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Abstract: This paper argues that archaeology can contribute significantly to interdisciplinary 

discussion of long-term human-environment interaction. This paper starts with the hypothesis 

that a highly specialized subsistence strategy can support a larger community for a short period, 

but a decrease in subsistence and food diversity makes a production system and its associated 

community more vulnerable in the long run. The first half of the paper provides a theoretical 

discussion of the importance of food and subsistence diversity, along with other cultural factors, 

for maintaining the long-term sustainability and resilience of human societies. Using a case study 

from the Early and Middle Jomon periods (ca. 5900-4400 cal. BP) in the northern Tohoku 

Region of Japan, the second half of the paper demonstrates how archaeological and 

paleoenvironmental studies can contribute to our understanding of the mechanisms of long-term 

culture change. 
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1. Introduction 
This article examines the importance of food and subsistence diversity from the perspective of 

long-term sustainability of human societies and resilience of their systems. The starting point is 

the hypothesis that a highly specialized subsistence strategy can support a larger community for a 

short period, but a decrease in subsistence and food diversity makes a production system and its 

associated community more vulnerable in the long run. Using archaeological data from the Early 

to Middle Jomon periods of the northern Tohoku Region of Japan, this article examines the 

causal relationships among food and subsistence diversity, population size, other cultural factors, 

and environmental factors including climate change. 

 

2. Research Background 
(1) Theoretical Framework 

In a 2011 lecture titled Hunter-Gatherer Subsistence and Settlement, I argued that, in human 

history, subsistence intensification together with the expansion of the scale of food production 

frequently accompanied 1) the development of sociopolitical organization and socioeconomic 

inequality as well as an increase in population size on the one hand, and 2) an increase in 

environmental damage and institutional deterioration that led to a decline in the resilience of 

ecological and sociopolitical systems on the other hand. The latter can result in a so-called 

“collapse” of civilization, including a drastic decrease in population, sometimes triggered by 

climate change or disasters (Habu 2011). Many scholars have assumed that the adverse effects of 

subsistence intensification and of an increase in the scale of food production began after the 

advent of agriculture, particularly in the early modern period. However, when certain conditions 
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were met, such as food storage and the appearance of a staple food, prehistoric hunter-gatherer 

societies may have faced similar problems. 

 

In this regard, recent discussions on sustainability and resilience in the fields of environmental 

science and resource management are insightful. In these discussions, sustainability is defined as 

“the capacity to create, test, and maintain adaptive capability”
1
 (Holling et al. 2002).  Resilience 

is defined as “the capacity of a system to absorb disturbance and still retain its basic function and 

structure” (Walker and Salt 2006). 

 

The core of resilience theory is the “adaptive cycle” model, which posits four stages of 

diachronic changes in ecosystems (Holling and Gunderson 2002) (Figure 1). According to this 

model, a system goes through the stages of 1) exploitation, 2) conservation, 3) release and 4) 

reorganization, which leads to the transition into the next system. While resilience theory 

acknowledges the importance of sustaining a system through the alleviation of individual shocks 

and disturbances, in the long term, it acknowledges the possibility of the dissolution of an 

existing system as it transitions to the next system (for the use of resilience theory in archaeology, 

see Redman 2005, Redman and Kinzig 2003). 

 

If the transition from the conservation stage to the release stage occurs quickly as a “hard-

landing,” it could be accompanied by a devastating population decline and/or environmental 

damage. Such a change would overlap with the phenomenon called “a collapse of civilization” 

(Diamond 2005, Tainter 2000).  

 

The “adaptive cycle” model of resilience theory shares a number of characteristics with the 

perspective of historical ecology (Balée 1998, 2006): both approaches focus on human-

environmental interaction at multiple temporal scales.  Historical ecology aims for an integrated 

study of historical phenomena from short-term events to long-term changes. Because historical 

ecology was strongly influenced by the Annales school of French historiography, it emphasizes 

the holistic study of historically unique trajectories of socioeconomic systems in different parts 

of the world. Moreover, historical ecology places a strong emphasis on human impacts on the 

environment, including environmental management, rather than the adaptation of humans to the 

environment (Balée 1998).   

 

Unlike historical ecology, resilience theory began as a formal model of behavioral ecology 

that focused on the resilience and stability of ecosystems (Holling 1973).  As reflected in the 

name “adaptive cycle,” the original form of resilience theory emphasized the adaptation of 

humans to the environment. In recent years, however, applications of resilience theory have gone 

beyond the original framework of the biological formal model; for instance, resilience theory has 

been used to explain various responses of human communities to climate change and disasters 

(see Miller et al. 2010). 

 

(2) Diversity, Network, Autonomy, and Scale 

As noted above, the starting point of this article is the hypothesis that a highly specialized 

subsistence strategy can support a larger community for a short period, but a decrease in 

subsistence and food diversity makes the production system and its associated community more 

vulnerable in the long run.  Put simply, this article proposes that, all other things being equal, the 
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loss of food and subsistence diversity accompanying attempts to increase short-term efficiency 

will eventually lead to vulnerability in social and economic systems. This leads to the questions 

of how far back in time we can trace negative impacts related to the loss of food and subsistence 

diversity and of the mass-production of food. The ultimate form of these trends is the 

monoculture practiced by large corporates today.  

 

Problems related to the loss of food diversity and the never-ending expansion of the scale of 

food production in the modern world have been commonly discussed in the context of the 

emergence of genetically modified foods in the 1990s, and the “green revolution” of the 1940s 

through 1960s as the result of the “improvement” of certain plant varieties and the large-scale 

use of chemical fertilizer. Going back even further, the “agricultural revolution” which served as 

a backdrop to the industrial revolution in Britain and Western Europe in the late 18
th

 and early 

19
th

 centuries has been frequently cited as the starting point for these problems. However, if we 

propose that a dependence on a narrow range of foods increases vulnerability, especially in the 

face of climate change and/or crop damage due to disease and pests, similar phenomena may 

have occurred at earlier times at the local scale. 

 

Based on these ideas, in the spring of 2014 I launched a trans-disciplinary research project at 

the Research Institute for Humanity and Nature (RIHN) entitled Long-term Sustainability 

through Place-based, Small-scale Economies: Approaches from Historical Ecology (hereafter, 

Small-scale Economies Project). This project brought together researchers from many fields, as 

well as various stakeholders (people who are involved in various ways with the subjects of 

research, including non-researchers), to explore case studies of small-scale communities and 

food production systems in both the past and present. The ultimate goal of this project was to 

move the discussion forward on the relationships among food diversity, scale of food production, 

community size, and the resilience of human-environmental interaction. 

 

As a result of a series of workshops and symposia, our project identified three key factors that 

are crucial for maintaining resilient social and subsistence systems: 1) food and subsistence 

diversity, 2) networks (reflected in the movement of people, goods, and information), and 3) 

local autonomy. Furthermore, project members also reached a shared awareness of the 

importance of revitalizing place-based, smaller-scale communities and food production units, as 

opposed to mass-production at the global level (Figure 2). 

 

Figure 3 illustrates factors that are important in theorizing the causes, conditions, and 

consequences of long-term culture change. Food and subsistence diversity, which is the starting 

point of our project’s hypothesis, is placed at the center. At two tips of the triangle are the other 

two key factors: networks and autonomy. At the third tip is the scale of the society and economy 

(particularly food production), another main theme of our project. In addition, technological 

innovations, rituals and religion are also shown as important factors. The upper left corner shows 

the interactive relationship between the environment and socioeconomic systems that reflect all 

of these factors. 

 

From an archaeological perspective, studies of the movement of people, goods, and 

information are directly connected to the discussion of sedentism and trade or exchange. Local 

and individual autonomy can be inferred through study of the levels of social inequality and 
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stratification. Examination of the scale of society and community is directly linked with 

demography. Technological innovations and rituals or religion are also topics that can be 

approached using archaeological materials. Furthermore, in addition to pollen and phytolith data, 

which have been commonly used in archaeological studies for the past several decades, recent 

developments in oxygen isotope ratio analysis of tree rings (Nakatsuka 2007, 2015) and alkenone 

sea surface temperature analysis (Kawahata et al. 2009, 2016) can also help us understand the 

chronological sequence of archaeological incidents and the timing of environmental change. 

 

(3) Subsistence Diversity Examined from the Perspective of the Forager-Collector Model 

The collector-forager model proposed by Binford (1980) provides a good starting point for 

the examination of the causal relationships between food and subsistence diversity, scale of food 

production, and the resilience of subsistence-settlement systems (Habu 1994, 2000, 2016). 

According to this model, subsistence-settlement systems of hunter-gatherers can be classified 

into two basic types: foragers and collectors.  

 

Foragers (sensu Binford 1980) are hunter-gatherers with high residential mobility and 

without food storage. They tend to acquire various types of food near their residential base on a 

day-to-day basis. When foragers exhaust the food supply around their residential base, they 

move on to the next location. As a result, their residential mobility is high. On the other hand, 

collectors are more sedentary and their subsistence more specialized. In addition to food-

gathering activities near their residential base, collectors send specialized task groups to acquire 

food resources located far from their residential base, bring them back, and store them. Binford 

calls the movement of specialized task groups “logistical mobility” as opposed to residential 

mobility.  

 

In terms of the degree of subsistence specialization, foragers (Binford 1980) can be seen as 

“generalists,” with a low level of subsistence specialization, who rely on a wide variety of food. 

By contrast, collectors are “specialists” who rely more heavily on a limited number of food items 

that can be stored for a long period. These generalists (foragers) and specialists (collectors) are 

not binarily opposed, but rather they should be considered as two ends of a continuum from 

simple to complex systems associated with different levels of subsistence specialization. 

 

From a modern perspective, I suggest that the increase in logistical mobility that 

accompanies subsistence specialization can be seen as an increase in “food mileage.” As the 

distance between food production and consumption sites expands, socioeconomic systems also 

become more complex. This basic principle can be applied not only to hunter-gatherers but also 

to agriculturalists and non-agricultural specialists. 

 

In the short term, the subsistence strategies of specialists can secure larger amounts of food. 

However, lifeways that depend on a limited number of staple foods are often more vulnerable to 

climate change and natural disasters due to the lack of contingency plans. Thus, all other 

conditions being equal, excessive subsistence specialization weakens the system’s long-term 

resilience. Furthermore, subsistence specialization, which is usually accompanied by an 

expansion of the scale of food production, can lead to serious environmental damages, such as 

over-hunting, destruction of vegetation, and soil degradation. 
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Jomon people during and after the Early Jomon period (ca. 6000 cal. BP-) stored food and 

constructed large settlements, making them typical of the collector-specialist type of hunter-

gatherers (Habu 2015). Put another way, Jomon people began to specialize in their subsistence 

strategies as early as 6000 years ago. 

 

3. Population Changes in the Japanese Archipelago and the Case of Early-

Middle Jomon Periods in Eastern Japan: Demography, Subsistence Diversity, 

and Climate Change 
 

With the above perspective in mind, let us examine long-term changes through the Jomon 

period. Kito (2011) suggests that the population of the Japanese archipelago show at least four 

major declines during the past 10,000 years. The first of these declines occurred during the 

transition from the Middle Jomon to the Late Jomon periods; the second occurred during the 

transition from the Heian period to the Kamakura period (ca. 12
th

 century); the third occurred in 

the latter part of the Edo period (18
th

 century); and the fourth is occurring in the present-day, 

beginning in about 2005. In other words, the population of the Japanese archipelago has not 

consistently increased over time, but rather it has reached its present state through repeated 

population increases and decreases. 

 

Kito’s (2011) argument on Jomon demography is based on Koyama’s (1984) population 

estimates for the Initial to Final Jomon periods. Figure 4 illustrates changes in the number of 

Jomon population estimates presented by Koyama. Since 1984, new data regarding Jomon sites 

and their dates have increased significantly. Nevertheless, the overall trends represented in this 

figure are still supported, at least for Eastern Japan
2
. It is known that in the Kanto Region, which 

has a particularly high density of Jomon sites, the greatest number of sites are dated to the 

Middle Jomon period. The number of sites in the Late Jomon period is smaller than that of the 

Middle Jomon, and the number for the Final Jomon period is even less than that of the Late 

Jomon period. Also, in the Kanto and Tohoku Regions, many of the well-known large 

settlements are dated to the Middle Jomon period, many of which ceased to be occupied after the 

end of the Middle Jomon period. These lines of evidence indicate that the transition from the 

Middle to the Late Jomon periods was the first case of a major population decline in Eastern 

Japan.  Because Jomon population density in Eastern Japan was much higher than that in 

Western Japan, this also reflects a major decline in the total population estimate of the Japanese 

archipelago (see also Koyama 1976, 1978). 

 

Scholars have discussed the growth and decline in the number and size of Jomon settlements 

from the Early Jomon to the end of the Middle Jomon periods. Some of these scholars have 

suggested the possibilities of “Jomon agriculture” or tending of chestnut trees during the Middle 

Jomon period. Central to this discussion is an abundance of plant food collecting and processing 

tools recovered from Middle Jomon sites.  

 

As for the decrease in the number and size of settlements at the end of the Middle Jomon 

period, many researchers have proposed the cooling climate that occurred approximately 4,200 

years ago was the major cause (e.g., Yasuda 1989, Kawahata et al. 2009, cf. Teshigahara 2013).  

The cooling climate referred to here is the so-called Bond 3 event or 4.2K event, which is part of 

the long-term cycle of climate change that was inferred from sedimentary deposits in the North 
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Atlantic Ocean (Bond et al. 1997, p.1260; cf. Anzai 2014).  From the perspective of the 

hypothesis presented above, however, we should investigate the possibility that the long-term 

cycle of climate change was not the only cause but also the resilience of the subsistence systems 

had declined as a result of intensive specialization in subsistence, with an over-dependence on a 

particular type or types of plant food. 

 

4. Preliminary Results of the Small-scale Economies Project 
Based on this research framework, I led an international research group of archaeologists and 

scientists within the Small-Scale Economies Project to analyze relevant Jomon data. Many of the 

analyses conducted during the three-year duration of the project were logical extensions of my 

previous two archaeological projects: the Berkeley Sannai Maruyama Project and the Goshizawa 

Matsumori Project. Data were taken primarily from Early and Middle Jomon sites in the northern 

Tohoku Region. Additional data from the Kanto and Chubu Regions and from earlier and later 

periods were also used when appropriate. Sub-projects that have been conducted by this research 

group include the following:  

 

(1) Quantitative analysis of stone tool diversity, ritual objects and site size;  

(2) AMS (Accelerator Mass Spectrometry) 
14

C dating of nut and plant seed remains retrieved 

from columnar soil samples;  

(3) SPD (Summed Probability Distribution) analysis of Jomon population dynamics in 

Eastern Japan using calibrated 
14

C dates;  

(4) Pollen analysis and alkenone sea surface temperature analysis using samples obtained 

from marine cores;  

(5) Quantitative analyses of macro and micro faunal and plant remains excavated from 

archaeological sites; 

(6) Molecular and isotopic analysis of pottery and charred food remains (Heron et al. 2016);  

(7) Carbon and nitrogen stable isotope analysis and physical anthropological analysis of 

human skeletal remains excavated from Initial to Final Jomon sites (Saeki et al. 2016); and 

(8) GIS analysis of Jomon settlement data in the northern Tohoku Region. 

 

While these analyses are still in progress, below are summaries of preliminary results from (1) 

through (4). 

 

(1) Quantitative Analysis of Stone Tool Diversity, Ritual Objects and Site Size at Sannai 

Maruyama 

The Sannai Maruyama site in Aomori Prefecture is a key source of information for the study 

of Early and Middle Jomon food diversity and population dynamics (e.g., Okada 2002, Tsuji 

2011).  Based on chronological studies of pottery, the site’s period of occupation can be divided 

into twelve consecutive phases. From the oldest to the youngest, they are: the Lower-Ento-a to -d, 

Upper-Ento-a to -e, Enokibayashi, Saibana, and Daigi 10 phases.  

 

In collaboration with the Preservation and Management Office of the Sannai Maruyama Site 

[Sannai Maruyama Iseki Taisaku-shitsu, later renamed as Iseki Hozon Katsuyo Suishin-shitsu], I 

collected soil samples from various locations within the site from 1997 to 2007.  Using data from 

published excavation reports, I have also analyzed changes through time in site size reflected in 

the number of pit-dwellings, stone tool (lithic) assemblage characteristics, and the number of 
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clay figurines (Habu 2002, 2008). Results of my analysis indicate that the number of pit-

dwellings at the Sannai Maruyama site reached its maximum during the Upper Ento-d and -e 

phases (middle of the Middle Jomon period).  The number of pit-dwellings decreased 

significantly from the Upper-Ento-e phase to the following Enokibayashi phase (Figure 5, upper 

section). A drastic decline in the number of clay figurines (ceremonial items) occurred 

concurrently, i.e., during the transition from the Upper-Ento-e phase to the Enokibayashi phase 

(Figure 5, the bottom row). 

 

Changes through time at this site are also evident in lithic assemblage characteristics (see 

Figure 5, second to bottom row). At the beginning of the site occupation (the Lower-Ento-a 

phase), stemmed scrapers, arrowheads and other flake tools, which were probably used for 

hunting and the processing of meat and fish, dominated the assemblage. The following several 

phases (the Lower-Ento-b to Upper-Ento-a phases) are characterized by a mixed assemblage 

with grinding stones (plant food processing tools), stemmed scrapers and arrowheads. The lithic 

assemblages of the following three phases (the Upper Ento b-d phases of the first half of the 

Middle Jomon period) are dominated by grinding stones. Assuming that lithic assemblage 

diversity is an indicator of food and subsistence diversity, this low diversity of the lithic 

assemblages can be interpreted as the loss of food and subsistence diversity, with a heavy 

reliance on plant food by the Upper-Ento b-d phases. This abundance of grinding stones is 

suddenly interrupted in the Upper-Ento-e phase, when arrowheads became the most dominant 

type of lithic tool. 

 

In two recent articles (Habu 2015, 2016), I examined the results of these analyses from the 

perspective of resilience theory. I hypothesized that, while subsistence specialization with a 

focus on a particular type of plant food allowed the Sannai Maruyama site population to increase 

for several hundred years, over-dependence on plant foods decreased the resilience of their 

subsistence systems in the long run, which eventually led to the decline of their subsistence-

settlement systems. This working hypothesis is consistent with the more general hypothesis 

presented at the beginning of this article regarding the vulnerability of systems due to subsistence 

specialization. In this context, cooling climate was not necessarily the major cause of the 

collapse of the system, although it could have been a trigger. 

 

(2) Establishment of Chronological Framework on the Basis of AMS 
14

C Dating of Nut and 

Plant Seed Remains Retrieved from Columnar Soil Samples 
As the next step to further examine the relationships among subsistence diversity, settlement 

size, ritual practice and climate change (including the 4.2K event), my colleagues and I obtained 

over 80 AMS 
14

C dates from the Sannai Maruyama site and the Goshizawa Matsumori site 

(another Early-Middle Jomon site in the vicinity of Sannai Maruyama) to narrow down the 

possible range of calendar dates for each pottery phase, and refined the time scale for the 

analyses presented above. When stratigraphic information was available, Bayesian analysis 

(Omori et al. 2011) of calibrated 
14

C dates was applied to narrow the possible range of each date. 

Efforts were made to eliminate as much noise as possible due to variability in the types of 

specimens. Most of our specimens were obtained through water screening or flotation of 

columnar soil samples that were sliced at 5 cm intervals (see for example, Habu et al. 2016). All 

the specimens used for this study were either fragments of nut shells (primarily walnuts but also 

chestnuts and buckeyes) or plant seeds such as elderberry seeds. Wood charcoal fragments and 
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charred food deposits were excluded from the analysis. Because trees have annual growth rings, 
14

C dating of wood charcoal fragments may return an older date than the actual time of logging. 

Charred food deposits on pottery are expected to be a mix of marine and terrestrial food, and the 

calibration of such a complex mixtures could be problematic.  

 

My collaborators and I plan to publish the results of our AMS 
14

C dating in a journal article. 

For the moment, preliminary results are listed in the row of “cal. BP” (second row from the top) 

in Figure 5. Dates for the transition from the Early to the Middle Jomon periods cluster at 

approximately 5300 cal. BP, while those for the transition from the Upper-Ento-e phase to the 

Enokibayashi phase correspond to about 4900 cal. BP, making the duration of the first half of the 

Middle Jomon period (Upper-Ento-a to -e phases) approximately 400 years.  This estimate is 

approximately 150 years shorter than the original estimates presented by Imamura (1999), but 

this is not inconsistent with more recent work by Kunikida (2008) and Tsuji (2011). 

 

As indicated above, the transition from the Upper-Ento-e phase to the Enokibayashi phase 

was marked by a significant decrease in site size measured by the number of pit-dwellings.  If 

this transition occurred as early as 4900 cal. BP, this is several hundred years before the cooling 

climate of the 4.2K event hit the area. Accordingly, contrary to previous interpretations 

suggested by several scholars, our results indicate that the population decrease at the Sannai 

Maruyama site was not caused by a long-term cooling cycle.  

 

(3) Summed Probability Distribution (SPD) Analysis of Population Dynamics 

My collaborators and I also analyzed population dynamics in Hokkaido, Aomori Prefecture, 

and the Kanto region by using summed probability distribution of calibrated 
14

C dates (Crema et 

al. 2016).  This is a statistical method to estimate changes through time in the number of 

archaeological sites, using calibrated 
14

C dates instead of relying on pottery chronology. It 

should be noted that, because this method does not take settlement size into account, the results 

can be misleading if there were significant changes through time in average settlement size. 

Moreover, short- to medium-term changes on the order of less than 100 to 200 years are outside 

the scope of this investigation. Nevertheless, our results turned out to be quite informative.  

 

Results of this study indicate that, in Aomori Prefecture, the number of sites increased 

rapidly from approximately 6000 cal. BP to 5500 cal. BP.  Between 5500 and 4000 cal. BP, three 

dents can be seen on the line graph of Figure 6. The first dent is dated to ca. 5200 cal. BP, which 

may correspond to the scarcity of pit-dwellings during the Upper-Ento-b phase. The second dent 

(ca 4700 cal. BP) may reflect the transition from Upper-Ento-e to Enokibayashi discussed above, 

and the third dent (ca. 4300 cal. BP) is close to the end of the Middle Jomon. However, the 

second and third dents are not statistically significant. From approximately 4000 cal. BP to 3600 

cal. BP, there was a statistically significant decrease (Figure 6). This is clearly later than the 

transition from the Middle to the Late Jomon periods. Interestingly, patterns obtained from 

Aomori Prefecture are significantly different from those in the Kanto region: in the latter case, a 

major population decrease can be observed in the latter half of the 5
th

 millennium BP.  

 

Several conclusions can be drawn from this study. First, population dynamics reconstructed 

solely on the basis of the number of sites may yield different results from the results of 

settlement and demographic analyses that take site size into consideration. In particular, results 
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of our SPD analysis should be examined in light of Sekine’s (2014) work on Aomori Prefecture, 

which has indicated an increase in the total number of sites but a significant decrease in terms of 

site size during the transition from the Middle to Late Jomon periods. Second, the reasons 

underlying the differences in population dynamics between Aomori and Kanto need to be 

systematically examined. 

 

(4) Reconstruction of Climatic Fluctuation on the Basis of Pollen Analysis and Alkenone 

Sea Surface Temperature Analysis of Marine Core Samples  
High precision 

14
C dating is useful not only for archaeological remains but also for climatic 

fluctuation data that have been obtained from marine and lake bottom cores. Our project has 

conducted pollen analysis (Yoshida et al. 2016) and alkenone sea surface temperature (SST) 

analysis (Kawahata et al. 2016) using marine core samples obtained from Uchiura Bay, southern 

Hokkaido. AMS 
14

C dates of marine shells in these core samples were measured to estimate 

calendar dates of inferred climatic changes. Our results confirmed that a significant cooling trend 

that corresponds to the so-called 4.2K event can be identified in both pollen and alkenone SST 

data. Currently, we are analyzing the data to refine our understanding of mid-term and short-term 

episodes of climatic change between 5900 and 4400 cal. BP, the period during which the Sannai 

Maruyama settlement was occupied. The preparation of a journal article to report the results of 

these analyses is in progress. 

 

(5) Summary 

From the preceding discussion, it is clear that the rich archaeological and paleoenvironmental 

data from this region, together with high-precision AMS 
14

C dates, enable the identification of 

the sequence of various changes in subsistence, settlement and society, as well as the 

interpretation of these changes in relation to environmental changes. So far, the results of our 

analyses have been consistent with our working hypothesis. When the results of the remaining 

sub-projects of the Small-Scale Economies Project are published, we will be able to incorporate 

more lines of evidence to refine our understanding of the interrelationships between food 

diversity, demography and resilience of communities.  

 

In sum, our results so far indicate that a major change in subsistence strategies reflected in 

lithic assemblage characteristics, which was followed by a reduction in settlement size that 

occurred at around 4900 cal. BP (the transitional period from the Upper-Ento-e phase to 

Enokibayashi phase of the Middle Jomon period), much earlier than the 4.2K event. Settlement 

size reduction in the latter half of the Middle Jomon period is a commonly observed 

phenomenon across large settlements in the region. Given the observed chronological sequence, 

attributing this decrease in settlement size to the effects of a long-term cooling cycle is 

problematic. 

 

When examining the relationship between cultural change and climatic fluctuations, it is 

necessary to take into consideration not only climate change over long-term cycles, such as Bond 

cycles on the order of over 1000 years, but also mid- to short-term cycles on the order of a few 

years to several decades. Inter- and intra-site variability in environmental conditions and their 

changes through time should also be considered. High precision 
14

C dating for both 

archaeological and environmental data is critical for understanding events, cyclical changes and 

trends that occurred at these different time scales.  
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5. Concluding Remarks: The Paradox of Post-war Japanese Society and 

Archaeological Practice 
 

In this article, I have emphasized that archaeological studies can contribute to the 

contemporary discussion of food diversity, sustainability and resilience. Preliminary results of 

my ongoing project on the Early and Middle Jomon periods in northern Japan were presented to 

support this argument.  Environmental archaeology can play a more active role in thinking about 

human-environmental interaction in a holistic manner. It is an approach that allows us to 

reexamine the long-term consequences of progressivism and industrialism, both of which tend to 

focus on short-term efficiency and profits.   

 

In the community of world archaeology, Japanese archaeology is known for the high quality 

and quantity of excavation data from the past several decades.  Large-scale land developments 

since the 1960s, including the construction of freeways and high-speed bullet train railways, 

have resulted in a rapid increase in the number and scale of rescue excavations, some of which 

have led to exciting new discoveries. The media and the general public pay close attention to 

archaeological excavations, making it quite common to read about archaeological findings on the 

front page of a newspaper. It is important to note that, since right after the Japanese defeat in the 

Second World War, Japanese archaeology as “science,” rather than an extension of an emperor-

centered ultra-nationalistic archaeology of the World War II period, has played a critical role in 

providing the general public with reliable knowledge about the past.  Since then, for the Japanese 

people, Japanese archaeology has emphasized its role as the study of “our own ancestors.” In 

other words, post-war Japanese archaeology has emphasized its role as a symbol of divestment 

of wartime imperialist history, and has endeavored to make active contributions to democracy. 

Ironically, while Japanese archaeology was an embodiment of liberal social thought, it 

paradoxically became deeply involved in large-scale land development, uncovering massive 

amounts of excavated materials while helping to usher along post-war Japan’s environmental 

destruction. 

 

The number and scale of rescue excavations attendant to large-scale development peaked 

during the mid-1990s and gradually decreased thereafter. Statistics from the Agency for Cultural 

Affairs indicate that the numbers of yearly excavations associated with construction peaked at 

11,738 in 1996, and since then have maintained a level of 6,700 to 9,100 cases (Figure 7). This 

decline is further reflected in the decrease in monetary resources for the conducting of rescue 

excavations: the amount peaked 132.1 billion yen (ca. $1.2 billion) in 1997, but in 2011 it had 

decreased by more than half to just 52.4 billion yen (ca. $0.5 billion) (Figure 8). In addition, the 

number of archaeological cultural property specialists working at prefectural and municipal 

boards of education and archaeological research centers peaked at 7,111 persons in 2000. By 

2015, this number had decreased to 5,724 (Bunka-cho Bunkazai-bu Kinenbutsu-ka 2016) (see 

also Habu and Okamura 2017). 

 

It is expected that the number of rescue excavations, the number of archaeological cultural 

property specialists in Japan, and the budget devoted to rescue excavations will all continue to 

decrease. In this moment, it is important that we archaeologists begin to reexamine the role of 
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archaeology in contemporary society, especially in the context of long-term human-

environmental interaction. I hope that this article can play a role in raising this issue. 
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Notes: 

1. Within the discussion of sustainability, there is a field of research called “sustainability science.” 

Its origins (Bruntland 1987) emphasize the idea of sustainable development, with a strong focus 

on ecological and resource management for the sake of continuing development. This article 

makes a sharp distinction from this perspective.  Hence, the definition by Holling et al. (2002) is 

adopted here. Redman (2014) argues the points of difference between resilience theory and the 

perspective of sustainability science. 

 

2. While Koyama’s population estimates cover Honshu, Shikoku, and Kyushu, the number of 

Jomon sites (3,109 sites) from western Japan (Kinki, Chugoku, Shikoku, Kyushu Regions) in his 

study is far fewer than the total number of sites in eastern Japan (Tohoku, Kanto, Hokuriku, 

Chubu, Tokai Regions) (24,887 sites), making up just over one-tenth of the total. 
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Figure 1. Four ecosystem functions proposed by the adaptive cycle model of resilience theory (after 

Holling and Gunderson 2002) 

 

 

 

 
 

Figure 2. Schematic figure showing the relationship between diversity and scale. Left: one mass-

production system at the global level: Right: multiple place-based, smaller-scale communities and food 

production units.  
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Figure 3. .Explaining mechanisms of long-term culture change 

 

 

 

 
 

Figure 4. Jomon population estimates by Koyama (data from Koyama 1984) 
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Figure 5. Observed archaeological patterns and calibrated 

14
C dates.  

 

 

 

 
Figure 6. Inferring Jomon population change in Aomori Prefecture (Crema and Madella 2016) 
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Figure 7. Changes over time in the number of rescue and academic excavations in Japan (data from 

Bunka-cho Bunkazai-bu Kinenbutsu-ka 2016) 

 

 
Figure 8. Annual spending on rescue excavations in Japan (data from Bunkacho Bunkazai-bu Kinenbutsu-

ka 2016) (Y-axis amount: million yen) 

 






























