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Response to Comments on
“Impacts of Biodiversity Loss on
Ocean Ecosystem Services”

Boris Worm,** Edward B. Barbier,? Nicola Beaumont,® J. Emmett Duffy,* Carl Folke,>®
Benjamin S. Halpern,” Jeremy B. C. Jackson,®° Heike K. Lotze,* Fiorenza Micheli,*®
Stephen R. Palumbi,*® Enric Sala,® Kimberley A. Selkoe,” John ]. Stachowicz,™* Reg Watson?

We show that globally declining fisheries catch trends cannot be explained by random processes
and are consistent with declining stock abundance trends. Future projections are inherently
uncertain but may provide a benchmark against which to assess the effectiveness of conservation
measures. Marine reserves and fisheries closures are among those measures and can be equally
effective in tropical and temperate areas—but must be combined with catch-, effort-, and gear
restrictions to meet global conservation objectives.

hat is the role and status of marine

‘ " / biodiversity in sustaining ocean eco-
system services such as food supply,

water quality control, and ecosystem stability?
In our recent study, we addressed this question
using meta-analysis of published experimental
data, historical time series, global catch trends,
and studies of marine reserves and fisheries clo-
sures (/). We found that in all of these indepen-
dent data sets, biodiversity was positively related
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to productivity, stability, and the supply of eco-
system services. The comments by Wilberg and
Miller (2), Jaenike (3), and Holker et al. (4)
focus almost exclusively on our usage of catch
trends and our projection of a possible fisheries
collapse after accelerated biodiversity loss.

First, Wilberg and Miller (2) argue that under
certain assumptions, a random process may gen-
erate declining trajectories in the global catch
data that are similar to observed trends. They
hypothesize that the increasing proportion of
time series that fall below 10% of the maximum
catch (our operational definition of collapse) could
be a simple, accumulating function of time. If
this were the case, recovery after a collapse would
certainly occur. Yet in reality, recoveries of col-
lapsed stocks are often rare, as discussed below.
Furthermore, their supporting formula assumes an
independent, identically distributed (iid) times
series. However, the assumption of independence
among data points does not hold for the autocor-
related random series that they use in their simula-
tions, nor for the catch data that we used in (7).

Despite these shortcomings, we were able to
test Wilberg and Miller’s hypothesis that in-
creasing length of time series is correlated with
increasing likelihood of collapse across large
marine ecosystems (LMEs). We used all avail-
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able fisheries catch data from the catch database
of the United Nations Food and Agriculture Or-
ganization (FAO) and other sources, as outlined
in (/). Results show that for the 64 LMEs in-
cluded in our original study, there is no relation
between the average start year of a fishery and
the likelihood of a collapse (Fig. 1A). This means
that ecosystems that have been fished for longer
do not necessarily show more frequent collapses.
Furthermore, there is an inverse correlation be-
tween the average lifetime of a fishery (the length
of time over which it produced catches) and the
proportion of fisheries that are collapsed (Fig.
1B). This refutes the idea that longer catch series
are more prone to collapse than shorter ones, as
suggested in (2).

Wilberg and Miller further note that the
causes for a 90% decline in catch could be
complex and do not necessarily indicate over-
exploitation (2). We agree, and emphasize that
the purpose of our study was not to test hypothe-
ses about the putative causes of declining fisheries
but to elucidate the role of marine biodiversity
for stabilizing fisheries catches and other eco-
system goods and services. Although there may
be disputes about driving causes in individual
cases, for global fisheries as a whole there is no
reasonable doubt that most major declines in
stock biomass and in corresponding yields are
due to unsustainable levels of fishing pressure
(5-8). Global assessments of stock biomass (7)
support our conclusions that a large fraction of
the world’s fished biodiversity is overexploited
or depleted (24% of assessed stocks in 2003),
that this fraction is increasing (from 10% in 1974),
and that recovery of depleted stocks under intense
management is still an exception (1% in 2003).
An in-depth analysis of fish stock collapse and
recovery using available abundance data (not
catches) also concluded that there is little evi-
dence for rapid recovery from prolonged declines
(9). This undermines Wilberg and Miller’s argu-
ment of a random process, because population
recovery should be just as likely as collapse under
their assumption.

In a second comment, Jaenike (3) focuses on
the statistical model used to approximate time
series trends from global catch data. He points
out the clustering of points above and below the
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Table 1. Meta-analysis of tropical versus temperate protected areas. Log response ratios (InR) were
calculated for variables with three or more study sites (N) in each category. Cl, confidence interval.

Tropical areas

Temperate areas

Response variable

N lnR 95% Cl N lnR 95% CI
Species richness 25 0.090 —0.08 to 0.26 18 0.250 0.15 to 0.34
Fishable species 19 0.040 —0.06 to 0.15 12 0.050 —0.12 to 0.22
Catch per unit effort [3 0.500 0.25 to 0.76 3 1.120 0.36 to 1.88
Variability 8 —-0.330 —0.62 to —0.03 14 —-0.110 —0.35 to 0.13

regression line that we have fitted to the time
series [figure 3A in (/)]. We note that this is a
normal feature of any autocorrelated time series
(10). Jaenike then applies an ad hoc piecewise
regression model to the latter part of the catch
series (1967 to 2003) and shows that a different
projection ensues if that model is used to extra-
polate into the future. Breaking the time series at
1967 would only be justified if a different pro-
cess were driving the latter part of the time series.
This assumption is not backed by any mecha-
nism, such as a change in management at that
time. We agree with his general point, though,
that not too much reliance should be given to
any one model and that alternative models are
possible (for example, a logistic regression would
be an obvious choice). Likewise, future projec-
tions from such alternative models would yield
different results but would involve equally strong
assumptions about the dynamics of global fish-
eries. This, however, was not the point of our
study. Rather, we sought to highlight that there is
a progressive and consistent loss of the bio-
diversity that fuels our fisheries. This trend is
negative and increasing, no matter which model
is applied to approximate it. It is seen in all the
available data, including the FAO report on the
status of world fisheries, which is based on stock
assessments rather than catch trends (7). We
therefore stand by our conclusion that the ero-
sion of marine biodiversity is threatening world
seafood supplies and emphasize that the protec-
tion and restoration of biodiversity must be a
cornerstone of any rational management regime.

In a third comment, Holker et al. (4) state
that, with respect to future projection of catch
trends, it is generally problematic to extrapolate
outside the range of available data. Although we
agree in principle, a strict adherence to this rule
would preclude any use of trend analysis to ex-
plore future scenarios. Our study (/) drew atten-
tion to the fact that fisheries depend on a limited
number of available taxa and that there was a
monotonic trend of declining catches affecting
an increasing number of taxa since 1950. We
believe that it is appropriate to ask how long this
trend could continue before reaching a global
limit. This does not amount to a prediction of

what is going to happen, nor to an analysis of
underlying mechanisms, but it does raise legiti-
mate concerns about the direction of the trend.
This reasoning is well accepted in population
viability analysis, for example, where projections
can span several hundred years (/7). We acknowl-
edge that such projections are generally uncer-
tain and may be used best as scenarios, hypotheses,
or benchmarks against which to measure future
progress in fisheries management and biodiver-
sity conservation.

Such progress will rely on the broad imple-
mentation of effective conservation measures.
Marine reserves and fisheries closures have re-
ceived much recent attention because they can
generate rapid conservation and fisheries bene-
fits (12, 13). We showed that such benefits typ-
ically include an increase in species diversity
and a restoration of services associated with the
productivity and stability of the ecosystem (/).
Holker et al. question the generality of that anal-
ysis. They suggest that our database was biased
toward tropical areas; we note, however, that
temperate reserves constituted 40% of the avail-
able data. They further ask whether reserves or
closures would enhance biodiversity and eco-
system services equally in tropical and temperate
areas, and whether they could benefit groundfish
or pelagic fisheries. We used meta-analysis of our
published database (/) to compare responses to
protection between temperate and tropical areas
(Table 1). Responses were similar in direction,
but diversity and catch per unit effort increased
more in temperate areas, whereas temporal var-
iability was reduced more in tropical areas. We
also note that several prominent examples of
groundfish recovery were associated with temper-
ate closures (/4—16). These results suggest that
marine reserves and fisheries closures in temper-
ate areas result in increased fish abundance and
the recovery of biodiversity, similar to what has
been observed in the tropics. Unfortunately, we
cannot presently assess the specific effects of
closures on pelagic fisheries because of a lack of
published data. Simulations indicate that large-
scale movements of target species and their
fisheries may complicate both the siting and the
assessment of marine reserves aimed at restoring

pelagic biodiversity (/7-19). We emphasize that
closures and reserves are not a panacea and
need to be augmented by other measures to re-
duce total fishing mortality and rebuild depleted
marine populations (8). This is particularly true
for highly mobile pelagic species. Designing
cost-effective instruments to limit catch, fishing
effort, and the use of unselective fishing gear are
crucial steps to ensure the sustainability of fish-
eries that depend on these species (8, 20).

We conclude that our discussion of a pos-
sible seafood collapse has focused much atten-
tion on patterns and trends in global fisheries.
Although future projections of such trends can
be informative benchmarks, they do not repre-
sent necessary outcomes. We have attempted to
refocus attention on what is known now. The on-
going erosion of marine biodiversity is exceeding-
ly well documented, as are some of the functional
and societal consequences (e.g., 1, 8, 9, 19).
There is also a clear understanding of what past
mistakes we need to avoid and what we can
learn from recent successes, (e.g., 3, 6, 8, 12).
Whether ocean ecosystems continue on a tra-
jectory of decline, whether they stabilize, or
whether they recover on a large scale will thus
depend on our collective societal choices.
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