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APXEONOIus, rEHETUKA N UCTOPUA:
15 NNET UCCIIEAOBAHUU B AKYTUU (2002—2017)

Tepputopus AkyTun Gbina NepBoHayanbHO 3acernieHa B anoxy paHHero naneonuta 6onee 300 ThiC. NneT Ha-
3ag, U C Tex Nop Moau NpoXuBanu 34ecb NocTosHHO. B AaHHONM cTaTbe paccMaTpuBalTCA HEKOTOpbIE CLeHapum
3aceneHusa AkyTun npeakamu COBPEMEHHbIX SIKYTOB, UX B3aMMOAEWCTBUE C MECTHbIMM NIeMeHaMu, a Takke C
PYCCKMM HaceneHueM, KOTOpoe HaunmHaeT ocBoeHne AkyTumn ¢ nepson nonosuHbl XVII B. K MOMeEHTY nosiBneHus
sKkyToB B IX—XIl BB. 30ecb NpoxmBanu abopureHHble rpynnbl, STHOHNMbI KOTOPbIX HEM3BECTHbI, @ Takke toKarmpbl
N TYHryCbl, 3aHUMaBLUNECS ONEHEBOACTBOM, OXOTON U pbl6onoBCTBOM. Mprxoa 13 1xkHbIX panoHoB Cnbupwn cko-
TOBOJOB-SIKYTOB, @ 3aTeM 3eMIefenbLeB-pPyCCKMX CYLLECTBEHHO BMOOW3MEHMWIT 9KOHOMUYECKYIO M 3THUYECKYHO
cuTyaumio B AKyTuM. 3T npouecchl onpeaendoT npobneMaTuky Hawwmx uccrefosaHuin B Tedenune 15 net. Mol
NpOBOAMM PACKOMKN 3aXOPOHEHUN, a 3aTEM CPaBHUBAEM KyrNbTypHblE, UICTOPMYECKME U NaneoreHeTMyeckne aaH-
Hble. Hawm nccrnegoBaHus oxBaTbiBaOT Nepuoa Mmexay rocnoacTsoM TPaanLMOHHOTO 0b6pasa >XU3HU 1 NPpUXOA0M
€BponenueB BNNOTb A0 KOHLA XpUCTMaHu3aumm (packomku norpebGeHnn) u HanpaBneHbl Ha CUCTEMaTUYECKUN
NMOWCK POACTBEHHbIX CBSA3EN MeXAy NoabMU1, OCTaBMBLUMMM YKa3aHHbIe 3aXOpOoHeHMs. MiccrnegoBaHus No3Bonmnm
BbISICHUTb, KaK SIKyTbl UCKanu MecTta, 6naronpusaTHble A NocerneHus (anaachbl), U Kak 3acensinu ux. Takve 30HbI
ObINV peaKkMMKn 1 paccesiHbl 3a NONAPHbLIM KPYroM, YTO OOBbSACHAET pacnpocTpaHeHue SKyTOB Ha Tepputopumn 6o-
nee YeM B 3 MrH KM’. Halm 1ccriejoBaHNsi NO3BOMUIMN 3asiBUTH O BbIP@XXEHHOM «3dpekTe ocHOBaTENSA» MO MYXCKOW
NHUM Y SIKyTOB. BnepBble Hamu Bbin NocTaBneH BOMPOC O COBOKYMHOW LIEHHOCTU U 3HAYMMOCTU apXeoriormyeckux,
NCTOPUYECKUX 1 NaneoreHeTUHECKUX AaHHbIX Ha NpUMepe U3ydYeHns XOpOoLLIO OOKYMEHTUPOBAHHOMO AOMNTOBPEMEHHOIO
nepvoga. lNogseaeHne OCHOBHbIX UTOTOB BCEX OMYONMKOBaHHbLIX paboT NO3BONSET onpeaenutb npobnemaTuky npea-
CTOALLMX MCCNeaoBaHN: He0bXoaNMOCTb pa3paboTkM MHHOBALMOHHBIX METOAOB, OCOBEHHO NpY COMOCTaBEHUN AaH-
HbIX B 0bnactu 6uonorus — KynbTypa, NpoBeAeHne AeTanbHbIX UCTOPUYECKMX UCCIIEN0BaHMA MO 3KOHOMUYECKOW U
PEnNUrMo3HON NCTOPUM U UCTOPUN ANUOEMUN.

KnioueBble crnoBa: fiKyTbl, TYHTyCbl, loKarupbl, SKyTusi, pycckue, OXOTHUKU-cOOBMpaTenu, CKOToBOAbl,
orneHeBOAblI.
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ARCHAELOGY, GENETICS AND HISTORY 15 YEARS
OF RESEARCH IN YAKUTIA (2002-2017)

For the past 15 years, our research has focused on the evolution of the first Yakut populations, their
interaction with local tribes as well as with the Russian population, which marks the beginning of Yakutia's
development from the first half of the 17th century. We conducted the excavation of tombs and we analysed the
cultural, historical and paleogenetic data uncovered. A review and a synthesis of the main results published in
articles and monographs informs our research directions for the future.

Key words: Yakuts, Tungus, Yukagirs, Yakutia, Russians, hunter-gatherers, herders, reindeer herders.

Colonial neolithization

In 2002, the three authors of this article developed a program of studies on the recent peopling of the
Yakut or Sakha Republic, an autonomous republic of the Russian Federation situated in north-east Siberia.

It has a little over one million inhabitants, half of which are Yakuts, descendants of the cattle and horse
breeders, who still make up more than a third of the population (the others Yakuts became urban dwellers)
they lived in the coldest inhabited region of the planet outside of the Arctic. They spoke one or more
languages of Turkic origin mixed with some Mongolian elements and perhaps other extinct languages.
During their expansion (whose beginnings are unknown), the Yakut people came into contact with other
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populations who spoke a language of Siberian origin, which western and sometimes Russian historians
termed Tungusic and Yukaghir peoples. In addition to these ethnic groups, indigenous tribes lived in
Yakutia, whose history dates back to the Stone Age. Over time, they were completely assimilated by the
Yakutes, Tungus and Yukagirs and disappeared as an independent ethnic group. Some of the Tungus and
Yukagirs were also assimilated and absorbed by the Yakutian peoples. Originally hunter-gatherers, Tungus
and Yukagirs turned, during the last centuries, increasingly to reindeer herding wh|Ie the size of their
population reduced drastically [Crubézy, Nikolaeva, 2017]. At the beginning of the 17" century, the Yakuts
came into contact with the Russians who started to survey the region.

The evolution of the Yakut population is very particular as it at is at the intersection of two
historical contexts:

¢ The first very long historical trend is that of the supremacy of farmers and breeders — here of cat-
tle and horses — over the hunter-gatherers (ancestors of the Tungusic and Yukaghir poEuIatlons) This
expansion, originating in the south of Siberia a few thousand years ago, ended in the 20" century below
the polar circle.

¢ The second historical trend is that of the European colonial expansion. It began officially in Yakutia in
1632 and ended during the 19" century with the assimilation of the population, at least on a matenal level.

The success of the Yakuts, i.e. their expansion between 1632 and the beginning of the 20" century
at the expense of the Tungusic and Yukaghir populations, is related to the interaction between two
colonial models: that of the supremacy of farmers over hunter-gatherers in a process of neolithization,
and that of European colonial expansion. We define this interaction as «colonial neolithization», a term
which encompasses the characteristics of neolithization but which is specific of a recent era and
whose actors were unconsciously supported by a global, colonial economy represented by the fur
trade [Crubézy, Nikolaeva, 2017]. This colonial neolithization took place at a key time during the
history of humanity, when the herder populations living a traditional lifestyle were confronted with
European colonization. This situation reflects many similar situations around the world, which have
been extensively studied by historians but are only starting to interest archaeologists, in the Americas
notably [Hamalainen, 2012, White, 2009].

Until recently, the peopling of Yakutia had never been analysed along these lines, because Yakut
history and archaeology were born and evolved in a partlcular context until the creation of the Russian
Federation. Yakut elites christianised at the end of the 19" century were the first to concelve the history of a
Yakut nation, based on the ethnographic accounts of political exiles from the 19" century: R.K. Maak,
V.L. Seroshevsky, hlstorlans of the local people [Popov, 1924; Ksenofontov, 1992] and the accounts of
travellers since the 17" century [Nikolaeva, 2016]. During the soviet era, archaeological studies expanded.
They benefited from the early interest of the soviet archaeologist A.P. Okladnikov who wrote a monograph
[Okladnikov, 1968] published in the West [Okladnikov, 1970], then from that of A. Gogolev [Gogolev et al.,
2007] and his student R. Bravina [Bravina, 1996] on Yakut funerary rites, and the wider synthesis of
A. Alexeev [Alexeev, 1996]. A major theme of these studies is the Yakut ethnogenesis, that |s the genesis
of the Yakut culture in its totality (A. Gogolev in this issue). If Yakuts were present in the 17" century, who
where their ancestors, notably among the populations of the southern steppe corridor? Outside of
ethnogenesis, the archaeology of the Yakuts was mainly an ethnoarchaeology. What was observed in the
excavated tombs was compared with the multiple accounts from travellers and what was still observable in
the countryside where traditional ways of life endured until the end of the 20" century.

Chronology of our research

In Yakutia, the presence of frozen tombs gave us access to the totality of the material culture of the
buried subjects (fig. 1), but also to an unprecedented mass of biological data. We are fortunate that this
record allows us to study the Yakut archaeology before, during and after their contact with the outside
world. Historical documents are numerous and remain to be totally explored, or re-analysed in a
contemporary perspective. Ethnographic documents have been more thoroughly studied and give us
unparalleled information on traditional ways of life, the economy, and the faith of the ancient Yakuts,
notably shamanism [Czaplicka, 1914; Ksenofontov, 1992]. The archaeological study period ends with the
soviet era. Within a few years, around 1922, Christian cemeteries were abandoned and new cemeteries
were inaugurated, which in many cases are still those in use by the contemporary communities. During the
last 15 years, our research has focused on: (i) the transition between a traditional way of life and the arrival
of the Europeans until the end the Christian era, studied from excavated sepulchres; and (ii) the systematic
search for parental links between individuals from uncovered tombs.
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Fig. 1. 1 — Kerdugen, 2011, leather belt decorated with copper alloy plates; 2 — Tottouk, 2017, horse scraper knob
in carved mammoth ivory; 3 — Ordiogone 2, 2007, copper ring and antler or elk hook attached to the belt; 4 — Kure-
leekh 2, 2011, Copper alloy solar disc fixed on the top of the chapka; 5 — Kouranakh, 2011, wooden pipe with its copper
alloy stove ; 6 — Kureleekh 2, 2011, bronze torque with a locking system consisting of a beaded leather tie; 7 — Atyyr
Meit 1, 2010, bow made of larch covered with birch bark; 8 — Urun Myran 1, 2009, 7 arrows and their leather quivers;
9 — Kureleekh 2, 2011, iron knife with a wooden handle and leather case; 10 — Tyyt Bapyt, 2005, three-legged tchoron;
11 — Urun Myran 1, 2009, batilla with handle covered with birch bark; 12 — Bittiki, 2017, wooden spoon;

13 — At Daban 13, bronze cauldron pierced with a wooden spoon; 14 — Kureleekh 1, 2011, decorated birch bark pot.
Puc. 1. 1 — KeppatoreH, 2011, koxXaHbIn peMeHb, YKpaLleHHbIV NacTuHamMmmn n3 MegHoro cnnaea; 2 — ToTTyk, 2017,
M3roToBMNEeHHOe U3 BUBHA MaMOHTa HaBepLUME PYyYKMU CKpebKa As O4YMCTKM Kpyna nowiagn oT CHera, uHes,
namoposu; 3 — OpaxoroH 2, 2007, MegHOe KOrnbLO U KPIOK 13 pora OrfeHs Uiu J10Cs, MPUKPENIIeHHbIV K Moscy;

4 — Kiopanaax 2, 2011, anck-Tyocaxrta U3 MeaHoro Cnnasa, 3akpensieHHbIA Ha BEPXHEN YacTu LIanku, CUMBONN3U-
pytowmia conHue; 5 — Kypanax, 2011, nepeBsiHHasi Tpybka ¢ mefHow Yawen; 6 — Kiopanaax 2, 2011, 6poH3oBas
rPUBHA C 3aCTEXKOW 13 KOXKaHOrO LUHypKa ¢ 6rcepom; 7 — ATbiblp Melite 1, 2010, nyK ©3 MMCTBEHHMLbI, MOKPbLITOM
6epecTton; 8 — KOptoH MeipaH 1, 2009, 7 cTpen 1 nx koxaHble kondaHbl; 9 — Kiopanaax 2, 2011, ene3Hbii HoX
C OEepeBSAHHOM py4YKon 1 KoxaHbIM 4exnoM; 10 — TeibIT BanbiT, 2005, TpexHormii YopoH; 11 — KOptoH MelipaH 1, 2009,
nanbma (6aTbiia) ¢ py4koin, nokpbiTon 6epecton; 12 — Buttnkn, 2017, nepeBsiHHas noxka; 13 — At [JabaH 13,
BGPOH30BbLIN KOTEN C HAMEPEHHO NPOBUTLIM AHOM U AepPEBSHHBIN Yepnak; 14 — Kiopanaax 1, 2011,
[OEeKOpUPOBaHHbIN COCYa, OPHaMEHTUPOBaHHbIN 6epecTaHon 0bknaakon.
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Our first campaigns conducted in 2002 and 2003 consisted in prospection and the first excava-
tions in south Yakutia and in the territories of central Yakutia (fig. 2).

oA
Ujgjunowt E"'I'I“

Fig. 2. Areas of surveys and excavations of the Archaeological Mission Franco-Yakut since 2002.
Pwuc. 2. HanpasneHus nccnefoBaHnii U packonok hpaHKo-sKyTCKOW apxeornornyeckon akcneaunumm ¢ 2002 r.

We established the core of our team and familiarised ourselves with the study of frozen tombs.
This was followed by a three year period (2004 to 2006) during which we conducted large scale
expeditions in Yakutia, still essentially an ethnoarchaeological study but coupled with: (i) fine
excavation of the tombs and the autopsy of the remains conducted with anthropobiologists, forensic
pathologists, topographers, professional archaeologists, draftsmen, photographers, and ethno-
archaeologists specialised in the recognition of furs and tanning methods; (ii) the first studies on the
organisation of the territory, initiated with a two-year collaboration with geographers from Toulouse.
During this time, we developed and structured the team which acquired new expertise in identifying
frozen tombs, excavating them, and conducting autopsies on the remains. We began to reconstitute
clothing, a practice which is now systematic (see [Hochstrasser-Petit et al., in this issue]).
Following the first synthesis [Crubézy, Alexeev, 2007] we initiated expeditions in zones less well
known archaeologically: in Vilyuy in 2007 and 2008; Verkhoyansk (2010, 2011, 2012 and in 2013,
2014 and 2015 on the Indigirka and in Oymyakon). In 2009, we conducted a new campaign in Central
Yakutia as it became important to settle a number of cultural questions and to complete our
quantitative sample of tombs. In all the zones outside Central Yakutia we conducted historical studies
prior to the archaeological prospections. These aimed to outline the zones of Yakut settlement which
were then identified on maps established during the soviet era as well as satellite and aerial photographs.
Later, as the genetic studies progressed, we opted to proceed with excavations south of Yakutsk: (i) On the
quaternary terrace of the Lena river corresponding with the cemetery of the Kangalaski clan, the clan that
represents the last and most powerful expansion of the southern ancestors of the Yakuts in the 14"
16™ centuries. The material culture of the Khangalans of this period has been best studied in the
Tuxmaada Valley (c.f. above); (i) in the alluvial plain which delivered tombs anterior to the 18" or even the
17" century of uncertain status corresponding perhaps to foreign populations. Target specific zones
corresponding to certain tribes or particular study hypotheses. During all these campaigns we communi-
cated our results via research articles and reviews [Crubézy, Alexeev, 2012; Crubézy, Alexeev, 2007;
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Crubézy, Nikolaeva, 2017] and popularised our results via films for the general public, in French and
Russian [Jampolsky, 2007; Molia and Lutz, 2017].

Results specific of Yakutia

Our results are analysed in the framework of the world of the dead (funerary practices), the world of the
living (epidemiology), and the evolution of populations and cultures [Crubézy, Masset et al., 2017].

The world of the dead. Our first results, summarised in French for the general public, dealt with fifty or
so tombs from Central Yakutia [Crubézy, Alexeev, 2007]. They were updated and expanded in Russian in
2012 [Crubézy, Alexeev, 2012] to take into account the latest findings from Central Yakutia (2009) and
those of Vilyuy (2007, 2008). Several syntheses [Crubézy, Alexeev, 2007, 2012; Crubézy, Nikolaeva, 2017]
described the unusual funerary rites in this region, particularly sacrifices of horses [Duchesne et al., 2014]
and superstitions around the return of the dead (fig. 3, fig. 4). A major advance was the recognition of four
chronological phases, which could be put in parallel with historical accounts (in this issue).

Fig. 3. Us Serge 2's horse grave with three horses (2016). A horse was deposited intact, for the other two,
only skins comprising the ends of the legs and skulls.
Puc. 3. KoHckoe 3axopoHeHune Yc Capra 2 ¢ Tpemsa nowagemu (2016). OgHa nolagb 3aXopoHEHa LiEeNYKOM,
OBe Apyrvue npeactaBneHbl YepenaMmy U LEeNbHOCHSTBIMM LLKYPaMU C KOMbITamMu.
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Right arm
[Rishtarm [

Fig. 4. Photo and drawing of the muffs and links attached to the coat of Ordiogon 2 (2007).
Puc. 4. ®oTorpacdusi u pucyHok MydT U1 LUHYPKOB, MPUKPENIIEHHbIX K NanbTo, u3 norpebeHns OpaxoroH 2 (2007).

The world of the living. Our first studies in Central Yakutia showed that the Yakuts were closely
linked with an environment specific to Yakutia, that of the alaas [Crubézy, Alexeev, 2007]. It is a
landscape unique in the world which lends itself to the development of cattle breeding in this country
where the soil is frozen to a very deep depth and only thaws to a depth of a few decimetres during the
summer. The alaas are hemispheric depressions, from 3 to 40 m deep, which expand progressively.

In the summer they are filled with water and form lakes surrounded by wetlands. These small lakes
are surrounded by natural grasslands and support the proliferation of large herbivores such as moose. With
a limited effort, human populations were able to widen these prairies, by setting fire to them in September
for example, and turn them into ideal grazing lands for domestic cattle and large game. In the Verkhoyansk
region, alaas are rare in the East and completely absent in the foothills of the Chersky mountains. In all the
alaas of the region, the Yakut occupation, materialised by remains of ancient Christian cemeteries (1850—
1922), was systematic. This observation allowed us to understand the search by Yakuts of favourable
zones for their settlement, and their settling in these zones each time they encountered them. The fact that
these zones are rare and dispersed under the polar circle explains the progression of the Yakuts — which
was quantified [Crubézy, Nikolaeva, 2017] — and their expansion over more than three million square
kilometres extending in some places outside the borders of today’s Yakutia.

At a cultural level, we showed that: (i) the cultural rupture around 1689 was linked to several economic
factors, with the opening of the Nertchinsk trading post [Crubézy, Alexeev, 2007, 2012], but also to political
factors with the end of the civil war in Yakutia and the seizure of power by the members of the Kangalasky
clan [Crubézy, Nikolaeva, 2017]; (ii) the end of the «Golden Age», (an absolutely fabulous period of wealth
for Yakut chiefs that begins after 1689) around 1750, initially thought of as linked to the opening of the
Khiakhta trading post (2007, 2012), was in fact linked to a series of political and economic episodes that
affected Yakutia for two decades [Crubézy, Nikolaeva, 2017]; (iii) the different archaeological phases of
Christianisation may have been linked with historical events around these episodes (fig. 5). Moreover, the
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significance of certain artefacts recovered from the tombs was understood using artefacts coming from
museum collections [Crubézy, Gérard et al., 2017]. Beads and tokens from France, England or Nuremberg
uncovered in the tombs were described in a review [Crubézy, Alexeev, 2012] as well as some depictions of
representations of paired horse heads in Yakut Art [Alekseev, Crubézy, 2016].

Fig. 5. Woman early Christianized (grave of Siniges-2009).
Pwuc. 5. >)KeHwuHa n3 paHHexpucTtnaHckoro norpeberus CuHurec-2009.

We were able to demonstrate that horses adapt to cold environments [Librado et al. 2015] and we
discovered a number of epidemics previously unknown and not described in the literature, notably
smallpox [Biagini et al., 2012; Théves, Biagini, Crubézy, 2014; Théves, Crubézy, Biagini, 2016], and
one of the largest epidemics of tuberculosis of European origin described in the literature [Dabernat et
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al., 2014]. We also found evidence of a number of infectious diseases such as whooping cough and
some dysentery epidemics [Theves et al., 2011]. A study of cemeteries of European immigrants in
Krasnoyarsk showed that the most frequent infectious disease among them was syphilis, including its
congenital form [Dabernat et al.,, 2014]. Only one case of syphilitic bone disease was suspected
among the indigenous Yakut population.

Evolution of the Yakut population from the origins to today: The first elements [Crubézy, Alexeev,
2007] developed later [Crubézy et al., 2010] and which come from the genetic data of the frozen
bodies found in the graves indicate an important male founder effect on the Yakut population and a no
less important female founder effect on the peopling of the peri-Baikal zone. A comparison of
biological and cultural data allowed us to understand sampling bias and explain these founder effects
[Zvenigorosky et al., 2017]. Before 1689, male lineages were very variable and foreign to the Yakut
population. Apart from the Ht1 lineage, these male lineages (called haplotypes) are not found in the later or
contemporary populations. Those haplotypes were clearly those of chieftains, whose successors were
eliminated by the clan or allies of the Kangalasky clan (with the haplotype Ht1S1). Among the female
lineages, from the onset we found a lineage more prevalent than others which seemed to be selected at
the occasion of marriages among the Ht1S1 clan. It was notably the case of the wife of Mazary Bozekov,
known archaeologically as At Daban 6. Later, the Ht1S1 lineage expanded to Vilyuy, Olekma and the
districts of northeast Yakutia, and the Yakuts experienced a demographic expansion at the origin or
colonial neolithization (cf. supra). Some Yakut chieftains were polygamous and had a large number of
children. Certain paternal lineages (including Ht1) have a frequency of over 20 % in the contemporary
population, making it unique among global populations from the world.

Methodological significance of our results

Our results show the potential of paleogenetics in cultural studies. We demonstrated that similarities
between tombs was linked to genetic parental links and, conversely, dissimilarities between tombs 200 m
apart and formerly attributed to different cultural periods were nevertheless those of a brother and sister.

The mis-attribution was linked to the precocious evolution of one of the individuals compared to
the rest of Yakutia [Zvenigorosky et al., 2017]. In the same way, we showed that strong cultural
disruptions (1689, the Yakut golden age) were not accompanied by a population change but only by
the dominance of one clan over the others in this population.

For the first time in the history of anthropobiology, we demonstrated [Zvenigorosky et al., 2017]
that, apart from demography, an ancient sample from a funerary group was not representative of the
population living in this period. It is a significant finding which raises the question of the value of paleo-
genetic or anthropologic studies that don’t take into accounts the archaeological and cultural context.

For the first time, our research demonstrates the value and the significance of studying in parallel
archaeological, historical and paleogenetic data from an group well documented over a long time. Not
all the historical phases proposed by different authors to divide the history of Yakutia have an archaeo-
logical correspondence. On the other hand, these archaeological phases had historical correspon-
dences but these were not necessarily those on which historians focused their efforts. From the
19" century onward, from the time the Yakuts adopted the Russian orthodox culture, a remarkable
correspondence was found. We deduct from this that archaeology was representative of the history of
the Yakuts, while history was representative of that of Russians. This led us to completely reconsider
the history of colonization, to raise the question of the conquerors and conquered and to propose new
perspectives to understand the history of colonization in general [Crubézy, Nikolaeva, 2017].

Program for the future

Our main objective will be to understand the diffusion of Yakut culture from the south of Yakutsk to the
polar circle and the modalities of contact with Europeans. In addition to pursuing the excavations that have
been initiated, we will need to (i) find arangas (outdoor platforms on which the Yakuts deposited the dead
that they would not bury) of Yakut and Tungusic populations and Yukaghirs and study them in order to
study populations which did not bury their dead but deposited them on platforms; (ii) target sites of specific
regions or certain tribes, to excavate Ostrog cemeteries to study imported diseases. In the laboratory, we
will pursue our analyses but we will also continue to develop innovative methods to compare biological and
cultural data. This will allow us to understand to which extent the diffusion of Yakut populations followed the
displacement of populations or families, or the diffusion of ideas. Until now, we studied individuals
[Zvenigorosky et al., 2017] but from now on the entirety of the population will need to be studied, and we
therefore need to develop new statistical methods. Apart from these analyses, we will develop fine
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historical analysis tools, to study the economic, historical, and infectious history, so as to get closer to the
historical environment of biological discoveries.
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