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Figure 1. The ‘Kelp Highway Hypothesis’ for the peopling of the Americas.
This hypothesis recognizes that maritime capabilities were necessary to colonize Japan’s Ryukyu 
Islands 35,000 to 17,000 years ago (BP, before present). From there, the orange line suggests 
a coastal route along which people could move and further colonize regions along the eastern 
Pacifi c taking advantage of the edible marine resources concentrated in highly productive kelp 
forests. In warm tropical areas, coastal mangroves perform a similar function of concentrating 
marine resources. Archeological sites and the dates they were occupied (in parentheses) attest 
to the rapid coastal movement all the way to southern Chile. The Monte Verde site, dated to 
14,500 years before present, is among the oldest colonies in the Americas and more consistent 
with the idea of a coastal rather than a land-based migration. Figure adapted from Erlandson 
et al. (2007). 
Fishing through the 
Anthropocene

Robert S. Steneck1,* and Daniel Pauly2,*

In its simplest form, the Anthropocene 
is the human-dominated geological 
epoch. However, human-induced 
changes to the biosphere are 
prehistoric, beginning with the human 
diaspora that quickly included locally 
altered biotas resulting from hunting 
and subsistence fi shing, and later from 
agriculture and industrial fi shing. The 
long history of fi sheries involved the 
coevolution of humans and technology 
improving fi shing effi ciency, distribution 
and scope to the point that today 
nearly all of the world’s fi sh stocks have
become profoundly depleted. Many 
species sought by fi sheries perform 
important ecological services with a 
range of activities from parrotfi sh that 
maintain coral reef health, to forage 
fi sh that feed the world’s seabirds and 
seals. Here, we describe the historical 
arc of fi sheries evolution leading to 
widespread overfi shing and altered 
marine habitats via a few case studies. 
As climates change so, too, do fi sh 
distributions. The deforestation of 
watersheds, overuse of fertilizers and 
increase in climate-driven torrential 
rains over continents create runoff 
that stimulates blooms of microscopic 
plants (the phytoplankton) that die, 
decompose and create anoxic ‘dead-
zones’. We illustrate this global picture 
of the removal of fi sh, the loss of fi sh 
habitat and the associated ecological 
implications of these events as direct 
and indirect examples of how fi shing 
contributes to what we now call the 
Anthropocene.

Prehistoric fi shing impacts
Coastal migrations are now believed 
to have helped a part of the human 
diaspora out of Africa to reach Australia
and the Americas. The peopling of 
the Americas is thought to have been 
facilitated by ‘the kelp highway’ or 
coastal zones where marine resources 
are concentrated and relatively easy to 
capture for stone-age equipped people.
Abundant food and prehistoric maritime

Primer
technology likely facilitated some of the 
fi rst human encampments in Chile over 
14,000 years ago (Figure 1). 

At some well-preserved archeological 
sites along the California coast, ancient 
garbage pits called ‘middens’ show 
clear evidence of widespread shellfi sh 
collecting, but over time the evolution 
of improved fi sh hooks and cordage 
eventually allowed the capture of larger 
fi shes that are nearer to the top of the 
food web (said to be at ‘higher trophic 
levels’). Archeologists described this 
as ‘fi shing up the food web’, resulting 
in at least 12,000 years of maritime 
subsistence by steadily improving 
fi shing technology increasing harvest of 
higher quality foods (Figures 1 and 2).

The scenario of improving fi shing 
capacity, marketing and increasing 
human populations repeatedly resulted 
in local depletions and shifting target 
species. This has been documented for 
many locations. In the western North 
Atlantic, the fi rst people known to settle 
in Maine, USA, began eating shellfi sh 
Current Biology 29, R942–R995, O
and cod. This lasted for thousands of 
years; however, as cod became locally 
depleted, alternative fi sh at lower trophic 
levels were caught (i.e., fi shing down 
food webs; Figures 2 and 3). Although 
the fi shing impacts were likely very local 
from these people fi shing from canoes, 
it is clear that fi shing was changing 
the coastal fi shing fauna and this has 
continued over time (Figure 3).

It is not surprising that oceanic 
islands such as those found throughout 
the Caribbean required maritime skills 
for colonization. Coral reef fi shes are 
concentrated close to shore and were 
among the earliest foods found in 
middens from fi ve Caribbean islands. 
The average size of the fi shes declined 
over time as a result of greater losses 
among the fi shes at the top of the food 
web. As snapper and grouper fi shes 
became depleted, these early fi shers 
fi shed more heavily on herbivorous 
parrotfi shes. The indigenous people of 
the Caribbean were evidently ‘fi shing 
ctober 7, 2019 © 2019 Elsevier Ltd. R987
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down the food web’ and they had done 
this long before Columbus fi rst arrived to 
the region in 1492 (Figure 2).

Evolution of fi shing technology, its 
global reach and some ecosystem 
consequences 
Fishing technology has steadily evolved, 
resulting in greater diversity and 
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Figure 2. Diagrammatic characterization of food webs and historical exploitation. 
Marine foodweb and the trophic levels of the earliest records (in years before present) of dominant 
fi sheries. Fishing up foodwebs in the California islands and fi shing down foodwebs in coastal 
Maine and the Caribbean.
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Figure 3. Fishing down marine food webs over 
The dominant fi sheries in Maine, USA over time (x-a
(left half) shows Atlantic cod (an apex predator) do
recent and sharp decline in targeted trophic levels
and, after their depletion, seaweeds such as kelp. 
effi ciency in capturing marine resources 
(Figure 4). As a result of the Industrial 
Revolution, in the 1890s, the use of 
fossil fuel in fi sheries began with the 
deployment around the United Kingdom 
of steam-driven, coal-fueled trawlers, 
many times more effi cient than the best 
sailing vessels of the time. Diesel oil 
replaced coal as fuel, and fi shing vessels 
er 7, 2019
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xis) and their trophic level placement (e.g., Figure
minating fi sheries for thousands of years until th
. Since 1970, lobsters and new fi sheries targets 
Reprinted from Steneck et al. (2004) with permiss
grew in size and range, which translated 
into greater fi shing power, something 
other industrialized countries soon also 
acquired (Figure 5A). Local markets, 
which had earlier been supplying 
smaller, coastal fi sh low in the food 
web, such as herring and mackerels, 
became fl ooded with huge quantities of 
fi sh of all sizes, including previously rare,
larger bottom fi sh, such as giant halibut, 
and, later, pelagic fi sh, such as tuna 
and swordfi sh. However, with improved 
fi shing power and technology, targeted 
fi sh stocks began to decline fi rst locally 
(Figure 5B), then globally (Figure 5C). 
Here, we provide a few case studies 
illustrating some of the causes and 
consequences of exploitation of both 
the top and the bottom of food webs. 

We return to modern coastal 
Maine USA because it provides a 
well-documented example of the 
complicated ecosystem consequences 
of fi shing down marine food webs 
and adaptations within specifi c fi shing 
cultures. The fi shery-induced decline of 
coastal cod and other fi shes over the 
last century released prey species such 
as lobsters, crabs and herbivorous sea 
urchins from predation by carnivorous 
fi shes (Figure 3). Each of the ‘new’ 
resources became fi sheries targets. 
The American lobster fi shery began 
with mostly canned lobsters but 
became more popular and lucrative 
marketed live. Nevertheless, landings 
declined from the late 1800s and 
Sea urchin
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Sea cucumber
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Seaweed fishery begins
(now the fastest
growing marine
resource)
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have emerged, such as herbivorous sea urchins, 
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Figure 4. Diversity of fi shing technology with increasing scale and effects from left to right.
Fish traps and hook-and-line fi shing is most effective where fi sh are abundant and coastal. Over time more mechanized and larger fi shing capacity 
evolved to capture fi sh that were less abundant and farther offshore. Republished with permission of John Wiley and Sons Inc. from Chuenpagdee 
et al. (2003). 
collapsed between 1920 and 1940. 
Fisheries regulations had been largely 
ignored prior to the collapse, but when 
it occurred, important regulations 
supported by the fi shing community 
went into place to preserve the stock’s 
reproductive capacity and, more 
importantly, instilled a conservation ethic 
among fi shers to the point that they 
conserved the resource on which they 
depended. That, along with ineffi cient 
lobster traps, new regulations that 
preserve reproductive female lobsters 
resulted in increases of the American 
lobster to the point that it is currently the 
single most valuable fi sheries species 
in North America. The American lobster 
may be the only fi shery that has been 
fi shed for more than a century and is 
doing better today than when it began. 
This exception may be the result of 
a favorable climate, attributes of the 
species and the heavy modifi cation of 
the ecosystem in which this lobster lives 
since predators have been removed and 
lobster bait added to accelerate their 
growth.
Fishing down food webs often results
in herbivorous species becoming more 
abundant and then the new target. 
In Maine, fi shing for herbivorous sea 
urchins began in 1987, peaked in 1993 
but has since collapsed to an urchin-fre
seaweed dominated ecosystem today. 
Because the sea urchin is the region’s 
predominant herbivore, its decline 
resulted in a region-wide increase 
in the abundance of kelp and other 
seaweed. Such seaweed is habitat for 
myriad organisms but importantly is an 
excellent nursery habitat for predatory 
crabs that consume settling sea 
urchins. The seaweed harbors juvenile 
and adult crabs that attack adult sea 
urchins, suppressing their populations 
and maintaining the ecosystem in an 
alternative urchin-free stable state. 

The declines of fi sheries are generally
documented one case at a time, 
as unconnected events. However, 
these declines are the unavoidable 
consequence of the expansion of 
fi sheries mentioned above, which all 
industrial countries participated in (the 
Current Biolo
US, Japan, Spain, the former Soviet 
Union, and others, eventually including 
China, currently the country with the 
largest distant-water fl eet). Distant-water 
fl eets do not aim for sustainability, but for 
high catches in a region, then move on to 
another. And they make it appear — for 
a while at least — unnecessary to rebuild 
the stocks in the waters of the countries 
in which they fi shed. 

Gathering data from all fi sh stocks 
from the world’s Large Marine 
Ecosystems, a more complete but 
complex picture emerges. Overall, as 
fi shing effort has increased, fi sheries 
landings have increased but over time 
the fi shes that were targeted have been 
declining (Figure 5). Global depletion 
is evident in Japanese longline fi shing 
records between 1952 and 1979 
(Figure 6). It is now clear that fi shing 
effects are global. Also, importantly, the 
global costs of catching fi sh has also 
increased because the distances from 
home ports have increased. 

The way fi sheries have changed, 
especially as the phenomenon known 
gy 29, R942–R995, October 7, 2019 R989
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Figure 5. Increasing fi shing effort, landings and depletions.
(A) Global increases in effective fi shing effort by broad geographic areas. (B) Fisheries landings 
in the UK showing increasing landings with improved fi shing technology but a gradual decline 
in recent years. Landings were sharply curtailed by World War I and II. (C) Global landings since 
1950 show a peak in the 1990s followed by a gradual decline. Under-reporting of actual catch 
gave the impression of lower landings and a more gradual rate of decline. Data for fi gure is from 
Anticamera et al. (2011), Thurston et al. (2010), and Pauly and Zeller (2016).
as fi shing down marine food webs has 
become more widespread, has resulted
in some large-scale trophic cascades. 
This is where reduced top-predators 
release so-called mesopredators with 
complicated interactions. Examples 
R990 Current Biology 29, R942–R995, Octobe
from the Baltic, Africa, North Atlantic, 
North Pacifi c and elsewhere illustrate 
the scope of this impact on marine 
ecosystems. 

One well studied example from the 
Aleutians found that where the sea 
r 7, 2019
otter was extirpated populations of 
their predominant food, the sea urchin, 
increased impressively, leaving over-
grazed sea urchin ‘barrens’. Due to 
conservation actions, overharvested 
sea otters rebounded from a low in 
the 1960s to a peak in the 1980s. As 
a result, sea urchin prey declined, 
allowing kelp forests to become 
reestablished. Since then a new ripple 
appeared when the overharvesting of 
whales resulted in North Pacifi c killer 
whales shifting their diet to sea otters. 
This released sea urchins from sea otter 
predator control and overgrazed sea 
urchin barrens have reappeared along 
the entire Aleutian archipelago.

Importantly, fi shing removes 
organisms that perform specifi c 
ecological functions. For example, 
forage fi sh, such as anchovy, that 
feed on plankton and effectively 
convert ocean productivity from 
phytoplankton and zooplankton into 
fi sh that have historically supported 
myriad organisms such as seabirds, 
seals and whales. Forage fi shes occur 
in all of our world’s oceans. However, 
huge quantities of forage fi shes are 
harvested annually to feed salmon 
in Norway and poultry in China. The 
resulting declines of forage fi shes are 
thought to have contributed to a global 
decline in seabirds. 

There are many other examples of 
fi sheries-induced declines having ripple 
effects throughout the ecosystem. For 
example, some fi sh and turtle species 
eat jellyfi sh and in areas where those 
predators have declined, jellyfi sh 
populations have exploded. This has 
been documented in the Black Sea 
but several other regions have similarly 
reported explosions of jellyfi sh.

Climate change: fi sh stocks on the 
move as their habitats shrink 
Biogeographers have known for nearly 
two centuries that ocean temperatures 
affect the biology and distribution of 
fi shed species. Thus, as the oceans 
warm, the bulk distribution of many 
species move poleward as they seek to 
remain in waters with temperatures to 
which they are adapted. 

Warmer seas hold less oxygen, while 
fi sh and marine invertebrates require 
more oxygen at higher temperatures. 
That, along with the oxygen consumed 
by microbes, creates an ocean unable to 
support abundant fi sh or invertebrates. 
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Figure 6. Fishing catch rates by the Japanese fi shing fl eet (catch per 100 hooks) from 1952 to 1979.
This illustrates the global increase in fi shing effort and impacts in recent decades. Colored squares show the spatial extent of fi shing beginning in 
the western Pacifi c. Red and yellow squares show the higher catch rates were farthest from shore. Fishing expanded with high catch rates in the 
southern hemisphere by the late 1950s. However, by the 1960s only the southern oceans maintained high catch rates. By the 1980s nearly all areas 
of the world’s oceans were recording extremely low catch rates. Reprinted from Meyers and Worm (2003) with permission from Springer Nature: 
Nature © 2003. 
This may be one of many stresses that 
directly or indirectly implicate human 
activity as a big part of the problem. Fish 
kills from warm, low-oxygen water is not 
uncommon. As vegetated watersheds 
give way to human dwellings, pavement, 
and over-fertilized crops and lawns, 
low oxygen seafl oor ‘dead zones’ have 
steadily increased. As a result, today 
there are more uninhabitable areas for 
fi shes in the world’s oceans than ever 
before. 

As fi shed species become rare, the 
effi ciency of the hook and line fi shing 
method declines. Fishers unable to 
make a living with hook and line fi shing 
move to trawl net fi shing. These are 
sometimes huge and can fl atten the 
seafl oor and the organisms that live 
there. This fi shing method has been 
described as clear-cutting vast undersea 
forests. It has the ability to reduce the 
nursery habitat for some fi sh species 
with effects that last long after this mode 
of fi shing has ceased. 

Our main point here is that fi shing 
has very deep historical roots that 
extend from the fi rst people arriving 
to coastal zones worldwide. The 
Anthropocene as the ‘human-dominated
geological epoch’ may simply be the 
coalescing of ever increasing footprints 
of fi sheries impacts. Nevertheless, 
demand keeps increasing. Most pelagic 
and bottom dwelling fi sh species are 
declining worldwide in body size and in 
abundance. 

Aquaculture keeps being promoted 
as the solution for our overfi shed stocks
and the best way to combat food 
insecurity. However, most economically 
successful aquaculture ventures provide
high priced product that can reach the 
market quickly. Shrimp and salmon are 
good examples but those taxa do not 
contribute to food security; in fact, they 
add to fi sh demand, because of the 
fi shmeal they require as feed. Managers 
and policy makers might consider 
the larger benefi ts of sustainably 
harvesting forage fi shes directly for 
human consumption rather than as 
feed for higher trophic level fi shes such 
as salmon or poultry. That, along with 
Current Biolo
begin to reduce the impacts observed 
with fi shing through the Anthropocene.
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Psychology and 
climate change
Susan Clayton

Humans are having a fundamental 
impact on environmental conditions 
in the current era: hence the 
increasing use for this era of the term 
‘Anthropocene’. The climate change 
resulting from this impact is thus better 
understood as a human problem, rather 
than an environmental problem. Early 
explorations of climate change focused 
on the physical sciences in order to 
answer questions about the processes 
by which greenhouse gasses affect the 
climate, and about the climate changes 
that were likely to result; but as we have 
gained understanding and certainty 
about these processes (though our 
understanding is far from complete), 
other questions have emerged with 
increasing urgency. Why have people 
not changed their behavior to mitigate 
the problem, or mobilized to demand 
policy changes? How will people be 
affected? What adaptations will allow 
society to be resilient in the face of 
climate change?

As a science focused on the 
exploration of human cognition, 
behavior, and wellbeing, psychology 
has an important role to play in 
understanding human responses to 
climate change. In this Primer, I will 
discuss three different areas in which 
psychological research is relevant: 
public perceptions of climate change; 
impacts of climate change; and 
behavioral changes in response to 
climate change. 

Perceptions of climate change
A well-established fi eld of research 
on risk perception has resulted in 
models and fi ndings that can help to 
understand peoples’ perceptions of 
the risk presented by climate change. 
Unfortunately, misperceptions of 
climate change are overdetermined, 
having multiple causes. Some of these 
are rooted in cognitive challenges. 
Climate change is diffi cult to 
understand, and many people do not 
comprehend the complex systems 
that connect human behavior to global 
climate. Furthermore, humans are not 

Primer good at coping with uncertainty, and 
routinely misperceive probabilities; 
they are also inclined to focus on the 
short-term rather than the long-term, 
engaging in temporal discounting that 
assigns less weight to the future than 
to the present. People are also overly 
infl uenced by things that are easy 
to visualize, rather than amorphous 
and abstract possibilities such as an 
average increase in temperature; this 
may partly explain why so many people 
focus on particular weather events 
(storms, heat waves) rather than on 
climate when trying to understand 
climate change. Some evidence 
suggests that personal experiences 
of unusual weather predicts ‘belief’ in 
climate change, and even that people 
are more likely to accept climate 
change when the temperature is warm 
than when it is cool.

Limitations on cognitive abilities 
are not the only barrier: emotional 
responses also make it diffi cult 
for people to accept the reality of 
climate change. Although some 
people’s emotional responses are 
minimal, leading to a problematic 
lack of urgency, messages that are 
too frightening may elicit a defensive 
response, such as denial of the facts 
or mistrust of the messenger. People 
are also motivated to defend not 
only a belief in their own safety, but 
also an ideological support for their 
way of life, a phenomenon described 
as system justifi cation. It is diffi cult 
to accept that a system one has 
accepted as more or less fair, such 
as the Western lifestyle, could be 
responsible for ecological catastrophe. 
A similar phenomenon occurs when 
one’s worldview is incompatible with 
an acceptance of climate change, as 
can be seen in religious communities, 
whose faith in a benevolent and all-
powerful deity, and belief that the earth 
has been created for humans to use, 
are challenged by the idea that people 
could infl ict irreversible damage on 
the environment. If one has benefi tted 
fi nancially or socially from the current 
sociopolitical system, there is even 
greater motivation to avoid calling it 
into question because of the perceived 
fi nancial or social risks of change. 
There is evidence that powerful actors 
with fi nancial or political interests 
at risk have invested in deliberate 
miscommunication campaigns to 
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