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An extensive literature has appeared since 1990, based on the study of ‘no-take’ marine reserves
and their potential to make significant contributions both to conservation and the management of
fisheries, especially in tropical environments (e.g. Polunin 1990; Roberts & Polunin 1991;
DeMartini 1993; Roberts 1997; Allison et al. 1998; Guénette ef al. 1998). The literature describes
many potential benefits of marine reserves to fisheries, including increases in spawner-biomass-
per-recruit and increases in larval supply from protecting ‘source’ populations (Jennings 2000).
The important word here is ‘potential’. Some claims made by advocates of marine reserves might
be regarded as optimistic, whereas critics of reserves might sometimes have been unduly harsh.
Conservation goals for marine reserves are often poorly defined, and differences of opinion
regarding the efficacy of reserves for fulfilling any of their stated goals can frequently be
attributed to a lack of good information with which to predict their effects. Here, we critically
examine the literature from 1990-2001 to determine (1) the relative effort put into empirical and
theoretical approaches to predict reserve effects, and (2) the quality of empirical evidence
available to support theoretical predictions. It is not the purpose of this article to single out
particular studies for criticism (although this is sometimes inevitable to provide examples), nor to

draw conclusions concerning the efficacy of marine reserves.

Our purpose is to examine the science, rather than politics, of the field of ‘marine reserves’. We
examined the relevant peer reviewed primary literature from 1990-2001 by searching the Current
Contents and Science Citation Index (ISI) databases using the keywords ‘marine reserve’ found
anywhere in a paper. Also included were papers that were not in the search databases but were
cited in papers that were (these included refereed proceedings of symposia but excluded book
chapters and unpublished reports). Only studies that directly investigated the effects of reserves
were included. Many articles that explored specific biological issues mentioned marine reserves
incidentally in the discussion. These were removed from the analysis, as were those concerned
solely with policy, management or advocacy. The remaining papers (n = 205) were classified
into three groups: empirical (presenting field data from existing reserves), theoretical (conceptual
or numerical modelling studies), and review (including notes and ideas papers based on other
literature). With few exceptions, empirical papers reported some positive impact of the marine
reserve or reserves under study, so these were carefully examined to determine (1) the robustness

of the survey design, and (2) the effect size.



Approaches to reserve study — trends in the literature

We found that the number of empirical field studies has been climbing at a fairly consistent rate
over the last ten years, but has recently been lagging behind the combined publication rate of
reviews and theory (Fig. 1). Reading the latter papers, it is apparent that much of their raison
d’étre is advocacy for the establishment of marine reserves in parts of the world that lack them,
rather than real attempts to contribute to the science of the field. The difference between science
and advocacy in this field is becoming increasingly blurred (Polunin 2002), and we may soon be
in the unusual situation of being faced with a greater number of reviews than there is reviewable

material.

The amount of attention given to theoretical work has also increased markedly since 1997.
Despite the increasing number of fisheries models that infer potential consequences of marine
reserves (e.g., Polacheck 1990; Dugan & Davis 1993; Rowley 1994; Allison et al., 1998;
Bohnsack 1998), published evidence to empirically judge these models and their underlying
assumptions is considerably more rare than might be expected. We regard science as a process
for learning about nature in which competing ideas about how the world works are tested against
systematic observations and experiments (Feynman 1985; Hilborn & Mangel 1997).
Unfortunately, because of this dearth of data the models have little opportunity to compete
against one another under the scientific process. Furthermore, the proliferation of models and
reviews has resulted in model assumptions evolving into accepted paradigms, a case of ‘What

everybody says must be true’ (Simpson 1993).

The speculative conclusion that marine reserves will be effective management tools can be

obtained from simple behavioural and demographic assumptions. These include:

(1) Where movement range of individuals is small relative to the size of the reserve, those
individuals are spatially isolated from fishing mortality and density within the reserve will be
higher than in comparable fished areas.

(2) Elevated densities within the reserve will result in net emigration of biomass from the reserve
to fished areas, either by random diffusion (Beverton & Holt 1957) or density-dependent
processes (specifically “spillover”) (Kramer & Chapman 1999).
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(3) Unfished populations of fishes are composed of relatively larger individuals, which have
greater fecundity, and hence reserves will act as more productive sources of gametes than
comparable fished areas.

The magnitude of the effect may also be speculated in some cases. For example, if adult fish are

sedentary then it could be postulated that reserve density will increase to carrying capacity (e.g.,

Hastings & Botsford 1999).

While such speculations are intuitive, they often appear in the literature as logically true
assertions. However, these deceptively reasonable speculations are each dependent on underlying
assumptions about behaviour, ecology, and the fishery. It is logically true that preventing fishing
in particular areas will eliminate direct fishing mortality and stop the destruction of habitat
caused by contact fishing gears (Collie et al. 2000). However, it is imprudent to make untested
assertions about the primary consequences of reserve protection on fish population dynamics, and
then to extrapolate those effects to fishery-level predictions. Typical predictions of fishery
enhancement could be invalidated for a number of reasons, including displaced fishing effort
around the reserve boundary (e.g., Parrish 1999), recruitment limitation (e.g., Doherty & Fowler
1994), self-recruitment rather than larval export (Leis 2002), irreversible changes in species
assemblages, and any number of unknown causes due to the underlying complexity of the
ecosystem. Without empirical substantiation, predictions of fishery enhancement are deductions
based on circumstantial evidence and ancillary information. Furthermore, even if model
assumptions are logically correct, it is not sufficient to test only for the existence of reserve
effects. Of real relevance is the magnitude of an effect and the certainty (or lack thereof) that

surrounds estimates of it.

We use the issue of recovery of density within reserves (assumption 1 above) as an example of
how little evidence exists to substantiate the basic responses of fish populations to reserve
protection. We note here that this does not mean to imply that reserves fail in their objectives (we
have ourselves documented large responses of exploited fishes to reserve protection), but that the
quantity of good scientific evidence is not as extensive as a cursory examination of the literature

might indicate. Absence of evidence is not evidence of absence.



The quality of empirical evidence for recovery within reserves

Many recent papers contain statements within their introductions along the lines of “It is well
known that exploited species exhibit increases in density and mean size within reserves”,
supported by a number of citations. A closer look at the cited papers shows that many are review
articles (which themselves rely on reference to earlier reviews such as Roberts & Polunin 1991;
Rowley 1994). Of the empirical studies cited, most present ambiguous evidence for recovery (see

Jones et al. 1993; Rowley 1994; Edgar & Barrett 1997).

Detection of recovery of fish density in marine reserves often suffers from lack of rigour in the

design of field surveys (e.g., Hurlbert 1984; Stewart-Oaten et al. 1986; Underwood 1990, 1993).

As Underwood (1990) pointed out, studies lacking replication cannot be logically interpreted. In

the marine reserve context there are many reasons why researchers might have limits on their

sampling designs. However, a critical evaluation of the experimental designs employed by many
published studies brought to light the following problems with replication and lack of control
sites:

(1) insufficient sample replication (e.g., only one site sampled inside and outside a reserve, or no
control sites sampled at all)

(2) spatial confounding (e.g., all control sites located only at one end of the reserve, so that
comparisons are confounded by unknown location effects)

(3) lack of temporal replication (most studies consist of surveys done at only one time)

(4) lack of replication at the reserve level limiting the generality of results (although in many
cases this reflects the number of reserves available).

(5) non-random placement of reserves, i.e. often reserves are sited to include “special” or unique
features, which causes difficulties in selecting valid control sites (this is obviously no fault of
the researchers).

To date, there are no well designed studies that avoid the above problems as well as possessing a

time series of ‘before’ and ‘after’ data. However, some might be used as examples of attempts to

fulfil good design criteria (Table 1). In addition, the power to detect effects can be affected by the
choice of sampling method (Willis et al. 2000), especially when the target species are large

carnivores that can exhibit fishing-related behavioural plasticity between sites (Cole 1994;

Jennings & Polunin 1995; Kulbicki 1998).



Traditional approaches to fisheries stock assessment are often unable to provide useful
predictions because of the lack of information in the data, and the resulting inability to verify
model assumptions or to accurately estimate model parameters (Ulltang 1998). Indeed, such
models can not reliably estimate sustainable levels of harvest without first overexploiting the
resource, and this arises from the impossibility of performing controlled and replicated
experiments on a large scale (Ludwig ef al. 1993). There seems to be a trend to approach the
issue of marine reserves in a similar fashion, partly because most countries so far have few of
them. This is unfortunate, because a marine reserve is a large-scale manipulation that can be
assessed in a more rigorous, less equivocal fashion. It will, however, require good lines of
communication between management agencies and scientists; studies should begin well in
advance of reserve implementation, and there must also be a commitment from management

agencies to ensure compliance with reserve regulations (Paddack & Estes 2000).

How many studies unambiguously demonstrate significant within-reserve increases in the density
of exploited species? Edgar and Barrett (1997) recognised that, with a sufficiently large sample
size, a statistically significant difference between two sites (separated either spatially or
temporally) can almost always be obtained due simply to true natural biological variability
between the sites. That is, the null hypothesis of no difference between two biological entities is
necessarily false. They therefore proposed a 100% increase in density as a minimum criterion for
claiming the existence of a ‘reserve effect’. This type of approach is more generally known as
bio-equivalence testing, in which an effect is not considered biologically significant unless it
exceeds a pre-specified threshold (McBride 1999). If we use the 100% threshold, and ignore
flaws in sampling design, then there were only a handful of instances where differences in
density of individual species between reserve and fished areas can be regarded as biologically
significant (e.g., Polunin & Roberts 1993; Francour 1994; Harmelin ef al. 1995; Russ & Alcala
1996; Edgar & Barrett 1997, 1999; Willis et al. 2003). In many other cases, slight trends towards
higher reserve densities were described, but these were of insufficient magnitude to confidently
attribute them to reserve effects, rather than real biological variability at the spatial or temporal
level (e.g., Roberts & Polunin 1992; Chapman & Kramer 1999; Paddack & Estes 2000). If we
consider only those studies that are replicated in both time and space, to our knowledge there are

only a few that establish increases in excess of 100%: Ferreira and Russ (1995), Wantiez et al.



(1997), Edgar and Barrett (1997, 1999), the long term studies of McClanahan (e.g. McClanahan
& Arthur 2001), and Willis ef al. (2003).

Several theoretical studies have indicated that marine reserves can provide increases or
equivalence in yield under the assumed model and parameter values (e.g., Polacheck 1990;
DeMartini 1993; Attwood & Bennett 1995; Sladek Nowlis & Roberts 1999). However, if
management decisions are based upon models built on unquestioned assumptions then we may
find ourselves making costly errors. We reinforce this point by noting that the model of Parrish
(1999) produces a contrary result; it suggests that the large reserves that are believed to be
required to contribute to the Californian groundfish fishery might actually be to the detriment of
the fishery, due to the displacement of fishing effort onto the remaining fishing grounds. In
contrast, Horwood et al. (1998) conclude that reserves will have little effect on fishery yield. Yet,
the model of Hastings and Botsford (1999) concludes that, even with arbitrarily high fishing
effort outside of large reserves, marine reserves will return fisheries yields equivalent to
traditional fisheries management for a wide variety of groundfish. Taken together, the conflicting
conclusions from various plausible models lead us back to the beginning, where we must admit

that, at present, we cannot predict what the effects of marine reserves might be.

Concluding remarks

It is ironic that we must appear to bemoan the proliferation of marine reserve comments and
reviews by writing yet another comment. However, the intention is not so much to complain
about such activities (very useful ideas have been published in this way), but to highlight the
imbalance in research effort brought about by a lack of rigorous empirical science. Theoretical
models (mathematical or not) are useful in developing our ideas, but they are just that: ideas.
Returning to the philosophical reference in the title, just because ‘we think’, does not mean ‘they
are’. Indeed, it would appear that a lot of thinking has gone into specification of competing
models of marine reserves. That is, the models and prior hypotheses about the nature of marine

reserves have been put forward in abundance. It is now time to test them with data.

This comment is not intended to imply criticism of those working for the establishment of marine

reserves, and it is not intended to counteract the precautionary principle (Lauck et al. 1998). Nor



should this comment be interpreted as “anti-reserve”; our own research has demonstrated the
potential of reserves for science and conservation (Babcock et al. 1999; Willis et al. 2000; Shears
& Babcock 2002; Shears & Babcock 2003; Willis ef al. 2003). Rather, it is a plea for researchers
to apply the same rigour to examination of the fisheries-related efficacy of marine reserves as
they would apply to other environmental effects studies. Perhaps more importantly, this plea also
goes out to those in a position to fund this research. They must ensure that adequate planning and
resources are allocated to make it possible to implement rigorous survey designs, and that this is
done far enough in advance of reserve establishment so that effects outside their boundaries can
be detected. In the meantime, advocates might more convincingly point to the use of reserves as
controls for the understanding of ecosystem function (e.g. Babcock et al. 1999; Pinnegar et al.

2000; Schroeter et al. 2001; Shears & Babcock 2002).
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Table 1 Some examples of marine reserve effects studies replicated both temporally and spatially

(ie. at the reserve level).

Reference Location No. No. Study focus

Reserves Times

Edgar & Barrett (1999)  Tasmania, Australia 4 9 algae, invertebrates
fishes

Ferreira & Russ (1995)  Great Barrier Reef, 2 4 coral trout,

Australia Plectropomus
leopardus

Macpherson et al. western Mediterranean 3 2-3 sparid mortality

(1997)

Schroeter et al. (2001) California, USA 1* 18 sea cucumber,
Parastichopus
parvimensis

Wantiez et al. (1997) New Caledonia 5 2% reef fishes

Willis et al. (2003) northern New Zealand 3 4 snapper, Pagrus
auratus

*This study used a marine reserve as a control for examining the effects of fishing. It was unique
in containing a long time-series of data prior to the beginning of the experiment.

+One time prior, one time after reserve establishment.
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Figure 1 Publications concerned with the effects of marine reserves in the primary literature,

1990-2001: comparison of the number of field and desktop studies.



