
Time Periods, Geography, and Analysis
We recognize three different but overlapping
periods of human impact on marine ecosys-
tems: aboriginal, colonial, and global. Ab-
original use refers to subsistence exploitation
of near-shore, coastal ecosystems by human
cultures with relatively simple watercraft and
extractive technologies that varied widely in
magnitude and geographic extent. Colonial
use comprises systematic exploitation and de-
pletion of coastal and shelf seas by foreign

mercantile powers incorporating distant re-
sources into a developing market economy.
Global use involves more intense and geo-
graphically pervasive exploitation of coastal,
shelf, and oceanic fisheries integrated into
global patterns of resource consumption, with
more frequent exhaustion and substitution of
fisheries. In Africa, Europe, and Asia, these
cultural stages are strongly confounded in
time and space, so that their differential sig-
nificance is difficult to establish. However, in

the Americas, New Zealand, and Australia
the different stages are well separated in time,
and the aboriginal and colonial periods began
at different times in the different regions.
Thus, we can distinguish between cultural
stages, as well as between human impacts and
natural changes due to changing climate.

The addition of a deep historical dimen-
sion to analyze and interpret ecological prob-
lems requires that we sacrifice some of the
apparent precision and analytical elegance
prized by ecologists (1, 13, 14). Paleoeco-
logical, archaeological, and historical data
were collected for many purposes, vary wide-
ly in methods of collection and quality, and
are less amenable to many types of statistical
analysis than well-controlled experiments.
But none of these problems outweighs the
benefits of a historical approach. Clearly, we
cannot generate realistic null hypotheses
about the composition and dynamics of eco-
systems from our understanding of the
present alone, since all ecosystems have al-
most certainly changed due to both human
and natural environmental factors (8, 16, 27,
28). Here, we briefly review long-term hu-
man impacts in several key marine ecosys-
tems. These reconstructions provide insight
into the nature and extent of degraded eco-
systems that point to new strategies for mit-
igation and restoration that are unlikely to
emerge from modern monitoring programs.

Kelp Forests
Kelp forests characterize shallow, rocky hab-
itats from warm temperate to subarctic re-
gions worldwide and provide complex envi-
ronments for many commercially important
fishes and invertebrates (29). Northern Hemi-
sphere kelp forests have experienced wide-
spread reductions in the number of trophic
levels and deforestation due to population
explosions of herbivores following the re-
moval of apex predators by fishing (Fig. 1, A
and B). Phase shifts between forested and
deforested states (the latter known as “sea
urchin barrens”) result from intense grazing
due to increased abundance and altered for-
aging patterns of sea urchins made possible in
turn by human removal of their predators and
competitors (7, 8, 30–32).

The kelp forest ecosystem of the Northern
Pacific arose during the last 20 million years
with the evolution of kelps, strongylocent-
rotid sea urchins, sea otters, and the extinct
Steller’s sea cow (6). Sea cows were widely
distributed across the northern Pacific Rim
through the Late Pleistocene. They may have
been eliminated from most of their range by
aboriginal hunting at the end of the Pleisto-
cene and in the early Holocene, because they
survived thousands of years longer in the
western Aleutian Islands that were not peo-
pled until about 4000 yr B.P. (6). By the time
of European contact in 1741, sea cows per-

Fig. 1. Simplified coastal food webs showing changes in some of the important top-down
interactions due to overfishing; before (left side) and after (right side) fishing. (A and B) Kelp forests
for Alaska and southern California (left box), and Gulf of Maine (right box). (C and D) Tropical coral
reefs and seagrass meadows. (E and F) Temperate estuaries. The representation of food webs after
fishing is necessarily more arbitrary than those before fishing because of rapidly changing recent
events. For example, sea urchins are once again rare in the Gulf of Maine, as they were before the
overfishing of cod, due to the recent fishing of sea urchins that has also permitted the recovery of
kelp. Bold font represents abundant; normal font represents rare; “crossed-out” represents extinct.
Thick arrows represent strong interactions; thin arrows represent weak interactions.

27 JULY 2001 VOL 293 SCIENCE www.sciencemag.org630

E C O L O G Y T H R O U G H T I M E

 o
n 

Ja
nu

ar
y 

2,
 2

01
3

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 

http://www.sciencemag.org/

