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By Steven L. Chown

S
ince the emergence of agriculture, hu-

man influence on the environment 

has been unremitting, through habitat 

transformation, species exploitation, 

and, more recently, climate change as 

a result of greenhouse gas emissions. 

Over the past century, the pace of many of 

these processes has increased (1). The ef-

fects of these continual influences, or press 

perturbations (2), on biodiversity are so ex-

tensive that they have been described as an-

nihilation (3). By contrast, human-induced 

pulse perturbations—that is, more short-

lived disturbances such as point-source pol-

lution—tend to be more spatially restricted. 

Large-scale pulse perturbation events, such 

as earthquakes and volcanic eruptions, are 

typically viewed as natural processes that 

influence biodiversity. On page 1402 of this 

issue, Carlton et al. (4) show that this view 

has to change.

When the magnitude 9 Tōhoku earth-

quake and subsequent tsunami struck the 

east coast of Japan in March 2011, vast 

numbers of objects, from docks and fish-

ing vessels to plastic fragments, were swept 

out to sea. Any structure entering the sea 

accumulates life. Settlement in marine sys-

tems typically starts with biofilms that form 

within days; then, encrusting communities 

that include animals such as bryozoans, 

mollusks, and crustaceans develop within 6 

to 12 months. As Carlton et al. show, over 

300 different species from 16 phyla were 

carried out to sea on human-made objects, 

rafting from the coast of Japan across the 

Pacific to the west coast of North America 

(see the figure).

Rafting, or the transport of organisms 

across water on natural debris such as trees 

or kelp, is thought to have contributed to the 

colonization of islands and the exchange of 

life between continents (5). More recently, 

rafting on human artifacts, such as large 

plastic items, has been growing in impor-

tance; these items survive longer at sea than 

their natural counterparts and can therefore 

carry their cargo further. The scale and spa-

tial extent of the rafting event associated 

with the 2011 tsunami are, however, unprec-

edented (4). Numerous species not previ-

ously been recorded on the shores of western 

North America arrived in large numbers in 

just a few years. The combination of a natu-

ral pulse perturbation—the earthquake and 

tsunami—with dense human coastal infra-

structure resulted in the largest known raft-

ing event in Earth’s history. Given the large 

numbers of human-made objects and the di-

versity of life they carried, Carlton et al. call 

this a megarafting event.

The human-assisted transport of species 

to new places is the first step in the path-

way leading to biological invasions, which 

are now occurring across the globe (1) in 

increasing numbers (6). A transport event 

of the size reported by Carlton et al. (4) is, 

however, exceptional. The impact of such a 

large event depends on how many of the or-

ganisms establish a population in the new 

region to which they have been transported, 

spread in that region, and go on to influence 

ecosystems. As of yet, no establishments 

have been recorded from the megarafting 

event (4). Establishment is, however, often 

difficult to detect initially. Even if a rela-

tively small proportion of the transported 

species establishes, the event would consti-

tute a very large colonization.

One of the impacts of human-assisted 

colonization is the homogenization of liv-

ing communities (7). That is, assemblages 

of plants and animals that were previously 

very different are becoming more similar 

because of the human exchange of species 

among them. Local population and species 

extinction—the removal of unique species 

from communities—compound the increase 

in similarity caused by the addition of 

shared species. Homogenization by the ad-

dition of species from the 2011 megarafting 

event might well be considered so large as 

to constitute a mass-homogenization event. 

The 21st century is witnessing the fast-

est rate of infrastructure growth in history, 

much of it in coastal areas. Sea levels are 

also rising higher and faster than previously 

anticipated (8). Moreover, high risks of 

natural disaster have been identified across 

many areas (9). Further pulse perturbations 

and anthropogenic transport events of this 

scale are thus to be expected, prompting 

questions about potential mitigation. Carl-

ton et al.’s study calls for attention to large-

scale pulse perturbations in research about 

coastal infrastructure planning and devel-

opment, and the further expansion of antici-

patory surveillance for high-impact natural 

events. Such work will improve the future 

prospects for society and for biodiversity. j
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Tsunami debris spells trouble 
Human-made objects swept out to sea after the 2011 Tōhoku 
earthquake carried over 300 species to new locations
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Hitchhikers on post-tsunami debris
After the 2011 Tōhoku earthquake and tsunami, ocean currents transported around 300 species to new 

locations around the Pacific on human-made debris. Numbers in red indicate the approximate number of 

species recorded on debris in Canada and states in the U.S.
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