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Abstract. Both conservationists and harvesters may be willing to contribute to participatory
monitoring of exploited species. However, this can be costly and stakeholders need to choose
whether monitoring programs or other alternatives, such as a moratorium or unmonitored
exploitation, meet their objectives most eﬃciently. We discuss when, and how much, stakeholders
may be willing to contribute to monitoring of exploited resources. We predict that communities’
contributions will usually be much less than the annual value of the harvest, and will be aﬀected
by their dependency upon it; their discount rate; its cultural importance, vulnerability to overexploitation and amenability to monitoring. ‘Eﬃcient’ conservationists’ willingness to contribute
should be similar to that of communities’, since monitoring and management programs must
compete with compensated moratoria. The combined willingness to contribute of both stakeholder groups will usually be much less than twice the annual revenue from the resource. Applying
this framework to a case-study of crayﬁsh harvesting in Madagascar, we ﬁnd that the total
willingness to contribute to monitoring is likely to be insuﬃcient to support conventional monitoring eﬀorts. We conclude that conservation planners must be realistic about what stakeholders
are willing to contribute to monitoring programmes and consider low cost methods or negotiated
moratoria.

Introduction
Throughout the developing world, rural people meet many of their needs by
harvesting wildlife (e.g. Pimentel et al. 1997). However, there is concern that
many exploited species are threatened by overharvesting (Mace and Reynolds
2001). A number of authors have stressed the importance of monitoring harvested species in order to avoid unsustainable exploitation (e.g. Kremen et al.
1998; Wong et al. 2001). However, monitoring can divert scarce resources
away from conservation or other priorities while being of little management
value (Sheil 2001). Danielsen et al. (2000) suggest that the resources available
for conservation in developing countries cannot stretch to programs that
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produce internationally comparable results but that low-cost participatory
monitoring programs can provide useful information for management. In
many developing countries, the management of natural resources is being
transferred to local people, conditional upon them carrying out monitoring
and management activities (Wong et al. 2001; Topp-Jørgensen et al. 2005 (this
issue)).
Communities and conservationists may invest in monitoring which allows
sustainable exploitation to take place, if that is the most eﬃcient way to achieve
their respective goals. We develop a framework for determining when stakeholders may be expected to adopt monitoring programs, and how much they
may be expected to contribute. We then apply this framework to the case of
freshwater crayﬁsh harvesting in Madagascar, and compare the value of harvests with the cost and eﬀort required to monitor crayﬁsh populations.

Conceptual framework: stakeholder willingness to contribute
Many authors have investigated the factors favouring the successful establishment of community institutions to manage common property resources and
prevent a ‘tragedy of the commons’ (Poteete and Ostrom 2004). However, it is
often assumed that the non-management and consequent degradation of the
commons would indeed be a ‘tragedy’ for resource users. Yet overharvesting
may be optimal (e.g. Policansky 1993) and the inherent variation in ecosystems
may make it very hard to detect unsustainability (e.g. Leach et al. 1999). In
these cases ignorance would be favoured, since the eﬀort required to monitor
and manage for sustainability may be greater than the beneﬁts. This paper
therefore focuses on the ecological and economic conditions, which will
determine whether communities wish to manage and monitor their resources.
This question is complementary to the question of whether communities are
able to establish institutions to do this. We also analyse the likely actions of
‘eﬃcient’ conservationists and the limits to their participation. We assume both
harvesters and conservationists act rationally, and that they have perfect
information about the costs, beneﬁts and risks of their actions. While this will
rarely be completely true (see Burke 2001), we feel it is legitimate to ask when
stakeholders should monitor, not just when they will monitor. The criteria we
propose are therefore minimum criteria, and throughout the paper we adopt
assumptions which will tend to favour monitoring. Risk preferences and heterogeneity within communities are important considerations, but are beyond
the scope of this paper (see Leach et al. 1999; Poteete and Ostrom 2004).
To consider the desirability and eﬃciency of proposed monitoring programs,
compared with other alternatives (e.g. moratoriums or unmonitored exploitation), we analyse the objectives which stakeholders may have, and the means
available to achieve them. We discuss the ecological and economic conditions,
which are likely to favour monitoring and propose a method for estimating the
contribution each stakeholder group can be expected to make. The aim is to
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help decision makers determine which, if any, monitoring programs may be
likely to succeed in a speciﬁc situation and to identify areas which require
further research.
We refer to Willingness to Contribute (WTC), rather than Willingness to
Pay, to emphasise that this includes contributions of labour as well as cash. We
refer to Monitoring and Management (hereafter M&M), because we consider
the case of monitoring programs explicitly intended to aid the management of
exploited species. We seek to address the situation, common in developing
countries, where sustainable exploitation is being proposed as a method of
conservation, but which requires monitoring which would not have taken place
otherwise. Although there are many cases where indigenous communities have
developed natural resource management systems without outside assistance
(see references in Feeny et al. 1990), we consider situations where this has not
yet occurred and where conservationists and communities are concerned about
the resource.

Communities’ willingness to contribute to monitoring
If local people derive beneﬁts (whether cultural, nutritional or ﬁnancial) from
harvesting a natural resource, then they may be willing to contribute to an
M&M program for that resource. How much, will depend on the degree to
which M&M can increase the beneﬁts they gain from the resource. M&M will
involve the direct costs of monitoring as well as opportunity costs of reducing
harvests in some years. Beneﬁts to the communities will be over the longer
term, in the form of a reduced probability of population collapse through
overexploitation. M&M is therefore an investment, with future harvests providing the return. Assuming M&M aims to ensure harvests are sustainable, the
annual costs of M&M which communities are prepared to contribute will be a
proportion of the annual value of the maximum sustainable oﬀ take. It will not
be greater than 100%, but its exact percentage will depend on a number of
factors, discussed below:
Dependency: The annual value of the resource to harvesters (or opportunity
cost of not harvesting) will generally be less than the annual net revenue of the
harvest, if alternative income or food sources are available.
Discount rate: High discount rates will reduce WTC to monitoring. Discount
rates are higher for open access resources (e.g. Alvard 1998) and where security
of tenure is low (as when there is a threat of a ban on harvesting).
Cultural value: Where the products or activity of harvesting (but not simply
standing stock) have signiﬁcant cultural value this will tend to favour M&M
which allows continued harvesting.
Vulnerability of resources to overharvesting: Resources which are very robust
to harvesting will beneﬁt little from M&M. Very vulnerable resources will
require conservative harvest levels, and/or intensive monitoring, which will
disfavour M&M.
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Amenability to monitoring: M&M’s eﬀectiveness will depend on its ability to
accurately record changes in the population. Resources which are easily
counted and have low spatial and temporal variation will be easier to monitor
for a given cost.
Beneﬁts from monitoring: Monitoring must either increase the yields which
can be harvested, for a given probability of resource collapse (by allowing more
‘intelligent’ harvesting) or reduce the probability of collapse, allowing harvests
to continue into perpetuity. We used stochastic calculations of the Net Present
Value (NPV) of harvests, with and without M&M, to determine the maximum
costs which communities would be willing to bear for monitoring programs of
diﬀerent eﬀectiveness. We assumed favourable conditions for monitoring: 8%
discount rate; 40 yr time horizon; post-collapse harvest worth 5% of pre-collapse value; an average reduction in harvest due to M&M of 5%, and 100%
dependency on the resource. We found that if a harvested resource has an
annual probability of collapse of 5%, M&M would need to reduce this to
roughly 1%, to justify communities spending 20% of the net annual revenue of
the sustainable harvest. There appears to be little quantitative information on
the kinds of reductions in collapse probability which are achievable through
M&M, yet this is one of the key factors determining its value.

Conservationist’s willingness to contribute to monitoring
We argue that conservationists’ Willingness to Contribute (WTC) may generally be similar to that of local people’s, and that it too will be related to, and
less than, the annual net sustainable revenue from the harvest. This is because
conservationists can choose between several management options. We consider
three such options: (i) negotiate Compensated Moratorium (CM); (ii) monitor
the exploited population to allow sustainable exploitation (M&M); (iii) allow
exploitation to continue unmonitored (Laissez Faire: LF). Table 1 below
shows the options available to decision makers, and their associated costs.
Table 1. The economic and ecological costs associated with the management options considered.

Economic
Costs

Compensated Moratorium (CM)

Monitoring and
Management (M&M)

Opportunity
cost of Moratorium (OCCM)

None

Opportunity costs
of M&M (OCM&M)
Costs of M&M
Program (CM&M)
Enforcement Costs
(ECM&M)
Reduced Pristinity

Reduced Pristinity

No risk of overharvesting

Reduced risk of
over-harvesting

Original risk of
over-harvesting

Enforcement Costs (ECCM)
Ecological
Costs

Laissez Faire (LF)
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Conservationists may support the M&M option if it provides increased
ecological integrity compared to the laissez faire approach. They may favour it
over a Compensated Moratorium, if it avoids or reduces the need to compensate for the costs of lost opportunities to harvest.
Assuming that the laissez faire approach is unacceptable, conservationists
will be prepared to support M&M where the combined costs of M&M (CM&M:
the enforcement costs [ECM&M] plus the opportunity costs [OCM&M]) are less
than the opportunity and enforcement costs of a Compensated Moratorium.
Therefore, maximum WTC of conservationists for M&M will be roughly equal
to the opportunity costs of suspending the harvest, less the opportunity costs of
managing it. This means conservationists’ WTC will similar to and determined
by, all of the same factors as communities’. This assumes that the resultant
M&M program results in similar ecological integrity to that provided by a
moratorium and that conservationists act rationally to achieve the aims of their
donors. This applies equally to species of great conservation value (e.g. rhinos).
Although conservationists have a great WTC for rhino conservation, this
should not equal their WTC for M&M of rhino harvesting, unless the costs
associated with a moratoria (the opportunity costs or value of the harvest) are
prohibitively high.

Conclusions from the conceptual framework
Local people will favour M&M where they break even or proﬁt from it, and
there is no net opportunity cost. Their contributions will usually be a small
percentage of the annual net revenue of the sustainable harvest. Where local
people’s contributions are insuﬃcient to cover the costs of M&M, conservationists may also be prepared to contribute. This contribution will be less than
the opportunity costs of a moratorium and therefore usually less than the
annual net sustainable revenue. Thus, the total annual willingness to contribute
to an M&M program will rarely be greater than twice the annual net revenue of
the sustainable harvest, and will usually be substantially less. Stakeholders
could use current revenues as estimates of the sustainable revenue, and these
can be estimated using participatory techniques.

Case study: crayﬁsh harvesting in Madagascar
Ranomafana National Park in the eastern rainforests of Madagascar
(Figure 1) contains 41,600 ha of humid evergreen forest, ranging in altitude
from 500 to 1500 m. (Wright and Andriamihaja 2004). Approximately 32,000
people (Korhonen et al. in press) live in the park’s buﬀer zone. The economy of
the area is based primarily on small-scale agriculture but forest product harvesting (of crayﬁsh, eels, honey and ﬁbres for weaving) is very important to
many households (Ferraro 2002).
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Figure 1. Location of the study area at Ranomafana National Park, Madagascar.

Since early 2001, we have been carrying out research into the sustainability and
socio-economic importance of forest resource use around the park. In this paper,
we focus on crayﬁsh, one of the most important forest products in the area. We
present data for Vohiparara (Figure 1), a village of 47 households where crayﬁsh
harvesting is extremely important economically (Jones 2004). We look at the
value of crayﬁsh to the community and compare this with the eﬀort required to
detect various declines in population using two diﬀerent monitoring methods.
Field methods
Between March 2003 and January 2004 we carried out daily interviews with 22
crayﬁsh harvesting households in Vohiparara. Each family participated in 5–16
interviews per month, in blocks of 5–8 days. In each interview, participants gave
an account of all natural resource related, wage earning, agricultural or other
signiﬁcant activities they had carried out that day. Any forest products they
collected were weighed or measured, and the sale value recorded. We present
values converted to US$ (using US$1 = 5712.4 Malagasy Francs). The average
daily returns from crayﬁsh harvesting were estimated for each harvester
(mean=US$0.76 per day), and multiplied by the estimated annual number of
days spent crayﬁsh harvesting to give an estimate of the gross returns from
harvesting per harvester. We extrapolated from these estimates to cover the
three harvesting households, which did not take part in the interviews.
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We compared two methods of assessing populations of crayﬁsh. The ﬁrst
was a population estimate based on 5 days of mark-and-recapture; the second
was a simple 1 day index of abundance based on the number of crayﬁsh caught
on the ﬁrst day of mark-and-recapture.
Five consecutive days of mark-and-recapture were carried out at 79 sites
across a range of harvesting intensities. This was part of a larger study on
crayﬁsh population dynamics (Jones 2004). Data collection relied heavily on
community members both to catch the crayﬁsh and as data recorders. Two
harvesters and a recorder walked up a 100 m stretch of stream at a steady
speed. Each crayﬁsh caught was measured, given an individual identiﬁcation
and released. For analysis crayﬁsh were split into three size classes but for
simplicity we limit the following discussion to ‘medium’ crayﬁsh (35–50 mm
carapace length); this class made up more than 75% of those harvested (Jones
2004). Closed population models run in the computer programme MARK
(White and Burnham 1999) were used to estimate density at each site.
Using Monte Carlo simulations, we investigated the power of the 5 day
density estimates to detect linear declines of 10–40% of the population over
5 years (equivalent to 1.9–7.0% annually) with varying numbers of visits per
year (from 1 to 12). We varied the number of sites monitored from 1 to 20,
assuming that there was no variation between sites, i.e. sites were perfectly
homogeneous. There was a signiﬁcant relationship between the 1 day abundance index and the mark-and-recapture estimate (F1,78 = 29.05, p < 0.001,
R2 = 0.27), we used this relationship to investigate how successful the 1 day
indices of abundance would be at detecting similar declines.

Results
The mean annual crayﬁsh earnings for the 22 households participating in
interviews was US$85, (range US$21–180). Extrapolating to all 25 harvesting
households gives a gross revenue from crayﬁsh harvesting of US$2041 per
annum for the village of Vohiparara. If the current crayﬁsh harvest is sustainable, the present value (using an 8% discount rate, and 40 year time
horizon) of crayﬁsh harvesting revenue to Vohiparara harvesters is US$26,379.
The power of the 5 day estimates to detect declines of varying magnitude is
shown in Figure 2. The power would be adequate (>80%) to detect a 40%
decline if a single site was monitored ﬁve times, or multiple sites monitored just
once a year (>75 person days of data collection). However, a 40% decline in
an already harvested population would be extremely serious. The power to
detect more useful declines is much weaker; for example a 20% decline could
not be detected by sampling at a single site but could be picked up with an 80%
power with two annual visits to 10 sites, or one visit to 20 sites (i.e. 300 person
days).
The 1 day indices are much less powerful; using them it is not possible to
detect any of the declines tested with meaningful power if sampling at just one,
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Figure 2. The power to detect population declines sampling at a single site, ten sites or 20 sites
for varying number of visits per year using the 5 day mark-and-recapture estimates or the 1 day
indices.
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or ﬁve sites. Figure 2 shows the power to detect declines if sampling was carried out at 10 or 20 sites. The 1 day indices would not be accurate enough to
allow declines of less than 30% to be detected with meaningful power. However a 40% decline could be detected with an 80% power with 12 visits a year
to 10 sites (360 person days) or a 30% decline with an 80% power with 12 visits
to 20 sites (720 person days).
When the additional costs of data entry, analyses and equipment necessary
for the mark-and-recapture is taken into account, the two methods may be
broadly comparable in terms of power per unit cost. But both methods require
a very large eﬀort to detect relatively large declines, in practice stakeholders
probably need to detect much smaller declines. This analysis shows just how
diﬃcult it is to monitor wild populations with acceptable precision to detect
declines. The power to detect a decline will depend strongly on the coeﬃcient of
variation (CV) in the estimates of abundance. Our case is not unusually bad:
we found a CV of 20% and Smith (1993) states that even in western ﬁsheries,
where the value of the resource and available technical capacity is high; it is
seldom aﬀordable to carry out monitoring programmes which give a CV of less
than 30%.

Conclusions from the case study
Following the framework we proposed in the ﬁrst section, Vohiparara harvesters’ willingness to contribute to M&M will be some percentage of the
annual revenue from crayﬁsh harvesting. Although we are not able to determine this quantitatively, a number of factors suggest it will be low. For
example, there are alternatives to crayﬁsh harvesting in the area so the
opportunity costs of a collapse in the crayﬁsh harvest would not be equivalent
to the full revenue. In addition, crayﬁsh are essentially an open access resource
and harvesting within the national park is technically illegal, with a threat of
future enforcement preventing the harvest; these factors mean harvesters are
likely to have high discount rates for this resource. Interviews suggest that
crayﬁsh have little cultural value, beyond their economic importance and the
preliminary results of a study of the sustainability of crayﬁsh harvesting suggest that harvesting is currently sustainable (Jones 2004).
Although 1 day indices could be done with little outside help, it would require a very large eﬀort on the part of crayﬁsh harvesters; approximately
700 days per year. Devoting this much eﬀort to monitoring would reduce the
amount of time they could spend harvesting crayﬁsh; thus reducing the value of
the resource. Their total willingness to contribute is therefore unlikely to be
enough to provide a monitoring system of adequate statistical power to satisfy
any of the stakeholders. They are likely therefore to opt for either the laissez
faire approach, or, if conservationists considered the resource to be threatened,
for a complete moratorium on harvesting (the low value of the resource
making a moratorium favourable for conservationists). It is interesting to note
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that the National Park has opted for an uncompensated, yet complete moratorium which has remained un-enforced, eﬀectively resulting in the laissez faire
approach.

Discussion
We have argued that conservationists must be realistic about stakeholders’
willingness to contribute to monitoring programs; this will help to prevent the
collapse of programs when outsiders withdraw support. The ability of monitoring programs to contribute to the eﬀective management of resources is
largely unquantiﬁed (Danielsen et al. 2005 (this issue)), but those programs
which deliver real beneﬁts in terms of improved resource management and
improved ecological integrity may often be expensive. This should come as no
surprise given the diﬃculty experienced in the developed world in monitoring
harvested populations (Beverton 1998).
Situations where the beneﬁts of a thorough monitoring programme outweigh
the costs to communities, making monitoring self-sustaining, will not be universal. If monitoring programs are to be viable they will usually require outside
support – i.e. the participation of conservationists. Even with inputs from both
sets of stakeholders, however, the amount available annually for a monitoring
programme will usually be signiﬁcantly less than twice the annual revenues
from the harvest, unless moratoria carry very large social, cultural or political
costs. Monitoring and management will be favoured when harvests are very
valuable (culturally or ﬁnancially), and populations are easy to monitor and of
medium vulnerability, where communities have secure rights to the resource
(lowering discount rates), and few alternatives (increasing opportunity costs of
moratoria).
In our case study of freshwater crayﬁsh harvesting in Madagascar, we found
that a monitoring programme with suﬃcient statistical power to detect declines
would be extremely costly in eﬀort, and stakeholders willingness to contribute
would be unlikely to be suﬃcient to make monitoring crayﬁsh populations
directly a viable option. This is likely to be a common problem, as estimating
abundance of wild populations is often diﬃcult. Where direct monitoring of an
exploited species is not practical, useful information might be obtained by
combining monitoring with harvesting through recording daily catches of
crayﬁsh. Such Catch Per Unit Eﬀort (CPUE) methods would be worse than the
1 day indices at detecting declines, since there will be additional noise in the
data collected.
CPUE would perform best where harvesting involves a small number of
individuals and frequent returns to the same site. CPUE based methods tend to
have weak power to detect declines and can be misleading as it is very diﬃcult to
be certain that eﬀort is being recorded correctly (Robinson and Redford 1994).
It may be most useful where only a small proportion of the population is
currently harvested, where even weak methods can provide a warning of
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overexploitation before collapse occurs. The case of crayﬁsh in Vohiparara
seems to present some of these characteristics. We therefore suggest CPUE
could have a role to play in monitoring crayﬁsh harvesting in Vohiparara, and
similar resources elsewhere. A continuum exists between pure monitoring (e.g.
the 1-day indices) and monitoring a harvest (CPUE), with both cost and noise in
the data varying inversely with each other along it. Diﬀerent positions along the
continuum could be considered, e.g. standardising some harvesting days to
make them more useful for CPUE analysis but less costly than pure monitoring.
In general, greater attention must be focused on quantifying the beneﬁts
from diﬀerent types of monitoring program, in terms of the increases in sustainability and sustainable yields, which they produce.
We urge those involved in setting up community M&M programs to consider the conditions we have proposed as being likely to favour M&M, and to
use estimates of the annual net revenue of the resource as an upper limit for
each stakeholder groups’ contribution. This should be in addition to criteria
identiﬁed in the common property literature as favouring the working of
institutions (see e.g. Poteete and Ostrom 2004). We also suggest that objective
appraisals of such programs (see Richards et al. 2003), which evaluate local
costs and beneﬁts of programs, could be used to test our hypotheses, enabling
improved planning in the future.
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