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Short communications 

Population cycles caused 

by overcompensating density-dependence in an annual plant 

E. Symonides1, J. Silvertown2*, and V. Andreasen2 
1 Institute of Botany, Warsaw University, 00-478 Warsaw, Al. Ujazdowskie 4, Poland 
2 Section of Ecology & Systematics, Cornell University, Ithaca, NY 14853, USA 

Summary. We analyse demographic data from a seven-year 
study of the annual crucifer Erophila verna which showed 

two-year cycles of abundance in the field. The unusual 
behaviour of this population is shown to be the consequence 
of overcompensating density-dependence. Very local differ- 
ences in germination succ?s between plots can account for 
observed differences in their population dynamics over the 

long term. 
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It is well known that, theoretically, some forms of density- 
dependence may cause fluctuations in single-species popula- 
tions (May 1975). However, in reality, density-dependence 
is usually a stabilizing process in the dynamics of popula- 
tions of insects (Hassell et al. 1976, Thomas et al. 1980) 
and of plants (Watkinson and Harper 1978; Antonovics 
and Levin 1980; Silvertown 1982; Crawley 1983; Watkin- 
son 1985). In this note, we draw attention to the first case 
known to us of a natural plant population in which density 
dependence appears to be responsible for cycles in abun- 
dance. 

Symonides (1983 a, b, 1984) reports a seven-year demo- 

graphic study of a population of the sand dune annual 

Erophila verna (Cruciferae) in Poland. She censused individ- 
uals in 10 cm ? 10 cm plots of larger quadrats and, on the 
local scale, found that the abundance of E. verna cycled 
between extreme extreme densities of 1-2 and 55-65 indi- 
viduals 0.01 m~2 plot with an exact two-year period 
(Fig. 1 a, b). We show here that these cycles result from 
the relationships Symonides (1983 a, b) found between plant 
density and fecundity which indicate that seed production 
per plot showed an overcompensatory reduction with den- 

sity (Fig. 2). 

In Fig. 3 we have plotted the total viable seed produc- 
tion per plot against initial seedling density. Since no signifi- 
cant numbers of viable seeds survived in the soil after the 
main flush of germination in the spring following their pro- 
duction (Symonides 1984), we can use the number of viable 
seeds produced in a plot to predict the number of seedlings 
in the next season. A set of germination percentage curves 

intercepting the seed production curve turn the graphs in 

Fig. 3 into a graphical analog of a difference equation mod- 
el which may be iterated by cobwebbing. Iterating the mod- 
el for different values of germination percentage (Fig. 3 a, 
c, e) shows that the dynamics of this population (Fig. 3 b, 
d, f respectively) may be radically altered by changes in 

only this parameter, and that 2-year cycles of the kind ob- 
served in the field occur when germination is between 0.5 % 
and 1 %. Actual germination in the cycling field plots varied 
from year-to-year, between mean values of 1 and 3%. 

Although our model (Fig. 3 c, d) produces cycles of the 
same period as those observed in the field, the model's cy- 
cles are of smaller amplitude. We believe this is due to 
the averaging procedure involved in obtaining Fig. 2, com- 
bined with the sensitivity of the populations' dynamic 
behaviour to the shape of the right-hand end of the seed 

production curve. 
Some of the 10 cm ? 10 cm plots in the study tended 

to remain at a stable, intermediate density and did not show 

cycles in abundance (Fig. 1 b). We suggest that the differ- 
ence between these and the cycling plots may be due to 

persistent differences in germination conditions on a local 
scale. According to our model (Fig. 3 a, b) non-cycling plots 
are predicted to have consistently poor germination condi- 
tions (<0.5%) and cycling plots should have relatively 
good germination conditions (between 0.5% and 1%). The 

profound consequences of such differences between plots 
are a further example of the importance of spatial hetero- 

geneity in understanding plant population dynamics. 
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Fig. 1 a.The mean density of seedlings of E. verna in ten 0.01 m~2 
plots over four generations. Open symbols are plots begining at 
a high density in 1973, closed symbols are plots begining at a low 
density in 1973. Standard deviations are shown for high densities 
by a vertical bar. (b) The number of transitions between low, inter- 
mediate and high density classes (1-4, 5-10, 11-56 seedlings per 
0.01 m~2 respectively) in 31 plots continuously occupied by E. 
verna over seven years. There were no transitions low-? low. Data 
from Symonides (1983 a) Fig. 2 
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Fig. 2. Components of seed yield per 0.01 m "2 
plot graphed against 

the initial seedling density per plot recorded at the begining of 
the season. Data are seven-year arverage relationships. (Data from 

Symonides 1983 a and b, corrected for drawing errors in the origi- 
nal publications). -?- Seeds/plot; -?- Seeds/plant; -a- No. Fruit- 

ing 
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Fig. 3a?f. Graphical models of the population dynamics of E. 
verna. The heavy curve is the same as the "seeds per plot" curve 
in Fig. 2, but here is plotted on a linear scale. The dynamics of 
plots with different germination conditions are derived by iteration 
of the graphical model, with the numbers predicted per plot over 
five generations shown alongside, a, b germination = 0.5%, c, d 
germination = 1 %, e, f germination = 2% 



158 

References 

Antonovics J, Levin DA (1980) The ecological and genetic conse- 
quences of density-dependent regulation in plants Ann Rev 
EcolSyst 11:411^152 

Crawley MJ (1983) Herbivory. Blackwell Scientific Publications, 
Oxford 

Hassell MP, Lawton JH, May RM (1976) Patterns of dynamical 
behaviour in single-species populations. J Anim Ecol 
45:471-486 

May RM (1975) Biological populations obeying difference equa- 
tions: Stable points, stable cycles and chaos. J Theoret Biol 
51:511-524 

Silvertown JW (1982) Introduction to plant population ecology 
Longman, Harlow and NY 

Symonides E (1983a) Population size regulation as a result of intra- 
population interactions I. Effect of density on the survial of 
individuals of Erophila verna (L.) C.A.M. Ekol Polska 
31:839-881 

Symonides E (1983 b) Population size regulation as a result of intra- 

population interactions II. Effect of density on the growth rate, 
morphological diversity and fecundity of Erophila verna (L.) 
C.A.M. individuals. Ekol Polska 31:883-912 

Symonides E (1984) Population size regulation as a result of intra- 
population interactions III. Effect of Erophila verna (L.) 
C.A.M. population density on the abundance of the new gener- 
ation of seedlings. Summing-up and conclusions. Ekol Polska 
32:557-580 

Thomas WR, Pomerantz MJ, Gilpin ME (1980) Chaos, assymmet- 
ric growth and group selection for dynamical stability. Ecology 
61:1312-1320 

Watkinson AR (1985) Plant responses to crowding. Ch. 18, 
pp 275-289 in White, J. (ed.) Studies on plant demography. 
Academic Press, London 

Watkinson AR, Harper JL (1978) The demography of a sand dune 
annual Vulpia fasiculata: I. The natural regulation of popula- 
tions. J Ecol 66:15-33 

Received June 20, 1986 


	Article Contents
	p. [156]
	p. 157
	p. 158

	Issue Table of Contents
	Oecologia, Vol. 71, No. 1 (Dec., 1986), pp. I-VIII+1-160
	Volume Information [pp. I-VII]
	Front Matter
	Seed Germination Patterns of Salvia mellifera in Fire-Prone Environments [pp. 1-5]
	Seasonal Changes in Photosynthetic Characteristics of Pachysandra terminalis (Buxaceae), an Evergreen Woodland Chamaephyte, in the Cool Temperate Regions of Japan [pp. 6-11]
	The Controlled Assembly of Microcosmic Communities: The Selective Extinction Hypothesis [pp. 12-17]
	Age Specific Fecundity and Size of Offspring in the Prosobranch Snail, Viviparus ater [pp. 18-24]
	The Influence of the Frequency of Periodic Disturbances on the Maintenance of Phytoplankton Diversity [pp. 25-28]
	Diversity and Spatial Pattern of Coral Communities in the Red Sea Upper Twilight Zone [pp. 29-37]
	The Site of Settlement Indicates Commensalism between Bluemussel and Its Epibiont [pp. 38-40]
	Interaction of Euonymus Scale (Homoptera: Diaspididae) Feeding Damage and Severe Water Stress on Leaf Abscission and Growth of Euonymus fortunei [pp. 41-46]
	Reward Partitioning in Capparis spp. along Ecological Gradient [pp. 47-50]
	Seed Production and Seed Predation in a Patchy and Time-Varying Environment. Dynamics of a Milkweed. Tephritid Fly System [pp. 51-58]
	The Role of Variable Weather for the Dynamics of a Seed-Seed Predator System [pp. 59-62]
	Comparative Physiology of Burned and Unburned Rhus laurina after Chaparral Wildfire [pp. 63-68]
	Ecophysiology of Zigadenus nuttallii, a Toxic Spring Ephemeral in a Warm Season Grassland: Effect of Defoliation and Fire [pp. 69-74]
	A Test of the Menge-Sutherland Model of Community Organization in a Tropical Rocky Intertidal Food Web [pp. 75-89]
	The Effect of Neonatal Starvation on the Growth, Development and Survival of Larvae of the Pine Beauty Moth, Panolis flammea (D & S) [pp. 90-93]
	Origins of the Regional Feeding Abilities in the Tiger Swallowtail Butterfly: Ecological Monophagy and the Papilio glaucus australis Subspecies in Florida [pp. 94-103]
	Water Vapor Uptake and Photosynthesis of Lichens: Performance Differences in Species with Green and Blue-Green Algae as Phycobionts [pp. 104-110]
	Scorpions, Spiders and Solpugids: Predation and Competition among Distantly Related Taxa [pp. 111-116]
	Responses of Gas Exchange to Humidity in Populations of Three Herbs from Environments Differing in Atmospheric Water [pp. 117-120]
	Mineral Licks as a Sodium Source for Isle Royale Moose [pp. 121-126]
	Effects of Water Stress on Gas Exchange and Water Relations of a Succulent Epiphyte, Kalanchoë uniflora [pp. 127-132]
	Hostplant, Larval Age, and Feeding Behavior Influence Midgut pH in the Gypsy Moth (Lymantria dispar) [pp. 133-137]
	The Transformation of Saperda calcarata (Coleoptera: Cerambycidae) into a Cellulose Digester through the Inclusion of Fungal Enzymes in Its Diet [pp. 138-141]
	Effect of Microhabitat on Fitness Components of Larval Tiger Salamanders, Ambystoma tigrinum nebulosum [pp. 142-148]
	Flock Size and Habitat-Dependent Food and Energy Intake of Foraging Goldfinches [pp. 149-155]
	Short Communications
	Population Cycles Caused by Overcompensating Density-Dependence in an Annual Plant [pp. 156-158]
	Resurrection Grasses in India [pp. 159-160]

	Back Matter



