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Abstract

Traditionally population genetics precludes the use of the same genetic individ-

ual more than once in Hardy–Weinberg (HW) based calculations due to the

model’s explicit assumptions. However, when applied to clonal plant popula-

tions this can be difficult to do, and in some circumstances, it may be ecologi-

cally informative to use the ramet as the data unit. In fact, ecologists have

varied the definition of the individual from a strict adherence to a single data

point per genotype to a more inclusive approach of one data point per ramet.

With the advent of molecular tools, the list of facultatively clonal plants and

the recognition of their ecological relevance grows. There is an important risk

of misinterpretation when HW calculations are applied to a clonal plant not

recognized as clonal, as well as when the definition of the individual for those

calculations is not clearly stated in a known clonal species. Focusing on



Some of the most thorough work modeling the popula-

tion genetics of clonal organisms are founded in nonplant

systems (Meeus et al. 2006, Helkett et al. 2005, Prugnolle

et al. 2005, Balloux et al. 2003). These models make

important progress in interpreting and predicting clonal

population dynamics considering factors such as intermit-

tent sexual reproduction, migration, sex, life cycle,

inbreeding, and coancestry. More commonly, clonal stud-

ies are limited in modeling scope and rely primarily on

simple HW-derived statistics based on estimates of allele

frequency. The goal of this study was to better understand

the range of potential outcomes using this more limited

and simplified framework.

The fact that each genotype (clone) can be made up of

multiple genetically identical but potentially independent

units (ramets) poses considerable problems. HW values

can be derived based on estimates of allele or genotype

frequency. Inherent in this estimate is the necessity to

define the sample unit, commonly assumed to be one

sample datum from each individual. However, in clonal

plants the definition of the individual is not a simple



commonly reported and broadly recognized. To observe

the influence of clone size on calculations of heterozygos-

ity, we incrementally expanded the representation of a

single clonal genotype in a hypothetical population of one

thousand stems. Initially, all stems were genetically dis-

tinct individuals starting at HWE. This is not a model of

population development, but a representation of a range

of clonal structures and HW-derived heterozygosity val-



heterozygous clone or 1 in a homozygous clone. In

homozygous clones, RHet will gradually decrease at first

and accelerate till fixation as clonal representation

increases (Fig. 2). In heterozygous clones, RHet will

increase rapidly and decelerate till it approaches 100%

heterozygosity (Fig. 3).

The difference between the GHet and RHet will depend

on the size distribution of clones present. On one distri-

bution extreme, as percent distinguishable values decrease,

redundant ramets can be evenly distributed among multi-

ple clonal genotypes or on the other extreme fall within a

single expanding clone. The greatest difference between

RHet and GHet values occurs in the latter case when all

homozygous loci approach fixation for one allele, and all

heterozygous loci will trend to 0.5 heterozygosity. An

even distribution will minimize differences between GHet

and RHet with decreasing PD values. In multilocus geno-

types represented by both homozygous loci and heterozy-

gous loci, it is important to note that allele diversity will

decrease with increased clonality, and the representation

of genotypes at each locus will be exaggerated due to both

the fixation of homozygotes to one allele and overrepre-

sentation of heterozygotes (Fig. 4).

The degree of influence of PD values on RHet will also

vary depending on the related GHet value. RHet distance

from GHet will be most exaggerated when a homozygote

clone is in a stand of GHet 0.5 (Fig. 2). Each added

homozygote ramet will move RHet further from GHet

following an exponential curve toward fixation.

For a heterozygote clone, the distance of RHet from

GHet is greatest when it is part of a stand with GHet near

zero (Fig. 3). With GHet based on almost no heterozy-

gotes and the near fixation of one allele, increased PD

values resulting from a heterozygous clone will linearly

increase the representation of the heterozygous genotype

until homozygotes approach zero. RHet will follow a neg-

ative exponential curve from GHet to RHet, approaching

RHet of 0.50 when PD values approach zero.

The difference between GHet and RHet represents

potential range of variation in heterozygosity estimates

depending on how HW is applied. It might also be con-



heterozygous clones result in decelerating error and

homozygous clones result in accelerating error. In both

circumstances, the difference between GHet and RHet is

the greatest as PD values approach zero. The interaction

of these two curves may be relevant in understanding the

combined effect when multiple clones, both heterozygous

and homozygous for a particular locus, occur, or when
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de Meeûs, T., L. Lehmann, and F. Balloux. 2006. Molecular

epidemiology of clonal diploids: a quick overview and a

short DIY (do it yourself) notice. Infect. Genet. Evol.

6:163–170.
Ellstrand, N., and M. Roose. 1987. Patterns of genotypic

diversity in clonal plant species. Am. J. Bot. 74:123–131.
Halkett, F., J. Simon, and F. Balloux. 2005. Tackling the

population genetics of clonal and partially clonal organisms.

Trends Ecol. Evol. 20:194–201.

Honnay, O., H. Jacquemyn, K. Nackaerts, P. Breyne, and K.



reproduction and high intraspecific variation in Salix

arctica: implications for a terrestrial feedback to climate

change in the High Arctic. J. Geophys. Res. 113:11.

Stenstrom, A., B. O. Jonsson, I. S. J�onsd�ottir, T. Fagerstrom,

and M. Augner. 2001. Genetic variation and clonal diversity

in four clonal sedges (Carex) along the Arctic coast of

Eurasia. Mol. Ecol. 10:497–513.

Stenberg, P., M. Lundmark, and A. Saura. 2003. MLGsim: a

program for detecting clones using a simulation approach.

Mol. Ecol. Notes 3:329–331.
Suvanto, L. I., and T. B. Latva-Karjanmaa. 2005. Clone

identification and clonal structure of the European aspen

(Populus tremula). Mol. Ecol. 14:2851–2860.

Tanaka, N., T. Demise, M. Ishii, Y. Shoji, and M. Nakaoka.

2011. Genetic structure and gene flow of eelgrass Zostera

marina populations in Tokyo Bay, Japan: implications for

their restoration. Mar. Biol. 158:871–882.

Travis, S., and M. Hester. 2005. A space-for-time substitution

reveals the long-term decline in genotypic diversity of a

widespread salt marsh plant, Spartina alterniflora, over a

span of 1500 years. J. Ecol. 93:417–430.

Trybush, S. O., �S. Jahodov�a, L. �C�ı�zkov�a, A. Karp, and S. J.

Hanley. 2012. High levels of genetic diversity in Salix

viminalis of the Czech Republic as revealed by microsatellite

markers. Bioenergy Res. 5:969–977.
Vaughan, S., J. Cottrell, D. Moodley, T. Connolly, and K.

Russell. 2007. Clonal structure and recruitment in British

wild cherry (Prunus avium L.). For. Ecol. Manage. 242:419–

430.

Young, A. G., J. H. Hill, B. G. Murray, and R. Peakall. 2002.

Breeding system, genetic diversity and clonal structure in

the sub-alpine forb Rutidosis leiolepis F. Muell. (Asteraceae).

Biol. Conserv. 106:71–78.

8 ª 2016 The Authors. Ecology and Evolution published by John Wiley & Sons Ltd.

Hardy–Weinberg Equilibrium in Clonal Plants V. Douhovnikoff & M. Leventhal


