and are
dispersed mostly by wind after maturation. Seeds start
germinating in May.
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Area of study
The site of the present study is situated at Burnihat
(26°02'N, 91°52'E) in Meghalaya at an altitude of 100
m. The climate is humid (annual rainfall 2219 mm) and
hot during most part of the year. During the winter
months of December and January, the temperature
goes down to 7°C while in summers it may rise to 37°C.
The study site was a five year old fallow on the top of
a steep slope where E. odoratum was growing abun-
dantly along with other species. The trees and shrubs of
this area had been slashed and burned 5 yr ago and the
study site has been left abandoned since then with no
major disturbance to vegetation.

Vegetation of the site

The vegetation was mostly herbaceous dominated by
Imperata cylindrica, a grass and E. odoratum (Tab. 1).
However, certain tree species viz. Dillenia indica,
Bauhinia purpurea and Cassia fistula were also present
here and there. Some of the other less abundant species
that also grow as associates on the study site are: Setaria
palmifolia, Paspalum conjugatum, Costus speciosus,
Mimosa pudica, Sida rhombifolia, Wrightia tomentosa,
Urena lobata and Dendrocalamus hamiltonii but these
species were not represented in the permanent quad-
rats.

Demographic studies

Demographic studies were made in three 1-m? perma-
nent quadrats. Individuals of E. odoratum were labelled
and mapped and their fate was followed at short and
regular time intervals from June 1977 to June 1978. For
the first six months (June to November 1977) when
there was heavy mortality, mapping was done at 20 d
intervals and during the latter half of the study period
(December 1977 to June 1978) when the population
was relatively stable the observations were made at
monthly intervals. In the last week of June during the
period of maximum recruitment, a cohort of seedlings
was selected for survivorship study in a 50 cm? area on
each of the three permanent quadrats. Each seedling
was marked with a dot of black paint on the tip of its
cotyledon and the fate of the cohort was followed until

Tab. 1. List of the major associates of Eupatorium odoratum
and their density (Data based on observations in three perma-
nent quadrats fixed for demographic studies).

Plant species *No. per m?
(= SE.)
Imperata cylindrica ........................ 203+21.9
Rungia sp. ............. ... . ..o it 24+ 23
Eupatorium odoratum . . .................... 27+ 4.5
Ottochloa nodusa 8+ 3.6
Carex cubensis ............................ 3+ 0.8

* Density refers to the number of shoots in case of Imperata
cylindrica and to whole plants in case of other species.
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June 1978. The soil moisture content was also estimated
to see if this was correlated with the survivorship of the
plants. Soil moisture content was determined following
the method outlined by Piper (1944) on the basis of 5
samples taken from 0-10 cm soil depth.

Dynamics of seed population

An attempt was made to study the seed population of E.
odoratum in soil before and after the addition of fresh
crop of seeds to the soil through dispersal. Thus, the
seed population in the soil was estimated by taking 5
soil cores of 10 X 10 X 10 cm size from an area adjacent
to the permanent quadrats in the month of February
immediately before the seed dispersal and after the seed
rain in the month of April. The soil cores were brought
to the laboratory and sliced depthwise into five equal
parts. The soil was air dried and seeds of E. odoratum
that were large enough to be easily separated out of the
soil, were counted. The seed production by E. odoratum
growing in the permanent quadrats was also estimated
in February to assess the seed population that might be
available for seed dispersal.

Effects of adult on young transplants

In order to study the effect of adult plants of E.
odoratum on the survivorship and growth of young
transplants, three adult plants of E. odoratum were
selected and all other plants growing within a 2 m radius
were removed. Six E. odoratum seedlings at the four
leaf stage were transplanted at 10 cm distance from the
adults and 10 cm apart from each other. A control set
without adult plants was maintained for comparison. In
the control set, the seedlings were transplanted 10 cm
apart in a circle around a central point instead of an
adult plant. Both treatments had three replications.
After eight months of growth, the transplants from both
the treatments were harvested and various growth var-
iables were measured.

Effect of associated vegetation on the reproductive
behaviour of E. odoratum
For this experiment, a small area was chosen on the
study site and the following two types of plots of 1 m?
size were maintained, each type having 3 replicates:
(1) Two plants of E. odoratum were allowed to grow
without competition from other species by constantly
removing the latter from the plots.
(2) Two plants of E. odoratum were allowed to grow
in competition with all other species.

Results

Population flux

The average population density of E. odoratum on the
study site was 27 adult plants per m? in June 1977 (Tab.
2). These adults occasionally grew more than one shoot.
Of these plants, only about 63% survived during the
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Fig. 1. Survivorship of E. odoratum in relation to age of its
individuals in a five year old jhum fallow. Fig. 1 above: Seed-
ling population (O————0); Fig. 1 below: one year old po-
pulation (O————0) and more than one year old population
(® @); differences significant at 5% (t = 3.26).

study period. However, 19 new plants were added over
a one year period increasing the population density to
36 plants per m? in June 1978. Thus there was a net gain
of 9 plants per m? and the rate of population increase
was 1.33. The annual mortality of the weed population
was very high. Out of 1358 plants recruited (seedlings)
over a one year period only 19 survived.
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Tab. 2. Population flux of E. odoratum over a one year period
(June 24 1977 to June 30 1978).

Variable
a) No. of plants on 24 June 1977 ............. 27
b) No. of plants on 30 June 1978 ............. 36
c) Netchange (b-a) ........................ 9
d) Rate of increase (3) ...................... 1.33
e) No. of plants recruited between 24 June
1977 and 30 June 1978 ................... 1358
f) Total no. of plants lost between 24 June
1977 and 30 June 1978 ................... 1349

g) Plants present on 24 June 1977 alive by 30
June 1978 ... ... 17

h) Percentage survival of plants in (a) (§ X 100) 62.96
i) Total no. of plants recorded during the study

period . ... ... 1385
j) Percentage annual mortality of all individuals 97.4

The size of the population was largest in June, the
period of maximum recruitment of seedlings and the
population was lowest during winter months. Thus, the
population of E. odoratum in the summer season al-
though exhibiting considerable mortality, is charac-
terised by net gain whilst during winter there is a net
loss of individuals from the population.

Survivorship of seedling population

Seedlings experienced heavy mortality (Fig. 1 above).
Two distinct periods of heavy mortality were observed,
the first, during the active growing season (August to
October) and second, in the winter months (December
to February). Only 1.4% of the seedlings survived over
the one year study period. The half-life of the seedling
population was found to be 94 d which was quite low
compared to the other two age groups.

Survivorship of mature plants

The survivorship of adults was very high in comparison
to the seedling population. Two age groups could be
recognised among the adults: one year old plants that
were small and had 6 nodes, and more than one year old
plants that were large and had more than 6 nodes. The
survivorship of large plants was 80.5% while the sur-
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Fig. 2. Change in age structure of an E. odoratum population in
a five year old fallow. Fig. 2 (a) and (b) refer to the age struc-
ture of E. odoratum populations in June 1977 and June 1978
respectively.

vivorship of one year old plants was only 47.5%. As
shown by the survivorship curves (Fig. 1 below) the
mortality among the young individuals started earlier.
However, in both the age groups the maximum mor-
tality was observed in the later part of the active grow-
ing season (October—November), presumably due to
intense competition, and became constant for the rest of
the study period (December 1977 to June 1978). The
half-life of the one year old population was 306 d and
that of the older population was presumably much
greater though it was not possible to calculate.

Change in age structure of the population

The change in age structure of the population over one
year (Fig. 2) shows that the recruitment of new seedl-
ings was only 219 plants per m? in June 1978 while it
was 1358 plants per m? in June 1977. The cause of this

Tab. 3. Effect of adult plants of E. odoratum on the survivorship and growth of its young transplants (data based on 15 survivors).

Variable Transplants Transplants grown Calculated value of
grown with adults without adults ‘t

Survivorship (%) ............ ...l 93.51 91.33 0.563
Heightof plants (cm) ......................... 13.26 28.94 4.798*

No. of leaves per plant ........................ 8 29 2.390

Leaf area per plant (cm?) ...................... 74 481.15 1.975

Dry weight of root per plant (g) ................ 0.079 0.507 1.000

Dry weight of shoot per plant (g) ............... 0.482 3.198 4.005*

* Difference significant at 5% level.
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Tab. 4. Effect of associated vegetation on the reproductive behaviour of Eupatorium odoratum (values represent the average of 6

plants).

Variable

E. odoratum grown

E. odoratum grown Calculated value of

with associates without associates t
Percentage of fertile shoots per plant ............ 28.2 63.8 8.761*
No. of capitulaperplant....................... 975.3 4958.4 4.774*
No. of seeds per capitulum ..................... 28.4 31.0 2.025
Seed output perplant ......................... 27699 153710 4.248*

* Difference significant at 5% level.

great difference in recruitment between years is
obscure. However, it could be argued that the differ-
ence in recruitment of seedlings could be on account of
differences in climate between years that might have
differential effect on flowering and germination al-
though we have no data to substantiate this point.

Seed bank in soil

No seeds were found to be present in soil below 2 cm
depth. The seed population of E. odoratum in the soil
was zero in the month of February while after seed fall
in April, values of 11240 seeds per m? were estimated.

Effect of adult plants of E. odoratum on the
survivorship and growth of transplants

The growth of young transplants of E. odoratum was
greatly suppressed close to the adult plants (Tab. 3).
However, the survivorship of transplants in control and
treatment plots was not much different. For variables
like leaf area and dry matter yield of shoot and root of
the transplants, there was a 6—7 fold decrease due to the
proximity of adult plants of E. odoratum.

Effect of associates on the reproductive behaviour of
E. odoratum

The reproductive potential of the E. odoratum plants
was profoundly reduced by the presence of associated
vegetation (Tab. 4). The seed production of E.
odoratum was 27699 seeds per plant in the presence of
associated vegetation while in devegetated plots it was
as high as 153710 seeds per plant. Presence of the as-
sociated vegetation also caused a considerable decrease
in the percentage of fertile shoots per plant and the
number of capitula per plant (Tab. 4).

Discussion

The growth of a population is mainly dependent on re-
cruitment, mortality and the longevity of individuals.
According to Sarukhan and Harper (1973), a balance
resulting from the complex interaction between the
three, must be obtained if a population of a species is to
maintain stability. The recruitment of new individuals of
E. odoratum is greater than the numbers that are lost

OIKOS 36:3 (1981)

from the established population over a one year period
(Tab. 2). It shows that the weed has tremendous poten-
tial to increase its numbers. It produces a large amount
of seed every year but only a fraction is able to establish
as matyre plants on account of a series of environmental
constraints imposed on them at various stages of the life
cycle. As shown in Fig. 5, a large number of seeds (ab-
out 87.2%) were lost to wind, water and othe agencies.
About 66% of the seeds falling in the plots were non-
viable and the viable fraction does not all germinate due
to non-availability of sufficient suitable microsites.
Thus, only 12% of the total weed seeds present in soil
could germinate. Further, not all the germinated seeds
developed into mature plants.

The seedlings of E. odoratum show two peaks of
mortality, one during the active growing season and the
other during the winter months. As the plants grow,
they place more and more demand on the available
supplies and the keen competition that ensues, results in
suppressed growth and heavy mortality. Many plants of
E. odoratum also died due to heavy infection by stem
rot. The second peak of mortality that was observed in
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Fig. 3. Percentage cumulative mortality of different age groups
of an E. odoratum population compared to the suil moisture
content. The age groups considered are: less than one year old

population (O———(O), one year old population
X X) and more than one year old population
(O A). The symbol (@------------ @®). indicates the soil

moisture content.
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Fig. 4. Periodic mortality rate of different age groups of an E.
odoratum population compared to the soil moisture content.
The age groups considered are: less than one year old popula-
tion (O———0), one year old population (X x) and
more than one year old population (A A). The symbol
(@ @), indicates the soil moisture content.

January-February may be attributed to low tempera-
ture and decreasing moisture content of the soil. Some
mortality can be detected at all stages of the plant
growth but the mortality risk was highest in seedling
populations and decreased with the age of the plants
(Fig. 3) so long as they were not senescent. The mor-
tality increased with increasing soil moisture stress indi-
cating that soil moisture content may play some role in
the regulation of the population of this weed in nature.

However, the correlation between mortality and soil
moisture content was statistically insignificant (r = 0.2).

The mortality pattern of the two age groups of adult
plants was quite different from that of seedlings. The
adults showed only one peak of mortality (Fig. 4) which
appears to be independent of prevailing soil moisture
stress and temperature conditions during winter
months. Sarukhan and Harper (1973) suggested that
the adult populations of Ranunculus spp. do not suffer
from harsh climatic conditions, and the major risk for
them comes during the active growing season. Similarly,
Hawthorn and Cavers (1976) reported that the sur-
vivorship of mature plants was not affected by moisture
stress. The adult population of E. odoratum also showed
peak mortality in October—-November which was the
period of active vegetative growth and presumably most
severe competition for resources. One year old adults
suffered heavier mortality than 2 year old adult plants
(Figs 3 and 4); they were smaller and appeared to be
weaker competitors not only against the older plants of
E. odoratum but also against the plants of other as-
sociated species. The half-life of the population in-
creased with age of the cohorts indicating thereby an
increase in longevity of the individuals that were estab-
lished earlier.

The growth of associated vegetation seems to contri-
bute considerably to the regulation of E. odoratum
populations in nature. This is evident from the drastic

Adults died
A 10] (Feb. 1977 - June 1978)
Adults survived
(Feb.1977 - June 1978)
A K N et Gain i
e ain in
—‘)@ population
B /\dults Adults
(Feb.1977) (June,1978)
87878
Seed production
(Feb) J
Adults survived
Seed dispersal (Feb.) |
c (March)
Plan_ts died
76638 I winter Fig. 5. Schematic summary
D of the population flux of E.
o odoratum in a five year old
Seeds lost to wind, 11240 | Seeds in soi H fallow. Data in boxes refer
water, etc. (April) 143 Seedlings to the population of
established individuals (seeds or plants)
(Nov.) per m% Box A: Adult
E E population in February 1977
that remained unchanged
1358 until June 1977; Box J:
9882 G .
Seedlings recruited Population of adults that
_ 1215 survived in February 1978
Non -viable and dormant  ( June) remained unchanged until
seeds in soil Seedlings died June 1978. Other boxes are
(June) (June - Nov.) explained in the figure.
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reduction in the reproductive potential when grown in
competition with the associates. Poor growth and survi-
val of seedlings of Chamaenerion angustifolium has
been attributed by Andel and Rozema (1974) to a keen
competition for water between seedling populations and
associated vegetation where the latter is able to utilise
the available resource more effectively. The role of as-
sociates in population regulation has also been em-
phasized by other workers (Sagar and Harper 1961,
Putwain and Harper 1970, Tripathi and Dwivedi 1978).
The adult plants of E. odoratum exercise a strong reg-
ulatory influence on the population growth of this
weedy species. The growth of the young transplants in-
troduced in the neighbourhood of the adults was found
to be substantially reduced relative to transplants al-
lowed to grow free from competition from adults (Tab.
3).

The schematic summary of the population dynamics
of E. odoratum (Fig. 5) indicates that there resulted a
net gain of only 9 individuals over a one year period to
the population that existed in June 1977 despite a seed
production of about 87900 per m?. Obviously, there is a
constant reduction in size of the population of seeds and
plants with passage of time due to various environmen-
tal constraints operating at different stages of the life
cycle. The possible factors that contribute to the regula-
tion of the E. odoratum population are:

(1) Wind, water, consumer organisms and other agen-
cies responsible for the loss of seeds through their
removal, predation and degeneration.
Non-availability of ‘safe’ microsites in sufficient
numbers for the seeds to germinate and for seedl-
ings to establish.

Competition for resources offered by the associated
plant species and the established adult population
of E. odoratum.

Soil moisture stress.

Low temperature conditions prevailing in winter.
Certain pathogens causing stem rot disease.
“Natural senescence” as the individuals die of old
age.

@)

3

“4)
(%)
(6)
Q)

In spite of all these hazards and regulatory forces, the
adult population of 27 plants in June, 1977 increased to
36 after a period of one year which is a high rate of
population growth. Population growth can be particu-
larly rapid if the existing vegetation is disturbed as is
clear from the high reproductive potential of the plants
in the absence of competition from associated vegeta-
tion. If the E. odoratum population continues to grow at
this speed, within a few years it may suppress and elimi-
nate many useful elements of the original flora of the
north-eastern region of India unless some other effec-

OIKOS 36:3 (1981)

tive regulatory forces become operative. It may be
mentioned that the seedling population was far less in
June 1978 as compared to that in the proceding year
(Fig. 2) which indicates that some other regulatory fac-
tors are also involved, but whether these unidentified
factors have been responsible for population regulation
during the period of the present study only or exercise
their influence on the population regularly in successive
generations, is not yet known. In older fallows where
the canopy of the vegetation was closed, the population
of E. odoratum was observed to be low while in cleared
areas of the present study site, the recruitment was very
high presumably due to better availability of light indi-
cating the role of light as well in population regulation
of E. odoratum in nature.

Acknowledgements — We are grateful to Prof. J. L. Harper,
Bangor, U.K. for his valuable comments on the manuscript.
We also acknowledge the financial support from the University
Grants Commission in form of a Junior Research Fellowship to
A.S. Yadav.

References

Andel, J. Van and Rozema, J. 1974. An experiment on repro-
duction from existing populations of Chamaenerion angus-
tifolium (L.) Scop. — Plant Soil 41: 415-419.

Antonovics, J. 1972. Population dynamics of the grass An-
thoxanthum odoratum on zinc mine. — J. Ecol. 60:
351-365.

Foster, J. 1964. Studies on the population dynamics of the
Daisy, (Bellis perennist). — Ph.D. thesis, Univ. of Wales.

Friedman, J. 1971. The effect of competition by adult
Zygophyllum dumosum Boiss. on seedlings of Artemisia
herba-alba Asso. in the Negev deset of Israel. —J. Ecol. 59:
775-782.

Harper, J. L. and White, J. 1971. The dynamics of plant popu-
lations. — Proc. Adv. Study. Inst. Dynamics Numbers
Popul. (Oosterbeck, 1970), pp. 41-63.

Hawthorn, W. R. and Cavers, P. B. 1976. Population dynamics
of the perennial herbs, Plantago major L. and P. rugelii
Decne. — J. Ecol. 64: 511-527.

Piper, C. S. 1944. Soil and Plant Analysis. — Adelaide.

Putwain, P. D. and Harper, J. L. 1970. Studies in the dynamics
of plant populations. III. The influence of associated
species on populations of Rumex acetosa L. and R.
acetosella L. in grassland. — J. Ecol. 58: 251-264.

Sagar, G. R. 1959. The Biology of some sympatric species of
grassland. — D. Phil. thesis, Univ. of Oxford.

— and Harper, J. L. 1961. Controlled interference with
natural populations of Plantago lanceolata, P. major and P.
media. — Weed Res. 1: 163-176.

Sarukhan, J. and Harper, J. L. 1973. Studies on plant demo-
graphy: Ranunculus repens L., R. bulbosus L. and R. acris
L. 1. population flux and survivorship. — J. Ecol. 61:
675-716.

Tripathi, R. S. and Dwivedi, R. P. 1978. On the dynamics and
regulation of populations with special reference to plants. —
In: Singh, J. S. and Gopal, B. (ed.), Int. Sci. Publ., Jaipur,
pp- 425-437.

361



	Article Contents
	p. 355
	p. 356
	p. 357
	p. 358
	p. 359
	p. 360
	p. 361

	Issue Table of Contents
	Oikos, Vol. 36, No. 3 (Mar., 1981), pp. 257-380
	Volume Information
	Front Matter [pp. 379-379]
	Effective Population Size, Generation Interval, and Potential Loss of Genetic Variability in Game Species under Different Hunting Regimes [pp. 257-266]
	The Cost of Being Aposematic. An Experimental Study of Predation on Larvae of Papilio Machaon by the Great Tit Parus Major [pp. 267-272]
	Some Demographic Aspects of Dispersers in Fluctuating Populations of the Vole Microtus Townsendii [pp. 273-280]
	Chitty's Hypothesis and Behaviour in Subarctic Red-Backed Voles Clethrionomys Gapperi [pp. 281-295]
	An Analysis of Some Factors Influencing the Successful Penetration of Sediment by Chironomid Larvae [pp. 296-302]
	Food Preference, Optimal Diet and Reproductive Output in Stoats Mustela Erminea in Sweden [pp. 303-315]
	Digestive Enzymes in Three Species of Enchytraeidae (Oligochaeta) [pp. 316-318]
	Plant Self-Thinning and Leaf Area Dynamics in Experimental and Natural Monocultures [pp. 319-325]
	Influence of Germination Date on Survival and Fecundity in Wild Lettuce Lactuca Serriola [pp. 326-330]
	Kinetics of Extracellular Release of  C-Labelled Organic Carbon by Submerged Macrophytes [pp. 331-347]
	Controls on  CO Exchange in Two Polytrichum Moss Species. 2. The Implications of Belowground Plant Parts on the Whole-Plant Carbon Balance [pp. 348-354]
	Population Dynamics of the Ruderal Weed Eupatorium Odoratum and Its Natural Regulation [pp. 355-361]
	Influence of Grazing by Collembola on the Activity of Senescent Fungal Colonies Grown on Media of Different Nutrient Concentration [pp. 362-367]
	The ATP and Total Adenine Nucleotide Content of Four Unicellular and Colonial Green Algae [pp. 368-373]
	Forum
	Diurnal Variations in Abundance of the Housefly Musca Domestica in a Tropical Village [pp. 374-375]
	Mutualism between Grasses and Grazers: An Evolutionary Hypothesis [pp. 376-378]

	Correction: Competition and Habitat Selection in a Forest-Floor Small Mammal fauna [p. 378]
	Correction: Aerosol Collection by Scots Pine Seedlings: Design and Application of a Wind Tunnel Method [p. 380]
	Back Matter



