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«(A mathematicianc like a painter or poet« is a maker of patterns. If his

patterns are more permanent than theirs. it is because they are

made with ideas).

(1) A Mathematician's Apology - G. H. Hardy - 10 — p. 13 - London 1940.
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(1) Saouter, Y., & Riele, H. (2014). Improved results on the Mertens conjecture. Math-
ematics of Computation, 83(285), 421 - 433.
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(1) Russell, Bertrand. «lIs There a God? 1952» The Collected Papers of Bertrand Rus-
sell, Vol. 11: Last Philosophical Testament, 1943—-68. Routledge. pp. 547-548. Re-
trieved 1 December 2013.
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(But in physics. energy is none of these things. You’d be making a big
physics error if you mix and match one of the English definitions with
the physics definition! Within physics. you must stick with the physics

term. or you’ll get wrong answers and end up very confused.
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(1) Nikoli¢, H. (2007). Quantum mechanics: Myths and facts. Foundations of Physics,
37 (11), 1563 - 1611.

(2) Lederman, Leon M.; Christopher T. Hill (2011). Quantum Physics for Poets. US:
Prometheus Books. pp. 102—-111. ISBN 1616142812.
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(1) Zur Quantenmechanik der StoRRvorgdnge, Max Born, Zeitschrift fiir Physik, 37, #12
(Dec. 1926), pp. 863—-867 (German); English translation, On the quantum mechan-
ics of collisions, in Quantum theory and measurement, section 1.2, J. A. Wheeler
and W. H. Zurek, eds., Princeton, New Jersey: Princeton University Press, 1983,
ISBN O - 691 - 08316 - 9.

(2) Hanle, P.A. (1977), «Erwin Schrodinger's Reaction to Louis de Broglie's Thesis on
the Quantum Theory.», Isis 68 - 4.
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(1) Heisenberg, W. (1927), «Uber den anschaulichen Inhalt der quantentheoretischen
Kinematik und Mechanik», Zeitschrift fir Physik (in German) 43 (3—4): 172-198,
Bibcode:1927ZPhy...43..172H, doi:10.1007/BF01397280.. Annotated pre - publi-
cation proof sheet of Uber den anschaulichen Inhalt der quantentheoretischen

Kinematik und Mechanik, March 23, 1927.

(2) Fourier, Joseph (1822). Théorie analytique de la chaleur (in French). Paris: Firmin
Didot Pére et Fils. OCLC 2688081.
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(1) Hermann Wimmel (1992). Quantum physics & observed reality: a critical interpre-
tation of quantum mechanics. World Scientific. p. 2. ISBN 978 - 981 -02 - 1010 - 6.
Retrieved 9 May 2011.

(2) Schlosshauer, Maximilian (2005). «Decoherence, the measurement problem, and
interpretations of quantum mechanics». Reviews of Modern Physics 76 (4): 1267—
1305. arXiv:quant - ph/0312059. Bibcode:2004RvVMP...76.1267S. doi:10.1103/
RevModPhys.76.1267.
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(1) Einstein A, Podolsky B, Rosen N; Podolsky; Rosen (1935). «Can Quantum - Me-
chanical Description of Physical Reality Be Considered Complete?». Phys. Rev. 47
(10): 777-780. Bibcode:1935PhRv...47..777E. doi:10.1103/ PhysRev.47.777.
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«(Physics has given up causality is entirely unfounded. Modem phys-
icscitis truec has given up or modified many traditional ideas; but
it would cease to be a science if it had given up the search for the
causes of phenomenay.
e cieall o &) LY U pa Ll e 2 5 5 541 O J g3 i )
sl s 5 5 S eled e s Bual HIGYI L e d2 05 dadl sl O
e L e 6 RN Ol e ol
100 b ) 5T Beiondd Gy o5 oy 3
“Determinism postulates that events at different times are connect-
ed by laws in such a way that predictions of unknown situations
(past or future) can be made”.
“By this formulation religious predestination is excluded, since it as-

sumes that the book of destiny is only open to God.

(1) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete lectures
1948 —p. 4.

(2) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete lectures
1948 —p. 9.
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Causality postulates that there are laws by which the occurrence
of an entity B of a certain class depends on the occurrence of
an entity A of another class, where the word <entity' means any
physical object, phenomenon, situation, or event. A is called the
cause, B the effect.»
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’Overpopulation is the cause of India’s poverty’.

«The stability of British politics is caused by the institution of mon-
archy.'

«<Wars are caused by the economic conditions.'

«There is no life on the moon because of the lack of an atmosphere
containing oxygen.'

«Chemical reactions are caused by the affinity of molecules.’

The common feature to which | wish to draw your attention is the

(1) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete lectures
1948 —p.5-6.
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fact that these sentences state timeless relations. They say that
one thing or one situation A causes another B, meaning appar-
ently that the existence of B depends on A, or that if A were
changed or absent, B would also be changed or absent».
Pl
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“Compare these statements with the following:
‘The Indian famine of 1946 was caused by a bad harvest’
‘The fall of Hitler was caused by the defeat of his armies’
‘The American war of secession was caused by the economic situa-
tion of the slave states’
‘Life could develop on earth because of the formation of an atmos-
phere containing oxygen’
‘The destruction of Hiroshima was caused by the explosion of an

atomic bomb’
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In these sentences one definite event A is regarded as the cause of

another B; both events are more or less fixed in space and time”.
4 I
el AR Ll el 0,6)
(G 3La> a0 Lo OIS 1946 Lo (§ HA] Zolnd)

(4l g2 doy 3B oo O Jlia b 5200
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Ole Il 8 302 g JS5 o) o) G () ceall ad | my o yLall ol 3
(OIS,
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Lslal U5 BN A5 (S8 i S Ien ol o 28 ST O 31 G 502
i | S el sl oda i
“Another example is the timetable of a railway line. You can pre-
dict with its help the arrival at King’s Cross of the10 o’clock from
Waverley; but you can hardly say that the timetable reveals a
cause for this event. In other words, the law of the time - table
is deterministic: You can predict future events from it, but the
guestion ‘why?’ makes no sense”.

PRPRER P O[S T P IS PRESIVE DS VR ENA

(1) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete lectures
1948 —p. 8.
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“I prefer to use the expression ‘causality’ mainly for this timeless
dependence. It is exactly what experimentalists and observers
mean when they trace a certain phenomenon to a certain cause
by systematic variation of conditions”.
Ao e SN Cao y Lo LD guast (D _ns J|miosl 25D 1 3
e O o 15 B 885 0 oz Lo 0531 5 O g i) i Lo Lo 200 s
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Lgzedn 1 8 Bl Ol Vil n o Land| O] 505 IS s 155
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can we be content with accepting chance« not Cause. as the supreme)
¢law of the physical world
To this last question, | answer that not causality, properly under-
stood, is eliminated, but only a traditional interpretation of it,
consisting in its identification with determinism. | have taken
pains to show that these two concepts are not identical. Causal-
ity in my definition is the postulate that one physical situation
depends on the other, and causal research means the discovery
of such dependence. This is still true in quantum physics».

(1) Born,M. (1949). Natural philosophy of cause and chance - The Waynflete lectures
1948 — p. 101 - 102.
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«Causality in science is usually related to the cause - and - effect
principle and is often naively misinterpreted as a restatement of
determinism. From this point of view, it can be surprising that
we take causality as the first axiom of Quantum Theory, which
is popularly known as the theory of the uncertainty principle.
However, in our precise formulation, causality only implies that
communication in an operational probabilistic theory cannot

occur from the output to the input».
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(1) Chiribella, G., D'Ariano, G. M., & Perinotti, P. (2012, March). Informational axi-
oms for quantum theory. In FOUNDATIONS OF PROBABILITY AND PHYSICS - 6 (Vol.
1424, No. 1, pp. 270 - 281). AIP Publishing.
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“We derive Quantum Theory from purely informational principles.
Five elementary axioms - causality”.
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«Causality has often been confused with the notion of determin-
ism. It is mandatory to separate the two notions in view of the
debate about quantum foundations. Quantum theory provides
an example of causal non - deterministic theory. Here we intro-
duce a toy operational theory that is deterministic and non -
causal, thus proving that the two notions of causality and deter-

minism are totally independent».

(1) Chiribella, G., D’Ariano, G. M., & Perinotti, P. (2011). Informational derivation of
guantum theory. Physical Review A, 84(1), 012311.

(2) Chiribella, Giulio, Giacomo Mauro D'Ariano, and Paolo Perinotti. «Quantum from

principles.» arXiv preprint arXiv:1506.00398 (2015).

(3) DRAriano, G. M., Manessi, F., & Perinotti, P. (2014). Determinism without causality.
Physica Scripta, 2014 (T163), 014013.
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«Quantum physics might seem to undermine the idea that nature is
governed by laws, but that is not the case. Instead it leads us to
accept a new form of determinism: Given the state of a system
at some time, the laws of nature determine the probabilities

of various futures and pasts rather than determining the future
and past with certainty».
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(1) Grand Design - Stephen Hawking - Bantam (September 7, 2010) p. 72.
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Some physicists argue that faster — than - light communication”
.“contradicts the principle of causality. but this is also nothing but a myth
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(1) Bohr N. The Value of Knowledge: A Miniature Library of Philosophy. Marxists Internet
Archive. 30 - 08 - 2010. From Albert Einstein: Philosopher - Scientist (1949), publ. Cam-

bridge University Press, 1949. Niels Bohr's report of conversations with Einstein.

(2) Nikoli¢, H. (2007). Quantum mechanics: Myths and facts. Foundations of Physics,
37(11), 1563 - 1611.
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The natural question is whether ‘non - causal’ quantum correlations”
of the kind described by our formalism can be found in nature. One can
speculate that they may exist in unprobed physical regimesc such as

for example« those in which quantum mechanics and general relativity

.“become relevant
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(1) Oreshkov, O., Costa, F., & Brukner, €. (2012). Quantum correlations with no causal
order. Nature communications, 3, 1092.
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“If one assumes that quantum mechanical laws can be applied to
causal relations. one might have situations in which the causal
order of events is not always fixed. but is subject to quantum un-

certainty. just like position or momentum”.
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(1) Brukner, C. (2014). Quantum causality. Nature Physics, 10 (4), 259 - 263.

(2) Nahin, Paul J. (1999). Time Machines: Time Travel in Physics, Metaphysics, and
Science Fiction. American Institute of Physics. ISBN 0 - 387 - 98571 - 9.
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“Yet paradoxes are avoided”.
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(1) Hawking, S. W. (1992). Chronology protection conjecture. Physical Review D, 46(2), 603.
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«the Heisenberg uncertainty principle. which we discussed in Chapter 4.
It is not obvious. but it turns out that with regard to that principle:
the value of a field and its rate of change play the same role as the
position and velocity of a particle. That isc the more accurately one
is determined. the less accurately the other can be. An important
consequence of that is that there is no such thing as empty space.
That is because empty space means that both the value of a field and
its rate of change are exactly zero. (If the field’s rate of change were
not zero. the space would not remain empty.) Since the uncertainty
principle does not allow the values of both the field and the rate of
change to be exact. space is never empty. It can have a state of mini-
mum energy. called the vacuum« but that state is subject to what are
called quantum jitters. or vacuum fluctuations particles and fields
Quivering in and out of Existence.
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(1) Vilenkin, A. (1982). Creation of universes from nothing. Physics Letters B, 117(1),
25 - 28.

(2) Tryon, E. P. (1973). Is the universe a vacuum fluctuation?. Nature, 246, 396 - 397.
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«(Perhaps surprisingly. it was along time before particle physicists be-
gan seriously to worry about quantum zero point fluctuation con-
tributions to A despite the demonstration in the Casimir effect of

the reality of zero - point energies).
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«And the vacuum fluctuations themselves are very real, as evi-

denced by the Casimir effect».
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(2) Weinberg, S. (1989). The cosmological constant problem. Reviews of Modern
Physics, 61(1), 1.

(3) S. M. Carroll, Living Rev. Rel. 4, 1 (2001).
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(1) Aharonoy, Y., & Bohm, D. (1961). Time in the quantum theory and the uncertainty
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“Quantum mechanics works perfectly. it works for all systems in the Uni-
verse exactly. and it leads to many phenomena that weren’t possible
in any classical theory. However. it also 100 7. confirms certain laws
that have already existed in classical physics. And the momentum
and energy conservation laws belong to the latter category”.
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«| keep seeing Heisenberg's uncertainty principle described in popular

journalese as allowing a temporary violation of the law of energy

(1) Isthe vacuum empty and boring?

http://motls.blogspot.com/2015/05/is - vacuum - empty - and - boring.html

(2) Heisenberg's uncertainty principle.
http://luttrellica.blogspot.com/2005/10/heisenbergs - uncertainty - principle.
html
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conservation (or of the law of momentum conservation). The argu-
ment goes that HUP allows you to lend or borrow energy as long
as settlement is made very soon, and that this arrangement repre-
sents a temporary violation of the law of energy conservation.
The truth is that there is no violation of the law of energy conservation.
The lending or borrowing of energy (and momentum) is done in a way
that always respects energy (and momentum) conservation”.
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(1) Jaffe, R. L. (2005). Casimir effect and the quantum vacuum. Physical Review D,
72(2), 021301.
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«l have presented an argument that the experimental confirmation of the
Casimir effect does not establish the reality of zero point fluctuations.
Casimir forces can be calculated without reference to the vacuump».
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(1) J. Schwinger, Particles, Sources, and Fields |, Il, and Ill AddisonWesley.
(2) Creutz, M. (1983). Quarks, gluons and lattices (Vol. 8). Cambridge University Press.

(3) Nikoli¢, H. (2007). Quantum mechanics: Myths and facts. Foundations of Physics,
37(11), 1563 - 1611.
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(The calculational tool represented by Feynman diagrams suggests an
often abused picture according to which “real particles interact by
exchanging virtual particles”. Many physicists. especially nonex-
perts. take this picture literally. as something that really and objec-
tively happens in nature. In factc | have never seen a popular text on
particle physicsin which this picture was not presented as something
that really happens. Therefore this picture of quantum interactions
as processes in which virtual particles exchange is one of the most
abused myths. not only in quantum physics. but in physics in gen-
eral. Indeed. there is a consensus among experts for foundations of
QFT that such a picture should not be taken literally. The fundamen-
tal principles of quantum theory do not even contain a notion of a
“virtual” state. The notion of a “virtual particle” originates only from
a specific mathematical method of calculation. called perturbative
expansion. In fact. perturbative expansion represented by Feyn-
man diagrams can be introduced even in classical physics 52. 53¢ but
nobody attempts to verbalize these classical Feynman diagrams in
terms of classical “virtual” processes. So why such a verbalization is
tolerated in quantum physics? The main reason is the fact that the
standard interpretation of quantum theory does not offer a clear
“canonical” ontological picture of the actual processes in nature. but
only provides the probabilities for the final results of measurement
outcomes. In the absence of such a “canonical” picture. physicists
take the liberty to introduce various auxiliary intuitive pictures that
sometimes help them think about otherwise abstract quantum for-

malism. Such auxiliary pictures. by themselves. are not a sin. How-
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ever. a potential problem occurs when one forgets why such a pic-
ture has been introduced in the first place and starts to think on it
too literally».
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(1) Murihead, H. (2013). The physics of elementary particles. Elsevier.
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Budd, H. S. (1995). Direct measurement of the W boson width. Physical review
letters, 74(3), 341.

(2) Schumm, B. A. (2004). Deep down things: The breathtaking beauty of particle
physics. JHU Press.
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«(Note thatc regardless of whether the particle travels forward or
backward in time in our quantum field theory calculation. parti-
cles we observe in the laboratory always travel forward in time».
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“The electron must have infinite mass. Of course« no one believes
this is literally true. But it happens to be true in the best theory
that we have at the moment. And. until a better theory comes

(1) Morris, R. (1998). Achilles in the quantum universe: The definitive history of infin-
ity. Souvenir.
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along.viewing the electron in this manner will continue to be un-
avoidable”.
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«(Most physicists are very satisfied with the situation. They say:
(Quantum electrodynamics is a good theory and we do not have
to worry about it anymore.' | must say that | am very dissatisfied
with the situation because this so - called (good theory' does in-
volve neglecting infinities which appear in its equations. neglect-
ing them in an arbitrary way. This is just not sensible mathemat-

ics. Sensible mathematics involves neglecting a quantity when it

(1) Kragh, H. (1990). Dirac: a scientific biography. Cambridge University Press, p. 184.
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is small — not neglecting it just because it is infinitely great and
you do not want it!h.
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«The shell game that we play... is technically called <renormaliza-
tion'. But no matter how clever the word, it is still what | would
call a dippy process! Having to resort to such hocus - pocus has
prevented us from proving that the theory of quantum electro-
dynamics is mathematically self - consistent. It's surprising that
the theory still hasn't been proved self - consistent one way or
the other by now; | suspect that renormalization is not math-

ematically legitimate».

P
%

e Y oSN ekl Bale)) L fs el Al eda U5 YN EaD 1d A

O L3 ye bimie Lmedandl oda ) B b el Eleally LT 05 | ¢ ntd] 6183 (g

L3t ] o L 1 O el o Gl Bt e 5o 51, g1 a3
MGBly Lo 5 o el asle) OT 515 s 2 5T 4 oy OV o 1N

LY L d] sl eseall sl Al pee 0L JpE OB el

P8 S Oles g ) drly jy 32 (=1/12) = gyluy (oo +4+3+2+1)

o 4 S Uargonielodlaall i ) g 5155 bae W1 J 3Lis 63 )1 ansf OF s

(1) Feynman, R. P. (1985). QED: The Strange Theory of Light and Matter, P. 128.
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(The most important challenge in physics was “to get rid of infinity.
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(The infinite is nowhere to be found in reality. It neither exists in
nature nor provides a legitimate basis for rational thought....

The role that remains for the infinite to play is solely that of an

idea.
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“Greene, to his credit, devotes a chapter to the question of wheth-
er the multiverse idea is a scientific theory or not. He believes it
IS, werverrrenanns But again, there is no way to test it, because infinity
is always beyond reach - and so will not plausibly exist in physi-
cal reality, as mathematician David Hilbert argued”.
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(1) Hilbert, D. (1925). On the infinite (pp. 134 - 151). na.

(2) Ellis, G. (2011). The untestable multiverse. Nature, 469, 295.
\+4



Ak 51T 059) (U LY a0 AL & 3 (T 0L el L o o

b Y Y Rade e 4k 0 S ol 01,V Lo ) 01 SV e D3l

Bl ooy Son Y e b 8 AL LEY QLS ALG e b o el G

oS OIS s s Bade b &5 Jland JEIL 5 co Lot 1] (S 6 JEL 5
CEECMLLE Lo o2 35 500 LS 05 iS5 Sl

U BB Y 0550 O Jomtns QLI DT ity ke 15 a4 J 5 s 00
05 & Sl I 531 OY el oS Gk o o 58 OF ety ety (36 W51 0
e 0355 O ooty 1 g o ¢ pale s il (01 o 5xekl 01 SNV IS S
815 e S5l 3100 3 e Y ks s oy 0 115 (6T OY e L
eale 8 &5 0 S A5 LS LG 2 4 ks
0550 Ja L 52850l 01 SV s 3 o gl Jals ol 5 L) Sl el
IV e ool oy L s e 59 o oo s Lo oY 01 55T st 0 0 5
P e 05 OY (s L) 5505 Y <3S 015) J5552 5l Jo Ll [y
G Y15 01 jalhe o Cats g STl ey (Bl gt Bl 055
ol (Gl s 5 g a5 0401 (3 G a5 ool lodle § Alzel) 0 5STI

(1) Ellis, G. (2012). Multiverses, science, and ultimate causation (pp. 125 - 144).
Springer Berlin Heidelberg.

(2) Ellis, G. F. (2011). Fundamental Issues and Problems of Cosmology. In Astronomy

at the Frontiers of Science (pp. 309 - 320). Springer Netherlands.
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46,5 -23.

(4) Ellis, G. (2008). Opposing the multiverse. Astronomy & Geophysics, 49(2), 2 - 33.

(5) Ellis, G. F., & Stoeger, W. R. (2009). A note on infinities in eternal inflation. General
Relativity and Gravitation, 41(7), 1475 - 1484.
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(1) Closer To Truth, Leonard Susskind - Is the Universe Fine - Tuned for Life and Mind?
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(2) QUANTA, Science’s Path From Myth to Multiverse.
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(1) Smolin, L., & Harnad, J. (2008). The trouble with physics: the rise of string theory,
the fall of a science, and what comes next. The Mathematical Intelligencer, 30(3),
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«Some people will be very disappointed if there is not an ultimate
theory. that can be formulated as a finite number of principles.|
used to belong to that camp. but | have changed my mind. I'm
now glad that our search for understanding will never come to an
end.and that we will always have the challenge of new discovery.
wlthout itc we would stagnate. Goedels theorem ensured there
would always be a job for mathematicians.
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«Godel's theorem implies that pure mathematics is inexhaustible.
No matter how many problems we solve, there will always be
other problems that cannot be solved within the existing rules....
Because of Godel's theorem, physics is inexhaustible too. The
laws of physics are a finite set of rules, and include the rules for

doing mathematics, so that Godel's theorem applies to them».

Godel and the end of physics ol s s woladl (1)

(2) Dyson, F. (2004). The world on a string. New York review of books, (8), 16 - 19.
V¢



o‘)&il\.s.xovs(i.ﬁ‘y49MM¢J&>=A\QL,¢L3JJ|Z)T%;,«5JJ}'°S@J@» gl
...... Lo 23l e 51 5] 3 el oy ¥ o3It 1 Bl 0 3w clelod I
Lot o )k ol 0l 8 05 Y1 on W e ) o501 OB U g s e o
o Gaas s g8 e OB U5 colasl I ey del 5 Lo Janis s cdel 3l o 3502
LG el 5 ol g3

SRR PP S SV PP
“Goedel said that every mathematical system has at its roots a set of
propositions which are beyond the system to prove. This makes
every logically consistent system, fundamentally incomplete.
The much - vaunted Theory of Everything will doubtless be just

such a system”.
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Did the laws that govern quantum fluctuations exist prior to) Jisw &l=| (1)
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http://www.astronomycafe.net/qadir/q508.html

(2) Rucker, R. (2013). An incompleteness theorem for the natural world. In Irreduc-
ibility and Computational Equivalence (pp. 185 - 198). Springer Berlin Heidelberg.
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The purpose of this paper is to show how the delayed - choice ex-

periments can be interpreted without involving retrocausality
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Ellerman, D. (2015). Why delayed choice experiments do Not imply retrocausality.
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«Such results suggested that the simple notion of a single Tree of
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(A tree - thinker may choose to ignore conflicting signal as if it was
noise even if legitimate evolutionary events underlie it).
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“In this paper, We investigate the phylogenetic signal of four data-
sets in order to address a simple question: do the phylogenies of
orthologs really favour tree - thinking and thus justify attempts
of tree - reconstruction? Can we be reasonably confident that
their history is free of LGT? We observe that no unique common
history can be established for these genes. In all cases, genes
fail to favour a single tree. We also observe that some of these
genes support incongruent histories. Consequently, the tree -
thinking on which gene concatenations rest does not proceed
from phylogenetic conclusions, nor is it a priori a safe phyloge-
netic practice”.
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(2005). Do orthologous gene phylogenies really support tree - thinking?. BMC

Evolutionary Biology, 5(1), 33.
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(Species that were once thought to have turned into others have
been found to overlap in time with these alleged descendants.
In factc the fossil record does not convincingly document a single

transition from one species to anothen.

(1) Koonin, E. V., & Wolf, Y. I. (2010). The common ancestry of life. Biol Direct, 5(1), 64 - 64.
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Praying mantis & Mantispidae
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(junk» or so it seemed.This week: 30 research papers. including six
in Nature and additional papers published by Science. sound
the death knell for the idea that our DNA is mostly littered with
useless bases. A decade - long project. the Encyclopedia of DNA
Elements (ENCODE) has found that 80 /. of the human genome
serves some purpose. biochemically speaking “I don’t think
anyone would have anticipated even close to the amount of se-
guence that ENCODE has uncovered that looks like it has func-

tional importance) says John A.
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(How does the mind relate to the brain?
Can computers ever be conscious?

What do we mean by subjectivity and the self?)
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If explaining cooperation is one of the greatest problems for”

evolutionary biology. then explaining cooperation in microbes is one of

.“the key aspects of this problem
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Social evolution theory has devoted considerable attention to the)

.(fundamental problem of the evolution of cooperative behavior
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«What keeps competition from destroying the common good that
could be created by cooperating?’ Egbert Leigh Jr (Leigh, 1999)
This question is considered one of the fundamental problems in evolu-
tionary biology (Leigh, 1977, 1983, 1999; Buss, 1987, 1999; Frank,
1995; Maynard Smith & Szathmary, 1995; Wilson, 1997a; Michod,

19993, b; Reeve & Keller, 1999; Foster & Ratnieks, 2001a)”.
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«The observation that evolutionary suicide can result from com-
mon evolutionary phenomena, such as selection for higher har-
vesting intensity or for higher growth rate, raises a fundamental
question. If this phenomenon is widespread, then why does life

generally persist?”.
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