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Speciation can be driven by the evolution of many forms of reproductive isolation. Comparative study is a powerful approach

for elucidating the relative importance of individual isolating barriers in the speciation process. A recent contribution by Scopece

and colleagues provides comparative data for two groups of deceptive pollination orchids and aims to test hypotheses about

which forms of isolation are most important in the two clades. The authors compare pollinator isolation and postmating isolation

between the two orchid groups, and conclude that food-deceptive orchid species have less isolation by pollinator specificity than

sexually deceptive species, and that postmating isolation is more important in the food-deceptive clade. Although we find this

approach to be novel and potentially powerful, these conclusions are called into question by the methods used to define and select

species and quantify pollinator isolation. Definition and selection of taxa were performed in a biased manner that undermines the

ability to infer general patterns of speciation. Furthermore, pollinator isolation was calculated inconsistently for the two groups

under study, effectively nullifying the comparison.
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A central goal of speciation research is to understand the mech-

anisms and patterns of reproductive isolation evolution in nature

(Coyne and Orr 2004). An increasingly used approach is com-

parative analysis of isolation in which the strength of reproduc-

tive barriers across a group of species is measured and regressed

against genetic distance. The pioneering work of Coyne and Orr

(1989, 1997) in Drosophila preceded numerous examples includ-

ing birds (Price and Bouvier 2002; Lijtmaer et al. 2003), fish

(Mendelson 2003; Russell 2003; Bolnick and Near 2005), frogs

(Sasa et al. 1998), lepidopterans (Presgraves 2002), mammals

(Fitzpatrick 2004), and plants (Moyle et al. 2004). Most of these

studies have relied upon data collected from the literature, and

therefore, focus almost exclusively on the most widely available

form of isolation, intrinsic postzygotic barriers. However, to fully

understand the relative importance of individual isolating barriers

to speciation, this approach must be extended to include additional

forms of reproductive isolation.

In a recent publication, Scopece et al. (2007) present a com-

parative study of reproductive isolation in Mediterranean orchids

that adds a novel component of isolation (namely, pollinator speci-

ficity) not yet examined in this type of analysis. Briefly, the authors

examine the strength of three forms of reproductive isolation in

pairs of 29 orchid species: (1) pollinator isolation, (2) gametic

isolation (postmating, prezygotic), and (3) intrinsic postzygotic

isolation (postmating, postzygotic). The strength of each form of

isolation is correlated with genetic distance to examine the rate

at which reproductive isolation evolves. The 29 orchid species all

employ deceit pollination in which pollinators are attracted to a
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flower with no reward. Two deceptive strategies are employed:

(1) sexual deception, in which male Hymenopterans are lured

to the flower by scents and structures that resemble a female,

and (2) food deception, in which reward-less flowers resemble

a typical nectar-producing flower. The authors hypothesize that

pollinator isolation will be a stronger barrier in sexually deceptive

orchids than in food-deceptive species. They conclude that polli-

nator specificity is often the most important isolating component

in sexually deceptive orchids, and that postmating barriers have

higher relative importance in the food-deceptive species.

Although this is a potentially novel approach to understand-

ing how isolating mechanisms might differ among orchid species

with contrasting modes of pollinator deception, we question the

validity of several important components of the experimental de-

sign and analysis. Here we provide comment on specific aspects

of this study with suggestions that we hope will aid future work

in approaching similar questions.

Definition and Selection of Taxa
Groups with considerable taxonomic uncertainty present chal-

lenges to speciation studies. This problem is particularly acute in

the sexually deceptive orchid genus Ophrys studied by Scopece

and colleagues. As discussed by the authors, the genus con-

tains between 16 (Sundermann 1980) and 252 (Delforge 2005)

species depending on which taxonomy is followed. In this group,

the authors defined species by “. . . incorporating a combination

of morphological, phylogenetic, and reproductive characters by

choosing species belonging to different morphological species

groups (Sundermann 1980), . . . and differing in their known (or
suspected) pollinators (Van Der Cingel 1995; Paulus 2006) (page

2625–2626).” However, if one is interested in how important an

individual isolating component is to speciation; the definition of

species must be independent from that component. In this case,

using the identity of pollinators as a trait to define species could

lead to an overestimate of the importance of pollinator isola-

tion. This is particularly problematic in the study of Scopece

et al. (2007) because this criterion was only used for the genus

Ophrys, for which the taxonomic uncertainties are most extreme.

By defining taxa in this way, the authors have limited their abil-

ity to perform the hypothesis testing that forms the basis of their

study.

An under-appreciated problem also arises when selection of

taxa for inclusion in a study is nonrandom (Westoby 2002). In

Scopece et al. (2007), species were included that, “. . . are known

to frequently occur in sympatry and have locally overlapping

flowering phenology such that the only form of premating iso-
lation was pollinator specificity (p. 2626).” By imposing this

species selection regime, the authors have passed species through

a sieve of potentially important isolating barriers, greatly dimin-

ishing their ability to make inferences about which barriers are

important in speciation. Therefore, this study may contribute to

a specific understanding of the nature of sympatric/synchronic

coexistence of species, but it does not necessarily provide infor-

mation about general patterns of reproductive isolation evolution.

Habitat and geographic isolation, for example, may play a promi-

nent role in speciation (Ramsey et al. 2003; Kay 2006; Nakazato

et al. 2008). Although the authors did not measure this form of

isolation, subjectively choosing species pairs that do not exhibit

this premating barrier is likely to inflate the relative importance

of the measured forms of isolation (i.e., pollinator and postmating

isolation), skewing our view of how speciation typically works.

Inconsistency in Applying Pollinator
Isolation Measures in Two
Treatments
The unique contribution of Scopece et al. (2007) is comparative

data on the strength of pollinator isolation. However, measuring

the strength of reproductive isolation via pollinator specificity is

a difficult task at best. The data required to properly assess pol-

linator isolation minimally include visitation rates of each true

pollinator, and ideally include data on pollen removal and depo-

sition of each pollinating species. Admittedly, this type of data

is difficult to obtain, and unrealistic to expect in a multispecies

comparative study. As a result, the authors use published occur-

rences of putative pollinator species that have visited each orchid

species across its entire range. These lists are problematic as each

visitor is not necessarily a true pollinator, and visitation rates no

doubt differ considerably among potential pollinators. However,

an additional problem arises for species pairs whose geographic

ranges differ considerably. In these cases, differences in pollinator

visitation may be due not only to preferences of pollinators, but

also to differences in pollinator assemblages in the allopatric por-

tion of the orchid species’ geographic ranges. For a given species

pair, it is only those pollinator observations performed in sympa-

try that allow an estimation of the intrinsic differences that impart

reproductive isolation. Therefore, for the species pairs presented

in this study, the pooling of pollinator visitation from across the

entire geographic range is erroneous. Working with the data avail-

able, a more appropriate approach would be to limit the pollinator

occurrences to those observed in sympatry for each pair of orchid

species before estimating isolation.

Although the data available to the authors were imperfect,

an additional and more fundamental problem lies in their estima-

tion of the strength of reproductive isolation for each clade. For

the food-deceptive orchid species, the authors assign the poten-

tial pollinators to one of six functional groups (Robertson 1928;

Fenster et al. 2004; see Table 1 in Scopece et al. 2007 ). Repro-

ductive isolation is then calculated as the degree to which orchid
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species share visitors across functional groups. This method pro-

vides the most conservative possible measure of pollinator speci-

ficity, as these functional groups often include many species of

pollinators. Paradoxically, the authors use a completely different

method for calculating isolation in the sexually deceptive group.

The authors state that, “for sexually deceptive species, due to their

specialized pollination strategy (Kullenberg 1961; Scheistl et al.

1999; Scheistl 2005) . . . we used data on pollinators without plac-

ing them into functional classes (p. 2626).” The authors further

state, “all sexually deceptive species according to literature data

were assumed to be pollinated by a single insect species that did

not pollinate other species (p. 2629).” Surprisingly, the authors do

not use a reproductive isolation coefficient of 1.0 for this complete

specificity, and in the absence of biological justification, arbitrar-

ily use 0.9 instead. Although the sexually deceptive pollination

strategy can clearly lead to highly specialized systems based on

pheromone mimicry (Schiestl et al. 2003; Schiestl 2005), the data

presented are inadequate to demonstrate this. Reviewing the data

provided by the authors, we find that more than one pollinator

species has been recorded for six of the 10 sexually deceptive

species used in the study (at least one of these species is visited

by more than one genus of pollinator). This may not be surpris-

ing given the observation in another sexually deceptive orchid

system that their are commonly “minor responder” species that

are attracted to the chemical cues of an orchid without serving as

its primary pollinator (Mant et al. 2005). Phylogenetic work in

Ophrys (Soliva et al. 2001; Devey et al. 2008) indicates that the

genus shows evidence of highly reticulate evolution, which either

suggests that they hybridize frequently and/or are very recently

derived. In fact, it has been suggested that this purportedly highly

specific pollination system is “demonstrably leaky” (Devey et al.

2008).

Field studies of pollinaria identity indicate that pollinators

of food-deceptive orchids sometimes visit several species, sug-

gesting lower pollinator specificity than typically associated with

orchids (Cozzolino et al. 2005). Equivalent studies in the sexually

deceptive group would be an excellent contribution, allowing a

direct comparison of pollinator specialization between these two

groups. Because it operates early in the life cycle of the orchids,

pollinator isolation can be highly important to total reproductive

isolation (Ramsey et al. 2003). It is therefore essential to estimate

the strength of pollinator isolation accurately to appreciate its

role in speciation. Unfortunately, the data and analysis provided

by Scopece et al. do little to elucidate the relative role of this

potentially important barrier.

Comparing Clades
An additional difficulty is that these two deceptive strategies are

in clades of vastly different ages. As noted above, the sexually de-

ceptive orchids are a much more recently diverged clade than the

food-deceptive group (Aceto et al. 1999; Devey et al. 2008), mak-

ing it difficult to make direct comparisons between the groups.

The strategy employed by the authors is to truncate the data from

food-deceptive species to contain the interval of genetic distance

covered by the sexually deceptive species (genetic distance in-

terval of 0.008 to 0.032). Unfortunately, this range of genetic

distances in the sexually deceptive group is so shallow, that the

number of food-deceptive datapoints that share the range is a

small percentage of the original data presented. Given that the

food- and sexual-deceptive strategies have arisen multiple times

throughout the orchid family (Schiestl 2005), it is possible that

other clades of sexually deceptive orchids span greater genetic

distances than Ophrys. Studying additional clades exhibiting each

deception strategy would not only provide increased power, but

would also allow for replication needed to make a true statistical

comparison.

Conclusion
Biases are unavoidable when compiling data from previous stud-

ies of reproductive isolation. Evolutionary biologists often choose

species that are amenable to genetic analysis (e.g., crossability)

or exhibit a particular form of isolation that the individual re-

searcher finds compelling. When designing a comparative anal-

ysis of reproductive isolation in a previously unstudied group,

a unique opportunity exists to eliminate this bias. The ultimate

goal of comparative studies of reproductive isolation is to de-

termine if there are general patterns governing the process of

speciation across clades, and/or if there are differences among

clades associated with different isolating mechanisms. To an-

swer these questions, it is imperative to carefully evaluate the

methods for selecting species and measuring reproductive isola-

tion, and to consider how these methods can affect our view of

speciation.
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