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Chapter A.1
Reality, Abstractions and Systems

Butterfly biology, as with any science, is concerned 
primarily with making sense of reality, providing 
explanations of observed relationships. It does this 
very well through rigorously applying what is 
called the scientific method, as outlined below; but 
invariably, and inevitably, a multitude of discon-
nected, partly explained relationships are left to be 
fused, as well as many unexplained ones to be 
accounted. The consequence increasingly is one of 
a science devoid of an integrated structure. We 
acquire an understanding, occasionally a good one, 
of variously sized ‘bits’ of relationships, but the 
whole of anything becomes increasingly elusive. In 
recent decades, the problem has been growing 
exponentially and a solution to it is wanting. This 
is, of course, not because reality is becoming bigger 
or more complex, both true and like an expanding 
universe, but because in steadily chewing into its 
preserves we are unearthing deeper insights and 
finer reticulation in associations and amassing 
more and more ‘bits’. The problem is exacerbated 
by the growth of burgeoning outlets (i.e. books, 
online journals, websites, particularly electronic 
communication) and ‘publications’ (e.g. articles, 
papers, ‘grey literature’, web pages, blogs, tweets and 
twitters, etc.) and the vast number of relationships 
sought between increasing numbers of variables 
in ever more species for many more locations. 
Invariably, the product is a growing arsenal of 
word models, reams of text that few have time to 
consume, that are becoming increasingly unwieldy 
of review and that fail to link up all the relation-
ships a study purports to cover. Inevitably, too, the 
‘wheel’ is repeatedly rediscovered, often blatantly 
plagiarised – the last publication date being 
fashionable to cite and encouraged by referees of 
journals – as old ideas are adorned with new data 
and dressed up in new terminology. Much as there is 
a need to validate ideas emanating from empirical 
work through evidence-based review, there is also 
an urgency to thread and knit ideas into integrated, 

composite structures. Only then will we have some 
basis for understanding how different topics 
interlock.

Reality – the real world – is complex and con-
tinuous, nested in hierarchical and ‘hybridised’ 
structures, and presents an infinite set of inputs 
into human consciousness; for the thinking human 
an overwhelming priority is ordering observations 
and relationships, deriving explanations. There is 
the simple necessity of collapsing reality to abstrac-
tions in order to make sense of it all. To do this, we 
create models of reality (generalisations, laws) from 
ordered facts, as in the early Baconian approach to 
explanation (Fig. A1). Care needs to be taken over 
using the term ‘scientific explanation’; two forms are 
suggested to occur by Moore (2000): instantiation 
and deduction. However, Ruben (1990) questions 
whether ‘scientific explanation’ is anything more 
than a pleonasm for ‘explanation’. Despite this 
reservation, and of more pragmatic significance, 
research within science has led to the develop-
ment of the scientific method (Harvey, 1969) and 
has enabled the construction of hypotheses for 
testing and the verification of ideas (Fig. A2). 
Mathematically, the most compact, and perhaps 
the simplest, approach to a solution is a data hyper-
space, the n-dimensional expansion of Berry’s 
(1964) data cube and Cattell’s (1966) data box (see 
Fig. A7), where each axis deals with a prime dimen-
sion of reality (operational taxonomic units (OTUs) 
such as species, variables and variable subsets on 
OTUs, space and time). Such matrices form the 
essential databases for multivariate analyses based 
on ordination and clustering techniques which seek 
associations pictorially by collapsing variability 
into the fewest dimensions or generating hierar-
chies (e.g. tree diagrams or dendrograms) (Sneath 
and Sokal, 1973; Legendre and Legendre, 1998). 
Pictorially, the relationships can be conveniently 
illustrated in a systems diagram (boxes with direc-
tional links). Admittedly, these can be difficult to 
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follow in three-dimensional plots, and in two 
dimensions when elements become numerous 
(> 30), but have many advantages, the most obvi-
ous with regard to a hypervolume of relationships 

being that an irregular path through matrices can 
be traced focusing on key links. This connection 
between data matrix and systems diagrams is 
expanded on later, how ordination of such matri-
ces forms a useful basis for systems organisation. 
But an immediate issue is what opportunities are 
presented by a system model for visualising and 
understanding connections and interactions in the 
real world, in this case the world of butterfly 
biology.
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Fig. A1. The Baconian method of explanation. Francis 
Bacon (1561–1626) suggested that you draw up a list 
of all things in which the phenomenon you are trying 
to explain occurs, as well as a list of things in which it 
does not occur. Then you rank your lists according to 
the degree in which the phenomenon occurs in each 
one. Then you should be able to deduce what factors 
match the occurrence of the phenomenon in one list 
and do not occur in the other list, and also what factors 
change in accordance with the way the data have been 
ranked. From this Bacon concluded that you should be 
able to deduce, by elimination and inductive reasoning, 
what is the cause underlying the phenomenon. This 
route to a new philosophy was accompanied by 
recognition of distinctions among individual organisms, 
growth in the use of specific terms, increase in 
precision and order in the study by 17th century natural 
historians such as John Ray and Francis Willughby 
(Birkhead, 2018).
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Fig. A2. The route to explanation using the scientific 
method. N, no; Y, yes. The method allows constant 
improvement of hypotheses and the development of 
law-like statements.
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Systems as models for relationships

As reality is infinitely complex, what we explain is 
usually an abstraction (model construct) of reality; 
a model as abstraction is an a priori analytical con-
struct. Strictly speaking, all models are wrong, but 
models can provide useful ‘maps’, some essential 
props, along the road to explanation (Harvey, 
1969). Ackoff et al. (1962) divided them into three 
kinds:

• iconic (the model is made up of the same material 
but constructed at a different scale);

• analogue (different materials and different 
scale); and

• symbolic (representing reality in a different way).

Other divisions of models have been made (e.g. 
Haggett and Chorley, 1967) in which types of sys-
tems, as in General Systems Theory envisaged by von 
Bertalanffy (1951, 1968), are explicitly categorised. 
Systems models are thus symbolic models, usually 
a  priori models that help in the understanding of 
reality. A system is an abstraction of the complex 
hierarchically structured real world. It is therefore a 
structured set of objects and/or attributes, both of 
which are variable, that exhibit discernible relation-
ships with one another and can be considered as a 
complex organisational or functional whole (Chorley 
and Kennedy, 1971). A systems approach may be 
regarded as a distinct paradigm; it has obvious 
analogies based on the organism and ecosystem 
(Stoddart, 1967). The fundamental criterion of sys-
tems is their possession of organisation, in which 
constituent components (elements) form into a func-
tionally related, mutually interdependent complex 
and in which, in spite of a continuous flux of matter 
or energy through them, they can remain in an equi-
librium condition. They are ideal models for dealing 
with complex multivariate situations and provide a 
number of valuable functions that facilitate exten-
sion of existing theory.

1. Organisational complexity. Systems provide 
a mechanism or structure for examining a large 
number of variables and whole complexes and 
structures of activity, particularly interrelation-
ships, building nested and hierarchical structures 
into integrated causal nexuses. Holism is a poten-
tial outcome where the whole structure has more 
weight than the sum of its parts.
2. Multiple termini (inputs and outputs) and con-
nections. Systems can cater for arrays of terminal 

(multiple input and output) variables, as well as 
providing connections (‘plug-ins’) from any element 
into other systems.
3. Distinctive variable functions. Apart from initial 
inputs (causes) and outputs (effects), variables in 
systems can take on a variety of different roles, 
such as regulators and stores, which influence the 
behaviour of the whole system. In this way, they 
can adopt variable roles in contrast to, say, strict 
cause-and-effect models governed by invariable 
principles.
4. Flexible modes of relationship. Systems models 
can cater for a variety of variable behaviours and 
relationships, for instance stochastic versus deter-
ministic functions, cause versus influence, linear 
versus non-linear, direct versus indirect, stationary 
versus dynamic (trends).
5. Exploration, investigation and search. They are 
ideal models for speculative pattern seeking, and 
searching for missing variables and relationships. In 
this way they have gestalt properties. For instance, 
although in biology researchers are accustomed 
to (exponential) non-linear unhindered population 
growth and the spread of disease in a population, 
non-linear relationships among neighbouring 
variables may suggest a missing variable(s) (i.e. an 
increase in migration with an increase in population  
density may suggest the increasing influence of 
competition).
6. Tests. Systems provide valuable models to test 
word models in scientific papers or ideas against 
normative devices. Do the relationships when 
linked up make a satisfactory construct or does the 
logic of some relationships fail?

Thus, systems models can include a role, a rela-
tion, equation, theory, law or hypothesis or just be 
a synthesis of data (Skilling, 1964), thus ranging 
from idiographic (unique situations) to nomothetic 
(general situations) functions. Systems biology has 
developed into a unique, expanding approach to 
problem solving in a variety of sub-disciplines of 
biology (Kitano, 2001; Alberghina and Westerhoff, 
2005; Palsson, 2006; Alon, 2007).

Modelling issues

As with other models, systems models are only  
as good as the model builders and owing to  
their complexity may be even more vulnerable to 
failure. Some points are worth bearing in mind as 
follows.
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1. Over-complex or over-simplified? A model may 
simply be bad for a variety of reasons; i.e. because 
it is heavily symbolic, overly formalised, much over-
simplified, or used for inappropriate predictions. 
This is a potential weakness of systems models. 
What is simple for one person to appreciate can 
be overwhelmingly complicated for another, but 
that also goes for equations, the extent of numeri-
cal literacy (Fawcett and Higginson, 2012), as well 
as for nuance in language (i.e. word models – legal 
documents, and even classical literature – can be 
heavy going at times). All intricate models are likely 
to suffer from the ‘familiarity fallacy syndrome’ – 
to the creator a model may be simple through 
long familiarity with its arguments, but the same 
model may be impenetrable to a user. The reader 
will find examples enough in this work and the 
author does not pretend for one moment that he 
has miraculously discovered palatable, unique – or 
even correct – solutions, but hopefully he has pre-
sented ideas that will tease and encourage others to 
improve our understanding of specific issues. How 
does the author know these failings? Well, that is 
simple; when coming back to them, he struggles to 
find his way again! Does he make an apology for 
this? He does. But, why should he? It was an hon-
est attempt at investigation and he set a path to be 
followed step by step which may subsequently be 
confirmed or falsified, and certainly improved on.
2. The whole is much less than the parts. That a 
given set of premises contains logical consequences 
which are in agreement with reality is no guarantee 
that a model is itself an accurate construct of reality. 
Moreover, several quite different models may give 
the same result. The effectiveness of a model may 
only be judged over years during which empirical 
work discovers blind alleys and opens new avenues 
(Curry, 1964).
3. Model sufficiency depends on the initial assump-
tions. Clearly mistakes will be made if inferences 
are drawn from a model when careful note is not 
made of a priori assumptions made in creating it. 
Subsequent internal inconsistencies may simply 
mean that the model is wrong.
4. Missing and/or poorly defined variables. Systems 
models can theoretically include an infinite number of 
variables. If all the relevant initial conditions cannot 
be specified, then the explanation is incomplete. On 
missing variables, Blalock (1964) pointed out that it 
is usually possible to insert numerous additional vari-
ables between any two linked elements or factors, but 
that it is necessary to stop somewhere and consider 

the theoretical system complete. Variables may also 
be defined inadequately for the purpose of the model. 
One of the failings is to address an element at the 
wrong scale (e.g. at species level rather than at pop-
ulation or individual level, or vice versa). The move 
from an individual to populations and then higher 
taxa (or with a shift in scale) equates with a gradation 
in power from idiographic to nomothetic approaches, 
but it also moves further from the human scale of 
observation; also, with this progression arise broader 
generalisations, but there is an increase in variabil-
ity which must be accounted for in any explanation 
(Nagel, 1961). The models explored herein range over 
scales from the individual to higher taxa.
5. Explicit criteria and tests for explanations. 
Models may make implicit reference to variables and 
space-time, but to be effective need to be grounded in 
real measurements in space-time. On this matter of 
grounding a model, the reader might like to consider 
the distinction of two closely related models: niche 
and habitat (Dennis, 2010) (see Chapter B.4). As it 
is, rigorous modes of explanation cannot be devel-
oped without reference to a process or processes. 
Any model needs ultimately to be appraised on 
evidence-based criteria and methods (evidence-based 
approach (EBA)) (Pullin and Knight, 2001); how-
ever, a basic problem with this powerful approach 
can be the lack of replicate samples of study and 
on proponents’ shoulders is the weight of ensuring 
that key terms have unequivocal operational definition 
(i.e. wildlife corridors are subject to a variety of 
 definitions and inferences, Dennis et al., 2013).
6. A serious error to be averted for any model is 
the false inference that because the model may be 
applied with success in a number of situations, it 
is the only model open to use in analysis, synthesis 
and explanation. For instance, as we study more 
species, inevitably we will find models of mate 
 location and courtship inadequate.

Scientific method and evidence-based 
research

Although relationships in a systems diagram may 
initially arise from speculation, the objective is for 
the system to evolve towards reflecting fact or facts. 
Many of the methods that might be used to judge 
whether or not a particular explanation is reason-
able and satisfying can be highly subjective. Science 
confronts this problem by setting up conventions, 
rules to which a practising scientist must conform if 
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explanations are to be considered as being reason-
able. Thus, the scientific method engages explicit 
rules. The methodology is concerned primarily with 
the logic of explanation, thereby ensuring that 
arguments are rigorous, inferences are reasonable 
and the methods are internally coherent.

Scientific assertions range in complexity from 
factual statements (lowest order), through generali-
sations or empirical laws, to general or theoretical 
laws (highest order). However, it is doubtful 
whether it is possible to state a fact that is entirely 
divorced from theoretical interpretations (Kemeny, 
1959). There are two routes to establishing a scien-
tific law: (i) induction (proceeding from numerous 
particular instances to universal statements); and 
(ii) deduction (proceeding from some a priori uni-
versal premise to statements about particular sets 
of events). The early development of a science 
depends largely upon induction. But induction occu-
pies an increasingly subsidiary place as an area of 
knowledge expands (Keynes, 1962). Whatever 
route, or mix of routes, is adopted to generate ideas 
(models), these still require rigorous testing. 
Although the scientific method establishes strict 
rules for testing ideas, the demands of data ade-
quacy and representativeness, experimental repeat-
ability and suitability of the techniques for 
verification are far from trouble free, and students 
will frequently find a result produced and acclaimed 
through application of one sampling regime or 
technique refuted in a subsequent publication by 
another. This is how science progresses – it is a 
methodology, not a religion; there is no one idea, 
thing or person to be worshipped. Scientific method 
is a process that allows us systematically to strip 
away at layers concealing truth, but sometimes we 
may perhaps be forgiven for thinking that the 
object of interest seems to acquire new layers as 
fast as we strip away old ones. Sometimes, we are 
left with a nude; stripping that to its guts, nerves 
and bones can make us lose sight of a truth we 
have peeled away as well as being disgusted with 
the vision. From the systems diagram viewpoint, 
the scientific method provides the means for dis-
covering and ordering the elements, directing the 
links, labelling their polarity, sensitivity and 
strength, and expanding inquiry.

Thus systems diagrams display familiar ‘causal’ 
paths, viz.: (i) direct causes; (ii) causal chains; (iii) 
multiple causation; and (iv) multiple effect struc-
tures, etc. (see below). Even so, just what is actually 
meant by ‘cause and effect’ can vary throughout a 

system, let  alone between different systems. It is 
crucial that in any discussion of explanation we are 
clear about what we expect of, and the nature of 
limits to, explanation.

Rarely are relationships simple in butterfly biol-
ogy; moreover, they cannot all be conveniently 
conducted in the laboratory, even in large outdoor 
cages. Then, the results from field experiments and 
field survey are adversely affected by a number of 
recurring factors.

1. Space-time context. Results are invariably 
dependent on when and where research has been 
conducted. Place and event determine the magnitude 
and bounds of inputs to systems and their context.
2. Replication and repeatability. Findings using one 
genetic stock (i.e. breeding line, population sample, 
species, higher taxon) may well differ from those 
of others. The differences may well be inherent but 
other factors (item 3 below) may be involved.
3. Confounding effects. The outcome (relation-
ships) may depend on context or hidden variables. 
A classic case is the variable influence of flight time 
on egg size in butterflies, depending on the condition 
of larval food quality (Gibbs and Van Dyck, 2010).
4. Sufficient replicates and controls. Many relation-
ships are difficult to establish owing to the absence 
of a sufficient number of cases/examples, controls or 
replicates over variable conditions. This classically 
affects comparisons of landscape structures such 
as ‘barriers’ and ‘corridors’ (Dennis et  al., 2013). 
Random(ised) controlled trials (RCT) are central 
to experimentation. Part of the problem is observer 
bias in research; observations may be affected by 
expectations.
5. Human factor. The observer’s ‘presence’ can also 
affect the outcome of experiments. Experiments such 
as host preference choice can be seriously affected 
by a variety of unintentional human interference  
(Singer, 2004). A laboratory is full of human 
 intervention (and invention); field scientists and 
amateur naturalists may sometimes be amazed at 
the conditions used to breed stock – conditions 
never found in the field. At one laboratory visited, a 
familiar butterfly that used only sparse host plants 
in shaded conditions was being bred in cages with 
bright, rich high grass and the sun beaming down 
through massive south-facing windows. This set-up 
may in fact not have negated success of the experi-
ments in question, but it does raise questions about 
potential artefactual influences in all laboratory 
experiments.
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6. Bias of positive findings. There is a strong ten-
dency for journals to look more favourably on 
positive results, or for researchers to publish only 
positive results. Thus, there is a need to have access 
to unpublished research (grey literature) which 
may not have been considered interesting enough 
to be accepted by a high-ranking journal. Science 
Citation Index high-rank journals do not simply 
publish all good science, but, because of limits of 
space, select those which have the highest citation 

(news-making) capacity and are most likely to raise 
their profile.

Increasingly, in ecology and conservation biol-
ogy, meta-analysis and evidence-based methods, 
borrowed from medicine, are developing to deal 
with the complexity (Pullin and Knight, 2001; see 
below). However, the public – especially those des-
perate for treatment – are becoming increasingly 
aware that ‘medicine’ is falling behind in its prom-
ise of evidence-based assessments.
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