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Abstract. The largest unfragmented tract of the rich-in-species old-growth Korean pine (Pinus koraiensis)-
broadleaved forests in the world is situated in the basin of the Bikin River. The history of these forests, including 
the fire history, is very important for understanding factors of dynamics of these forests and prognosis of their 
development under different climate change scenarios and land-use regimes. However, this history has not been 
studied in detail so far. Here we aim at reconstructing the local history of fires in the middle reaches of the Bikin 
River using dendrochronology and pedoanthracology (analysis of charcoal in the soil). We used treefall mounds to 
search for charcoal in soils; charcoal was selected from 34 treefall mounds, 14 charcoal samples were radiocarbon 
dated. The age of fire scars on trunks was determined using the increment borer method on 45 Pinus koraiensis in-
dividuals. We defined that the main factors responsible for charcoal transport to the mineral soils were past tree-
falls with uprooting and soil erosion. The most ancient soil charcoals date back to the Upper Neolithic, about 3450 
cal BP. The remaining charcoal samples are mainly grouped into four clusters: about 2250, 1610, 1450 and 600 cal 
BP. The increase of fire frequency is in good agreement with the previous results of lithologic-facies, botanical, 
spore-pollen and other analyses of bog sediments in the floodplain of the Bikin River. The earliest fires in the study 
area, which can be associated with human impacts, refer to the end of the first millennium (the time of the Bohai 
Kingdom). Fire scars were found on cores sampled from 39 out of 45 Pinus koraiensis individuals. The oldest Pinus 
we dated was 278 years old. Based on the cores, a fire chronology was built, covering the period from 1773 to 1993. 
Fires were marked for 36 years, while 10 years of them coincided in 3 and more cores. The periods with the highest 
frequency of fires are from 1937 to 1948 and from 1958 to 1980. We further followed possible connections between 
the frequency of fires and human activities. We also compared the fire chronology, data on precipitation and the 
number of fires in the Sikhote-Alin State Nature Reserve located closely to the study area.  
As expected, fires often occurred in the years with low precipitation or in the years following them. Preservation of a 
high species diversity of plants, especially the woody ones, with a significant frequency of fires in the study area can 
be explained by a complex relief determining the local fire spread and the presence of fire refugia. Soil charcoal anal-
ysis showed the existence of fire events from 3500 to 600 years BP and tree fire scars analysis showed the intensive 
fire history of the studied forests during the last 200 years. For the first time, fire regimes were reconstructed for Ko-
rean pine-broadleaved forest located on the slopes in the middle reaches of the Bikin River.  
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Аннотация. В бассейне р. Бикин расположен крупнейший нефрагментированный массив старовозрастных 

кедрово-широколиственных лесов с Pinus koraiensis, которые характеризуются высоким биологическим раз-
нообразием. История этих лесов, включая историю пожаров, важна для понимания факторов их динамики и 
прогноза их развития при изменениях климата и природопользования. До настоящего времени эта история 
мало изучена. Цель этого исследования – реконструкция локальной истории пожаров в среднем течении  
р. Бикин с использованием методов дендрохронологии и педоантракологии (анализа углей в почве). Бугры 
ветровалов были использованы для поиска углей в почве; из материала 34 бугров отобраны образцы углей, 
для 14 из которых определен радиоуглеродный возраст. Для определения возраста пожарных подсушин на 
стволах Pinus koraiensis использовали анализ кернов из 45 стволов. Показано, что основными факторами пе-
ремещения углей в минеральную почву были ветровалы и эрозия. Наиболее древние угли относятся ко вре-
мени верхнего неолита, около 3450 кал. л.н. Остальные образцы угля в основном сгруппированы в четыре 
кластера: около 2250, 1610, 1450 и 600 кал. л.н. Данные о периодах увеличения интенсивности пожаров хоро-
шо согласуются с полученными ранее результатами литолого-фациального, ботанического, спорово-
пыльцевого и других анализов седиментов и болотных отложений в пойме р. Бикин. Наиболее ранние пожа-
ры на исследованной территории, которые можно связать с деятельностью человека, относятся к концу 
первого тысячелетия н.э. (времени существования Царства Бохай). Пожарные метки встречены на кернах из 
39 стволов Pinus koraiensis. Максимальный возраст Pinus 278 лет. На основе анализа кернов построена по-
жарная хронология, охватившая период с 1773 по 1993 год. Пожары отмечены для 36 лет, при этом для 10 из 
них наблюдается совпадение данных по 3 и более кернам. Периоды с наибольшей частотой пожаров – 1937–
1948 и 1958–1980 годы. На основе анализа исторических источников об истории хозяйства в регионе рас-
смотрены возможные связи частоты пожаров с деятельностью человека. Пожарная хронология для иссле-
дуемой территории сопоставлена с данными о количестве осадков и числе пожаров на территории Сихотэ-
Алинского заповедника. Ожидаемо, что пожары часто случались в год с малым количеством осадков или в 
следующий за ним. Сохранение высокого видового разнообразия растений, в первую очередь древесных, 
при значительной частоте пожаров на исследованной территории может быть связано со сложным строени-
ем рельефа, определяющим локальное распространение пожаров и наличие пожарных рефугиумов. Таким 
образом, анализ углей в почве показал наличие пожаров в период с 3500 до 600 л.н., а анализ пожарных под-
сушин на деревьях показал интенсивную историю пожаров в изученных лесах за последние 200 лет. Впервые 
были реконструированы пожарные режимы для кедрово-широколиственных лесов на склонах в среднем те-
чении р. Бикин. 

Ключевые слова: древесный уголь, пожарные подсушины, ветровал, ветровальный микрорельеф, поч-
венная морфология, история пожаров, радиоуглеродное датирование, голоцен, историческая экология, 
Дальний Восток, Приморский край. 

 
 

Introduction 
 
Fire is one of the most important factors affect-

ing the Earth’s ecosystems and the biosphere as a 
whole. According to numerous climate change 
scenarios, the role of fires will increase in many of 
the world’s regions [1, 2]. It is necessary to know 
fire frequency, size, and intensity at different spa-
tial and temporal scales aiming to assess the role of 
fires in the forming of a composition and structure 
of modern ecosystems, to forecast future scenarios, 
and to develop a fire management concept. Studies 
of recent decades have shown that fire-effects 
within the area of a particular biome can be not 
uniform, both in time and spatially [3]. In this re-
gard, reconstruction of a regional fire history is es-
sential for making it possible to assess the histori-
cal range of fire hazard variability and to determine 
the role of climate and anthropogenic impacts in 
fire ignition and in changing the successional tra-

jectories of ecosystems. In this, the desired scale of 
the historical retrospective of fire regimes is the 
entire lifespan and spatial extent of an existing bi-
ome [4]. 

The Russian Far East (Primorsky Krai, Pri-
morye) differs in landscapes and vegetation from 
the other Russian areas. Mountains, which mainly 
belong to the Sikhote-Alin Mountain system, make 
up 80 % of the region. The Sikhote-Alin ridge ex-
tends for more than 1000 km from south-west to 
north-east (with a width of about 250 km). The Us-
suri taiga, which is boreal and boreal-nemoral for-
ests with rich woody flora, prevails on the two-
thirds of the area. Among the taiga, Korean pine 
(Pinus koraiensis) – broadleaved forests are espe-
cially rich in their biological diversity. These for-
ests include habitats of many endemic, rare and 
endangered plant and animal species. Fires play an 
important role in the dynamics of these forests; it 
was already indicated by the first researchers of the 
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region N. М. Przhevalsky [5], A. F. Budischev, 
and M. I. Pyastushkevich in 1860–1880 [6]. The 
influence of fires on the Ussuri taiga ecosystems 
has been studied in many works [7–13], while the 
paleogeographic studies of Primorye were few un-
til recently [14–16]; the long-term history of fire 
regimes in Korean pine-broadleaved forests was 
not investigated. 

The largest unfragmented area of Korean pine-
deciduous forests is located in the northern part of 
Primorsky Krai on the western macroslope of the 
Sikhote-Alin ridge in the middle reaches of the 
Bikin River. In historical times, these forests have 
not experienced significant anthropogenic im-
pacts. Until recently, there were a few studies de-
voted to the history of landscapes in the upper 
[17] and in the lower [18] reaches of the Bikin 
River. In recent years, a large-scale research of 
the Late Pleistocene and the Holocene history has 
been carried out based on the study of bog sedi-
ments in the middle reaches of the Bikin River 
[19–23]. In this research, lithofacial, botanical, 
spore-pollen, and diatom analyses and radiocar-
bons dating as well were used to reconstruct the 
vegetation dynamics and the fire history in the 
valley of the Bikin River.  

Besides the analysis of charcoal in lake and bog 
sediments, an important traditional method of fire 
history investigations is the fire scars dendrochro-
nology, which allows reconstructing the history 
with the high temporal resolution [24–27]. In addi-
tion, in recent decades the study of charcoal in 
soils and sediments (pedoanthracology) has be-

come widespread [28–33]. A significant feature of 
this method is the possibility to reconstruct discrete 
events in the history of local sites [34–38]. Gener-
ally, dendrochronological and pedoanthracological 
researches allow to receive the local data on fires 
in different landscape positions which are im-
portant for a comprehensive understanding of for-
est fire history. The aim of the present work is to 
supplement the existing reconstructions of the fire 
history of Korean pine-broadleaved forests located 
in the middle reaches of the Bikin River by den-
drochronological and pedoanthracological data at 
different time scales. 

 
Methods 

 
Study area 

Field data were collected in the middle reaches 
of the Bikin River, in the basin of its right tribu-
tary, the Amba River (Pozharsky District, Pri-
morsky Kray) in September 2013 (Fig. 1). Current-
ly this area is a part of the Bikin National Park, 
which was established in November 2015. The Na-
tional Park occupies the upper and middle reaches 
of the Bikin River with an area of 1,160,459 hec-
tares [39]. Our field data included fire tree cores 
and charcoal sampling in the soil. Sites for the soil 
sampling and tree stems for the boring were select-
ed by the route method; the main part of the routes 
ran along the slopes of the Ulm Mound. The study 
area is closed to a square with sides of approxi-
mately 2.5 and 3 km.  

 

 
Fig. 1. Locations of the Bikin National Park (left, red area) and the study area (right, red star) [40].  

North in the top here and in the next maps 
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Climate, relief and soil 

The climate of the region is monsoon with the 
continental features. According to the data of the 
Rodnikovaya weather station, the average annual 
temperature varies from –0,8 to +1,1 °С, in the ar-
ea of the Olon weather station from +0,5 to  
+1,5 °С. The average duration of the frost-free sea-
son amounts to 148 days, the smallest duration is 
128 days, and the largest is 169 days. Precipitation 
is unevenly distributed across seasons; the most pre-

cipitations falls in August; the annual sum varies 
from 642 to 1080 mm per year. Rainwater plays a ma-
jor role in the water supply of the Bikin River [41]. 

The study area is located in the western macro-
slope of the Sikhote-Alin ridge, which is presented 
by dissected low mountains with the prevailing al-
titudes from 200 to 500 m above sea level. In the 
studied sites the highest elevation is 508 m (Ked-
rovaya Mound) and 310 m (the Ulm Mound); the 
water line of the Bikin River is 181 m asl. (Fig. 2). 

 

 
Fig. 2. Landscape view in the study area including a view to the Bikin River 

from the Ulm Mound (a, b) and Korean pine-broadleaved forests (c, d) 
 
Structural metamorphic soils (Cambisols) pre-

dominate in the soil cover. Among them Burozems 
(Cambisols) with a humus horizon of 10 to 25 cm 
thick and O – A – Bw – C profile prevail together 
with Dystric Cambisols without humus horizon, 
with a thick litter and O – Bw – C profile. Gleyic 
subtypes also occur. Total thick of the soil profile 
(i.e. the maximum depth of the tree root penetra-
tion) varied from 30 to 80 cm. The soils are weakly 
skeletal (gravel) with stones of several centimeters 
size in the upper part of the profile and strongly 
skeletal with stones the size of first centimeters in 
the lower part of the profile. 

 
Vegetation 

Forests in the basin of the Bikin River belong to 
the following two geobotanical provinces: (1) the 

South-Okhotsk dark-coniferous forest subregion, 
and (2) the Eastern-Asian coniferous-broadleaved 
region [10]. The first subregion is presented by 
fir-spruce and stone-birch (Betula ermanii) for-
ests. The second region is presented by Korean 
pine-broadleaved forests, that form an independ-
ent altitude belt, and valley forests. The transition 
zone is presented by Korean pine-broadleaved-
spruce forests.  

High-altitude zones are well expressed on the 
slopes of the mountains: a belt of Korean pine-
broadleaved forests is developed at elevation from 
200 to 600 m; Korean pine-spruce forests occupy 
an elevation from 600 to 800 m; fir-spruce forests 
occur above 800 m and till the peaks [42]. In the 
river valleys in the drained areas, broadleaved for-
ests with Ulmus japonica and Fraxinus mands-
hurica dominate; the near-riverbed part is occupied 



 

M. V. Bobrovsky Page 5 from 27 

Vol. 4 (1), 2019 

by poplar-willow and Chosenia arbutifolia forests. 
On the river terraces there are wetlands occupied 
by larch bogs [mar’]. 

As was noted above, the study area is located 
from 200 to 500 m asl; Korean pine-broadleaved 
forests dominated by Pinus koraiensis grow 
there in the tops and ranges of the mounds at 
sites with well-drained soil (Fig. 3,a,b). Pinus 
koraiensis prevails in the overstorey, Betula 
daurica, Tilia amurensis, T. mandghurica, and 
Ulmus lasiniata sometimes also occur. Crowns 

cover 60–80 % of the overstorey. In the under-
storey Acer tegmentosum, А. mono, Eleutheroc-
cocus senticosus, Philadelphus tenuifolius,  
Actinidia kolomikta, Ribes hispidum, R. maxi-
mowiczii, Rhamnus daurica, Lonicera chrysan-
tha and others occur. Cover of the understorey is 
40–60 %. Athyrium spinulosum, Dryopteris 
amurensis, Maianthemum dilatatum, and Oxalis 
acetosella dominate in the field layer with the 
total cover from 10 to 40 %. 

 

 
Fig. 3. Old-growth forests in the study area: a, b – Korean pine-broadleaved forests dominated by Pinus koraiensis 

at the tops of the mounds; c, d – Korean pine-broadleaved forests dominated by broadleaved species on the 
slopes of the mounds in sites with well-drained soil; e, f – Korean pine-mixed forests dominated by dark-coniferous 

and broadleaved species in wet areas of the slopes and at the foot of the mounds 
 
Main part of the study area is occupied by Ko-

rean pine-broadleaved forests dominated by broad-
leaved species; they grow on the slopes of the 
mounds in sites with well-drained soil (Fig. 3,c,d). 
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Pinus koraiensis dominates in the overstorey; Tilia 
amurensis, Betula costata, Fraxinus mandshurica, 
Acer tegmentosum, A. mono, Ulmus lasiniata, 
Populus tremula, and Quercus mongolica often 
occur; Juglans mandshurica, Phellodendron 
amurense, Tilia mandshurica, and Taxus cuspidate 
rarer occur. Crown cover varies from 50 to 80 %. 
In the understorey Eleutheroccocus senticosus, 
Philadelphus tenuifolius, Acer mono, A. tegmento-
sum, and A. ukurunduense dominate. Cover of the 
understorey varies from 30 to 60 %. Carex si-
derosticta, Hylomecon vernalis, Dryopteris cras-
sirhizoma, Athyrium spinulosu, Maianthemum di-
latatum, etc. occur in the field layer with the total 
cover 30–60 %. 

Korean pine-mixed forests dominated by dark-
coniferous and broadleaved species grow in wet 
areas of the slopes and at the foot of the mounds 
(Fig. 3,e,f). Pinus koraiensis, Tilia amurensis,  
T. mandghurica, Betula costata, Fraxinus mands-
hurica, Ulmus lasiniata, Picea ajanensis,  
P. koraiensis, Abies nephrolepis and others occur 
in the overstorey with the total crown cover from 
50 to 80 %. Philadelphus tenuifolius, Eleutheroc-
cocus senticosus, Alnus hirsute, Maackia amuren-
sis, Corylus mandshurica, etc. dominate in the un-
derstorey with the total cover 30–50 %. In the field 
layer Carex siderosticta, Calamogrostis lang-
sdorfii, Athyrium pycnosorum, Equisetum hyemale, 
Matteuccia japonica, Diplasium sibiricum, Chrys-
osplenium pilosum, Adiantum pedatum and others 
prevail; cover of the layer varies from 60 to 90 %. 

Evidence of old-growth forest, such as dead-
wood, gaps in the canopy, and pit-and-mound to-
pography formed by treefalls with uprooting, is 
common, but old stumps which are traces of cut-
ting also often occur. 

 
Vegetation history 

Korean pine-broadleaved forests situated in 
north-eastern Asia are remnants of the Turgai flora 
that once existed across the entire territory of Eura-
sia [43]. These forests cover the southern part of 
the Russian Far-East, the north-eastern part of Chi-
na, as well as parts of the Korean peninsula and 
Japanese islands [44].  

Razzhigaeva et al. [19–23] have recently recon-
structed the Late Pleistocene and the Holocene his-
tory of vegetation in the middle reaches of the Bi-
kin River based on the study of sediments in bogs 
located in the floodplain and in the terraces of the 
river. Changes over the past 4500 years have been 
studied most thoroughly. The study recognized the 
main stages of vegetation development in the re-
gion over this time period as following [19, 21]: 

• 4385–3610 calibrated years ago (cal BP): 
the appearance of Pinus koraiensis in the forest of 

lowlands, the spread of Korean pine-deciduous 
forests; 

• 3610–3290 cal BP: the warming; further 
spread of Korean pine-deciduous forests; 

• 3290–2590 cal BP: reduction of the area of 
Korean pine-broadleaved forests, increase of the 
birch forests area; the increase in fire frequency, 
the cooling about 2800–2600 cal yr BP; 

• 2590–1060 cal BP: the dynamic period; rapid 
changes in biotic components inter alia through the 
action of fires; the cooling 2590–2372 cal yr BP; 
a sharp increase in the participation of Pinus 
koraiensis in the vegetation, and an increase in the 
relative abundance of birch trees by the end of the 
period; 

• after 1060 cal BP: the small Holocene cli-
matic optimum (the warming), an increase in the 
participation of broadleaved trees, and an increase 
in participation of fir about 870 cal yr BP.  

There was no significant effect of the small gla-
cial period on vegetation in the middle reaches of 
the Bikin River; 

• 690–570 cal BP: the decrease in participa-
tion of broadleaved trees; 

• 570–343 cal BP: the beginning of the cold 
phase, the increase in the proportion of the pioneer 
deciduous (small-leaved) trees; 

• 245–196 cal BP: the sharp increase in the 
proportion of Pinus koraiensis. 

Thus, according to Razzhigaeva et al. [19, 21], 
during the Holocene there were no dramatic 
changes in the composition of the woody plants: in 
the short-term cooling periods, the participation of 
dark coniferous species and birch increased, and in 
the warming periods the participation of broad-
leaved trees increased. 

 
Human 

A detailed archeological and historical 
knowledge about the area is crucial for the under-
standing of its fire history. While the fact of fires 
itself is recorded as charcoals in soils and fire scars 
on trees, an accompanying record on the land man-
agement can offer nuanced details about the causes 
of fires and controls on their spatial distribution. 
Here we assembled archaeological and historical 
record of the Bikin River area that would have in-
fluenced the local fire history. 

For the area of the lower reaches of the Bikin 
River and the adjacent territories, there are about 
30 archaeological sites of different times known: 
of the Stone Age (5 thousand years BC), the Iron 
Age, and the Middle Ages [45], whereas in the 
middle reaches of the Bikin River only a few ar-
chaeological sites referenced to the Middle Ages 
are known [46, 47]. The area of the modern Rus-
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sian Primorye was a part of several large feudal 
states: the Bohai (Balhae) kingdom (628–926), the 
Khitan State (907 to 1125) and the Jin dynasty 
(1115–1234), which consistently existed including 
our study area from the 7th to 13th centuries [48]. 
The archeological site of ancient settlement Kan-
chuga with the earthwork characteristics similar to 
the Bohai fortifications from the 8th to 10th centu-
ries was recently described near our study area, be-
tween the Bikin River’s tributaries: the Amba and 
the Khutkhun Rivers [47]. The Jin (/dʒɪn/) dynasty, 
officially known as the Great Jin, or Jurchen Jin, 
was established by the Jurchen. Jin control over 
most of North China lasted until the Mongol inva-
sion in 1234. In these feudal states, main types of 
economy were cattle breeding and agriculture. 

The descendants of the Jurchens are considered 
to be the Udege (Udekhe), Orochs, and Nanai peo-
ple (Golds), which were the indigenous population 
of Primorye at the beginning of the Russian colo-
nization of the region in 1860 [49]. The indigenous 
population amounted to several thousand people at 
that time; main occupations of those people were 
hunting, fishing, and gathering. Chinese were also 
a significant part of the region population.  

Primorye became a part of the Russian Empire 
according to the Treaty of Peking (The First Con-
vention of Peking). Materials of the Russian expe-
ditions led by A. F. Budyshchev (1859–1864),  
I. P. Nadarov (1882–1883) and V. K. Arsenyev 
(1907–1908) contain the first detailed descriptions 
of the population and nature of the Bikin River ba-
sin [6, 49].  

Russian colonization of Primorye has started 
with travelling by land; the relocation by sea began 
only from 1882. In 1901 the Ussuriisk branch of 
the Trans-Siberian Railway was opened; this con-
nected the European part of Russia and Vladivos-
tok. Forest was required for the construction of this 
railway. It is known that from 1894 or 1895 winter 
wood was harvested in the basin of the Bikin Riv-
er, and the woods were floated down the river in 
summer [49]. In 1894, the Bikinskaya railway sta-
tion was built. Next to it, Stanitsa Bikinskaya vil-
lage and the village of Orenburgskoe (the city Bi-
kin since 1938) were formed. The lower reaches of 
the Bikin River were settled mainly by Cossacks. 
According to V. K. Arsenyev, from Sigou (now the 
village Yasenevyi, about 25 km downstream from 
the study area) to Orenburgskoe village, there was 
a good sledge road [49] that testifies a fairly well-
developed communication between settlements. 

In 1905, in Stanitsa Bikinskaya, the timber pro-
ducer L. Sh. Skidalsky began construction of a 
timber mill, which began work in 1907, annually 
processing about 20,000 m3 of wood. In 1924, the 
plant processed 50,000 m3 of wood per year [49].  

In 1918–1920, Old Believers came to the upper 
reaches of the Bikin River from the coast of the 
Sea of Japan and formed the village of Ulungu 
(now Okhotnichy, about 100 km upstream from 
our study area). Two monasteries were built: one 
on the Zeva River, the second on the Kamenny 
Key Stream. In 1922 the Soviet power was estab-
lished in Primorye; the territory became a part of 
the RSFSR. From 1930, the Soviet Union enforced 
the collectivization of its agricultural sector.  
In 1932 the Old Believers rebellions began, which 
were brutally suppressed in 1932–1933 by the au-
thorities with the participation of the NKVD 
troops. 

With the arrival of the Russian population, abo-
riginal people began to use agriculture, and they 
set up vegetable gardens. For example, in the notes 
of 1908 V. K. Arsenyev pointed out that in several 
versts (former Russian unit of measurement equal 
to 1,06 km) from Metakheza camp there is a small 
Oroch camp of Tugulu (perhaps it is Takholo, as 
Panichev notes in [49]) located on the right bank of 
the Bikin River. In Tugulu, as well as in Me-
takheza, the Orochs cut down the forest, cleared a 
small area and set up their gardens among the 
stumps [49]. Our study area is located between the 
places of those former settlements in approximate-
ly 7 km from each (see Fig. 1). In 1931 there were 
13 Udege camps in the valley of the Bikin River; it 
is known that four of those camps were located 
higher than Metaheza along the Bikin River. In 
1934–1936, the authorities forcibly relocated all 
aboriginal people from their camps to the villages 
of Olon, Syain, and Metaheza, where log houses 
according to the Russian model were built. Then, 
in 1938, aiming at consolidating settlements for 
simplifying the control, Metakheza village was 
“resettled” with houses and residents into Syain 
[49]. Additionally, in 1937–1938, residents of Ko-
rean and Chinese nationalities were forcibly de-
ported from Primorye. 

In the 1930s, the Bikin timber industry enter-
prise was established and in 1938 a logging station 
was opened in the village of Verkhny Pereval. In 
1947, an area for harvesting the bark of the Amur 
cork tree (Phellodendron amurense) was also es-
tablished there. The most active logging was car-
ried out in 1960–1970 on the lower reaches of the 
Bikin River. All woods harvested in the valley of 
the Bikin River were floating by the river.  
The highest point from which the timber floating 
began was the village of Sigou (Yasenevyi). 

In the late 1960s, logging began in the basin of 
the Takholo River, in the hunting areas of the 
Udeges. As a result of the appeal of local residents 
and scientists in 1971, the RSFSR Council of Min-
isters officially secured the Korean pine forests of 
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the middle part of the Bikin River valley as a hunt-
ing ground and as an area of the cedar-nut-
production zone. The boundary of this zone ran 
along the watershed between the Takhalo and the 
Amba Rivers (the tributaries of the Bikin River). 
Upstream of the Bikin River, logging was prohibit-
ed [50]. On the whole, the establishing of cedar-
nut-production zones, which began in 1953, made 
it possible to avoid the overwhelming logging in 
the Korean pine forests of the Far East on an area 
of 1.02 million hectares. The Bikinskaya (Verkh-
neperevalnenskaya) nut-production zone had the 
largest area, most of which became a part of the 
Bikin National Park in 2015. 

It should be noted that in Fig. 1 (right), a frag-
ment of the topographic map [40] compiled by 
U.S. Army Map Service from maps of Japanese 
General Staff in 1942–1947 is presented. There are 
native (Manchu-Tungus) and Chinese place names 
(toponyms). After the Sino-Soviet border conflict 
on the Damansky Island (Zhenbao Island) in 1969, 
there was a massive renaming of names of Chinese 
origin and many local place names in the Pri-
morsky Krai in 1972. For example, the Mitakhez 
River is now the Lesnukha River. This moment of 

geographical renaming should be considered when 
studying ecological history.  

 
Charcoal sampling and analysis 

Charcoal pieces from the soil are usually taken 
from soil profiles or by boring. In the study area 
these regular methods of charcoal sampling were 
not effective, because the gravel soils had a very 
small profile thickness (the thickness of the fine 
earth layer is the first tens of centimeters, often less 
than 20 cm) and the soils were saturated with wa-
ter. In those conditions, the most efficient method 
of charcoal search and selection in the soil turned 
out to be an exploration of treefall mounds which 
were recently formed (Fig. 4). A treefall mound is 
a part of the soil cloud which is raised by roots 
when the tree falls with uprooting. As long as the 
mound keeps its shape, it is possible to define the 
initial localization of the charcoal pieces found in 
the treefall mound: to determine the soil horizon 
and the depth of the charcoal occurrence. Charcoal 
was taken from 35 treefalls which were found in 
the study area. 

 

 
Fig. 4. Treefall mounds (from a to c) and charcoal pieces in the mound (d) 
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Fourteen largest charcoal specimens from the 
soil were radiocarbon-dated in the Institute of geo-
chemistry and geophysics of the National Acade-
my of Sciences of Belarus (IGSB). Radiocarbon 
age of the charcoal was determined by the liquid 
scintillation counting (LSC). Standard techniques 
including acid-base-acid (АВА) treatment were 
used. The samples were placed in 1M HCl and 
heated to 80 °C for 1 h, centrifuged and decanted. 
Then the samples were washed with 0.1 M NaOH 
and treated with dilute HCl, then washed with de-
ionized water and dried at 105 °C. The activity of 
14C was determined in benzene using a Quantulus 
1220 liquid scintillation counter. The 14C dates 
were calibrated using the program Calib 13.0 and 
the calibration dataset Intcal13 [51]. Calculations 
were done at 2σ level. 

 
Fire scar sampling and analysis 

The dendrochronological method is often used 
to define ages of trees and to date forest fires as 
well [24–26, 52–54]. Disks from harvested trees 
are usually analyzed for this [52, 53, 55, 56]. How-
ever, in a case of old trees and old-growth forests, 
tree harvesting is an ethically wrong research 
method as it causes undue damage to forest ecosys-

tems. Fortunately, this method is not allowed to 
use in nature protected areas.  

An alternative increment borer method for de-
termining fire history in coniferous forests was 
suggested by Barrett and Arno [57]. During the 
sampling, we were not aware of this work, but we 
used a similar approach that mainly coincided with 
Barrett and Arno’s method.  

To determine the time of past ground fires, we 
took cores of tree individuals that had fire scars on 
the trunk. The scars are dead cambium and wood, 
which to some extent are covered by the wound 
meristem from the edges of the wound. As a rule, 
fire scars are located on the trunks from a side op-
posite to the front of the fire movement: on the 
leeward side of the trunks, where the turbulence of 
hot gases occurs and the flame lasts longest. Fire 
scars may also form in a proximity to patches with 
a thick litter layer. Small fire scars often heal fully 
over time. Fire scars that are more than 20–30 cm 
wide are usually visible on the tree until the end of 
its life. Increment borer method includes combina-
tions of scar boring and face/back boring to date 
individual fire scars (Fig. 5). The method can be 
best used on long-lived tree species that survive 
fires and resist decay after fire damage due to high 
resin content. In our study, we chose to use Pinus 
koraiensis, which fits these properties. 

 

 
Fig. 5. Scar-boring procedures illustrated on a hypothetical cross-section of a single-scarred tree [57] 
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Forty-five individuals of Pinus koraiensis were 
selected for dating the past forest fires. From one 
to four tree cores were taken from one tree. Most 
sampled trees showed external evidence of callus 

tissue and charcoal from past fires (Fig. 6). We 
recorded sample locations with a GPS unit and 
photographed them to document the scarring. 

 
 

 
Fig. 6. Fire scars on the Pinus koraiensis trunks located on the slopes of the Ulma Mound 

 
Results  

 
Soil charcoal stratigraphy  
and radiocarbon dating  

Several tens of treefall mounds were investigat-
ed and charcoal was found in 34 mounds (Fig. 7). 
Most of these treefall mounds were located in the 
upper and middle parts of the slopes; there was no 
charcoal in treefall mounds situated in the valleys 

of streams. In general, we can speak of a relatively 
uniform distribution of charcoal in the soils over 
the studied area; probably “white spots” are mainly 
related to the absence of treefalls suitable for 
searching charcoals. In addition to charcoal in the 
treefall mounds, we found one charred stump and 
one charred deadwood (Fig. 8); also charcoals 
were found under the litter. 

 

 
Fig. 7. Spatial placement of samples with different charcoal positions on a high-resolution satellite image.  

A few studied points are located out of the photo, in the west 
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Fig. 8. Charred stump (a) and charred deadwood (b) of Pinus koraiensis 

 
In six treefall mounds, charcoal pieces were 

found in the humus horizons (usually at depths 
up to 10 or 15 cm). In most treefall mounds, 
charcoals were found only in the illuvial horizon 
Bw, at depths from 10 to 50 cm. In the root-soil 
clod, charcoal pieces were often found under the 
large supporting roots of trees. Comparatively 
seldom charcoals were visible on the back wall 
of the treefall mound (opposite to the lying 
trunk).  

The radiocarbon dating of 14 charcoal sam-
ples showed that the charcoal age varied from 
587 ± 47 to 3720 ± 113 cal BP (Table 1). The 
ranges (2δ) of radiocarbon dates formed several 

clusters (Fig. 9): about 600 cal BP (samples 5 
and 31); about 1450 cal BP (the Middle Ages, 
samples 4, 13, and 24); about 1610 cal BP (late 
Iron Age border and the Middle Ages, samples 
14, 15, and 23); and about 2250 cal BP (Early 
Iron Age or Paleometal Age, samples 22, 26, and 
29). Probability peaks of the sample 19 are lo-
cated between the first and the second clusters. 
Samples 7 and 8 have the most ancient dates, da-
ting back to the time of the Upper Neolithic. 
There are no dated samples that belong to the 
Modern Period (the last 500 years). In general, 
there was no correlation between the age of 
charcoals and the depth of their locations in soil. 

Table 1 

Radiocarbon dates for charcoals from the study area in the middle reaches  
of the Bikin River calibrated according to Reimer et al. [51] using IntCal13 

Sample Soil 
horizon Matter Lab. code Lab. radiocarbon 

age (BP) 
Cal radiocarbon 

age (BP) Cal BC/AD 

4 Bw Charcoal IGSB-1612 1450 ± 80 1444 ± 78 506 ± 78 AD 
5 Bw Charcoal IGSB-1629 720 ± 60 654 ± 62 1296 ± 62 AD 
7 Bw Charcoal IGSB-1611 3450 ± 90 3720 ± 113 1770 ± 113 BC 
8 A Charcoal IGSB-1589 3050 ± 70 3247 ± 93 1297 ± 93 BC 

13 Bw Charcoal IGSB-1588 1420 ± 60 1340 ± 40 610 ± 40 AD 
14 Bw Charcoal IGSB-1609 1690 ± 150 1615 ± 63 335 ± 63 AD 
15 Bw Charcoal IGSB-1590 1680 ± 60 1602 ± 75 348 ± 75 AD 
19 Bw Charcoal IGSB-1628 1290 ± 100 1191 ± 98 759 ± 98 AD 
22 Bw Charcoal IGSB-1610 2260 ± 100 2271 ± 122 321 ± 122 BC 
23 Bw Charcoal IGSB-1592 1690 ± 60 1612 ± 71 338 ± 71 AD 
24 Bw Charcoal IGSB-1630 1530 ± 80 1437 ± 78 513 ± 78 AD 
26 Bw Charcoal IGSB-1593 2290 ± 80 2303 ± 115 353 ± 115 BC 
29 Bw Charcoal IGSB-1591 2200 ± 70 2210 ± 89 260 ± 89 BC 
31 A Charcoal IGSB-1631 560 ± 60 587 ± 47 1363 ± 47 AD 
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Fig. 9. Probability curves of calibrated radiocarbon dates for charcoals  

from the study area in the middle reaches of the Bikin River 
 

Fire scars 
Increment cores were taken from 45 individuals 

of Pinus koraiensis; fire marks were found in the 
cores from 39 individuals. We should note that 
there were difficulties in using of dendrochrono-
logical method in the studied region by reason of 
the high rates of Pinus koraiensis growth leading 
to the formation of broad annual wood increments. 
As a result, the wood of many individuals has a 
loose structure; upon dying off due to fire, such 
wood does not form a “fire mark”, but turns into 
dust (rot), in which it is impossible to distinguish 
traces of annual increments. Wood rot was found 
in 65 % of the tree cores. For such tree individuals, 
we could define only the age of the last scar and 
could not define the full age of the individual. 

Spatial distribution of trees with one to five dis-
tinguishable fire marks is shown in Fig. 10. This ar-
ea is noticeably smaller than the area where char-
coal in the treefall mounds was found (see Fig. 7). 
Trees with traces of ground fires are unevenly dis-
tributed over the study area. Partly, this may be af-
fected by non-uniform coverage of the area by 
routes during the study (because of a complex re-
lief), but the obtained distribution of the trees with 
fire scars mainly reflects their actual frequency of 
occurrence in the area. A significant part of Pinus 
koraiensis individuals with fire scars is located on 
local elevations: on the crest of the Ulm Mound 
(southeast part) and the bends of the slopes. These 
are the most drained areas for which the probabil-
ity of fires is the greatest. 

 

 
Fig. 10. Spatial distribution of Pinus koraiensis with different number of fire scores 
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Fire scar history data with the number of fire 
events is presented in Fig. 11. The oldest tree was 
278 years old (it has grown since 1735). Data for 
five Pinus koraiensis individuals are available 
from 1810 and for ten individuals from 1845. 
Within the studied time period, fires were identi-
fied in 36 years; data on 10 years from them were 
obtained from 3 and more cores of different trees. 
The oldest identified fire dates back to 1773. From 
this time, the mean interval between fires is 6.7 
years (if to count all fire marks), and 24.1 years (if 

to count only years with coincided fire marks).  
The conglomerate density of the whole time in-
terval does not seem to be completely homogene-
ous. There are several periods with an elevated 
frequency of fires and intervals without fires sep-
arating them. The first fire peak belongs to 1846. 
The time intervals 1937–1948 and 1958–1980 are 
the periods with the highest frequency of fires 
with no fires in between them, and only two fire 
marks were identified after 1980, both occurring 
in 1993. 

 

 
Fig. 11. Fire scar history data from the Bikin River based on Pinus koraiensis cores. Horizontal lines represent 

individual trees, on which years with the fire scars are marked with black vertical lines 
 

Discussion 
 

Stratigraphy of charcoals in the soil 
Position of charcoals in the soil combined with 

morphological features of the charcoals is a power-
ful tool for reconstruction of a local fire history 
[30, 34–38, 58].  

Charred stumps and deadwood as well as large 
charcoal pieces in the litter or on the border with 

mineral soil are an indication of relatively recent 
fires (most likely, ground fires). Large charcoal 
fragments with sharp edges and without masking 
by mineral soil testify quick or recent dumping of 
charcoal. Such charcoal fragments were typical in 
the litter (Fig. 12) and were found in the same are-
as as scared trees, so likely they originate from the 
fires that damaged the trees, which started from 
1773. 
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Fig. 12. Treefall mound (a) where charcoal is located in the litter (b) 

 
In most of the treefall mounds, charcoals were 

found in the mineral soil at a distance from 10 to 
50 cm below the ground surface of the soil (meas-
ured from the front wall of the mound). The pres-
ence of charcoal in the mineral soil may be due to 
the several processes transporting charcoal from 
the soil surface (where they lie after the fire) into 
the mineral horizons. Such processes can be pe-
doturbation, soil creep, or sedimentary process as-
sociated with slope erosion.  

The leading role of treefall pedoturbations in 
charcoal dumping in forest soils has been reported 
in previous studies [59–65]. Soil charcoals associ-
ated with windfalls have been studied, for example 
by Gavin [60], Embleton-Hamann [66], Talon et 
al. [61], Šamonil et al. [67], Bobrovsky et al. [68], 
etc. In the gravelly brown soils of the study area, 

the depth of pits after treefall varies mainly be-
tween 0,4 and 1 m, and rotation treefalls (see [65, 
69] for definitions) prevail. In this type of treefalls, 
a tree trunk rotates and slides back into the pit 
formed after tree uprooting; at it happens, char-
coals usually move deep into the pit and form clus-
ters. In the study area, we found charcoal layers or 
clusters in more than half of the examined treefall 
mounds. The charcoals were mostly with clear 
edges, with the surface in various degrees masked 
by mineral particles. It means that charcoal dump-
ing was fast that happens when charcoals are bur-
ied by treefalls with uprooting. Sometimes char-
coals were found in mounds of treefall deeper than 
large stones (Fig. 13). We propose that such stones 
were dislocated in loose material of the upper soil 
horizon by past treefalls too. 

 

 
Fig. 13. Treefall mound (a) with charcoal located deeper than a stone (b); soil surface is situated  

on the right in the figure (b). Charcoal is the sample No 7, 3720 ± 113 cal BP 
 
Along with the treefalls with uprooting, soil 

creep is widespread in the study region, which also 
can be an important agent of pedoturbation. Soil 
creep is caused by high seasonal humidity that 
causes water saturation of the soil on the slopes, 
combined with high seasonal fluctuations of soil 

temperature and humidity [70]. The key sign for 
the presence of soil creep is tree trunk defor-
mations. In our study area, deformations of tree 
trunks were absent in the areas with treefalls with 
uprooting; evidence of creeps was observed on 
steeper slopes outside the studied area. Potentially, 
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soil creep plays only a local role in the study area, 
participating in the small-scale moving of the soil 
to pits formed by treefalls, which might be hard to 
detect [71, 72]. 

Slope erosion is widespread and is an important 
factor of the soil formation in the mountains of 
Primorye [10]. On the whole, erosion intensity de-
pends on precipitation sum per a time unit (intensity) 
and slope steepness [73, 74]. Significant part of char-
coal can be transported by rain waters [28, 75–78]. 
Fires increase the intensity of erosion [79–82]: as a 
result of fire, the natural water repellence of soil 
often increases because of the formation of a con-
tinuous water-repellent layer a few cm beneath the 
surface; it implies limitations in soil permeability 
and, thus, increased runoff and erosion [80, 83]. 
Additionally, fires cause a loss of soil connectivity 
as a result of organic matter burning [84] and dam-
age the vegetation and litter that naturally serve as 
a soil protective screen against erosion [85]. Thus, 
in the mountains, soil erosion is an important fac-

tor of charcoal transportation and dumping inside 
the mineral soil though within-hilloscope deposi-
tion is not well investigated till now [86] in contra-
ry to a formation of sediments in the low part of 
slopes which are better investigated [87–89]. 

Usually middle parts of slopes are relatively flat 
in the study area; these zones contain accumula-
tions of graves, larger stones, and creeped mineral 
soil which shift from the more elevated and steeper 
parts of the slopes. Most of the charcoals we found 
in treefall mounds there had mostly a disperse dis-
tribution, were semi-rounded and localized in soils 
with signs of erosion, such as weak connectivity 
and existence of light material. All these features 
indicate that these charcoals were buried in soil by 
slope processes (Fig. 14). Thus, in the study area, 
past pedoturbations by treefalls with uprooting and 
slope erosion are the main processes led to 
transport of charcoal into the mineral soil, which is 
now is exposed for studies by mounds of more re-
cent treefalls. 

 

 
Fig. 14. Treefall mound (a), charcoal in the back wall of this mound, and rounded charcoal pieces extracted 

from the soil (b); sample No 13, 1340 ± 40 cal BP 
 

Charcoals spatial placement and age  
of soil charcoals 

There are previously dated charcoals from sed-
iments sampled in four sites located in the flood-
plain and in the terraces of the middle reaches of 
the Bikin River [19–23]. According to charcoals, 
the oldest fires were dated to 30140 cal BP in the 
Sakhalin Mar; 13860 cal BP in the Kayalu section; 
3965 cal BP in the Dillalakchi Bog; and 3610 cal 
BP in the Krasnyi Yar Bog [19–23]. Thus, previ-
ous studies have shown that fires are an ancient 
factor of landscape dynamics in the region. We 
were able to compare our results on soil charcoal 
dating with the previously reconstructed fire histo-
ry, mostly focusing the comparison with the 
Krasnyi Yar Bog [20], which had the highest tem-
poral resolution. This allowed us to test whether 
fires in our study area were synchronous to the 
previously reported fires as from the Bikin River 

basin as from the neighboring regions [91–94], to 
see if the entire region shared common fire history. 

In our research, the most ancient dates (samples 
Nos 7 and 8) belong to the Upper Neolithic:  
3720 ± 113 and 3247 ± 93 cal BP. These samples 
were found not far from each other in the northern 
part of the study area in the middle part of a slope 
(Fig. 15). Their dates are synchronous to the period 
of intensification of fires of 3765–2810 cal BP 
which was identified in the study of bogs [20]. 
These earliest fires are also synchronous to the period 
of increase in the fire frequency in the east of China. 
In China, this period of frequent fires was likely as-
sociated with continuous development of new culti-
vation tools and techniques between 4700 and 3300 
(3100) yr BP, especially in time of the pre-Zhou 
Dynasty (early Predinastic Zhou) [91, 92]. Approxi-
mately at the same time (3023 ± 142 cal BP,  
2860 ± 107 cal BP), strong fires occurred in about 
220 km to the north-east from the place of our re-
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search [93]. These fires covered a large area in the 
middle reaches of the Samarga River in the eastern 
macroslope of the Sikhote-Alin mountain range 
currently covered with dark coniferous taiga for-
ests: the layer of charcoal was traced in the section 

of the floodplain terrace there for about 10 km. 
These extensive fires might have caused a strong 
change in local vegetation. Thus, the Upper Neo-
lithic fires in the studied area were synchronous to 
the surrounding regions. 

 

 
Fig. 15. Spatial placement of charcoal with different radiocarbon dates (cal BP) 

 
The next cluster of our dates (about 2250 cal 

BP) falls on the early Iron Age or on the Paleomet-
al Era allocated for Primorye: 2303 ± 115, 2271 ± 
122, 2210 ± 89 cal BP (samples Nos 22, 26 and 29). 
Two of them were found not far from each other, 
in the upper part of the slope (see Fig. 14) and the 
third one was outside the fragment of the image  
(in the west), also in the upper part of the slope. 
This time is also synchronous to the fire peak in 
China in 2210 (2250) cal BP [91]. At the Krasnyi 
Yar bog, a wider fire period around the same time 
was recorded¸ from 2590 to 1936 cal BP [20]. Final-
ly, the dates 1955 ± 20 cal BP and 2090 ± 25 cal BP 
have been obtained for soil charcoal in another tract 
of Korean pine-deciduous forests in the Verkhneus-
syriysky Research Station on the western mac-
roslope of the Sikhote-Alin Mountains, in about  
320 km to southeast from our study area [94]. 

According to the bog studies, the next very long 
period of pyrogenic factor enhancement is about 
1718–1062 cal BP [20]. In our study area, this pe-
riod corresponds to seven dates from 1615 ± 63 to 
1191 ± 98 cal BP. Within this period one can con-
ditionally distinguish two more dense clusters: 
about 1610 cal BP (the boundary between Late 

Iron and the Middle Ages, samples Nos 14, 15, and 
23) and about 1450 cal BP (the Middle Ages, sam-
ples Nos 4, 13, and 24; sample No 19 is also close 
to them). Charcoals of this time are relatively scat-
tered over the area; they are found both in the up-
per and in the middle parts of the slope. Cluster of 
1450 cal BP intersects with the time of existence of 
the Bohai Kingdom, belonging to which the Kan-
chuga settlement was found in the study region 
[48]. For our study area, only from this time it is 
possible to associate the fire regime with human 
presence with some certainty until additional data 
on human history in the region will be obtained. 

The last cluster of charcoal dates is about 600 
cal BP: samples Nos 5 and 31, 654 ± 62 and 587 ± 
47 cal BP. It is a period of “dark history” in the re-
gion. For this time, there is no fire peak according 
to the peat data. However, for the time interval of 
690–570 cal BP, Razzhigaeva et al. [20] noted a 
decrease in the participation of broad-leaved trees 
and the beginning of an increase in the share of the 
small-leaved trees of genera of Betula and Popu-
lus. Fires could be a cause of such a process. 

Thus, our results demonstrate that the main pe-
riods of frequent fires in the middle reaches of the 
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Bikin River were synchronous with fires recorded 
in adjacent areas using different methods up until 
to the Modern period.  

 
Fire scars on tree cores 

We further employed dendrochronological data 
to track the fire history in the area during the last 
centuries. The age of the oldest Korean pine indi-
viduals in our study area falls within the time peri-
od of a sharp increase in the proportion of Pinus 
koraiensis among the vegetation in the middle 
reaches of the Bikin River, which occurred be-
tween 1771 and 1820 [20].  

Despite the small number of trees with fire scars 
found, we can confidently speak of periodic ground 
fires in the study area during the Modern Period. 
Even with possible inaccuracies in dating, the fre-
quency of fires was no less than once every twenty 
years. For comparison, according to A. M. Starodu-
mov [95], in the forests closed to valleys of the 
Amur, Gorin, and Hungari rivers, for the period 
from 1721 to 1948, severe fires occurred on aver-
age once in 15 years. As shown by the analysis of 
Korean pine trunks there, up to 30 depressions of 
growth happened every 50 years as a result of fires. 

It is difficult to tie the fire regime in the middle 
reaches of the Bikin River with some well-known 
events including human activities until the end of 
the 19th century reliably. At the beginning  

of the 20th century, the Bikin River basin was in-
habited by aboriginal tribes, and the Chinese popu-
lation was also present. On the map of the Bikin 
basin (Fig. 1, [40]), one can see Orochi villages not 
far from the study area (V. Arsenyev mentioned 
them in 1908), as well as Chinese huts (fanzes). 
Most likely, a similar situation was here also be-
fore the beginning of the Russian colonization. The 
aboriginal tribes might have strongly affected the 
fire regime of the area. Many authors point to the 
regularity and even inevitability of fires associated 
with the activities of hunter-gatherer tribes, though 
this topic remains not entirely understood [3, 96–
98]. Many authors have noted an active use of fire 
by the aboriginal population of Primorye [6, 9, 13, 
95]. For example, according to the stories of old 
residents, B. P. Kolesnikov [8] described the prac-
tice when aboriginal people deliberately set fire to 
the taiga to attract ungulates (elk, red deer). Birch 
and aspen are renewed on young burns, the abun-
dance of grasses, which are attractive food for un-
gulates, is increasing. Taiga was also burned dur-
ing tribal military conflicts. Until 1900, fires were 
markedly confined to the tracks – the path from the 
floodplain of the Bikin River on the Ulm Mound 
and the path along the ridge of the hill (Fig. 16). 
The fire of 1884 coincides with the documented 
time of the beginning of logging on the Bikin Riv-
er for the construction of the railway.  

 

 
Fig. 16. Location of the studied Pinus koraiensis individuals with fire scars of different time 
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One would expect a sharp increase in the fre-
quency of fires since the Russian colonization.  
On the whole, according to numerous testimonies, 
the Russian colonization of Primorsky Krai in the 
late 19th and early 20th centuries was accompanied 
by massive fires. Fires were used in clearing land 
for settlements, arable land, and hayfields. The Chi-
nese, forced out by the Russians, set fire to their 
fanzes and the forest before their leaving [8]. Most 
of the fires were in the most actively populated are-
as: in the south of Primorye and along the Pacific 
coast. In 1885, M. I. Pyastushkevich [6] wrote of 
fires as a global disaster. However, for the study ar-
ea, we did not mark an increase in fires for the time 
when the forest plant in the Bikin River began oper-
ations (from 1905), when the Old Believers settled 

in the Bikin River valley (1918–1920), and when 
the construction of the village Metakheza upstream 
of the research site began (1934–1936). 

A marked increase in the fire frequency oc-
curred from 1937–1938. It can be directly related 
to the spread of logging, and coincides with a 
commencement of a logging station in the village 
of Verkhniy Pereval. In the study area, traces of 
old logging, such as stumps, including those that 
served as a substrate for the regeneration of trees, 
are very common (Fig. 17). Potentially, these 
might be the result of selective logging of Pinus 
koraiensis in the Amba River basin in the late 
1930s and in the 1940s. Old stumps are often adja-
cent to the trunks of Pinus koraiensis with fire 
scars. 

 

 
Fig. 17. Betula costata (a) и Acer ukurunduense (b) on old stumps of Pinus koraiensis 

in the Ulma Mound, the middle reaches of the Bikin River 
 
From 1948 to 1957 there were no traces of 

fires, and the next period of fires with a high fre-
quency is from 1958 to 1980. The largest number 
of fire scores during this time was in 1958 and 
1976. This is the time when active logging on the 
lower reaches of the Bikin River began again, and 
felling of the forest near the study area started in 
the late 1960s. Creating a cedar-nut-production 
zone and the prohibition of logging in 1971 [50] 
did not lead to the cessation of fires immediately. 

Fire points in 1937–1948 and 1958–1980 time 
intervals form a “dense” belt in the middle part of 
the western slope (see Fig. 16). It is difficult to es-
timate the area and intensity of these fires. We as-
sume that in the area from the Bikin River to the 
second tributary north of the Bikin River, ground 

fire areas could be significant. In contrast, in the 
northern part of the study area, areas of ground 
fires were relatively small (possibly, at sites of 
burning logging residues or other forestry activity), 
based, in particular, on the fact that fire scars are 
found here mainly on small-diameter Pinus 
koraiensis trunks, but not on the trunks of larger 
trees next to them. From 1960 to 1970, the num-
ber of fires on the top of the Ulma Mound in-
creased; the charred deadwood of Pinus 
koraiensis, charcoal in the litter (see above) was 
also found there. After 1980, there was only one 
fire in 1993. Probably the main cause of such a 
significant reduction in fires is the cessation of 
logging in the study region, and the overall de-
cline in human population. 
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Many authors note that human activity was the 
main cause of fires in Primorye, while the climate 
primarily controls the spreading area of fires [13, 99]. 
We compared our data on the number of fire scars 
with the data on the Sikhote-Alin State Nature Re-
serve which is located 150–200 km south of the 
study area, mainly on the eastern macro slope of 
the Sikhote-Alin Mountains (Table 2). The years 

with fires often coincide with years with low pre-
cipitation or the years following them. The years 
with fires in the middle reaches of the Bikin River 
sometimes coincide, and sometimes do not coin-
cide with the years of large fires in the Reserve.  
As expected, there were no coincidences of fires 
over the years with high rainfall. 

Table 2 

Years with high and low levels of precipitations and different number  
of fires in the Sikhote-Alin State Nature Reserve and in the study area 

Year 
Data on Sikhote-Alin State Nature Reserve (from [13]) The middle reaches  

of the Bikin River 
High level  

of precipitations 
Low level  

of precipitations 
Large number  

of fires Number of fire scores 

1957  +   
1958  + + 5 
1959 +    
1965    1 
1968    1 
1969 +    
1970    1 
1971 +    
1973  +  4 
1974 +    
1975  +   
1976    1 
1977  + +  
1978   + 4 
1980    1 
1982  + +  
1984 +    
1986  +   
1987  +   
1989   +  
1992  +   
1993   + 2 
1994 +    
1997  + +  
1998   +  
1999   +  
2003  +   
2006   +  

 
There is currently not enough data to estimate 

what role fires played in the formation of modern 
Korean pine-broadleaved forests, as the fire history 
of these forests in the Sikhote-Alin Mountains was 
very variable. The results of our research show a 
significant number of forest fires in the study area 
in the middle reaches of the Bikin River during the 
last millennia. But at the same time, results of a 
study of intact Korean pine-broadleaved forests in 
the area of the Verkhneussyriysky Research Sta-
tion based on dendrochronological and pedoan-
thracological data showed the last fires of about 
2000 cal BP [94, 100]. 

Despite the large number of fires, a high species 
diversity of plants, primarily woody ones, was 
maintained in the study area: there were not princi-
pal changes in the woody species composition dur-
ing the last three thousand years [19–21]. Species 
conservation can be explained by the relatively lo-
cal spread of fires along with the presence of fire 
refugia. The main and permanent refugium is 
probably the floodplain of the Bikin River; also ar-
eas of the “fire shade” under protection of rocky 
outcrops can serve as fire havens. Razzhigaeva et 
al. [20] pointed out the role of strong microclimatic 
variability, which is caused by the complex relief, 
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in the preservation of flora under the climate 
change in the study region. The strong microcli-
matic variability could also protect vegetation in 
the area from fire. 

 
Conclusion 

 
Numerous researches have shown relationships 

between fire regimes and colonization history, and 
anthropogenic impacts in general, for diverse cul-
tural subsistence traditions and land use practices 
[101, 102]. At the same time, it is not well known 
to what extent hunter-gatherers and farming socie-
ties influenced fire regimes and landscapes  
[3, 97, 98, 103]. Such knowledge is also scarce for 
the region of the Sykhote-Alin Mountains. 

The study region has a long fire history and pe-
riods with an increased frequency of fires are dis-
tinguished [19, 20, 22, 23, 104]. Our investigation 
confirmed the results of the previous studies and 
on the basis of dendrochronological and perdo-
anthracological data firstly showed that fires oc-

curred on the slopes of the Ulm Mound inside the 
stands of the Korean pine-broadleaved forests. Soil 
charcoals were dated from 3720 to 587 cal BP; the 
data on fire scars presented a fairly intense fire his-
tory during the last 240 years. Until the end of the 
first millennium (time of the Bohai Kingdom ex-
istence) there are no archaeological or other data 
confirming the existence of economy in the study 
area that would allow us to associate the frequency 
of fires with specific human activities. For the 
Modern period, rather high fire frequency was 
identified. Remarkable increase of fire frequency 
has coincided with periods of forest logging since 
the end of the 19th century. 
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