
The Human Conquest 
of the Earth and the Oceans

Ocean Conservation Masterclass
(Lecture 2 of 10)

University of Western Australia
Perth, May 22, 2017

d.pauly@oceans.ubc.ca

Daniel Pauly
Sea Around Us

University of British Columbia, 
Vancouver, Canada



Modern human (Homo sapiens) emerged in East Africa about 200 ky, and evolved 
from earlier forms that ultimately go back to bipedal apes.  The key difference 
between modern humans and their predecessor was probably language  (as 
opposed to various vocalizations as occur, e.g., in birds). 

Language was a ‘killer app’, enabling efficient transmission of knowledge, planning 
and symbolic thinking. We ceased to be prey, and became efficient predators.



First evidence of collecting: 165 ky ago, South Africa

Marean et al. (2007, Nature)



First case of overfishing: Eritrea, Red Sea, 125 ky ago

Richter et al. (2008, Current Biology)



First evidence of harpoons, Congo, 80-90 ky ago

Yellen et al. (1995, Science)



Out of Africa: note 
alternative routes, i.e., 
the Middle East (100 ky
ago), and more likely 
through Yemen (about 
70 ky ago)



The Kelp 
Highway

Two competing 
hypotheses…

The land 
passage



• Kelp highway 
suggests movement of 
maritime people from 
Asia to the Americas 
at the end of the 
Pleistocene (11.7 ky
ago);

• interior sites evidence 
13,000 BP, but lack of 
coastal shell middens
older than 10 ky;

• kelp: ~21 species in 
the North Pacific, 
water <20 0C, which 
reduce nearshore 
wave energy and 
provide holdfasts for 
boats.



The animal genera we rendered extinct soon after our arrival…

Modified from Barnovsky et at. (2004) and Wells (2002)



Then, we invented agriculture, which also 
spread throughout the world…



…along with deforestation, 
erosion and desertification. 



Austronesian migrations and the peopling 
of the Pacific and Madagascar



European Medieval to Modern Period 
• 11th century: Christianity makes meatless Fridays and 

Lent compulsory and fisheries head to the sea (turtles and 
marine mammals also seen as ‘fish’)- which meant 130-
150 fish-only days per year;

• 14th century: sailed trawling invented; Europe expands 
the geographical base of its economy;

• 15th century: cod fishing expands through the northwest 
Atlantic; cod, herring, and other marine fishes account for 
60 to 80 percent of fish bones in  archaeological 
assemblages;

• First circumnavigation of the Earth completed in 1522.  
Europe expands globally, and so do its fishing methods.



Then, 
industrialization 
spread from 
Britain…

…to the world (here 
as measured by steel 
production). 



At first they 
caught a lot…

…then, they  
caught less…



From war tous court
to the war on fish

• 1880s: steam trawler
• post WWI: diesel 

engines;
• post WWII : radar, 

acoustic fish finders, 
sonar, spotter planes, 
on-board freezers, 
satellite navigation…



t/km2         

The response to local depletion in industrialized 
countries was expanding the reach of their 
fisheries, as illustrated by Spain in the 1950s...

see www.seaaroundus.org



t/km2         

Now, Spain’s fisheries cover the whole world 
(as do the fisheries of France, Japan, etc.) 

see www.seaaroundus.org
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Consider that food webs can be seen as pyramids….



Satellite data showing the spatial distribution of photosynthetic pigments in the ocean, which are usually high 
in coastal waters, and very low in the 5 central gyre of the oceans…

SeaWiFS
data, NOAA



Thus, we can use PPR to illustrate how the footprint of 
fishing on the ocean has spread, as shown the fraction 
of marine ‘primary production’ required by fisheries in 
the 1950s…

0% 30%



2000s

0% 30%

and compare that with the distribution of PPR in 
the 2000s…



We can see how the oceans are being expanded into…

Swartz, Sala, Watson and Pauly (PLoS ONE, 2010)



The world’s fisheries catches are much higher than officially reported, and declining since 1996.
(see www.seaaroundus.org)

Pauly & Zeller (Nature Comm. 2016)



We can also map the footprint (or ‘seafoodprint’) of 
reconstructed catches, here for the 1950s… 

see www.searoundus.org 



…and in the 2000s…

see www.searoundus.org 



New findings (w/ reconstructed catches)

• On average, the PPR for fisheries in the world 
ocean is over 10 %, not 8% and surely not 2% 
as previously estimated;

• PPR for fisheries varies from 2% in the open 
ocean to 40-50 % on shelves;

• More analyses still need to be performed using 
PPR, e.g., to compare between countries (see 
www.seaaroundus.org).



Types of fishing gears



A particularly harmful get: the bottom trawl



Western 
Indonesia,
1975

I was witness (and participant) in such destruction



Western Indonesia, 1975



The results of all this: fishing 
down marine food webs

• ‘Fishing Down’ 
occurs throughout 
the world. 

• Catch data can be 
used to demonstrate 
the existence of this 
phenomenon, though 
it occurs at the level 
of ecosystems.

Pauly et al. (1998, Science)



Let’s look at it in 
some detail…

A. Pristine
ecosystems

C. Future
ecosystems

B. Present
ecosystems



A. Pristine
ecosystems

• Abundant large, long-lived, high trophic-
level predators (incl. fish and turtles that 
eat jellies); 

• Moderate populations of small pelagic 
fishes, and of opportunistic invertebrates 
(cephalopods, shrimps, jellyfish);

• Clear waters, due to (1) consumption of 
excess primary production by abundant 
bottom animals and (2) consolidation of 
bottom substrate by biogenic structures;

• Predation and competition by long-lived 
benthos challenge settling polyps. 



For pristine ecosystems, see the 
National Geographic Channel* 

*And note that they have to go father and farther to shoot their films…



B. Present
ecosystems

• Decline of high 
trophic-level 
species;

• Initial increase of 
mid sized and mid 
trophic-level 
species, then 
subsequent decline 
of same;

• Increase of small, 
opportunistic 
species supporting 
valuable fisheries 
(shrimps, crabs, 
squids and now 
jellyfish).

• Decline of benthos cover, 
which reduces  predation 
on, and competition for 
polyps;

• Localized transition to 
eutrophic waters on top of 
the muddy areas 
generated by trawlers.



• Ecosystem dominated by small fishes 
and invertebrates, notably jellyfish;

• Re-suspension of sediments by 
storms and bottom trawling injects 
nutrients into water column;

• High primary production;
• Microbial process dominate, and 

system susceptible to invasions and 
harmful algal blooms and jellyfish;

• Benthic processes dominated by 
anoxic events, i.e., ‘dead zones’, and 
growth of polyp fields. 

C. Future
ecosystems



The Chinese coastal fisheries provide a good 
example of what ‘Fishing down’ leads to…

Nearly the End



The JBLT  by J. Jacquet  (Science…) The End
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