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ABSTRACT  

 Pleistocene steppe-grasslands of Beringia represented one of Earth’s most extensive 

biomes.  Herbivores are key determinants of the structure of the ecosystems they inhabit, with the 

capacity to modify productivity, nutrient cycles, soil properties, fire regimes, etc.  This was 

especially true of the Beringian steppe, where herbivore activity may have contributed to dry 

climatic conditions that promoted grass ecosystem productivity.  At the end of the Pleistocene, 

Beringian vegetation transitioned to moss-dominated tundra and tree-dominated forest, 

corresponding to a warmer environment with increased moisture, and to megafauna extinction.  

Bison priscus was a paramount species in Siberia through the Pleistocene, becoming extinct 

approximately ~6000 y BP.  A “Pleistocene rewilding” initiative in the Republic of Sakha proposes 

to restore a modern analogue of B. priscus to Siberia, with the goal of re-establishing grasslands 

ecology in the area through herbivore intervention. This paper considers and critiques the 

rationale and anticipated outcomes of this restoration initiative.      

 

INTRODUCTION 

 In April 2006, the Beringian bison completed the roundtrip leg of a journey it began more 

than half a million years ago.  Extinct in western Beringia (Siberia) since 5000-6000 y BP,  Bison 

priscus’ “hoof print” has survived to the present day via B. priscus’ extant relative, Bison bison 

athabascae (the Canadian wood bison / wood buffalo). B. priscus represents a keystone large 

herbivore species in Beringia during the Pleistocene, and is believed to have played an important 

role in maintaining the Beringian steppe ecosystem.(1,2,3) 

 Restoration of bison to Siberia, targeting B. bison athabascae as a modern analogue for 

B. priscus, was proposed in 1997 by Russian scientist Sergey A. Zimov, Director of the Northeast 

Science Station, Cherskii, Russia (Figure 1), in collaboration with F. Stuart Chapin III and Melissa 

Chapin of the University of Alaska at Fairbanks.  Their hypotheses were: 1. The re-introduction of 

large herbivores would help re-establish steppe ecology in a designated area; and, 2. Large 

herbivores could have survived in Siberia through the Holocene in the absence of human hunting 

pressures.(1,2)  Additionally, Zimov proposed that re-establishing a steppe-grasslands biome will 
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help prevent permafrost thawing and the subsequent release of trapped CO2 into the 

atmosphere, a cause and effect of global warming.(4,5)   

A 160km2 area, 30 kms from Cherskii in the Indigirka-Kolyma lowlands of the Republic of 

Sakha (Yakutia), was designated to receive the bison from Canada. The designated area was 

quaintly named “Pleistocene Park”, referring to a period representing B. priscus and steppe 

ecosystem inter-dependence. Relict Pleistocene steppe vegetation is found in limited plots in the 

Park and the surrounding area, and the investigators anticipated the impact from bison grazing, 

nutrient recycling and disturbance would encourage expansion of this vegetation, coming closer 

to a restored steppe ecosystem.(1,2) 

The management plan for Pleistocene Park proposed rewilding in three stages:  First, the 

re-introduction of modern analogues for extinct Pleistocene large herbivores, such as bison and 

horses. (If successful, the re-introduction of small Pleistocene fauna, such as beetles and ground 

squirrels, would be considered.) Second, these species would be transplanted internally within 

Siberia, from the local restored stock. Finally, once stable herbivore populations were 

established, Pleistocene analogue carnivores would be introduced, notably the Siberian tiger. A 

prior Pleistocene rewilding experiment in Siberia showed much promised:  Yakutian horses were 

re-introduced in 1988 near Pleistocene Park.  The horses successfully acclimatized, and are now 

free-ranging.  Grasses have increased in abundance, while mosses have declined, in areas 

where the horse herd is active.(1,2)  

The initiative proposed by Zimov and the Chapins has been partially implemented, 

though far from Pleistocene Park. In April 2006, 30 yearling B. bison athabascae (15 females and 

15 males) were transplanted from Elk Island Park, Alberta to the Lenskie Stolby National Nature 

Park at the mouth of the Buotama River, approximately 125 km south of Yakutsk (Sakha’s 

capital) and significantly south of the originally proposed Pleistocene Park (Figure 1).(6,7,8)   

 This paper considers the rationale, evidence and anticipated outcomes describe in the 

proposals for Pleistocene Park, particularly the role of large herbivores in creating/maintaining a 

steppe ecosystem, and what assumptions about Beringia’s Pleistocene environment may follow 

from this knowledge. Bison extinction and the overkill, climate and keystone-herbivore 
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hypotheses are discussed. The relationship, as well as some morpho-behavioural differences 

between B. priscus and its modern analogue, B. bison athabascae, are discussed.  A summary of 

Pleistocene vegetation and extant relicts is provided, along with the relationship between 

thermokarst processes, forest formation and subsequent grasslands re-expansion. Finally, a 

description of the Lenskie Stolby restoration is provided, including discussion of possible reasons 

for selecting it as a receiving location vs. the originally proposed Pleistocene Park location. 

 

Figure 1.    
 

 
 
Map of the Republic of Sakha (Yakutia) (left),  
showing Cherskii and Yakutsk. (Modified from: 
http://encarta.msn.com/map_701517747/Sakha.html) 

 
Map showing Cherskii, the Northeast Science 
Research Station and Pleistocene Park in the Indig
www.faculty.uaf.edu/fffsc/russpics/PPmaps2.jpg) 
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United States.(9) The species was adapted too Beringia’s cool, steppe grasslands environment 

during the Pleistocene.(9) 

   B. priscus is believed to have evolved in Eurasia, and spread east through Beringia in at 

leas two migrations, one at ~600,000 y BP, the second at ~90,000 y BP.(1,2,10,11).  B. antiquus 

descended from the first migration, becoming widespread through North America.  During the 

second migration, B. priscus is believed to have bred with B. antiquus, giving rise to B. bison 

bison (the smaller bodied North American plains bison) and B. bison athabascae (the larger 

bodied Canadian wood bison or wood buffalo).(1,2,11).  Westwards, the smaller bodied B. 

bonasus (the European bison or wisent bison) evolved in the Caucasus south of Russia and in 

Poland, perhaps from B. priscus.(1,2,10,11,12)  Of these extant species and subspecies, B. bison 

athabascae’s morphology most resembles that of B. priscus in Siberia during the late 

Pleistocene.(1,2,10,11,12)    

The appearance of B. priscus is evidenced in Paleolithic art (cave paintings, 

stone/bone/antler carvings; Figures 2a and 2b), which additionally provide clues about bison 

behaviour, the animals’ relationship with humans, and bison’s place within the existing animals 

community.(9) B. priscus’ appearance is also evidence directly by unearthed carcasses, most 

notably “Blue Babe”, found in 1979 at Pearl Creek, a mining site near Fairbanks, Alaska.  This 

carcass represents a male, believed to be 8-9 years old, and was radiocarbon dated to ~36,000 y 

BP.  Blue Babe’s living weight was estimated at 700-800 kg, and his body colouration was dark 

brown with black on the front of his face, his beard, anterior and posterior humps, tail and 

legs.(9,10). (Figure 2c.)1  

B. priscus was slightly larger than B. bison athabascae, with longer legs, a second hump, 

and with large horns that curved backwards, different from B. bison athabascae’s which are 

shorter and curve backwards at a greater degree (Figures 2e and 2d).(9)  In Frozen Fauna of 

the Mammoth Steppe (1990), Guthrie proposes that contemporary bison morphology and 

                                                 
1 Other evidence includes: 1. A specimen from the Dawson City area comprised two lower forelegs, one with black-brown 
fur;  2. A male carcass radiocarbon dated to ~31,000 y BP found at Fairbanks Creek in 1952;  3. Two lower legs found at 
Cleary and Goldstream creeks, Alaska in 1936;  4. A 2-1/2-year-old female from the Indigirka River dated at ~30,000 y 
BP;  and 5. A series of bones from Old Crow Basin, Yukon, representing both sexes. It is speculated that these Old Crow 
Basin specimens are from a single herd that met a shared catastrophe (such as breaking through ice).  The group is 
dated at ~12,000 y BP.(9) 
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behavior evolved in response to the disappearance of ambush predators, such as large cats and 

bear.  As a result, bison behaviour and morphology originally evolved to facilitate standing and 

fighting sudden ambushes, or to run fast to get away.  The disappearance of ambush predators 

during the Holocene left wolves as bison’s main predator. Wolves hunt in packs, and are pursuit 

predators. Since standing and fighting wolves is not an adaptive strategy, Guthrie suggests bison 

evolved smaller bodies and smaller horns more suited to fleeing.(10)  (Additional discussion of 

bison body size decreases is included, below.)2     

 

B. priscus Extinction 

Estimates of dates for B. priscus extinction in Siberia are premised on pictographs and on 

direct fossil evidence.  In southern Sakha, pictographs of bison date to ~2000 y BP, suggesting 

bison hunting may have still been occurring at that time.(1.2). Bison skulls from Siberia show 

similar morphology to their counterparts in North America. One skull unearthed in Siberia is 

similar in size (including horn size) to North American skulls dated at 5000-6000 y BP.  This 

evidence suggests both Siberian and North American bison evolved smaller body size during the 

Holocene.  Assuming both groups had the same rate of evolution, the Siberian skull may then be 

dated to ~5000 to ~6000 y BP.(1,2)  B. priscus clearly survived in Beringia, though declining, into 

the Holocene, commensurate with the period of human hunting intensification, climate warming 

and vegetation change.(1,2,10) 

 

The Keystone Herbivore Hypothesis   

At ~10,000 to ~15,000 y BP, modern humans expanded through Beringia, hunting large 

herbivores using their new microblade technology.(10)  Zimov notes this period correlates to the 

timeline of megafauna extinction through Beringia.(1,2) This correlation, in addition to 

archaeological evidence of human processing of megafauna bones and horns, forms the basis of 
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2 It will be interesting to observe whether B. bison athabascae were to transform to become closer to that of B. priscus, 
once ambush predators such as Siberian tigers are re-introduced. 

B. priscus
 
 



          

B. priscus
 
 

 
 
 

Figure 2a. Magdalénien cave painting of B. priscus, from 
Altamira Cave, Spain. Upper Paleolithic Magdalénien 
culture spanned the period from 18,000 - 10,000 y BP. 
(Modified from: 
http://commons.wikimedia.org/wiki/Image:Altamira_Bison.JPG) 
 
 

 

Figure 2c. Recovered at Pearl 
Creek, near Fairbanks, Alaska, 
Guthrie’s “Blue Babe” dates to ~ 
36,000 y BP.  It is the carcass of 
an estimated 8 or 9-year-old male, 
believed to be B. priscus.  Its 
horns are typical of B. priscus.  
Blue Babe is believed to have 
been killed by a group of at least 
two lions, evidenced by claw 
marks on his hind quarters and 
puncture marks on his neck. 
(Modified from www.beringia.com) 
 

 
 

 

                
 
                
 

Figure 2d. B. priscus (Modified from: 
http://archserve.id.ucsb.edu/Anth3/Courseware/
Pleistocene/6_Bestiary.html#Bison_priscus) 
 

Figure 2e. Canadian wood bison, B. bison 
athabascae, believed to have descended from 
B. priscus ~90,000 y BP. (Modified from: 
www.ec.gc.ca/EnviroZine/images/Issue66/bison2_l.jpg) 
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Figure 2b. Cave painting of horse, mammoth and B. 
priscus, from Kapova Cave (Shulgan-Tash) in Russia’s 
Ural Mountains, dated to 14,860 +/- 150 y BP.  
(Modified from: 
http://vm.kemsu.ru/en/palaeolith/kapova.html.JPG) 



Zimov’s and the Chapins’ hypothesis that large herbivores could have survived in the absence of 

human hunting pressures.(1,2,3) 

The Pleistocene Park proposals’ primary supposition is that large herbivores are key 

determinants of the structure of the ecosystems they inhabit, with the capacity to modify primary 

production, nutrient cycles, soil properties, fire regimes, etc.,(3,13) noting that climate warming 

and vegetation change occurring around the same time may have been a co-determinant of 

extinction.  However, Zimov et al. attribute vegetation change to the disappearance of large 

herbivores, as declining numbers would have decreasing impact of their maintenance of their 

habitat.(3)  Overkill by human hunters is presumed to be the cause of herbivore disappearance. 

Zimov explains the “climate hypothesis” for megafauna extinction assumes Beringia was 

arid, with low summer precipitation and dry soils, through the Pleistocene.(3)  These conditions 

facilitated steppe vegetation productivity, which supported megafauna populations (mammoths, 

bison, horses).(3,10). Then the climate became wetter during the Holocene, as rainfall and snow 

depth increased, resulting in the expansion of moss-lichen cover and a decline in herbaceous 

vegetation.(3)  The “climate hypothesis” holds that these factors brought about (or at least were 

the primary factor in) the extinction of large herbivores.(3,10)   

The “keystone-herbivore hypothesis” draws on both the “overkill hypothesis” and the 

“climate hypothesis”, suggesting that large herbivores were integral to the maintenance of steppe 

vegetation, and overhunting by humans reduced herbivore numbers and thereby the effects of 

grazing, disturbance and nutrient recycling. Vegetation transitioned from grass- to moss-

dominated, as a result.(3)  Zimov notes indirect evidence suggests the Beringian climate was 

colder during the Pleistocene, but not necessarily more arid.(3)   

Based on circulation models, Zimov et al. conclude that Beringia’s environment during 

the Pleistocene was colder than today, with similar wind patterns and precipitation. While colder 

temperatures potentially could have inhibited grasslands productivity, dry conditions prevented 

waterlogging and promoted productivity.(3,10). They interpret this to suggest the steppe-

grassland vegetation and dry soils of the Pleistocene did not result from an arid macroclimate. 
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Rather, disturbance from large herbivores would have been a key influence on maintaining dry 

conditions suitable for steppe-grasslands productivity.(3,13) Zimov notes: 

 
“Trampling and grazing by mammalian grazers in tundra cause a shift in 
dominance from mosses to grasses. Grasses reduce soil moisture more 
effectively than mosses through high rates of evaportranspiration… The model 
suggests that moss-dominated tundra is favoured when grazing is reduced below 
levels that are in equilibrium with climate and vegetation and soil moisture that 
[large herbivore] extinction could have contributed substantially to the shift from 
predominance of steppe to tundra at the Pleistocene-Holocene boundary.” 
(3:765) 

 
 

Using a simulation model – based on plant competition for water and light and plant 

sensitivity to grazers and nutrient supply – Zimov et al. showed that either grass- or moss-

dominated vegetation could have existed in Beringia during both the Pleistocene and the 

present.(3) 

Ecologist David Ward notes that studies of herbivore impact in arid environments are 

inconsistent, either weak or strong given the area.(13) Ward suggests plant height, palatability, 

life history and taxonomic affiliation are confluent factors influencing responses to herbivory. 

Herbivore foraging decisions, nutrient recycling and disturbance patterns add to this influence. 

For grasses, the removal of plant parts aboveground, through herbivore grazing or trampling or 

otherwise, leads to a reallocation of resources below ground to facilitate a restoration of root-

shoot ratios after disturbance, i.e. increased shoot growth.(13)   

While trampling compacts soil and may reduce water infiltration, in arid environments soil 

surface is often covered by a biotic crust.  When this crust is broken by trampling, water infiltration 

increases. Trampling also fragments and aids in the decay of plant litter, increasing surface 

exposure to radiation. Trampled areas facilitate colonization by seeds requiring mineral soil, and 

by nitrogen fixing bacteria.(13) 

Urine and feces deposition is also extremely important in terms of nutrient availability, 

and the maintenance of an ecosystem. Large herbivores grazing in high nitrogen forage (such as 

grasses) will return most of their nitrogen intake to the soil, through feces (which needs to be 

decomposed by soil microflora), and through urine which provides more readily available nitrogen 

to the vegetation.(13)  This nutrient recycling facilitates higher plant nitrogen and productivity. 
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The decline or disappearance of large herbivores would therefore impact a number of 

processes through which grassland ecosystems are maintained. Transformation to vegetation 

less dependant on herbivore disturbance and nutrient recycling leads, for instance, to a less 

stable forest ecosystem.(13) In forests, herbivores select vegetation with high nitrogen content for 

forage, avoiding vegetation with low nitrogen.  Eventually, browsed vegetation is out competed by 

low nitrogen species, whose litter then dominates nitrogen input to the soil.(13)  However, litter 

from these species have low nitrogen content to begin with, and additionally is slower to 

decompose.  Therefore, opposite to the response to grazing in grasslands ecosystems, a 

selective browsing-dominated nutrient cycling regime in a forest ecosystem results in decreased 

productivity and vulnerability to invasions by other vegetation species (i.e. ecosystem 

instability).(13) 

During the late-Pleistocene/early-Holocene, the large herbivores occupying Beringia 

underwent a decrease in body size, as exemplified above with respect to B. priscus in both 

Siberia and Alaska.(1,2)  Guthrie suggests this decrease was in response to a change in the type 

of predators, making smaller body-size more adaptive.(10)  Zimov et al. question how declining 

grassland vegetation was able to support large herbivores, implying body size decreased in 

response to declining nutrient availability.(3) Another explanation, or factor, may have been a 

decline in trampling area and home range, due to vegetation transformation, decreased land 

mass (i.e. the Beringian land bridge flooded), or restrictions on land access for herbivores as a 

result of human range expansion. This may have forced over-trampling and over-grazing in 

concentrated areas, with a negative outcome for grasslands ecology and herbivore population 

dynamics.  

Ecologist N. Thompson Hobbs describes both trampling area and home range as 

increasing allometrically with herbivore body size. As a result, herbivore population density 

decreases allometrically with body size.(13)  Smaller body size would have meant greater 

population density in smaller areas.  Additionally, fecal nitrogen deposition increases linearly with 

plant nitrogen concentration and animal body mass, while urine nitrogen deposition increases 

quadradically with body mass and plant nitrogen.(13) Declining body would therefore have had a 
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dramatic impact in terms of reducing nutrient recycling, and subsequently plant productivity and 

forage availability, creating a negative feedback loop.  Additionally, higher population densitiy in 

more limited areas, along with concentrated grazing and trampling, may have tipped the balance, 

leaving low nitrogen vegetation to out compete the high nitrogen species, leading to a decline in 

grasslands ecosystems.  

 

Zimov and the Chapins accept that a combination of human hunting pressure and 

vegetation transformation was responsible for the extinction of B. priscus and other large 

herbivores (particularly horse and mammoth) in Sakha in the late Pleistocene – early 

Holocene.(1,2)  However, rather than accepting the “climate hypothesis”, Zimov et al. promote the 

“keystone herbivore hypothesis”, assuming that the grazing and disturbance patterns of large 

herbivores in Beringia were primarily responsible for dry conditions maintaining the steppe 

biome.(3)  If this were true, then it is reasonable to hypothesize that dry conditions and 

grasslands expansion would be an outcome of re-introducing large herbivores in Sakha.  

 Zimov et al.’s assumptions, however, do not appear to consider thermokarst, an 

important environmental process in subarctic biomes, which may support moisture increases 

occurring at the end on the Pleistocene, and which may provide an alternative explanation for 

vegetation transformation and for large herbivore extinction. Such an alternative explanation 

would be important for anticipating the outcomes of re-introducing large herbivores to Sakha, and 

in fact may explain the switch of receiving location for bison restoration from Pleistocene Park to 

the Lenskie Stolby National Nature Park. 

Warming temperatures and permafrost thawing appear to have lead to forest expansion 

at ~11,500 y BP, displacing the steppe-grasslands in Sakha.  This forest expansion reversed 

after ~5700 y BP, with localized re-expansion of grasslands.(14)  However, by this point, many 

herbivore populations may have reached their nadir, and failed to recover, perhaps with the 

added pressure of human hunting.   

Where Zimov suggests climate warming alone is unlikely to have directly caused this 

vegetation transition, a recent study by Katamura et al. (2006) considered the processes through 
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which permafrost thawing and thermokarst formation influence grasslands expansion, and how 

this relationship has transformed the landscape of Sakha through the Holocene:(14) 

  
Thermokarst Lakes and Expansion of Grasslands in Sakha 

Thermokarst lake forms in subarctic regions as permafrost surface thaws and permafrost 

active layer increases (i.e. thaw depth) in response to warming seasonal tempuratures.  

Thermokarst proceeds through several stages:  First, the thawing.  Next, water pools emerge in 

the ground surface depressions resulting from thawing (maximizing as thermokarst lakes), and 

cause additional permafrost thawing and ground subsidance. Forest expansion also occurs at this 

stage. Finally, in the “alas” stage, ground subsidance releases salts that were trapped in the 

permafrost.  These salts migrate to upper surface layers, and inhibit forest productivity.(14) 

 Based on evidence from lake sediments from four different sites in central Sakha, 

Andreev (2000) and Katamura (2006) concluded Late Glacial vegetation in region was dominated 

by steppe species (e.x. Artemisia, Cyperaceae, Chenopodiaceae and Gramineae).(14,15) At 

~11,500 y BP, under increasingly warm, moist conditions, Sakha began a gradual transformation 

to vegetation dominated by larch (Larix cajanderi) and tree birch (Betula platyphylla ); scots pine 

(Pinus sylvestris ) expanded at ~6800 y BP. From ~6800 to ~5200 y BP, warm conditions 

continued with no further significant vegetation transitions.(14,15)  Andreev proposed thermokarst 

development in Sakha began at ~13,500 to ~12,500 y BP, and continued until ~9500 to ~8500 y 

BP.  After this expansion, pollen assemblages from the four sites reflected a similar trend of 

disappearing herbaceous taxa.  (The disappearance rates varied from ~11,200 and ~6800 y BP 

amongst the sites.).(14,15)  Scots pine (Pinus sylvestris ) also expanded its range at ~6800 y BP, 

after which warming conditions continued until ~5200 y BP. Many alases developed in central 

Sakha during the mid-Holocene, most extensively during the Holocene climatic optimum at ~5700 

to ~4500 y BP, in areas exposed by a decrease in the water levels of thermokarst lakes. This 

period was consistent with an increase in herbaceous vegetation represented in the pollen 

record. Andreev (2000) and Katamura (2006) interpreted this to reflect the expansion of 

grasslands and the decline of forest occurring at that time.(14,15) 
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At present, vegetation types in central Sakha are larch, pine and birch forest, and alas 

grassland. Vaccinium and Ledum dominate the forest floor. Willow (Salix spp.), alder (Alnus 

fruticosa), and rose (Rosa spp.) dominate the forest understory. Alas grasslands comprise 

halophytic species, and the saline-rich soils inhibit tree growth.(14)  Vegetation in the forest floor 

is depressed, compared to in the alas grasslands, indicating that herbaceous pollen is primarily 

derived from within individual alas depressions. This is consistent with evidence showing 

grasslands expansion correlating to local hydrological changes involved in alas formation in the 

Holocene.(14)  

Zimov and the Chapins describe thermolarskt lakes occurring in the southern half of 

Pleistocene Park, on an area of uplands terraces.  However, they do not detail this area’s 

vegetation, except to describe previously abundant larch forest that has been kept back through 

30 years of burning, leaving young forst and shrubland with a grasslands understory.(1,2)  It is 

unclear whether these uplands have experienced the same or similar thermokarst processes as 

in central Sakha, ending in a re-expansion of grasslands after alas formation. It may be that, 

given the higher tempuratures in the Cherskii region compared to those in central Sakha, 

Pleistocene Park has been experiencing another cycle of forest expansion as permafrost is 

increasingly thawing in response to global warming. 

In a different paper, Zimov describes the importance of maintaining permafrost as a 

measure against present global warming.  Earth’s atmosphere has more than doubled its carbon 

content since the last glacial maximum, from ~360 gigatons to ~730 gigatons today, reflecting 

redistributions of Earth’s carbon resovoirs.  Permafrost, covering more than 1 million km2 with 

average depth of 25m, represents another resovoir, with the potential for releasing an estimated 

~900 additional gigatons of carbon into the atmosphere.3(4)  Grasses have extensive root 

systems that help stabilize the soil, making grasslands ecosystems less vulnerable to disturbance 

                                                 
3 Contained in both yedoma (frozen windblown loess) and nonyedoma permafrost. “…frozen yedoma represents relict 
soils of the mammoth steppe-tundra ecosystem that occupied this territory during glacial times. As windblown or river-
borne materials accumulated on the soil surface, the bottom of the previously thawed soil layer became incorporated into 
permafrost…. they comprise large amounts of grass roots and animal bones, resulting in a carbon content that is much 
higher than is typical of most thawed mineral soils. Frozen yedoma deposits across Siberia and Alaska typically have 
average carbon contents from 2% to 5%--roughly 10 to 30 times the amount of carbon generally found in deep, 
nonpermafrost mineral soils.” (4:1612) 
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overall, and in particular less vulnerable to anthropogenic disturbances. Albedo is high in 

grassland ecosystems, reducing warming from solar radiation. Additionally, trampling disrupts 

snow cover during the winter, exposing the soil to colder temperatures that prevent permafrost 

melting.(4,5) 

 

Suitability of the Pleistocene Park Location 

 Located in the Kolyma-Indigirka lowlands, the Pleistocene Park area comprises a mosaic 

landscape with many lakes (Figure 3), including thermokarst lakes, and diverse modern and relict 

Pleistocene grassland vegetation.(1,2)  The Park serves as a science reserve, administered by 

the Northeast Science Station in Cherskii and the Grassland Institute in Yakutsk. It comprises a 

160km2 area plus a surrounding 600 km2 “buffer zone” zone. Initially B. bison athabascae would 

be maintained in a 10km2 fenced area of grassland, and their diet would be supplemented with 

Salix shrubs while they acclimatize to conditions.  Eventually, the herd would be allowed free 

range of the 500,000 km2 of the Kolyma-Indigirka lowlands. There has been no agricultural 

activity in the park area, and agriculture in the Cherskii region has been limited to subsistence 

reindeer herding, small-scale horse herding, and small private gardens and greenhouse.(1,2) 

 The Park borders the northern edge of a tundra forest.  The northern part of the Park is 

floodplain comprising grassland maintained by the disturbance of spring flooding (an average of 

two weeks per year).  As noted above, the southern part of the Park is terraced uplands with 

thermokarst lakes; the uplands previously supported vast larch forest, which Zimov and the 

Chapins describe as having been suppressed by burning over the past 30 years, leaving 

vegetation communities of young forest and shrubs with an understory of grasses and willows. 

Approximately 70% of the Park comprises grasslands and sedge meadows of high forage 

quality.(1,2) 

Pleistocene Park is 130 kms from the Arctic Ocean, in a region that experiences cold, dry 

winters and mild summers. Average January temperature is -33°C, and the average for July is 

12°C. Winter snow depth averages 35-40 cm, and is loosely packed, making it easy for animals 
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to clear the snow to reach forage. Annual precipitation averages 190mm, including an average of 

90mm in winter. The climate is similar to B. bison athabascae ranges in Canada.(1,2)   

Pleistocene Park is home to moose and wild horses.  Moose should not be a competitor 

for bison, as moose select willows during the winter, while bison feed on sedges.(1,2,16)  

Transient herds of wild reindeer roam to the northwest.  Potential range overlap might occur if 

bison expanded into this area, primarily impacting summer diet.  However, this is not a concern in 

summer, when forage is plentiful.  In winter, reindeer feed on lichen, and so, like moose, would 

not compete with bison.4 Hares, muskrat and voles live in the area.(1,2)  Major predators in 

Pleistocene Park are bears, but the rare wolf, lynx, wolverine, polar fox, sable and weasel is 

seen.  These are consistent with the types of predators found in B. bison athabascae ranges in 

Canada.(1,2)  

Missing from this list are important Pleistocene predators and other large herbivores now 

extinct, most notably lions and mammoths (Figure 4). 

 Significantly, deposits of B. priscus bones are common near Cherskii.  Zimov et al. 

interpret this to suggest the Cherskii area supported large herds of B. priscus at one time, making 

it an obvious location for the restoration experiment.(1,2) 

 

                                               

                          

Figure 3. Pleistocene Park’s  
contemporary landscape.  
(Modified from:  
www.faculty.uaf.edu/fffsc/station.html) 
 

 
 

                                                 
4   This is echoed by Fischer and Gates (2005), who note that where bison were re-introduced in the Yukon and share 
territory with caribou, only 6% of their ranges overlap. 
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Figure 4. Pleistocene animal 
community in the present-day 
Cherskii region.  
(Modified from 
www.faculty.uaf.edu/fffsc/station.html) 
 

Bison Forage and Pleistocene Park Vegetation 

Zimov and the Chapins identify 14 major vegetation communities in Pleistocene Park and 

the forage yield for each (Table 1). Species are similar to those in the native Canadian ranges of 

B. bison athabascae, but productivity is higher, probably due to spring flooding.(1,2) 

 
 
Table 1. Pleistocene Park Vegetation Communities and Their Forage Yield 
 
Community Total area (km2) Forage yield (g/m2) 
WET SEDGE MEADOW 
1. Polygonal wet sedge meadows 
2. Riverbank meadows 
3. Lake successional sedge mats 
4. Pure Arctophila meadows 

 
20 
1 
1 
1 

 
200-250 
190-220 
200-250 

350 

GRASSLANDS 
5. Calamagrostis grassland 
6. Lake terrace grassland 

 
20 
4 

 
220-340 

320 

WILLOW SAVANNA 
7. Dry polygonal shrub savanna 
8. Shrub savanna along streams interspersed with 
Calamagrostis meadows 

 
28 
3 

 
120 
350 

FOREST 
9. Dry birch shrubland 
10. Floodplain forests 

 
3 
2 

 
< 30 
< 30 

WATER – 11. lakes and rivers 15 0 

12. THERMOKARST SEDGE  
      MEADOWS 

 
30 

 
200-250 

13. FOREST 21 < 30 
14. LAKE 9 0 
 
(Modified from: 1,2) 
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 Zimov and the Chapins also identify individual plant species within each of the floodplains 

communities:(1,2) 

 

1. Wet Sedge Meadow Community 
• Polygonal wet sedge meadows – Eriophorum polystachion, E. angustifolim, Carex 

aquatilis, C. appendiculata (tussock-forming species) 
• Riverbank meadows – Equisetum fluviatile, Arctophila fluva, Caltha palustris 
• Lake successional sedge mats – Carex aquatilis, Equisetum fluviatile E. li,osum, 

Ranunculus palustre, Menyanthes trifoliata 
• Pure Arctophila meadows – Arctophila fulva 

 
2. Grasslands Community 

• Calamagrostis grassland – Calamagrostis purpurea, Equisetum arvense, Arctagrostis 
latifolia, Rubus arcticus, Galium boreale, Valeriana capitata, Rumex aquaticus 

• Lake terrace grasslands – Calamagrostis purpurea, Carex aquatilis, C. appendiculata 
 
3. Willow Savanna Community 

• Dry polygonal shrub savanna – Same shrubs as listed below + Betula exilis, Vaccinium 
uliginosum, Ledum decumbens, Epilobium angustifolium, Pyrola incarnata, Polemonium 
boreale, Valeriana capitata, Arctogrostis latifolia, Poa spp., Carex aquatilis, C. 
appendiculata, C. lugens 

• Shrub savanna along streams interspersed with Calamagrostis meadows – Salix reptans, 
S. pulchra, S. kolymensis, S. lanata, S. hastata, S. glauca, Alnus fruticosa, Spiraea 
silicifolia, Rosa acicularis, + other plants similar to Calamagrostits grasslands 

 
4. Forest Community 

• Dry birch shrubland – Same shrubs as previous slide + Betula exilis, Vaccinium 
uliginosum. In flooded areas: Carex appendiculata, C. aquatilis, E. polystachion, 
Vaccinium vitiss-ideae  

• Floodplain forests – Larix gmelii, Betula exilis, Salix pulchra, S. hastata, S. glauca, S. 
kolymensis, S. lanata, Alnus fruticosa, Rosa acicularis, Vaccinium vitis-ideae, V. 
uliginosum, Ledum decumbens, Arctostaphylus alpina, Pyrola incarnata, Calamagrostis 
purpurea, Poa spp., Alopecurus alpinis, Carex appendiculata 

  

 Many current species found in Pleistocene Park are representative of relict Pleistocene 

species, and/or or consistent with Pleistocene pollen records for the area. They are also 

consistent with grasslands vegetation in central Sakha (the location where the bison restoration is 

currently being undertaken), described above.  Boris A. Yurtsev (1982) identifies the following 

relict steppe vegetation in Sakha (Figure 5): Carex (many species, including aquitilis and lugens), 

Poa, Agropyron, Calamagrostis, Salix, Rosa acicularis, Vaccinum vitis-idaea, Alnus fruticosa, 

Betula, Ledum decumbens, Eriophorum angustifolium.(17) Müller et al. (2005) identified the 

following late-Pleistocene early-Holocene species in Sakha from pollen records: Salix, Poa, 

Ranunculus, Equisetum, Ledum, Betula.(18) 
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Figure 5. Relict Pleistocene Vegetation in Sakha 
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Bison Restoration to Lenskie Stolby National Nature Park --- Not Pleistocene Park? 
 
 Though based on the same initial 1997 proposals as Pleistocene Park, the bison 

restoration that has been undertaken in Sakha involved a different receiving location (the 194,000 

acre Lenskie Stolby National Nature Park in central Sakha). The initiative was undertaken in 

2006, a collaboration between Sakha’s Biological Resources Department – Ministry of Nature 

Protection, the Government of Canada, and the Canadian Wood Bison Recovery Team which 

was keen to participate in an international initiative for conserving this species at risk and to 

establish a reserve stock outside of Canada. An International Scientific Research Advisory 

Committee established by the Pleistocene Park Association provided guidance; committee 

members included FS Chapin (as coordinator) and SA Zimov.(6,7,8,19) 

 Though the Republic of Sakha government had previously promised $1,000,000 to 

support Zimov and his team at Pleistocene Park,(1,2) the funds were not forthcoming.  In 2005, 

the government finally secured sponsorship from ALROSA, a major Russian diamond mining 

company.(6,7,8) ALROSA provided a cargo aircraft for transport, and construction of receiving 

cages in Lenskie Stolby Park. 

 In March 2006, The Government of Canada donated 30 surplus calves – 15 males and 

15 females – from Elk Island Park’s wood bison herd, and in April 2006 the calves were flown 

from Edmonton to Yakutsk (Sakha’s capital), then transported by truck 125 kms south (including 

8 kms on an ice road on the Lena River) to Lenskie Stolby.  One female was injured during 

ground transport, and was euthanized two weeks later.  Upon arrival, the calves were 

quarantined and tested for disease.  Two months later, they were moved to a 25 ha enclosure, 

where they were to remain while they adapted to their new home, their diet supplemented with 

hay.(6,7,8) In August 2006, one male was found dead, with no obvious cause (i.e. no sign of 

struggle or distress).(8)  Project managers say such deaths are to be expected, and that 

generally a 25% loss during and after transport is reasonable.(8)     

The bison were scheduled to be moved to a 70 ha enclosure in autumn 2006.  

Eventually, a group of 24 will be re-released in the Ort-Salaa region 450 kms north of Yakutsk. 
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Some bison will be kept at Lenskie Stolby for study and as reserve stock.  The herd is not 

expected to produce offspring until 2-3 years after arrival, when the females reach maturity.(6,7,8) 

It is unclear from the literature why the receiving location was changed from Pleistocene 

Park.5  Lenskie Stolby is 62° latitude, compared to Elk Island Park’s 54°; Pleistocene Park is 

higher than both, but has milder average winter temperatures than Lenskie Stolby (-33°C vs. -

40°C to -50°C, respectively).(6,7,8) Lenskie Stolby is on high ground and is less vulnerable to 

flooding, a disturbance that helps Pleistocene Park maintain its grassland ecosystem.(6,7,8) 

However, central Sakha has extensive thermokarst lakes and associated halophytic grasslands 

with relict Pleisotcene species, and permafrost thickness reaches 500 m near Yakutsk.(14)  As 

noted above, Lenskie Stolby may therefore offer more extensive rangeland potential for 

establishing the bison herd, and may offer a more stable grasslands ecosystem to seed 

grasslands expansion in response to the bison intervention.   

Other reasons: There are no major predators in Lenskie Stolby, vs. bears and wolves in 

Pleistocene Park.(1,2,6,7) Absence of predators may be important in the first few years following 

transplant, allowing the herd to reach a stable population size; however, wolves, bears, etc. are 

natural predators that generally help free-roaming bison populations remain healthy. (Presumably 

the bison would experience predation once they are released permanently in the Orto-Salaa 

region.) 

In more practical terms, Lenskie Stolby is closer than Pleistocene Park to Yakutsk, 

Sakha’s capital city and administrative centre. Greater government involvement in the restoration 

initiative may have motivated a change in administrative control.  Additionally, any economic 

benefits generated by the experiment (i.e. feeding the bison, supplying building materials and 

enclosure construction, specialist services, administration, etc.) would flow directly to 

Yakutsk.(6,7) It may also have been a lack of financial resources that prevented transporting the 

bison to the more remote Cherskii region. Or perhaps Lenskie Stolby had more comprehensive 

exiting infrastructure for managing the project short-term and long-term. 

 

                                                 
5 I found only a handful of news articles about the Lenskie Stolby restoration, and none explained why the location was 
changed. 
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CONCLUSION 

 A parallel rewilding movement has a long history in North America, though with a 

markedly different management plan, and somewhat differing rationale. North American rewilding 

assumes the overkill hypothesis, advocating that it confers a moral imperative on humans to 

restore Pleistocene wildlife or modern analogues, as a means to restore/preserve wilderness and 

re-establish biodiversity closer to the degree of that existing during the Pleistocene.(20,21) The 

Rewilding Institute (www.rewiliding.org) and spokesman Dave Foreman promote the “Three C’s” 

as the basis of a management plan: “Cores, Corridors and Carnivores” (Figure 6). Instead of 

micromanaging restored animal populations in enclosed parks, North American rewilding would 

see the establishment of “core” habitats linked by permeable landscape “corridors” through which 

the animals could move between cores largely without impediment, such as roads.(20)  

 
Figure 6. The four continental “MegaLinkages” proposed for rewilding and restoring landscape 
permeability in North America.  (Modified from 20:138) 
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Free roaming large carnivores – specifically, wolves and mountain lions – would be re-

introduced to these areas.  The dynamics of “top-down regulation” provide the rationale for 

selecting carnivores for restoration:  “… the removal or population decline of large carnivores can 

alter plant species composition, particularly the balance between large- and small-seeded plants, 

due to increased seed and seedling predation by superabundant herbivores that are normally 

regulated by large carnivores.(20:120).   

Foreman notes two processes in which loss of carnivores as top-down regulators impacts 

ecological systems:  1. competitive exclusion, and 2. trophic cascades.   

  
“Competitive exclusion: Through predation, carnivores can moderate competition 
among similar species so that more species are able to use a certain habitat… 
[W]hen freed from control by its predators, one species in a guild of species may 
be able to out compete and thus eliminate the others… Removing the predator 
will dissolve the ecological boundaries that check competition.”(20:120-121) 
 
“Trophic cascades: In top-down regulation, different trophic levels are limited by 
the next level up. For example, in a simple system of three trophic levels – 
plants, herbivores, and carnivores – plants are limited by herbivores, which are 
limited by predators… When big [predators] disappear, their prey species may 
boom in numbers and degrade their habitat… When large carnivores disappear, 
prey species may act more boldly and hence cause harm to their habitat… When 
large carnivores disappear, smaller predators may have population explosions, 
thereby increasing their predation on other species… In the absence of large 
carnivores, smaller carnivores may act more boldly and prey more heavily on 
vulnerable species.”(20:121)        

 
 Thus, the rationale for rewilding with large carnivores is that they heal ecosystems by 

restoring ecological communities.(20) As shown in Figure 6, North American rewilding would 

focus on restoring a diversity of ecosystem types, not just grasslands. 

North American rewilding would include a northern core/corridor, spanning the continent 

from Alaska to Labrador. Certainly efforts to restore a Pleistocene-equivalent ecological 

community in the subarctic would have similar potential to that of the Siberian restoration initiative 

with respect to re-establishing more stable steppe-grasslands which could help prevent 

permafrost thawing. 

North American rewilding proponents advocate important undertakings for restoring North 

American ecology and biodiversity.  However, the Rewilding Institute and spokesman Foreman 
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invoke “wilderness” rhetoric6, which is Euro-North American-based and is largely unnecessary to 

rewilding rationale.  For instance, Foreman, in his book “Rewilding North America” (2004) depicts 

the North American Arctic as “pristine”,(20:108) when in fact the Arctic is far from pristine. In the 

Arctic Climate Impact Assessment (2005), Nuttall et al. describe examples of military and 

industrial waste long polluting the Arctic “wilderness”, including averages of oil spills as high as 

500 per year in the Prudhoe Bay area.(22)  

Additionally, both Siberian and North American rewilding proposals do not appear to 

consider wilderness as a homeland for Indigenous peoples, and rhetoric casting wilderness as 

“pristine” or “untouched” fails to recognize that wilderness has for millennia been impacted by 

Indigenous habitation, hunting, cultivation, burning, and other uses and rendering. 

If increased biodiversity, the establishment of more stable ecosystems, and the reversal 

of habitat loss are viewed as moral goods in themselves, particularly in the context of current 

global environmental change, then rewilding concepts and initiatives stand on their own merit 

without invoking wilderness rhetoric. These proposals may be strengthened by recognizing 

wilderness as Indigenous homeland, and incorporating traditional Indigenous ecological 

knowledge into rewilding management plans. 
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