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COMMENTARY : ACCOUNT ING FOR UNCERTA INTY

IN MAR INE RESERVE DES IGN

I thank the editors for inviting me to contribute this

commentary and the authors for having written such an

interesting paper. In this note, I will discuss the classification

of uncertainty, describe what Halpern et al. (2006) did,

discuss a few nitpicks and conclude with the broad

implications of their work.

Uncertainty in natural systems can broadly be classified

into two types (Ferson & Ginzburg 1996). Epistemic

uncertainty is due to limited information; it is observation

error (Hilborn & Mangel 1997). Epistemic uncertainty is

reducible by further observation and is a property of the

analyst. Aleatory uncertainty is due to randomness in the

system; it is process stochasticity or natural variability.

Aleatory uncertainty is irreducible and is an inherent

property of the system. Although they are often treated

identically, these two kinds of uncertainty are not inter-

changeable as they represent the difference between the real

biology of the system and our measurement of the biology.

The work of Halpern et al. suggests that we might add

biological ignorance – situations in which a parameter is

fixed but unknown and likely never to be so, and in which

its distribution may not even be known – to observation

error and process stochasticity.

Halpern et al. focus on such biological ignorance about

dispersal, in the context marine reserves. They borrow a

result from McCarthy et al. (2005) and compute the annual

probability of persistence for long time horizons of a two-

patch metapopulation. This probability depends upon

biological and environmental variables such as the rate at

which correlation in extinction events declines with dis-

tance, the mean dispersal distance and the probability of

extinction within one of the two identical patches; it also

depends upon the distance between the patches, which is

the operational variable for decision making.

In such a situation, we may ask �How should distance

between patches be picked to maximize the persistence of

the metapopulation?�. Halpern et al. show that there are

many answers to this question, depending upon how one

deals with the biological ignorance about dispersal distance.

For example, if the dispersal distance were known

perfectly, one can plot persistence probability vs. distance

between reserves and find that there is an optimal distance

that maximizes persistence. To deal with biological ignor-

ance, Halpern et al. assign a log-normal distribution to the

reciprocal of the dispersal distance and show a very clever

way to use this distribution. They fix the operational

parameter, vary the persistence probability and ask for the

probability that dispersal is the right size to achieve the

given value of persistence. This approach shows the most
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important take-home message of this paper: that there is no

single �best� value of spacing between reserves and that one

must approach the problem as one of risk analysis (Anand

2002). Recognizing that the log-normal distribution is only

one of many, Halpern et al. next use a risk calculation tool

that works to produce a similar result but using only the

mean, standard deviation, maximum and minimum of the

dispersal distance. An interval analysis uses only the bounds

on dispersal distance and produces bounds on the probab-

ility of persistence and thus suggests bounds for the

operational parameter. Finally, Halpern et al. approach the

problem using information gap theory (Ben-Haim 2001).

Info-gap approaches make no assumptions about distribu-

tions, but only about the level of our biological ignorance

and our sense of what an acceptable level of uncertainty is.

The result is that the probability of persistence is a function

of the acceptable level of uncertainty in dispersal. Info-gap

theory, although a hard subject to master, has much to offer

to conservation biology and evolutionary ecology. For

example, the porfolio approach of info-gap theory could be

used for dealing with multispecies considerations briefly

mentioned by Halpern et al. I encourage readers to

investigate info-gap. The bottom line is that there is no

single or simple answer to the question about the spacing of

reserves – we need to think carefully about the question and

embrace uncertainty.

Now a few nitpicks. To make the paper applicable and

accessible, the authors oversimplified some complicated

matters. For example, we do not regulate ecological systems,

we regulate human intervention in them (e.g. Mangel et al.

1996, Pikitch et al. 2004). Even if one does everything right,

there may be population crashes or ecosystem failures

because of uncertainty and/or stochasticity; one of the

challenges for theory is to understand the likelihood of this

occurring. Few fisheries are managed to achieve Maximum

Sustainable Yield (MSY), which can take uncertainty into

account when computed properly (Mangel et al. 2002).

Halpern et al. are a bit cavalier about expectations of

nonlinear functions, in this case the expectation of the

reciprocal of the dispersal distance. As in general the

expectation of a nonlinear function of a random variable is

not the function of the expectation, if the mean of the

reciprocal dispersal distance is 0.05 km)1 the mean dispersal

distance cannot be 20 km but for a minor miracle. I

estimated mean dispersal distance using the data given by

Halpern et al. and conclude that it is c. 22 km, rather than

20 km. This may sound pedantic, but in a paper focused on

uncertainty, one expects greater care taken regarding the

mean of a nonlinear function of the unknown variable.

Finally, Halpern et al. actually use a very unconservative

criterion, the probability that the stock is not extinct,

presumably because that is the tool they have available.

However, most of us would likely prefer healthier stocks.

We then must define persistence as the probability that the

stock stays above a specified critical level for the duration of

the planning horizon. An example of such a calculation,

with process stochasticity but no biological ignorance, is

found in Mangel (2000). An important message of that

paper, which resonates with the message of Halpern et al., is

that there are crucial social and policy questions that need to

be addressed (e.g. what is the appropriate critical population

size, what is an acceptable level of persistence and what is a

tolerable level of uncertainty). I concluded there ��The
answer to the question: �How much habitat needs to be

allocated to reserves� is not a single number. Rather, it is a

procedure that can be employed once biological, opera-

tional�� and social information are provided�. The work of

Halpern et al. reinforces this conclusion and is welcome.

These are complicated problems and must be treated as

such.
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