
L Copyright © 999 by he Genetics Sc<ietvofAmerica _lXAg:_t_

pa_6.t

Perspectives '.'2-
Anecdotal, Historical and Critical Commentaries on Genetics

Edited by James F. Crow and William F. Dove

Gustave Mal cot, 1911-1998: Population Genetics Founding Father

Bryan IC Epperson
Michigan State University .East Lansing, Michigan 48824

t.)co
.r4 ,._

-_ / "I'N November 1998 we lost one of the most important cot completed his mathematics degree at the Ecole

_ scientists of this century, Gnstave Malfcot. Fie was, Nomtale Superieure in Paris (NAGYLAKI 1989). Mal6cot
1
in the best sense of the words, a great man. His coutribu- told me how he had spent 2 years reading and masterlng

_ and mathematics 60 (no doubt in mathematical detail) Fisfier's ard-
tions to science began years ago rigorous

and continued until his death. His contributions to cle, at the Institut/-ienri Poincar6, also in Paris. NAGY-
,mta mathematical population genetics were arguably the LaKI (1989) describes bow Mal6cot's dissertation work

-_ most profound of any. If we will admit a fourth member made Fisher's connection of biometry with Mendelian
to the "fathers" of population genetics, the others being inheritance more rigorous and general Specifically,

_ Sewall Wright, R. A. Fisher, and J. B. S. Haldane, it IVlal6cot adopted a conditional expectation approach
o_ would surely have to be Gnstave Mal6eot. It seems safe that foreshadowed his stochastic process approach to

_ to say that it was ivlal6cot who first formulated models other problems. Although he respected the fundamen-

_ of population genetics as stochastic processes, in tile tal connections that Fisher had made, Mal6cot also re-
_ sense of tile term today, for example, as Markov chains, lated to me how he had "found some problems" with

Moreover. Mal6cot's mathematics were elegant and ex- the mathematics of Fisber's theory.
act. They were also often compact and abstract. Recogni- What followed from Mal6cot's dissertation is, to my
tion of Mal6cot's achievements has at most times been thinking, probably the first of several reasons that Mal6-

slow. its spread a branching trickle that continues today, cot's work never received the rapid and widespread rec-
His achievements deserve fuller recognition, ognition it deserved. Although Mal6cot was not at all

The purpose of this article is to give a personal per- bitter about his career, he related to me on numerous
spective of the person of Gustave Mal6cot and a concep- occasions various aspects of the historical context to his
thai account of his contributions to the field of popula- earliest works. He explained how the leading Darwini-
tion genetics. Some essential biographical information ans at the Universit6 de Paris and the Sorbonne dotal-

is give n, but nmre importam are some insights he him- nated the intellectnal scene in Paris and in France gener-self gave into his early career. I was privileged to have ally at that time. Mal_cot said that many of the French

him share these insights with me over the past 5 years. Darwinians were also communists or even Stalinists. This
There are also some mathematical formulations neces- s despite the fact that today it may seem that Daravinism

"_ _ sa_y to put his work into its conceptual as well as histori- and Sta n sm are mutually exchtsive, gtven the history
_ cal context. The structure is mostly chronological. At of the role of Lamarckianism and social construction

_ times this account borrows heavily from an important in the Soviet Union and China. As a result, the French
o_ Perspectives article written bv NAGVt._._t (1989), who Darwinists would ira-ire from Russia only sympatheticO_ r-q * • •
,'4 ,:'a_o presented many detads o,*. lalecot s mathematics, espe- scientists, not people such as N. h Vavilor. More to the

._ .o cially the diffusion approximation approaches and point, manyofthe Parisian Darwinians©iewedMal6cot's

_ "_ other key conceptual issues. Other important accounts models as "anti-Darwinian" because the models were
of lalecot s work and life include a recent interview stochastic processes.

_fi']-_ with BocQvE'r-AvvEx. (1996) and a series of articles by The Parisian Da,wmians consirlered Fisher's work to
GtLLOIS (1996a,b,e, and unpublished manuscript), be the complete and uuarguable trnth in reconciling

_ As discussed in detail Mal6cot Mendelian and Darwin's Since Malfcot
0_ was by Nagylaki, and genetics theory.as

"_ ._ related direcdy to me, Maleco's doctoral dissertation, totmd ir_ FtSHI_;P.'S(1918) m'ticle and later in his 1930

_i guided by George Darmois and completed in 1939, fo-F" . . l)ook, TheGenetiralTheo_.'ofNatumlSelection. muchthatcusert on sher s pmneenng 1918 article on the pheno- was mathenmtically wrong, he incurred the displeasure

typic covariance of relatives. Prior to thls, in 1935, Mal6- of these evohttionists. Mal6cot related hot,/in some steps
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of Fisher's work tbere was confosion of statistical sam- it is fair to say that "_grigbt was most interested in treating r

piing theory with stochastic process tbem)', Mal6cot ben- biological variables in terms of sample statistics, whereas "
efitted from a longer tradition in France of the measure- Mal_cot was ntost interested in treating them as entities

theoretic approach to probability them T, the standard in stochastic processes. Mal6cot described himself as

that is widely accepted today, more of a mathematician than a geneticist. WRmg'r's

PuMicly qoestioning Fisher did not help the accep- (e.g., 1978) later compilations contain numerous cita-
tance of Mal6cot's work in France..'vlal6cot related that tions of Mal6cot. Maldcot always spoke glowingly about

o n occasion Fisher visited Parisian un iversities and gave Wright. Mal_cot thougbt that, in contrast, the pre-World

talks: Maldeot asked him some critical questions, and War II Parisian Dacwinians had a "re23, low opinion" of

Fisher answered politely that he simply disagreed, in- Wright. Malg'cot had also met Haldane more than once

stead of the more usual cut ting answers Fisher reputedly and knew his work, but because most of Haldane's mod-

gave to other questioners. Mal6cot told me tbat Fisher els were deterministic, they generally did not spark Ma-
always treated him and his work with high respect, and 14cot's interest in the same way as did those of Wright.
vice versa. In addition, Ma[6cot publistmd in Frencb, After receiving his Doctorat d'l_tat in 1939/or what

and as a result the English-speaking were late in recog- mttst be viewed as a brilliant dissertation on Fisher's

nizing the intportance of his work. work, Mal_cot taught mad_ematics from 1940 to 1942
It was also in the late 1930s that Maldcot became at the Lycde (secondafyschool)de Saint-_tienne. Then

intensely interested in Wright's work, wbicb also dealt an important mentor, l_mite Borel appointed Mal6cot
with coypu'lances and variances among relatives. Maldcot to a position as maRre de conf6rence (similar to a uni-

freely and fully acknowledged that most of his work was versity lecturer) at the Universit_ de Montpe]lier (1942

inspired by Wright's work and creative genius. Mal6cot to 1944; NAGYLt_Kt 1989). In 1945 he joined the facuhy
made these early ideas of Wright mathematically rigor- of the University3 de Lyon, where he became a profi_ssor

ous, again applying what are today widely accepted triter- of applied mathematics (1946), a position he held until

pretations of probability tbeo_. Mal6cot did improve his retirement in 1981. Lyon being in fairly close proxim-
on Wright's work. For example, Wright developed the it), to Paris, Matdcot also ti'eqnendy "lectured on popula-

inbreeding coefficient in terms of path coefficients and tion genetics at the Institute of Statistics,,." at the Uni-

partial regression (or correlation) coefficients, Path co. versit6 de Paris (NAc, Vt.*.KI 1989). During the time
effcien ts are still used toda}" but are limited as statistical immediately following his dissertation, Mal6eot de_l-

measures, in part because they assume linearlty of ge- oped many seminal models, often focusing on ex-
netic effects (NacvL¢Kt 1989). Mal(._cot, in contrast, tending his probabilistic genealogical framework to the

considered the probabilities tbat two genes are de- population level. It is tair to say that Mal6cot had been
scended t¥otn varions ancesnal genes, using Mendel's branded for his critical work on Fisher. All of his pub-

laws of inheritance, Such probabilities Mal6cot origi- lished papers during this time were written in French.
nallv termed "Les coefficients tie parent&' (Mat.i;co'r In addition to his work related to Fisher's 1918 article,

19,t 1, 1942). Later, when he studied models that in- during this period Mal6cot published works on coeffi-

cltlded mutation aod tbcnsed on the popttlation level, cients of consanguinity (MAt.I::COT 1941, 1942, 1946),

some but not all of his results were stated in terms of inbreeding (Mat£co'r t941, 1942), random mating in

what became known as probabilities of identiw by de- finite populations (MAt&COT 1946), and "drift" of gene
scent (GILL.OrS 1996a). Mali'cot used other French frequencies (MALl:COT 1957, 1944, 1945; N.ar;','L._Kt

names for these probabilities, and Crow first nsed the 1989; GILt,ors, unpublished manuscript).
English term identi_' by descent (Cr_ow 1954). Coeffi- During this period Mal_cot developed what he called

cients of consanguinity allowed what bas becmne the "Les chalnes des kinship _gotiqtte" (blat.r_;COT 1942,

preti:rred textbook method for teaching tbe calculation 1973a), or zygotic kinship chains, whicb measured the

of inbreeding coefficients, through the chain-counting probability that a certain chain of (diploid) ancestors
method, for example. Chains of genetic descent, often occurred. This work was a quite complete and mathe-

at the gametic rather than zygotic ploidy level, and prob- matically rigorous probability theory, for pedigree anab_
abilities of Mentity by descent became the center of sis. based on the degrees of relatedness among individu-

much of Mal6cot's work that followed over the next als in a pedigree and their probabilities of occurring m
six decades. Their immediate importance was that they the pedigree. This Ls a very important point, and It

allowed application to general pedigrees, rather than allowed Mal6cot to develop exact results when he turned
the special cases that Wright used to illnstrate his his interest to the population level. Using these coefti-

method (see NAGYLAKI 1989). cients, he showed, for example, how to derive Wright's

Wright certainly knew of 31al6cot and his wm'k. bnt inbreeding coefficient, which he demonstrated was the
it is less clear how well Wright understood the mathe- sum of the different probabilities of the _'arions zygotic

matical subtleties of Mal_cot's early wm'k. More impor- kinship chains multiplied by the coefficient of consan-

tantlv. Wright apparently did not recognize ranch of gmmdes in tbe common ancestors. This _aas the basis
the biological importance of Mal6cot's work. Perhaps lot the chain-conlating method used today. It is vely
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of Fisher's work there was col_ftlsiorl of s_atistic;d 8atll_ it is fab- to say thai _KI i_4hl_its room in,crested ill treating r

piing theory with stochastic procvss t_-/eoty. Mai('cot ben- bk_lv_g_calva_iablesi_tc_ms_A_amplestatislics, whereas
efitted from a longer tradkion in France of the measure- Ma]&tot was most imelestcd in neatiug them as entities

dmoretic approach to probability d/eory, the staudard ill stochastic processes, M.li(,c_t described hbnselt as
thai is widely accepted toda>, more of a mathematician Ihar_ a gcm:licisL WRl(;l-i'r's

Publicly questioning Fisher (lid not help tile acce_> re.g. /978) tater compilations comah/ numerous cka-
lance of MaK.cot's work in Frauce. MaKcot reklted that lions of Maldcot, Maldeot abvays spoke glowingly about

on occasion FBher _ isited Parisian universities and gave Wrighl, Maldcot though_ that, ill contrast, the pre-World

/alk_s: MaK.cot asked him some critical questions, and War 11Parisian Darwhfians had a "very low ophdon" of

Fisher answered politely that he simply disagreed, in- WrighL Maldcot had als_ met 'daMane mute than ol_ce
stead of the more usual cutting answers Fisher reputedly and knew his work. t)ut bccause most of tlatdane's rood-

gave to othcr questioners. Malt.cot told me that Fisher els were dclermi_dstic, they gc_eratly [lld not spark Ma-
ahva}s treated him slid his work with high respect, and k'.'cot's interesl in tl_c same way :Is did those of V','righl,
vice *ersa. l_l addition, MaKcot pt_blished in French. After receiviug Iris Doctoral d't!itat iu 1939 for what

a{/d as a resttIt ttte EIlglisl>si)eaking were lair in recog- must be viewed as a briltianl dissertafi_m oil Fisher's

hieing the importance of his work. work, MaKcot taught rna_hematics from 19.t0 a) 1942
It was also in the late IOt0s that Maldcot became at the Lyc6e (secondary school) tic Saint-Iiltielane. Then

iatense/y interested hi Wright's work. which also dealt all important mentor, gmi_e goret appointed MaKcol
_gith covariancea arld variances among relatives, Mal._co_ to a positiou as lnaltre de coll{£'rence {sifnilar to a uni-

fY'rely and fully _lckaowtedged that most ot' his work was verslty lecturer) at the Univer_;iI0 dc Montpellier (1942

inspired by Wright's work and creative geuius. Maldcot to 1944; NAt;Yt,AI,;l 1989). In 1945 hi:joined the l'acul V
made these early ideas of Wright mathematically rigor- of the Universiff' de Lyon, where be b_came a professor

ous, again _pplylag whal are today widely accepted tilter, of applied mathematics (t9461. a posilion he held tmtil
pretadons ot probability them). Male2cot did improve his retirement in 1981. Lyon being in fairly close proxim-

on ';,Viight's work. For example, W[ight developed tile ity to Paris, MaKcot also frequentty'gectured on popula-
i_brceding coeftlcient in terms of path coefficients and tion genetics at tile Inxtitute o{' Stall,lies..." at the Uui-

partial regression (or correlation)coefficients, Pathco- vevsit._ de Paris (Nat;YLaKI 19891. During file time
efiicients are still tlsed today but are limited as statistical immediatdy following his dBsertation, Mal_cot devel-

mea_;urt.s, in part because they asstlme linearity of" ge- oped inarly seminal models, often t'octlsing o_l ex:
t_elic efti:cB (Na(;YLag_ 19891. Mal(ecot, in contrast, tending his probabilistic genealogical fr_unework to the

considered the probabilities that two genes aee de- population level. It is fidr to say thai MaK_cot had been
scended from various ancestral gerles, using Mendel's branded tbr his critical work on Fisher. All of his pub-

laws of inheritance. Such probabilities Mal,Jcot origi- lished papers driving ttlis lime w_'re writlen in Fretlch.

m_lly _ermed _l.cs coei"dcients de parent('" {MALf<CO'I' In addition It) his work related to Fisher's 1918 article,
P:Mt. 19,t2L Later, when he studied models that in* dnring this period MaKcot pnblished works on coeffi o

chtdcd mutation and focused on the population iew:i, dents of consanguinity (Mal._:t:oT 1941, 194_, 19-t61,
some but _/ot all of his resttlts were stated in terms of inbreeding (MALI_COT 1941, 19-t2), random mating in

what became known as probahilities of identity by de- finite populatkms (MalS:(:OT 19-t6). and "Mrifl" of gent
_ce_lt (G_t.t.o/s 1996a}. Malt?cot used other French frequencies (Mat.gcoT 1937. 1944. 19-t5; N,.',c;rt.a_l

names {br these probabilities, a_(i Crow first used the 1989; Glt.t.c.ts, unpubllsbed tnam_scripO.

English term identity by descent (CRow 1954). Coe[ti- During this period MaI(:cot developed what he called
c_._Its of consaugninitv allowed what has become the "Les chaines des kinship zygotiq_e" {Mxt.'_cof 19,t2,

pret_rr_'d textbook method for teaching the catcutatiott 1973a), or zygotic kinship chahts, which measured the
of inbreeding coefficienls, through the chain-counting probability that a certain chain of (d_,)loid) ancestors

method, l_r example. Chains of genetic descent, often occurred This work was a quite complete m*d maltre-
at Ihe gametic rather tbaa zygotic plc, idv level, and prob- maticallv rigorous probahilit_ ll_e_._t%,"lor pedigree amalv-
abilities of _d¢:tltiQ' by descent bec_atlle tbe center o[ sis. based on tile de_rees _frelatvdness all/on_A individu-
much of ,Mal,2cot's work that tk_llo',ved over tile next als ill a pedlglve and their arobabilities _Ko¢¢:nrring m

six decades. Theh' immediate importance was that they the pedigree This is a ve_w m_portant poltlt, and i_

allowed application to general pedigrees, rather than allowed belalecot to develop exact resuBs when he turned
tile special cases that Wright ttsecl to illustrate his his interest to tile population level. Using tllese coetti-
method (see NaGYLAKt 19891. cients he showed, for example, how to derive Wri_ht's

VGight certainly knew of Maldcot and Iris work. btlt inhreeding coetlieient, which he demonstrated was the

it is less dear how well Wright Illldt'rstood the Itlathe- stlnl of tile ditlbrellt pirohabilities of tile variotls zy,t{ntlc"

matical _;ubtIeties of MaKcot's early work. More hnpof kinship chains nlnltiplied b', the coelticient of consan-

tdlltlv. D,'right apparelltly did not recognize nltlch ol gUlilllleS ill tile coinlllon alICt_SIOlN, This was tile hasls

_he biological importance of Mah?cot's work. Perhaps, R)r the chain-counung method used today. It is ver'c

i"
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interesting because, as discussed tntcr_ Mntdco_ also de- N_gylaki that the translalion comains numerous errors.

"t veloped a nlcthod that amicipatrd much of tbv w>w- I use, pints ot' Ihc transhuiou in rn? gaHuaw du.'orctical

popular coatescm_(:e probabihty theory b>"turning Io an popuhltion genetics course, and 1 also found a mnnber
examination of "l.es chahws des khlsbip gnmelique." <)t ('lrols dial do llOt appear hi MaK'cot's original text.

IhischaugewasimportautbecauseatthisdmeMalOco_ Mal('cot early o1_ mined much of his siltation to
increaslngly &loused ou population genetic p{t_cesses, geographical generics, which nlakes a great deal of sense

toe many of which die pedigree is not fi×ed or k_o',_u, in _erms of grneak)gicat approaches to population ge-

b_lt the frc(luencies (probabilities) o[ various t?,])es of attics. 11e had abeady coIHdrred a mmlber of single
mathlg types {i,c.. frequencies of matings based ou the population pieces.sos, such as the cftceis of tnlequal sex
consnnguinities) can be posited, and the analpis can br ratios on probabilhies of idcntily by desct:nt; these were

gr'eati_ shnplified by c.nslderiug sets of gametic genes amoag his first extensions 1kern lhr pedigree to the
rather than diploids. The method of gametic kinship population level. Ills earlier work on the inclusion of

cba.*ins was well developed in one of Malf'c_I's papers probabilities of indivkhmts in pedigrees was k_gically
in atairly obscure Freach ,iourual in t973 (MAI.fX:OT extended to considerations of structurcd poptl]alions,

t973a), pdor to Kingman's theory (e.g., KtxcMax 198'.!). which can be considered simply as groups that share
Mat_-eot al-;o cow,tinned extenskms of his works on sty- genealogies. Patterns of migration among populations

eral o,her s_d)jects. This is evident( in good bibliog*a- are analogous to pedigrees, whereas the degrees ofrelat-

phies of his articles from I9,I7 to 1970, 1be example, ednessand thesharhlgofgencgeneatogicsamongpop-
FE1 SENS'IEIN ( 19_ 1) arid (_tt, LOIS (unpublished manu- ulathms depends on spatial proximhies. He worked on

s,Npt), both disceete and continuous populalion models; both
In convr*sations, Maldcot oft('n expressed bisadmira- indicate shared genealogies and gene genealogies

lion of Kohnogorov. wh_ was largely respo_tsiMe for die withi_l groups of individuals owing to dleir spatial prox-

development of dit'5_sion theory in the 1930s. including imities, either because they aee within tbe same discrete
the tbr'.,_a_d r(tua_ioft h,r determhung stationary disnb population or because they are proximal on a spatial
butions. NoneOlelcss, Mafdeot also realized thai this COHtil/tltllll. Once again. Mid£.cot freely admits he was

approad_, which is based on the first two /l_oI]le_/tS, inspired alld provoked by the seminal wnrksofWRl(;ilT
dld llot generally plo_e stadonarlty of tile probabilhy (e.£_.. 193[, 19,t3),

tlisl,ibmion (M._t.f:t:OT 19.t5}, and he deduced the _br* Today, tile Englishdanguage literatut'e still attributes

w;_rd equations by using a completely dill'teem ap- the discrete population modelsand tile general idea of
preach (MaL[t:oe 1948). as is described in detail by spatial variation primarily to tile work of KIMURA and
N._c;v_aKI 11989). h should be noted lhat tim problem Wtttss (1964) and Weiss and KI..-_uRa (t965). Mal/!cot

goes a_a],' if the process is normally distributed. MaKcot had much to say about this because, ahhough he cer-
_rpean.dly _ciected the i_orlnality assumption tk)r popu- tainly was not bitter, he was co_l_,:erlled, siltce tie had

kltion gr attics, as it is clearly invalid it atlcle frequencies developed tile discrete population version in a series of
sic ile_ir 0 el t. and hc emphasized tile inlportance of articles in the 1940s and 1950s (M._t.I:'.COT 19-t9, 1950),

hare" alleles. _le also rejected l;isller's approach tlsing and the continuous space version was well devdoped
the nresi_e square r,.)ot/lansfortllation. Mal('cot did not by 1948. These works were written in French and pub-

use di!ttlsiotl theol_,' _ely lilueh iIi ttis later vvnrk. Instead, Iished in journals not readily accessible to English-speak-
partk:utad_, iu his geographic models, he enlployed the lug scientists, In t955 Mal.Srot went to tile CoM Spring

l-outlet amI l.aph_ce trausfornls, tiarbor Symposium ou Quantitative gioh)g T and gave
The political situatitm ot Mat,ficot's science did not copies of his articles to I-:.imura. He also said that, of

improve dudng the period l}'om 1939 to 1948, but the those he met, only Oscar Kempthorne talked with him
m_portant wn_k be did was solllewhat selectively corn- about his--Mal,2cot's--work i_l detail. Killltlra. appa>

piled ilttn Ills t)ook, l.e_ Matkdmatiw_e_ de lTl_r_dil£ put> early independently, had only conceived of tile idea of

llshvd i. 19-t8. The book was a landmark and became discrete populations as pul)lished in his 1953 note,
a classic text. It is somewhat diffi.cuh to penetrate, ab which scarcely mentioned correlations or spatial pat-

_hougb much less so thml his articles, and it was and terns and did not develop analytical resuhs; or, to put
remains u highly authodtati_w and detinitive work that it graciously, tile note was "...mais sans tk)r|nalisatio|l"

has iufluenced nmeh of the theoretical population ge- (Maldcot inte_'icw with BocQu_T-APpEt. 1996). a per-
attics fiekL Yel it did so over the following 5 decades cepfion also evident in MaR?cot's published comments

in windi_g padtwap through various leading theoreti- on Kimtuvl's paper presented at the symposium (Mat.l:>
clans, paths; too complicated to represent here. Recogni- (:OT 19551. Kinmra's 195!},note was of minor importance

l_OIt Of" tile fundamenlal contributions represented in in comparison with what Mal&:ot had developed, and

his book was not immediate nor quickly widespread, it was trot tlIltil t|le above-cited articles o[ KtMURa and
}.lnidro_'s b_ok wus made a_ailabh- to English readees Wt.:lss (196,t) and Wt.:lss and KIMt:RA 11965 that Kimma

in a translation by V_;_laxos ( 19691, All introduction had popularized the concept of spatial isolation by dis-

{)} Morton helped to widen its inHuen.ve. 1 agree with tallCe among discrete popnlations..Maldcot said that
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antes of gene frequencies and also considered coeffi* me he used this oppommity t¢_ cite Kimura "gener- I
'_ • cierlts nf ki_lship, or consangui_li_', based on his pr__ba- ously." As a. _ther [ht:ct of his persoaaliLv, Mal(.'cot was "

bilit y theo_)'. These were the a priori expected values vel,_" gracious to any fifir critic. For example, he repeat-
and the conditional ot a postedofi expected values, as edly told hie thai F_tl sv:.;s'ri.:Ix's (1975) famous criticism

used in Bayes's theorem. He a/so sometimes usect ex- regarding singularity i_1 the contim._ous case with two
pected wdues of indicator variables to obtain tile a priori spatial dimensions was correct and welcomed. He added

and conditional covariances ibr the same t,_j_esof migra- that "Felsenstein is a critical deep thinker."

lion models as tel)resented ill l+'qtmtion 1. This caused An important step in Malt.cot's recog_fition, attd in-
considerable confusion in attempts _o measOre the co- deed in tile bloss_mling of tile field of geographical

variauces (particular/yforgeographicanalysisofgenetlc genetics, cattle _t a remar'kahle symposium on the ge-
v_rriation, in humans, for example). ++ksdiscussed in aerie structure of populatin,ls t_eld at tilt University
more detail below. Malecot was rarely interested in esti- of ['+[orlolttltl ill 1972, tO width MMi'cot was invited by

marion, and this probably did not help his work become Morton. Wright was honorary president of the sympo-

more widely known, slum, The atttbors of the collective papers published in
The recursion equation analogous to Equation 1 is the Proceedings (see reference to MALI_COT 1973b)

as follows, in terms of the a priori expected vulues of read like a Who's Who list, Mal0cor also recounted his

higher moment_% i.e., tile a priori co++zu-iances in gene meeting with Wright in a detailed accotttlt ill a recent

frequencies benveen two sites (MAci:COT 1971): interview with Bocqtt_:r-Ave_:t. (1996). It must have

t[ 8(w- x)_ .. been at pivotal and ext'emety irlteresting symposium.
(r.(x, w) = (1 - ,t:)'; [_1 ....... 9_;-----]_l_:l_, tr,,_l(z, u) The symposium proceedings include not only the pa-

St / L ,, pers presented, but also transcripts ofti=mk and detailed

_, follow-up discnsaions--sometim es debates--alnong
+ g(w -- x) +('._--f:_)l (2) many powerful minds in the area of geographical ge-• +2N 1

netics.

whece C is tile equilibrium gene fiequency and P, is Mal(_cot had a long-standing and important relation-
Kronecker's delta. This tbrmalation is quke diff):rent ship wid'l Mocton. Mah?cot was rar_.'ly interested in pur-
from tile recnrslnns for the expected rabies cnnditioned suing estimation and other aspects of developing statisti-

on knowing all of the gene frequencies in the popula- cal methods of analysis of data, even though he had a

tlons in the previous generation, which are not displayed keen interest in biology. Morton and his colleagues were
here, Moreover, Mak?cot did not assume that tire third leadersin developingavarietyofstatistical rneasuresand

and higher moments were zero. and thus his resulks did estimation nlethods, sqnarely based on the predicted
not depend on the assumption of a binomial or norms! values generated by Mal6cot's stochastic models. Mor_

distribution. Again, he usually used Fnnrier and Laplace ton cited Mal_cot's work profusely, and appropriately
rrans_+brms (MM£CO'_ 1972) to extract exact and ap- so. As Morton and colleagues wel_ + f̀or decades at the

proximate analytic solutions, He also produced equa- center of geographical analysis of genetic variation, par-
titres and analytic results in terms of probabilities on ticularlylorhuman poptdations, thishelped agreatdeal
n_midcntity by descent and heterozygosity and inbreed- to spread recognition of Mal_cot's work on geographic

ing coefficients (MM,eCOT 1973a). and spatial stochastic processes. MORTO,_'s methods
it is also commonly mispcrceived that Mal0eot's mort- {e.g., t973a.b. 1982) largely tocused on Mal_cot's mod-

els were [br selectively neutral loci and theretore were els that were explicitly in terms of the conditional kin-
often of little interest to evohationars" and ecological ship or conditlonal covariance ofgene ti'equencies. The

genetics. In f_tct, in most of his articles .Mal_:co[ (it-st connecnorl o_(_srigllatofN to _itoc_+lglS_icprocess parame-

dev_.loped models coneentra6ng on the genealogk:al ters is difficult, particularly m complex spatial-temporal
relations and derived results for neutral notnnutanng processes, The distinction between prior al'_d posterior

loci, but later in each article be would introduce toe probabilities must be made, al Lrlmuch of this boils down
"recall coelficlent," which pulis the system toward some to knowledge of the grand mean of a system. Confusion

equilibrium. The recall coefticiern (k) coukl represent about these difficult-to-penetrate attd often subtle dis,+
mutation (reversible or intinite alleles), migration lrom tinctions probably did not aid in what could .+lave been

outside the system, some forms of selection, or combina- greater or perhaps deeper appreciation of Mat4cot's
lions of these factors, models bv the researchers and their readers who utilized

Another important event occurred in tile n.id-1960s Morton's methods Moreover. Malt+cot did not atwavs
when MalOcot was invited byJ. Neyman to give a lecture agree with all of Morton's estimators, and again this

at the Fifth BerkeleySymposium on Mathematical Stati_ Esunderstandable given the difficulties, hnportandy. _t

tics nnd Probability. The symposium gave hnportan_ seems likels' that these difficulties probabh' encouraged
exposHr_+, to hit work i_l the United _lales. since hi- tile det'eh)plnent Ol other statistical methods that were

published his proceedings paper in English (M.+_LI;;CO+t less connected with stochastic processes and that mostly

1967). Mal6cot's nature was yes++genen+us, and hc told did not cite .MalOcot's work. Here it shoukl be noted
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that inbreeding coefficients within populations and F treme t)._rms; each is useful. Mal('cot's apparently would

statistics can be tied to Mat6cot's models, allow only one sampled gent per popuhition, whereas
Mal6cot's theory of geographical and spatial genetic it is well known that Kingman's model assumes the n

,airiation md full',' blossomed by, 1973. He had just fin- genes are fiom a sim*le., population. Coalescence has
ished a series of three articles (M,._t.g:COT 1971, 1972, become aver?, popular topic basically it im,'olves st per-

1973a) in French. The fi "st two are velw important and imposing a mutation model (usually the infinite sites

[_)ctis on tile coefficients de parent¢) and covariances ill mutation model) onto probat)ilities of coalescences,

gene fi'equencies, The third article (MaLI:XZOT 1973a) The work that Kingman developed is of remarkable
is perhaps of even more remarkable proportions. Not importance, yet it is important to note that Kingman's

only did it explicitly anticipate pairwise coalescence, it n-coalescent appears to torte restricting consideration
also compiled some of his most elegant mathematical to rather simple proces_ses where all subsets of sample

developmenis, primai_ily using various combinations of genes can be treated as stochastically equivalent, be-
the Fotlrier and Laplace transforms and inversion meth- cause of the inherent complexity of genealogies. One

ods. He developed, 'or example, elegant analytic fon'nn- of the most complicated models studied precisely is the
lations of isolation by distance, in terms ofprot)abilities mixed-mating system model (l;'u 1997). in wtfidl two

of identity by descent, for general migration models in groups, sells and outcrosses, of genes are followed. Some

homogeneous systems with either one or two spatial experimental stuciies have used coalescence theo_ T, for
dimensions. The article is written at a velT accessible example, to construct gent genealogies for geogr;,lphi-

level, albeit in French. He also developed an equation tally distributed data, but ignore the tinct that comes-

relating the probabilities of identity by descent to the cences among groups of genes depend on the spatial

probabilities of painvise coalescence events, i.e., "Its proxinfities of the sets of populations represented.
chalnes < e klnsh p game lque, .0 }ears helor( tb{ s i e Throughout most of his life. Mal_Scot published alone.
t;ormulation was developed in the coalescence literature He consistently developed his own central thesis and

(e.g. SLaT_tl,_l.93)._etitisremarkablehowlittleMat(> produceda iglypersor zedbodvofwork, ttefully
cot's work is cited in this literature. However, Mal,Scot's knew the importance of his work, but he was also rood-

precedence on sonic points does not reduce the impor- est. His interest in publication was solely to contribute
tanceofd_eextensivenewworkinthisarea.Theoriginal the important and fnndanmntal results that stemnied

coalescence theo_ T developed by KINGMAN (1982) had from his central thesis. He was interested only in quality

aspects that were completely new, and much of comes- contributions that furthered our knowledge of how sto-
cence literature actually deals with development of sta- chastic processes modeled and explained biology. Mal_-
tistical methods of estimation. Nonetheless, once again cot was not interested in fame.

important developments produced by Mal6cot are in There is a final isstle, that regarding data gene_tted
danger of not receiving timely, widespread recognition, by modern molecular rnethods. Mal6eot was among the

The pinnacle of Maldcot's work on subdivided popu: first to consider niodels in which mutations are alwa),'s
latRms is his article in 1975 (MALI:;COT 19751, which to novel alleles: this is the inutation model basis for the

is wriuen in English. It is a beatitifully conceived and infinite alleles inodel or infin te y many alleles model
ordered distillation of geographic and spatial stochastic (IAM; CRow 1989; Gll.l.OlS. unpublished manuscript).

models of migration. 1t uses much that is in earlier This is remarkable, hecause 50 years ago l_bw would
articles, but also uses some new approaches. Mal6cot, agree it was ever a realistic model in biology. Another

as mathematicians often strive to do, distilled his theory vet), intportant mutation model is the "infinite sites

and proofs for a large variety of models into their ker- model" (ISM), which uses additional information in
nels, with heightened elegance. The article focuses DNAsequence data, for example. Mal6cot's precedent-

: mostly on probabilities of identity by descent, but also setting work on pail-wise coalescence probabilities
covers heterozygosity and probabilities of gametic kin- shoukl be recognized, s nee many coalescence models

ship chains, or what could be called pairwise coalescence either start out or end up equivalent to pairwise thales-

: probabilities, It is also highly abstract, dense, and diffi- cence. Also, ahhough the 1SM may use additional intor-
cult to penetrate, mation--if there s any-.--for DNA sequence data, the

Mal_cot did not publish a great deal after tie became ISM is not required for sonte analyses of sequence data,

Emeritus Professor of the Universit_ de Lyon. Al_er 1982 Mal_'cot's theory in terms of probabilities of dent ty by

there was only one scientific manuscript, a remarkable descent can utilize sequence data and the ISM, ill which
paper, an unpublistled niannscript submitted to Theo- case the)' represent probabilities of no mutations at any

retieal Population Biology in 1989 (G. M._.t.,_:COTand T. site, i.e., rio segregating sites, along nonrecombining

N._,Gvt..,,t<l, personal communications), It deals essen- segments. In addition, it seems doubtful that models of
tiallv with n-coalescence, whereby each one of the n geographic processes can inccu'porate all information

genes is located at a different site in a "continuous" case on segregaling sites because they are siniply too com--

or in different populations, and this approach differs plex, or if dlev are formulated, ;.arlous additional aF,-
from KINC_I,,_'S (1982). The two models represent ex- proximations and assumptions nmst be made--not that

f
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_ tbese should be discouraged, but they should not be Later that day when I left, he walked along to direct

presumed to be supelior. Finally, it is questionable how my driving along the muddy roads that by this time also
often there is substantial additional information using sin-red as creeks. MaDcot was amazingly robust. He was

the ISM rather than tile IAM+ _ know of only n_'o results a warm and caring person. We talked all that day, mostly

on this matter. EWENS (1974) found the conditions till- ill English. I was astonished daat, whatever population
der which the ISM may have more information than the genetics issue came up, he immediately would find such

IAM tar a single population model of genetic driti and and such equation that might be in one of his papers
noted that for most species these conditions would not fiom 50 years earlier scattered in piles on his tables. It

be met. Second, BARTON and WILSON (1995) showed was a blessing to have known him, and I am extremely
that for the isolation by distance model for continuous honored to have worked with him. The work we were

populations, most of the infbrmation in the spatial pat- doing together was destined to be tile highlight of my

tern was between individuals (and their genes) who professional life. Fie was a great man, in the truest sense,
had re©' recent common ancestors (coalescences). It is and an inspiration.

unlikely tbat these difl'ered by one and certainly not by After this meeting we traded ideas via letters, and
more than one mutation, and bence probabilities of within the next year Ma/6cot invited me to coauthor a

identity by descent should capture most of the spatial book as well as some technical papers. The development

inlbrmation, of our book was primarily in the form of letters that
Maldcot's students indoded Gillois, Jacquard, we exchanged frequently over tile following years. The

Lalouel, Marchand, Picard, and Serant (NAGYIAKI letters were mostly dense mathematical tbrmulatioos+
1989). They have made various important advances in We were nearly finished collating tbe materials when

theoretical populations, physical anthropology, and he died. I wilt finish tile book on my own with him as
other subjects. Very. reccntly, the youngest generation coauthor. Malt?cot's era and my "publish or perish" era

of French population geneticists had the opportuni D, are quite different, tie repeatedly rebuked me, "Why
to meet Maldcot, when he gave a featured lecture at are yon ill such a hurry [to fit_ish the book]--we have

the 1998 annual R6union dtl Group6 de Biologie et our whole lives in fi'ont of us." I traveled to France every

G6n_tiquedesPopulations, in Lille, France. He received year to spend time with Gustave and to further our
a sumding ovation, collaboration. Fie was a beloved friend and mentor. I

Perhaps the best insight 1can give into Gustave MaI_> felt closer than ever to him during my stay with him last
cot's character comes from my own experience. I had summer. He was as heahhy as ever, and I am told he

studied MalcScot's _mt'k for many years and viewed him was taking bike _Jdes of up to 50 kilometers.

as a great mathematician and someone who always "does Gustave Mal6cot was born December 28, 1911, and
_)lings right." Although his articles are difficnh to pene- grew up in L'Horme, a small village near St. gtienne in

trate, they are almost always not only exact, but also tile departmente de la Loire, the son of a Protestant
amazingly fi+ee of" errors and typos. A little afore than "ingeuieur en chef des mines," In 1938 he married So-

5 years ago, 1 wrote to him and sent him some of nay zanne Eyraud, who passed away in 1983; he remarried

publications. [ had been "recommended" to him in the in 1986, to Emilienne LaSalIe. He enjoyed skiing, hik-
proper manner of his era, by" Michel Gillois, a former ing, and bicycling, which he continued throughout his
student of Maldcot+ whom l met in 1993. The work of life. Undoubtedly this contributed to his physical to-

mine that 1 sent to him was twofold: theoretical ap- bustness. In the years 1 knew him, he and Emilienne

proaches (STARNL_.) that 1 had developed and papers greatly enjoyed visiting their large l_lmily. His intellec-

on experimental studies of population genetic surveys, tual activities are evident. He had since childhood an
both of which stimulated his interest, interest in flora, geolo_', and natural history, and he

We met for the first time the next summer (1994) at developed an early specialization in mathematics. He
tlis house in a small village ill southern France. The did not believe in determinism, and his personal philos-

directions were complicated. Whelt I knew I was within ophy was humanist.
a few hundred meters of his home, but still could not Gnstave Mal_cot died suddenly, and it is comfbrdng

qnd it. I stopped and asked some neighbors where Pro- to know that he probably suffered as little as possible.

lessor Mal6cot's house was. They claimed that there was His wife Emilienne told me that he had been outside
no professor in the small *qllage+ After several rounds, capturing the day's last rays of sun, as he was wont to

the neighbor finally exclaimed "Oh, Mah?cot, that is the do. He went inside to his work desk, no doubt working

old guy who rides the bike," His village did not even on population genetics theoQ'. A short time later Emi-
know tile,,' had an eminent mathematician in their lienne found him. In addition to Etoilienne, Gustave

midsl. -f'his was typical of his personal modesty. When Male)cot is snrx-ived by 4 children (Christian, Bernard,
1 reached his home. he was standing in tile rain, waiting, ,Jean l,uc, aud lsabelle) and 13 grandchildren.
much to Ill3` chagrin. I hoped that he had not been Maldcot's work never received a fi'action of its de-

_,'aiting there during tile storm of l-centimeter hail I0 served recognition. Nonetheless, he has received a hum-

minutes earlier, ber of awards: Prix Montyoa de l'Acad6mie des Sciences,
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Officier des Palmes Acad6miques, Chevalier de la L_5- xt.u._co-_ (;_ 193_ _ue1(lues consea ences te t'h6rddi_c mendS-
hcm_e (L R. AGUl Sti. Paris 2f)4:619_622 •

gion d'Horllletlr (1962), alld Officie_ de la L_ggion Mu_:c:cH-. G [9-tt I:_mde madff'ma_] tue c_¢s Doouladons %nend6i d'Honneur (1982; Na(;YI_Kl 1989 all of which honor .'.._.. ° _\... Lu,.. I._on Sol. s* _ -t: .F_-60.

}1is a'DemoIr),, %l_l/col G, ,J.t2 5[endfflisme et ¢onsal '_uum¢ (L [I Acad, Sci
ParB 215:313-31-1

If We do not adll3i[ Gl.IMavc Mal_cot t/s a fotlrt[/ fokll/d- MAI._CoF. (... i'2_14 5ur un pfobIhlne dc prooltblhtle5 en chainc _ e

ing father of poptlla.tiorl genetics, fit: hills1 bc iL¢ first* po_e la R4nhtique. { R. A_ad. S< Paris 219: 379-381.

bori1. MAIkcor. _ 1945 La ligtlsio¢l de_ e,t?llcs till[is ill/_: [Jt'lpulatlon
mcnd0[ielm¢. C. R Acad. go}. P;iri* _*_1: 3-1(L.3-1Y
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