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SPECIATION OR IRRUPTION: THE SIGNIFICANCE OF THE DARWIN FINCHEST
G. H. HARPER*

Criticism is made of the conventional use of the Darwin finches in teaching. An alternative, ‘irruption’, theory is
presented, to explain the occurrence of the finches in the Galapagos Islands. This postulates that all the species we
know today arrived in the archipelago as a mass irruptive migration movement from the north-east. The theory is ex-
plained by reference to the European crossbills. In a discussion of the educational role of the theory, it is suggested
that we need to make more effort to encourage the creative and critical faculties in advanced work in schools and at
undergraduate level. The occasional presentation of alternative theories, and the discussion of their evaluation, are

recommended as means to achieving these aims.

1. Introduction

The Darwin finches of the Galapagos Islands are well
known to most teachers and students of advanced biol-
ogy courses at schools and colleges. It is suggested,
however, that our use of the Darwin finches in teaching
is unsatisfactory; they are usually presented as part of
the ‘evidence’ for Darwinist evolution theory, but this is
merely in the sense that the theory can ‘explain’ or be
used to describe the facts. It is not evidence in a strict
hypothetico-deductive sense, which must involve the
comparison of observations with predictions from the
theory.

In paradigm cases of this kind, one is frequently met
with the query: ‘But what other explanation could there
be?” Such a comment is a symptom of bad teaching,
since when students are presented with data so closely
tied to a single interpretation, they are hardly able to
view the interpretation or theory in a critical spirit. In
fact my principal contention is that we do not pay suffi-
cient attention to awakening habits of criticism and
creative thinking in our students. A different treatment
of the Darwin finches could give us, however, a useful
basis for pursuing these aims, and the one recommend-
ed here involves the comparison of different explana-
tions for the data.

Much has been written on the Darwin finches (Geo-
spizinae), of which there are 13 species in the Galap-
agos archipelago and a fourteenth on Cocos Island. All
the previous studies on the Galapagos species argue or
assume that speciation has occurred within the archi-
pelago. However, the next section of this article presents
a radically different theory which denies that speciation
occurred in the archipelago. Because the theory is easy
to understand and makes such a clear contrast with the
Darwinian interpretation, it should form the basis for
interesting and valuable teaching situations. These are
discussed in the final section of the article.

2. The Irruption Theory

One of the main variables studied in the interspecific
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variation of the Geospizinae is the number of species on
each island, or the insular species abundance. Various
factors accounting for this have been proposed: island
area, diversity of habitats, isolation from the nearest
island, distance from the centre of the archipelago, alti-
tude, richness of the flora, interference by man, in-
terspecific competition, and so on. Though mentioned
in passing by Hamilton and Rubinoff' (p. 390), the
‘target surface’ of islands seems not to have been con-
sidered seriously for the Galapagos Islands. It is propos-
ed here that the islands do function as targets for im-
migrants, and that this is the principal factor determin-
ing the number of species of Geospizinae on most of the
islands.

More particularly it is suggested that the Geospizinae
arrived as the species we know today, in an irruptive
migration movement on one or more occasions. It is
supposed that the flocks approached the archipelago
from a constant direction, and that if they crossed a
coastline they landed on that island and did not con-
tinue in flight to reach another island beyond. Birds fly-
ing within sight of an island, however, might be ex-
pected to change direction towards it, though under the
influence of strong winds the attempt to land on the
island might only succeed if they were passing fairly
close on a straight course. Moreover a high island
would be seen earlier than a low one, and so a border
zone directly related to the height of the island and ex-
tending the effective width of the island should be add-
ed. For each island, a value has been calculated for its
‘target width’, which for islands fully exposed to the
direction of the birds’ approach is the width of the
island viewed from that direction, with the addition of
the border at each extremity. Some islands, however,
are ‘shadowed’ by others from the migration front, and
then the ‘target width’ is calculated only for their ‘un-
shadowed portions’. Finally it is assumed that islands
close together could freely exchange bird species by sub-
sequent dispersal.

Given this simple model, it should be possible to find
values for the direction of the birds™ approach, width of
border zone for each increment of altitude, and max-
imum distance apart of two islands considered to be
able to exchange bird species freely, to show a relation
between insular species abundance and island ‘target
width’. For calculation of the values presented in Table
1, it has been assumed that the direction of the migra-
tion was 234 degrees, the border zone is 1 km for every
250 m of altitude, and islands up to 15 km apart could
freely exchange bird species. The four islands concerned
in this last category are Baltra (about 1 km from Santa
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Table 1. Geospizine species abundance and derivation of
log,, target width for Galapagos islands.

Target Log,, Geospizine
Abbre-  Border width target species

Island? viation kmP km® width abundanced

Baltra Ba — 8.0 0.90 8
(South Seymour)

Barrington Bn 1.0 11.5 1.06 7

Culpepper Cu 0.7 3.4 0.53 2or3

Duncan Du 1.8 4.8 0.68 8

Fernandina Fe 0.6 0 10
(Narborough)

Floreana Fl 2.6 19.7 1.29 9
Charles

Hood Ho 0.8 14.1 4*

Isabela Is 6.7 39.8 11
(Albemarle)

James Ja 3.6 37.2 1.57 10

Jervis Je 1.5 0 — 8

Marchena Ma 1.4 15.8 1.20 7
(Bindloe)

Pinta Pi 3.1 19.2 1.28 9
(Abingdon)

San Cristobal S1 2.9 23.3 1.37 8
(Chatham)

Santa Cruz Sz 3.5 36.0 1.56 10
(Indefatigable)

Tower To 0.3 5.6 0.75 4

Wenman We 1.0 5.0 0.70 6*

“Names used are those given in Harris?, with alternative English
names in parentheses.

’Calculated at 1 km per 250 m altitude, using altitudes in Table 6 of
Bowman* (p. 12); to nearest 0.1 km.

“See text for method of calculation.

YFrom Table 2 of Harris® omitting species thought by Harris to be
stragglers. Figure for Baltra from Table 7 Bowman* (p. 20).

*See, however, the Note Added in Reprinting.

Cruz), Fernandina (3 km from Isabela), Jervis (8 km
from James), and Duncan (11.5 km from Santa Cruz),
and it is assumed that these small islands gained most or
all of their species from their much larger neighbours.

Figure 1 shows the construction made to arrive at
values for the ‘target widths’. The map used was that in
Swarth? at a scale of 1:10°. The values for species abun-
dance were taken from Harris® (table 2), omitting
species thought by him to be stragglers. Table 1 gives,
for each of the 16 main islands, the abbreviations used
in Figs 1 and 2, the width of the border, the ‘target
width’ calculated for a 234-degree approach, the
logarithm of the ‘target width’, and the species abun-
dance. Baltra, close to the coast of Santa Cruz, is not
given an altitude in Bowman’s* table, and it is assumed
to be negligible.

Figure 2 shows the relation between species abun-
dance and log,, ‘target width’ for all islands except the
four islands nearer than 15 km to a larger neighbour.
The fact that ten of the 12 islands in Fig. 2 fall into a
narrow zone (which predicts at most two values of
species abundance for any ‘target width’) suggests a
close relation between ‘target width’ and species abun-
dance. Harris® gives ‘2 or 3’ for the species abundance
on Culpepper, and both values fall into the zone, as does
that for Baltra and Santa Cruz if these are considered as
a single island.

The exceptions are Wenman, with one more species
than the maximum predicted in Fig. 2, and Hood with
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Figure 1. The construction made on a map of the Galapagos archi-
pelago to determine target widths for a 234° approach. the figure
merely shows the principle, and is not accurate to scale.

three fewer than the minimum predicted. No explana-
tion is offered in the case of Wenman, other than to
point out that the ‘target width’ merely allows one to
postulate the most probable value(s) for species abun-
dance, and some deviations are expected in a large
enough sample. Hood, however, appears to be a real ex-
ception, especially considering that it is probably the
best place in the archipelago to see migrants today.®
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Figure 2. Relation between insular species abundance of Geospizinae
and log,, target width of Galapagos islands, determined for a 234°
approach. The two dotted entries show the amendments suggested in
the Note Added in Reprinting.
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The most acceptable explanation may lie in the poor
range of habitats on the island; only one of the four
vegetation zones found on some other islands is en-
countered on Hood.®

3. Darwin Finches and Crossbills

The development of the irruption theory owes much
to the analogy between the Geospizinae and the cross-
bills, Loxia, an analogy which can probably be carried
further than hitherto. Within each group, (a) the
plumage of the different species is fairly uniform, (b) a
proportion of the males breed in juvenile plumage
rather than fully differentiated male plumage, (¢) the in-
terspecific variation in body weight is not great, (d) the
bill morphology is the main distinction between the
species, and (e) there is a correlation between preferred
food and bill morphology. This is illustrated for the
crossbills in Fig. 3. The migration behaviour of
crossbills is of particular interest in the context of the ir-
ruption theory, and an account is given by Newton’
who has reviewed the migration behaviour of the Euro-
pean finches. Finches which normally have a food supp-
ly (often herb seeds) which is dependable from year to
year tend to have a fairly steady breeding population in
any given area from one year to the next. They also tend
to have rather circumscribed migration behaviour,
with fixed breeding and wintering areas, and regular
migration routes. The irruptive species, on the other

Figure 3. The heads of the three crossbill species, and the main cones
eaten: top, Parrot Crossbill Loxia pytyopsittacus and pine; centre,
Common Crossbill L. curvirostra and spruce; bottom, Two-barred
Crossbill L. leucoptera and larch. After Newton, Reference 7, p. 109.
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hand, have more widely fluctuating breeding popula-
tions in a given area, and when they migrate they often
spread over extensive and varied areas (i.e., they irrupt).
They frequently do not return to the same breeding
areas two years running. The fundamental reason
behind this appears to be the species’ dependence, for
part of the year at least, on tree seeds. Unlike many
herbs, some of the important trees do not produce a con-
stant crop of seeds in any one area; heavy crops may on-
ly occur once every few years. The interval between
good crops may be longer the further north in Europe
the trees are growing. However, while there may be a
poor crop in one area, there may be a good crop in
other distant areas. The fluctuating populations and er-
ratic direction of movements are probably related to
this unreliability of the food supply. Species of irruptive
finches are the crossbills, Siskin, Northern Bullfinch,
Mealy and Lesser Redpolls, Pine Grosbeak, and
Brambling.®

The crossbills are somewhat different from the other
irruptive finches, perhaps because they rely on tree
seeds for the whole year, and not just a part of it. Cross-
bill's migratory behaviour is correspondingly peculiar.
While most finches which migrate do so twice a year,
crossbills in Europe (but not in North America) migrate
only once; and even then, they may migrate only in
some years, remaining where they are in others. These
movements take place in mid-Summer, when one crop
of spruce has finished and before the next is ready. In
most years when crossbills move, they do so in various
directions, from an area of failing food supply to
another which is, or promises to be, better.

However, in exceptional years, crossbills indulge in a
longer and more directed migration which may result
in the birds invading far distant areas in great numbers.
In these years, they tend to move predominantly in one
direction, and to cover vast distances, up to 4000 km,
often passing right through good feeding areas where
normally they would stop. The stimuli which set off this
mass movement seem to be high population density and
a relatively poor seed crop. The birds can be seen to be
unusually restive before setting off, and if this
restiveness is communicated from one species of cross-
bill to another, it may explain why the different species
tend to irrupt simultaneously; in addition, the food
species of the different crossbills tend to crop in
phase®!°.

In the irruption theory, the Geospizinae are supposed
to have had the same migratory behavior as the
crossbills, and this would account for the simultaneous
mass movement of different species of Darwin finches
over the great distances necessary to bring them to the
Galapagos from mainland America. One might ask, at
this point, why they did not migrate back to their nor-
mal home range in a subsequent year, as generally hap-
pens with crossbills (though some permanent colonies
have been established, in England for instance, as a
result of irruptions). One possibility is that the colon-
izers found themselves in an environment with climate
and food species different from those of their home
range; it is likely that the conditions causing eruption
(movement away from the area), in particular high
population density and failing food supply owing to
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(iii)

Figure 4. Darwin finches, heads of six species of the genus Geospiza:
(1) G. magnirostris; (ii) G. conirostris; (iii} G. fortis; (iv) G. scandens;
(v) G. difficilis; (vi) G. fuliginosa.

periodicity in cropping of the relevant seeds, never oc-
cur on the Galapagos Islands. The irruption theory also
supposes that all populations of geospizine finches have
become extinct on the American continent; since this is
generally believed to have happened for a number of
other animal groups, the irruption theory poses no
special difficulties in this respect.

4. The Educational Role of Alternative Theories

The following discussion refers to the general use of
alternative theories in biology teaching. While the ir-
ruption and evolution theories of the Darwin finches are
recommended as suitable material, other theories are
available, such as those of Dr H. Hillman in electron
microscopy,!! and Dr B. E. C. Bank’s interpretation of
ATP.'2 Discussions on the latter topic are available on
tape from Audio Learning Ltd, Sarda House, 183-189
Queensway, London W2 SHL.

Comparison of alternative theories may be used to
achieve two aims—the encouragement of creative
thinking, and of a critical attitude. It is assumed that
these are desirable in a biologist, especially one doing
research. The mere presentation of alternatives may
help in both aims, and so might a second method, the
discussion of the evaluation of theories, for which alter-
natives are useful but not essential. The aims are
distinct, and the methods are distinct, but in practice
these distinctions will often be difficult to make out.
The kinds of teaching procedure recommended here
need only be practised once or twice during an advance
school or elementary university course, but during these
sessions a number of important ideas can be conveyed
to students who might otherwise not come across them.
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One use of alternative theories has special relevance
to stimulating students’ creative imagination. This in-
volves the dramatic presentation of a radical alter-
native at the end of a course on a generally accepted
theory. Thus an extended treatment of evolutionism
might be concluded with a brief but convincing account
of the irruption theory, so that students experience a
kind of ‘intellectual shock’. All too often facts and ideas
are absorbed uncritically and complacently, and shak-
ing students out of this passive attitude, and leaving
them guessing once in a while, could heighten their
alertness and stimulate interest. For this to be effective,
the radical alternative should be unfamiliar to the
students.

Following such a presentation, or instead of it, alter-
native theories may be compared in a discussion of how
theories in science are evaluated. By ‘evaluation’ is
meant the process leading to a theory’s acceptance or
rejection, or to some comparable attitude towards its.
Generally this will involve the scientist deciding
whether it is true of false, or more or less likely to be one
or the other. Occasionally, however, evaluation may in-
volve rejection on other grounds, of which an example
is given shortly. There may be many methods of evalua-
tion, but a short selection of four will now be considered
as an aid to conducting a discussion.

1. Most fashionable at present is the hypothetico-
deductive approach. For this to be applicable, one
must be able to make predictions from the theory in
order to compare them with observations. Non-
correspondence of prediction and observation leads
to rejection of the theory, while if they correspond
one may provisionally accept it. Undoubtedly some
biological theories can yield predictions, and so can
be evaluated hypothetico-deductively. However it
will generally be found that theories in the history of
life, such as evolutionism, do not yield predictions,
though they may yield expectations based on
‘reasonable’ assumptions which nevertheless cannot
be observed. Such expectations are not legitimately
to used in place of predictions (which are derived by
deduction from observations and the theory) in
hypothetico-deductive evaluation. The status of Dar-
win’s theory in this respect has been discussed by
Harper.'* Use of evolution and irruption theories in
considering this method of evaluation might
therefore lead to interesting and suprising conclu-
sions, in particular that the method cannot be used
for either theory.

2. Irrespective of observations, a theory may be
evaluated by examining its logical consistency. Thus
if a contradiction is found in the theory, it is a sound
reason for rejecting it; though failure to find incon-
sistency cannot be regarded as a reason for accep-
tance. This inconsistency method has recently been
used by Greenwood.

3. Another method may be called credibility evalua-
tion. An example is seen in the rejection of Newton’s
theory of gravitation by some 17th-century Carte-
sian who could not believe that forces causing mo-
tion can act at a distance, without contact of bodies.
For them the theory of gravitation was ‘beyond
belief’. More specifically we can say that a theory is
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evaluated by credibility when it is rejected either
because it is thought to be incredible, or because it
cannot be imagined. This might be a legitimate
method for someone whose imagination and open-
mindedness corresponds with all that is possible.
However, most of us are less talented, and then the
evaluation will tend to be determined by the poverty
of our imagination or our adherence to other scien-
tific or metaphysical theories. In the case of the ir-
ruption theory, the example of the crossbills may be
used (legitimately) to assist students to understand
the theory; but in addition, some students may find it
easier to believe the theory about Darwin’s finches
as a result of learning about the crossbills. If so, they
might well be using credibility evaluation.

4. Related to the last method is evaluation in accor-
dance with the rules of scientific hypothesis-
formation. A number of early 19th-century theories
in biogeography would, if proposed today, be
generally dismissed because the supernatural is in-
voked to explain species’ creation. Today, super-
natural causes are rejected, either because they con-
flict with a more scientific method or, perhaps more
often, because they conflict with scientists’
metaphysical belief in the non-occurrence of
miracles. The latter case would be an example of
credibility evaluation, but the former is quite a dif-
ferent method relating to scientific convention.
One’s attitude to the former is presumably related to
one’s opinion on whether operation of the conven-
tion (the refusal to recognize supernatural causes)
can be guaranteed not to eliminate true theories.
Another rule of hypothesis formation is perhaps Oc-
cam’s razor, and this might be relevant to the Dar-
winian and irruption theories.

Not all the points made here about these methods will
be universally agreed, but it is hoped they will be found
useful in discussion. The four methods have been men-
tioned because they are all in common use. Biology
students should be made aware of them, and they
should also be encouraged to have opinions on their
legitimacy. The author’s opinions are that methods (1)
and (2) are legitimate; (4) is legitimate so long as it is
realized that it rests on a convention which might in
fact exclude true theories; and (3) is entirely
disreputable.

It is suggested that the comparison of evolution and
irruption theories is a good basis for a discussion of the
concept of evaluation, and this in turn will help
students cultivate a critical approach to science. As a
further aid, the following practical measures are sug-
gested as ways a scientist might set about evaluating the
irruption theory; how these relate to the four methods
discussed above raises questions for further considera-
tion. The theory might be approached through (a) the
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compatibility of the supposed irruption with local
climatic conditions; (b) the probable origin of other
groups of Galapagos species; (¢) the acceptability of the
values assumed for the other variables in the model, in
relation to migrating passerines’ observed behaviour on
approaching islands; (d) the applicability of the model
to other groups of species in other archipelagos; (e)
checking whether the geospizine faunas of the four
small islands are subsets of their larger neighbour; and
(f) the fossil record.
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Note Added in Reprinting

Since the original publication of this article, the
author has seen Lack’s Island Biology,'s in which Lack
considers that there is inadequate evidence for past
breeding of Geospiza fortis on Hood and G. fuliginosa
on Wenman. If this is accepted, the insular species
abundance of Hood and Wenman should be reduced to
three and five respectively. This would remove the
anomalous status of Wenman, but enhance that of
Hood.
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