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[First: some esoteric characters:

94.2 ºF/34.5 ºC on cold mornings β-keratin Ж Sciencepolice-14 Rules ô - – — ]

Dinobirds have hidden their secrets better than the Egyptian pharaohs. The only certainty was that 
the truths would turn out to be very, very strange.

In this book, John Jackson, biological psychologist, and cognitive/information scientist, brings 
much-needed and long-overdue modern insights to a field he found stuck in the 1960’s. He clarifies 
for the first time the astonishing peregrinations taken by those feathered, fanged and strangely 
unfathomable stars of evolution, and on the way, provides a sorely-needed essential definition of 
science in a 14-point code.

Discovering at last the genuine story of dinosaurs, birds and their flight requires competence in a 
variety of fields, yet most palaeontologists start work with only a geology degree. Wouldn’t a 
biological degree help when studying animals? And is the palaeontologists’ understanding of their 
computer program for discovering family relationships spoiled by their surprising absence of 
qualifications in statistical algorithms? Are they right to insist evolution always took the straightest 
possible line, or is that view due to incompetence in that field – not to mention other fields such as 
the philosophy of science? Is their failure to quote the jargon, essential concepts, and even key 
workers in the core disciplines underlying palaeontology, reason to doubt their judgement, or does a 
geology degree genuinely grant such superior insight into these other fields that specialists in them 
can be ignored?

Too many humans involved in this story have seemed to do their best to help the dinobirds keep 
their secrets. For years, palaeontologists have shunned the masters of scientific theorisation outside 
their field, but claimed that they themselves, through organising excavations, running museums and 
relying on a 50-year-old computerised algorithm, best understand the subtleties of interpreting 
biological evolution. Journalists have pandered to the palaeontologists: the BBC has repeatedly 
entirely ignored revolutions in three major branches of vertebrate palaeontology, never having 
mentioned the theories or name of Greg Paul, the most exciting and insightful dinobird scientist for 
over 20 years, and unsurpassed dinobird draughtsman. Jackson defends and builds on Paul’s work 
including pictures commissioned from him, and carefully shows how part of Paul’s theory fits with 
part of an earlier one, long wrongly abused by the field but here vindicated.

Unlike most dinobird palaeontologists, the author has a broad background in disciplines where 
getting your theories right matters, and is also entirely independent of vested interests in the field. 
These are the reasons why this book can tidy away old muddles, put palaeontology back on its feet, 
and point out genuine solutions to riddles of the evolution of humans, dogs, and of course dinobirds.



0. Preface

The developments covered by this book should make it the most significant in palaeontology for 
decades. It is after all written at a time when many key palaeontological pictures have at last 
become clear but are still not widely recognised. If I haven’t done it justice, I apologise to readers, 
posterity and the subject itself.

This journey will take readers, as it took me, down three pathways: sensible new views of the 
evolutionary paths of dinobirds – and briefly of humans and dogs – do not make up those three 
strands, just the first of them.

The second strand is the ‘how we know’ what we do, and what we should do to find out. This is the 
most valuable part of the book. In many ways the subject is on a par with the theory of evolution in 
terms of ease of understanding (basically straightforward and easy to learn and apply), importance 
(it makes sense of the process of science just as evolution makes sense of biology), and the degree 
to which many, not just in the past but now, totally misunderstand it. But like evolution, although 
basically simple, resolving the finer subtleties will take forever.

The third strand is an instructive and often gory look at the mistakes made when geology-trained 
palaeontologists who never expected to be called to account, pretend to expertise in fields in the 
information sciences and certain other disciplines in which they clearly have no real interest.

The material was originally intended to be published as a book, since I knew palaeontologists 
would not allow views so contrary to their own to appear through channels they controlled. I had 
read the disgraceful reviews of Greg Paul’s “Predatory Dinosaurs of the World”, and noted that 
even though the evidence then and now favoured his radical idea, and the book became a much-
loved and influential classic, it was never on sale in the Natural History Museum bookshop in 
London; throughout the twenty years and more since its publication neither his name nor his notion 
have ever appeared in TV or radio programmes made in the UK, most of which have taken advice 
from museums and university palaeontology departments.

Piecemeal, my material would have been welcomed in journals of other disciplines – papers on 
dinosaurs have been published in artificial intelligence journals, a field where I have no difficulty 
getting published (and where I must return soon) – but I see it as rightly belonging as a whole to the 
field of palaeontology; indeed its subject matter has grown to become a commentary on vertebrate 
palaeontology itself. I did submit it in basic form to a couple of journals, insisting it was peer 
reviewed by philosophers of science, and not workers who went from school to a geology degree to 
palaeontology, but the latter category was exactly where the editors sent it – with predictable 
consequences (and the predictable lack of valid justifications for its rejection).

It’s kept me going in whichever form for many years, and here it now is as a book after all. I love 
writing for both specialists and the general public, and in this form, the public is the main audience. 
Perhaps specialists will understand that explanations I use will sometimes be ‘in shorthand’, and 
non-specialists will reserve the odd resistant gobbet for long-term rumination.

I hope modern technology will have accustomed readers to insertions in text such as hashtags in 
Twitter, and this might allow them to swish past references in the text to papers I quote. Most 
people won’t bother with them but they’re there to help if you want a follow-up.

At first, many will read this on black and white Kindles, in which case do at some stage download 
the free package “Kindle for Mac” or “Kindle for PC” from Amazon, which will allow those 
illustrations in colour to appear in their full glory. It will also allow some or all websites to be 
accessed merely by clicking the highlighted name or url.

And last and least, I’m trying to reserve double quotes for already-coined speech/writing and less-
familiar titles, with more familiar titles left un-decorated. Single quotes I’m using for new 



‘concepts’. My use of brackets and full stops reflects the more logical attitudes programmers feel 
happier with. I hope you find those and the rest of my punctuation and decorations entertaining (-: .



1. Introduction

Though we have largely solved the ancient puzzle of how birds fly, we’ve taken longer to crack the 
conundrum of how they evolved. Writers often concentrate on the earlier investigators of dinosaurs 
and birds, typically the Victorians (Cadbury 2000), but although the major groups of theories were 
born between the 1850’s and 1950’s, most of the story is to be found since the late 1960’s, when 
John Ostrom had new thoughts on the bird-like theropod Deinonychus (Ostrom 1969). (Theropods 
were two-legged predatory dinosaurs, though some became herbivores. Here is a view of a cast of 
the turkey-sized long-armed 70% grown Bambiraptor in front of the most famous theropod, taken 
in the Oxford University Museum of Natural History (as with all my photos from there, with their 
kind permission):

Bambiraptor or very close relatives lived in Montana alongside T. rex or a related predecessor such 
as Gorgosaurus sometime between 10 and 20 million years before the dino-demise, and this scene 
must have been repeated many, many times, with varying results. Only the darker tips, or crowns, of 
T. rex’s teeth protruded in life; the roots were inside the bone or at least the gum. Bambiraptor was a 



dromaeosaur like Deinonychus but smaller, and had probably retained the power of flight, unlike 
Deinonychus adults.)

Deinonychus, an apparently helpful piece in the dinosaur/bird jigsaw, did not start by being as 
helpful as it might have been, for three vital reasons that continue to hamper our understanding:

1: It appears dinobirds have been very naughty in the paths of evolution they have chosen, taking 
many deceptive bends, often at the same time. But although it may be hard to see exactly which 
tricks they played, we have found that the smallest possible number of them (i.e. evolutionary 
reversals and parallelisms) was quite high, leaving us in no doubt that deceptive bends are indeed 
involved, and the reality is not as it seems at first sight.

2: Dinobird evolution involves so many different scientific and other disciplines it’s sometimes hard 
to think of one that isn’t used, and many are vital. Most researchers who have followed a standard 
career path won’t have covered many of them. Most palaeontologists have neither conducted 
research in other fields, nor have shown much genuine interest in how others think theorisation 
should be done.

3: It’s hard to know in palaeontology when we’re believing or doing something wrong. In studying 
dinobird evolution, we investigate what happened. By contrast, in some sciences we try to find laws 
which can be repeatedly checked, or we investigate the nature of objects (e.g. Saturn’s moons) now. 
In those disciplines, it is easier to find out if you are right or wrong than it is in historical studies 
like palaeontology. In engineering or medicine for example, bad theories can sometimes be 
identified quite quickly. More importantly, bad ways of making theories can also be rumbled, and 
though this is usually harder, it is particularly hard in palaeontology. Because of this, when we’re 
making theories, it is important to use methods learned in other areas – for example from other 
sciences where checking is easier. Or better still, from the field where all this knowledge of 
theorising is analysed and bundled together: the philosophy of science, whose basic principles are 
happily now available for everyone to use.

It’s hard to know which is more fascinating: sorting out what dinobirds did, or what humans do, 
should be doing, don’t do, or shouldn’t have done, in solving – or more usually, messing up – the 
puzzle!

1.1. What does ‘dinobirds’ mean?

In this book, terms often need to be used before being fully defined – for example readers may have 
been wondering exactly what is meant by “dinobirds”.

Those who believe, as I do, that “dinosaurs” and “birds” are as closely related as two groups can be, 
appreciate that the dividing line can be difficult to identify, and so perhaps we should have a word 
to cover the two groups together. One researcher (Olshevsky 1994) who considers dinosaurs to have 
evolved from ‘birds’, coined the hyphenated term “dino-birds” to refer to types intermediate 
between the two, and even if the opposite direction of descent were preferred, the term would still 
be useful.

But it may well be (I will argue this, and mention another theorist with related views (Czerkas 
2002)) that some feathered fliers – arguably ‘birds’ – evolved into things usually seen as a class of 
‘dinosaurs’ which eventually gave rise to modern ‘birds’! (If they were doing this, was it to make 
our detective game harder or just more interesting?!) Now we really do need a term to cover all 
birds and dinosaurs, and Paul (2002) used Olshevsky’s term for this, though he’d already used it 
just for intermediates.

Perhaps the un-hyphenated ‘dinobirds’ will do, although it does beg the question of one of the two 
groups effectively being a daughter or sister of the other, for which apologies are due to those who 
disagree, for defining the problem in terms of a subset of solutions.

In places in this book, the ways dinobirds are related to each other, i.e. their family tree, will be 



referred to as their “phylogeny”. There are two branches of dinosaurs: saurischians, which includes 
theropods and sauropods, e.g. diplodocus; and other dinosaurs: ornithischians. Dinosaurs are in the 
group of reptiles called archosaurs (‘ancient lizards’ – though they’re not lizards, and some still 
live) which excludes lizards, snakes, and mammal-like reptiles for example but includes birds, 
pterosaurs, crocodilians, and a host of prehistoric reptile groups “somewhere between dinosaurs and 
crocs”, some of which used to be called thecodonts.

1.2. The most ‘bird’-like ‘dinosaurs’

The main groups of more bird-like dinosaurs now need to be introduced, so we know what we’re 
talking about. It is also necessary to explain that other workers usually define groups in terms of 
relationships (an extreme example might be: “Group A is all descendants of the most recent 
common ancestor of B and C that are more closely related to species D than to species E”). 
However, this assumes we are right about how groups are related, and if we’re wrong, such 
definitions might not even make sense.

Since much of our task actually involves working out the family tree, assuming a particular one 
before we start certainly doesn’t make sense! Here then, flexible groups based on close similarity 
but with blurred edges will be used, which beg no questions and do not pretend to be more accurate 
than they are. They will refer to groups that tend to follow a certain “bauplan” (pattern of body 
features), and they’ll often be based on a particular genus or group of genera: ‘tyrannos’ being 
based around Tyrannosaurus for example.

Twelve groups will be used (see figs. 4.2 & 5.17), and together they will be referred to as the 
‘maniraptora’, a term that refers to their hands which are sometimes quite big and apparently suited 
to stealing or snatching. (I include ‘tyrannos’, and also ‘ornithoms’ such as Ornithomimus etc., 
which are not usually included in the maniraptora; types I don’t include, such as Compsognathus 
and Ornitholestes and their relatives sometimes have been.) Soon it will be revealed that this 
definition of maniraptora used here, usually amounts to Archaeopteryx, its cousins, and their 
descendants. Hopefully, by selecting this overall group, and the sets it contains that we’re defining, 
we won’t be wrongly begging too many questions.

‘Archaeopteryx’ (long considered “the first bird”) will refer to close relatives of fossils from the 
Bavarian lithographic quarries that have been referred to as Archaeopteryx, even though some of 
them may justifiably be assigned a separate genus (Wellnhoferia). Even after 150 years there is still 
no good example of an earlier feathered type clearly capable of powered flight, and although none 
of the specimens we have will have been the first individual capable of flight (and indeed 
Archaeopteryx may not have been quite the first genus with powered feathered flight) it is still 
reasonable to believe the “urvogel” (the first powered flying bird) was closely related and not many 
millions of years earlier.

‘Troodonts’ are close relatives of Troodon, and can be imagined as larger flightless versions of 
Archaeopteryx. But although Troodon means “wounding tooth”, not only is the original tooth found 
not now considered to be specialised for carnivory, but sporting a wider variety of tooth types than 
most dinosaurs is one of the ways troodonts confuse.

‘Dromaeosaurs’ (the group Velociraptor belongs to) contribute to the legendary confusion at the 
base of the maniraptoran tree. Prior to this book, the origins of dromaeosaurs and troodonts were 
notoriously tangled up with Archaeopteryx, leaving the origins of modern and other short-tailed 
birds unclear. Dromaeosaurs share with troodonts a tail which is thin and quite stiff except at the 
base. They also share the famous claw on the second toe – ‘slashing’ apparently in the case of 
dromaeosaurs, perhaps less so and smaller in troodonts. Archaeopteryx has somewhat similar tail 
bones (though fewer, shorter and without the well developed bony spines, pointing along the tail, on 
its vertebrae) and although the second toe is more modest, it is hyper-extensible (can be bent up a 
long way, as when slashing/stabbing).

Dromaeosaurs, troodonts and ‘birds’ or Archaeopteryx might variously be referred to as the ‘avian 
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trio’. Many dromaeosaurs appear to have been volant (capable of powered flight) and these are here 
sometimes referred to as ‘vodroms’. While ‘all dromaeosaurs’ and vodroms may each be ultimately 
descended from the same single ancestral species, groups of non-flying dromaeosaurs almost 
certainly lost flight on numerous occasions. They are not seen here as forming a proper clade (sprig 
of tree descended from their first member and including just them and nothing else), but are a 
number of separate sprigs arising from rather similar closely related ancestors all from a single 
different group (vodroms). The flightless dromaeosaurs continued with a similar body-plan and 
ecological niche in a bundle of separate but parallel lineages here termed a ‘parline’. Troodonts 
(descended from Archaeopteryx and close relatives including its ancestors, so not quite a properly 
cognate parline due to the multiple sources) share subtle features of the skull with modern birds but 
not with the larger-headed dromaeosaurs which ate bigger prey. Some dromaeosaurs had large flight 
feathers on their hind-limbs.

‘Ovis’ is the group that seems to be closely related to Oviraptor (but includes similar types called 
caenagnathids) which tend to have peculiar high, short, toothless heads and fairly short tails. Their 
second toe is not specialised but their hand claws tend to be well developed. They were originally 
thought to have eaten eggs, and we now realise some forms probably did, though the fossil eggs it 
was at first thought they were trying to steal were probably their own. What else their diet included 
is unclear but it probably included the young of other creatures. Volant ovis too may well be a 
parline, and seem to be descended from vodroms. They share certain bony structures with most 
post-Jurassic birds and all dromaeosaurs: an ossified sternum (breastbone) or sternal plates; sternal 
ribs (bony ribs between the vertebral ribs the breastbone) not found ossified in Archaeopteryx, 
troodonts, ornithoms or tyrannos; and ossified hook-shaped uncinate rib processes found in some 
advanced birds including almost all moderns, and apparently all dromaeosaurs.

‘Ornithoms’ are ostrich-mimics such as Ornithomimus (though it’s been pointed out they 
developed their kind of body plan before ostriches, and they weren’t even the first – c.f. Effigia). 
Ornithoms shared to some extent an important and illuminating ankle structure termed 
“arctometatarsalian” with troodonts, tyrannos, some caenagnathid ovis, and in partial form some 
dromaeosaurs; even modern birds sometimes retain signs of it.

Fig. 1.02 below, shows the ornithomimid Struthiomimus cast at the Oxford University Museum of 
Natural History, and alongside it, an outline of its left metatarsus.



The joint at the top of the structure in the left panel of fig. 1.02 above is the equivalent of our ankle, 
but it only touched the ground when resting (as with cats, dogs, etc). It didn’t touch the ground 
when running (I don’t think the heel’s supposed to when humans run!) but of course it didn’t in 
dinobirds when they were walking either. This view is of the left leg as seen from the front, and 
depicts, from the left as we look, the 2nd, 3rd and 4th metatarsals. It’s a basic arctometatarsalian 
feature that the 3rd, i.e. middle metatarsal is in front of the others at the bottom, but behind them at 
the top. When the 2nd and 4th touch round the front at the top, as here, it is termed the fully 
arctometatarsalian condition. Where the condition is approached but the 2nd and 4th don’t actually 
touch, it’s termed subarctometatarsalian by others, but pre-arcto by me. The term arctometatarsalian 
is of course a ridiculously long word for the concept, logical though it may have seemed at the time, 
and was coined by Thomas R. Holtz Jr. in various works in the mid 1990’s. Arcto means narrow. 
The pre-arcto condition was inherited by numerous ‘maniraptorans’ (which I term “manis”) and 
independently continued to the full version amongst many of them. Greg Paul mentioned the feature 
and what he considered its odd distribution in his 1988 book but didn’t name it, which is 
unfortunate because he’s quite neat at naming.

Arcto feet very often have the 2nd metatarsal shorter than the 4th (and of course the 3rd) because, 
as is explained in subsequent chapters such as 5, when or before the feature started to evolve in the 
original ancestor, the 2nd toe and especially its claw were less for walking and more for weaponry. 
Even when the 2nd toe loses its special use, the shorter metatarsal 2 and its slightly more angled 
end, usually remain as ancestral pointers. Once evolved, the arcto or pre-arcto feature tended to be 
retained except in advanced dromaeosaurs and their descendants. Dromaeosaurs enhanced the 
predatory toe but tended to diminish the arcto feature; other types such as ornithoms and tyrannos 
lost the predatory toe but retained or intensified arcto-ism; troodonts kept both.

Fig. 1.02 shows the herring-bone arrangement of bones along the lower surface of the trunk, called 
gastralia. They were used mainly for breathing, as was the pubis bone(s) marking the rear limit to 
the gastralia. Modern birds lost gastralia but they were present in all other groups featured in this 
book. The front limit of the gastralia is the sternum which in fully arctometatarsalian dinobirds was 
usually cartilaginous and did not fossilise.

‘Tyrannos’ are the tyrannosaur lineage, more confidently categorised at the end than at their 
beginning in the late Jurassic.

‘Alvarezs’ is a group of types based on Alvarezsaurus that look a bit like small ornithoms, or 
troodonts except they have forelimbs like bolt-cutters, no slashing toe, and very small teeth. They 
probably raided rotten logs (where termites were mainly found in those days), and inhabited the 
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northern land-masses but also South America, where a parallel lineage originated entirely 
independently. (Far from being the earliest example, Jurassic Haplocheirus is separated from them 
by a 70my (i.e. 70 million year) ghost lineage, is not close or ancestral to either and doesn’t even 
convincingly mimic them.)

‘Therizinos’ includes types similar to Therizinosaurus, and are herbivorous, bipedal, often large, 
apparently slow and with large forelimbs and hand claws. Often misunderstood, lineages classically 
classed together as therizinosaurs almost certainly evolved more than once, perhaps not from very 
similar ancestors.

‘Confus’ are birds closely related to Confuciusornis (Hou et al. 1995), (Chiappe et al. 1999), the 
most common flying bird found in the well-preserved fossil beds (lagerstatten) of early Cretaceous 
China. The nucleus genus seems to have lasted several million years, and the group developed 
powerful wings whose detailed design departed markedly from other feathered fliers.

‘Enants’ represents the enantiornithes – birds almost always well adapted to flight, and thought to 
have been the most numerous group of birds in the Cretaceous as a whole, which they did not 
survive (a possible reason is given in chapter 8). Like the confus, they were probably less closely 
related to modern birds than for example the tyrannos were. They are easy to tell from confus, but 
not always easy to discern from types closely related to the line leading to modern birds.

‘Moderns’ here means birds descended from the most recent common ancestor of all birds alive 
today (or ‘that survived the Cretaceous’, though the distinction doesn’t matter much for the 
purposes of this book).

‘Premoderns’ is a group very similar to early representatives of the “modern” group, and gave 
rise to it. Premoderns didn’t leave descendants that survived past the Cretaceous, but included the 
toothed sea-birds Ichthyornis and Hesperornis, flighted and flightless respectively, known since the 
19th century. Premoderns corresponds to the group commonly known as ornithurines, except that 
group is defined to include all modern birds too.
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2. How Do We Know?

“Mein damen und herren – mesdames et monsieurs – ladies and gentlemen...

“So, for you, philosophy has been disappointing? Forgeddit! Leave your impressions of its 
irrelevant obscurity OUTside! In here, the ideas are beautiful and useful... The arguments are 
beautiful and interesting... Even the theories are beautiful and straightforward! And each and every 
one essential! You don’t believe me? See for yourselves!” ;-)

2.1. Why take the question “What is scientific evidence” seriously?

Why? Because getting this wrong (and workers in this field often have), can throw all subsequent 
work into error. And it’s worth re-emphasising: ‘bad science errors’ have been rife within 
palaeontology.

(If you really feel you want to move straight on to more dinobird-specific sections, the remainder of 
chapter 2 and perhaps some of chapter 3 can be skipped on first reading – but why not give it a try? 
You might surprise yourself! But do return later for the full explanation behind the reasons for the 
dinobird family tree suggested by this book, and for what I hope you’ll find are interesting insights 
into of the nature of science.)

As with all sciences, questions such as “what is evidence”, “what is a scientific theory” and “how to 
judge which theory is best” are central, and as with all sciences, rightly or wrongly, every 
practitioner considers themself fully expert in such things! It is common for scientists to absorb and 
follow unconsciously the habits and rules of thumb of their fellow-workers, to accept them as 
science itself, and to consider high-level analysis of basic scientific principles by “outsiders” a 
waste of time. For an extreme view on the superiority of scientists in general in these matters and 
the comparative uselessness of philosophers of science, see Wolpert (2002). In Wolpert’s early years 
as a researcher he worked under Nobel prize-winner Peter Medawar, and presumably took on board 
the general methods of everyday scientific practice he subsequently followed, but it was no fluke 
that these methods had led to success: Medawar was a great enthusiast for philosophy of science, 
being a staunch follower of Karl Popper, and a spreader of his ideas. For an instructive account of 
the art of building scientific knowledge with reference to specialists in the discipline see Medawar 
(1984). Good philosophy makes for a lucky scientist. Pick out the Sciencepolice Rules from the 
table of contents, for nuggets of condensed luck and precious advice!

2.2. Comparing theories

But Wolpert is right that every scientist could carry the baton of the philosopher of science in his 
knapsack. In Popper’s (1992) view, the best theory is simply that which best predicts or explains the 
evidence we observe (in this section “explain”, most suitable for historical sciences, will sometimes 
embrace “predict”). This is the dominant approach used in comparisons of scientific theories that 
involve numbers since it is the basis of the null and alternative hypotheses approach to statistics. (If 
assuming the “null” hypothesis makes the results very unlikely, ‘reluctantly’ fall back on its exact 
opposite the “alternative”, which you might actually have preferred all along). (Really good theories 
have a way of providing answers to questions other than those they were designed to answer – see 
Wilson’s (1998) “consilience”. This is just another example of explanatory power).

By the criterion of better explanation, we see that “Extraordinary claims require extraordinary 
evidence” as the otherwise sometimes wonderful Carl Sagan (1996, p. 213) is variously reported to 
have echoed, is unfortunately not right. Copernicus’ heliocentric solar system was already better at 
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explaining the old evidence – it didn’t need any new observations. That’s not an unusual counter-
example, and Sagan should have known it. As Popper said, extraordinary new theories that explain 
more and cannot be refuted, are better (not just because they explain more, but, as they’re 
“extraordinary”, they make more improvements in our belief structures). But their acceptance 
should still be solely on the basis of the standard of their prediction. Degree of unusualness need not 
alter our requirements for acceptance: the balance of our preference might still be tipped by one tiny 
observation, a reappraisal of the evidence, or even just a minor enhancement of our theorising skills. 
If “claims” refers to evidence, the saying is a tautology, so “claim” there means theory. In that case 
the slogan implies we’ve always already got the best possible theory to describe any current 
evidence, since it says we always need new evidence to change our minds. But to imply all our 
theories and theorists are and have been perfect is a long, long way from reality. It wasn’t true in 
Copernicus’ time, and in historical sciences like palaeontology it never will be a sound assumption. 
See my blog posting Jackson (2011) for more on this slogan and its history.

That new theories that explain more are all the better for clashing with but out-performing earlier, 
inferior theories, contradicts the ‘Lipps code’ (Lipps 1999) for judging scientific validity. He 
includes the superficially plausible but deeply wrong view that a good new theory can’t be 
considered if it disagrees with earlier theories: “Scientists seek explanations that [...] are consistent 
with all other scientific knowledge.” (His parody of the philosophy of science first advises against 
judging a theory by its proponent, stating: “authority [...] is always inadequate”, but goes on to 
describe in great detail exactly how to judge a theory by the authority of its proponent. But he not 
only contradicts himself, but unless Lipps (a palaeontologist) has a qualification in the philosophy 
of science, preferably at first degree level or better still beyond, his de facto rule of judging by the 
authority of its proponent violates itself. Weighting an opinion by the reputation of its proponent is 
an established technique in data fusion (Telmoudi et al. 2004), and is a quick and dirty short cut, but 
only to be used when the argument itself is not going to be considered. Judging the theory by its 
arguer instead of considering the predictive/explanatory power of the theory itself is not science.) 
Yes, we certainly seek to minimise inconsistencies amongst our beliefs, but the mere prospect of a 
clash doesn’t damn a new theory, otherwise we could never change our minds. It is the total cost of 
clash against the benefit of overall explanatory power after incorporating a new theory and 
adjusting others to it that we have to check.

2.3. Refuting, rejecting and replacing theories

Two or more theories may be judged against each other, but one theory can be refuted on its own if 
it inescapably implies/predicts something we see to be/turns out to be false. This rejection stands on 
its own and is absolutely independent of anything else, so the slogan that to disagree with one 
theory you have to put a better one in its place is wrong (see section 6.2 in this book by searching 
for: Fermat). Note, the falsehood must be acceptable to all, that is to holders of all opinions across a 
range, for the refutation to be absolute within it.

In the past, theories have been wrongly rejected even though they were not refuted. An excellent 
example is the unjustified rejection of Wegener’s theory of continental drift (Oreskes 1999) (if only 
more geologists were like Oreskes – or Hallam!). Wegener put forward his theory between about 
1912 and his death in Greenland in 1930, to account for the way the continents seem to fit together 
and a host of other observations, including fossil species occurring in identical forms on continents 
separated by hundreds of miles of sea. Continental drift was rejected for decades before being 
accepted under the name “plate tectonics” after the discovery of magnetic stripes in the sea bed, 
parallel to mid-ocean ridges in the 1960’s, explainable by the drifting of continents but by no other 
readily imaginable theory.

It is often said Wegener’s original version was rightly rejected because it offered no plausible 
mechanism. This introduces the terribly important point that theories can be merely statements of 
what happened or happens (whether “tends to” or “always”) that may be very simple. They can be 
merely “what” happened; they absolutely do not need to say “why” or “how”. They define, 
preferably in exquisite detail but perhaps extremely simply, a model of past or possible events, and 
may be as simple a model as e.g: “X split”. Yes it is true that a theory (such as ‘the accelerator 
speeds up the car’) is felt to be better understood if it contains sub-theories detailing its mechanism. 
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It also seems likely that this helps convert ‘coincidences’ to causes in our minds (along with 
repeated experience and agreement with outside related theories). But though mechanisms are most 
valuable, theories do not need mechanisms in order to be entertained or even considered valid. 
(People find this hard to swallow because they can often see cascading levels of explanation in 
things they believe, and it helps them believe in particular causalities. However, the first steps at 
explaining a poorly understood area don’t need to explain everything at once.) Note: the mid-ocean 
magnetic stripes that convinced the world, were not actually a mechanism explaining what caused 
the continents to move.

That mechanisms should not be insisted upon can be appreciated by considering how 
theories/beliefs/“facts” are handled by science and indeed animals. (Scientific theories, just like 
non-scientific beliefs held by humans, or like internal models of the world embodied in animals at 
all levels, can be expected to obey the basic requirement of knowledge/belief/world models. That is, 
they must allow predictions that in a given circumstance, certain activities or preparations are 
suitable – including, in higher animals, the updating of the knowledge/belief/world models 
themselves. This applies to a range of knowledge-embodying systems from standard scientific 
theories all the way down to the implied genetic knowledge held by bacteria that recognise 
conditions where probably the best thing to do is, say, turn into a spore. Even that ability embodies 
a kind of theory.) Survival is often aided by believing (treating as a “fact”) the notion that certain 
conditions are, for example, dangerous, without knowing further details. It might be a perfectly 
valid belief that a leopard visits your water-hole every afternoon at 4pm. You do not need to know it 
is because it typically wakes from its siesta at 3:40pm and the walk to the water-hole takes 20 
minutes. Similarly, it was a perfectly valid scientific belief that Thalidomide caused birth defects 
long before any mechanism was known. Indeed, standard statistical tests often draw presumptions 
of at least influence (rather than simple causality) in the complete absence of a known mechanism. 
It would be unacceptable for an antelope to say as its last words to its offspring: “well I’m sorry but 
I couldn’t count my conjecture as valid – I didn’t have an explanatory mechanism for it.”

In science, a simple suspicion that something might be the case has often spurred the investigation 
and subsequent discovery of a mechanism for it – yet the initial absence of a mechanism did not 
invalidate the initial conjecture/theory.

For this reason the belief that lack of an adequate explanatory mechanism was a serious flaw in 
Wegener’s theory, was not a valid justification for rejecting it (Oreskes ‘99, pp62-66). A plausible 
mechanism would have been nice, but its lack was not a “flaw”. (Ironically, as Oreskes says, the 
principle that continents at least “floated” on something with a viscous fluidity was at the time 
widely accepted within an idea called “isostasy”). Holtz’s 2005/6 lecture notes (Holtz 2011) 
exemplify how it’s still got wrong: his phrasing in a version of the website still present in 2011 
suggested lack of mechanism was a flaw, not ‘was taken to be a flaw’. The lessons of the 
“Continental Drift” affair have clearly not been learned, even now, 10 years and more after the 
publication of Oreskes (’99), even by geology graduates. Presumably Holtz also hasn’t noticed the 
complete absence of evolution’s cellular details from Darwin’s pre-Mendel pre-DNA theory.

2.4. Tests and testability

A theory has to be some kind of model or at least a statement of what did/does happen, and 
following through its implications is the “deduction” part of the Popperian process known as 
hypothetico-deductivism: you take the hypothesis and see what you can deduce from it/what it 
implies (though in real life the implications often inevitably involve estimated probabilities). The 
process of comparing the implications with the evidence is the “test”, but the test can never prove 
truth, only falsehood or nothing. The idea is that although demonstrations of falsehood can be 
problematic, demonstrations of truth in the real world are absolutely impossible – whole dimensions 
of evidence may become apparent in the future of which we as yet know nothing. (Science 
researchers in the 1700’s for example knew so little of what we know now, that much of the useful 
science they achieved did not involve proving anything “true” as we would see it today with our 
more detailed definitions of the basics – even for those of us who talk in terms of “truth”.) Theories 
which by their own definition cannot be tested, such as those involving ghosts who never appear 
when cameras are around, are unfair, so Popper called intrinsically untestable theories unscientific. 
The same applies to schools of thought where any observation or lack of it, always seems to be 
fitted into the theory. But to be untestable, the real events of a palaeontological theory if true, must 



not be able to make any distinguishing lasting impact of any kind on the universe, detectable now 
or at any time in the future. This is vanishingly rare – particularly with future scientific advances 
being so unpredictable.

Supposed untestability has often been used to try to discredit (Prum 2003) useful contributions 
(Feduccia 2002). The worst abuse of the concept of testing is with cladograms (see below). 
Cladograms are family trees (phylogenies), which count as computer-generated hypotheses which 
can only be tested against other evidence, yet cladists repeatedly try to test them by generating 
another cladogram. Milner (2007), after making the mistake of saying evidence for a link between 
two groups of animals due to their similarity is evidence for a direction of the relationship: “The 
sheer number of shared characters between maniraptorans and early birds is compelling...”, then 
says: “...and has formed the basis of repeated hypothesis testing by rigourous cladistic methods”, 
thereby demonstrating the classic mistakes that cladogenesis tests something useful, and that 
repeating it can compound the benefit. (See Chapt. 9 Past and Future for a comment on her use of 
“rigourous”.) Although such “tests” might conceivably explore some abstruse very local concept 
involving cladograms, simply generating cladograms and taking their structure at face value tests 
little about past life since they are essentially hypothesis generators.

The notion of testability is habitually abused by palaeontologists whenever they don’t like someone 
else’s theory. Your theory is no less scientific if you fail to specify a test for it. Since it may pass 
many tests but eventually only fail because of an insight or technique in the far distant future, there 
is a potentially infinite number of possible tests, of which you need specify none (though of course 
it’s very handy if you can note some significant tests it does pass). In fact even a single test might be 
hard to imagine, and even then it may involve “not very likely” or “more likely”, but that is hard to 
improve on in biological historical science. A suggested course of past evolution is unlikely to be in 
principle untestable, particularly if its results spread globally; testability is not particularly special. 
Holtz’ (2006) claim that because cladistics provides testable hypotheses it is now accepted as the 
best approach to evolutionary analysis, falsely suggests that cladistics is special in producing 
hypotheses with these exceptional qualities (testable hypotheses can be easily generated, even 
randomly). It’s also false to suggest that cladistics is so special that nothing else can compare, and 
indeed that there is any kind of useful testing going on when a cladogram is produced (and even 
that his point is “generally accepted”). Further, it’s false to consider ultra simple cladistics such as 
the likes of Holtz have been stuck on for decades, superior to more sophisticated versions. And 
finally, when Holtz talks about cladograms being testable, what do you suppose he intends to test 
them against? Cladograms. Just like testing the north end of a compass needle against its south end.

We can now define “evidence” as: “those observations not well explained by a theory, or not as well 
explained by one theory as by another”. Though yesteryear’s news in other fields, this idea is a 
thought-grenade for the benighted science of dinobird palaeontology. It impacts on a currently very 
popular technique for disparaging a theory you disfavour by calling it a “Just So Story”. Kipling’s 
originals offered accounts of how modern animals came to be; but actually, explaining the past 
course of evolution is exactly what palaeontology is all about! Though we may disagree on how the 
elephant got its trunk, any criticism of a theory on the grounds of being a “Just So Story” is based 
on a total misunderstanding of the nature of science and has no scientific validity. In the dinobird 
field, the critic using it usually just wants to do cladistics and nothing more, and is unaware that he 
is advertising unambiguously his ignorance of the nature of historical science. (The whole “Just So 
Story” fiasco was originated by Steven J. Gould. For his contributions to science to have balanced 
in a positive direction, he would have needed to have produced some tremendous positive insight or 
two just to counter-balance his “Just So Story” nonsense, but he did not. The “Punctuated 
Evolution” controversy he was involved with, tried to dramatise the variation between steadyish 
and more sudden evolution at various scales that simple mathematical models predict anyway. Also, 
while he was right to point out that evolution involves randomness in the way useful features 
appear, aspects of decisive importance at the time rarely drift for long. John Maynard Smith wrote 
in the New York Review, November 30 1995: “Gould occupies a rather curious position, 
particularly on his side of the Atlantic. Because of the excellence of his essays, he has come to be 
seen by non-biologists as the preeminent evolutionary theorist. In contrast, the evolutionary 
biologists with whom I have discussed his work tend to see him as a man whose ideas are so 
confused as to be hardly worth bothering with, but as one who should not be publicly criticized 
because he is at least on our side against the creationists. All this would not matter, were it not that 
he is giving non-biologists a largely false picture of the state of evolutionary theory.” Download 



Tooby and Cosmides (1997) to put Gould’s nuisance value into proper perspective. Eliezer 
Yudkowsky’s comment is one of many alternatives.)

Another misunderstanding is the use made of “repeatability” – a particular requirement in physical 
sciences where knowledge is in the form of general laws. One task in e.g. physics is to find laws 
(the process of induction). They must be general – that’s why they must be repeatable. Once we 
have the laws, they can be employed to predict the future (deduction). However in historical 
sciences the course of actual events is our quarry: we have to force any general laws (of varying 
reliability) to run backwards, usually in complex combinations, to work out what actually happened 
(abduction: Peirce 1955). The rules work less well backwards but there is no alternative and it is an 
implicit central task of advanced cognitive systems that deal with the real world. Insisting on 
repeatability in a tool used in abduction in a historical science is pointless since the best tool for 
abduction in scientific research is still the human mind, which can’t be rejected just because it does 
not have complete “repeatability”. Useful subsidiary tools may as well have it but it is of course not 
sufficient. The tools must for example first be shown to be likely to work well on the material to 
which they are applied.

The palaeontological novelty of subsequent sections should be easier to appreciate now it has been 
made clear that it arises from the application of conventional philosophy of science.

2.5. Some further issues around good science

2.5.1. Modern practical philosophy

Philosophy has always been of great practical importance – so much so that the issues it deals with 
have preoccupied people so much they spend lots of time discussing such issues... which can give 
the impression it’s all about talking. In fact, it’s all about very important things. These days, you’re 
very likely to find philosophical issues running through topics as practical as designing minds for 
robots such as driverless vehicles. Not only will this require grappling with, and answering, age-old 
philosophical questions on the operations of the thinking machine itself, but simultaneously on how 
you approach it: will you need to tell the robot how to find new truths? If not, why not, and what 
instead? If ‘truths’ aren’t more useful even to a robot than practical beliefs, why should they ever 
be? Such work does deal with higher level principles but it’s eventually rooted in experiment: if 
your robot lorry crashes, you may have to adjust your top-down or bottom-up understanding of the 
preferred workings of the (robot) mind, for example. Even moral philosophers and others who don’t 
actually deal with robots directly, can still have their work tapped for insights into how communities 
of robots might best be organised. Understanding the way minds work is of course essential for the 
vital real-world disciplines of cognitive science; and to put it bluntly, scientific lessons hard in every 
sense, that are learned in cognitive disciplines, out-value the counterfeit currency currently peddled 
in palaeontology cliques.

Philosophy of science is not a separate subject but unites the highest levels of thinking across many 
disciplines. It’s very closely related to knowledge engineering and artificial intelligence since they 
all deal with handling knowledge. And of course, robots who handle knowledge badly will not 
thrive... and neither will disciplines run by philosophobes.

Everyone has a philosophy whether they admit it or not, and every scientist has a philosophy of 
science. Hilary Putnam:

“...it is annoying to a philosopher to encounter a scientist who is sure that he needn’t listen to any 
philosophy of science and who then produces verbatim ideas which you can recognise as having 
been popular in 1928.” (Magee, 1978.)

Philosophy is also the place where we start to turn ignorance into understanding. Once we start to 
understand natural things they tend to move out of philosophy and into science... but saying 
philosophy is useless to science is like saying mothers are useless because no-one ever did anything 
useful until after they’d emerged from their mother.
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2.5.2. Generate and Test

Even in the early years of artificial intelligence, it was possible to get machines to do tricks like 
proving theorems and playing draughts (checkers) to a high standard. And across the field, a useful 
universal principle was noticed: create good ideas in two stages. First, use handy tricks (heuristics) 
to generate ideas some of which will work; next, test these ideas to see which really do work, at 
least to some extent.

Generating theories does require positive evidence to be taken into account, but how you create 
your theories need be no business of anyone else; it is a dark and difficult art, and few strictures can 
or should be pronounced on it. However theorising hits reality and perhaps others’ criticism in the 
second stage: when the theory is judged – e.g. tested. Judgement of a theory will usually begin 
inside the mind of its creator yet the Test stage of Generate and Test is of a different nature from the 
Generate stage and is amenable to useful general guidance.

2.5.3. Peer Review

“What’s Good Science? Ask other scientists.” That’s what peer review is, your peer being your 
equal. To cut a long story short, asking other scientists whether an interesting new idea is OK is a 
quick and dirty cop-out that has become established in journals and funding bodies. Since it’s the 
only system that’s usually ever used, it’s hard to compare with any alternative. And alternatives are 
hard to establish. But it’s been rightly complained about forever, and just as a conservative is said to 
be a liberal who’s been mugged, peer review is most popular amongst those who’ve never had a 
revolutionary good idea. Einstein’s first relativity paper didn’t have to go through peer review – you 
couldn’t imagine it getting through any version anywhere. Luckily the prominent Planck’s say-so 
was enough, and he was still reeling from his own revolutionary, absurd, but necessary quantum 
idea. As it happens, Watson and Crick’s 1953 DNA paper wasn’t distributed to a review panel as 
such either, but that was because it was all too believable, and explosive to boot.

For judging good science it is at least as important to be a philosopher of science as it is to be 
familiar with the topic. It’s also important not to be judged by a scientist who is trying to establish 
their own career in competition with yours. Upton Sinclair (seen in the film “An inconvenient 
truth”):

“It is difficult to get a man to understand something when his salary depends upon his not 
understanding.”

Peer review is a blunt weapon which can serve civilisation at the ‘cave man meets hyaena’ end of 
the spectrum since it rejects anything alien because it is different. But it harms civilisation, or at 
least science, when good new ideas are also rejected just because they are inevitably different.

2.5.4. Evidence-based reasoning/medicine/science

When Archie Cochrane was an inmate in a prisoner-of-war camp, he had to run a ‘hospital’ on little 
more than bits of litter and the occasional bottle of aspirin. Not surprisingly he found himself 
thinking hard about the practice of medicine. After the war he noticed that hospitals and doctors 
tended to do things in ways that had originated in the mists of time, and often people couldn’t even 
explain the detailed justifications. His wonderful new idea was to take evidence, experiments, and 
all that sort of thing into account. All too often, this approach was a novelty. It was work of 
considerable courage to fight that fight against the stubborn blockheadedness of his opponents in 
particular. However his struggle to introduce evidence-based principles is a fight between any kind 
of science and obvious non-science; it’s the sort of thing Ben Goldacre and Simon Singh find 
themselves still having to do today, but I deal with good science versus bad science, not science 
versus obvious non-science. I take the evidence-based approach as a given starting point.



Or at least, the evidence-using approach. However, understanding the essential theory-basedness of 
science and knowledge is vital. My approach might well be called theory-based science but it can’t 
because non-experts think “theory” sounds weak.

2.5.5. Cox, Jones, Singh and Dawkins

Just a paragraph or two later, and now Simon Singh is wearing a bad hat. The study of how best to 
develop knowledge is real; the world of philosophy of science is very real and its work is vital and 
will never be over because that’s where ideas are born. We were reminded that much basic work 
remains to be done when Richard Dawkins said in his “Beautiful Minds” programme on BBC TV 
“You use the methods of science to find out what’s really true”. But while he talks as if truth were 
true, he’s yet to master the basics. As soon as we harden and settle our theories they leave 
philosophy and start to be seen as science; philosophy is where conceptual order is born out of 
chaos, but there’s no point ridiculing or ignoring the process. It is also the higher-levels shared 
across all the sciences, and constitutes the principles of quality theory checking. However, Brian 
Cox, Steve Jones and Simon Singh have taken the astonishing decision to slag off all work in this 
area. “Scientists need philosophy like birds need ornithology” is the puerile slogan I noticed each of 
them deliver to the public in 2010 and 2011. As someone who knows more about ornithology than 
most of them, possibly even Steve Jones, but more importantly a lot more about knowledge 
engineering and the philosophy of science than all of them combined, let me put their vandalistic 
battle-cry into context.

Not all scientists, a minority in fact, are privileged to make large scale additions or changes to their 
science. Much of science’s work involves sorting out multifarious details, or re-applying known 
techniques, and scientists can become prominent through such work. Science brings us knowledge 
just as railways transport people and goods, but train drivers know better than to slag off those who 
built the bridges, tunnels, cuttings and viaducts, and laid the tracks in the first place. As I write this, 
the Wikipedia pages of Cox, Jones and Singh contain not one significant change to science between 
them. Jones and Singh are honest enough to admit that they are not innovators, and Cox’s claims to 
fame are being electrician to a pop group, helping build machinery at CERN, writing a report on 
activity there, and reeling off science facts on TV with a beatific smile on his face. Their media 
work may have dominated their lives but surely there would be room to mention a significant theory 
or discovery if any of them had made one? Those three indeed haven’t used philosophy of science 
in their work. Did their lack of interest in it lead to their failure to contribute important 
developments, or was it the other way round?

The slogan was originated by Richard Feynman who helped both develop nuclear science, and 
shorten the second world war, so his eminence both as a practical scientist and a talented innovator 
is undoubted. His fault though lay in recognising and making use of philosophy of science by 
quoting the Popperian principles he used, but denying the debt that he owed. Many, many scientists 
make the same error. But doing this distracts people from the values of practical Popperism way 
beyond its basic explanatory power principle – that principle is just Ж:1 of the sciencepolice rules, 
but there are 13 more that spring from it!

“Philosophy” meant and still means, love of wisdom. Not old wisdom but all wisdom.

We can now add another wisdom-hater to the list: waiting in the wings for some time, with a 
promising record of disparaging comments down the years is Stephen Hawking. I have just heard 
him announce on the radio: “Philosophy is Dead”. I had to give up physics myself after I left 
school, even though it was my best subject. I couldn’t ignore other, younger sciences, where most 
researchers’ work could involve significant discovery. The everyday physics of the world around us 
was largely done and dusted, and was becoming “technology”, except for the world of the very, 
very expensive and/or remote. Why don’t you find cognitive scientists disparaging philosophy? 
Because their study has not largely transcended into technology but is still alive as a science: their 
basic concepts have to be reconsidered and adjusted on a day to day basis. Historical scientists also 
need it because the basic nature of their study is more complex and nebulous than physics.

Wisdom can be very surprising. I’ve tried to show how science grows out of natural selection and 



the survival imperative, but faced with a freezing winter in a log cabin with little food, would you 
approach it in a pronounced scientific style, trying to convert any religious people under your 
charge to atheism? It might or might not surprise you that it’s widely believed that not only do 
women have a better chance of surviving such conditions than men, but the religious have a better 
chance of surviving than atheists. In real life, not only is maximising one’s enjoyment sometimes 
helped by religion, but even optimising one’s chance of survival can be too, and not just in log 
cabins. Would you rather be wrong or dead? Many millions have been killed as a result of religion, 
but science has to be used properly too (though to be fair, in every completed century since science 
began, more lives have been lost by food destruction, swordsmanship, clubbing, and evil admin. 
than by advanced weaponry; and population growth has been largely helped by science). But in the 
end, if we prefer science because it’s on the right side of the ‘right’ or ‘true’ line, take it from a 
‘truth technician’: there is no such line but the line of wisdom, and Popper is its prophet. Those who 
talk of ‘obvious facts’, ‘truths’, ‘proofs’, and sometimes of a hatred of philosophy, are on the 
unscientific side – the wrong side.

One might ask, how can all those famous scientists be wrong in any significant way if they or others 
like them have produced so much? But then, one might ask, how much might have been achieved? 
There has after all been no controlled comparison. The experiment comparing the productivity of 
the last three centuries against the same thing but with all children taught to recite by heart scientific 
principles of a comparable detail to those listed in chapter 14, has not yet been done.

The value of that list, which I provide free or for half he price of a hamburger and bundled with 
explanation and other goodies, compares favourably with that of the current or likely future 
experiments at the CERN accelerator site. How so? In the past, physics experiments were carried 
out on laboratory benches or even, say, in a squash court piled with uranium. Even though 
conditions probed there could be unusual, they could also be produced subsequently on an industrial 
scale. But with experimental conditions so extreme they need a machine half the size of 
Luxembourg, they’ll never be scaled up commercially. Nothing it takes the LHC to teach us will 
solve the riddle of commercial fusion since even if we learn from it, fusion reactors won’t be able to 
access the energies required – and if they could, we’d be able to learn what we need from 
experimental fusion reactors or similar-scaled devices! There’s a reason the Americans have closed 
theirs down. It’s true they’re still interested in the CERN experiments but they don’t think it’s worth 
spending that much of their own money, since though we will never complete our knowledge of 
particles, the returns will diminish but the expenses won’t. My list however offers a step 
improvement in the efficiency of all areas of research, nourishing them for generations.

Saying that it’s important for the human race to enquire and extend our knowledge, is not an answer 
to ‘should we keep on with the collider’ but to ‘should we do science?’. I’ve followed the Human 
Cosmic Destiny Of Eternal Exploration and boldly gone all over the place in this book, but it was a 
wise use of resources (and if it wasn’t, the waste was limited). I know as well as anyone what fun it 
is to set up an electronic track and send things whizzing round it, mostly just to see what happens 
when they crash into each other, but I grew up. A billion spent in other ways could provide much 
more worthwhile knowledge product than ‘the Higgs might exist’. And there are other areas of 
science that are just as interesting and more important.

Those guys at the famous Solvay Physics conferences, e.g. 1927 – they were real natural 
philosophers. In recent decades we’ve been mainly playing amongst their ruins and some have been 
basking in their glory. Between 1900 and the late 1950's we went from no understanding of 
quantum physics and relativity, to the first nuclear submarines and power stations, the H-bomb, and 
the start of microelectronics. But in the 56 years since 1956, while physics has failed to develop 
fusion, what have those temples in Switzerland and elsewhere come up with? The title of the 
world's most expensive unproductive machines, but nothing even as useful as a cuckoo clock. 
Would you really care if any of those little dots in Brian Cox’ contrivance stopped moving? The 
welfare and economy of the world wouldn’t, if track record is anything to go by.

Just because someone like Brian Cox says or does something, it isn’t necessarily scientifically wise.

(That song of his was OK though.)
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3. Algorithms and Dinobirds

3.1. Algorithmic approaches to reconstructing phylogenies

Family relationships amongst dinobirds are usually sought with family trees, using two-way forks 
(binary cladograms), and hope: that the simplest, the tree with the smallest number of evolutionary 
changes, will be the right one. It will be, under ideal circumstances “...provided there was no 
internal conflict in the data...” (Felsenstein 2001). The simplicity relied upon here is referred to as 
“parsimony”. (Joseph Felsenstein is the guiding light on constructing family trees, and his 2004 
book “Inferring Phylogenies” is now the bible. But, principally because he does understand it so 
well, he is not a “cladist” since he knows better than most that cladograms can’t always be trusted 
and under what circumstances. Most cladists haven’t read that book and most (not all, but most) 
wouldn’t be able to understand it.)

Anyone uncomfortable with the reliance on medieval philosophy of science in the form of Occam’s 
(ca. 1288 – ca. 1348) extreme view on the value of simplicity (Occam’s/Ockham’s Razor: Thorburn 
1918) will be pleased that modern Popperian science can often be seen to lie behind the practice of 
selecting the simplest possible phylogeny. In Popper’s view the best theory is not necessarily the 
simplest one but the one which best explains the evidence we observe; by selecting the phylogeny 
which, by its own lights, predicts the pattern of characteristics we observe more strongly than any 
other tree would, we would seem to be honouring his view. (This is like choosing a weather 
forecasting system that gave a 90% chance of rain today over one that gave a 15% chance, if we 
find that it is indeed raining today. It’s looking not at the probability of the theory given the 
evidence, as might be supposed, but at the probability of the evidence given each theory, and 
choosing the theory from that.) This way, choosing the hypothesis that most strongly predicts the 
observations, is the Maximum Likelihood Strategy, and under certain conditions it has been shown 
(Felsenstein 2004, p97) to choose the simplest trees, so in such cases maximum likelihood and 
maximum parsimony are exactly equivalent.

Those conditions include tree size of five or fewer species, but reasonable equivalence survives 
somewhat beyond this limit. However, when rates of evolution differ in different branches, and 
especially when different types converge onto similar morphological patterns, our justification for 
believing a likelihood or parsimony tree is the best, quickly vanishes.

A false safety-net often relied on is bootstrapping (Felsenstein 1985), where some characters are 
replaced by duplications of other characters, and a new tree produced to see if there’s much 
difference (it’s like giving double weight to some characters and zero weight to others). After doing 
this a number of times, the amount of tree-shape that usually survives is taken as the degree of 
success (the higher the percentage of clades that survive, the more “successful” the bootstrap). 
However, amongst groups of animals with much parallelism and apparent mimicry, many characters 
will conspire to produce a tree which is reliably different from the true one (birds with small 
flightless wings for example tend to have stronger leg bones even if the birds lost flight separately, 
in which case both characters will tell the same lie concerning close relationship). In such 
situations, a high percentage of characters can be misleadingly convergent but agree, a high 
percentage of clades can then survive each time, and the bootstrapping score may be considered 
reassuringly high if the misleading characters outnumber the more “honest” ones. As G. Mayr 
(2008) says in his discussion: “...homoplastic characters may overrule fewer ones of greater 
phylogenetic significance...”. And indeed, this may well be roughly the same false tree whichever 
subset of the misleading characters is chosen for bootstrapping. If the remaining more honest but 
outnumbered characters agree quite well with each other but produce a tree where branches spring 
off fairly evenly with time instead of exploding all at once, we might recognise the majority as 
misleading but convergent. (Though sometimes they really did explode all at once :-( . However the 
‘dodgy cladogram warning’ goes off when it says they exploded but also then ‘hid’ in ghost lineages 
for tens of millions of years before popping up in the fossil record for the first time.)



The theoretical basis for bootstrapping’s downfall is...

[snip]



4. Theories on the Origins of Birds

Birds have from their earliest times evolved a currently unique style of flight using feathers, and 
their bodies are clearly tuned to this end. Theories on the evolution of birds are therefore intimately 
tied up with the evolution of flight, and vice versa.

As is often forgotten, the black art of creating and judging theories grows out of the sub-conscious 
of imperfect humans, and because of this, the systematic positioning of theories on a page can be 
helpful, even if only to see the patterns and the mysterious gaps that then emerge.

Theories of type 1 (traditionally held by bird-palaeontologists such as Martin and Feduccia) and 
type 2 (held by a few bird palaeontologists and most dinosaur palaeontologists) are currently the 
most widely-publicised. (Type 1 theories do of course posit a joint ancestor for birds and dinosaurs, 
but far enough back for one not to be ancestral to the other.)

In the early 1960s most people believed birds and dinosaurs were not directly ancestral in either 
direction. (Rich accounts of the development of relevant theories before this time are to be found in 
Paul (2002), Padian et al. (1998a), Padian et al. (1998b), Feduccia (1980) and elsewhere.)   When 
palaeontologists such as Ostrom thought about birds, a predominant question was: “From what did 



birds evolve?”, and when confronted with a very bird-like dinosaur such as Deinonychus, the 
inevitable two-way question followed: “Did birds evolve from dinosaurs much like this one, 
or...not?”.

Such a quirk of mindset was the first reason why the third possibility was not considered.

The second reason was the superficial outlandishness of the “Birds came first” view: not only do 
birds lack long bony tails, teeth and hand claws which dinosaurs so famously displayed, but 
“everyone knew that dinosaurs came first” – the earliest known bird, Archaeopteryx, appearing only 
half-way through the time of the dinosaurs.

Actually, the tail, teeth and hand claws were not a problem since Archaeopteryx itself had them, and 
the earliest dinosaurs were small and bipedal, but the complete absence from the fossil record of 
birds from the Triassic, by which time dinosaurs (and pterosaurs) were unmistakably romping, 
posed for many a serious obstacle to belief in theories of the third kind. If the fossil record were to 
be taken seriously at all, there seemed to be excellent evidence for the absence of pre-
Archaeopteryx birds.

But there was yet a third reason why the “Birds Came First” theory was not considered seriously. 
From around the time of World War II, Willi Hennig (e.g. 1966) advanced an approach for 
reconstructing phylogenies which chose the best family tree as the one containing the smallest 
number of evolutionary changes (see chapter 3). In a process fascinatingly recounted in (Hull 1988), 
this approach, which embodied Occam’s (Thorburn 1918) belief in the basic importance of 
simplicity in science, became embedded in the group mentality of certain systematists (including 
many palaeontologists) conveniently termed “cladists”, partly because of its elegant appeal, and 
partly because it often genuinely does seem to give a good answer.

Hennig’s work helped inspire a variety of algorithms for working out these family trees (usually 
known as cladograms) (Felsenstein 2004) but only the simplest took root in the minds of the 
dinobird palaeontologists who have captured most influence with the media. Crucially though, the 
simplistic application of very basic cladistics to dinobird data, although an example of the 
computing principle “Garbage In, Garbage Out” (Mesozoic dinobird data being unsuitable for the 
simplest cladistic programs), has always given trees of type 2. This is caused largely by use of the 
misguided concept of outgroups which roots the tree in completely the wrong place, partly turning 
it upside-down; further distortion is due to massively convergent evolution towards at least two 
attractor niches/bauplans welding some independent lineages together in one direction and others in 
another, ruining what little the bad rooting had left undamaged. (See chapter 3.)

“Birds came first” (BCF) was first coined as a phrase by Olshevsky (e.g. 1994). Tracy Ford claims 
priority for the idea of dromaeosaurs being ex-flying even prior to Paul, but it was first discussed in 
print by Paul (briefly in 1984 then more gloriously in 1988 & 2002) and in his version it only 
applied to Archaeopteryx preceding very bird-like types chiefly found in the Cretaceous, such as the 
troodonts, dromaeosaurs and oviraptors. All these were considered by Paul to be secondarily 
flightless (“neo-flightless” by 2002), citing their myriad flight-related features such as shorter trunk, 
longer, wing-like forelimbs, ossified sternum or sternal plates and sternal ribs, ossified uncinate rib 
processes, and more. However, on reading Paul (1988), some wondered how far the principle could 
be extended. Could dinosaurs earlier than Archaeopteryx also have descended from some earlier 
kind of bird?   This idea was given impetus by the sudden lack of suitable candidates for 
Archaeopteryx’ ancestry once troodonts, dromaeosaurs and oviraptors were cast as its descendants, 
though some unknown ghost lineage now needed to be invoked to give rise to both Archaeopteryx 
and earlier dinosaurs for which little specially convincing fossil evidence seemed available at the 
time.

The “BAND” theorists (Birds Are Not Dinosaurs), supporters of theory type 1, but not of Paul, saw 
bird ancestors in...

[snip]
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5. Inferring Phylogeny through Functionality

5.1. Toe and tail

Real science has a wide choice of ways to construct theories to explain evidence, one being the 
analysis of phylogeny (family relationships) through feasible paths of functional evolution: Farmer 
(2006), citing Autumn et al. (2002); Ken Miller’s landmark contribution to the Dover trial using 
functionality to recreate an evolutionary sequence; etc. etc. Through dinobird evolution, features 
(characters) have been reinvented and reversed so much that we won’t understand the evolution of 
dinobirds until we’ve understood how they functioned, why characters were useful, and how one 
function evolved into another. Of course, understanding functionality is not just helpful with 
phylogeny but is a valuable end in itself.

Accounts of a progression from one shape of animal to another require the intermediate states to be 
possible. It may be OK for a quantum of energy to just ‘hope’ itself across some improbable gap, 
but animals need to walk without tripping over their legs or toes, their heads must be able to touch 
the ground, and so on. The structures of animals hypothesised at nodes within a cladogram must 
define a physical possibility, and any suggested progression of evolutionary states requires one or 
more physically and indeed ecologically potential sequences. No Track – No Transition. And for 
those even half tempted to criticise the very idea of science explaining past events... don’t.

It has been clear to some people from the time of its discovery that the slashing second toe of 
dromaeosaurs was a significant predatory weapon.



What hasn’t been understood is the...
[snip]

5.2. Hind-wings

The long tail of any dromaeosaurs that flew would clearly tend to pull their rear end down in flight, 
giving them a serious aerodynamic trim problem. On land the tail could perhaps have been held 
more vertically, but not in flight. Prior to about 2002, people who had noticed this trim problem had 
usually assumed (or at least I had) that it was solved using swept-back wings, or large feathers 
either along the tail or possibly, rather independent of the vertebrae, at its root. Although it is not 
entirely clear yet that they lacked a tail-root fan, some or all vodroms lacked flight feathers along 
the tail but bore huge ones on the metatarsus, the section of the leg between the bending part of the 
ankle and the toes. (In humans, this section is within the foot between the heel and the toes, and is 
often broken in famous soccer players because the bones are long and thin, as they often are also in 
maniraptoran dinobirds.) Chatterjee et al. (2007) suggested these metatarsal feathers worked as the 
lower of a pair of biplane wings, as much as possible beneath the fore-wings, and that the extra lift 
this arrangement might have generated would have been useful for primitive fliers. We don’t yet 
know of any Jurassic fliers that used foot feathers of a length to make much of this effect. Some did 
use aerodynamic foot feathers (though not Archaeopteryx actually) but at that time they were only a 
fraction of the forewing length, or of the length later achieved by the vodrom Microraptor. There’s 
no reason to consider vodroms as primitive fliers, but admittedly they wouldn’t have to be, simply 
to take advantage of the biplane feature. The biggest problem with most of these studies of vodrom 
flight is that they ignore the trim problems the tail would cause, and the likely role of the hind-
wings in solving it by providing a component of lift further back. Whatever use the biplane 
arrangement might have been, the tail would still sink with those analysts’ models, which makes it 
hard to take them seriously. No modern bird uses large hindwings, but none has the long bony tail 
and perhaps that is why.

How on earth did this extraordinary arrangement work?

At least five configurations are possible for the hindwings:



The hind-limbs fully tucked up, knees and ankles fully flexed (i.e. bent) much as in many modern 
birds, but with toes pointing forwards, and metatarsal feathers (and perhaps others from the leg) 
projecting sideways into the airstream. These were long enough (in Microraptor gui IVPP V13352 
(Xu et al. 2003)) to have...

[snip]



6. Feathers

6.1. Theories on the Evolution of Feathers

Just as with the evolution of flight, many theories have been advanced for the evolution of feathers. 
Hopp et al. (1998) suggested their use in egg/chick brooding. There are however no obvious 
examples of extreme fur development on mammals’ limbs for this purpose, and the wings of 
flightless birds sometimes stop being used for brooding. Also, as will be explained below, feathers 
seem to have become well-established before warm-bloodedness.

Catching insects has been suggested as another possible explanation. As argued below, feathers 
seem to have become first established in quadrupedal animals, though they had heads perfectly 
adequate for catching insects. Annoyingly though, wild turkeys have been said to catch crickets by 
hitting them out of the air as they are flushed; nonetheless direct use of feathers for catching prey 
seems to be very rare in the modern world even though plenty of time and opportunity has been 
available for its utilisation and development.

However the two main competing explanations are that...

[snip]



7. Bird-style Breathing

7.1. Basic principles

We’d understood how to harness the atom and put man on the moon before we understood how 
birds breathed – Schmidt-Nielsen and Bretz only confirmed the sequence of movement through the 
air sacs in 1971. Now though, thanks to them, King, Duncker, Scheid, Piiper, these days Farmer, 
and the rest of the bird-breathing team down the years, we are beginning to understand how the 
avian breathing system works. However the how, when and why it evolved as it did, remain sources 
of wonder and controversy to various schools of evolutionists. It’s worth considering that it may be 
the more natural way, having escaped constraints other taxa had to observe.

Birds’ ancestors walked on two legs and had already escaped the need to bend their bodies (and 
their lungs) up and down or from side to side as four-legged reptiles and mammals had to during 
locomotion; this presumably eased the evolution of rigid lungs. It’s worth stressing that it wasn’t 
just the task of ventilating the lungs that had been freed from locomotor interference, it was also 
that...

[snip]



8. Meteorite and the Moderns

Although it is traditional to include in any extensive dinobird appraisal, a view on the extinction of 
the dinosaurs, there is absolutely no requirement for this as it can be taken as given that some 
catastrophe occurred, uncharacteristic, almost by definition, of the normal lifestyles of our subjects, 
for which...

...Oh all right then :-) . Evolution is not all about the stretches of long-term near-stasis between the 
sudden gaps. You can’t have a tragic drama without a death scene.  

8.1. The Great Extinction

[snip]

It can seem as if modern birds had eliminated the long-tailed, toothed, hand-clawed traditional 
dinosaur seed stock needed for recovery from periodic semi-wipeouts – and that by so doing, birds 
had exterminated the “dinosaurs”, as well as having spawned them! Perhaps though we should 
accept that if the brave new post-Cretaceous reformation started with a diet of worms, and to enjoy 
that opportunity and ensure any survival at all, birds had fortuitously done what they needed to, 
which meant losing their hand claws and teeth, then the meteorite was after all to blame for 
exterminating the dinosaurs! However, it was not entirely responsible for exterminating the enants 
to quite the same extent: they had been excluded from a survival zone they could have, and 
probably had, inhabited, and from which they had been pushed aside not by the meteorite, but by 
the vodrom-‘modern’ complex.

That doesn’t mean we shouldn’t weep for the spectacular dromaeosaurs, which, especially the 
volant ones, were a particularly sad loss. Their descendants though, modern birds, will contain 
some genetic traces of them. It has been possible to produce teeth in modern birds by simply 
turning on old genes, even after an astonishing sixty-five million years and more of non-expression. 
It might be possible to recapture a little of the eighty million year dromaeosaur rapture by careful 
analysis and engineering of genetic data in a manner currently beyond our capabilities (rather than 
old-fashioned selective breeding, though that might work) to retrieve the old features through novel 
methods. We need not even worry whether it should be done, since at some stage in the future it’s 
bound to be attempted. So let it be done!



9. Past and Future

9.1. The Past

Dinobird palaeontology lives on a different planet. On planet dinobird, they don’t talk this kind of 
language:...

[snip]

This is why modern philosophy is not just irrelevant old men with grey beards, and also why those 
who ridicule its importance will not be the ones providing the best answers to the important 
questions, or the ones who eventually take palaeontology in the right directions.



10. Of Dogs and Men

In this chapter we see the power of true scientific principles applied even to entrenched ideas, and 
how it can highlight huge errors in two other branches of vertebrate palaeontology. Add Popperian 
principles to a historical science, and you tend to get an explosion. This shouldn’t happen, because 
the principles should have been applied all along. (Would you like me to take a look at 
Acanthostega and suchlike? ;-) )

10.1. China dog in confusing canine (5)

If a question could be answered by just wondering about it, then we would have known a long time 
ago how we came to share our lives with our own dear canine pets or those of delightful or 
annoying neighbours. Millions of people are interested and would like to know; it’s not one of 
evolutionary science’s marginal subjects.

Unlike humans or dinobirds where the likely ancestry is long gone, there are a number of wild dogs 



still in existence from which to choose an ancestor. List the likely suspects... run the tests... job 
done! Do it again and again every few years, and we can say we’ve earned our research money 
well. What could be easier? Absolutely no thinking required.

Unfortunately, although the ancestor of dinobirds and humans is extinct, the possibility of an extinct 
ancestor for dogs didn’t seem to occur to most researchers into the subject – quite often, even after 
they’d been told of a likely candidate!

In 2002, Janice Koler-Matznick (2002)...

[snip]

10.2. Studying “The proper study of mankind” properly

Our ancestors, the 19th century ones, looked with newly found evolutionary eyes on the prominent 
traits of apes and humans – humans walked upright while apes’ hands touched the ground when 
they walked – and they drew the ‘obvious’ conclusion that we clearly developed bipedality on our 
own. It was also tempting to suspect bipedality was linked to our other unique features: speech; 
nakedness; and especially tool use, and might have arisen fairly simultaneously with them “as we 
descended from the trees, split from the other apes and became human”.

What could be more natural? You need four limbs to climb, and chimps and gorillas live amongst 
trees; we on the other hand moved out of the forests, and we walk about on our hind legs...so we 
became bipedal because we left the forests. Straightforward; simple; no alternative need be 
considered.

Unfortunately though...

[snip]

—-~+~-—

This outline has provided evolutionary episodes to explain the evidence on human evolution, while 
avoiding the embarrassing errors strewn around current orthodoxy, thereby demonstrating that the 
job can be done properly, and differently. Watch how future futures reward a bold but strictly 
scientific approach, just as past futures have done.



Ж Sciencepolice-14 Rules:
1) Science is the generation, judging and honing of theories which model (i.e. explain or predict) 
the best. Only this counts so distinctions between theory, hypothesis, conjecture etc. are artificial.

2) The worth of a theory depends on such aspects as accuracy, generality, simplicity, and the degree 
to which its implications are genuine predictions (and the more surprising the better).

3) Theories can be rejected individually for not explaining evidence, or judged against each other.

4) An attempt to refute a theory does not require a replacement to be offered. Science isn’t politics.

5) It can be good science merely to “rough out” a theory or a class of theories for consideration.

6) A theory is refuted only when all its reasonable instantiations are refuted, not just one. Fixing 
faults in a theory can mar its other qualities, yet repair is still basic to knowledge development.

7) Extraordinary claims do not require extraordinary evidence and might need no new evidence: to 
require it would assume theorists in the field have been perfect; it’s perfectly possible people just 
haven’t thought of the new theory before. Theories do not spring automatically from observations.

8) New theories can violate and replace the old if the whole knowledge base’s modelling improves. 
Theories must swim amongst others at various levels, but it’s no good saying “It gets so complex 
it’s impossible”. Popper-based knowledge engineering works, even with complex uncertainties, but 
it’s guidelines, not pure mathematics. It underlies scientific experimentation and supports natural 
and artificial minds. Wet-ware has survived by aping it, always roughly, for over a billion years.

9) There are no absolute facts, proofs or truths; outside mathematics at least, they are convenient 
untruths that can simplify our thinking. Proof needs to demonstrate the impossibility of any 
competing theory, known or not, of equivalent or superior power, whereas disproof merely requires 
the presentation of evidence inconsistent with the one theory. Knowledge is beliefs, not facts.

10) Evidence is those observations not well explained by a theory, or not as well explained by one 
theory as by another. Positive but non-comparative evidence (explained by a theory), though useful 
in the black art of theory generation, merely progresses testing. ‘Positive evidence’ must not be 
trumpeted as ‘evidence for’ a theory when competing theories also explain it. Papers and journals 
should ensure the full landscape and pattern of posable theories are reasonably accounted for.

11) An untestable theory is one which is intrinsically logically untestable, not one for which no 
technique for testing it is yet known to some person, or indeed anyone. Deducing the scope of 
implications, effects, or influences of a hypothesis (via which it might be tested) can be slow and 
unending. ‘Untestable’ is a rare category, not to be routinely flung at everyone else’s new theory.

12) Tests a new theory can uniquely pass are best offered, and may be needed for superiority, but 
not for pseudo-criteria like theory status, false ‘testability’, or truth. Insisting on a mechanism for a 
theory is a classic error. A theory often inspires the discovery of its mechanisms and special tests.

13) Strictures apply to judging theories but not to generating them. Judging a theory by the ‘worth’ 
or number of its supporters is unscientific: good ideas too often start with a single supporter of little 
renown. Far from being essential scientific principles, the only value of ‘peer review’ and 
‘consensus’ is the extent, if any, to which they aid implementation of the genuine principles; their 
habit of repressing good new theories needs conscious and constant forfending.

14) Historical disciplines (e.g. palaeontology and archaeology) often test by future discovery, not 
experiment. In such disciplines, evidence and demonstration may be probabilistic or qualitative, and 
rely on complex variously valid world models left in individual minds by diverse experiences. 
Typically, historical sciences theorise past events given present evidence (abduction). Inductive 
sciences invent laws, or describe/model structures or processes; ‘applied sciences’ deduce futures or 
achieve goals. Despite differences, many principles apply to all sciences, though the importance of 
repeatability for inductive sciences does not make it a basic principle of historical disciplines.



15. Not the Same Person

Whenever I enter a new field and start to know of others involved, two or more people sometimes 
have to share a single identity in my mind, often for years, or they get confused, or perhaps I 
imagine they’re related. Here are some such pairs from palaeontology and science in general 
(thanks due to Wikipedia for the latter):...



16. Critics’ Corner

In book reviews, positions and players are highlighted and caricatured. The main contributions of 
books, according to significant workers in the field, are succinctly outlined, and through a few 
reviews the whole field can be summarised...

[snip]



Appendices



A1. Why a tree has its minimum total (ghost) 
lineage when rooted next to its earliest leaf

When trees/theories imply lengthy hidden ‘ghost lineages’, it means...

[snip]



A5. Time charts

Books like this always have time charts, and I hope you’ll find the mnemonic for divisions within 
the Cretaceous useful. I toyed with adding a couple of images to aid memorisation further, but the 
agent of the comedian demonstrating...

[snip]
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