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Abstract

Re cent sci en tific pub li ca tions have re ported the ex -
ca va tion of fos sil ized an kle bones from the per -
ceived whale an ces tors, Pakicetus and Rodhocetus.
While pre vi ous evo lu tion ary opin ions have er ro ne -
ously con cluded that mesonychids are the ter res -
trial whale an ces tor, these new dis cov er ies along
with past mo lec u lar data, are be ing used to claim a
dif fer ent an ces tral or i gin for ce ta ceans. In for ma -
tion about the den tal and au di tory mor phol ogy as

well as mo lec u lar bi ol ogy was pre sented to jus tify
the the ory that ar tio dac tyls are the new est ter res trial 
rel a tive of whales. It is ev i dent from eval u at ing the
avail able de tails that there is no con vinc ing ar gu -
ment to con clude that ar tio dac tyls and ce ta ceans
are re lated via an kle bones. There fore, the sci en tific 
data sup ports the con clu sion that ce ta ceans are not
related through evolution to extinct terrestrial crea -
tures such as artiodactyls or mesonychids.

Introduction

Gingerich et al. (1983) pub lished an ar ti cle de scrib ing the
dis cov ery of an ex tinct crea ture pro posed to be an an ces tor
to mod ern whales. The crea ture, la beled Pakicetus (Fig ure 
1), was ex ca vated in ter res trial de pos its of the early Eocene
in Pa ki stan. This dis clo sure led Gingerich (1983) to pub -
lish draw ings rep re sent ing a fully pre served Pakicetus as a
par tially aquatic and par tially ter res trial an i mal. Al though
the pri mary re mains dis cov ered were cra nium frag ments
in clud ing a few teeth, por tions of the up per and lower jaw -
bone, and other var i ous skull rem nants (Gingerich, et al.,
1983), the de tail and com plete ness of the draw ings were
re mark able and dem on strated the pres ence of an over ac -
tive imag i na tion with lit tle adherence to scientific princi -
ples (Sarfati, 1999, p. 77). 

The ex ca va tion of Pakicetus pro vided evo lu tion ists with 
fresh ev i dence to jus tify the per ceived evo lu tion ary tran si -
tion of whales from fully ter res trial crea tures to be ing fully
aquatic mam mals. Sub se quently, sev eral au thors in tro -
duced sup posed tran si tional forms in other pub li ca tions
con clud ing that Pakicetus was the in ter me di ate be tween
com pletely ter res trial wolf-like mesonychids and par tially
to fully aquatic mam mals (Berta, 1995; Bajpai and Gin -
gerich, 1998).

The lat est pro posal for whale evo lu tion is shown in Ta -
ble I. Cer tain mil i tant evo lu tion ists con tinue to pro mote
these crea tures as “in dis put ably rec og niz able” in ter me di -
ates of ce ta ceans, say ing they are “large nail(s) in the cof -
fin of creationism” (Domning, 2001, pp. 38, 41).

How ever, the sci en tific va lid ity of these per ceived an -
cient “walk ing whales” and their re la tion ships to mod ern
ce ta ceans have been ex pertly re futed by creationists in
the past and there has been lit tle new ev i dence to ques -
tion their pre vi ous con clu sions (Camp, 1998; Gish,
1995, pp. 198–208; Ham and Weiland, 2001; Sarfati,
1999, pp. 69–78; Sherwin, 1998; and Weiland, 1990).
These re search ers have pointed to: (1) the lack of time re -
quired for evo lu tion to oc cur due to the close ness of fos sil
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Pro posed Tran si tional Per ceived Time
Form Scale (MYA*) 

Mesonychids or Ar tio dac tyls Ter res trial 55
Pakicetus Ter res trial 52
Ambulocetus Partly Aquatic 48
Rodhocetus Partly Aquatic 44
Basilosaurus Fully Aquatic 40
*Mil lions of years ago 

Ta ble I. The Per ceived Evo lu tion ary Timeline for Tran -
si tions by Fully Ter res trial Mam mals to Mod ern Whales

Fig ure 1: An art ist’s ren der ing of the per ceived wolf-
sized ter res trial an ces tor to whales called Pakicetus. Il -
lus tra tion by Carl Buell, and taken from http://
neoucom.edu/Depts/Anat/Pakicetid.htm



ap pear ance in the geo logic time scale (Eldridge, 1991, p.
168), (2) the fact that Basilosaurus is ap prox i mately 70
feet long while the other pro posed an ces tors range from
wolf to wal rus size (Stahl, 1974, p. 489), and (3) the use of 
con jec ture to in ter po late crit i cal miss ing re mains in the
fos sil ev i dence (Sarfati, 1999, p. 74). Gish (1995, p. 207)
philo soph i cally chal lenges the transitional conclusion of
these creatures by stating: 

It re quires an enor mous faith in mir a cles, where
ma te ri al ist phi los o phy ac tu ally for bids them, to be -
lieve some hairy, four legged mam mal crawled into
the wa ter and grad u ally, over eons of time, gave rise
to whales….

Sim i lar i ties which re sulted in sev eral re search ers giv -
ing tran si tional sta tus to Pakicetus in the past con verged
on den tal and au di tory char ac ter is tics. Gingerich et al.
(1983 p. 404) re ported, “The tym panic bulla may have
been used to some lim ited ex tent in Pakicetus in the re -
cep tion of wa ter-borne sound”. Oth ers noted a re sem -
blance in the teeth of Pakicetus to those of other
archeocetes such as Proto cetus and Indocetus (Berta,
1995; Bajpai and Gingerich, 1998). These den tal and au -
di tory stan dards have been ref er enced for years as in ter -
me di ary cri te ria and con se quently pre pare the way for
Pakicetus to achieve the tran si tional rank nec es sary to val -
i date whale evo lu tion. Sev eral ar ti cles were also pub -
lished pro claim ing the con clu sion that wolf-like
mesonychids are the an ces tor to Pakicetus via sim i lar i ties
in dentition (Zimmer, 1995; O’Leary and Rose, 1995;
Zhou, et al., 1995).

The im me di ate dis cus sion will fo cus on the mor pho -
log i cal and mo lec u lar char ac ter is tics of mesonychids / ar -

tio dac tyls and the evo lu tion ary va lid ity of re lat ing them to
Pakicetus or any other per ceived ancient “walking whale.”

Discussion

Gingerich et al. (2001, p. 2239) re ported the dis cov ery of
an kle bones from a Rodhocetus fos sil, which they be lieve
dem on strates: “... paleontological ev i dence show ing that
whales evolved from ar tio dac tyls rather than mesonychid
condylarths.” An kle bone mor phol ogy is con sid ered by
evo lu tion ists to be a pri mary tool for iden ti fy ing ar tio dac -
tyls (Schaeffer, 1947), and these sim i lar i ties are now pro -
posed to con firm the per ceived evo lu tion ary con nec tion of 
ar tio dac tyls to prim i tive whales (Harder, 2001). The char -
ac ter is tic in ques tion is a trochlea on the dis tal part of the
astragalus of the ar tio dac tyl. A sim i lar trochleated head on
an an kle bone is pres ent in the Rodhocetus fos sil but ab sent
in the mesonychid (Figure 2) (Milinkovitch and Thewis -
sen, 1997). 

Later, Thewissen et al. (2001) re ported sim i lar i ties of
Pakicetus to ar tio dac tyls via an kle bone af fin ity. Their con -
clu sions were based on the ex ca va tion of four par tial Paki -
cetus skulls in clud ing 150 iso lated post-cra nial bones.
They stated: 

We use these fos sils to show (1) that these ar chaic
ce ta ceans were land mam mals; and (2) that ce ta -
ceans are more closely re lated to ar tio dac tyls than to
mesonychians (Thewissen, et al., 2001, p. 277). 

Al though com plete pic tures of Pakicetus have been pre vi -
ously pub lished, post-cra nial bone frag ments have been
non ex is tent in the past and there fore this dis cov ery rep re -
sented some of the first re mains avail able for a true sci en -
tific study.

For years, creationists have re ported mesonychids
could not have been the tran si tional form for whales
since the dif fer ences they have with ce ta ceans by far sur -
pass any sim i lar i ties(Gish, 1995, pp. 198–207; Ham and
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Fig ure 2: An kle bone astragali com par i son of meso -
nychids, Rodhocetus and ar tio dac tyl. Di ag nos tic traits
con sis tent with both Rodhocetus and ar tio dac tyls is (1)
the shape and ori en ta tion of the ar tic u lar sur face con -
nect ing the astragalus to the calcaneus. Di ag nos tic traits
in con sis tent with both Rodhocetus and ar tio dac tyls but
con sis tent with mesonychids are (2) a shal lower tib ial
trochea with more rounded trochear ridges and (3) sim i -
lar astragalar fo ra men. (Re drawn from Gingerich, et al.,
2001)

Fig ure 3: Astralgali of the ar tio dac tyl and Pakicetus. (1)
is a com par i son of the sustentacular facet. (Re drawn
from Thewissen, et al., 1998)



Weiland, 2001; Sherwin, 1998; Weiland, 1990). Orig i -
nally, evo lu tion ists were con vinced that the an ces try of
meso nychids was con ver gent with ce ta ceans, un til a
study was done in 1997 sug gest ing a closer re la tion ship of
whales to ar tio dac tyls via mo lec u lar phy log eny
(Shimamura, et al., 1997). The mo lec u lar phy log eny
tech nique was de vel oped to cre ate a path way to iden tify
the or gan isms with the clos est re la tion ships based on
DNA, RNA, or pro tein se quences, with the pri mary as -
sump tion that all organisms are related via common
ancestry. 

The bi ol o gists have her alded these data from the mo -
lec u lar phy log eny tech nique as con clu sive ev i dence that
ar tio dac tyls are more closely re lated to whales than meso -
nychids. Pa le on tol o gists were not as quick to em brace
these con clu sions be cause the fos sil data did not sup port it
(Gib son, 2001). Pa le on tol o gists also point out that all the
DNA se quence anal y sis was done on ex tant an i mals. Since 
mesonychids are ex tinct, there is no se quence data to con -
clude their re la tion ship to Pakicetus by mo lec u lar phy log -
eny (Wong, 1999). Fur ther more, the re sults from both
mo lec u lar and mor pho log i cal anal y sis are not able to ac -
count for re ver sals to an ces tral con di tions. Match ing
changes in dif fer ent lin eages (homoplasies), can also re sult 
in po ten tially con ceal ing au then tic phylogenic similarities 
(Luo, 2000). 

Mo lec u lar phy log eny ex per i ments us ing SINE and
LINE retroposons are de signed to min i mize evo lu tion ary
re ver sals and homoplasy be cause it is be lieved the mech a -
nism driv ing rep li ca tion is ir re vers ible and un likely to oc cur 
in de pend ently (Nikaido, et al., 1999; and Hillis, 1999).
How ever, homoplasy can still oc cur when char ac ter traits
de velop prior to the per ceived speciation event (an ces tral
poly mor phism). Since flank ing se quences are used to am -
plify a char ac ter is tic SINE event, mu ta tions from the flank -
ing se quence will make it dif fi cult to re solve the lin eage in
ques tion. This po ten tial prob lem is key when older SINE
in ser tions are used to de ter mine a lin eage. Older SINE in -
ser tions mean more mu ta tions in the flank ing se quence re -
sult ing in a sig nif i cant loss of crit i cal information and
eventually rendering the data useless (Hillis, 1999). 

Evo lu tion ists must now live with a co nun drum they
have cre ated in the leg end of whale or i gins. The past con -
clu sion of mesonychids be ing an ces tors to archaeocetes
was based on den tal sim i lar ity. Den tal sim i lar i ties be tween 
archaeocetes and mesonychids have not changed and are
also non ex is tent in ar tio dac tyls. Gingerich et al. (2001, p.
2242) at tempted to address the issue by stating:

Al though there is a gen eral re sem blance of the
teeth of archaeocetes to those of mesonychids, such
re sem blance is some times over stated and ev i dently
rep re sents evo lu tion ary con ver gence. (my em pha sis)

Thewiessen et al. (2001, p. 280) at tempt their own ex -
pla na tion stat ing: 

Our anal y sis im plies that the rel a tively prim i tive
den tal mor phol ogy of ar chaic ar tio dac tyls is ei ther a
re ver sal (from a more mesonychian-like mor phol -
ogy) or that mesonychians and ce ta ceans evolved
den tal sim i lar i ties independently.

In other words, they needed a fully ter res trial an ces tor
of Pakicetus to dem on strate their myth i cal evo lu tion ary
path way to mod ern whales. Mesonychids were the best
guess at the time and the de tails were ex ag ger ated to prove
it. Now they think Pakicetus evolved from ar tio dac tyls and
they are not ex ag ger at ing now!

Evo lu tion ists have also stated that cer tain por tions of
the Pakicetus au di tory sys tem con firms its tran si tional sta -
tus to whales and whale an ces tors. How ever, Thewissen et
al. (2001, p. 278) re ported that: 

The Pakicetid mid dle ear was highly spe cial ized
and in cluded pachy osteosclerotic os si cles, an invo -
lu crum and a plate like sig moid pro cess. These fea -
tures have been in ter preted as ad ap ta tions for
un der wa ter hear ing, and it has been sug gested that
the pres ence of an involucrum fa cil i tates un der wa ter 
high fre quency trans mis sion in mod ern odontocetes
even though the involucrum is also pres ent in low
fre quency mysticetes. In the case of pakicetid, the ab -
sence of air si nuses in su lat ing the ears, the firm fu -
sion of the periotic to the sur round ing bones, and the 
pres ence of a flat tym panic mem brane sug gest that
re cep tion of air borne sound is well de vel oped, but
are in con sis tent with good un der wa ter hear ing. It is
most likely that the spe cial iza tion’s of the Pakicetid
mid dle ear are anal o gous to those of some sub ter ra -
nean mam mals… Some fea tures of the sense or gans
of Pakicetids are also found in aquatic mam mals, but 
they do not nec es sar ily im ply life in water. (my em -
phasis) 

This type of hear ing in Pakicetus clearly es tab lishes it as
a fully ter res trial an i mal with out any of the sen si tive au di -
tory com po nents pres ent in mod ern whales. One small
bone in the ear of Pakicetus has been hailed as the tran si -
tional el e ment to mod ern whale’s ears. This claim how -
ever, could eas ily be con strued as “over state ments” or an
ex am ple of “evo lu tion ary con ver gence.” 

To day’s whales con tain sev eral unique char ac ter is tics
in clud ing the fol low ing: a highly vascularized si nus to sus -
tain pres sure when div ing to great depths (Gish, 1995, p.
206), a com plex di rec tional au di tory sys tem, and the abil -
ity to echolocate un der wa ter (Meyer, 1997). Stud ies also
con firm the ex is tence of a heat exchanger type
thermoregulation sys tem in the tongue of grey whales that
al lows them to feed in very cold wa ters with out sig nif i cant
heat loss (Heyning and Mead, 1997). These types of fea -
tures are not ob served in any of the pro posed whale an ces -
tors to date, nor is there any pro posed tran si tional path way
to achieve this type of complexity.
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In the past, any tran si tional sta tus of Pakicetus to whales
was linked via den tal sim i lar i ties. These sim i lar i ties have
now been proven false or have at least been de moted.
There is also no ev i dence of any evo lu tion ary pat tern re -
motely sug gest ing Pakicetus is an an ces tral rel a tive to ei -
ther an cient or mod ern ce ta ceans when com par ing their
post-cra nial re mains (Woodmorappe, 2002). Al though
there has been no change in the sim i lar i ties in the
dentition of Pakicetus and the mesonychids, evo lu tion ists
now al lege their ear lier mis taken eval u a tions were the re -
sult of over state ments, evo lu tion ary con ver gence, or in de -
pend ent evolution.

Ear bone sim i lar i ties have also been a past fun da men tal 
char ac ter is tic sup pos edly dem on strat ing the an ces tral tie
of Pakicetus to prim i tive whales. This also ap pears to have
been an em bel lish ment and down graded to sec ond ary or
ter tiary sta tus (Woodmorappe, 2002). 

Thewissen et al. (2001), and Gingerich et al. (2001)
pres ently re port that re sem blance’s of the an kle bones are
the prin ci pal el e ments link ing ar tio dac tyls to Pakicetus
and sub se quently to Rodhocetus. Cu ri ously, Thewissen et
al. (1998, pp. 452–453) ap pear to con tra dict this claim,
hav ing stated in a pre vi ous ar ti cle that: 

The ce ta cean astragalar head is wide and nearly
flat both mediolaterally and dorsoplantarly. This is
un like the condyle of mesonychians, but is also un -
like the con vex trochleated head of ar tio dac tyls. This
im por tant fea ture, of ten cited as the main de fin ing
char ac ter of ar tio dac tyls, is in con sis tent with the hy -
poth e sis that ce ta ceans should be in cluded in the ar -
tio dac tyls. The ce ta cean sustentacular facet
re sem bles that of ar tio dac tyls in be ing long, but un -
like that of ar tio dac tyls it is nar row. (my em pha sis)

These state ments by Thewissen et al. (1998) are in di -
rect op po si tion to the con clu sions in the Thewissen et al.
(2001, p. 279) ar ti cle where they state that: 

Our new fos sils show that these de fin ing char ac -
ter is tics do not only oc cur in all ar tio dac tyls, but are
also pres ent in basal ce ta ceans. These an kle char ac -
ters (deeply grooved prox i mal trochlea, dorso-plan tar 
ro ta tion plane of trochleated head, rect an gu lar and
wide sustentacular facet….) have high con sis tency
indices (1.0).

In the same ar ti cle, Thewissen et al. (2001, p. 280) at -
tempted to jus tify their con tra dic tion by stat ing: “This
bears out the pre dic tion that wide spread homoplasy oc -
curred in one or gan sys tem in the early evo lu tion of the
clades in ques tion.” It ap pears that ev ery prob lem can be
ex plained by homoplasy! 

Gingerich et al. (2001, p. 2242) at tempt to min i mize
the di lemma re mark ing as fol lows:

In fer ences that astragali of pakicetidae and ambu -
locetidae are ar tio dac tyl-like have been ques tioned

be cause the bones in volved are frag men tary and not
as so ci ated with di ag nos tic ce ta cean material.

While Gingerich was ac cu rate in con clud ing that the
re mains were frag men tary, crit i cal an kle bone ar eas such as 
the sustentacular facet shown in Fig ure 3, are well pre -
served (Thewissen, et al., 1998). Fur ther more, if the bone
frag men ta tions were this di sas trous, it would have been ir -
re spon si ble for Thewissen, et al., (1998) to pro pose a
conclusion at all. 

Al though there are some sim i lar i ties in an kle bones of
ar tio dac tyls and Rodhocetus, there are also sev eral cru cial
dif fer ences (Fig ure 2). Rose (2001, p. 2216) states that: 

Prim i tive mesonychid-like traits pres ent in an -
cient whales, but not in any known ar tio dac tyl, in -
clude a shal lower tib ial trochlea with more rounded
trochlear ridges and re ten tion of a rem nant of the
astragalar fo ra men, the open ing of a ca nal through
which a nerve and ves sels pass in prim i tive
mammals.

Not ing the com plete lack of tran si tional ev i dence in the 
fos sil re cord, Uni ver sity of Mich i gan pa le on tol o gist Wil -
liam J. Sanders stated that:

The ear li est known fos sil branch ing of hip pos (ar -
tio dac tyls) was 15 to 1 mil lion years ago and the ear li -
est whales more than 50 mil lion years ago in the
Eocene ep och. Thus, if whales and hip pos shared a
com mon an ces tor, it would have to have per sisted for 
at least 32 mil lion years—but there is no fos sil ev i -
dence for such a crea ture span ning that im men sity of 
time (Wong,1999, p. 27).

Conclusion

From an eval u a tion of the avail able data, it is ev i dent that a 
re la tion ship be tween ar tio dac tyls and ce ta ceans based on
an kle bones is not a con vinc ing ar gu ment. Fur ther more,
the mo lec u lar data sug gest ing that ce ta ceans de scended
from ar tio dac tyls was not con vinc ing to the mor phol o gists
until anklebones were discovered. 

Homoplasy, evo lu tion ary re ver sals, and an ces tral poly -
mor phism ap pears to be used abun dantly as a crutch to jus -
tify nu mer ous “walk ing whale” char ac ter traits that do not
fol low tra di tional evo lu tion ary dogma. The dentition sim i -
lar i ties of Pakicetus and mesonychids were once pri mary
cri te ria used to con clude they were evo lu tion ary rel a tives.
Now these same char ac ter is tics are con sid ered ir rel e vant
homoplasy for no good sci en tific reason.

Gen e sis 1:21 says: “And God cre ated great whales, and
ev ery liv ing crea ture that moveth, which the wa ters
brought forth abun dantly, af ter their kind…”. Af ter eval u -
at ing all the per ti nent in for ma tion, one can only con clude
there are both sim i lar i ties and sig nif i cant dif fer ences in the 
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den tal, au di tory and an kle bone data for whales and their
proposed ancestors. 

There fore, the mor pho log i cal and mo lec u lar path way
for per ceived whale evo lu tion con tin ues to be in tur moil
and the lat est re search has done lit tle to re solve the con fu -
sion. On this ba sis, the bib li cal con clu sion that whales and
their sup posed evo lu tion ary an ces tors were di vinely cre -
ated as sep a rate kinds is still the most valid scientific
theory.
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Definitions

Archeocetes: prim i tive whale.
Ar tio dac tyls: Even toed ungulates (hoofed) with a dou ble

pul ley an kle e.g. sheep, cows, hip pos.
Astragalar fo ra men: the open ing of a ca nal though which a 

nerve and ves sels pass in prim i tive mam mals.
Astragalus: the bone of the an kle that ar tic u lates with the

bones of the leg
Condyle: A rounded bone prom i nence that func tions in

ar tic u la tion
Dorsoplantarly: trans verse plane of the foot
Flank ing se quence: The im me di ate or neigh bor ing up -

stream or down stream se quence from a des ig nated
struc ture such as a SINE or LINE.

Homoplasy: char ac ter state that rose in de pend ently in sev -
eral dif fer ent taxa

Involucrum: a new bone for ma tion.
LINES: Long interdespersed el e ments.
Mediolaterally: Sagittal plane of the an kle
Mesonychids: Even toed ungulates (hoofed) with out a

dou ble pul ley an kle but adapted for run ning
Mysticetes: tooth less whales.
Odontocetes: toothed whales.
Pachy-osteosclerotic os si cles: mid dle ear.
Periotic: bones im me di ately around the in ner ear.
Retroposon: A DNA seg ment car ried within chro mo somes 

ca pa ble of copy ing it self to RNA and then syn the size
DNA via re verse tran scrip tase.

SINES: Short interdespersed el e ments.
Sustentacular facet: sup port ing face of the astragalus
Tym panic bulla: in ner ear bone.
Trochlea: pul ley-like an a tom i cal struc ture.
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Book Review

How The Universe Got Its Spots by Janna Levin
Princeton University Press, Princeton, NJ. 2002, 208 pages, $22.95

Janna Levin is an Ad vanced Fel low in the De part ment of
Ap plied Math e mat ics and The o ret i cal Phys ics at Cam -
bridge Uni ver sity. She re ceived her Ph.D. in phys ics from
Mas sa chu setts In sti tute of Tech nol ogy. It is ob vi ous she is
a sec ond gen er a tion Big Bang be liever. Her only de par ture 
from the main line stan dard the ory is that she be lieves the
uni verse is fi nite. This be lief, I as sume, is largely driven by
her math e mat i cal spe cialty of to pol ogy. To pol ogy is the
study of sur faces and if the uni verse is in fi nite it will have
no sur face for her to the o rize about. She is a de vout evo lu -
tion ist, even of fer ing the ques tion, “Could there be Dar -
win ian ex pla na tions for our size in the cos mos?” (p. 159).
The clos est she co mes to rec og niz ing cre ation is the an -
thro pic prin ci ple (p. 160), the idea that there is in nate de -
sign in the uni verse found in the val ues of fun da men tal
con stants. How ever in sev eral places (pp. 49, 70, 74, 159)
she per son i fies na ture and the uni verse as hav ing the nec -
es sary cre ative and de sign ca pa bil i ties to ac com plish evo -
lu tion. She even makes the state ment, “Maybe on one
[planet] with op ti mal con di tions, com plex mol e cules
form and an in an i mate broth waits for the sparks to gen er -
ate or ganic life. Voila. A few hundred million years later,
Africa blooms and here we are” (p. 71).

The book sub ti tle is “Di ary of a Fi nite Time in a Fi nite
Space”. This is ap pro pri ate be cause the book is writ ten in
di ary for mat over a pe riod of 28 months dur ing 1998-2001.
Ac tu ally it is a com pi la tion of let ters Levin wrote to her
mother while on as sign ment with Cam bridge Uni ver sity’s
Cos mol ogy Group whose leader is Ste ven Hawk ing. In
this for mat Levin makes a suc cess ful at tempt to write about 
com plex math e mat i cal sub jects in terms a lay man can un -
der stand. She also in cludes per sonal in for ma tion not rel e -
vant to the sub ject through out the book, and read ers may
be in ter ested in how a the o ret i cal phys i cist lives in the real
world and our modern society.

The first half of the book is a re view of the stan dard Big
Bang the ory start ing with top ics like in fin ity, rel a tiv ity,
grav ity, quan tum me chan ics, black holes, and the pil lars
of the Big Bang (uni ver sal ex pan sion-redshift, cos mic
back ground ra di a tion, nucleosynthesis of hy dro gen and
he lium, and for ma tion of gal ax ies and large-scale struc -
ture). In chap ter 9 ti tled Be yond Ein stein she in tro duces
the new ma te rial that her work is de vel op ing. She starts by
de scrib ing how the the ory of gen eral rel a tiv ity in ev i ta bly
leads to an ini tial sin gu lar ity which lim its ap pli ca tion of
the the ory it self. Only with the in te gra tion of quan tum



Volume 39, March 2003 219

phe nom ena can the cur rent the ory of grav ity sur vive in the 
vi cin ity of a sin gu lar ity. Where this new in te grated the ory
will lead is not ob vi ous as she writes, “The o rists, ob serv ers,
and experimentalists dis perse like head less chick ens, or
scat tered ants to do what they can” (p. 100). Then she in -
tro duces to pol ogy’s role in the ef forts to come up with a
uni fi ca tion the ory of the uni verse. As grav ity is as so ci ated
with geometry of space, topology is associated with the
outer form and connectivity of the universe.

In chap ters 10-13 Levin dis cusses to pol ogy of one to
three di men sional spaces and what each new di men sion
adds to the pos si ble to pol ogy of space. Each new di men -
sion al lows more ide al ized ex am ples of fi nite spaces with
their own to pol ogy. With three-di men sional spaces there
are three cat e go ries of to pol o gies: flat, pos i tively curved
and neg a tively curved. There are only sev en teen pos si ble
flat spaces, a count able in fin ity of pos i tively curved spaces,
and a larger in fin ity of neg a tively curved spaces. A count -
able in fin ity means that math e ma ti cians have de vised a
count ing rou tine or pre scrip tion that can gen er ate all the
vari ants. Such a pre scrip tion does not ex ist yet for the neg a -
tively curved spaces. Be sides cat a log ing the in fin ity of pos -
si ble 3-D spaces, topologists look for ways to iden tify the
cur va ture of the space we live in by rec og niz ing its unique
char ac ter is tics. But the pos si bil ity of do ing this de pends on 
how big the uni verse re ally is. As Levin states “If the vol -
ume of space is huge, then we won’t be able to see far
enough into the uni verse to per ceive the to pol ogy” (p.
146). But she thinks “space is fi nite and the per fect poly -

gons are math e mat i cal ide al iza tions that al low us to
pursue the implications either to the point of absurdity or
to the point of discovery” (p. 147). 

The re main ing chap ters are based on Levin’s con jec -
ture that the uni verse is fi nite spacially and of a size where
some day we will be able to see the char ac ter is tics needed
to show its ac tual to pol ogy. She writes about how re search -
ers are pro ceed ing in the search for these char ac ter is tics.
She in cludes the added di men sions of string the ory and
shows how they com pli cate the search. She also dis cusses
the the ory of how an i mals evolved their spots bi o log i cally
and pro poses that the uni verse got its struc ture in a par al lel
way. She does not see the flaw in logic that an i mal spots (a
de sign) could not evolve with out a de signer. Levin de -
scribes what the dis cov ery of the to pol ogy of the uni verse
would mean for man kind and the fu ture of this uni verse.
The last con cept she ad dresses is the fourth di men sion of
time. She states, “Time can start over again only on a scale
set by the larg est cos mo log i cal forces. Only a uni verse that
can nat u rally re turn to its own in fancy could be con sis tent
with a closed time loop” (p. 196). This state ment dem on -
strates that even evo lu tion ists that be lieve the uni verse is fi -
nite in space have to be lieve it is never end ing in time to
avoid admitting there was a beginning (creation) and there 
also will be an end.
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