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Abstract: Small plant populations are more prone to extinction due to the loss of genetic variation through

random genetic drift, increased selfing, and mating among related individuals. To date, most researchers deal-

ing with genetic erosion in fragmented plant populations have focused on threatened or rare species. We raise

the question whether common plant species are as susceptible to habitat fragmentation as rare species. We

conducted a formal meta-analysis of habitat fragmentation studies that reported both population size and

population genetic diversity. We estimated the overall weighted mean and variance of the correlation coeffi-

cients among four different measures of genetic diversity and plant population size. We then tested whether

rarity, mating system, and plant longevity are potential moderators of the relationship between population

size and genetic diversity. Mean gene diversity, percent polymorphic loci, and allelic richness across studies

were positively and highly significantly correlated with population size, whereas no significant relationship

was found between population size and the inbreeding coefficient. Genetic diversity of self-compatible species

was less affected by decreasing population size than that of obligate outcrossing and self-compatible but mainly

outcrossing species. Longevity did not affect the population genetic response to fragmentation. Our most im-

portant finding, however, was that common species were as, or more, susceptible to the population genetic

consequences of habitat fragmentation than rare species, even when historically or naturally rare species were

excluded from the analysis. These results are dramatic in that many more plant species than previously as-

sumed may be vulnerable to genetic erosion and loss of genetic diversity as a result of ongoing fragmentation

processes. This implies that many fragmented habitats have become unable to support plant populations that

are large enough to maintain a mutation-drift balance and that occupied habitat fragments have become too

isolated to allow sufficient gene flow to enable replenishment of lost alleles.

Keywords: genetic diversity, habitat fragmentation, inbreeding, mating system, population size

Susceptibilidad de Especies de Plantas Comunes y Raras a las Consecuencias Genéticas de la Fragmentación del

Hábitat

Resumen: Las poblaciones pequeñas de plantas son más propensas a la extinción debido a la pérdida de

variación genética por medio de la deriva génica aleatoria, el incremento de autogamia y la reproducción en-

tre individuos emparentados. A la fecha, la mayoŕıa de los investigadores que trabajan con erosión genética en

poblaciones fragmentadas de plantas se han enfocado en las especies amenazadas o raras. Cuestionamos si las

especies de plantas comunes son tan susceptibles a la fragmentación del hábitat como las especies raras. Real-

izamos un meta análisis formal de estudios de fragmentación que reportaron tanto tamaño poblacional como

diversidad genética. Estimamos la media general ponderada y la varianza de los coeficientes de correlación

entre cuatro medidas de diversidad genética y de tamaño poblacional de las plantas. Posteriormente probamos

si la rareza, el sistema reproductivo y la longevidad de la planta son moderadores potenciales de la relación

entre el tamaño poblacional y la diversidad genética. La diversidad genética promedio, el porcentaje de loci

polimórficos y la riqueza alélica en los estudios tuvieron una correlación positiva y altamente significativa
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824 Habitat Fragmentation and Common Species Honnay & Jacquemyn

con el tamaño poblacional, mientras que no encontramos relación significativa entre el tamaño poblacional

y el coeficiente de endogamia. La diversidad genética de especies auto compatibles fue menos afectada por la

reducción en el tamaño poblacional que la de especies exogámicas obligadas y especies auto compatibles, pero

principalmente exogámicas. La longevidad no afectó la respuesta genética de la población a la fragmentación.

Sin embargo, nuestro hallazgo más importante fue que las especies comunes fueron tan, o más, susceptibles

a las consecuencias genéticas de la fragmentación del hábitat que las especies raras, aun cuando las especies

histórica o naturalmente raras fueron excluidas del análisis. Estos resultados son dramáticos porque muchas

especies más pueden ser vulnerables a la erosión genética y a la pérdida de diversidad genética como conse-

cuencia de los procesos de fragmentación que lo se asumı́a previamente. Esto implica que muchos hábitats

fragmentados han perdido la capacidad para soportar poblaciones de plantas lo suficientemente grandes para

mantener un equilibrio mutación-deriva y que los fragmentos de hábitat ocupados están tan aislados que el

flujo génico es insuficiente para permitir la reposición de alelos perdidos.

Palabras Clave: diversidad genética, endogamia, fragmentación de hábitat, sistema reproductivo, tamaño pobla-

cional

Introduction

Next to decreasing habitat quality and the introduction of

exotic species, habitat fragmentation is one of the main

drivers behind the present biodiversity crisis (Young &

Clarke 2000). Habitat fragmentation includes three com-

ponents (Andren 1994): (1) pure loss of habitat, (2) re-

duced fragment size, and (3) increased spatial isolation of

remnant fragments. Small habitat fragments contain small

populations, which are more vulnerable to extinction due

to environmental and demographic stochasticity (Shaffer

1981; Lande 1988). In addition, small populations may

be more prone to extinction due to the loss of genetic

variation (Frankham 1996). A decreasing population size

may result in erosion of genetic variation through the loss

of alleles by random genetic drift. In addition, increased

selfing (in plants) and mating among closely related in-

dividuals in small populations may result in inbreeding

and a reduction of the number of heterozygotes (Schaal

& Leverich 1996; Young et al. 1996). Over the short term

decreasing heterozygosity and the expression of deleteri-

ous alleles may result in reduced fitness (Keller & Waller

2002; Reed & Frankham 2003). In the long term lower

levels of genetic variation may limit a species’ ability to

respond to changing environmental conditions through

adaptation and selection (Booy et al. 2000).

To date, most studies dealing with genetic erosion in

fragmented plant populations have focused on threatened

or rare species (e.g., Raijman et al. 1994; Cruzan 2001;

Gonzales & Hamrick 2005). The few available studies that

explicitly looked for a relationship between habitat frag-

mentation and genetic erosion in common species, how-

ever, have demonstrated that commonness does not pro-

tect a species from loss of genetic variation (e.g., Lienert

et al. 2002; Hooftman et al. 2004; Galeuchet et al. 2005).

These findings are unexpected because common species

are by definition characterized by higher fragment occu-

pancy and/or higher local abundance than rare species

(Gaston et al. 2000). These spatial population character-

istics can be expected to mitigate the loss of genetic diver-

sity in common species, for example, by allowing genetic

rescue (i.e., the replenishment of lost alleles through gene

flow between habitat fragments) (Richards 2000; Tallmon

et al. 2004). On the other hand, rare species include both

species that are historically or naturally rare (e.g., Wolf

et al. 2000a) and those that are rare due to recent pop-

ulation declines. The effects of habitat fragmentation are

expected to be more severe in recently fragmented pop-

ulations (Huenneke 1991; Gitzendanner & Soltis 2000).

If the loss of genetic diversity in common species

appears to be a universal phenomenon, then this may

have major consequences for plant community compo-

sition and species richness of fragmented habitats. In

turn, changing community composition and decreasing

species richness may negatively affect ecosystem func-

tioning (Loreau et al. 2001; Leps 2005).

Along with rarity, mating system and longevity may also

affect the genetic response of plants to habitat fragmen-

tation. Plants display a wide variety of mating systems

that differ in their influence on population genetic struc-

ture (Barrett & Kohn 1991; Richards 1997). Nevertheless,

it is currently not known whether the effects of habitat

fragmentation on the degree of inbreeding and genetic

drift systematically differ for species with different mating

systems and, more specifically, between self-compatible

and self-incompatible species (Galeuchet et al. 2005).

Longevity (and especially prolonged clonal growth) may

also mitigate the loss of genetic diversity because it ex-

tends the time between generations and therefore mod-

erates the loss of alleles through genetic drift (Young et

al. 1996; Honnay & Bossuyt 2005).

Some authors have compared overall genetic diver-

sity between rare and common (congeneric) species

(Hamrick & Godt 1996; Gitzendanner & Soltis 2000) al-

though summary of the available habitat fragmentation

studies and comparison of the relationship between ge-

netic diversity and population size between common and

rare plant species has not been conducted. Thus, we
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conducted a formal meta-analysis of habitat fragmenta-

tion studies that report the relationship between popu-

lation size and genetic diversity. Meta-analysis focuses on

the size and direction of effects across studies, examining

the consistency of effects and the relationship between

study features (i.e., moderator variables) and observed ef-

fects. We estimated the overall mean and the variance of

the correlation coefficients among different measures of

genetic diversity and plant population size and tested for

rarity, mating system, and longevity as potential modera-

tors of the relation between population size and genetic

diversity.

Specifically, we addressed whether small, fragmented

plant populations are genetically impoverished compared

with larger populations; whether rare species are more

vulnerable to habitat-fragmentation-mediated loss of ge-

netic diversity than common species; and how moderator

variables mating system and longevity affect the relation-

ship between population size and genetic diversity.

Methods

Study Selection and Coding

In January 2006 we used the keywords habitat frag-

mentation AND genetic∗ in a search of Thomson’s on

line Web of Science. From this query all papers deal-

ing with plant species and applying codominant mark-

ers (allozyme or microsatellite markers) to quantify ge-

netic diversity were selected. Amplified fragment length

polymorphism (AFLP) and random amplified polymor-

phic DNA (RAPD) studies were omitted because we were

mainly interested in the effects of habitat fragmentation

on the inbreeding coefficient (i.e., on the divergence of

observed from expected heterozygosity), which is impos-

sible to infer from dominant DNA markers (Mueller &

Wolfenbarger 1999). We supplemented the selected pa-

pers with studies we found in the papers’ cited literature.

We examined the full-text version of all selected studies.

Studies that did not report population sizes, the number

of samples used for genetic analysis, and genetic diversity

measures at the level of the individual population were

excluded. Studies dealing with fewer than five popula-

tions were also omitted. In two studies we used popu-

lation density as a surrogate of population size (Neel &

Ellstrand 2001, 2003)

In each study we recorded the following measures of

genetic diversity for all surveyed populations: inbreeding

coefficient (FIS), expected heterozygosity or gene diver-

sity (He), percentage of polymorphic loci (P), and the

number of alleles per locus (A). Not all studies reported

all diversity measures, and in some cases it was possible

to calculate the inbreeding coefficient from the reported

expected and observed heterozygosity. We recorded the

Pearson correlation coefficient (r) between each of the

four measures of genetic diversity and population size

(number of individuals). In most cases we had to calcu-

late r ourselves. Because the Pearson correlation coeffi-

cient quantifies linear fits only, we log transformed popu-

lation sizes in some cases. This log transformation was not

applied more frequently for species defined as common

than for species defined as rare. In some studies popu-

lation sizes were reported as categories. For these cases

we calculated the Spearman rank correlation coefficient

instead of the Pearson correlation coefficient. The corre-

lation coefficients r between population size and the four

genetic diversity measures were used as the effect sizes

(ES) of the meta-analysis.

Plant species that were explicitly mentioned by au-

thors as “widespread,” “common,” or “quite common”

were coded as common. Other species, referred to as

“threatened,” “endangered,” “relatively rare,” or “rare”

were coded as rare. A species could be common in one

study and rare in another (e.g., Van Rossum et al. 1997 vs.

Van Rossum et al. 2003) or both common and rare in one

study. In the latter case the same species was studied in

two different regions where it differed in abundance and

patch occupancy (e.g., Mandak et al. 2005). We believe

that relying on the expert knowledge of the authors on

the status of a certain species in a certain region is far more

accurate in this context than defining rarity and common-

ness based on reported population sizes and patch oc-

cupancies. Moreover, patch occupancies of the species

were rarely reported, and we found no indication that

the range in size of the studied populations was different

for common versus rare species. This makes a quantitative

approach of rarity and commonness extremely difficult.

We also coded whether a rare study species was subjected

to recent fragmentation events (e.g., Luijten et al. 2000)

or whether it was naturally or historically rare (e.g., Wolf

et al. 2000a).

Almost all studies provided information on the mating

system of the study species. This information was always

reported as “obligate outcrossing,” “self-compatible but

mainly outcrossing,” or “self-compatible” and was coded

accordingly. None of the surveyed species was reported

as being a complete selfer. Finally, we recorded whether

a species was perennial or annual, and if it was perennial,

whether it was reported as being clonal.

Statistical Analyses

The weight of each study was calculated according to

Reed and Frankham (2003) as follows: [(K – 2)N]1/2,

where K is the number of populations in the study and

N is the mean number of individuals per population sam-

pled for genetic analysis. The applied weight is, strictly

speaking, not equal to the inverse variance of the Spear-

man rank correlation (K – 3), which is commonly used

in meta-analysis (Lipsey & Wilson 2001), but allowed ac-

counting of the number of individuals sampled.

Conservation Biology
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We explored the possibility of a publication bias by

examining funnel plots and weighted histograms. Funnel

plots were constructed by plotting the ES of each study

against study weight. We also calculated the significance

of the Spearman rank correlation coefficient between ES

and study weight (Light & Pillemer 1984). When authors

do not submit studies or editors reject submissions with

small treatment effects or nonsignificant results, the liter-

ature becomes biased (Thornton & Lee 2000). A publica-

tion bias against nonsignificant results implies that only

large effects are reported by small sample size studies be-

cause only large effects reach statistical significance in

small samples. This may result in a positive correlation

between ES and study weight.

We performed the meta-analysis according to Lipsey

and Wilson’s (2001) methods and with SPSS (SPSS,

Chicago, Illinois) macros written by these authors. We did

not, however, apply the Fisher transformation to the cor-

relation coefficients, because it may lead to overestima-

tion of the ES (Hunter & Schmidt 1990). We preferred to

use a more conservative, but more realistic, mixed model

with maximum likelihood estimation above a fixed model

for calculation of the mean ES (Lipsey & Wilson 2001).

Heterogeneity of the ES across studies was examined with

the Q statistic (Hedges & Olkin 1985). We tested the role

of the moderator variables (commonness, mating system,

and longevity) in explaining heterogeneity across studies

by performing a one-way analysis of variance (ANOVA)

analog mixed model and by examining the resulting Q

statistic between groups (Lipsey & Wilson 2001). To test

for potential confounding interactions between the mod-

erator variables we measured their pairwise degree of

association with a chi-square test. All calculations were

performed with SPSS (version 12.0).

Results

The final database contained 57 records, including 52 dif-

ferent plant species covered in 53 publications (Table 1).

Twenty-one records applied to common species and 36

to rare species. Nine of these 36 rare species could be

defined as historically rare. For two species, no informa-

tion regarding the mating system could be retrieved. Al-

lozymes were used in all but three studies, and the median

number of polymorphic loci was 7 (range 2–21). There

was no Spearman rank correlation between any of the

four ES and the number of polymorphic loci (p > 0.1).

There was no evidence of a publication bias. All four

funnel plots were symmetrical around the mean weighted

ES (results not shown), and none of the rank correla-

tions between study weight and FIS (0.15), He (–0.08),

A (−0.13), and P (–0.26) were significant (p > 0.05). The

mean weighted ES (±SE) for He (0.23 ± 0.04), P (0.35 ±

0.05), and A (0.36 ± 0.04) were positive and highly sig-

nificant (p < 0.001), whereas no significant ES was found

for FIS (–0.04 ± 0.05).

There were no significant pairwise associations be-

tween the three moderator variables (p > 0.1). Mean

weighted ES for FIS, P, and A were not significantly lower

for common than for rare species (Table 2). There was, on

the contrary, a trend for a stronger correlation between

He and population size for common than for rare species

(Table 2, Fig. 1). The difference in strength of the ES for

FIS, P, and A between common and rare species remained

insignificant when the nine historically rare species were

omitted from the analysis (results not shown). Mating sys-

tem did not affect the strength of the correlation between

population size and FIS. Self-compatible species, how-

ever, showed a lower ES for P, He, and A than obligate

outcrossers and self-compatible but mainly outcrossing

species (Table 3, Fig. 1). Self-compatible species exhib-

ited no significant ES at all (Table 3).

Because only two species were reported to be annuals,

we did not conduct a statistical comparison between an-

nuals and perennials. Ten species were considered clonal,

but they were not significantly less affected by declin-

ing population size than nonclonal species (results not

shown).

Discussion

Based on the results obtained for 52 plant species, small

populations consistently contained significantly less ge-

netic variation (measured by He, A, and P) than large pop-

ulations. Population size had a lower effect on He than

on P and A, suggesting that alleles lost through habitat

fragmentation and population size reduction were mainly

those initially present at low densities (Nei et al. 1975; Sun

1996). Our results support the conclusions of Young et al.

(1996) and suggest that loss of alleles through population

bottlenecks and random genetic drift play an important

role in the genetic impoverishment of plant populations.

Overall, the homozygosity excess, as measured by FIS ,

was not affected by population size. Heterozygosity can

be lost as a direct result of decreasing gene diversity and,

more importantly, through increased inbreeding arising

from increased self-pollination or mating between related

individuals (Barrett & Kohn 1991; Young et al. 1996). Sev-

eral not mutually exclusive explanations are possible for

the absence of an overall relationship between FIS and

population size. The FIS in small populations may be bi-

ased downward because homozygotes for rare alleles are

absent (Kirby 1975; Young et al. 1999), whereas FIS in

large populations may be frequently biased upward be-

cause of population substructuring (the Wahlund effect)

(e.g., Lowe et al. 2004). Moreover, Lesica and Allendorf

(1992) suggest that selection against homozygotes oc-

curs during early stages of growth in plant populations.

Conservation Biology

Volume 21, No. 3, June 2007



Honnay & Jacquemyn Habitat Fragmentation and Common Species 827

Table 1. Studies used for the meta-analysis on the relation between genetic diversity and population size.

Moderator variablesa

Species Study status n mating system clonal

Acacia anomala Coates 1988 1b 10 SC/MO 1
Acer saccharum Young et al. 1993 0 8 SC/MO 0
Aconitum noveboracense Dixon & May 1990 1 38 SC 0
Anacamptis palustris Cozzolino et al. 2003 1 5 SC/MO 0
Antherosperma moschatum Shapcott 1994 0 22 SC 1
Armeria maritima Weidema et al. 1996 0 17 OO 0
Arnica montana Kahmen & Poschlod 2000 1 11 OO 1
Arnica montana Luijten et al. 2000 1 26 OO 1
Atriplex tatarica Mandak et al. 2005 0 14 SC 0
Atriplex tatarica Mandak et al. 2005 1b 11 SC 0
Begonia dregei Matolweni et al. 2000 1 12 SC 0
Begonia homonyma Matolweni et al. 2000 1 7 SC 0
Brassica insularis Hutrez-Bousses 1996 1 7 SC/MO 0
Calypso bulbosa Alexandersson & Ågren 2000 1b 21 SC/MO 0
Calystegia collina Wolf et al. 2000a, 2000b 1b 32 OO 1
Castilleja levisecta Godt et al. 2005 1 11 OO 0
Centaurea corymbosa Colas et al. 1997 1b 6 OO 0
Clematis acerifolia Lopez-Pujol 2005 1 9 no data 0
Cochlearia bavarica Paschke et al. 2002 1b 24 OO 0
Erigeron parishii Neel & Ellstrand 2001 1 31 SC 0
Eriogonum ovalifolium Neel & Ellstrand 2003 1 31 SC/MO 1
Eucalyptus albens Prober & Brown 1994 0 25 SC/MO 0
Festuca ovina Berge et al. 1998 0 34 OO 1
Filipendula vulgaris Weidema et al. 2000 0 17 SC/MO 0
Gentiana pneumonanthe Raijmann et al. 1994 1 25 SC/MO 0
Geum urbanum Vandepitte et al., unpublished 0 18 SC 0
Gymnadenia conopsea Gustafsson 2000 1 10 SC 0
Gypsophila fastigiata Lönn & Prentice 2002 0 16 SC/MO 0
Juniperus communis Oostermeijer & De Knegt 2004 1 12 OO 0
Leontice microrhyncha Chang et al. 2004 1 6 SC 0
Lychnis flos-cuculi Galeuchet et al. 2005 0 28 SC 0
Lychnis viscaria Berge et al. 1998 0 28 SC/MO 0
Lychnis viscaria Lammi et al. 1999 1 8 SC/MO 0
Megaleranthis saniculifolia Chang et al. 2005 1b 8 OO 0
Microseris lanceolata Prober et al. 1998 1 16 OO 0
Primula elatior Van Rossum et al. 2002 0 9 OO 0
Primula veris Van Rossum et al. 2004 0 24 OO 0
Primula vulgaris Van Rossum et al. 2004 1 41 OO 0
Rutidosis leptorrhynchoides Young et al. 1999 1 16 OO 1
Salvia pratensis Van Treuren et al. 1991 1 14 SC/MO 0
Scabiosa columbaria Van Treuren et al. 1991 1 12 SC/MO 0
Scuttelaria montana Cruzan 2001 1b 31 SC 0
Silene dioica Giles & Goudet 1997 0 52 OO 0
Silene nutans Van Rossum et al. 2003 0 21 SC/MO 0
Silene nutans Van Rossum & Prentice 2004 0 34 SC/MO 0
Silene nutans Van Rossum et al. 1997 1 34 SC/MO 0
Silene regia Dolan 1994 0 18 SC/MO 0
Sorbus aucuparia Bacles et al. 2004 1 8 OO 0
Spiranthes sinensis Sun 1996 1 6 OO 0
Stachys maritima Lopez-Pujol 2003 1 5 SC/MO 1
Succisa pratensis Vergeer et al. 2003 0 17 SC 0
Swainsona recta Buza et al. 2000 1 18 SC 0
Trillium camchatcense Tomimatsu & Ohara 2003 0 12 OO 0
Trillium reliquum Gonzales & Hamrick 2006 1 21 OO 1
Vincetoxicum hirundinaria Leimu & Mutikainen 2005 0 12 SC 0
Viola pubescens Culley & Grub 2003 0 9 SC 0
Washingtonia filifera McClenaghan & Beauchamp 1986 1b 16 no data 0

aKey: status: 1, rare; 0, common; n, population size; SC, self-compatible; SC/MO, self-compatible but mainly outcrossing; OO, obligate outcrossing;

1, clonal; 0, not clonal.
bNaturally or historically rare.
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Table 2. Difference in effect size (ES) between common and rare
species (Q statistic).

Genetic Q Mean
diversity between weighted ES
measurea n groupsb by groupb SE

FIS 48 0.02
He 51 3.58∗

common 19 0.32∗∗∗ 0.06
rare 32 0.17∗∗ 0.05

P 42 0.13
A 39 0.36

aKey: FIS, inbreeding coefficient; He, expected heterozygosity; P,

percent polymorphic loci; A, number of alleles per locus; n, number

of records.
b∗0.05 ≤ p < 0.1; ∗∗0.001 ≤ p < 0.01, ∗∗∗p < 0.001.

Because in most plant species only a small proportion

of the offspring survives into the adult stage, selection

against homozygotes may occur without affecting recruit-

ment. Especially under harsh environmental conditions

with high selection pressures against homozygotes, het-

erozygosity may be lost very slowly. For example, in grass-

land species, highly heterozygous individuals have better

survival chances during the gradual process of sponta-

neous afforestation and subsequent habitat fragmentation

(Kahmen & Poschlod 2000). Therefore, the smallest and

most fragmented populations do not contain a random

sample from previously larger populations; rather they

exhibit a significant heterozygosity excess (Raijman et

Figure 1. Effect size (correlation between genetic

diversity and population size) for 52 plant species

considered in 53 publications for the moderator

variables with a significant Q statistic. Bars are

standard errors (He, expected heterozygosity; A,

number of alleles per locus; P, percent polymorphic

loci; sc, self-compatible; sc/mo, self-compatible but

mainly outcrossing; oo, obligate outcrossing).

al. 1994; Kahmen & Poschlod 2000). In any case further

research regarding the uncertain relation between ho-

mozygote excess and plant population size remains nec-

essary, especially because a homozygote excess affects

short-term fitness (Reed & Frankham 2003).

Our most important finding was that population ge-

netic diversity (He, A, and P) was also eroded in species

that were considered common. Even when historically

or naturally fragmented populations of rare species were

omitted from the analysis, no difference between rare and

common species in population genetic response to habi-

tat fragmentation was found. These results are dramatic

in that many more plant species than previously assumed

may be vulnerable to genetic erosion and loss of genetic

diversity as a result of ongoing fragmentation processes.

It seems that many fragmented habitats have become un-

able to support plant populations that are large enough

to maintain a mutation-drift balance and that habitat frag-

ments have become too isolated to allow sufficient gene

flow to enable replenishment of lost alleles.

Although genetic impoverishment may not result in

a short-term loss of fitness in all species, given the ab-

sence of a general relationship between population size

and FIS (Young et al. 1999; Matolweni et al. 2000), the

fragmentation-mediated loss of alleles will at least affect

the evolutionary adaptation potential of even common

species (Ellstrand & Elam 1993). In the global context

of rapid climate change, the latter is alarming because

many plant species lack the colonization ability to track

the shifting climate northward (Honnay et al. 2002).

Our results also indicated that obligate or mainly out-

crossing species are more vulnerable to the loss of ge-

netic variation through habitat fragmentation than self-

compatible species. This may be an indication that the

role of gene flow is very important in conserving genetic

diversity in outbreeding species. Obligate outcrossing or

mainly outcrossing species can maintain high popula-

tion genetic diversity through frequent exchange of genes

with other populations and even a very few migrants per

generation are sufficient to counter genetic differentia-

tion (Wright 1931). Indeed, these species are generally

characterized by low between-population genetic differ-

entiation (Hamrick & Godt 1996). With increasing habi-

tat destruction and decreasing local population size and

patch occupancy, the exchange of alleles becomes less

likely, and the smallest populations may loose genetic di-

versity without the possibility of replenishing the alleles

lost through drift. Almost all surveyed plant species rely

on insects for pollination, and changing pollinator behav-

ior may play an important role in this process (Wilcock

& Neiland 2002). Small plant populations may become

too inconspicuous or too isolated to attract pollinating in-

sects (Kwak et al. 1998; Steffan-Dewenter & Tscharntke

1999). Increasing fragmentation may therefore directly

translate into reduced pollinator activity, reduced gene

flow, and loss of genetic diversity. Mainly selfing species
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Table 3. Difference in effect size (ES) between different mating systems (Q statistic).

Genetic diversity measurea n Q between groupsb Mean weighted ES by groupb SE

FIS 46 1.11
He 49 9.97∗∗

self-compatible 16 0.05 0.07
self-compatible, mainly outcrossing 15 0.33∗∗∗ 0.07
obligate outcrossing 18 0.30∗∗∗ 0.06

P 40 7.62∗

self-compatible 11 0.16 0.09
self-compatible, mainly outcrossing 14 0.36∗∗∗ 0.07
obligate outcrossing 15 0.46∗∗∗ 0.07

A 41 15.84∗∗∗

self-compatible 12 0.12 0.07
self-compatible, mainly outcrossing 13 0.48∗∗∗ 0.07
obligate outcrossing 16 0.44∗∗∗ 0.06

aKey: FIS, inbreeding coefficient; He, expected heterozygosity; P, percent polymorphic loci; A, number of alleles per locus; n, number of records.
b∗0.01 < p ≤ 0.05; ∗∗0.001 ≤ p < 0.01, ∗∗∗p < 0.001.

on the other hand, naturally contain most of their genetic

diversity within populations, and their level of population

genetic diversity will be less affected by reduced gene

flow.

Our inability to find an effect of clonality on popula-

tion genetic response to habitat fragmentation is likely

partly due to the unequal sample sizes between clonal

and nonclonal plants. Our results point to a serious bias of

plant fragmentation studies toward perennial, nonclonal

species. Inclusion of annuals and strongly clonal species

in future studies will allow a more accurate assessment

of the impact of degree of longevity on the population

genetic response to habitat fragmentation.

Some authors suggest that different taxa cannot be

treated as independent samples because of their phyloge-

netic relatedness and that in the absence of a phylogeny

only congeneric comparisons can be made (Felsenstein

1985; Gitzendanner & Soltis 2000). We are not aware,

however, of any method that includes phylogenetically

independent contrasts in a meta-analytical approach, and

we found the required habitat fragmentation data for only

five congeneric species pairs. Moreover, possible nonin-

dependence of our data increased the probability of a

Type I error, making it unlikely that applying a correction

for phylogenetic relatedness will reveal significant differ-

ences between the response of common and rare species

to habitat fragmentation (Gitzendanner & Soltis 2000).

We found a highly significant effect of population size

on population genetic diversity, with the exception of

the inbreeding coefficient. The population size effect was

much more pronounced in self-compatible but mainly

outcrossing species and in obligate outcrossing species.

Most important, our results revealed that the effect of

population size on genetic diversity is as pronounced

in common as in rare species. This means that in our

fragmented landscapes, even common species may have

reached a critical threshold in population size and patch

occupancy; thus, measures mitigating habitat fragmenta-

tion are strongly needed.
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Alexandersson, R., and J. Ågren. 2000. Genetic structure in the nonre-

warding, bumblebee-pollinated orchid Calypso bulbosa. Heredity

85:401–409.

Andren, H. 1994. Effects of habitat fragmentation on birds and mammals

in landscapes with different proportions of suitable habitat: a review.

Oikos 71:355–366.

Bacles, C. F. E., A. J. Lowe, and R. A. Ennos. 2004. Genetic effects of

chronic habitat fragmentation on tree species: the case of Sorbus

aucuparia in a deforested Scottish landscape. Molecular Ecology

13:573–584.

Barrett, S. C. H., and J. Kohn. 1991. The genetic and evolutionary conse-

quences of small population size in plant: implications for conserva-

tion. Pages 3–30 in D. Falk and K. E. Holsinger, editors. Genetics and

conservation of rare plants. Oxford University Press, Oxford, United

Kingdom.

Berge, G., I. Nordal, and G. Hestmark. 1998. The effect of breeding

systems and pollination vectors on the genetic variation of small

plant populations within an agricultural landscape. Oikos 81:17–

29.

Booy, G., R. J. J. Hendriks, M. J. M. Smulders, J. M. Van Groenendael, and

B. Vosman. 2000. Genetic diversity and the survival of populations.

Plant Biology 2:379–395.

Buza, L., A. Young, and P. Thrall. 2000. Genetic erosion, inbreeding

and reduced fitness in fragmented populations of the endangered

tetraploid pea Swaisonia recta. Biological Conservation 93:177–

186.

Chang, C.-S., H. Kim, T.-Y. Park, and M. Maunder. 2004. Low levels

of genetic variation among southern peripheral populations of the

Conservation Biology

Volume 21, No. 3, June 2007



830 Habitat Fragmentation and Common Species Honnay & Jacquemyn

threatened herb, Leontice microrhyncha (Berberidaceae) in Korea.

Biological Conservation 119:387–396.

Chang, C.-S., D. Y. Choi, H. Kim, T. Y. Park, and Y.-S. Kim. 2005. Patterns

of allozymes variation in relation to population size of the threat-

ened plant Megaleranthis saniculifolia (Ranunculaceae) in Korea.

Journal of Plant Biology 48:1–12.

Coates, D. J. 1988. Genetic diversity and population genetic structure in

the rare chittering grass wattle, Acacia anomala Court. Australian

Journal of Botany 36:273–286.

Colas, B., I. Olivieri, and M. Riba. 1997. Centaurea corymbosa, a cliff-

dwelling species tottering on the brink of extinction: a demographic

and genetic study. Proceedings of the National Academy of Sciences

of the United States of America 94:3471–3476.

Cozzolino, S., M. E. Noce, A. Mussacchio, and A. Widmer. 2003. Variation

at a chloroplast minisatellite locus reveals the signature of habitat

fragmentation and genetic bottlenecks in the rare orchid Anacamp-

tis palustris (Orchidaceae). American Journal of Botany 90:1681–

1687.

Cruzan, M. B. 2001. Population size and fragmentation thresholds for

the maintenance of genetic diversity in the herbaceous endemic

Scuttellaria montana (Lamiaceae). Evolution 55:1569–1580.

Culley, T. M., and T. C. Grubb. 2003. Genetic effects of habitat fragmen-

tation in Viola pubescens (Violaceae), a perennial herb with chas-

mogamous and cleistogamous flowers. Molecular Ecology 12:2919–

2930.

Dixon, P. M., and B. May. 1990. Genetic diversity and population struc-

ture of a rare plant, Northern Monkswood (Aconitum novebora-

cense). New York State Museum Bulletin 471:167–175.

Dolan, R. W. 1994. Patterns of isozyme variation in relation to population

size, isolation, and phytogeographic history in royal catchfly (Silene

regia Caryophyllaceae). American Journal of Botany 81:965–972.

Ellstrand, N. C., and D. R. Elam. 1993. Population genetic consequences

of small population size: implications for plant conservation. Annual

Review of Ecology and Systematics 24:217–242.

Felsenstein, J. 1985. Phylogenies and the comparative method. The

American Naturalist 125:1–15.

Frankham, R. 1996. Relationship of genetic variation to population size

in wildlife. Conservation Biology 10:1500–1508.

Galeuchet, D. J., C. Perret, and M. Fischer. 2005. Microsatellite variation

and structure of 28 populations of the common wetland plant, Ly-

chnis flos-cuculi L., in a fragmented landscape. Molecular Ecology

14:991–1000.

Gaston, K. J., T. M. Blackburn, J. J. D. Greenwoods, R. D. Gregory, R. M.

Quinn, and J. H. Lawto. 2000. Abundance-occupancy relationships.

Journal of Applied Ecology 37:39–59.

Giles, B., and J. Goudet. 1997. Genetic differentiation in Silene dioica

metapopulations: estimation of spatiotemporal effects in a succes-

sional plant species. The American Naturalist 149:507–526.

Gitzendanner, M. A., and P. S. Soltis. 2000. Patterns of genetic variation

in rare and widespread plant congeners. American Journal of Botany

87:783–792.

Godt, M. J. W., F. Caplow, and J. L. Hamrick. 2005. Allozyme diversity

in the federally threatened golden paintbrush, Castilleja levisecta

(Scrophulariaceae). Conservation Genetics 6:87–99.

Gonzales, E., and J. L. Hamrick. 2005. Distribution of genetic diversity

among disjunct populations of the rare forest understorey herb, Tril-

lium reliquum. Heredity 95:306–314.

Gustafsson, S. 2000. Patterns of genetic variation in Gymnadenia

conopsea, the fragrant orchid. Molecular Ecology 9:1863–1872.

Hamrick, J. L., and M. J. W. Godt. 1996. Effects of life history traits on

genetic diversity in plant species. Philosophical Transactions of the

Royal Society of London B 351:1291–1298.

Hedges, L. V., and I. Olkin. 1985. Statistical methods for meta-analysis.

Academic Press, San Diego, California.

Honnay, O., and B. Bossuyt. 2005. Prolonged clonal growth: escape

route or route to extinction? Oikos 108:427–432.

Honnay, O., K. Verheyen, J. Butaye, H. Jacquemyn, B. Bossuyt, and M.

Hermy. 2002. Possible effects of climate change and habitat fragmen-

tation on the range of forest plant species. Ecology Letters 5:525–

530.

Hooftman, D. A. P., R. C. Billeter, B. Schmid, and M. Diemer. 2004.

Genetic effects of habitat fragmentation on common species of Swiss

fen meadows. Conservation Biology 18:1043–1051.

Huenneke, L. F. 1991. Ecological implications of genetic variations in

plant populations. Pages 31–44 in D. A. Falk, and K. E. Holsinger,

editors. Genetics and conservation in rare plants. Oxford University

Press, New York.

Hunter, J. E., and F. L. Schmidt. 1990. Methods of meta-analysis: correct-

ing error and bias in research findings. Sage Publications, Beverly

Hills, California.

Hutrez-Bousses, S. 1996. Genetic differentiation among natural popula-

tions of the rare Corsican endemic Brassica insularis Moris: impli-

cations for conservation guidelines. Biological Conservation 76:25–

30.

Kahmen, S., and P. Poschlod. 2000. Population size, plant performance,

and genetic variation in the rare plant Arnica montana L. in the

Rhön, Germany. Basic and Applied Ecology 1:43–51.

Keller, L. F., and D. M. Waller. 2002. Inbreeding effects in wild popula-

tions. Trends in Ecology & Evolution 17:230–241.

Kirby, G. C. 1975. Heterozygote frequencies in small populations. The-

oretical Population Biology 8:31–48.

Kwak, M. M., O. Velterop, and J. van Andel. 1998. Pollen and gene flow

in fragmented habitats. Applied Vegetation Science 1:37–54.
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