1 The Geophysics of Japan’s
Terraqueous Metabolism

It isn’t hard for a layman to study the chief directions of maritime cur-
rents from scholarly books, but the fact that these currents at times
change their routes dramatically, refracting, splitting, and affecting
the condition of their destination, is something that hasn’t entered the
common consciousness at all.

Yanagita Kunio, The Maritime Path, 1952

In the spring of 1868, the New Bedford bark William Rotch on its voyage
out of Honolulu approached a rocky and treeless isle several hundred
miles south of Japan in search of guano deposits. On shore, the sail-
ors noticed the remains of a wrecked ship and several large planks with
Japanese script, and soon they came upon a castaway crew of seven.
The men had survived for eighteen months in complete isolation, feed-
ing off of albatross meat, limpets, and collecting rain in eggshells. The
castaways explained how, sailing out of Osaka, they had been caught
in a storm that badly battered their junk, leaving them adrift for two
weeks before they washed up in this desolate place. Captain E. F. Nye,
intrigued by his discovery of the remains of large dwellings, followed the
castaways up the valley to find three “bomb-proofs” cut into the solid
rock with a fireplace each and several sleeping bunks, and hundreds of
albatross eggs filled with water and oil. As the captain later reported in
the Hawai‘i-based Pacific Commercial Advertiser,

near by were a number of niches cut into the rock, each containing several
smooth flat stones with Japanese writing on them. My Japanese stopped and
translated the inscriptions for me: they were records of six different shipwrecked
crews that had been cast upon the island, some of them a long time ago. We
next came to one with three stones set up in it, which proved to be the record of
Manjaras [Nakahama Manjiro, see Chapters 4, 5, and 6], who was shipwrecked
some 30 or 35 years ago. He was taken off by Captain Whitfield of the William
& Eliza, I think.!

1 “Rescue of Japanese from St. Peter’s Island,” in: Pacific Commercial Advertiser, 17
October 1868, in: LOC, p. 3.
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24 1 Geophysics of Japan’s Terraqueous Metabolism

Over the years, decades, and centuries, a recurring southward deviation
of the Kuroshio had driven uncounted sailors into the open ocean and
but a few of them were fortunate to land on an isle large enough to grant
food and water to survive. Even fewer sailors managed to improvise
rafts out of driftwood and debris collected over decades to return home
and record their experiences for posterity.?> The involuntary colony of
castaways on the volcanic islands of the Izu Ridge, blown off course by
winds and the meandering Kuroshio, belonged to an uncertain geog-
raphy of drift that shaped the realm of fishermen and maritime cargo
workers.

This chapter argues that early modern Japan was embedded in the
ocean as a terraqueous economy for which the ocean was both resource
and infrastructure. Encounters like the one described illustrate that
regardless of Japan’s centuries-long political introversion, the offshore
remained an important and densely traveled part of Japan’s economic
realm. Sailors from all provinces busily plied the archipelago’s coastal
waters, though mostly on cheaply built boats unfit to venture into the
open ocean. Fishermen and whalers, again, harvested the archipela-
g0’s inter-island seas intensively. Both sailors and fisherfolk at times
ventured beyond sight of the shore, but all maritime activities came
with an elevated risk of accidents: Since some of the most important
cargo routes followed the Kuroshio along the archipelago’s southern
verges, it happened frequently that winter gales and summer typhoons
blew Japanese vessels into the unknown. This fraught relationship
between the inhabitants of Tokugawa Japan and the ocean that sur-
rounded them has long shaped knowledge and economic practices of
the hydrosphere.

The occasional return of castaways from uninhabited isles or foreign
countries attracted curiosity from the general public and suspicion from
state authorities. In 1670, a crew of drifters first reported the discovery
of a group of “uninhabited” Munin or “Bonin” Islands, a piece of news
that inspired a costly expedition to map and inventory the remote archi-
pelago (see Chapter 3). In 1797, a certain Chohei from Tosa province
(1762-1821) returned from a “bird island” or Torishima south of Honshu.
Opver thirteen years Chohei had collected driftwood and debris from ves-
sels lost at sea, and together with two other crews that had washed up
there over the years, he finally managed to sail home. In Japan, he thence

2 The 1992 reprint of Ishii Kendd’s massive collection of early modern shipwreck records,
counting 4,024 pages in six volumes originally published in 1900, contains sources and
analyses of 50 out of some 300 known records of castaways returning from the Pacific.
Yamashita ed., Ishii Kendo korekushon, 1992.
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Geophysics of Japan’s Terraqueous Metabolism 25

made a living traveling and recounting his story.> In 1826, a crew of
seven returned from Palau by way of Manila and China, and after a cer-
tain Otokichi and his crew had drifted across the Pacific to the Olympic
Peninsula in 1832, attempts to instrumentalize his repatriation in 1837
culminated in a skirmish at Edo Bay against the American missionary
vessel Morrison (see Chapter 4).* Around 300 “drifting accounts” or
hyoryik: are known today, written down in the bureaucratic language of
official interrogations, or recounted in vernacular for the curious public.
Popular renderings of these drifter stories circulated widely in commer-
cial publications, sometimes embellished with episodes of cannibals and
fantastic creatures, feeding on the public’s lurid imaginary of the end-
less ocean. This paradoxical situation — the intense material and cultural
relationship with the archipelago’s marine environs, and a deeply rooted
aversion Marcia Yonemoto has described as Japan’s “ocean fears” — has
puzzled many historians.’

There are specific, though fluid and unstable, geographies and tem-
poralities through which the Japanese experienced the ocean, subject
to geophysical processes in the ocean and in the atmosphere. Perhaps
the most prominent among those processes is the Kuroshio current,
which is often likened to the “Gulf Stream of the Pacific.” With speeds
up to 250 cm per second, the Kuroshio is an extraordinarily quick cur-
rent.® Along its path from the equator to Northeast Asia and eastward
into the North Pacific, the current first encounters the islands of the
Bashi Strait, a region home to the seafaring Tao people who, before
national borders divided the sea, traveled back and forth between
Taiwan and Luzon along the current and its local countercurrents
(Figure 1.1).” Further north, the Island of Liidao in the middle of the
current became a nest of renegades around 1800 when Qing author-
ities expanded their control over the Taiwan Strait.® As it passes over

3 Records of Chdohei’s odyssey are included in Ishii Kendd’s monumental collection of
early modern castaway reports. Yamashita ed., Ishii Kendo korekushon, 1992, vol. 1,
pp. 461-73, 581; Roberts, “Shipwrecks and Flotsam,” 2015, 112.

Yamashita ed., Ishii Kendo korekushon, 1992, vol. 4, 76; Kokushi Daijiten, “Morrison-go
jiken.”

Yonemoto, “Maps and Metaphors of the ‘Small Easter Sea’,” 1999, 170.

Talley et al., Descriptive Physical Oceanography, 2011, 308.

Taiwanese anthropologist Huang Zhihui even speaks of an “East Taiwan Sea” sphere
of interaction. Her theses are largely based on ethnographic observation, while historical
records in support of such theses are, due to the extraneity of writing to the region, rather
scarce. Huang, “Ethno-cultural Connections among the Islands around Yonaguni-
jima,” 2011, 7-24.

Li, “Heichao dui Liidao zaoqi shewai guanxi de yingxiang,” 1998, 82-83; Li ed., Taidong
xtan Liidao xiangzhi, 2014, 140-42.
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26 1 Geophysics of Japan’s Terraqueous Metabolism

the subaqueous Yilan ridge east of Taiwan, the surface flow accelerates
to the speed of a light jog.® The upwelling near the Senkaku Islands
long attracted rich fish stocks and, starting in 1897, Japan’s first
industrial tuna fisheries under the fisheries magnate Koga Tatsujiré.!°
Halfway into the East China Sea, the Kuroshio splits into the north-
bound Tsushima current, flowing past the old whaling stations of the
Goto islands and over the colder waters of the Japan Sea, and a main
branch that crosses the Tokara Strait north of Kyushu to meander
along the southern shores of the Japanese main islands. Across the
Tokara Strait, it separated the Ryukyuan islands Japan’s southernmost
Satsuma province, marking the furthest extent of the Ryukyu kingdom
before the Japanese invasion of 1609.!!

Centuries of experience-based interaction with the sea throughout
this Kuroshio region continues to shape contemporary knowledge of the
ocean. The current’s heat and nutrient transport from the low latitudes
exerts a major influence on atmospheric thermodynamics, humidity, and
precipitation, and as an effect, on agriculture and fisheries throughout
the region.!? Accelerated by a subtropical gyre — forced into a clockwise
rotation by the Coriolis force in the manner of a high-pressure area — the
current meanders to the southern capes of Shikoku and the Kii Peninsula,
where Japan’s most prominent whaling businesses took shape in the sev-
enteenth century. Every decade or so, the Kuroshio changes its path
over several hundred kilometers within a few weeks, forming a “Large
Meander” to the south, radically reshuffling fishing grounds through-
out the region, and affecting precipitation and temperature across Japan
(Figure 1.1).'% Likewise, the Kuroshio Extension on the open Pacific is
highly unstable, fluctuating widely on its eastbound path. Depending
on weather and wind, the subtropical gyre can deflect branches of the

° Liu et al., “Monthly Change of Nutrients Impact on Phytoplankton,” 2012, 1197.

10 Eldridge, The Origins of U.S. Policy in the East China Sea Islands Dispute: Okinawa’s

Reversion and the Senkaku Islands, 2014a, 36-37. Tuna was in fact much less promi-

nent in Japanese cuisine before the twentieth century. Nadin Heé has shown how tuna

became “symbolic capital” for imperial Japan, when the fish was portrayed as the “fish
of victory” or katsu-uo, the chief source of protein for a maritime empire. Heé, “Tuna as

an Economic Resource and Symbolic Capital,” 2019, 216, 233.

After Ryukyu’s unification under the king of Chuizan in the fifteenth century, Shuri’s

sphere of influence expanded quickly and reached the island of Kogaja north of the Amami

group as early as 1450. Nelson, “Japan in the Life of Early Ryukyu,” 2006, 388-89.

12 Xu, Tokinaga, and Xie, “Atmospheric Effects of the Kuroshio Large Meander,” 2010,
4714.

13 This last happened in 2004-2005 and in 2017-2018. Morioka et al., “Role of Kuroshio
Current,” 2019, 17942. Changes in current patterns also affect the reproduction rate
of fishes, as in the case of eel larvae adrift to find fresh water estuaries. Chang et al.,
“Influence of Ocean Circulation,” 2019, 1. The fluctuation of the Kuroshio is published
daily by the Japanese meteorological office.
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Figure 1.1 The main and lateral branches of the Kuroshio with gyres
and countercurrents. In: Talley et al., Descriptive Physical Oceanography,
2011, 309.

Kuroshio so far south that they form a southern recirculation that is
forced back to the Bonin Islands.!* Immersed in this dynamic oceanic
topography, the Japanese islands are historically sunken into the rhyth-
mic fluctuations of marine and atmospheric strata.

Awareness of these terraqueous processes matters not only for a
neo-materialist reading of economic history, but it also challenges
Eurocentric paradigms about the environmental context of early capi-
talism. In particular, the temporalities of marine and atmospheric pro-
cesses, or the shared experiences of climatic events between distant
regions, may inspire an alternative set of overlapping and interlinked
histories. The term “terraqueous,” which I use to describe this meta-
bolic relationship, emerges from early modern descriptions of global
geography, at a time before continental categories had turned the archi-
pelago of old and new worlds into a binary of oceans and continents.
Today, the concept serves to frame histories that transcend the shoreline
and are essentially shaped by the fluidity of the sea. As Alison Bashford
writes, terraqueous histories “foreground the meeting of land and sea
that has engaged so many historians of different periods and places,

14 Segar and Segar, Introduction to Ocean Sciences, 2012, 175-89; Qiu and Chen,
“Variability of the Kuroshio Extension Jet,” 2005, 2090-93. Talley et al., Descriptive
Physical Oceanography, 2011, 308.
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28 1 Geophysics of Japan’s Terraqueous Metabolism

substantively, symbolically, and epistemologically.”!® In other words,
they revisit moments of knowledge production and cultural transforma-
tion as contingent on their material environment. But besides human
exchange mediated by the hydrosphere, terraqueous histories also have
a metabolic dimension, one that has been overshadowed by the land-
centric bias of Japan’s early modern archive.

In this chapter, I will first outline the most significant geophysical pro-
cesses that regulate climate and ecology across the western North Pacific
in an interconnected manner: the East Asian Monsoon and two major
current systems, the Kuroshio and the Oyashio.'® The fluid geography
these processes created shaped oceanic knowledge and economies in
important ways. The Kuroshio, which feeds abundant fishing and whal-
ing grounds off Honshu, and the Oyashio, which carries nutrients down
from the Arctic, played important roles in the development of Japan’s
terraqueous polity. Secondly, I discuss how fisheries, whaling, and ship-
ping businesses that operated in this fluctuating environment linked
aquatic and terrestrial nutrient cycles, thereby supporting economic
growth on shore. What Toshihiro Higuchi has called Japan’s “organic
empire” was in fact fueled by an expansive oceanic resource base.!” The
chapter concludes with a reflection on the implications of a materialist,
ocean-centric framing of Japanese history since the seventeenth century.
In most essential terms, the expansion of Japan’s oceanic resource base
undermines the widely propagated myths of a small and resource-poor
country, as well as the claims that its economic emergence was, in any
ways, miraculous.

The Kuroshio, the Monsoon, and
Other Alternatives to Euro-normativism

At the turn of the twenty-first century, Japanese historian Hamashita
Takeshi described maritime East Asia as a chain of “interlinked sea
zones,” an early modern network of entrepdts that reached from the
Sea of Okhotsk in the north to the Yellow, East, and South China
Seas and on to the Java Sea and the Indian Ocean.!® Scholars
in the Braudelian tradition, attuned to longue-durée perspectives on

15 Bashford, “Terraqueous Histories,” 2017, 255, 261.

16 Webster, “The Coupled Monsoon System,” 2007, 1-4. The Tsushima current, which
feeds the prolific whaling and fishing grounds in the East China Sea, is considered a
branch of the warm Kuroshio’s main stream.

7 Higuchi, “Japan as an Organic Empire,” 2015, 139.

18 Hamashita, “Changing Regions and China,” 2001, 335-36; China, East Asia and the
Global Economy, 2008, 685-87.
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Alternatives to Euro-normativism 29

transnational regions, celebrated the economic entanglement of
early modern East Asia beyond the rigid maritime policies of anx-
ious governments, and have put forward the idea of an “East Asian
Mediterranean.”!® Perhaps inspired by the emergence of “tiger states”
and the expansion of the Chinese economy since the 1980s, these histo-
ries were primarily concerned with the emergence of Asian capitalisms.
Though aware of the seasonal rhythms that historically dominated traf-
fic between the region’s commercial and political centers, such schol-
arship was trade-centric and ultimately limited to the intensely plied
and semi-bounded seas west of the Philippines, Taiwan, Ryukyu, and
the Japanese islands. Shifting the focus to the eastern boundaries of
this East Asian archipelago, where the bulk of Japanese economic life
took place, however, reveals the limitations of such Euro-normative
models. Instead of the classical Euro-Japanese comparison, I suggest
that terraqueous Japan be understood as embedded in the macro-
geographies of the Kuroshio, Oyashio, and the East Asian Monsoon,
which make for shared and teleconnected experiences with societies in
the Indian and Pacific oceans.

Japan’s southern and eastern shores are especially dominated by
rapid currents, winds, and seasonal storms that make the zone a much
riskier environment for ocean travel than more bounded seas. It is
widely accepted among climatologists today that the constant south-
easterly summer winds that pump moisture from the Pacific onto the
Asian continent, and the strong northerly winter winds that create a
dry climate in most of those regions during the winter months are part
of the monsoon pattern which also dominates the climate of East and
Southeast Asia.?’ Coupled with climatic events in the ocean, such as
the interannual El Nifio-Southern Oscillation (ENSO) or the decadal
“Large Meander” of the Kuroshio, as well as seasonal typhoons, these
processes historically made the Kuroshio region a hazardous and often
unpredictable environment for marine economies and trade.?! Such
aspects of the oceanic environment conditioned a specific temporality
of interaction and a context of heightened risk to maritime businesses
compared with the relatively calm and contained Mediterranean sea.

19 Haneda Masashi and Oka Mihoko, eds., A Maritime History of East Asia, 2019;
Gipouloux, La Meéditerranée asiatique, 2009; Schottenhammer, The East Asian
“Mediterranean,” 2008.

20 Wang, The Asian Monsoon, 2007, xxxiii-v. Climatological models predict that the global
monsoon system will expand in scope and precipitation intensity over the course of this
century as an effect of climate change. Hsu, “Global Monsoon in a Changing Climate,”
2016, 13-15.

2! Ding and Chan, “The East Asian Summer Monsoon,” 2005, 139.
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30 1 Geophysics of Japan’s Terraqueous Metabolism

The Pacific, the largest body of water on earth, pools climatic pro-
cesses and seismic events, creating teleconnected experiences of disaster.
Transpacific tsunamis have time and again caused death and damage
all around the “ring of fire.” When an “orphan tsunami” hit the coast
of northeastern Japan on January 27, 1700, nobody could have known
about the wave’s origin in the Olympic Peninsula, where a major earth-
quake and mudslides buried entire villages.?? Since the Chilean Tsunami
of 1960, however, pan-Pacific disasters have inspired the creation of
transnational warning systems, put to the test by the massive tsunami
that bolted eastward across the ocean on March 11, 2011.2> The sheer
size of the Pacific basin moreover allows the formation of particularly
violent tropical cyclones. Climatological research keeps adding evidence
of how the occurrence of super-typhoons, as well as oscillations in the
marine climate of the North Pacific’s Kuroshio current, respond to a
global context of climatic phenomena. For example, El Niflo events
that otherwise manifest themselves most clearly in the Americas and
Southeast Asia, move the genesis of tropical cyclones southeast, mak-
ing for a longer seaborne pathway and more violent landfalls.?* Tropical
cyclones — taifu in Japanese or taifeng in Chinese — create a transnational
geography of seasonal hazards, risk avoidance, and castaway encounters
over vast distances, a “riskscape” that is shifting today under the impact
of climate change. These currents, storms, and seismic waves function
historically as an integrated ecosystem with changing geographies of
resource extraction, energy injection and biological homogenization, as
Ryan Tucker Jones has argued.?®

Transregional geophysical processes like these — and the contingency
in their response to climate change — may inspire new interpretive frame-
works to move beyond worn-out East—West dualisms. In the meteoro-
logical classification, Northeast Asia’s summerly “plum rain,” — zsuyu
in Japanese or méryir in Chinese — constitute a part of the Australasian
Monsoon System, a large wind pattern that stretches from the tropi-
cal Pacific deep into the Chinese mainland, encompassing the Indian
subcontinent and expanding as far as Java and other densely populated
zones of the southern hemisphere. The monsoon fluctuates seasonally,
pumping moisture from the Pacific onto the Asian continent in summer,

22 Atwater et al., The Orphan Tsunami of 1700, 2005, 3.

2 Jacoby, “Learning from the Earthquake Nation,” 2021, 498. The most notorious
transpacific Tsunamis occurred in 1700 (Cascadia), in 1960 (Chile), and in 2011
(Northeastern Japan). Jones, “The Environment,” 2014b, 121-42.

24 Joh, Di Lorenzo, Siqueira, et al., “Enhanced Interactions,” 2021, 1; Feng, Li, Li, et al.,
“Typhoon Storm Surge,” 2021, 1.

25 Jones, “The Environment,” 2014b, 121-42; Jones, “Kelp Highways,” 2014a, 377-81.
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Figure 1.2 Geographical subdivision of the Asian Monsoon system into
an East Asian Summer Monsoon (EASM), a Western North Pacific
Summer Monsoon (WNPSM), and an Indian Summer Monsoon (ISM),
in Ding and Chan, “The East Asian Summer Monsoon,” 2005, 118.

and reverting its direction to create a dry climate in these regions during
the winter months. The monsoon’s rhythm affects some 60 percent of
the world’s population today, making for one of the most powerful cli-
matological teleconnections in the earth system (see Figure 1.2).2°

The monsoon’s transregional influence on culture, migration, and
commerce has been most minutely explored in the context of the Indian
Ocean. More than just a seasonal pattern that dictated the direction of
sail or the geographical limits of rice agriculture, the monsoon created
a maritime interaction zone that connected India and Southeast Asia
through migration and trade. The monsoon networks Sunil Amrith
shows that spanned from the Bay of Bengal to the “Sea of Melayu”
were only severed — though not entirely — by the drawing of national
borders and the emergence of landward-looking agendas of national
development in the twentieth century.?” Others have found that impe-
rial encounters with the tropical cyclones of the Indian Ocean created
essential data trails for mathematical models of risk assessment by
British insurance companies.?® The Indian Ocean World’s multipolar
networks of trade, knowledge, and migration across the monsoon zone
from East Africa to Southeast Asia have been identified as reaching far
inland to Lake Tanganyika in East Africa and into the South and East
China Seas.? In short, following the monsoon winds, historians are

26 Wang ed., The Asian Monsoon, 2007, xxxiii.

2T Amrith, Crossing the Bay of Bengal, 2013, 14.

28 Bhattacharyya, “From Memories to Forecasting,” 2022, 164.

2% Gooding, On the Frontiers of the Indian Ocean World, 2022, 6-7; Tagliacozzo, In Asian
Waters, 2022.
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32 1 Geophysics of Japan’s Terraqueous Metabolism

rediscovering Asian oceans as interconnected cultural spaces in their
own right, emancipated from the Eurocentric trajectories of imperial-
ism and globalization.

Questioning East-West dualisms is by no means an argument for
uniqueness of the Japanese case — at least not more so than the obser-
vation that any historical situation consists of unique constellations and
unpredictable outcomes. Accordingly, re-framing Japan not as an eastern
endpoint of an East Asian Mediterranean, but as a maritime zone subject
to a climate fundamentally distinct from that of other “advanced organic
societies” in northern Europe, opens new possibilities.>* Exchange of his-
torical experience as seen through an actor-network-theory lens attuned
to distributed human and nonhuman agencies, can be likened to the
behavior of oceanic currents. This observation inspired Prasenjit Duara to
suggest “circulatory” paradigms of history, without a beginning, an end,
or singular turning points.>! The metaphorical “drift” in the meanders of
historical currents can be described, but not predicted or repeated. Just
like meteorology, historiography can be synoptic and abstracted. Such
histories are decentralized, teleconnected, and interdependent, as they
are refracted across the myriad vectors of a fluid environment. Classical
maritime maps commonly indicated the Kuroshio as a bold arrow in the
sea, expressing confidence about future directions. Contemporary mod-
els, by contrast, represent moving water masses as myriad tridimensional
vectors. How will modern history appear if thought of as a meandering
drift rather than a firm trajectory of forward progress?

Unlike environmental processes that only constitute themselves as
such in the macroscopic perception of modern science, the Kuroshio
is both a scientifically perceived phenomenon and a historical source
term. Where ancient Chinese cosmologies believed in a “cosmic drain”
in the ocean, early modern mariners of Japan understood the current as a
“river” Kuroshio that carries drifters all the way to America.>? It is possi-
ble to revisit the current’s historical perception while avoiding the anach-
ronism inherent in most modern scientific categories — on some of which
I will nevertheless build a part of my argument in this chapter. The his-
tory of the current’s ideological use, moreover, reveals the career of a

30 Bipolar conceptions of global history culminated in the “Great Divergence” debate fol-
lowing Kenneth Pomeranz’ homonymous book in the 2000s, and are reinforced by
China’s contemporary power over the global economy. Pomeranz, The Great Divergence,
2000. Yet, globalization in the context of global climate change will demand a more
diversified perspective on the emergence of infrastructures and inequalities that shape
distinct experiences of global environmental change.

31 Duara, “Circulatory Histories,” 2021a, 3, 12.

32 Needham and Ronan, The Shorter Science and Civilisation in China, 1978, vol. 3, 156—
57; Hachijo hikki, p. 7, in: WUL, Acc. No. i-04 00600 0148.
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Japanese concept evolving from the secretive knowledge of experienced
sailors into the vocabulary of modern oceanography, as Chapter 3 will
show in more detail. For now, we will look into the question of how
attention to the texture and temporality of ocean and atmosphere around
Japan can reposition the archipelago in global history.

The Kuroshio in Japan’s Maritime Highway Network

The quasi-feudal bakuhan polity of the Tokugawa depended logistically
on a tightly-knit network of maritime highways, ports of call, and clear-
ing stations. A strong scholarly attachment to the land-borne highway
network of early modern Japan — given its prominent place in printed
sources — has obscured the fact that maritime routes were of overwhelm-
ing importance for the prosperity of urban centers and for the archi-
pelago’s commercial and cultural integration.>®> The intensification of
marine traffic along the Kuroshio route made the current a part of the
archipelago’s offshore infrastructure.

Before the famous edicts of the late 1630s that effectively prohibited
Japanese traders from venturing abroad and reduced foreign exchange
to a few diplomatic “windows” under more or less direct shogunal con-
trol, Japanese actors in fact wielded major maritime power. Tokugawa
Ieyasu himself harbored far-reaching plans for transpacific engagement
in the early seventeenth century. Ieyasu aimed to establish a trade route
to New Spain (Mexico), operated by Japanese crews and vessels with
the goal of competing against the Spanish “Manila Galleons,” whose
eastbound voyages to Acapulco had begun following the path of the
Kuroshio in the 1560s.>* Joshua Batts points out that Ieyasu’s plans
represent the first attempt at a bilateral relationship across the Pacific,
making Spain’s intra-colonial trade the object of an inter-imperial com-
petition.?> In 1609, the current drifted the former governor of Luzon,
Rodrigo de Viviero y Velasco (?-1636), to eastern Honshu in distress
while en route to New Spain. The incident offered Ieyasu a pretext to
escort the governor to Acapulco the next year, along with a diplomatic

33 The importance of roads as institutional infrastructure is best represented by the sankin
kotai system of alternate attendance and the processions it sent across the realm. See
Vaporis, Tour of Duty, 2008. The road-orientation goes back to the structure of the
rizsuryo state of the eighth century. Amino, Umi to retto no chiisei, 1992, 58-63.

34 Matsuda, Keicho shisetsu, 1969, 64-68. After Andrés de Urdaneta first successfully
crossed the Pacific eastwards in 1565 — avoiding the prevailing easterly winds in the
lower latitudes — the so-called Manila Galleons connected the Spanish holdings in the
Philippines to Acapulco in Mexico. See Spate, The Spanish Lake, 1979, 104-06.

3 Batts, “Circling the Waters,” 2017, 22.
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delegation. A few years later, in 1613, the Keicho embassy to Rome,
sponsored by Date Masamune of Sendai (1567-1636), crossed to
Acapulco on the Japanese-built San FJuan Batista, and, by way of it,
repatriated the Spanish explorer and ambassador, Sebastian Vizcaino
(1548-1628), who had spent over a year in Japan on his search for the
famed Isles of Silver and Gold.?® The shogunate’s efforts to break into
this transpacific exchange eventually faltered when the shogunate sev-
ered its ties with New Spain and Manila in 1625, in reaction to Spanish
efforts to lock Japan out of its intra-imperial affairs.>” Although the sho-
gunate subsequently adopted what Robert Hellyer has called a “non-
voyaging agenda,”>® the navigators in its service were, at one point, at
the forefront of long-distance navigation along the Kuroshio.

When Ieyasu decided to move the headquarters of his military regime
to the village of Edo in 1603, he also set in motion a major shift in the
archipelago’s economic geography. Within a few decades, the construc-
tion of Edo castle and the establishment of domain residences grew the
field camp into one of the largest capitals (if not the largest) of the early
modern world. By the early eighteenth century, the metropole counted
an estimated one million inhabitants, significantly more than contem-
porary metropoles in China or Europe at the time.?° As the urban econ-
omy was growing over the seventeenth century, the shipping industry
crew increasingly commercialized as well and expanded in scale.*’ The
most important of these routes, the mercantile arteries between Edo
and Osaka, led sailors through seas marked by strong currents and sea-
sonal typhoons. The elevated risk did not deter sailors from shipping
along the archipelago’s Pacific routes, but it affected the way Japanese
ship owners operated and invested.

Louis Cullen estimates that some 4-5,000 vessels passed through
Osaka and well over 7,000 entered Edo each year between the 1720s
and the 1870s.*! Vessels arriving from the western provinces with tax rice

36 The San Fuan Batista was constructed under the supervision of the English-born pilot
William Adams (1564-1620) who served the Tokugawa as a landed retainer until his
death as Miura Anjin or “pilot of Miura.” The Santa Buenaventura, also constructed in
Japan under Adams’ guidance, had already crossed to New Spain in 1607. Walker, 4
Concise History of Japan, 2015, 98; Tremml-Werner, Spain, China, and Japan in Manila,
1571-1644, 2015, 206-07.

3T Batts, “Circling the Waters,” 2017, 22.

38 Hellyer, “The Pacific and Its Place,” 2016, 301.

39 Brown and Batten eds., Environment and Society in the Japanese Islands 2015, 7.

49 On the statistical developments of naval trade over the early modern period, refer to
Cullen, “Statistics of Tokugawa Coastal Trade,” 2009 and “Statistics of Tokugawa
Coastal Trade, Part 2” 2010, as well as Uemura, “Marine Transport Management,”
1999.

41 Cullen, “Statistics of Tokugawa Coastal Trade,” 2009, 185.
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and commercial goods destined for the markets of Edo were ordered to
undergo inspection at Shimoda and again at Uraga before entering Edo
Bay. Goods coming in on the Aigashi-kaisen route from northern Honshu
were either shipped around the B6s6 Peninsula to meet the western
routes at Uraga, or they reached the city by way of an increasingly com-
plex system of canals furrowed across the Kantd plain.*? Marine trans-
portation was at the mercy of seasonal winds. The northerly winter winds
impeded shipping northward to the Japan Sea side on the nishi-kaisen or
kitamae route, and also along Honshu’s southern shore; these winds ele-
vated the risk that ships were lost at sea. Despite the scale and political
importance of the merchandise transported at sea — the largest vessels
carried tax rice across the realm — the vessels often had to wait for wind
and weather. Shipping times varied seasonally and by chance: The sail
from Osaka to Iwami province on the Japan Sea could last between eight
days and a month, and the voyage from Osaka to Edo took at least ten,
but could last as long as seventy-three days. The vessels had to call sev-
eral times along their coastal routes, and it was common that they would
have to turn back shortly after leaving the harbors. At times, they had to
wait for days or even weeks for the right winds.*? Yet, traveled densely in
the vicinity of the shore, the maritime highways along Honshu’s south-
ern coast were, together with the land-borne highways Tokaid6é and
Nakasendd, the essential trunk roads connecting Eastern and Western
Japan (see Figure 1.3).

For the most part, sailing routes clung to the coasts as the navigational
methods were rudimentary. Mainly, Japanese sailors oriented themselves
by the shoreline’s silhouette, or counting the time elapsed since the pas-
sage of a familiar landmark. This technique of estimating one’s position
based on direction, speed of travel, and time is called dead reckoning,
contrasting with the mathematical and astronomical methods practiced
by the multinational crews that cruised East Asian waters in the sixteenth
and seventeenth centuries. Yet, despite the reliance on place-specific
knowledge and defying the risk of currents and storms, shipping routes
often led into the rapid Kuroshio. In particular, routes to Ryukyu and
around the southern capes of Honshu and Shikoku, as well as the more
exposed maritime paths to remote southeastern islands, regularly led
sailors across the ravenous current.

The Kuroshio is particularly strong between Miyake and Hachijo,
where it passes over the Izu ridge with peak velocities of up to 150 cm

42 Nakada, Izu to kuroshio no michi, 2001, 50. On the network of water transportation
around Edo and the Kantd plain, see Namba, Edo o sasaeta shit’un no michi, 2010, 61.
43 Uemura, “Marine Transport Management,” 1999, 130-32.
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per second.** It was in this very location that sailors crossed to the islands
of Hachijo, Kojima, and Aogashima, some 200 kilometers off Honshu’s
southeastern edge. Boats set sail from Miyake, which was located north
of the current at most times, and headed west as far as a rock called
Inanba, where a constant whirl marked the entrance to the “black rapids”
or kurose, as the sailors called the dangerous whirls of the current. They
thence steered hard south and let the current carry them into the vicinity
of Hachij6. Accidents happened time and again, and sailors often went
missing along the eighty kilometers between Miyake and Hachijé. In 1644,
even the shogunal envoy drowned in the floods. Accordingly, it was wise to
sail with the seasonal rhythm of winds — north with the summer monsoon
and south in fall before the northerly winter winds became too strong.*’
Navigational knowledge of these regions was treated with utmost secrecy
by the sailing communities, as outside visitors remarked. As an effect, the
annual monsoon rhythm and the necessity of place-specific knowledge
limited the access of central authorities and created a special sort of auton-
omy for the local elites, as Chapter 2 will discuss in more detail.

The seafarers of Hachijo were not modest about the dangers they
confronted on the route. In 1796, the shogunal official Mikawaguchi
Terumasa visited Hachijo and spent several months conducting research
into customs, language, and society on the secluded island. The
renowned geographer Furukawa Koshoken (1726-1807) later summa-
rized Mikawaguchi’s findings in an ethnographic treatise titled Brush
Notes on Hachijo.*® (See Figure 1.4.) Furukawa reported that

even if [the sailors] examine the wind and find the weather is fine, it happens
often that boats are toppled over by large waves. When the wind is not good and
they cannot decide to dispatch a vessel within a day, and there is no favorable
wind from the sea, it is necessary to wait for several days until the weather turns
clement ... Whoever runs into this current will be driven off to America or so,
and never come back.?’

The current’s constant eastward flow was a portal into the unknown that
fascinated many landlubbers of Furukawa’s time. Leading out onto an
open ocean that would only become known more widely as the “Pacific”

44
45

Sarkisyan and Stindermann, Modelling Ocean Climate Variabiliry, 2009, 195.

Asanuma, “Chusei,” 1973, 201. Early modern observers believed that the current’s

velocity varied seasonally with peak velocities observed in July and January, a fact that

is not confirmed by modern studies. Sangoku tsiran zusetsu, 1785, in: WUL, pp. 52-54.

Kawai, “A Brief History of Recognition of the Kuroshio,” 1998, 535-36. Rather, the

sailing pattern depended on monsoon-like seasonal winds in that part of the Pacific.

46 University of the Ryukyus Library Catalogue 2022, Acc. No. HW660. Also see: Fujita,
“Furukawa Koshoken oyobi Nagakubo,” 1911, 861-62.

4T Hachijo hikki, 7. in: WUL, p. 7.
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38 1 Geophysics of Japan’s Terraqueous Metabolism

Figure 1.4 Graphical depiction of the Kuroshio and “Hayashio”
Currents (/.) north of Hachijo (r.), with the shipping route from Miyake
in the Izu Islands. From a manuscript copy of Furukawa Koshoken’s
Brush Notes on Hachijo. Hachijojima hikki, in: RYU, p. 4.

(Tatheiyo) decades after Furukawa’s time, the Kuroshio connected the
Izu archipelago to the distant rims of a shared oceanic space.

The historian Kondo Tomizo (1805-1887) of Hachijo was likely the
first in Japan to describe the “River Kuroshio” as an interregional maritime
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highway. An exiled samurai from Edo, Tomizo grew interested in the sur-
prising number of castaways that arrived on the island each winter and
interviewed the sailors about their drift. In a manuscript dating to 1853,
he compiled a route map from five westward harbors, remarking that the
sailors often propelled their eastward journey by sailing in the current:

The River Kurose is also called Kuroshio. The clashing waves and quick flows on
the great sea are actually its rims. From Cape Tosa to Shiosaki in Kii, and unto the
rock Zenisu, the sailors call it the /idden tide. I hear that from Cape Daio in Shima
Province, it flows 88 17 [343 km)] offshore.... In summer and fall it is easy to sail;
in winter and spring it is difficult. If, again, one sails south from Toba in Shima
province, they say, it is extraordinarily easy to make way towards the east. In Tosa,
they tell that this tide is one path of fresh water from river Rytsa in India.*®

According to Tomizd’s investigations, sailors on the east—western
route were familiar with the current and its utility for accelerating east-
bound voyages. Unlike those kuni-ezu maps created by state officials
for administrative purposes, the virtual geography of the sailors con-
nected ocean currents to a globally connected geography. To them,
the current was a place with a specific topography of waves, whirls,
and visibly changing water qualities that required special methods to
cross (see Figure 1.4). Invisible to most conventional maps, for those
mariners who facilitated the archipelago’s logistics, the offshore con-
stituted an indispensable part of the archipelagic transport infrastruc-
ture, one shaped by the winds and currents of the Kuroshio region.

Oceanic History and the Myths of Islanded Japan

There is a major paradox that transcends the marine identities of mod-
ern Japan. On the one hand, ancient and modern mythologies have
created the basis for a marine, seafaring identity. According to the eigth-
century chronology Kojiki, the Japanese islands were dropped into the
ocean from the tip of a divine spear, and since 1941, the Meiji Emperor’s
voyage to Hokkaido in 1876 — his only trip by boat — is commemorated
on the “day of the sea.” On the other hand, insularity has structured
the nation’s sense of self-exoticism. Essentializing visions of a unique
national culture have long relied on the paradigm of “national seclusion™
or sakoku, a term that was originally coined by a frustrated foreigner
who found himself quarantined on the island of Dejima in the 1690s.%°

48 Hachijo jikki, vol 1, p. 30, ed. in: Kondo, Hachijo jikki, 1964 (my translation).

49 The term was introduced to the Japanese language through Shizuki Tadao’s 1801 trans-
lation of Engelbert Kaempfer’s History of Fapan of 1727. Kokushi Daijiten, keyword
“sakoku,” in: Japan Knowledge.
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On the receiving end of the Tokugawa shogunate’s strategy of highly
selective diplomacy, seclusion was certainly a crude reality. Yet, over
the past several decades, the fixation on restrictive diplomacy under the
Tokugawa has been largely replaced in the academic discourse by a more
complete picture of diplomatic, commercial, and intellectual engage-
ment beyond the formal interaction between governments.’® Regardless,
the contradictions in Japan’s ideological and metabolic relationship with
the ocean remain unresolved.

Japan’s apparent smallness and resource poverty has been used to
claim that the nation developed a “harmonious” rapport with the nat-
ural environment. In particular, forest resources — forests were cut to
build megacities while the topsoil was searched for fertilizing materials —
became the object of elaborate resource management regulations. By the
late eighteenth century, effective policies ranging from sumptuary laws,
building regulations, and afforestation systems helped preserve forest
resources.’! Narratives of sustainability in isolation feature prominently
in Japanese environmental discourses, academic and popular. Ishikawa
Eisuke, for example, draws a wide audience with bestsellers titled Saving
Energy in Grear Edo (2009), Recycling in Grear Edo (1997), or simply Edo
Period — Eco Period (2008).°? Green-washed ideas of the national past
also pervade government voices. The “primeval circular economy,” as
the Ministry of the Environment characterizes the condition of an appar-
ently timeless pre-industrial Japan, were allegedly enabled by “the spirit
of mortainai [affection for things] and a dedication to cleanliness, feelings
which shaped a society in harmony with nature.””?

Environmental essentialism, rooted in a romanticized early moder-
nity that since its historiographical inception served to contrast indus-
trial modernity, has been deployed time and again in discourses of
superiority. In colonial Korea, for example, allegedly superior abilities
in resource management provided the pretext for Japanese administra-
tors to appropriate local forest resources for strategic industries.>* Much
of early modern Japan’s alleged ecological utopia also hinges on the
idea of national seclusion, where early modern development needs to
be seen in its border-crossing material dimension. As Tessa Morris-
Suzuki stresses, “Japan’s forest resources could more easily be protected
because ... Japanese merchants were extending their economic control

Among many others: Toby, State and Diplomacy in Early Modern Fapan, 1984; Hellyer,
Defining Engagement, 2009; Clulow, The Company and the Shogun, 2014.

1 Totman, The Green Archipelago, 1989, 5-6, 83-90.

32 Ishikawa O-Edo risaikuru jijo, 1997, Edo jidai wa eco jidai, 2008, O-Edo sho-ene jijo, 2009.
Japan Ministry for the Environment, Heise: 20 nenban, 2008.

54 Fedman, Seeds of Control, 2020, 7-10.
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over the land of the Ainu.”®® Similarly, Japan’s myths of smallness,
resource scarcity, and a culturally ingrained harmony with nature are
also drawn into question once the archipelago’s marine resource base is
considered more carefully.

The geography of maritime economy in Japan was gradually reshaped
between the country’s unification under Oda Nobunaga (1534-1582),
the social control systems introduced under Toyotomi Hideyoshi
(1537-1598), and, eventually, the centralization of foreign relations
under the Tokugawa shogunate. By the time the third shogun Iemitsu
promulgated his prohibitions on foreign travel, international trade had
been subjected to the “Vermillion Seal” system of shogunal approval
for over thirty years.’® The mariners known as waké pirates who, since
the fourteenth century, had raided the coasts of Northeast Asia and
once were important agents in the Manila trade, had been dispersed
and driven to shore by Hideyoshi’s “sword hunt at sea” of 1588.57 As
an effect, whaling groups emerged along the Kuroshio, chasing whales
by the methods previously used to hunt down trading vessels.’® Whale
products were traded throughout the archipelago as foodstuffs, bone
tools, and most importantly, pulverized as fertilizer. By the 1620s, these
businesses started to recruit labor on an expanding scale, and by mid-
century, it can be extrapolated that up to 22,000 men may have been
involved in whaling, as will be discussed in more detail in Chapter 4.
Likewise, sardine and herring were commodified as fertilizer resources,
proto-industries that expanded significantly over the eighteenth and
nineteenth centuries, with fishing colonies as far north as Sakhalin and
the Kauril Islands.”®

The demand for marine fertilizers to replenish nutrients in the archi-
pelago’s intensively farmed core lands expanded at pace with the growth
of the Japanese economy. In broad strokes, the first half of the Tokugawa
period saw considerable population growth, while numbers stagnated
in the second half, though these developments varied regionally. By
1875, Japan boasted a total population of 34.4 million, up from some
12 to 18 million around 1600.°° Economic historians have calculated

%5 Morris-Suzuki, “The Nature of Empire,” 2013, 228.

36 Clulow, The Company and the Shogun, 2014, 143, 194-95. Also see: Clulow, “European
Maritime Violence,” 2009, 72-94.

In Fapanese, umi no katana-gari, see Tremml-Werner, Spain, China, and Fapan in
Manila, 1571-1644, 2015, 20; 78; Amino, Umi to retto no chusei, 1995, 257-57.
Amino, Umi to retto no chusei, 1995, 257.

Howell, Capitalism from within, 1995, 36.

Hayami, Rekishi jinko gaku kenkyii, 2009, 22, 34; Brown and Batten eds., Environment
and Sociery in the Fapanese Islands 2015, 7; Walker, A Concise History of Fapan, 2015,
75. Miyamoto Mataji estimates a total population of 12 million in 1600, whereas

57

58
59
60
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that until 1850, the archipelago’s economy sustained an average annual
GDP growth of some 0.13 percent, mostly powered by the secondary
and tertiary sectors, which accounted for one-third of the GDP by the
mid nineteenth century.®! While these sectors grew more significantly
than their agrarian base in terms of value generation, they remained har-
nessed to increases in food productivity. This is apparent in the excep-
tionally high concentration of population in the archipelago’s urban
centers: With Edo, Osaka and Kyoto, Japan boasted three cities that
ranked among the largest urban centers in the eighteenth-century world.
Hayami Akira estimates that by the end of the Tokugawa period, Japan
reached an urbanization rate upwards of 20 percent, with particularly
high population densities in the Kinki and Kant6 regions.®? As Toshihiro
Higuchi has argued, Japan’s agricultural core only managed to over-
come a soil nutrient crisis by using fish as fertilizers of various kinds that
were shipped to the region from the archipelago’s maritime peripher-
ies.®®> Marine nutrients also entered the land-borne nutrient cycle as sea-
food by way of the human intestine. Like most agrarian societies at the
time, early modern Japan had a sophisticated nutrient recycling system.
Besides the local reapplication of manure, commercial networks special-
ized in nightsoil recycling between the archipelago’s urban centers and
their agrarian hinterland, as David Howell has shown.®* Regardless, as
the archipelago’s population doubled or, according to some calculations,
almost tripled over the early modern period, the pressure on its natural
resources grew proportionately.

Though economic development varied regionally, the urban regions
and their hinterlands, such as the Kinki region around Osaka as well
as domains facing the Inland Sea, experienced significant agricultural
commercialization reliant on the constant influx of commercial fertil-
izers.%> This is apparent in the geographical expansion of the fertilizer
resource base from local ecosystems to Ezo and the Sea of Okhotsk.

Saitd Osamu bases himself on 15-18 million. Relative to the records of 34 million in
1875, this makes for a total growth of 200-300 percent over the early modern period.
Miyamoto, “Quantitative Overview,” 2003, 36—40; Saito 2015, 222.

Francks, Japan and the Great Divergence, 2016, 42.

If “cities” are defined as towns over 5,000 inhabitants, of which there were 222 in 1875,

urbanites would even represent 23.2 percent of the population. The count of cities over

10,000 inhabitants was as high as ninety, according to Hayami. Hayami, Rekishi jinko

gaku kenkyu, 2009, 22, 34.

Higuchi, “Japan as an Organic Empire,” 2015, 142.

%4 Howell, “Fecal Matters,” 2013, 140.

% Crawcour, “Economic Change,” 1989, 284-85. The very trade of fertilizers and
foodstuffs from “backward” zones to centers of economic growth shows that
under-development of certain regions developed in close connection with commercial-
ization in the heartlands. “Proto-industrial” labor practices in fact emerged in rural
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Tapping resources beyond organic matter collected in local forests began
with composting seaweed, a trend best documented for Lake Biwa in
a series of lawsuits over user rights that reach back to the early days of
the Tokugawa shogunate.®® The development of commercial fertilizer
production from seaweed, fish, and whale meal over increasingly far-
flung distances stood in direct connection with the intensification and
commercialization of the agrarian economy from the early seventeenth
century. The most common types of fish fertilizer were processed out of
sardines, either dried as “hoshika,” or as cakes of dried and crushed fish,
called “rwashi shimekasu.” These sardines were initially fished near the
Kantd plain of eastern Honshu.®” Later, as the center of fish fertilizer
production shifted to the northern island of Ezo as a result of expand-
ing demand, herring meal or “nishin shimekasu” became the most widely
available type of commercial fertilizer.%®

The shift from the Kuroshio to the abundant Oyashio Current was a
response to the decline in sardine stocks in the vicinity of the agrarian
core, the chief supplier of marine manure until the mid eighteenth cen-
tury.®® Even though Japanese settlement was prohibited north of the land
border of Matsumae domain, which separated the Japanese polity from
the Ezo territory, licenses for nonpermanent fisheries settlements were
issued in 1719 for designated zones north of the border. Over the 1790s,
further zones were opened along the west coasts further north, and by
the Tempd period (1830-1844), authorized permanent fisheries were
to be found even along the island’s northern coast, operated by refugees
from the Tempo famine (1833-1836).7° In Ezo, herring fisheries soon
grew into the most important branch of the economy, developing proto-
capitalist institutions such as a contracting system and wage labor, as
David Howell has shown.”! By the mid nineteenth century, 200,000 to
300,000 koku of dried herrings were shipped across the Japan Sea to out
of Ezo, a number that would triple again by the 1890s.”? In other words,
Japan’s fisheries expanded between the eighteenth and nineteenth centu-
ries as a state-sanctioned, commercially driven fisheries frontier powered
at least in part by economic refugees.

contexts, like that of the Hokkaido fisheries, catering to the urban core lands. See:
Howell, Capitalism from within, 1995, 13-16.

Sano, “Traditional Use of Resources and Management,” 2015, 82—-83.

Higuchi, “Japan as an Organic Empire,” 2015, 142-43.

88 Howell, Capitalism from within, 1995, 1-2, 38.

%% Higuchi, “Japan as an Organic Empire,” 2015, 143.

7% Nakanishi, Kinsei kindai Nihon no shijo ko2, 1998, 35.

"\ Howell, Capitalism from within, 1995, 1-2.

72 Higuchi, “Japan as an Organic Empire,” 2015, 144.
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The southern shores of Japan remained important fishing and whaling
regions as well. As Chapter 4 will discuss in more detail, whaling enter-
prises burgeoned along Japan’s southern shores beginning in the mid
seventeenth century, gradually moving closer to the current’s abundant
whale stocks. These businesses relied on the availability of hundreds of
men to chase whales in tens of boats at once, and hence involved entire
village communities as well as outside wage labor. Far from the roman-
ticized image of “traditional” subsistence whaling, these enterprises
were profit-oriented investments objects of significant scale and com-
plexity. Whale products — strings, leather, bone or baleen — were traded
far beyond the whaling regions. Whale oil fired oil lamps in Edo, and
whale guts were made into shamisen strings for the noble quarters of
Miyako (Kyoto).” Most importantly, however, bones and the less pal-
atable parts of the whale’s meat were ground into fertilizers and traded
to the archipelago’s agrarian zones.” In this way, even the most remote
farming villages became integrated into increasingly sophisticated trade
networks with the marine origins of their fish, seaweed and whale fertil-
izers, whale oil pesticide, and whale string tools.”> The wide circulation
of these nonperishable marine products shows that growing commer-
cial integration over the early modern period connected the land-borne
economy of Tokugawa Japan intimately to the ocean.

Terraqueous Nutrient Imperialism

Scientists today describe the Kuroshio as the most powerful marine energy
and nutrient stream of the West Pacific, wielding a far-reaching influence
on climate and fish resource availability in the region.”® Emerging as the
northward deflection of the North Equatorial Circulation off Luzon, the
Kuroshio is now classified as a western boundary current comparable
to the Gulf Stream in the Atlantic.”” Currents are compact masses of
water that differ from each other in temperature, density, and salinity,

73 Arch, Bringing Whales Ashore, 2018, 80.

™ Holm, The Gods of the Sea, 2023, 35-37. Fertilizer remained one of the main produces
of the whaling industry in the early twentieth century. Holm, “Bringing Fish to the
Shore,” 2020, 12-13.

Whale oil was also burned in the fields to drive away pests, or spilled upon the water to
kill insect eggs. Kuchit hoho, pp. 7-14, in: TUGL. Commercial mechanisms expanded
the scope of trade in marine produce far beyond the markets that fishermen could reach
directly, see Kalland, Fishing Villages in Tokugawa, Fapan, 1995, 198-210. Note that
not all marine products are perishable, for example, dried seaweed, fertilizers, or tools
produced from whale bones and strings.

Morioka et al., “Role of Kuroshio Current,” 2019, 2.

Talley et al., Descriptive Physical Oceanography, 2011, 305.
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therefore mixing just inertly. The Kuroshio’s mean temperature differs
from its surroundings by several degrees centigrade, making for a heat
energy transmission to the atmosphere of over 125 watts per square
meter even after passing Japan. This makes the Kuroshio region “one of
the strongest global air-sea heat loss regions,”’® with a massive impact
on the regional climate. The heat energy it transports from the low lati-
tudes to the North Pacific exerts a major influence not only on air tem-
peratures, but also on atmospheric thermodynamics and, as an effect, on
humidity transport and precipitation. Fluctuations in the current have
vastly diverging climatic impacts on different regions within Japan, lead-
ing to locally varying effects on agriculture.”

The current carries elevated concentrations of reactive nitrates and
phosphates — essential nutrients for plankton and plant growth — from
the tropical climes. Nitrates are chiefly accumulated in the ocean by the
nitrogen-fixing bacterium trichodesmium, which proliferates in the tropics
and subtropics, and by an influx from river inlets.®’ Nutrients accumu-
late naturally in the deep sea through the recycling of sunken organic
matter near the ocean floor and are transported over vast distances by
the global deep sea or thermohaline circulation.®! The Kuroshio picks up
these nutrients as they are upwelled in the Pacific. With its core around
500 m below the surface, the current keeps most nutrients out of the
reach of phytoplankton until it rises to shallower layers as it climbs over
underwater ridges or on the continental shelf, as it does near the Senkaku/
Diaoyu islands, in the East China Sea, and in the vicinity of southern
Honshu. Only in the euphotic zone, those shallow layers of the ocean
permeated by solar light, can photosynthesis fuel the absorption of nutri-
ents by organic matter. Having lost some of its nutrients in the shallow
waters as it leaves the East China Sea, the current mingles with the deep
Ryukyu current that replenishes, again, high concentrations of nitrate.5?
By the time the current passes the Izu islands to continue onto the open

8 Ibid., 307.

7 Xu, Tokinaga, and Xie, “Atmospheric Effects,” 2010, 4714. For example, the great
meander which deviates the warm current to the south can nevertheless create a warmer
climate in the Kanto region by shifting warm water to eastern Honsha. See: Sugimoto,
Qiu, and Schneider, “Local Atmospheric Response,” 2021, 3571-589.

80 Voss et al., “The Marine Nitrogen Cycle,” 2013, 1.

81 This global deep-sea circulation begins with the sinking of surface waters in the North

Atlantic to flow east of the Antarctic, whence it diverts one branch into the Indian

Ocean, while another, major branch flows around Australian continent to resurface in

the Pacific. Voss et al., “The Marine Nitrogen Cycle,” 2013, 2.

Guo et al., “Spatial Variations,” 2013, 6403-404. Oceanographers have shown that the

confluence of the deep Ryukyu current east of Okinawa contributes a significant quan-

tity of unused nitrate to the Kuroshio which, having left the shallow East China Sea, has
lost some of its original nutrient content.
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Pacific as the “Kuroshio Extension,” the Kuroshio proper is relatively
depleted and regains nutrients from its confluence with the northerly
Opyashio Current east of Honshu. The Oyashio, this cold but abundant
current from the Arctic, at this point contributes a larger amount of
upwelled nutrients to the convergence zone than the Kuroshio itself.%?
This confluence zone creates an especially abundant region for tuna fish-
ing and whaling, as both Japanese fishermen and Atlantic whalers had
discovered by the early nineteenth century. This “Japan Ground,” as the
Kuroshio’s downstream region was called by Western whalers, there-
fore became widely known in the West through works such as Herman
Melville’s Moby Dick.3*

The reliance on an expanding marine resource base continued
through the downfall of the Tokugawa shogunate in 1868, and into the
industrial revolution that enthralled the politics of the subsequent Meiji
Period. Indeed, Japan’s reliance on marine resources only expanded
with the empire’s industrialization. Herring was found to be particularly
rich in phosphate, at 5.6 percent relative to dry weight.®® If the vol-
ume of herring fertilizers from fisheries in Hokkaidé and Sakhalin had
reached some 200,000 koku per year at the end of the Tokugawa period,
the output peaked at around 700,000 koku annually in the 1890s. Yet
by that time, marginal catch rates were already in decline.®® As domes-
tic fisheries failed to keep up with the growing demand for nutrients,
fertilizer trading companies began exploring alternative sources of fer-
tilizers. Since the 1890s, the forerunner company of Nissan Chemical
tackled research into synthetic fertilizers — chiefly superphosphates —
while other companies began importing fishmeal, ammonium nitrate,
and other sources of essential nutrients from abroad.?” The company
Suzuka Shoéten, which had previously traded in animal-based fertiliz-
ers, began importing cattle bones and ammonium nitrate from Australia
in 1896, an trade it expanded over the subsequent decade importing
additionally from Britain, Germany, and the United States.®® Manzan
Shoéten, again, a major dealer in herring meal under the shogunate, by

83 Talley et al., Descriptive Physical Oceanography, 2011, 320-21; Guo et al., “The Kuroshio

Nutrient Stream,” 2012, 2.
84 Melville, Moby-Dick, 2003 [1851], 459-63.
85 Tanaka, “Meiji hiryo keizaishi no hitokoma,” 1994, 65.
86 Nakanishi, Kinsei kindai Nihon no shijo kozo, 1998, 39-40; Takahashi, “Nichiro Sensd
kara daiichi-ji sekai taisen,” 2006, 35.
Chemical superphosphates were first produced in Japan by Sumitomo in 1887, and
as early as 1909, nitrous fertilizers were synthesized by Nichitsu in Minamata. Travis,
Nitrogen Capture, 2018, 83; Moritsuka and Matsuoka, “Nijusseiki shotd no kuntan hiryo
kenkyt,” 2012, 487; Takahashi, “Nichiro Senso kara daiichi-ji sekai taisen,” 2006, 35.
88 Takahashi, “Shinkd hirydsho no seichd to boekishd,” 2009, 25-29.
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1900 began adding soy bean cake from northeastern China to its range,
anticipating a major new nutrient influx.%’

Takahashi Chikashi has pointed out that Japan’s victory in the Russo-
Japanese war of 1905, which secured Korea and Northeast China for
Japanese imperial advances and infrastructure projects, marked a turn-
ing point in the structure of Japanese nutrient imports: Between 1905
and 1913, soy bean cake imports expanded fourfold to 720,000 tons,
around ten times the domestic output.’® Of all fertilizers traded in 1902,
39.26 percent circulated as marine products, chiefly whale and fishmeal,
45.77 percent were plant-based, and some 13.63 percent were nutrients
recycled in the form of human nightsoil.”! By the 1930s, the empire’s
structural dependence on industrial soybean farming in Manchuria
(by then the Japanese puppet state of Manchukuo) had led to mas-
sive soil degradation.?? At the same time, Japan’s oceanic resource base
expanded rapidly: The country’s motor-powered fishing fleet expanded
from a few dozen in the 1900s to almost 6,000 in 1920, and by the early
1930s, Japan was the world’s leading fishing nation, exporting some
80 percent of its catch to foreign markets as cash commodities.’®> The
gradually expanding demand for marine fertilizers of the early modern
period had segued into a colonial system of resource extraction at sea
and on the continent.

Japan’s imperial metabolism continued to rely mainly on organic
fertilizers into the 1920s, but mineral and synthetic fertilizers gained
ground as well. (see Figure 1.5).°* The production of chemical fertilizers
and nitrogenous explosives expanded rapidly thereafter, mostly powered
by hydraulic power plants in the colonies. In the postwar period, new
access to Middle Eastern petroleum put the country on a new, radically
expanded energy base, enabling energy-intensive compound fertilizers —
synthetic nitrogen, that is — to dominate the markets.’® Phosphates were
a different issue. Soy beans fixate high levels of nitrogen from the atmo-
sphere, accounting for 7.7 percent of the dried and compressed bean
cake, but unlike herring or human manure, they do not provide sufficient
quantities of mineral phosphates.’® Phosphates could be sourced from

89 Ichikawa, “Manzan shoten no hiryd seizo,” 2013, 25.

90 Takahashi, “Nichiro Sensd kara daiichi-ji sekai taisen,” 2006, 28-30.

91 Moritsuka and Matsuoka, “Nijusseiki shotd no kuntan,” 2012, 488. Moritsuka and
Matsuoka list an additional 1.34% as “various fertilizers.”

Christmas, “Japanese Imperialism and Environmental Disease,” 2019, 821-23.
Tsutsui and Vuorisalo, “Japanese Imperialism and Marine Resources,” 2017, 252-54.
Higuchi, “Japan as an Organic Empire,” 2015, 141.

Travis, “Globalising Synthetic Nitrogen,” 2017, 21-22; Huebner, “Asia’s Oceanic
Anthropocene,” 2022, 17.

96 Tanaka, “Meiji hiryd keizaishi no hitokoma,” 1994, 65.
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Figure 1.5 Expansions of fertilizer in the Japanese Empire. Fertilizer
production expanded rapidly in the early twentieth century, mainly
with the addition of imported vegetable fertilizers, the emergence of
mineral phosphates, and the industrial production of synthetic nitrogen
in the 1910s. Nevertheless, up until the mid-1920s, organic fertiliz-
ers made for half of all fertilizers applied in the Japanese homeland.
In: Higuchi, “Japan as an Organic Empire,” 2015, 141. Reproduction
kindly granted by Toshihiro Higuchi.

petrified bird droppings or “guano,” a substance mined by Western cor-
porations since the mid nineteenth century on remote islands with large
bird populations. Expanding use of guano in this era has been equated
to a “first green revolution” in Europe and the Americas.®” It was not
until the 1910s that guano was mined domestically in Japan, once large
deposits on the formerly inaccessible “bird island” of Rasa came into
reach; instead, phosphates were imported from places such as British-
controlled Banaba and German-controlled Nauru.’®

By the turn of the twentieth century, demand for fertilizers had
brought about ambitious research projects into superphosphates

97 Cordell, Drangert and White, “The Story of Phosphorus,” 2009, 293-94. On the “first
green revolution,” see Melillo, “The First Green Revolution,” 2012.

98 Fujita and Kameda, “Nutrient Dynamics and Nutrient Cycling,” 2016, 275; Teaiwa,
Consuming Ocean Island, 2015, 6. On Japan’s most important guano mine on Rasa
Island, which was mined between 1911 and 1944, see Mizuno, “Rasa Island,” 2017.
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and synthetic nitrogen fixation in Japan. Over the new century’s first
decade, Italian, German, and Japanese scientists competed fiercely
and brought about a variety of more and less efficient chemical pro-
cesses. In 1909, the year in which Fritz Haber patented his famous
Haber-Bosch process, nitrogen fixation was first practiced industrially
in Japan. Yet technological lags and energy scarcity delayed the indus-
try’s expansion until the 1920s, when hydraulic power plants in Korea
could be harnessed. The chemical processes were ultimately scaled up
over the 1930s with the support of the army, because just like fertiliz-
ers, explosives, too, were made of nitrogen.’® Given this terraqueous —
and eventually, atmospheric — expansion of the nutrient resource base,
the continued expansion of Pacific fisheries remained central to the
imperial metabolism.

Conclusion

Early modern economic and demographic growth in Japan neither
sprouted from a secluded island space, nor were its resource cycles truly
closed or “sustainable.” The ocean’s dynamic topography mattered to
the expansion of Japan’s terraqueous economy. Under the shogunate’s
non-voyaging agenda, marine industries mainly expanded in the archi-
pelago’s inter-island and peripheral seas, yet commercialization and
capital accumulation based on a maritime resource base predated the
modern empire’s later expansion in Asia and the Pacific. I have argued
that the dynamic environmental context of seasonal monsoon winds and
rapid currents that dominate these seas complicate comparisons with the
emergence of maritime capitalism in the Mediterranean. Instead, atten-
tion to these geophysical processes can enable alternative comparisons
by evidencing shared or teleconnected experiences with remote zones in
the Pacific and the Indian Ocean.

Throughout the Tokugawa period, the ocean remained an important
part of the archipelagic transport infrastructure. From the beginning of
the Manila Galleon trade in the late sixteenth century, the Kuroshio
route attracted geopolitical attention, and even after shogun Iemitsu had
proclaimed a ban on foreign travels in the 1630s, the backbone of the
archipelago’s cargo infrastructure consisted of coastal and offshore ship-
ping lines. Despite a significant risk of ship loss and drift in the mean-
ders of currents, many sailors followed and crossed currents routinely
with the seasonal winds. The ocean was an unpredictable riskscape,

99 Travis, “Globalising Synthetic Nitrogen,” 2017, 21-22, 24; Walker, Toxic Archipelago,
2010, 157-58.
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but sailors and investors found ways to reduce or distribute entrepre-
neurial risks. Temperature, moisture, and nutrients transported by
these winds and currents, again, sustained the region’s abundant whal-
ing and fishing grounds — from whaling stations burgeoning along the
Kuroshio current to fisheries outposts mushrooming around the Sea
of Okhotsk. Increasingly commercialized marine industries, funded by
urban investors, guided by state officials, and powered by wage labor,
preformed a crucial link between aquatic and terrestrial ecosystems.!%
They extracted nitrates and phosphates from the sea in the form of food-
stuffs, but also of seaweed, fish, and whale-based fertilizers, which were
injected into the terrestrial nutrient circulation.

The expansion of Japan’s nutrient base continued with the importa-
tion of fertilizers from Northeast Asia in the late nineteenth century. By
the close of the century, border-crossing trade expanded Japan’s nutrient
frontier to the continent, while guano mining, industrial fisheries, and
offshore whaling pushed the resource base ever deeper into the Pacific.!!
By 1905, soybean cake imports, mostly from Manchuria, outpaced her-
ring fertilizers on Japanese markets. Nutrient extraction from Northeast
Asia has been labeled a “soy frontier,” the terrestrial counterpart to the
systematic exploitation of Pacific fishing and whaling grounds.!?? In the
words of Toshihiro Higuchi, “the agricultural core sucked up the organic
material while transferring the environmental costs of its production to
the colonial frontier.”!°> The expansion of Japan’s terraqueous resource
base accelerated in the 1930s, when Japan boasted the largest fishing
and whaling fleets worldwide — an economy William Tsutsui has called
Japan’s “pelagic empire.”!%*

Did the ocean help Japan avoid an ecological impasse and falling into
a “high-level equilibrium trap,” a situation in which economic growth
itself had minimized the marginal productivity to the point of an inno-
vative standstill?!®® Were oceanic resources and infrastructure the fac-
tors that distinguished Japan’s economic path from that of China in the

100 Howell, Capitalism from within, 1995, 48.

101 Tbid., 147-48. Both tuna fisheries and whaling industries were, for a large part, produc-
ers of marine fertilizers. Holm, “Bringing Fish to the Shore,” 2020, 12-13. On the role
guano mining played in the making of the Pacific World, see Cushman, Guano and the
Opening of the Pacific World, 2013, 60. Ted Melillo called the expansion of guano use
in U.S. agriculture the “first green revolution.” Melillo, “The First Green Revolution,”
2012, 1028. I have also elaborated on ideas of an oceanic frontier in Japanese history
elsewhere, see Rilegg, “Currents and Oceanic Geographies,” 2021.

Christmas, “Japanese Imperialism and Environmental Disease,” 2019.

Higuchi, “Japan as an Organic Empire,” 2015, 140.

104 Tsutsui, “The Pelagic Empire,” 2013.
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“great divergence?”!%® These questions are yet to be addressed quanti-
tatively by economic historians. It is safe to say that, after the relative
high-growth period of the eighteenth century, marginal outputs certainly
diminished overall until the nineteenth century, indicating that the econ-
omy was headed toward stagnation. As Jakobina Arch phrases it: “Just
as Western Europe (particularly England) leveraged their colonial land-
holdings to break through eighteenth-century ecological limits, adding
the productivity from these “ghost acres” to their per capita resource
supply in the imperial center, Tokugawa Japan began to leverage their
connections to the Pacific’s marine environment to supplement scarce
terrestrial resources.” !’

With regards to transportation as well, Japan’s situation in the late
Tokugawa period resembles that of China’s Jiangnan region where
water-borne transportation disincentivized the use of steam propul-
sion.!%® But to think with Jack Goldstone, high economic development
at a pre-fossil stage may matter less for industrialization than chang-
ing material conditions as an effect of technological change.!? In other
words, spatial access to resource frontiers and the availability of the right
resources at the right time was key to the making of modern Japan. Just
like the fuel impasse during World War II threatened to halt the impe-
rial endeavor (and instead led to fatal decisions), the opening of new
frontiers — organic fertilizers in the early modern period, coal in the late
nineteenth century, Middle Eastern petroleum in the postwar period,
and, perhaps, rare earth minerals in the near future — created an eco-
nomic impetus at crucial moments. The ocean, in this series of seren-
dipities, was both resource and infrastructure.

106 pomeranz, The Great Diwergence, 2000, Huang, “Development or Involution,” 2002,
De Vries, “The Great Divergence after Ten Years,” 2011, Francks, Japan and the Great
Divergence, 2016, 11.

107" Arch, Bringing Whales Ashore, 2018, 81.

108 Elvin, The Pattern of the Chinese Past, 1973, 305-06.

109 Goldstone, “The Problem of the ‘Early Modern’,” 1998, 263—65.
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