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How Popperian positivism killed a good-but-poorly-p resented theory
— Insect Communication by Infrared

Robert R. Traill
c/- Ondwelle Publications, 29 Charlotte St., BlaokbSouth, 3130, Vic., Australia; [address upda#&pd2014]

Two Abstracts

(A) Scientific method and knowledge-theory (B) Callahan’s theory that insects navigate using
— positivism versus explanatory coherence. infrared — a casualty of that positivism.

Science has always had the problem of a balaneeebat P.S.Callahan, an entomologist with wartime radar
theory-acceptance and theory-rejection — of degidiexperience, noted an extrordinary set of simikesitietween
initially which theories to take seriously, andrhghich of the strange shapes of radar/microwave aerials ek tof
this shortlist to actually believe, at least foe time being. the knobs, hairs, and spines on the outside surédce
The excess credulity of the middle ages led topttsitivist insect-bodies. This suggested a similar functioimsects,
reaction which then insisted on supposedly hardesde at but using the appropriately shortefrared wavelengths.
every stage. Poppel®gik der Forschung1934) offered a Meanwhile Fabre (publishing 1879-1907) and Laithevai
different positivist position which supposedly aoteel any (1960) noted an uncanny long-range empathy between
theory provisionally, but then set outdsproveit through insects, even when the wind would have blown any
hard evidence. scent-signal molecules away — apparently leaving
electromagnetic signalling as the only possible maefar
this contact. Taking these facts together, exptapa
coherence suggests an obvious common solutiorthbrg
was alack of hard evidengeand a lack of explanations for
thelogisticsof this feat.

It turns out though, that the idea of “completélgrd
evidence” is an illusion, and that spoils the rigofi both
types of positivist argument (though confusinglgsitiv-
isms can still have practical value ah@n-rigorouslevel).
Meanwhile the ultimate test seems to lie instead rating
of the ‘coherencé (the mutual self-consistengy of Callahan proceded to produce hard evidence — almost
concept-ensembles which will include any recognizethough even to satisfy positivistic criteria. Unfmately
apparent-evidence from the outside world. Thisreapgh though, he also got bogged down in contests about
also underlies Piaget's account of mental actiwityphin the short-range  chemical-olfaction-theories  which  were
individual; and both have a formal parallel in Daian (needlesslyseen as competing with the infrared account. In
trial-and-error with its feedback loops. this, Callahan made several theory-mistakes andodsb
extra claims which were exposed in the 1977 debatdthe

This paper examines Thagard’'s computerized appﬂm:atwhole theory was then abandoned by biologists.

of this coherence-approach (“"ECHO” software dedigtte
evaluate the comparative arguments in historicngifie Logically this need not have happened. If one pisce
debates such as oxygen-versus-phlogiston, and Bandiaithwaite’s advice and detaches this short-ramgblpm,
ism-versus-creationism). It also considers ackedgéd then the remaining long-range problem is comfogtabl
problems of applying ECHO to current unresolve@aesh, solved theoretically, just using the available evice —
notably the “Abstract (B)” example of column 2. €Thvindicating Callahan’s main thes@n infrared-and-aerials!
difficulty appears to lie in inadequate provisiomwr f
hierarchies of concepts and for the gradual-andepieal
acquisition of concepts in real life, (though otlsexam-
ined Thagard work may perhaps deal with these ®su
Meanwhile there may be value in applying some featof
Piaget's biological “equilibration” formulation dhe same
epistemic problem in its own context.

Here Popperian policy was detrimental, though myainl
indirectly: firstly by downgrading the obviouslgsuasive
original analogy with radar-aerials; and secondly
%ncouraging a sense of finality after the debatethus
disguising some rather slipshod reasoning on hd#ssand
some rather careless editorial management.
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1. Introduction

In the 1960s and 70s, P.S.Callahan promoted treetltinfra-red (IR) was the key medium for
insect communication and navigation; and givennibm-prevalent use of IR for TV remote-controls
and for burglar-detection, this concept would besleurprising today. However, in a sudden-death
debate in thénternational Journal of Insect Morphology and Emblogy, the whole idea seemed to
have been vanquished using quantitative physias@egts plus the tacit Popperian notion of the merit
of heroic disproof. So the IR idea seemed to laglder at best consigned to footnotes — and aptharen
that was the end of the matter! (Callahan, 19937a; Diesendorf, 1977a, 1977b).

In retrospect though, one might find the finalifytlis conclusion open to question.

Firstly there has been an extensive rethink abpistemologyhow knowledge is-or-should-be gained)
— starting with the revolution due to Thomas Kuhb&ok“The Structure of Scientific Revolutions”
(Kuhn, 1962/1970). Naturally though, it took sotimee for such new thinking to be accepted; indeed
have previously suggested that 1978 marked théntypoint in such expert opinion — just too late fo
the Callahan debate. (Ayer, 1978; Traill, 20Cipthote 6). As Thagard later put fEypically,
scientists do not react to failed prediction by alanment of their theories, but instead try to adam
improve them. A Popperian scientist (if there weamg) would be like a person who threw a car away
because it did not start one morning. Scientigbéctlly abandon a theory only when one with greate
explanatory coherence comes alonff’hagard, 1992, pp95-96).

In the abovementioned debate, it seems to me ikaebBdorf's criticism did indeed result in the wdnol
“car” being thrown away. A close look shows thepairs were certainly needed, but surely not an
automatic trip to the scrap-heap. One better ambravhich the editors might have used, would have
been to withhold publication until the antagonisiad actually got together and analysed their
differences, perhaps with the help of a mediatorA-rotable francophone precedent for this can be
found in the “forced”-collaboration in the bookMathematical Epistemology and Psychology’but
maybe that would be too extreme for the adversaraiglophone community. A
different-but-compatible approach is could posshmyfound in Thagard's algorithms for assessing the
“explanatory coherence” of scientific concepts —hd@ard, 1992), of which more later.

The second reason for doubting the wisdom of liaff Callahan’s IR theory, is that Diesendorf's
criticisms may have applied to mere incidentalthefoverall theory. By 1975 Callahan’s account had
grown to include a whole accretion of subsidiarpdtheses; and these tended to be increasingly
jumbled up together, with the original rationaledeapparent. This meant that any critic with it
study-time was virtually forced to rely on the Ktteersions, and treat their account as a packabete.

In turn, this meant that any fallacies would tem@ink that whole interrelated argument, good-aad-b
alike — and of course that fitted all-too-neatlttwihe Popperian sudden-death formula.

In this, Callahan seems to have been partly thkeoauwif his own misfortune. Not that there was
necessarily anything wrong with ideas A, B, and.C,.nor need they be kept separate as long as the
reader can see cleatlyat they are distinct pointsbut their presentation has often seemed somewhat
arbitrary, so that any logical connection is obscurhat not-uncommon fault may in itself be foedile,
but when it happens to be mixed with real-or-appiaeeroneous concepts X, Y, and Z, then their autho
is simply asking for rejection even if that is ta@ally unjust. Understandably then, Diesendorf

! Beth and Piaget (1966). Here, mages xi-xij Piaget writes :
“In 1950 | published a work on the operational matbms of logic ...: Beth criticised it very sevgria the
journalMethodos Father Bochenski, who had requested this reviefused to publish my reply, which | then
reduced to a few lines, saying, in effect, thawid authors fail to understand each other becéweeoints of
view are so divergent, the only way of achievinmeaiseful and objective result is for them to cerafe in the
preparation of a joint work, where the same datdrarestigated one by one until a mutually satisfiac
assimilation of their positions is reached.
It was along such lines that ...... ten years lakewere able to publish this present volume tagreth
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identified the X-Y-Z defects, but failed to extrieghe wheat from this chaff — perhaps leavinghes t
poorer for a generation or so.

Thirdly it seems bizarre to kill off any plausibéxplanatory theorywhen it has no known rival.
Surely even a questionable theory is better thame nas long as we acknowledge its provisional statu
That way we do at least have a tangible targeintcaé, a benchmark for hopefully better models, and
tool to aid technology even if empirical correcaare needed. After all, physics has no suchemti
in working with some rather preposterous notiorzhsas: wave-particle duality, universe-doubling at
decision-points, and some aspects of relativithese ideas need not necessarily be fundamentally
correct, but they may have sopagmatic valueneanwhile. And perhaps we could even say the same
of Ptolemaic astronomy or the phlogiston theoryheugh onlybefore any better ideas were available

1.2. The double aim of this paper: Specific science, plus Method

As the title implies, we are here concerned with s@parate issues: About 55% of the concern s wit
Scientific Method (or more generally witlEpistemologythe theory of knowledge-acquisition, which
also includes Brain theory).

The remaining 45% of our concern then will be toneoto some reasonaldeientific conclusion
about insects and their communication capabikitiea conclusion which might perhaps do better jestic
to our picture of reality.

2. Some conventions and definitions used here

2.1. Some ambiguities due to the mixing of disciplines: “coherence” and “antenna”

Coherent (or Coherencg: (1) Withinepistemologyt entailsforming a self-supporting ensemble of
concepts However fomphysics the meaning is quite different: (2a) Withinrmal textbook physids
usually means that all quantized waves in a beamadidition are in phase across any cross-sectitheof
beam. (2b) Fonanophysics or biophysidtsmight be better replaced by the term “contrlfghase” —
since here we are likely to be envisaging a compltetweaving of “sub-beams” which will produce
special reproducible effect the respective parts of the complex have a waltdioated phase
relationship. Callahan seems to have had troublénmahis (a/b) distinction consistently, as welsha
see.

Antenna: (3) Within biology, especially entomology, iwiously refers to the anatomical “feelers”
on an insect's head. (4) Within electronics tledt obviously means the device for
collecting-or-launching electromagnetic waves igitthransition between “circuitry” and “free-space”
To avoid the ambiguity, | shall use the synorfygarial” for such devices. Thus we may speak of “an
antenna possibly functioning as an aerial”.

2.2. Symbols identifying the main works of the debate

The debate itself was in four papers publishedis order: Callahan (1975), Diesendorf, (1977a),
Callahan (1977a), Diesendorf (1977b). Here suctot@ion seems unduly cumbersome, so it may be
helpful to label them instead as /1\, /2\, /3\, fdspectively. However some other works are
understandably also important, and | label thesétX/0\, as follows:

% The trap here is th#ere are rival“smell-detector” theories f@hort-rangetargeting. However there is no
credible alternative when we look at long-range&f, as we shall see shortly in section 3.
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"\ Callahan (1967Miscel.Publ.Entemol.Soc. A, 315-347; (perhaps hizestaccourt)
/O\or/DO\ Diesendorkt al (1974) Proc.Roy.Soc., B.851078), 33-49
[N\or/C1\ Callahan (1975) International J.Insect Morph.&EmbryoHl(5), 381-430
12\ or/D2\ Diesendorf (1977a) International J.Insect Morph.&Embryob(2), 105-109
/3\or/C3\ Callahan (1977a) International J.Insect Morph.&Embryob(2), 111-122
14\ or ID4\ Diesendorf (1977b) International J.Insect Morph.&Embryob(2), 123-126
I\ Callahan (1977b)Tuning in to Naturg(informal popular book, revealingly anecdotal).

3. The main issues regarding insect navigation

(a) There is aextraordinary similarity in shape and electricalgpertiesbetween (i) the repertoire of
aerials used in commercial-or-military microwavstailations etc, and (ii) the innervated knobsnagj
and pits on the exoskeletons of insects and othdgmropods. How can we account for this
widespread-or-universal similarity unless they a&erving fundamentally the same function of
transmitting-or-receiving electromagnetic signdlsame sort? And judging by scale, this woule lljk
be infrared for the insects. (Callahan 1967, 1985,7b —i.e. /*\, /1\, /t\ — respectively).

(b) Fabre (1907/1912) and Laithwaite (1960) regbftew some male moths can “smell out” their
female targebver long distances — even when the wind is bloaimgscent molecules awapm the
males! — How could they possibly do this long-ramgeeting? By simpleliminationit seems that
this must operate via electromagnetic wavasd almost certainly that implicates infrared.orbbver
such elimination arguments seem persuasive no ettt Diesendorf or Popper might say about any
lack of further evidence — unless, of course, ttmyld suggest a credible alternative which miglstetip
the single-explanatiorstatus.

(c) At short rangethe situation changes because then it also becteastble to detect the concent-
ration-gradients of odours — either directly assiathce-gradierd/dx or as an increase/decrease over
time d/dt, like the bacteriunt.coli within its aqueous environment (Alber&t, al, 1983, p758) — or
other more esoteric mechani$m# is this choice of several short-range poftisigs which cause much
of the confusion in the debate — and much of Dideeffs criticism is at this level.

(d) Long-range versus short-range — Subdividing thdystuea, and selecting the most-tractable part:
Laithwaite draws the line at about “100 yards"3+metres— which seems reasonable. As this marks
the distinction between a neat approach folldhe-range — and disordered confusiorstmortrange
theory, it is surprising that more advantage hast been taken of this distinction. Long ago
Lamarck (1809) advocated the advantages of first studsfregsimpler cases within zoology. This
reduction in the number of variables should offephvious benefit, and yet most of the workergia t
field, including Callahan, seem to have concentrate the complexities of short range. (Perhaps to
them the short-rangeeemedimpler — more familiar, closer to the human odeeeking experience,
easier to fund, and yielding more(!) data). Howdwehoose to benefit from Laithwaite’s boundary by

% before he got too deeply into side-tracks of dubitelevance.

“ such as thearying frequencemitted from nearby scent molecules (/t\, p18igidentally, this is one of those
occasions where Callahan needlessly shoots hiinsglé foot, though it was probably published tateIfor
Diesendorf to criticize it. The model may be rewsde, though it is not clear that it is anythingrenthan
hypothetical. (It depends on the emitted fluoraesesnissions from pheromone-scent molecules vatying
frequency depending on the local concentration thadefore indicating proximity to the target). the method
apparently samples molecules over a somewhat eadidodal region, it might well average out soméhef
gradient-irregularities which Laithwaite mentiorssane obstacle to long-range gradient targetingwever,
even if this system does work, it is still hardigdible over the really long-range cases mentidnedabre and
Laithwaite even if the wind were favourable. Notpidaunted, Callahan simpdgniestheir data, and indeed
implies that his frequency-measure system is tieoable one for all ranges! (/t\ p189). — Thgstem does
supposedly involve infrared, but in a somewhat roelex way which surely does little to convince diaub.

® Lamarck’s work tends to be underrated, perhapausschis name was somewhat unfairly coopted asinggan
“anti-Darwin”. Insofar as he did believe in théneritance of acquired (learned) characteristicen the was
simply a creature of his time, and it was somewmztental to his main agenda.
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concentrating on the long-range issue — mostlyitepthe short-range issues aside. Thus, in aestrok
one can circumvent much of Diesendorf's criticisnreelevant to the long-range issue. One is firamn

to benefit from his remaining comments about anmaingfd phenomenon which surely takes place at
long-rangesomehowregardless of his objections.

The main remaining questions then involve the ligis— the details of this presumed infrared
transmission which is to serve as a “lighthousecbea (e) What device actuallmitsit? (f) Where
does iteenergycome from? (g) How is ihodulatedso that it can be recognized for what it is amoéngs
the random noise and the competing signals of aijhecies? — And at the reception end: — (h) What
is the relevanteception aeria® (i) How is the message conveyed todimes.(central nervous system)?
and perhaps the old neurological problem of: H@me&sdthe c.n.s. then produce releviagihaviou?
Meanwhile, (j) Can such systems prevail againsstheal-noise of their environment? — and (k) Can
they cope with absorption bands in the atmosphnizh block out certain frequencies?

4. Hypotheses, facts and evidence bearing on these issues

4.1. Introducing the Table of Propositions

It may be instructive to look at a reasonably caghpnsive list of such propositions relating to the
debate, to see what sense we can make of thenthe Ifollowing table there is a list of 95 items,
including some deliberately contradictory hypotlsegm the spirit ofcompetition between rival
theorie9, and three sets of multiple entries in a halfrtezhattempt to cope with the complexities of
“alllsome/none” (as expressed in logic by ‘and “0") — viz. items 7-9, 11-14, 3-4. Each item is
identified both by a number from 1 to 95 (columr® ‘and “#2"), and also by a three-character
mnemonic in the “mn” column — both allocated somatdrbitrarily.

In the “References” column, details are often giiethe form “p135c2.7” or “p135.7". Here the
“c2"” meanscolumn 2 and the decimal figure (0-t0-9) suggests howdtawrn the page one should look.
“NEW” indicates new suggestions which are introdlubere for the first time.

Many of these propositions may seem to be irrelg\areast for the time being, but that surelthis
nature of any investigative enterprise at this caratively primitive stage. The real-life taskiisel a
large jigsaw puzzle, but with extraneous foreigerps added as if to mislead us, and no doubt wiktre
be some pieces missing as well.

Here the items have been sorted into three grotips(i) to segregate out those items deemed
irrelevant to Laithwaite’s “long-range” targetingich hence to be largely excluded from the present
discussion, as decided above in section 3(d). dlitesns are listed in the top section of the table
(defined by a blank in the “far” column) — so tigsone “corner of the jigsaw-puzzle” which need not
concern us for now. Also segregated, at the bottasrtime, are (iii) items which are more in thrature
of side-comments, metascience statements, or méu@dant duplication. They are defined by a chpita
letter in the “ext” column.

As suggested by the above subheading, it is impbttadistinguish between “hypotheses, facts and
evidence” — though that is not always as easy sauihds. Thagard’'s ECHO system depends on such
distinctions, and with this in mind the items here labelled in the “ty” column agiypothesis,
Auxilliary hypothesisFact, orEvidence — but this allocation is largely subjectimad should not be
seriously depended upon. Likewise the strangéesritr the “sub” column are simply sort-codes foe o
attempt at meaningful grouping.

® not necessarily as centralized as in mammals;éntralized enough to collate input and organizewu
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(Here forced to fit onto one page — but gap://www.ondwelle.com/OSM03Tb.pfibr a more readable version and alternative sajing

# (ty[ mn Description sugext nrfarf #2 References
2 |H[<ch \We should distinguish 3 ran-zones for any possible chemical olfaction: Contact mol/ receptor; (B "Dipole-near” (<50nm?); (C "Dipole-far" 9 2 [from standard Dipole Thec
7 |Hky2 [(Almost) all insect "knobs" are lock&kecontac-detectors for sce-molecules 9= 7 |Kettlewell; /M326c2"fit"
8 |Hkyl [Some insect "knobs" are lock&key con-detectors for sce-molecule 9= 8 .
9 [Hky0 |(Almost) no insect "knobs" are lock&key cont-detectors for sce-molecule: 9= 9 (l)
10|Efky=_ [The immune system uses molecular lock&key co-detectors for identification; (xy 9 10 jwell knowr sSh
11|H[sAx |Any contact(A-discrimination* between scents depends on molegedenetry xyz) *See #2 and its nearn«-categories A,B,! 9 11 ort-range
12[H[sBx |[Some dipol-near(B-discrimination* between scents depends on molegedenetry xyz) *See #2 and its nearn«-categories A,B,! 9 12 only
13|H[sBt |Some dipol-near(B-discriminatn between scents depends on electrortia¢ime-patterrs from the scent moleculet) 9 13
14|H[sCt_|Any dipole-far(C)-discrimination between scents depends on electmetitime-pattern: from the scent moleculet) 9 14 (not discussed
20|Hel: finsect cuticle is capable of forming elect 5 20 |[/*\p31¢ further here)
23|Elecg [E.coliuses /digradient to find inear target 9 23 |Alberts et al,(1983), L. .
33|A|d>> [For “far” dipole-range (d), phase patterns are cowith respect to, so d "makes no differenc 9 33 |/C3\115.1
34|Ald<t |[For "near" dipol-rarge (d<<\), phase patterns adifferent, NOT abser as Diesendorf, /[\109.3 implie 9 34 INEW
44|E(dir olf Spider points spines toward targe 9 44 |*\p325, fig.1«
46|Efrr__|Moths have irridescence etc for IR frequenci 9 46 |*\p33C
49|Efqm0 |[Some scel-atom/molec will start with excitation energy whéwey leave target [but epheme 9 49 |*\p333c2.!
52| E|dk~ |Wolf Spider finds prey or mate in total darknestttfwespect to visible light), & without any antexe 9 52 |*\p326, \p13:
57|Affmmirrelevant here: hovmammaliai olfaction operates 5 57 |*\p341c2.:
59|Effla_[Moths follow pheromone lor-range, but then cancflame at sho-range 9 59 |*\p343c1.4, (Fabre,1913; Shorey&Gaston, 1}
61|Afflc  I'radiatior-pumping” of molecules can mislead closeup (espgagialar Humans), so alternatives could | 9 61
62|Effid [Despite the case for closeup homing via "2 & 3gictsare still misled— as if using "1" alon 9 62 |Fabre
63|H[fl2 |Use of clse-up hominemethod 2: "normal” incohere-light-or-IR vision — 9 63 [common assumptic
64[H[fI3  JUse of clos-up hominemethod 3: traditionzolfaction via concentratic-gradien (perhaps via some roundabout efft 9 64 |t\p187
65|Alcgl [Insed’s sensing of concentrati-gradient is by d/dx: comparing 2+ sensors simeltaisly; 9 65 [common assumptic
66[A[c92 |Insect’s sensing of concentrat-gradient is by d/dt: remembering + retes— like chemotaxis in Escherichia coli bact: 9 66 |Albertset al (1983), pp57-57¢
67|Alcg3 [Insect’s sensing of concentration is by the fregyenf its nearby stimulated emissic 9 67 /t\p187 fig.2(
79|Emir_|Mirror-walls— increased matir-rate; 9 79 |*\p343c2, \p15z
80|Efeg |RatMites detect IR (incl. specif. fregs) via sespmes on front le-tarsal: 9 80 |Bruce (1971 jul
82|E[mol [Enantiomeric (opt.isomer) forms of scent mol— different responses after dditioning to one of ther— in locust & bee— cit/D2p108.4 (#logic! 9 82 [Kafka+3(1973’CompPis7277:+(19711
83|Efjodi |Circumstantial evidence favouring con-mechanisms for odour detection in insects, eq tataglocl-& -key" fit for specific molecule 9 83 |Kaissling (1971
84| Ejod [Evidence (incl elimination) favouring cont-mechanisms for odour detectionmammal, eg template "loc-&-key" fit for specific molecule 9 84 |Altner&Prillinger (1980), Davies (1971), Beets(19
3 |H[ge2 |All (or nearly all) insect innervated "knobs" & piére electromagnetic aerials (capabltime-patterr discrimination, like TV b+ |5=|9=| 3 |Callahar
4 |Hjgel |Some insect innervated "knobs" & pits are electxgmesic aerials (capable time-patterr discrimination, like TV b+| |5=[9=| 4 |Callahar
6 |Flae= [TV, radio, radar, etc have "knobs" which servelasteomagnetic aerials capabletime-patterr discriminatior b 59| 6 |well knowr
15|Abod [Some (discriminable) IR signals come frthe target's body hee (=29) a 5|5 | 15 |Laithwaite (1960 Jul); criticA34.7
16|Hjpwi_|Any "bod"(15) IR signal is modulated (made discnatle) bytime-code of win¢flaps etc; t-code a 5[5 16 |Callahan (19654, .
17|Hjant_|Whole antenna coultheoretically act as an aerial for FIR -200um); b 9[9[ 17 |Laithwaite (1960 Ju
18| F[+++ |Whole antenna is like a military "fishbone" aegatay for radar b 5[ 9 18 |Laithwaite (1960 Ju
19|Eloft [Signal "switched off* soon after matin 3 9 [ 19 |Laithwaite (1960 Ju ..
22|Effab Jfar detection is possible (when no scent moleculefdoeireaching the recept 3 9 | 22 |Fabre, Laithwait (||)
24|Ejpit [Grant's pits have geometry compatible with theinfjeslectromagnetic aerial b+ 919 24 |Grant 1949 L .
25|Elpir _[Grant's pits: size is such that, if aerials, thesappropriate for IR receptic b+ 919 25 |Grant (194¢S ong-range;
26|APi=_[Grant's pits seen as aerial ty b+ 9[9[ 26 |*\p138, Grant (194
27[H[phm [Some (discriminable) IR signals come frpheremone molecules at| [9]9] 27 |Diesendorf:/D\34.7 (may apply to
28[Alrsp [Energy for pheremone IR signals can come from rokerek-body spontaneous emissnidenied by Diesendd al 9[9] 28 /D0\42-3 short-range also)
29|A+bo [Energ-supply for any pheremone IR signals musadequate & sustainal (=15) a 919 29 /D0\44+
30|A[*ru_|Some Energy for pheremone IR signals from rubbi c 51930 )/C3\p113.38: Q: /D2\Lc. .«
31|F[* |Some Energy for pheremone IR signals via fluoreseex blue/UV/...; =60 a 919 31)/C3\p113.38: Q: /D2\107.1
32|Alpeg [Grant's "peg" = p-sensilla, we-placed to “fire" dendrite;— actior-potential spike (or TEM mode fit-optic signall— NEW) b 9[9[ 32 |Diesendorf:/DA36.8, Grant, NE\
36|EJrub_[Insect is "constantly rubbing" especially in huro@hditiors [This "must have some meaning c 918] 36 |/C3\p112.2
37|Ejb _|Oft-seen "vibrations" of antenne [These "must have some meanint c 91837 }/C3\112.2— + (C/M321c1> 1965 ESASE1569)
38|A[ft [Oft-seen behaviour or t-structures mushave significance (else eliminated by evolut c 9[8]38|/C3pli2.2
39|H[spi_|Assume any IR receptic— response via acti-potential "spike' "[A]" 0" 9 | 9 | 39 |physiologists’ standard assumpt
40|Efsp#_|Seems: No reported direct evidence IR—action potential spike—— [yet Callahan did find such spikes visible light ("gating": see "spL" (94)) |b" 5| 5| 40 |Callahan(1968)p14:-; Hsiao('72), Diesendo
41[F ey |Consistent pha-control could serve as callsign ID, different fromise & other signals a 9[9[ 41 |/*\p343cl.2 (impliec
42|Efgel tapering & other geometry macro dielectric aeries match impedance free spe [engineering =43 b. 99 42 |*\p323c:
43|Efge? Jtapering & other geometry of (micro) dielectricées spine«— macro dielectric =42 b. 919143 )%\
45|EWwin_|Atmos windows for IR match corneal lens transmissiandcws d/ 9| 45 |*\p33¢&-9
47|Ejamp ['Masetlike" Stimulate-emission cai— amplification a 9[9[47 |*\p331
48|Eftow_|Mase-like Stimulateremission is very common in I amplification a"| |9 9] 48 |*\p333c1; Townes(196%°*p837
50| F[co/ |optical "coherence” can be partia a 91950 |/*\p334c2.¢
51| Flco” |partial "coherence" can, in principle, suffice teaide random background nc a 91951 |*\p334c2.!
53|Aldrx_[Molecules do act as dipole aeri— (Townes, 1965; Drexhage, 19 d: 919 53 |/*\p335c1.7; Drexhage (197
54|Aldco [Human retinal cones may well serve as dipole @&— [eye oscillatior— NB] d: 919 54 Myers (1965) \p342c2.
|56|Eleyl |Corneal lens is an "eye" for incoherent— & better than the breye (br visible & UV) di 91556 |/*\p338c:
60[H[b_|IR attraction operates via "radiat-pumped molecules— (method "1"zg1) =31 a 91960 |/*\p343c2..
68|Hlcg# [Frequency of the tarc-female’s pheromone IR emission indicates its cotraéinon, henc how near it is. Could aid targetil e 5)5] 68 |t\pl8e
69| Flc-3 [The concentration of a scent affects the frequerfidtg stimulated emissiol 3 91969 |*\pl7:-7, 187,211
70|At&e [Spines can have dual roles: tactile AND electrametig b 9|8 70 |*\p342c2.i
71|Fjr* |Ambient IR remains abundant at nigl 2 9[9[ 71|/*\p344 (eg
72|A[rS _|Ambient (incoherentishort-wave-IR offers source of pumpit-energ 3 9|9 | 72 |Callahar
73|H|rL__|Ambient (incoherentlonger-wave-IR constitutesnoise which will kill the needed signal [NEG] a 9[9[ 73 |Diesendor
74|ElrH _[Rising Relativ-Humidity increasingly kills off IR signa d/ 9[9[ 74 |/*\p33¢€
75|Ejr# _|At High Relative-Humidity, insect mating etc fails to oct d 9[9]75|/*\p339c2.«
76|Efrl__|At High RelativeHumidity, arthropods spend much time wiping antenet (even to exhaustic df 9[9[ 76 |*\p339c2.i
78|E|u&s |Strong interaction effects increase the merate [eg. UV PLUS pheromon-scent— see "u:=" (95) at 919 78 |t\p14c-162 (e.9.)
81|Flas_|visibleLight: Laser efficiency in producing act-potential “spikes" in nerves >> mere mi-phase monochrome efficiency (by 42 a"| [5]5] 81 |callahan (1968Y7°P7 42 Bryce(197Y 02831
86[Hsp~ |IR reception can be conyed direct to the dendrias natural IR, (without needing any "spike— then conducted on dendrite surface [ R"[R]" |b" 919 86 [NEW; Schriever(192(
88|Efres IR — measurable response (whatever the r di 519 88 [Callahar
89|Ejna’_|Natural coherence (phase correlation), eq for expEsesnel's de a 91989 INEW (in this contex
90|A[ds||Geometry, frequency, & phase distributions (or dlemission— "bullseye" mode at 9190 [NEW
91|F[ld [Female moths & food croj— pheromones or other chem "odou— but which may also have significant-optical propertie at 51991 [Callahan et
92| Flwvg [Time-pattern information capture from ma-waveguide— TV derrodulation et b 91 92 |well knowr
93| F|mye [Time-pattern information capture from myelin segm— molecular demodulatiol b 9 | 93 [Traill (2005b;
94|FspL_[Callahan did find actic-potl. spikes fovisible light ("gating” the IR reception throughout tantenna). — [but apparently no spikes from IR its | b 5 [ 5 [ 94 |Callahan(1968)p14:-; Hsiao('72), Diesendo
95[H[u=_|UV_PLUS pheromon-scent— IR through fluorescenci [ & this IR is what increases the mating r at 919 95 |t\p14¢-162 (e.g.
77|Hcoh [For Callahan (Ap316+) (& perhaps Groner, his source?), "cohereacglally mean"consistent phas-control” D 77 INEW
35[|A[d<x |Diesendorf /D\125.2 "then.molecular structur'[xyz]; anyhow sensilla shaptbecome irreleant to...olfaction'cf.array F 7 | 35 NEW: see Amoore (1971), e (|||)
21|Hlelt [Electrets might serve as memory elements (& collelt: like a Lamarckian taj-recorder) L- 21 |*\p341c2.l
85|Alemr |Proof of C's ae(1 or — idea of /~>IR—Z) requiress positively demonstrating#Z in absence of A. [Empirical insister M| - | - | 85}/D2\p106.6, 106. Metascience,
1 |H[<yd \We should distinguish Laithwaite’s 2 tar-range-zones: near (<100yds), (>=100yds M[*|*] 1 |Laithwaite (1960 remarks & dupl"
55|EWHi [High relative.humidity blocks | Duplicates irH (74) « X 55 |/*\p33¢ (some are tacitly use&
87|Efip_|IR signals (as such) may travel along dendritass tibviating any need for Action potential spik&plaining why C didn't find them);  Du 8€ X 87 INEW in the text here)
58|A 2z |irrelevant here: What happens when diredestructive intensities are usec X|5]5]|58 |*\p341c2.«
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4.2. The Propositions, as used to explain Long-range Targeting

At the close of section 3, we were left with quessi (e)-to-(j) about the logistics of long-rangsdat
targeting, having already decided (as definitelyassible) that the basic medium had to be infrared
Callahan’s work is a useful start, and indeed inrporated into the proposition list, but thead
clearly need reworking — especially considering pisference for the short-range case, and his
occasional disconcerting errdrsAnyhow let us now consider each question in turn:

(e) What actually emits the infrared (IR)?
These seem to be the relevant propositions here:

I nsect communi cation by IR

boc

15

Some (discriminable) IR signals come from the tdsdsody heat (=29)

Laithwaite (1960 Jul); critic\34.7

27HpT

Some (discriminable) IR signals come from pheremuotecules;

Diesendorf:/D\34.7

u=

9§

UV _PLUS pheromon-scent— IR through fluorescence; [ & this IR is whatieases the mating re

/t\p14¢-162 (e.q.

amy|

"Maserlike" Stimulateemission car— amplification

/*\p331, Einstein (191

A
H
H
E
E

tow

48

Mase-like Stimulater-emission is very common in |— amplification

/*\p333cl; Townes(196°°*p837

From these we might conclude:

e (#15) Black-body radiation from the insect’s badguld not suit at all. It would be much too fegble
and anyhow it would be indistinuishable from thetitude of other sources. — Instead then:

e (#27) Quantum emission from the female’s airbdrerpmone moleculsould be distinctive in their
frequency (or frequencpattern), and they might be strong enoughhey can get enough energy from

some

where; — see below on both counts: (g) anagfectively.

e (#95) Such emissions could be expected wheneganthecules are able loorescein response to a
higher frequency radiatiohs— with incoming quanta having higher energy thhose outgoing IR
gquanta — the “lighthouse beam” from the target.

e (#47) Such stimulated emission within a populatdrsuch molecules coulity principle, produce
great amplification through a laser-like chain teat In real life, a much more modest effect nigh
often suffice for the long-range targeting by inseas long as any IR-sensors they had could afédgt

useen

the cloud of “specially coloured IR out or thorizon”.

e (#48) In fact, Townes (1965) tells us that sudea$ are surprisingly common.

(f) Wh

ere could the energy come from, to genefated emissions?

u&s

Strong interaction effects increase the mating-rggg. UV PLUS pheromone-scent — see "u:=" (95)];

TpI49-168 e

95H|u:=

UV PLUS pheromone-scenrb IR through fluorescence; [ & this IR is wiatreases the mating rate

29/A[+bdEnergy-supply for any pheremone IR signals musidexjuate & sustainable ~15) [/D0V44+
28/A|+spEnergy for pheremone IR signakn come fronmere black-body spontaneous emissienjed by DiesenddifD0\42-3
30|A[+ru[Some Energy for pheremone IR signals from rubbing; C3\p113.38: Q: /D2\107.1
31|F|+fl |[Some Energy for pheremone TR signals via fluorese@x blue/UV/..; ~60 [/C3\p113.38: Q:/D2\107.1
60]H[ flb R atiraction operates via "radiation-pumped mdeglt— (method "1 gr7) ~31 |"\p343c2.2
71]F[ir~ JAmbient TR remains abundant at night M\p344 (eq)
72|AlirS|Ambient (incoherentXhort-wave-IR offers source of pumping-energy Callahan

E|

H

Tp149-162 (€.9.)

e (#29) Such “lighthouse beacon” molecules eviden#gd a continuous energy supply, and not just
some “skyrocket flare” as a one-off event for eaxthlecule. Isolated molecules in the atmospheré&cou
not carry such energy sources with them — norwgadin “landline” resupply from the target female
insect either, even if she had the resources tplgspch power-demands. So where could this gnerg

be co

ming from?

" Errors such as his bizarre, though perhaps hasiritlying of octaves, e.g. “17” instead of 18{B816c1). This
is probably a sign that he has problems with ldgars (some 10-based, and some 2-based), but it is
disconcerting nonetheless, and he should reallg Baen that some detail was amiss. The adjacemtirgtcon
optical coherence might also raise eyebrows, adeldd that did provoke Diesendorf later concernisgralar

acco
8or, if

unt in /C3\ — see footnote 13.
a food-supply is the target, scent-molesiutem that target.

° Thesadncidentradiations, need not all be tidy, monochromaticairerent (though we would expect at least some
such properties for the subsequemtissions— some of which can also serve as feedback, tmpdifging the
effect). The art of handling such specificationitimately tied up with maser-and-laser developtméhough
here we are more concerned with systems which sneretitoward laser-like efficiency, and may well falt fa
short of being “lasers/masers” as we understana.th@allahan has much to say about “maserlikefiasér
systems, but he could have done more to explasrtdhparativelyfaint postulated trend.
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How positivismkilled a theory — 10 of 25 I nsect communication by IR

e (#28) Mere random black-body radiation (as a dispontaneous emission signal from the molecule)
hardly seems the answer for would-be emitters whigchst remain at approximately-normal
temperatures. Anyhow Diesendorf and his colleagoe® some pains to discount any such suggestion
(/D0\p43.0)

e (#30) Energy generated by rubbing-or-groomingcareely credible either, especially if the effect i
supposed to continue for remote molecules. Callat@es invoke rubbindor other laser-related
contexts but he claims that Diesendorf has misunderstaoddn this point: (/D2\pp106.6, 107.1;
/C3\pp113, 118.0).

o (#31,#60,#71,#72) Fluorescence? Yes surely! €hisils the harvesting of any readily available
free-floating radiation’ with adequate quantum energies capable of “purfipemergy into the
would-be re-emitters (/C1\p422; /C3\ppl117.8, 119.0)ote that for suchR re-emissiontasks, this
quantum requirement is not very demanding, since(dBpecially FIR, “Far InfraRed”) needs
comparatively low energy per quantum. Logisticalhe process may perhaps be likened to sailing —
using spare energy arbitrarily provided by the wird rather than trying to carry your own supply of
fuel. Of course we humans see nothing of sucHfi#ts, nor are we normally aware of the significan
night-illumination in these frequencies, so itasg to overlook them; however any trip to a “bligkt
theatre” would suggest the possibilities, with estarightly lit up by the fluorescence of their toses
powered by the hidden power-source of ultravioldV ( with its higher-energy quanta). Despite
Diesendorf (/D2\p106.8), | do not see it as esaktiiat such emissions must necessarily be coherent
though | would be surprised if they were not p#stiao (Einstein, 1917); and any such dependable
coherence would doubtless contribute toward Ashtrgguisite variety”, as we shall see in subsection
(g) below.

e (#78,#95) Fluorescence asiateractioneffect. Sailing requires both saihdwind. Sails during a
dead-calm get you nowhere, and wind-without-sail lwa positively counterproductive if you are near a
rocky lee-shore! Likewise the fluorescence forl&@wn’s insect cases requires both the pheromode
the higher frequency pumping radiation (e.g. U\eblight, or NIR — for stimulating FIR). Such a
logical interconnection offers useful experimem@ssibilities, and Callahan has taken advantagi@of
opportunity — establishing the effect, apparentydnd reasonable doubt. (/t\, Ch.9).

(g) How could such signals be labelled or “modutfitsuch that they are identifiable?

T5AbodSome (discriminable) TR signals come from the tBsdeody heat; X29) LCaithwaite (1960 Jul); critic/O\34].
16HbwilAny "bod"(15) IR signal is modulated (made discriaile) bytime-code of wmg -flaps etc;t{code] Callahan (1965a, ...)
90A|ds'|Geometry. frequency. ohase distributions (or cloud emissi— "bullseve" mode NEW

6 [FHaeqTV, radio, radar, etc have "knobs™ which servelestemagnetic aerials capabletmﬁe patterndiscriminationwell known

92/F wv [Time-pattern information capture from macro-waveégub TV demodulation efc well known

47F[key|Consistent phase-control could serve as callsigrlifierent from noise & other signals M\p3432 (implied)

19E|off [Signal "switched off" soon after mating; Laithwaite (1960 Jul)

Identifiability is a competitive business, ay @aasual supermarket inspection of brand-idensfieitl
tell us. Here it may help to be aware of the peobht a technical level, though there seems notoegul
into the matter too deeply, at least for now. AslitB56, Ch.11) states it as “The Law of Requisite
Variety”, and explains it informally as “only vatly ... can force down the variety due to D [corimaget
forces];only variety can destroy[unwanted)variety.” (Ashby's own emphasis, p207).

e (#15, #16) The primitive “morse-code” created apping wings could conceivably convey some
useful information, though surely that would onby & short-range. In any case, on its own, it doul
hardly offer enouglvariety in Ashby’s sense of the word. Any such contribatis thus probably no
more than peripheral.

e (#90) Other likely sources of variety? FrequencyIR “colour”); time-patternediuctuations in this
colour (frequency modulation, “FM”); or fluctuatie in its amplitude (“AM”) of which the
wing-flapping is a crude exampl&patial patterns (“xyz”)?— Callahan (/t\pp175-189) made much of
how the emitted frequency varied with concentratemmd hence potentially offered moths a “progress

19 Note thisindirect useof some of the black-body radiatifnem the environmentunlike the “(#28)” case.
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How positivismkilled a theory — 11 of 25 I nsect communication by IR

report” when they were near the target. But cardilis instead aslang-rangesign: The IR-coloured
fluorescent “cloud on the horizon” would now oftkfferent “colours” at the centre and at the peeigh
— analogous to a fuzzy archery-target tending te lait the edges, around a reddish “bullséyeThat
trend could presumably offer a moderately useftidase in variety between the signal-codes of uario
species. Other more esoteric possibilities follawd such cues will probably act cooperatively to
increase the variety in a sort of multiplicativegressiort:

e (#6,#92) The intricate coding within TV signalsogls the sort of performance that electromagnetic
transmissions are capable of, though of coursectmseill probably have discovered a different

ensemble of strategies. (The TV signal does nsit gincode the pixel details, but other complex
“housekeeping” details as well).

e (#Exira) Polarization. Understandably humans tend tolowkrthe possibilities of environmental cues
which they cannot themselves directly detect. ilRrdred) is one such overlooked class. Phase is
another and we will come to that shortly. Yet &eotis polarization, though we can get some feel fo
that if we wear polarizing dark-glasses. Polanimasense is evidently available to insects — inldase
least one of the Diesendorf team had previouslgistlusuch polarization matters faisible light
(Synder and Pask, 1972a,b). At first sight thaghhinot seem to offer much useful information
regarding IR emitted from moleculegth random orientation However the Einstein paper (1917)
suggests that stimulated emissions will perpetgatel hence often magnify) the properties of the
radiation which generated that stimulation. Amdmgker things, this seems to suggest that thertoho
of actual emissions from a pheromone cloud willtafild have @ommon polarization, whatever that
orientation happens to be- and such consensus would itself be informativiniav an otherwise
random-tending environment. Moreover that consemsight have been biased a certain way by the
original energy source.

e (#41) Phase relatedness. Holograms give a spéatatemonstration of what manipulation of phase
can achieve. Theoretically one can also see tlge hiariety-increasing possibilities of minute
adjustments to phase, as long as one has a stahlglesource — at least statistically. Unfortulyate
the mathematics and physics of such issues tutrte e formidable. Callahan certainly has proldem
heré® and | am not sure that even Diesendorf, phystbistigh he is, has properly appreciated the

' Of course whenever there is a strong enough avoss-this neatarget-and-bullseysvill become a
plume-with-cusp The detailed implications of this are fairly afaws, so | shall not complicate matters further
here by pointing them out; but please bear thatiimd in later references to “bullseye” etc.

12 Scientist with a classical training will perhapad to seek single mechanisms like these, anddeéreihemone
at a timeto see what effect they might produce; but theans closing one’s eyes to the signal-variety which
evolution must surely have forced onto insectb@irtinformationally competitive environment — erigg that
they develop multidimensional IR “combination-lotlks a badge of their species identity at long-eafag well
as chemical badges at short-range). The “simplguncy-test” might well have worked for investiggtthe
very earliest primitive insects exploiting an uritdwed airspace, but as a useful scientific apgrtizis may now
be some millions of years too late!

13 Diesendorf (/4\p125.7) says bluntly tlaitof Callahan’s (/3\) statements about optical cehee are wrong. —
Indeed (in /3\p115.8nd other texfsCallahan explicitly explains coherence in terntsali make it clear that
often he really just means “monochromatic” — antlhedoes give a classically-correct definitionhia
glossary of his popular work (/t\). As uninvolveshders, we can perhaps make some progress bgrpeaitng
Callahan’s actualseof the word “coherence” as usually meaning

“phase-controlled or phase-related — such thatiattion between various parts of the
collective beam-system will produce intérgstind-reproducible optical-interference effects” — (#77)
As Popper (in a more constructive mode) used tpthaye is no scientific merit in arguing over wanganings.
Thus we should just agree that So-and-so uses Morduch-and-such a way — or bypass the issuestmgu
alternative words. In this Callahan context, Igesg that the term “phase-related” may often beenhetpful
than “coherent” anyhow. (That does not necessaliolve Callahan from any errors or inconsistendiat it
might help us to make progress despite them).
The end-lesson then seems to be that optical-cobean be partial, and that there can be usefabmes even
when this “phase-relatedness” is less than lasdegte— merely a statistical trend.
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potential for the ultramicro effects which are likéo be involved around individual molecules. faat
there are so many theoretical pitfalls here thabitild seem unwise to rely on such reasoning &si b
for a Popperian disproof, even if one still belidwe the legitimacy of Popperian disproofs. Howgv
the point in our present discussion is that thig igsch source of variety— available for making
identification codes distinctive — and perhapse ldur spoken language, new nuantean always be
added such as to cope with the evolutionary demfawdsl by insects.

e (#19) Signal Deletion. Laithwaite noted that sadter the target female had mated, evemote
candidate suitors quickly lost interest. This stly further-implicates IR signalling as the prolzab
medium, whatever the mechanism; but we might wefisider possible mechanisms nevertheless.
It seems likely that the pheromone cloud-of-brigidlecules would not dissipate quickly enough to
explain the evidencenlessthe female had direct control of the source ensug that she could simply
turn off the “main switch” — and we have virtuatiyled that out above in subsection (f). This setan
suggest that there must be an actual “cancel” kignd here are two possibilities: Firstly, thelden
cessation of pheromone-emission could leave thedcleith a relative “hole” in the middle of the
“bullseye target” as seen from afar— and this revised pattern could act as a “tufndBfecondly, as a
variant of this, a different fluorescent agent cobke emitted, giving a new IR-colour to the central
“buIIse)llg", producing a similar overall “archerygat image on the horizon”, but now a more dishirect
turnoff.

(h) What could serve as the relevant receptionas?i

6 [FlaeqTV, radio, radar, etc have "knobs™ which servelasteomagnetic aerials capabletiohe-patterndiscrimination  |well known
53/A|drx[Molecules do act as dipole aerials — (Townes, 19btexhage, 1970) /*\p335c1.7; Drexhage (197!
54]Al[dcdHuman retinal cones may well serve as dipole aeral[eye oscillation — NB] Myers (1965) /*\p342c2.4
18|F|+++Whole antenna is like a military "fishbone™ aeaafay for radar; Laithwaite (1960 Jul)
17H[antWhole antenna could theoretically act as an aenafIR (20-20@um); Laithwaite (1960 Jul)
24JE| pit |Grant's pits have geometry compatible with theinbeelectromagnetic aerials; Grant (1949)

25|E| pir [Grant’s pits: size is such that, if aerials, they appropriate for IR reception Grant (1949)
26[A|pi=|Grant’s pits seen as aerial types M\p138, Grant (1949)
42|E[geltapering & other geometry of macro dielectric derlamatch impedance free space [engineeringB M\p323c2
43[E[gedtapering & other geometry of (micro) dielectricées spines— macro dielectric ~42 [\

3 [H[aeZAll ornearly alinsect innervated "knobs™ & pits are electromagregrials (capable Gme-patterndiscrimination, like allahan

4 |Hlae1Some insect innervated "knobs™ & pits are electigmaéic aerials (capable ine-patterndiscrimination, like TV) [Callahan

e (#6) First note the various existing forms of nmaaede aerials (some of metal, some of dielectric
insulation or both), and that they serve to easértinsition from circuitry into free-space, or bagain

— with a minimum of unwanted reflection at this hdary”, and often with definite intentions as to the
directionof the resulting emission-beams. Note too thatibe of the aerial tends to be about the same
size as the wavelengths which the aerial can hagffiléently — though quantum emissions and
absorptions, as in fluorescence, need not obeyutas

The simplest text-book aerial is a basic dipold: or —/ r— Wwhere the top of the “T" is the dipole
(“+" one end, and “-" the other, then alternatamrording to the frequency), while the verticaltpar
together constitute an internal waveguide withim ¢ircuitry — or just call them “leads” if you pest
However many aerials look totally different (as afgnce at microwave or radar installations willl te
us), and their waveguides often look more like pjpe fibre-optic rods-or-threads.

e (#53,#54) Molecules attached to a solid ensemtdesgidently able to function as aerials — some
dealing in visible light (wavelength of about @md—0.7um) as befits the size-range for larger molecules;

4 For instance, such nuances might include sucHitardievices as the optical analogue of musicatdfi¢though
perhaps with additional phase control imposed)sasne form of optical-glissando (the “chirping” of
femtochemistry?); not to mention meaningful geaioal patterns spread out in time-and-space —tlilee
“archery target and bullsey€’or its “plume” variant

15 See the “(#90)" paragraph on page 10.

8 These “archery targets” (if they exist) might adlyibe seen by the insect’s IR-sensitive compaeyel
(Callahan, 1965b), rather than via spines etct;this point would obviously need further investiga.

' In technical terms, this reflection-minimizationtailsimpedance matching
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(/M\p335cl.7; Drexhage, 1970). Moreover even rttinal cone-cells of our eyes seem to fit into a
similar category; (Myers, 1965; /*\p342c2.4).

e (#18,#17) Laithwaite (1960), noting the similaribetween radar “fishbone” aerials and insect
antennae, thought this might offer evidence wWaleantennae did have an electromagnetic role. If the
antenna does act as a single unit (rather tharray) athen this would indicate IR frequenciesha FIR
range, (Far IR: 26m—-20Qum, or longer), and we might also ask what mighveseas the related
waveguide for making contact with the nervous syste

o (#24 #25 #26) Grant (1949) investigated the eratedpits-with-central-“ped’ found on the outside
surface of insects. He concluded that they weobaily aerials, and that their dimensions suggested
infrared. At that time, few people (apart fromitaily and technical specialists) would have thouafht
aerials as having such a form. In today’s worldeFphones (with no protruding aerial), such acapt
might be more acceptable.

e (#Eexira) Callahan tells us that during World War 11, hedhthe resposibility for looking after a radar
installation in Ireland. There, being an insecpex (though hampered by the poor resolution of
microscopes of the time), he was struck by the rkatde parallel between man-made aerials and the
various knobs-and-protruberances on insects. Trspired him to take the matter further, and
eventually to augment his knowledge of the releydysics. (/t\pp96-10)

o (#42,#43) This led to a detailed consideratiorthef aerial-related-properties of tapered dielectric
spines, as discussed theoretically by Kiely (1988) as found on insects in great numbers, often in
large arrays. (/*\p323-327). Here the detailedhjpa is impressive once more.

e (#3,#4) Since such spines, hairs and pitsaneniversahmongst arthropods (insects plus spider-like
creatures), and since they are also innervated, feer people would doubt that these structures are
sense organs of some sort. Then the fact that Hmiaaly of them also have shapes agreeing with
engineer-designed electromagnetic devices makediffitult to doubt that they too have an
electromagnetic function, though that need not seadly stop them having other functicaswell—
functions such as mechanical feeling or analysthguo molecules chemically.

(i) How might the received IR signal be processed jperhaps affect behaviour?
81 las|VisibleLight: Laser efficiency in producing actiotential "spikes™ in nerves >> mere mixed-phase [Callahan _ﬁ%@g}‘“‘““"-“ oY

monochrome efficiency {(by 42x) Bruce(19 8492531

83E|[res|[R — measurable response (whatever the route) Callahan

40E|sp#Seems: No regorted direct evidence thabBRtion potential spikes Callahan(1968)p1425Hsiao(72)
—— [yet Callahan did find such spikes fasible light ("gating": see "spL" (94)).] Diesendorf

94F|spLiCallahan did find action-potential. spikes Wsible light ("gating™ the TR reception throughout th@enna)jCallahan(1968)p1425Hsiao(72)
— [but apparently no spikes from IR “itself Diesendorf

39H spilAssume any IR receptiop response via action-potential "spike™ "TAT"__[physiologists’ standard assumpfion

8GHspIR reception can be conveyed direct to the dendstetural IR, (without needing any "spike™); NEW, Schriever(1920)

— then conducted on dendrite surface 1 "[R]"

32ApedGrant’'s "peg™ = pit-sensilla, well-placed to firéendrite; — Diesendorf:/D0\36.8, Grant, NE
action-potential spikeof TEM mode fibre-optic signal!)

e (#81) Note the evidence thaisible lightcan lead to a measurable physiological responsthe—
well-known “spike” in the time-graph of thaction-potentialvoltage of the nerve. That is almost
universally deemed to mean that some hopefullysegiesignal has entered the nervous system and can
then be assumed as a likely causal factor in sulesdpehaviour. (It is also significant that cemer
laserbeams are much more effective, but that is nopthet at issue at this moment). Here the crucial
question is whether there is evidencelRproducing the same detailed effect — and if ndty wot?

o (#88,#40,#94) IR does produce observalaieaviour but there is some doubt about the intervening
“spike”. In the references cited, | found no explicitnti@n of suchiR-to-spikeresults, though there

18 |ncidentally, at the top of his page 97, Callatide® most people) makes the questionable assumiiat
electricity travelsvithin metals. From the Maxwellian viewpoint which mgstbncerns us here, the electricity
actually travels in the fields of foraatsidethe metal. (Poynting, 1885; Heaviside, 1892/1%thriever, 1920;
Traill, 2005a §3.4). This might not matter muchenfgom a technical point of view, but it would paps tend to
put physicist-readers offside. Moreover aeriald tireir transmission-dynamics make much betteresgrmme
gets this point right.
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was mention ofR-to-behaviourcorrelations with the tacit assumption that thengst have been an
intervening spike transmission. Such undetectédespeem also to be behind the Diesendorf team’s
comments (/DO\p45.7, /D2\p107.6+) that the absesic@n electrophysiological response would
disprové’® radiation theory (even in the face of observedaigtur?!), and Callahan’s reply (/C3\p115.5)
in which he defends himself, citing the above-nmmaid visible-light study as if that simultaneously
proved the case for IR, (Callahan, 1968).

e (#39) There is a tacit assumption here: that Ewo-behavioursignal must pass through the
action-potential spikestage. | find myself in the unexpected positibteing able to offer a possible
solution here — postulatingdeenial of this assumption that the action-potential seasial! (though of
course it could be that the spikes have been tiktiee time, just tricky to detect):

In some apparently-unrelated work on mammaliambttaeory, | came to the conclusions:

FIRSTLY that myelinated nerve fibres can-and-do carrydifferent types of signal: thepikesas stated
in the textbooks, but also infrared using the myelin dielectric as a coaxial opticrdib (Traill,
1978/2006 part B1988, 2000).

SECONDLY (mainly on grounds of explanatory coherence wigtgychology, page 22 below): ... that
much of the mammalian brain’s actual processingrabably carried ouat the molecular level —
“RNA-like” — or — “[R]". Moreover any such moleculaystem would have to be using IR for its
short-range “brainy” communication —  though mehit&v it would be leaving the
“power-engineering” tasks of muscle-moving and lsagge communication to the traditional
Action-potential “[A]” system. (Traill1978/2006 part C1999, 2005b).

THIRDLY ... that single-celled animals (which obviouslyshmanage without nerve-cells) may well
depend on “[R]” as well — in which case it may be tore primitive and universal system of the two.
This might also explain why the average cell-boglpily abou20um across, since this is about the
half-life distance for IR within liquid water — thugh this depends considerably on the actual frexyuen
and any significant presence of the more IR-frigtigid mediasuch as fat-deposits or myelin. (Traill,
2005b).

e (#86) Infrared communicatiomithin the insect? In the abovementioned project, | hat
contemplated any implications for invertebratessithey lack the myelin which might serve as optic
fibre. However it seems likely that if the “[R]Yystem exists at all, its IR-signalling probably vau
havepredatedmyelin both in evolution and within the individu@raill, 2005a). It could thus exist
internally for insects as well, at least for soiRdrequencies, and that might explain why Callat@uid

find no intervening spikes: Such spikes would pneably be redundant, as long as the unmyelinated
nervous system could cope with the IR in the fdrmeais received. (Visible light would presumably be
more difficult to handle internally, hence the néaidthe spike system in that case).

As for the absence of the myelin dielectric, Soleie(1920) tells us, (to put it crudely), that the
boundary betweeanytwo media can serve to conduct an electromagsigtial along that boundary —
though some combinations will induce the wavedgdt mainly on this side or that. In principleldes
not matter whether each of the two media are digbs¢c metals, or something in between, though of
course some media will very quickly dampen downwlaee to nothing if they get the chance. Thus
myelin might be ideal (though maybe insect cfitia even better?), but in principle almost any péir
uniform media will do if they are thicker than albdalf-a-wavelength, provided that the path-lerigth
short enough for that particular media-combination.

e (#32) The ennervated “peg” in the centre of Giapit is thought to be well placed such that a wave
resonating within the pit will be vibrating mosgeirously in the centre of the pit, and hence niksty
to trigger an action-potential spike within the arlging dendrite (nerve-branch). That is, of ceuen

19 Can one really disprove a whole theory (even assyfPopperian criteria), just from the fact thatiymve failed
to find certain evidence? Such “anti-evidence” itmases, especially for directing further inquikyut generally
one could hardly say that it proves anything “bel/omasonable doubt”.

2 E.g. see Pearsat al. (1960)“Infrared ... Chitin” — cited by Diesendost al (/D0\p37.0)
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orthodox “[A]"-type explanation, and it may well e, at least on some occasions. However we can
now contemplate an alternative involving “[R]” capts: We might now see the whole pit-region as an
aerial for receiving IR in a particular mode — M mode which is the nearest cable equivalent to a
wave in free space, and which is the mode used evaiatly in home TV aerials, with a central wire
surrounded by a sheath of dielectric, and theexlfle metal cover. The “peg” then could serveéhas
lead in toward the central “wire”, while the periimeof the pit might be seen a the outlier for the
equivalent of the metal cover. TEM does have theaatage of being theoretically free from the usual
strict constraint against using wavelengths lorilgan about about 1% times the cable diameter ([Trail
2005af* — however, unlike the other modes, the TEM modéctonly exist here if there is a central
“wire”, and maybe Grant's peg is intimately involivie that issue.

(i) Can such systems prevail against the signat@aif their environment?

73H[irL JAmbient (incoherenflonger-wave-IR constituteaoisewhich will kill the needed signals. [NEGF] Diesemfio
41F|key[Consistent phase-control could serve as callsigmifiterent from noise & other signals Mp343clidplied)
51]F co’partial "coherence™ can, in principle, suffice ieoide random background noise M\p334c2.9

e (#73,#41,#51) One can take a plausible pessimiie, as Diesendorf does, and predict that ambient
noise (or competing cross-talk signals) will upaay given signalling system especially for longer
wavelengths (>8m or sof*, and of course we all know that acoustic noisesdeometimes kil
conversation. However the proof of the puddingnithe eating, and if effective signals are actuall
getting through (as Fabre and Laithwaite attestéd)) nature must be doing something right whatever
our theory might tell us to the contrary. Howetegory (in the form of Ashby's Law of Requisite
Variety”®) also suggests that the problem can-and-mustiedsby having enough variety in one’s own
signalling code — so if that is failing, the onlyett answer (if you can’t remove the oppositiaja
increase the diversity of your own coding systerhat is probably one of the tasks which evoluti®n i
good at achieving, provided it has long enough ai@rthe diversification changes — some of which we
considered earli€t.

(k) Could IR-signals cope with absorption bandthi@ atmosphere which block out certain frequencies?

74E[irH[Rising Relative-Humidity increasingly kills off IRignals M\p336
3GE]rub|Insect is "constantly rubbing™ especially in hura@hditions [This "must have some meaning"] [aA3Ip2
7GE| ir/ [At High Relative-Humidity, arthropods spend muchdiwiping antennae etc (even to exhaustion) M\p23D
79E]ir# |At High Relative-Humidity, insect mating etc faits occur Mp339c2.4
45E|winjJAtmos windows for IR match corneal lens transmissiéndows M\p338-9

e (#74) Rising relative humidity does increasinglgdk IR transmission, so we might expect this to
interfere with long-range insect signalling (anggibly short-range too).

e (#36,#76,#75) And in fact the evidence is thatdli® interference to insect activity at high relative
humidity — though that does not, in itself, tellwkether the IR-blocking is responsible.

e (#45) There do also seem to be certain frequemtiggich communication is simply not feasible.
However the really interesting and significant pdiere is that insects temit to develogspines etc
(presumed aerials) which would have accessed fhegeencies. That match in repertoires is hardly
likely to be mere coincidence, and can surely bkertaas further strong evidence for the
insect-aerials-for-IR theory — the basic part ofl@aan’s theorizing.

21 Diesendorf may have overlooked this TEM loophabegibility when he wrot&Pore diameters...in
grasshoppers, ...from 0.02 to 0,22 ...,[s0] it is unlikely that the optical or infrared wavelgths could trigger
the receptors directly.”(/D0\p46.4). On the other hand, there are dess-rigid limits on what TEM can
achieve in practice, so he might still have a point

2 See Traill (2000, Ch.14), though this discussesptioblem in terms of IR within thmammaliarbodly.

%3 See subsection (g), above.
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5. Explanatory Coherence
5.1. A brief Post-Mortem on the 1977 Debate

An important-but-underrated task in building up Whedge, is piecing together the largely
disorganized mass of data and concepts which ezadsl available. Just blindly gathering in moreagda
might then be counterproductive, yet apparentlyithevhat society and its politicians expects sists
to spend their time on. An outsider who readsufghothe Callahan-Diesendorf debate is likely to be
struck by its banal similarity to an exchange betwepposing politicians, and by the thinly disgdise
contempt they had for each other. In such circantsts, it would not be surprising for the real rsttfie
issues to be neglected.

There was also something abnormal about the stagitige debate: Firstly we are looking at a fairly
new journal (at volumé by the time of the “/1\" paper in 1975). Callalwideas were presumably well
enough known to act as a draw card, which no dpuobinpted the invitation to him, and he duly
produced the 50 page work. Secondly, papers3Rand /4\ all appeared in the same issue of ¥7& 1
journal, with no scope for external input (and wjibssibly uncomfortable pressures on both the
participants meanwhile). Thirdly, | could find editorial comment of any sort.

Meanwhile, it is not difficult to imagine that tlmplex and perplexing optics concepts were well
outside the comfort zone of most biologists, whizdant (i) that Callahan would usually not have been
pestered by control from editors, who often woutd really know what to make of it all; but then
(i) when a critic was to be chosémreview the work, there were not many feasilaledidates. What
else then but to appoint a known opponent fronYElt team, and —too bad we can't find anyone
canny-and-neutral to umpire or moderate the cotiflic Afterwards, when it looked as though all that
complex mathematical stuff was just a mirage, @adirfolk could then just go back to their estaldigh
routine and forget about having to brush up theyrsics. —— Of course that is all just my speculativ
reconstruction; but something like that might explwhy the topic died so quickly within biological
circles. (It was virtually a taboo topic when @nge to my attention in 1988 — a disturbing sigihef
realpolitik of science which recurs from time tmé).

In any case, the terse pseudo-arguments withidebate probably made the messy topic even messier.
This present paper has sought to tidy up that fiess] produce one-or-more feasible accounts which
do have overakkxplanatory coherencelt is now timely to look at the methods attenapte trying to
trace causal chains and analogies. This initidta& been guided by two schools of thought witly ver
different origins, but which happen to have coneergielding essentially the same approach. Let us
look at them briefly:

5.2. Piaget’s Epistemology and Psychology

| have discussed Piaget’s work elsewhere (Tradl05b and 1999, §5.5), but the points most relevant
here are that concepts (or “schemes” or “schematai)lsomehow be built into closed logical loops and
structures thus tending towartequilibration” , which we can plausibly interpret &soherence”?
This can be modelled by setting up concept-or-sehendes and trying to link them meaningfully such
that they form the outline of a 3-dimensional “¢af50f closed simple loops — like the squares acbu

a cube-skeleton made of 12 matchsticks, or elaendra more complex object as in Traill (200§, 7:1,

4 Such reconciliation arguably goes against thewhway tradition that
“if the system seems to have a flaw; dvietter just junk it — even if théseno replacement!”

(Did Popper inspire this? Inadvertantly?) Anyhance Diesendorf had reached a decisive Popp#riEn
verdict on Callahan’s IR work, he would have hadnmentive to do any tidying in such projects — and
presumably no editors would have been interesteéreiespecially if the topic was beyond them.

% Actually, as Piaget must have known, that word-emiicept “coherence” was already well-known to
philosophers. However philosophers generally didhold the concept in high regard, and that magha
discouraged Piaget from using this “coherence” wdddt much more likely, he was more concerned to
emphasize thdynamicnature of coherence-formation — as an equilibrgirocess
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p.38). This does seem to have merit as a way dntifg systems of thought which are mutually
self-consistent. The problem is that this is ailllf abstract, and | have been keen to see ttesgreted
into actual practical mechanisms.

One practical application is amongst concepts-wititciety (including science). Whatever
mechanism is then entailed should hopefully be ojempublic inspection and participation, and
Thagard’s ECHO system seems a promising way &fitacthis; see below

Another application is the attempt to discover wieture is already doirigside our headsvhile we
make sense of our perplexing environment, fromhbiat maturity and beyond. That was actually
Piaget's main concern, but he was obviously hantgpbsenot knowing what mechanisms might be
carrying out the generation of coherence/equilibret— or indeed what his underlying “scheme” unit
might be physically. We still do not have an a¢ed@nswer, but | have interested myself in tryimg
settle this issue, or at least offer a physicadigsible model to serve asaagibletarget for constructive
attack (Traill, 2005b).

(Incidentally, as part of the conclusions from thiaject, it seemed [a] that the basic physicallmae
isms forhuman-type thinkingnust be-or-use linear strings of coding, [b] thetve-cells as such could
not fill that role unaided, and [c] that the onliapsible candidate was RNA. [d] If so, then the
intercommunication mode between RNA molecwesild have to be by IBnd not action-potentials
(except for contact with muscles and othemotesites). [e] That led to an interest in IR whidkoa
induced a watching-brief on IR in other biologicahtexts, including the Callahan-Diesendorf literat
Hence the first part of this present paper.)

However our concern here, (for the rest of thisise®), is to work on explanatory coherence within
society so let us consider Thagard and his approach:

5.3. The Awkward Question of “Hidden Basic Learning”

There is a trap for the unwary which we had betber out before going any further. As adults ane
clever, and indeed clever to an extent that weadosually appreciate! That is both a blessinggfusve
want to get familiar things done) — and a cursegnvve want to analyse whatésally going on in our
subconscious. Those who are rash enough to trgraamoming some simple real-life task into a
computerfrom scratch(using machine language, and not the fancy “usandly high-level” languages),
will quickly find there is a whole galaxy of minutietail and decision-making to be solved. Yeté¢hes
are tasks we cope with every day, and most of ubeta so easily and automatically that we do nehev
recognize that there are problems there to be dolve

To add to the confusion, | suggest that there averal levels of this hiddenness, which seem to
correspond to stagéof our mental-development as formulated by Piéed to some extent by Freud).
This is not the place for a detailed account, rhaps an impressionistic view might suffice, thus:
We might find it comparatively easy to put ourseliethe mindset of a culture which measures land b
perimeter and not by area, or a culture which do¢salue money — or other social values we noynall
support. These arguably represent other solutidgtiin the same basic level. Such sets of tacit
solution are likely to be based on subconsciou$-mebkarsed “concrete operations” skills, though we
may find it a bit harder to share the “quaint” oot of naive children (as easily found in real, ldein
Piaget’'s many works on infants).

%6 Regarding this stringlike organization, see afgoriote on page 22, just before the subheadirtigdsall a
waste...”.

%" This notion of Piagetian stages is sometimes teghas controversial, though that seems to presegpat any
such stage-diagnosis muagiply to the whole of an individual's ability-repeire simultaneouslyIf we drop that
simultaneity assumption, and look at particulafités in relative isolation, then the stages afigbbecome
more obvious, and the misunderstanding may perbapdayed.
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Eventually we could come down two or three stages four usual comfort zone — maybe down to
Piaget's “sensorimotor” stage where the basis thiodght” (if you can call it that) is the repermiof
basic actions. “In the beginning was theed as Piagetians sometimes say — quoting from Gdgethe
Faust— and that is as far down as Piaget takes the satitibuting ability to “schemes” of action; and
the infant has the task of learning how to orgaminatrol, and mutate these inborn schemes.

| happen to believe that Piaget did not go far ghdfibut that need not concern us here, and indeed |
have also skipped through the concept of Piag&ges with indecent haste. However | hope | have
said enough to demonstrate the vast hidden substeuehich underlies our conscious thinking.

This has several important implications, but | Ehantion just two here:
() That logical thought does not just happen, @nadl the rules of logic themselves are ultimatest fhe
result of “illogical” trial-and-error (through Daimian coherence testing®?). Piaget (1949), writing
about “logisicians” (formal logic-system theoreticians), putile this: “... all logistics depends on
intuitive presuppositions: to read the principtayisticians, such as Russell, von Wittgensteinn@ay
etc., one quickly comes to realize that they d#iréo certain intuitions held by them ..."This awkward
point made positivism inconsistent, and uninteraitynhypocritical — and that includes Popperians.

(ii) Other formal systems such as Thagard’'s matewvkward hidden aspects too, as we shall see:

5.4. Thagard, the ECHO software, and wider issues

Outline of the ECHO approach — evaluating historigavelopments in science

Unlike Piaget whose background was in biology, Enet approach is via computers and his interest
in thought-processes is centred on Al (Artificiatlligence). Nevertheless their notions on tleetical
mechanics of knowledge-acquisition do have a foisimallarity.

The ECHO program is devised to accept a list oppsdions about rival theories, and assess their
relative merits on this basiéThagard, 1992, espec. Ch®)He applies this analysis to various historic
scientific revolutions: Lavoisier (oxygen, Ch.Bjarwin (evolution, Ch.6), Wegener (continental tirif
Ch.7), various revolutions in physics (Ch.8), amgsychology (Ch.9). Let us first look briefly e
Darwin case, and apply such thoughtseiftonsidering the insect-and-infrared caxfe§3-84.

In each case the book provides (i) a list of paiians including: ¢ Hypotheses (including any wmo
rivals),  Facts, and e Evidence bearing orttipéc; but also (ii) a connectionist diagram piai the
explanatory and other logical connections betwherptopositions. Although this book does notroffe
it, one can readily see that the same link-anddfsrmation could also be presented as a squatéxma
table — and such a table is offered here on thépee, for the Darwin-analysis case.

The ECHO data in an alternative tabular format (w8 items in the Darwinian case)

For our presentethodologicalpurposes, the specific details are only incidestall will barely
discuss them though such information is largelyilalsbe in Thagard’s book and website anyhow. The
first point to note is rather that, by judicioushaffling the rows-and-columns (whilst restoring th
self-references into a straight diagonal line dyach change-session) one can get a feel for which

8 See Traill (1999, Ch.8, espec.§8.4) regardingiplessub-sensorimotor stages. Moreover thereciose
analogy here to the hierarchical subprogrammingpaiputers, when the supposedly basic “machine-kgegju
level actually depends on an even lower lewbich usually includes some intricate “driver” seére to control
peripherals such as disk-drives — something thenabmachine-language programmer can simply take for
granted as if it had never been a problem.

Then again, Ernst Mach (in about 1895) said sintiiargs about the forgotten “scaffolding” of maths.

29 Small wonder then that some people use “ideostiottagic!

30 ECHO software is available online at_http://cogseaterloo.ca/JavaECHO/jecho.html
(now re-written in Java language, whereas the efeks to it as being in LISP).
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items cluster with which — as indicated here byght&hes of shading, and other added clues. dust h
useful a tool might this be? — and would it be \wotthe effort to construct such tables anyhow?
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Table 5.1 — Representing Thagard's (1992, pp143,145) Darwinian-Revolution propositions and their linkages.
> means “explains proposition described on the right” v means ditto for “down below”
= indicates an analogy +is some other positive link - indicates rivalry between concepts
4 _— level orig.
codelT (< [ | [ 0o~ (oo (SN QL ITRRSIERRETIZZEERSD description code in |seq,
O (W |w | fw fwfwwwjujwlwlwlwlalolojlw|o|lo|la|ao|la|o|a|a|a|oa diagrorde
CH1lx 4|4+ -|-|-|-]|-|God—SeparateSpecigsH1| 0| 28
E4 |4 [* Cross(Mule...):Infertilges | 1| 4
El 4| |* +|++ Few fossil-transitionsjg1 | 1] 1
E2 |4 * +|/+| |+| |ComplexOrgans (Eyeg2 | 1| 2
E3 |4 * ++ +|Instincts in Animals E3 | 1| 3
E5 * + Extinctions Occur s | 1| 5
E6 * +|+ Extinction is forever |6 | 1| 6
E7 * ++ Worldwide Change g7 | 1| 7
E8 * +|+ TheExtinct= Living s | 1| 8
E9 * +|+ Barriers—>Simil-but+ |E9 | 1| 9
E10 * ++ Related Species neargyo| 1|10
E12 * +|+ Spec:SystematicAffinlg12| 1|11
E13 * +|+ #Speci.:Simil.Morph [E13| 1]12
E15 * +|+ Rud+AtrophiedOrgangis | 1|14
DF4 * \/ Natural Variation DF4| 4|24
DF5 * \/ Hi.Populationincreaseprs| 5| 25
DF6 * v Life-support Limited [pre| 5|26
E1l4 * = |4+ #Speci.:SimilEmbryosg14| 1|13
DF1 *| |y Dom.Anim: variation pr1| 3|21
DF2 * |yl = Dom.Breeders selectpr2| 3|22
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DF7 = I|>] [|* Dom:vari:<Embryos pr7| 2|27
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DH2| _ Y R [N VIR VI N T G [0 R VR PR DN + — >|* |v|v|v |y |Natural Selection DH2| 3|16
L I O S ) S O I ) R ) [ [ + = >|* [+| |+[Species have EvolvecbHs| 1|17
DH4| _| [+ S| 4|* Imperfect Geol.RecorgH4| 2| 18
DH5| _ + > * | [Transitional Eye etc |pH5| 2|19
DH6| _ + >+ * |MentalQual.Inherited pHe| 2| 20
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One trouble is that there are already 28 propositiand at some stage such an approach might seem t
be unworkable.

The second point is more positive: As the tablglidates the information of the original connection
diagram, one could conveniently use it to feedatopositions in to Thagard’'s ECHO software.

ECHO considered for analysing the Insect-and-IRadeb— Problems of Hidden Concepts, etc.

Thagard does warn that ECHO is a historical toa Hrat it is probably unhelpful during actual
ongoing research. It is perhaps not too diffitolsee why. The problem is not primarily in theamu
longer list (95 items compared to 28 for Darwint they there are ways of trimming that down, as we
have seen). The real difficulty is a bit more elasthough it seems to centre on the need toufdthe
mass of unrehearsed subconsciknswledge-and-belief-etwhich goes along with these propositions
— the hidden commonsense insights and distinctwitiin a new field which we would normally
useeor-discountuncritically.

(In fact this latter problem of knowing how mualeight to allot to various barely-distinguished
items which is probably at the root of much naiviege and elsewhere. For instance, a Westerneg try
to do business in Japan, has much to learn abautaltered priorities-and-details of various
seemingly-trivial social acts like exchanging besis cards or shaking hands — items which one might
normally have come to perform in a certain way waitheven being conscious of them.)

In real-life such massed-tables of simultaneoustseduced novelty are comparatively rare, since the
ideas are likely to reach us in small doses. Tt have the disadvantage that, without their netwb
potentially-coherent support, we may just rejecbeerdistort them one-by-one as the various small
clusters of ideas reach us — a failure to acconeodadn the other hand the slow-scan may give us time
to assimilatd" parts piecemeal into our pre-existing world-viesome to terms with their
perhaps-subconscious implications, and eventuabassemble them into a now-tidier form —
assimilating them again, but now to the new calect

Be that as it may, the processing which | actuatigpted in the first half of this paper did perhaps
follow some of these trends, largely without angedgipremeditation. It just seemed “natural” « tougp,
distinguish, promote-or-demote the deemed relevaar@ also -« to “divide-and-conquor” by treating
the subsets (e)-to-(k) separately. In the prosesae further subgrouping seemed sensible, fariost
the “(#24,#25,#26)" within the (h) section; — alsome further elimination in some cases (no trace
shown here); — and the reverse of that, as tleeglddlition of two unlisted items: ‘##a)” in the (Q)
and (h) sections — not to mention the key decigiwampted by Laithwaite himself “(#1)” to remove
the whole topic of “short-range only” away froththe rest, thus making the messy main topic much
more tractable.

If we are looking for serious studies of epistengatal methodology, this was perhaps no more than
an anecdotal pilot-study, yet it might help tothet agenda for future work. Such work would take
least two forms: e The social/scientific questarSCIENTIFIC METHOD, of which Thagard’s approach
is a notable example; and ¢ The workings ofNREURAL BRAIN, and here Piaget’s lead still seems to
me to offer the best approach if we really wanfitd the actual mechanisms and processes (Traill,
2005b). Thus it might be interesting to constmmcidels which treat propositions (and perhaps their
hidden basic assumptions) as Piagetian schemesmwiitiple coordinated-but-mutatable copies, each
capable of coherence-seeking — and of sufferingvidéan elimination if they fail to find it. But hre
we must make sure that we count practical sucogbe ioutside world amne form of coherenaagith its
own feedback loops (Traill, 1999, §2.4).

The traditional actual neuron shows no sign ofdtrimglike organization which would seem to be
necessary if the brain really does operate on #iséstof Piagetian schemes. So, without doubtiag th
importance of the neurons-and-synapses (syster fgre probably must also be some other basic

%1 In this context, “assimilation” and “accomodaticare standard Piagetian terms.
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physical mechanism at work here — the “[R]” systemd the evidence suggests that it is based on
ncRNA.  See Traill (2005f7)

Is this all a waste of time when there are no riedories to compete against?

Thagard concentrates on the rivalry between thgosig befits any historian studying how scientific
theories become superseded. But theories conlesimaales of self-coherence, and some will arguably
never have any serious rivals. Doubtless the stabte is our concept object(which then leads to the
notion of space); (Piaget, 1949, 1952; Beth andgdli 1966). The very neat mathematical
Piagetian-schemes which wunderlie this object-cancape such that even an inefficient
coherence-seeking procedure could hardly fail sralier and assemble these schemes correctly,
provided it is given the appropriate playtime eamment — and anyone who failed to achieve this
milestone would be almost completely disabled mbntdn this case, any real alternative solutisn i
virtually impossible — and unthinkable except as alvstract exercise, or as an artefact on a
computer-screen dealing with a bizarre artificiakld.

At the other end of the scale there are theoriestalnmensely complex systems like society. Here,
despite what the various fundamentalists may belithere is no way that anyone can ever capture the
full certain picture of realityn any form — mental or otherwise. The best wedais to try, and keep
trying, but meanwhile accept that our models wilvays be so imperfect that we should make due
allowance for that fact. In these circumstancés ftarticularly important to tolerate and disctisal
theories, because there simply is no infalliblétignwer that we can discover.

Trouble can arise when we cannot (or will not)idgish the two instances, such as when we are
dealing with a borderline case betweendheiously-trueand thesery uncertain Trouble can also come
when there is a history of acrimony or extraneasaiation which means there is disturbing reperoir
of those hidden factors discussed above — in wbite there may be a tendency to accept a phantom
rival (thenon-explanatiorof an ignorance-tolerant status quo) and rejecotity candidate which might
have offered a solution. Sometimes such subcomsdiaggage will be too strong, and then there may
be nothing but to wait for fashions to change. aer if one can achieve something approaching
perfect self-consistency (full coherence), then might hope for the theory to gain at least pravisi
acceptance — in the fullness of time perhaps!

Darwin managed to get close enough to full selfstgtency, despite some minor difficulties (which
were largely resolved eventually). The Laithwalt@lahan explanation of IR, when tidied up, camals
be seen as having nearly perfect cohergmogided thatwe confine our attention to the long-range
problem. There is perhaps still the difficultyraf direct evidence that IR can cause action-patksniti
the insect nervous system, but then there turnsoolé an explanatory argument that this “esséntial
may not actually be essential at all; (see § ¥#86) on page 14).

In short then, even if there is no rival theoryguably we are seldom wasting our time in trying to
improve overall coherence. It may even be worthlavhiming for perfect absolute coherence — but
only in cases which are simple enough for thiséddasible. If nothing else, there may at leash be
certain aesthetic satisfaction in these tasks soch coherence-seeking is probably something which
evolution has ensured that our species would fijdyable — either as a “mere” game, or as a réal-li
undertaking.

32 and also see perhaps — the brief mention in9)#8n page 14, above — and the “(Incidentallyparagraph
of section 5.2 on page 17.
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6. Conclusions

6.1. Conclusion 1 — the Scientific issue of Insects-and-Infrared

On the evidence presented here, it seems harebtd tine conclusion:
that for long-range communication at least, somseats do depend on infrared as the medium for
“seeing” a modulation-encoded message from thenged — that this IR message is emitted by
fluorescence (probably enhanced by weak laserglikperties of stimulated emission) from the “cloud”
of pheromone-or-scent eminating from the target rd that the causal-energy comes mostly from
higher frequency ambient radiation, often at nigaspite the comparative lack of visible light.

The question of short-range communication has lolsdiberately left open here, though evidence
arising in connection with the 1977 debate willfbend listed in the top of the Main Table, on p&ge
However we might confidently expect that any natr@qamethod which is feasible to insects, will have
been used by at least some species. Thus one exigiitt to find a mixed usage of both the long-eang
method and various chemical concentration-gradient olfactongthods as well — singly or in
combination — in one species or another.

This partly vindicates Callahan, but his accouffisrotend to be misleading and to contain unhelpful
errors. Diesendorf correctly identified many ok tlerrors, but he missed an opportunity for a
constructive synthesis.

6.2. Conclusion 2 — the Epistemological issue of Coherence-seeking

Damage from Popperian policy

One purpose of this paper was to illustrate thy fof rigid Popperian policies, which can easily
“throw the baby out with the bathwater” — and | bhophave contributed helpfully to that point.
After all, Diesendorf did what would have been etpd of a Popperian critic at that time, effedive
“Try to find at least one significant breakdowrtlie case so that we can establish a Popperiarodfspr
After that you might as well let your hair down asaly rude thingad libitum since the theory already
has its death certificate.”

It would have been helpful however if either Diederfi or the editorial board had analysed the logic
of the situation a bit more carefully (dispite s@mnetimes erratic original presentation) and foduse
the Laithwaite distinction between long- and shartge. That way they might have come to a more
useful conclusion even despite their Popperiamtaten.

Thagard’'s ECHO software and approach

As Thagard tells us, ECHO is intended for asses#iegissues within a recognized conceptual
revolution of the past;i.e. not as a tool during the actual investigaion.evartheless looked into the
feasibility of such usage in the Callahan casehis Tight conceivably be made to work, but as the
concepts were “somewhat more ragged and untriedi' those of established debates such as evolution,
the task seemed unpromising. Instead | did findéful to play round manually with the propositon
which had been prepared — group and re-group tleeprdqcess which could also apply to schemes
within the brain) — and deal with the subgroupsstbhtained. This was useful, but once again thie ma
progress was in first applying the Laithwaite distion — thus greatly simplifying the problem.

Meanwhile it was instructive to note the formal garity between Thagard's approach and Piaget’s
theoretical account of how the mind/brain must perating.
Darwin’s own Support for Coherence-seeking

Thagard (1992, p149) quotes from Darwi@ggin of Species
“It can hardly be supposed that a false theory wioekplain, in so satisfatory a manner as does the
theory of natural selection, the several large skss of facts above specified. It has recently been
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objected that this is an unsafe method of argulng;it is a method used in judging of the common
events of life, and has often been used by thdaagieaatural philosophers.”
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