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Pleistocene speciation is not
refuge speciation

ABSTRACT

A number of researchers working on the

origin of extant Neotropical biodiversity

implicitly and without appropriate proofs

assume that Pleistocene speciation should

necessarily follow the rules of the refuge

hypothesis. A recent example is provided

by a study of Neotropical butterflies.

Although the analysis showed that these

groups experienced their main diversifica-

tion burst during the last 2.6 million years,

coinciding with the Pleistocene glacial

cycles (Garz�on-Ordu~na et al., 2014, Journal

of Biogeography, 41, 1631–1638), a causal

link between the speciation chronology

and the evolutionary mechanisms pro-

posed by the refuge hypothesis is not pro-

vided. Without more detailed studies on

the environmental drivers, geographical

patterns and speciation modes, establishing

a causal link between speciation chronol-

ogy and a particular speciation model – of

which the refuge hypothesis is only one

among many possibilities – is too specula-

tive. Here I provide a six-step conceptual

framework for linking the speciation chro-

nology with the environmental drivers and

the ecological and evolutionary mecha-

nisms potentially involved.
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Garz�on-Ordu~na et al. (2014) used DNA

molecular phylogenies to estimate the age of

speciation of Neotropical butterflies in their

contribution to the debate about the timing

and causes of Neotropical diversification.

These authors addressed the problem using

species dating (estimating the age of diver-

gence of sister species) instead of crown

dating (estimating the age of the initial

diversification of supra-specific clades), as

it has been suggested that, in general,

crown dating tends to overestimate the

chronological origin of diversity (Rull,

2011a,b). Garz�on-Ordu~na et al. (2014, p.

1631) found that ‘. . .72% of speciation

events leading to the formation of butterfly

sister species occurred within the last 2.6

Myr [the Pleistocene]. . .’ and concluded

that ‘. . .the PRH [Pleistocene refuge

hypothesis] cannot be completely discarded

as a driver of Neotropical diversification’. In

their analysis, Garz�on-Ordu~na et al. (2014)

were able to overcome the problems associ-

ated with crown dating, which prevents a

sound assessment of the origin of Neotropi-

cal diversity. However, these authors failed

to circumvent another paradigm that is still

firmly embedded in the minds of some

researchers: the idea that Pleistocene specia-

tion should necessarily follow the proposi-

tions of the refuge hypothesis. Here, I will

discuss this issue from a conceptual per-

spective.

In a recent paper (Rull, 2013), I analy-

sed the three main problems that, in my

opinion, are slowing progress towards

understanding of the origin of Neotropical

diversity. The problem of taxonomic reso-

lution (species-dating versus crown-dating

inferences) and the danger of over-general-

izations from one or a few case studies or

from geographical settings are satisfactorily

addressed by the work of Garz�on-Ordu~na

et al. (2014) and others. However, other

paradigms still survive. Placed in the cor-

rect context, the results of Garz�on-Ordu~na

et al. (2014) could be extremely useful to

circumvent the so-called ‘paradigm shift-

ing’ handicap; that is, the replacement of

an unproved paradigm by another equally

useless paradigm (Rull, 2013). In the pres-

ent context, the old paradigm was the ref-

uge hypothesis, stating that most extant

Neotropical species originated during the

Pleistocene in response to successive glac-

ial contractions (vicariance), interglacial

expansions and coalescence (gene flow)

between populations in lowland Amazon

rain forests. Support for the refuge

hypothesis was based primarily on present-

day biogeographical patterns and palaeo-

ecological reconstructions (Whitmore &

Prance, 1987), yet new evidence (e.g. Co-

linvaux et al., 2000) has called this hypoth-

esis into question. Further developments,

derived from DNA molecular phylogenet-

ics using crown dating, provided mostly

pre-Pleistocene diversification ages for

Neotropical clades and suggested a new

paradigm that Neotropical diversity origi-

nated before the Pleistocene, most likely

during the Miocene, mainly as a conse-

quence of Andean orogeny and the ensu-

ing palaeogeographic re-arrangements

(Hoorn et al., 2010).

The defenders of this new paradigm

claim that the Pleistocene should no longer

be considered a time of diversification in

Amazonia. Rather, ‘the Quaternary should

possibly be considered as a period of net

loss of biodiversity’ (Wesselingh et al.,

2010, p. 424). These arguments were also

used to dismiss the refuge hypothesis as a

valid speciation model for the Neotropics

on the basis of merely chronological rea-

sons by equating Pleistocene speciation

with refuge speciation. In this way, these

two concepts became intrinsically linked in

the minds of many researchers as a derived

paradigm, and for these researchers, the

debate turned into a dual dispute between

the defenders of the Miocene-orogenic

hypothesis and the Pleistocene-refugial

hypothesis. Garz�on-Ordu~na et al. (2014)

could have used their results to challenge

this simplistic ‘paradigm shifting’ frame-

work, but instead, these authors came back

to the former Pleistocene-refugial para-

digm. Previous literature reveals that the

refuge hypothesis is only one of many spe-

ciation models proposed for the Neotrop-

ics (and the tropics, in general) and is not

always linked to Pleistocene glacial cycles.

Other models include the riverine barrier

hypothesis, the gradient hypothesis, the

canopy density hypothesis, the biotic inter-

action hypothesis or the disturbance–vicar-
iance hypothesis, to name a few (see

Nores, 1999, and Haffer, 2008, for a com-

prehensive account). Therefore, demon-

strating Pleistocene speciation is not the

same as supporting the refuge hypothesis.
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At least six conceptual issues should be

considered when dealing with the origin of

Neotropical biodiversity using palaeoeco-

logical and molecular phylogenetic evi-

dence (Fig. 1). The first step is (1) to

clearly set the research question to be

addressed and to collect or select the

empirical data needed to test the corre-

sponding hypotheses. This is a crucial step

as it constrains all the ensuing research

and expectations. In the next steps, (2)

empirical data provide information on spe-

ciation timing, which (3) can be used to

detect chronological correlations with

known environmental shifts that might

drive speciation. It is important that this

third step is conducted in a collaborative,

multidisciplinary manner to avoid circular-

ity (Baker et al., 2014). Once this informa-

tion has been gathered, the next steps are

(4) to infer the speciation modes linked to

(5) the geographical reorganizations result-

ing from the candidate environmental

shifts. A classic example is the closure of

the Panama Isthmus (Pliocene), leading to

allopatric speciation in the Caribbean and

the Atlantic, as well as gene flow and

adaptive radiations between North and

South America. Finally, speciation is not

an instantaneous event but the result of

interacting ecological and microevolution-

ary mechanisms and, therefore, (6) the

particular processes involved for each

species and the communities to which the

species belong should be properly

addressed for a complete understanding of

a given system. For example, environmen-

tal heterogeneity is an ecological feature

that is sometimes forgotten but is of para-

mount importance for the origin and

maintenance of endemism and therefore

biodiversity (Stein et al., 2014). In this

sense, it should be stressed that the Neo-

tropical Amazon basin, for instance, is as

large as Europe and exhibits exceptional

spatial heterogeneity.

Each of these conceptual steps requires

its own research plan that is associated

with pertinent hypotheses and suitable

empirical data to test them. Additionally,

the hierarchical chain of reasoning cannot

be broken; for example, geographical pat-

terns and/or speciation modes cannot be

deduced in a straightforward fashion from

evidence merely of timing of events. In the

case of Neotropical butterflies, Garz�on-

Ordu~na et al. (2014) made a conceptual

leap from step (2) to (5) without the nec-

essary evidence. Pleistocene speciation is

nicely supported, but a discussion on the

environmental drivers involved, the proba-

ble speciation modes and the likely rele-

vant geographical patterns is not provided.

Therefore, the main conclusion of this

work may have been that Pleistocene spe-

ciation was dominant in these butterflies,

highlighting the potential role of ecological

and evolutionary mechanisms linked to cli-

mate changes (indeed, the major Pleisto-

cene environmental disruption was caused

by glacial–interglacial cycles and associated

sea-level changes; Flint, 1971; Bradley,

1999). To progress from this point to

more detailed explanations requires a

research plan that includes hypotheses on

speciation modes, geographical patterns

and ecological mechanisms, as well as a

description of the empirical data needed to

test such hypotheses. This does not mean

that all six points depicted in Fig. 1 should

be addressed in each single study or by

each research team but they illustrate the

conceptual complexity of this type of

research, in which biogeographical, ecolog-

ical, geological, evolutionary and environ-

mental elements, among others, constantly

interact through time and across space.

Studies such as those of Garz�on-Ordu~na

et al. (2014) should be encouraged, as they

are essential for disentangling the complex-

ity of Neotropical diversification patterns

in time and space, but they should be

placed in the appropriate conceptual con-

text of Chamberlin’s (1890) multiple work-

ing hypotheses. Otherwise, the problem of

paradigm-shifting will persist over time. I

hope this short note can help clarify some

of the necessary conceptual tenets to con-

sider regarding the origin of Neotropical

diversity and will serve to stimulate the

continued constructive discussion on this

hot topic, which will enable us to better

comprehend our biosphere, its origin and

its conservation.
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Pike (Esox lucius) could have
been an exclusive human
introduction to Ireland after all:
a comment on Pedreschi et al.
(2014)

ABSTRACT

A recent publication (Pedreschi et al.,

2014, Journal of Biogeography, 41, 548–560)
casts doubt over the status of pike (Esox

lucius) as a non-native species in Ireland

by reporting two distinct genetic groups of

pike present: one a human introduction in

the Middle Ages, the other hypothesized to

result from natural colonization after the

Last Glacial Maximum (LGM). While the

existence of two groups is not disputed,

the hypothesized natural colonization sce-

nario conflicts with the sequence in which

the islands of Britain and Ireland became

isolated from Europe after the LGM. An

alternative natural colonization scenario

raised herein was rejected, leaving an ear-

lier, two-phase, human introduction of

pike from Britain or Europe to Ireland as

a realistic alternative hypothesis explaining

the results of Pedreschi et al. (2014). This

leaves the debates on human introduction

versus natural colonization, introduced

versus native species status, and pike man-

agement in Ireland wide open.

Keywords Bronze Age, colonization, Esox

lucius, genetics, human introduction, inva-

sive species, Ireland, Last Glacial Maxi-

mum, non-native, pike.

The literature on the colonization of the

island of Ireland after the Last Glacial

Maximum (LGM) has to date mainly

focused on mammals (Lynch, 1996; Mas-

cheretti et al., 2003; McDevitt et al., 2011;

Carden et al., 2012). Other faunal ele-

ments, such as freshwater fish, have

received little attention. Stenohaline fresh-

water fish species in Ireland are thought to

have been human introductions without

exception (Griffiths, 1997). While some of

these non-native species have had a rela-

tively benign impact on the native Irish

flora and fauna (such as tench, Tinca tin-

ca), others, such as roach (Rutilus rutilus)

and bream (Abramis brama), have caused

large-scale changes in the Irish freshwater

ecosystems (King et al., 2011). Pike, Esox

lucius [current official status: non-native,

non-benign (Turner, 2008; King et al.,

2011)], also have the ability to dramatically

change the habitat for one native Irish fish

species in particular: brown trout, Salmo

trutta. Especially in smaller water bodies

and lakes without sufficient refuges the

introduction of pike can pose a significant

threat to the survival of local brown trout

stocks (King et al., 2011). The manage-

ment of pike populations on the island of

Ireland is thus closely tied with the man-

agement of brown trout populations. If

pike was proven to be a natural colonizer

of (parts of) Ireland, the management of

this species might have to be revised in

light of this new status as a member of the

native fauna. If, however, pike was either

proven to be a human introduction, or if

the status of this species remained unre-

solved, any changes in the management of

pike stocks that could result in a further

spread of this species would be ill advised

as they could have negative consequences

for native trout stocks that would be virtu-

ally impossible to reverse.

In a recent paper in the Journal of Bio-

geography, Pedreschi et al. (2014) reported

the existence of two genetically distinct lin-

eages of pike in Ireland. It was suggested

that one of these lineages was introduced

by humans and the other was most likely

to have been the result of a natural coloni-

zation process. However, the glacial history

of the island of Ireland, as well as the data

presented in the publication, do not

appear to provide strong support for such

a conclusion.

Pedreschi et al. (2014) reported the exis-

tence of four genetically distinct groups in

their dataset: Europe, Britain, and two

Irish groups – Ireland 1 (native) and Ire-

land 2 (introduced). Alternative coloniza-

tion scenarios were tested using an

approximate Bayesian computation as

implemented in the software diyabc 1.0.4

(Cornuet et al., 2008). The different sce-

narios were compared and their posterior

probability was inferred using two different

approaches. In the direct approach an esti-

mate of the posterior probability of a sce-

nario was determined by taking the

proportion of datasets obtained with a sce-

nario in 0.2% (1000) of the closest simu-

lated datasets (Miller et al., 2005; Pascual

et al., 2007). In the logistic approach a

weighted polychotomous logistic regression

using the frequentist paradigm was used to

estimate the posterior probability of sce-

narios, with confidence intervals around

the posterior probabilities calculated

through the limiting distribution of the

maximum likelihood estimators (Beaumont
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