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It is one thing to make recordings or collections of butterflies from islands. 
Collecting has a long history but even so records for butterflies on British 
and Irish islands were, until recently, scattered in the journal literature 
(Dennis and Shreeve, 1996). However, it is another matter to make sense 
of the records. It was not until the early 1960s that sound scientific prin-
ciples were established for island faunas. The present chapter provides 
an introduction to modern concepts in island biogeography, factors that 
affect the presence of butterflies, and other organisms, on British and Irish 
islands.

The Basic Model of Island Biogeography

In the 1960s, one of the most important breakthroughs in the ecological 
sciences was achieved; it was the publication of The Theory of Island 
Biogeography by Robert H. MacArthur and Edmund O. Wilson (1963, 
1967). Although it was previously well understood that numbers of species 
on islands relate to island area and isolation, they demonstrated that the 
number of species could well reflect a dynamic equilibrium between two 
ongoing processes: (i) the immigration (viz. colonization) of species to an 
island; and (ii) their extinction (Fig. 1.1a); as such, it is referred to as the 
equilibrium theory. It was a theory already foreseen by Eugene Gordon 
Munroe (1948) working on the butterflies of the West Indies. This was an 
astonishingly important breakthrough because, then, even mobile organ-
isms such as butterflies were thought to have long occupied islands – 
including those comprising Britain and Ireland – on which they were 
found; as such, overseas transfers, apart from by known long-distance 
seasonal migrants (e.g. Vanessa cardui, Vanessa atalanta), were considered 
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to be rare events. This dichotomy in perception must now seem very 
strange to modern readers; after all, if one species can with facility make 
the journey in numbers, then surely all others must have some capability 
of achieving the journey! In fact, this very belief was one of the stumbling 
blocks for challenging the long-held view that British butterflies survived 
the last major glaciation (Devensian, 20 k years (20 ka) bp) (Dennis, 1977). 
Yet, even then, sufficient evidence existed in the amateur journals that 
very small butterflies, including many sedentary butterflies, were capable 
of sea crossings (Dennis and Shreeve, 1996).

The mathematical model for a single island off a mainland source 
beautifully illustrates the basis for equilibrium in species numbers on 
islands (Schoener, 2010); a ‘steady state’ in numbers of species occurs 
where the gross extinction rate in species equals the immigration rate of 
new species. In Fig. 1.1, the rates are typically shown to be curvilinear, 
owing to the limit in the number of species at mainland sources: as num-
bers on an island grow, so does the probability of extinction; similarly, 
the probability of immigration and colonization will decline, as there are 
fewer new species left in the transfer pool. This observation is supported 
by ecological observations, for instance by: (i) the saturation of the species 
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Fig. 1.1. Equilibrium island biogeography theory. (a) The equilibrium state in 
numbers of species for a single island based on the rate of immigration and 
extinction. I, immigration rate; E, extinction rate; Ŝ, equilibrium number of species 
on island; T, Turnover rate; P, size of the mainland source pool for the island. 
(b) The approach to an equilibrium for two distinct kinds of island: (i) ocean island; 
(ii) land bridge island. Once the number of species on the land bridge fauna have 
reached equilibrium, this is known as the relaxation fauna. The red arrows indicate 
the period of delay before the first species is lost (land bridge island) and gained 
(‘oceanic’ island). Oceanic islands here are used in the sense of a newly created 
island starting with zero species. Note how equilibrium is unlikely ever to match the 
number of species on the source mainland.
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community with an increase in numbers of island species, leading to 
increased interactions (i.e. competition, predation, parasitization), thus 
smaller populations and extinctions (Wilson, 1969); and (ii) declining 
immigration rates as poorer dispersing species trail behind better dispersers 
(MacArthur and Wilson, 1967). Moreover, poorer dispersers are likely to 
be more vulnerable to extinction, owing to the link-up of colonization 
ability and migration capacity (Gilpin and Armstrong, 1981) (see also 
Chapter 3).

Equilibrium theory of numbers of species on islands, then, envisages a 
perpetual turnover in species; both immigration of new species and extinc-
tion of current species will have a characteristic mean rate and variance 
(unless conditions change significantly, i.e. through climate warming). It is 
perhaps useful to imagine the basic process taking place at an individual 
level. Consider that an island is being continually bombarded by indi-
vidual butterflies and is simultaneously experiencing a continual loss of 
individuals (at all stages of development) (Simberloff and Wilson, 1971). 
Every so often an individual of a new species will arrive on the island and 
colonize it, or the population of a species will crash to zero and become 
extinct. Together, these processes describe the relative turnover rate (T) 
for an island’s species:

T n n N Nt t e i t t1, 2 1 2=( + )/( + )

where t0, t1, t2 ... tm are time intervals (years), ne is the number of species 
extinctions on an island, ni the number of novel colonizations on an 
island, and N the total number of species at different times. T can be made 
into a percentage by multiplying by 100. Later, attention will be given to 
two types of island: (i) an oceanic island; and (ii) a land bridge island. 
Although Britain and Ireland do not have typical oceanic islands, they 
do have islands that simulate the conditions on a typical oceanic island, 
with an initial ‘start-from-scratch’ condition of zero species as in the case 
of Hawaiian islands emerging as volcanic mounds over an oceanic mantle 
‘hot spot’ (Funk and Wagner, 1995). In the case of some British islands a 
number emerged offshore with deglacial isostatic rebound (see Chapter 2) 
of ice-laden land, their fauna wiped out by glacial tabula rasa and/or marine 
inundation during the last major ice advance (c. 20 ka bp). In the case of 
these two types of islands, very different patterns of colonization emerge, 
continuous gains towards an equilibrium with an ‘oceanic’ island and con-
tinuous losses to an equilibrium in the case of a vicariant land bridge island 
(Fig. 1.1b). These conditions describe extremes of what is found in nature; it 
will become evident that Britain displays more complex scenarios.

The intriguing picture of equilibrium theory is that large and small 
islands, near-to-source and isolated islands, have very different equilibria 
(Fig. 1.2); the curve for extinctions is higher for small islands than large 
islands, and the curve of immigration for isolated islands is lower than that 
for near islands. This has consequences for both the number of species 
and absolute turnover rates: (i) near islands (having the same area) and 
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large islands (experiencing the same degree of isolation) have more species 
than far, small islands; and (ii) absolute turnover (not relative turnover) 
is greater for near than far islands (of the same area) and for small than 
large islands (of the same degree of isolation) (Fig. 1.2). Altogether, this 
puts isolated small islands at a huge disadvantage in terms of comparative 
numbers of species. In fact, the two processes of colonization and extinc-
tion have far more profound implications for their island faunas, ones 
that affect the communities, adaptation and evolution of their faunas (see 
Chapter 8).

The picture of single islands lying offshore a mainland is, of course, a 
simple one. Often there are archipelagos (e.g. Isles of Scilly; Outer Hebrides), 
and these too may be close to a mainland shore or isolated. It is at this level 
that one can appreciate not just how complicated island biogeography can 
be, but also how important equilibrium island biogeography theory has 
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Fig. 1.2. The effect of differences in island isolation and island area on the 
equilibrium number of species on islands. (a) Imaginary plot of islands varying in 
size and isolation. (b) Scattergrams of number of species for the islands in plot (a) 
against isolation and area. (c) Equilibrium models for the islands shown in plot (a). 
E, extinction; I, isolation; Eq, equilibrium number of species. (Adapted from Dennis, 
1992, 2010, using linear rather than curvilinear relationships.) Near, far, small and 
large refer to islands varying in isolation and size.
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become: archipelagos lie at the root of metapopulation biology (habitat 
islands simulating islands lacking a mainland source); the equilibrium 
models for them were developed by the remarkable scientist Ilkka Hanski 
and his team (Hanski, 1994; Hanski and Gilpin, 1997). A variety (gradient) 
of metapopulation models may be conceived from patchy populations to 
mainland–multiple island situations and extinction debt metapopulations 
(Dennis, 2010); all these models are relevant for different butterfly species 
on groups of small offshore islands in Britain and Ireland (Fig. 1.3).

A Broader View of Island Faunas

The equilibrium model, in providing such a neat picture of species num-
bers and turnover, is highly seductive; but it has been the subject of long 
and heated debate (Lomolino et al., 2010). When reviewing papers that 
deal with this subject it is important to distinguish two related issues: 
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Fig. 1.3. Some basic metapopulation models for habitats on a mainland. (a) Patchy 
population model (e.g. Pieris napi). (b) Mainland–island or Boorman–Levitt model 
(e.g. Aricia agestis). (c) Classical Levins metapopulation (e.g. Melitaea cinxia on 
Isle of Wight). (d) Non-equilibrium model (showing distinct signs of extinction debt 
with populations becoming extinct and not replaced) (e.g. Coenonympha tullia in 
lowland UK). Green patches, colonized; red patches, vacant; dashed blue lines, 
boundary of a local population; arrows, transfers. Species on offshore islands which 
are part of archipelagos may behave in the way described by these models. No 
scale is provided; the scale of a metapopulation is established by the mobility of 
the organism. Thus islands in an archipelago may act as a patchy population to one 
species and as a non-equilibrium population with gradual extinction and the loss of 
another species. (Adapted from Dennis, 2010.)
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(i)  the balance of immigrations (colonizations) and extinctions which 
defines a steady state (equilibrium) in species numbers (Fig. 1.2c); and 
(ii) the relationship of numbers on islands in any study region to island 
area and isolation, on which an equilibrium view is based (Fig. 1.2b).

The critical property of equilibrium theory is that extinction rate 
equals colonization rate. This has to be the case for every island in a study 
region (i.e. herein, British and Irish islands). It is not difficult to envisage 
circumstances that generate a non-equilibrium condition for a specific 
island or islands. Non-equilibrium may occur owing to: (i) relatively too 
few extinctions (i.e. extinction debt); (ii) a sudden extinction event  
affecting the island’s fauna; (iii) relatively low colonization rate (i.e. an 
immigration backlog or lag in immigration rate; e.g. following glacial tab-
ula rasa); (iv) a surfeit of immigration (i.e. increased rate of immigration; 
e.g. owing to an external stimulus such as climate change or a weather 
event); and (v) a relatively high species accumulation, i.e. autochthonous 
speciation (e.g. molluscs on Madeira) (Cook, 2008; Kier et al., 2009).

A linear (semi-log, or log-log) relationship between species numbers 
on islands and island area and/or island isolation (Fig. 1.2b) is typically 
advanced as an indication of an equilibrium condition. In fact, the absence 
of a neat linear relationship is not evidence of the absence of an equilib-
rium, but it is evidence that island area and/or isolation are compromised 
by other factors affecting inter-island extinction rates and colonization 
rates on some or all of the islands. It is well to bear in mind that an island’s 
‘resources’ may supplant area in importance, as has been found to be the 
case with butterfly metapopulations (Dennis and Eales, 1997, 1999), and 
reflect conditions associated with geology or soils, climate, topography 
or land use. This issue is expressed in the simple algorithm of the choros 
model (Triantis et al., 2003). Similarly, as regards immigration and coloni-
zation, some islands may be favoured by prevailing winds whilst others 
experience counter currents as would be the case on opposite-facing coasts 
of the UK mainland. Then, a number of alternative explanations for a lin-
ear species number–island area relationship, and species number– island 
isolation relationship, have emerged that do not necessarily equate with 
the factors that MacArthur and Wilson (1963, 1967) initially associated  
with generation of an equilibrium model. For instance, the species–distance 
relationship may occur owing to isolated islands having systematically 
fewer biotopes and lower resource potential (Lack, 1976). Similarly, the 
species–area effect may simply reflect a passive sampling process (i.e. 
a bigger ‘net’ to catch passing immigrants); alternatively, there may be 
less abiotic disturbance on large islands (Schoener et al., 2001), or larger  
islands may have increasing biotope diversity (Ricklefs and Lovette, 1999), 
or indeed higher speciation rates (Losos and Schluter, 2000). Indeed, 
larger islands by providing larger target areas (i.e. a target effect) enhance 
colonizations and facilitate a rescue effect on populations that might 
become extinct (Lomolino et al., 2005; Brown and Kodric-Brown, 1977).

It should now be evident to the reader that there is potential for great 
complexity in the distribution of species on islands. This is certainly 
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likely to be the case for British islands, made up of two relatively large 
islands and a constellation of tiny satellites. Bear in mind that all is relative 
and that St Mary’s, St Martin’s and Tresco are relatively large compared 
with other islets in the Isles of Scilly, and that larger islands often have 
satellites and stepping stone islets (e.g. Calf and Kitterland for Isle of Man: 
Plate 1.1). In the case of the two large islands, mainland Britain has an 
entire continent as its source, whereas the current nearest source for the 
second largest island, Ireland, is predominantly the largest island and not 
the continent. However, the main historical source for Ireland would have 
been the continent in the immediate aftermath of the last major glaciation 
(Dennis, 1977). The smaller islands have one or other of the European 
continent (e.g. Channel Islands), mainland Britain (e.g. Isle of Wight) and 
Ireland (e.g. Aran islands) as their main contemporary source; but occa-
sionally more than one source may affect the patterns of colonization on 
islands (e.g. Isle of Man lying between Ireland and mainland Britain). The 
variety of potential sources also affects the nature of processes over time. 
Some indication has already been given that island species may depend 
on more than contemporary (equilibrium) processes; geological history 
(evolutionary scale issues) can dominate current factors (ecological scale 
issues) and current processes may mimic historical ones in effect (Dennis 
and Shreeve, 1996). A simple process-response model of a number of these 
issues (Fig. 1.4) was drawn up many years ago to illustrate the interaction 
of factors (Dennis, 1992); it illustrates why the biogeography of the British 
and Irish islands is so fascinating. Perhaps the model is a little outdated 
now but it should still present a useful starting point for thought. Firstly, 
it separates historical influences from present-day ones. Then, it divides 
these further into initial regulators (tabula rasa), subsequent constraints 
(prehistory and history), island geography and island resources (ecology). 
Climate and human influences, in particular, have dominated the entire 
fauna and flora of these islands over the past 20 ka; these occupy promi-
nent ‘sides’ in the figure. Admittedly, it is no easy matter to determine the  
part played by even this small group of factors on current island butterfly 
faunas, particularly when they produce similar outcomes. But investi-
gation of island-faunal patterns exposes some prominent findings and 
challenges a neat equilibrium view of island biogeography. Over the long 
period since the Devensian glacial maximum advance, one should expect 
that occasional pulses of disturbances, inducing sharp changes in extinc-
tion and colonization rates, have interrupted longer periods of lower, 
more stable rates of turnover, if not on the catastrophic scale of Krakatoa 
(Bush and Whittaker, 1991).

An Integrative Island Biogeography Model

Since the development of the MacArthur–Wilson equilibrium theory, there 
has been a concerted attempt to build an integrative model of island bio-
geography, one that not only deals with immigration (colonization) and 
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extinction but also includes community dynamics, ecological shifts and 
evolutionary processes, and moreover incorporates systems interactions and 
feedbacks associated with changes on islands. Such a model has gradually 
developed with the work of numerous researchers, among them Darlington 
(1957), MacArthur and Wilson (1967), Losos and Schluter (2000), Lomolino 
(2000), Lomolino et al. (2010) and Whittaker and Fernández-Palacios (2007). 
Some of the fundamental features can be abstracted and illustrated in axes 
of island area and isolation (Fig. 1.5). There are several drivers of this model 
that can be grouped into: (i) a set of island systems’ traits (i.e. area, isolation, 
altitude and relief complexity, age, disturbance history, latitude); and (ii) 
a set of species traits (i.e. crucially metabolism, size, bauplan, life history, 
trophic strategy). Ultimately, the outcome of area and isolation is scaled by 
the organisms: what is distant to a mole is but neighbourhood to a seabird 
like a gannet. Two key aspects characterize the model; both are in fact key 
to any systems approach in any science. The first is scale dependency of 
both island traits and species traits; the constellation of correlations link-
ing one trait with another tends to be specific to an archipelago, an island 
system or subsystem, and to a taxon. The second is feedback in the sys-
tem; the more complex the system, generally the more feedbacks there are 
linking elements within the system. The model then describes gradients in 
outcomes, the characteristics of which depend on the nature of organisms 
scaling the system and the level of interactions within communities. It is a 
beautifully simple way of interpreting island phenomena and takes us well 
beyond the turnover of species. For instance, something we are unlikely 
to see on British offshore islands is the development of communities that 
display greater diversity in particular taxa than on source mainlands, the 
result of adaptive radiation and a reminder of Wilson’s (1959) extraordi-
nary contribution in the taxon cycle. Rich island zones of macroevolution 
are well known for the Hawaiian islands (e.g. ferns, Drosophila flies, snails,  
honeycreepers; Wagner and Funk, 1995), for finches in the Galapagos islands 
(Grant and Grant, 2010) and for mammals in the Philippines (Heaney, 2004). 
As lakes may be treated as ‘islands’ amid a continent, then the same process 
has affected cichlid fish in African Rift Valley lakes (Meyer, 1993). Even so, 
to understand British and Irish biogeography, a systems approach and an 
integrative model is a crucial starting point.

Population and Ecological Changes on Islands

Offshore island faunas are typically characterized by two patterns: (i) depleted 
faunas and (ii) disharmonic faunas. Disharmony again describes two 
basic features: (i) island faunas comprise non-random assemblages of the 
source fauna, effectively filtered by dispersal and migration; and (ii) novel 
species not found on the mainland. Yet, species on islands, but present 
at the mainland source, may also be novel in other ways: genetically, in 
phenotype, in habitat and resource use – an issue considered in this review 
(see Chapter 8).
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Fig. 1.5. Components of an integrative model of island biogeography based on 
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Islands that have faunas most similar to those of an adjoining mainland 
are likely to be the depleted product of mainland communities (depleted 
faunas) (Fig. 1.5e) and will tend to be close to the mainland source and 
large in size, much as is the Isle of Wight compared with the Isles of Scilly, 
both of which are offshore from the British mainland coast. Populations of 
islands close to the mainland shore will experience low extinction rates, if 
only  because every time they dip in number, they have the greatest chance 
of being ‘rescued’ by immigrants from the mainland source (the rescue 
 effect) (Fig. 1.5b). But as islands become smaller, so usually does the island 
resource base for species, and populations also become smaller (less dense) 
and more unstable; moreover there is decreasing chance of the population 
being rescued (the island is a sink). A common observation is that with 
population instability there is an increasing likelihood of extinction. Thus, 
small islands will tend to have fluctuating vulnerable populations. However, 
as islands become increasingly isolated there is not necessarily a systematic 
decline in population density. With distance from a mainland shore comes 
ecological release (Fig. 1.5c); that is, with isolation a species may experi-
ence fewer enemies (i.e. parasites, predators), the populations benefiting 
from lower mortality. But if islands continue to decline in size and become 
increasingly isolated, the benefits of a lack of enemies are countered by the 
costs of a diminishing resource base: the syndrome of depauperate islands 
(Fig. 1.5e) is eventually encountered, with few species dependent on small 
fluctuating populations. Exceptions exist, of course, when a resource is 
favoured by suitable conditions. Small islands close to shore will also tend 
to have small populations but will tend be replenished as soon as lost, typi-
cally forming transient communities (Fig. 1.5e). In between these extremes 
lie the islands most typical of MacArthur–Wilson dynamics: equilibrium 
turnover islands. But these will be dispersal-biased communities, reflecting 
on an increased dispersal capacity by organisms with increasing isolation.

Ecological changes on islands affect more than population sizes and 
densities. All islands will tend to have a depleted resource base. As plants 
are affected in much the same way as animals, heterotrophs such as butter-
flies will inevitably become dependent on a depleted larval host plant and 
nectar resource base with decreasing island size and increasing isolation. 
Furthermore, the climate (temperatures, wind speed, precipitation) of islands 
tends to become more extreme with increasing isolation, as do conditions 
(geology, soils, local climate, topography and shelter from storms and 
salt spray) generally with declining island size and isolation (e.g. Bawden 

isolines describe peak population density). (c) Ecological processes expected from 
resource availability and community interactions based on the resource-based 
habitat model (see Chapter 3). (d) Evolutionary potential. (e) Zonation for types 
of communities with equilibrium types midway in the area/isolation scaling. Not to 
scale, as the organisms (bauplan, mobility, etc.) themselves scale the impact of 
distinct processes. Conditions become more severe to the bottom right and greater 
potential for novel evolution towards the top right.

Fig. 1.5. Continued.
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Rocks: Plate 1.2). The resultant flora and fauna becomes more ‘polar’ 
(Williamson, 1981), as is certainly the case with British islands (cf. Ireland 
with Britain) (Figure. 1.4 in Dennis, 1992) (see Chapter 5). Thus, regardless 
of any ecological release, specialization of species is likely to occur with a 
narrowing resource base. In effect the species are faced with habitat limi-
tations in the resource base as islands become smaller and more isolated. 
As such, increasingly isolated islands should favour not only species with 
high dispersal capabilities but also those that can use a wide resource 
base (generalists). Following colonization, these will become increasingly  
specialized in the limiting conditions, which concomitantly results 
in further adaptations in life history (phenology), behaviour, resource 
exploitation, defences and mobility.

Some remarkable transformations accompany island occupancy. 
Typically, on islands larger animals (large vertebrates) tend towards dwarf-
ism (nanism) – reflecting the reduced resources with loss of land bridge 
connections – and smaller animals (small vertebrates, invertebrates) tend 
towards gigantism – indicative of the reduction in numbers of enemies 
and consequently any need to be inconspicuous or to develop rapidly 
(Lomolino, 2005). A further change, highly relevant to butterflies, is a 
general reduction in wing size; in other insects this can lead to wing loss 
(beetles; Roff, 1990). Although species with larger wing expanse may be 
favoured in colonizing islands, they may be at a disadvantage in conditions 
lacking enemies and vulnerable to inadvertent dispersal unrewarded by 
opportunities for neighbouring land fall; smaller wing sizes are expected 
and this may be concomitant with reduction in body mass (see Chapter 8). 
But such changes are not invariant and depend on the resource base and  
other pressures specific to conditions on islands, such as other island 
 occupants (i.e. seabird populations; e.g. gannet-covered Bass Rock: Plate 1.3).

Evolutionary Transformations and Novel Species

Small but significant changes in an island species’ ecology and phenotype 
are typically referred to as microevolutionary; over time, with isolation 
and/or selection under distinctive conditions, such changes may lead to the 
appearance of novel species, referred to as macroevolution. The processes 
leading to genetic changes are likely to differ substantially for ‘oceanic’ 
and ‘land bridge’ islands, particularly as regards initial genetic variation. 
Oceanic islands, those emerging pristine and empty, are initially blank can-
vases; their populations are built up on a limited number of founders. In 
contrast, land bridge islands may well have substantial populations and 
substantial genetic variation before land severance. However, this is not 
always the case. In the next chapter it will become evident that for Britain 
prior to separation from the continent in the Holocene, conditions existed 
that markedly filtered influx of founders and subsequent populations.

For all islands, then, island populations tend to contain less genetic 
variation (diversity) than their source populations. Again, exceptions can  
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occur, for instance when – following founder events and bottlenecks in 
 island populations, perhaps owing to the destabilization of adapted genetic 
complexes – introgressive hybridization between closely related species 
results in greater variability (e.g. Maniola jurtina on West Mediterranean 
islands; Dapporto et al., 2009). Typically, genetic differences between an 
island and source populations increase with isolation and a decrease in 
island size. Distant, small islands receive few founders, in butterflies per-
haps a single gravid female; the inadvertent landing of a single male will 
be unproductive in the absence of a female. The larger and closer the 
island is to the mainland source, the more founders reach that island. 
Although a female butterfly is required in founding any new population, 
the subsequent arrival of males may contribute enormously to genetic var-
iation, thereby enhancing adaptability. However, the smaller the island, 
the more likely it is that stochastic events (i.e. disturbances) will cause 
population bottlenecking and loss, once again, of genetic variability; this 
is referred to as genetic drift. The type of disturbance will determine the 
genetic outcome: when entirely random the genetic product is equally 
uncertain; but if deterministic, say an event of a repeated climatic pattern, 
survival will tend to become increasingly biased in favour of those with 
suitable attributes (traits) for similar disturbances or that occupy distinc-
tive island niches (i.e. linked to cover, aspect, temporal appearance).

The genetic make-up of populations occupying islands is important, as 
small isolated islands are most likely to harbour unusual genetic  founders 
from a mainland source. As most colonizing species will be similarly 
 affected, the end product is likely to be increasingly disharmonic communities 
on more distant islands. This, in turn, should trigger greater  divergence, 
because of novel resource compositions and organism interactions 
among the island residents (Barton, 1989). In time, this forms a platform 
for syndromes of distinctive island traits among residents, one attribute 
of which, wing reduction, was mentioned above. In butterflies, island 
variation in adult wing patterns is particularly distinctive; wing pattern/
colour development is dependent on conflicting pressures for thermoreg-
ulation (including water balance), mate location and defences (Dennis 
and Shreeve, 1989; Dennis, 1993) and it is likely that balances between 
these pressures on islands will contrast with those found in populations 
at mainland sources. The degree of changes in island populations can be 
assessed by direct measures of genetic variation (i.e. allozymes, mtDNA), 
but this may not always match phenotypic changes in wing patterns, meas-
ures of fluctuating asymmetry (e.g. Leamy and Klingenberg, 2005) and  
frequency of wing abnormalities (Whittaker and Fernández-Palacios, 2007). 
But what has long been clear is that phenotype changes in populations can 
be very rapid, as in bill shape among Laysan finches in Hawaii (Conant, 
1988). An earlier example in butterflies is the transformation in wing 
patterns and size in an isolated population of Plebejus argus in the Dulas 
Valley in North Wales from its founder population located on the  relict or 
fossil island of the Great Orme’s Head in North Wales, an equally fast event 
(Dennis, 1977).
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One of the most difficult issues in biology is the decision whether 
changes in an organism have become sufficiently distinct for it to be described 
as a new species. For most naturalists studying butterflies at any loca-
tion, generally, this does not cause a problem as the different species are 
recognizably distinct and easily identified; it is clear that they adhere to 
Ernst Mayr’s (1942, 1963) long-used definition of species: organisms as 
actual or potential breeding entities determined by interactions that suc-
cessfully produce viable offspring. It is a different matter when it comes 
to  distinguishing butterflies found in different locations, especially those 
locations that are far apart or isolated on different islands (e.g. the Meadow 
Brown (Maniola) butterflies of the Aegean region) (Dennis et al., 2000b). 
Unfortunately, species definitions abound (Mallet, 1995; Wilkins, 2003); 
as such, the problem remains of establishing pragmatic guidelines for 
naming a new species, which, owing to allopatry and manifold difficul-
ties in confirming distinctions in the laboratory, is ultimately an arbitrary 
process (Whittaker and Fernández-Palacios, 2007). New molecular techniques 
have simplified the task of distinguishing species-level differentiation, 
and have been especially important for disclosing hidden (so-called 
cryptic) species (e.g. Leptidea juvernica) (Dincă et al., 2011a, 2013). The 
fact remains that a solution to defining species is elusive: variation is 
multivariate, continuous and overlapping between different organisms; 
moreover, the amount of variation displayed by different organisms 
can vary enormously. The difficulties are highlighted by the amount of 
hybridization occurring among closely related organisms (Hausdorf, 2011) 
(courtship and mating are also well known even among more distantly 
related species; Russell, 2013) and the tendency for inflating diversity 
through the proclivity of naming new species (for a full discussion see 
Dennis, 1997a; Descimon and Mallet, 2009).

None of the issues surrounding species would be thought to raise 
difficulties for a review of butterflies on British islands, but it should be 
recalled that prior to 1977 many of the butterfly subspecies in western and 
northern Britain were thought to be so distinctive as to point to ancient 
origins and isolation in British glacial refuges. Even now, although some 
17,500 butterfly species are recorded worldwide, almost 100,000 further 
subspecies – many of questionable status – are named (Groombridge, 
1992). In this review, species and so-called subspecies/races, taken at face 
value, are used in different analyses to investigate distinct geographical 
patterns and processes. Very soon, with caution (until we have any indi-
vidual’s entire genome we do not know all we need to know), the burgeoning 
molecular data will allow more precise assessment of butterfly associa-
tions over Europe, applying molecular clocks and phylogenetic trees, to 
give a vastly improved history of origins and lineages (Grill et al., 2006; 
Talavera et al., 2013). From the standpoint of islands, especially at the 
European scale, their species presently may be described, and conse-
quently their fauna distinguished, using a number of distinctive features 
for each species, namely: (i) their fidelity (location uniqueness) to the 
island (endemic or non-endemic); (ii) their age: neo (young, i.e. a sibling 
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species) or palaeo (old, i.e. a species lacking close relatives, a distinct 
subgenus or higher category); and (iii) their formation: autochthonous 
(formed on the island) or allochthonous (formed elsewhere as on a source 
mainland) (Fig. 1.6). Together, these features describe eight possibilities 
for any species on an island.
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Island endemics

Island non-endemics

Fig. 1.6. Simple single-move relationships between an island and mainland for a 
single species. The model assumes endemics, where they exist, have already been 
created by colonization of a founder. Green circles, endemics (species restricted to 
island(s)); blue circles, non-endemics; whole circles, recent in origin; donut, ancient 
in origin; cuboids, mainland (red, unoccupied; blue, occupied); arrows, transfers 
(green from mainland, purple from island); crosses, barriers to movement; 1, recent 
endemic formed on island, and either failed to get to mainland or now extinct on 
mainland; 2, recent endemic formed on mainland but now extinct on mainland; 3, as 
for (1) but palaeoendemic; 4, as for (2) but palaeoendemic; 5, non-endemic (recent 
in forming) which has now spread to mainland; 6, non-endemic (recent in forming) 
formed and still present on mainland; 7, as for (5) but palaeo-non-endemic; 8, as 
for (6) but palaeo-non-endemic. Although endemics formed on islands (numbers 
1 and 3), and non-endemics (numbers 6 and 8) are typical patterns of distribution 
and origin, all the different patterns exist in nature and more complex ones too 
resulting from repeated infusions from island and mainland (especially when multiple 
mountain peaks/ranges are interpreted as islands).
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Each species, in fact, may have a different history (e.g. Tuscan 
 islands) (Dapporto et al., 2017). Without a detailed phylogenetic analysis  
(i.e. area cladogram) it is often not possible to determine the nature of 
 lineages (i.e. anagenesis, anacladogenesis, cladogenesis) or the age or the 
 location (i.e. whether autochthonous or allochthonous) where a species 
may have evolved. For instance, what may appear to be two autochtho-
nous endemics may well have arisen by allopatry through vicariance, or 
sympatry through direct evolution in response to an adaptive landscape 
of resources such as a dichotomous host plant choice (Wright, 1932; 
Rosenzweig, 1995); however, one or both may have formed outside the 
 island (e.g. owing to a past connection when eustatic sea levels were lower) 
and therefore be allochthonous, the mainland populations having become 
extinct. Through thorough survey obtaining data on all close relatives, and 
with due consideration of geological history, phylogenetic work hopes to 
unravel such problems.

From such work, fast developing (Schoener, 2010), a number of 
generalizations are emerging:

 1. It is rare that anything remains the same for long in geological time; 
organisms are continually evolving not only on islands but also at main-
land sources. Phylogeny has to decipher these multiple changes knowing 
that there is no fixed standard for reference.
 2. What appears to be happening now may be quite different from what 
has happened in the past; again phylogenetic analysis can show that what 
may appear to be a recently formed endemic species could well be a relict 
and closer to an ancestral form (see Voda et al., 2015, for complex patterns 
illuminated by molecular markers).
 3. Phylogenetic analysis invariably aims to produce parsimonious 
solutions to taxonomic relationships and faunistic patterns.

This in itself is fraught with difficulties as neat solutions rarely exist. 
Cladistics relies on bifurcation of taxa in descent but the reader should con-
sider circumstances in which this rigid assumption may fail and for a more 
powerful reason than the loss of clades, that is, multifurcation of clades 
(non-monophyly) (Dennis et al., 1995b; Mutanen et al., 2016). For instance, 
one might imagine an arctic species which during a deglaciation occupies 
different ranges of mountains in the Alpine chain of Europe. A number of 
clades then may exist, all evolving at much the same rate. Consider how, 
with multiple glacial–interglacial stages (> 40 of them are known), these 
taxa could then be shuffled about from the North European plain to the 
mountain range, back to plain and southern slopes, north and south, to 
produce an ever-increasingly bewildering pattern of complex associations. 
Phylogenetic analysis has its work cut out in deciphering this history.

Island Species as Unique Entities

Although aspects of island biogeography (i.e. biodiversity) treat different 
species (or subspecies) as equivalent units, it soon becomes obvious that 
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species are not equally distributed across islands. Organisms obviously 
have very different capacities for migrating to islands, of colonizing them 
and persisting on them. This is self-evident if one compares the presence 
on different islands of large and small mammals, birds, plants belonging to 
different vegetation forms (herbs, shrubs, trees) and apterous and winged 
insects (Whittaker and Fernández-Palacios, 2007). Clearly some species 
are only capable of accessing islands when they have had land bridges, or 
narrow straits lacking fast currents.

A fundamental point, then, in island biogeography is the non- 
equivalence of species. Early studies in turnover did in fact suggest some 
equivalence in that the mix of species changes with island defaunation 
(Simberloff and Wilson, 1971); indeed, species mix changes up to and 
following the attainment of island equilibrium. It soon becomes apparent 
that just what species are found on islands is a matter of scale: scale of iso-
lation, scale of size, and complexity of biotopes; the scaling depends on 
mobility of different species. The mix of species is most likely to change 
over moderate scales of isolation and island size, as the majority of species 
(within any taxon) display moderate levels of immigration capacity and 
colonization ability. Although distant small islands are expected to have 
the greatest turnover (reflecting greatest disturbance from conditions) this 
will tend to involve a small set of species with extensive migration and 
colonization abilities. Similarly, a distinctive set of species is expected to 
turn over on the close-to-shore large islands, in turn reflecting on limited 
capacity in transfers and persistence. If mobility (and turnover) is limited 
in a taxon, then intraspecific diversification becomes possible even in 
islands with close mainland sources, leading to relictuality (speciation 
and endemism) if there is sufficient time before major disturbance events 
intervene (Dapporto et al., 2017).

Measures of species’ functional traits, underlying measures of migra-
tion capacity and colonization ability, unavailable in 1996, have now 
been produced for British butterflies (Dennis, 2010; Dennis et al., 2012a; 
Dapporto and Dennis 2013; Middleton-Welling et al., 2018) (see Chapter 3). 
The varying movement abilities of species have been tested in the field 
(Cook et al., 2001). As mentioned above, colonization ability and migra-
tion capacity correlate with one another – to be good (bad) at one is often 
to be good (bad) at the other. It has also been shown that the ability of 
species to transfer to, colonize and persist on new sites reflects their life 
histories (Shreeve et al., 2001) and habitat structures (Dennis, 2010) – 
issues explored in some detail in later chapters. This enables us to inves-
tigate island biogeography from the standpoint of species traits; with the 
developments in molecular genetics it will not be long before a more com-
plete picture can be built of the history of butterflies on British and Irish 
islands. The details in the following pages hopefully set the scene for 
those discoveries.
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