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Abstract
We evaluate the impact of a fisheries management program centered on the definition of
Fish Conservation Zones on biodiversity, measured as the number of species caught in the
last 12 months. Data comes from a set of 32 villages in central Lao PDR, of which half participated in the program, and the remaining are a set of matched control villages. The estimated causal effects are large (an increase between 29 and 32 species) and robust to the
potential importance of unmeasured confounders. We also show that initial conditions may
matter, as the program seems particularly effective in villages with high probability of participating in the program. These results are particularly important given the paucity of evidence
regarding the impact of conservation programs on biodiversity, particularly in the context of
freshwater ecosystems. Further directions of research suggested by these results are
discussed.
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Introduction
There is a widely accepted recognition that freshwater ecosystems are extraordinarily rich in
terms of biodiversity: representing approximately 2.3% of the global land surface, fresh waters
host approximately 9.5% of the described animal species [1]. It is also widely recognized that
such richness is under disproportionately increased pressure, from both old and new threats
[1, 2]. As a result the rate of decline in biodiversity in freshwater systems has outpaced that of
terrestrial ecosystems [3, 4].
Adding to this diagnostic, there is also a suspicion that approaches to conservation adopted
in terrestrial ecosystems, based on the definition of high habitat quality that can be well defined
and bounded (“fortress conservation” in the words of [1]), are difficult to transfer to conservation of freshwater systems: protection of a particular habitat may require control of upstream
drainage areas and, if migratory behavior is important, also of the areas downstream. The
whole catchment becomes the natural boundary, but conservation encompassing this scale is
rare [5]. Perhaps reflecting these difficulties, there is only a small number of examples of freshwater conservation initiatives relying on no-take areas: see, for example, [6] for Cambodia, [7]
for the countries around Lake Victoria in east Africa, [8] for India, [9] for The Philippines and,
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finally, [10, 11] for Lao People’s Democratic Republic (hereafter, Lao PDR), perhaps the oldest
documented example, and also the one where our analysis is based.
Although these examples suggest that the difficulties in implementing freshwater conservation are not universal or unsurmountable, they tell us little about whether they “work” in the
sense that they contribute to avoid reductions in biodiversity. This is a shortcoming that is
shared with earlier conservation work: in the mid-2000s, [12] asked whether biodiversity conservation investments were “money for nothing?”, and [13] suggested we were “shooting in
the dark”. Almost 10 years later, similar questions are still being asked: [14] asks why is the evidence on win-win interventions so poor while [15] decry the lack of evidence on the impacts
of biodiversity conservation on poverty (and vice-versa) as the missing Randomized Control
Trials. The solution advocated by these authors is to mainstream impact evaluation into the
design and implementation of conservation programs [16, 17], with the objective of addressing
the identified knowledge gaps in terms both of conservation effectiveness.
The work presented in this article contributes to that growing literature. Our data comes
from Lao PDR, a landlocked country where the Mekong, one of the richest and most threatened river basins in terms of freshwater biodiversity [1, 18], seems to never be far away. Building on indigenous knowledge, that guided their initial definition and enforcement, fish
conservation zones or FCZs (as these no-take areas are locally known) have been incorporated
in the practice of multiple programs, even while their impacts remained largely unknown.
Here, we present estimates of the causal impact of the establishment of FCZs on biodiversity,
by evaluating the impact of a fisheries management program that is centered on their
definition.

Methods
Freshwater fisheries conservation in Lao PDR: ComFishIII
There is a long history of local knowledge about the definition of no-take areas as a mechanism
to manage local fisheries in Lao PDR [11]. Those areas rely on the exclusion of fishing in deep
pools—parts of the stream where water level is high enough during the dry season so as to provide a suitable habitat year round, and where the slower flow creates a suitable place for spawning [19–21].
This knowledge has been incorporated in different fisheries conservation programs in Lao
PDR, including the third phase of the Community Fisheries program (ComFishIII), implemented by WWF Laos, during the period 2012-2015, in collaboration with the Ministry of
Agriculture and Forestry (MAF) and with local participation of village authorities. Its guidelines [22] reflected both the recognition of the importance of local knowledge regarding fisheries conservation [11] and a legal framework that emphasizes the co-management of local
fisheries [23].
Its implementation involved a series of decisions by WWF and MAF that, typically, started
with the preparation of a list of potentially eligible villages, presented to WWF by the District
representatives of MAF. This list reflects perceptions of the importance of fishing (number of
households who fish, existence and importance of alternative livelihoods) and implicitly
assumes that these criteria reflect a healthy ecosystem, as no baseline data on biodiversity is
ever collected. This initial submission is then followed by a series of steps that end with the
development of local regulations to manage fisheries (see Fig A in S1 Appendix).
The first of these steps, consensus building, is the one that matters most to understand program placement. It includes an analysis of the potential importance of fishing to local livelihoods, the social context of local fisheries (including analysis of conflicts around local fisheries
and of social cohesion, proxied by village history, including recent episodes of resettlement,
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and ethnic heterogeneity) and, finally, a preliminary discussion regarding willingness in
changing the way that local fisheries are managed. It also includes the clarification of whether
deep pools exist (as the creation of FCZ hinges on its existence). This step typically involves
one or more visits by WWF staff (facilitated by local government authorities), from which
then emerges a final list of eligible villages.
The next steps involve the drafting and re-drafting of local regulations. The approval of
these regulations at local level (including informing neighbouring villages and government
bodies, such as police, of their existence) precedes the formal approval by the District Governor. The process ends with the advertising of the new fishing regulations as well as the limits of
the newly created FCZ (usually, through the use of public signboards).

Statistical analysis
We follow Rubin’s potential outcome model of causal inference [24] and start by stating that
each unit of analysis in the population of interest (village) has two potential biodiversity outcomes (number of species), one when ComFishIII is implemented (Yi(1)) and another one in
its absence (Yi(0)). The actually observed outcome (Yobs) can be expressed as a combination of
these two potential outcomes according to the expression:
Yobs ¼ Ti Yi ð1Þ þ ð1

Ti ÞYi ð0Þ

ð1Þ

where Ti = {0, 1} indicates treatment status (= 1 if participating in program, 0 otherwise), making clear that we cannot observe counterfactual potential outcomes—for example, [Yi(0)jTi =
1] defined as the outcome of a treated unit had it not been treated.
If nothing can be done at individual level, at population level we can quantify the Average
Treatment on Treated (ATT) as
ATT

¼ E½Yi ð1Þ

Yi ð0Þ j Ti ¼ 1�

¼ E½Yi ð1Þ j Ti ¼ 1�

E½Yi ð0Þ j Ti ¼ 1�

ð2Þ

where E[.] is the expectation operator and Ti = 1 indicates that the unit participated in the program. If a program is randomly placed then, by design, units participating in the program will
be (on average) identical to those that do not participate, hence
E½Yi ð0Þ j Ti ¼ 1� ¼ E½Yi ð0Þ j Ti ¼ 0�

ð3Þ

and the ATT takes the simple form of E[Yi(1) j Ti = 1] − E[Yi(0) j Ti = 0]. When the program is
purposefully placed and/or participation is voluntary, there is no a priori certainty that Eq 3 is
satisfied, raising the need to consider quasi-experimental designs that adequately address this
problem—see [25] for a review of different approaches in the context of environmental
programs.
Matching, the approach used here, aims to eliminate the effect of any imbalance in the distribution of potential outcomes (and the effect of confounders on potential outcomes) on the
estimates of ATT. In these designs, the counterfactual is then expressed as
E½Yi ð1Þ j Ti ¼ 1; X� ¼ E½Yi ð0Þ j Ti ¼ 0; X�

ð4Þ

which formalizes the Conditional Independence Assumption (CIA), ie, that once we account
for the effect of all potential confounders X, program participation is as if random in the sense
that it is independent of potential outcomes. [26] shows that the effect of X can be summarized
by an appropriate specification of the probability of participating in the program, also known
as the propensity score. Given that the allocation of many environmental programs is not usually randomized, matching on the propensity score is a widely supported alternative approach
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(see [27] for a discussion of the utility of this approach in this context). As usual in this literature, we base our analysis of the statistcial significance of our estimates on bootstrapped standard errors, as these allow us to account for the additional noise introduced by the initial
statistical modelling of the participation decision [28].
The CIA is a strong assumption as it essentially requires us to accept that no relevant confounder was left out of the estimation of the propensity score, the function that we use to judge
the similarity between treated and control units. Rather than claiming that such assumption is
held, we follow the ex ante literature and present a form of sensitivity analysis that relies on the
estimation of Rosenbaum bounds [29]. Intuitively, we answer the question “how important
does the relative influence of unobserved confounders have to be to change our conclusion
about the value of the program?”. More formally, we can express this idea by rewriting the
probability of participation as
ProbðT ¼ 1 j X; uÞ ¼ FðbX þ guÞ

ð5Þ

where u are the unobserved variables and γ is the effect of these variables on the participation
decision; F is the CDF of u. If we assume that F = Λ, the odds-ratio that two individuals i and j
will be treated is given by
Pi
1 Pi
Pj
1 Pj

¼

Pi ð1
Pj ð1

Pj Þ expðbXi þ gui Þ
¼
Pi Þ expðbXj þ guj Þ

ð6Þ

But if matching is well done (ie, if CIA holds), this converts to exp(γ(ui − uj)). Unconfoudedness means that either ui = uj (balance on unobservables, as under randomization) or γ = 0
(ie, u are not important in explaining participation, given we accounted for all relevant confounders X). If any of these is not true, then two observationally identical individuals will have
different probabilities of getting treatment. Rosenbaum [29] shows that these probabilities (in
terms of odds ratio) are bounded by:
Pi

1 1 Pi
� Pj � eg
eg

ð7Þ

1 Pj

where the interpretation of eγ = 2 tells us that observationally similar units (in terms of X)
could differ in terms of their probability of receiving treatment by as much as a factor of 2. The
important question then is: even if true, would that change our estimates of the treatment
effects?
Finally, we consider that differences in propensity score estimates between treated units (ie,
differences in likelihood of participating in ComFishIII) can be interpreted as a measure of
heterogeneity in initial conditions. We can use this intuition to examine heterogeneous treatment effects, using the approach suggested in [30], who define neighborhoods of treated units
that are more homogeneous than the whole sample. This splitting of the original sample then
allows for the analysis of the relation (trend) between the ATT estimate and the values of the
propensity score, which is estimated using local polynomial regression. Differences in those
local estimates would be suggestive of the importance of initial conditions on the magnitude of
the treatment effect, with potential implications in terms of targeting, although care must also
be taken in interpreting this link between initial conditions and outcomes as causal, given that
in the context of programs that are designed locally, treated villages may exhibit other forms of
heterogeneity (for example, with respect to the rules that are adopted).
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Constructing the control group
ComFish was not allocated randomly. We construct the control group by estimating the probability of participating in ComFish, given what we know about how the program was allocated,
as described above. In the absence of a baseline survey, we use the Agricultural Census 2011/
12 as the source of information for the estimation of the propensity score and the construction
of the control group. Importantly, the Census contains information about a wide variety of village characteristics that might have conditioned the decision to promote ComFishIII, including the importance of fishing for local livelihoods. The process of constructing the control
group followed four steps.
Step 1: Identification of participating villages. We focused on four provinces in Central and
Southern Laos (Bolikhamxay, Khammouanne, Savannakhet and Champasak). Because we
relied on the Agricultural Census 2011/12 as a source of pre-intervention information, we
excluded those villages where implementation of the program started in 2011/12. In addition,
several ComFishIII villages had to be dropped from the analysis, as they could not be identified
in the Agricultural Census.
Step 2: Identification of potential control villages. The identification of a set of villages that are
statistically identical to those that were included in the ComFishIII was based on the estimation
of the propensity score. To satisfy the assumptions underlying this approach (see [26, 28]), in
particular the CIA (Eq 4), we relied on the information collected through the Agricultural Census 2011/12. We had access to information on: 1) Importance of fishing and other livelihood
activities; 2) Access to roads (and, with them, outside markets) and public services; 3) Importance of ethnic heterogeneity, as measured by the number of ethnic groups with more than 5%
and 10% of the village population, as well as the fraction of the population that belongs to the
first and second most important ethnic groups in the village; 4) Village history, notably their
experience with resettlement; and 5) Location of administrative headquarters (District and/or
Province). In the absence of detailed geographical information regarding access to freshwater,
we limited the estimation of the propensity score to those villages that had a percentage of
households who fish that was greater or equal to the minimum of this variable in ComFishIII
villages (25%), which we took as a proxy for this determinant of program placement.
The estimates of the probability of participating in ComFish (ie, the propensity score), presented in S1 Appendix of Table A1, were obtained using the command –pscore– for Stata,
described in [31]. The common support option was imposed. Once balance on covariates was
achieved, and based on these estimates, we chose as potential control for each ComFishIII village the three non-participating villages with the closest value of the propensity score (ie, the
three nearest neighbors).
Step 3: Local validation of the list of matches. The control group built in the previous step
would be valid under the hypothesis that the Agricultural Census contains all information that
might impact on this decision. Although the Agricultural Census contains a rich variety of
information, this seems unlikely: for example, the Census does not contain information about
the nearby existence of deep pools, on which ComFishIII conservation activities are based. To
overcome this limitation, the list of potential matches was presented and discussed with Provincial Agricultural and Forestry Offices (PAFO), with the objective of collecting additional
information (existence of deep pool, presence of other fishery development projects) that
might impact on its inclusion as a possible control village. As a result of these discussions, we
dropped from the control group those villages that had no deep pool close by or where other
fisheries development projects were present.
An important concern when evaluating conservation programs is the potential importance
of spillover effects [32]. This is particularly important when their success hinges on the
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Fig 1. Location of treated (ComFishIII) and control villages.
https://doi.org/10.1371/journal.pone.0233775.g001

importance of those same spillovers, as is the case of local no-take areas. (see [33] for a related
discussion on the impacts of Marine Protected Areas). We used the available information on
the extent of spillovers from previous conservation projects [20] to exclude from the control
group those areas that could be indirectly impacted by villages participating in ComFishIII, by
imposing a minimum distance of 20km between treated and control villages. This distance
is approximately the double of previous estimates of the extent of spillover effects in this
region [20].
Step 4: Final list of control villages. Based on the response and detail of the feedback from
the Provincial Offices, a final list was constructed that is limited to two provinces (Bolikhamxay and Khammouane). We excluded Savannakhet because the response from PAFO was
insufficient to proceed. We excluded Champasack because all treatment and control villages
would be situated in the mainstream Mekong and, given the importance of migratory fish, we
would not be able to minimise the importance of spillovers across villages. We also excluded
those villages where the program was based on reservoirs. Finally, logistical difficulties
(namely, impossible access at the time of the survey) limited the village list to 32 villages (from
the original 36 identified in the previous steps), of which half are in ComFishIII (see Fig 1).

Data on biodiversity
Local fishers (usually, the members of village fisheries committee) were presented with a list of
139 species likely to be found in the surveyed areas—see S1 Appendix—and asked to identify
which species were caught in the previous 12 months. Interviews were conducted between
February and March 2018, more than three years after the establishment of the last FCZ.
To facilitate identification, each species was described by a photograph of a typical specimen and its common Lao name. Interviewers, all junior staff from the Fisheries Department at
the National University of Laos, were also instructed to provide additional assistance in case of
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doubt, by answering questions about the species (colour, typical size, etc). This data allows us
to calculate species richness, a count of the number of species caught in the last 12 months,
considered to be a good indicator of fisheries’ health [19]. This approach is similar to the one
used in [34] to monitor a smaller number of threatened Mekong megafauna, also in Lao PDR.
There are several potential shortcomings to this approach, which are likely to be less important in the context of evaluating the impact of a conservation program. The first is that we do
not measure species that are not caught or consumed, either because they are not part of the
local diet or because they are protected. It is however unlikely that we would find large differences in food habits between treatment and control villages in this dimension given that we
work in a relatively small area of the country.
The second is that differences in fishing practices (eg, restrictions on the use of nets with
smaller mesh) may change the diversity of species caught. Existing studies that attempt to measure the effect of sampling technique on biodiversity seem to suggest greater diversity in fishing gear (ie, sampling techniques) leads to higher estimates of species richness (see [35, 36]).
Although this is likely a topic that would benefit from more empirical studies, it is unlikely to
be a major driver of any difference between treated and control villages: as shown in the next
section (Table 1), ComFishIII is not associated with a much higher incidence of restrictions on
fishing gear.
One additional question is that recall data is potentially fraught with problems, given that
memory is limited. However, the importance of fishing for the respondents (which is balanced
across both types of villages) suggests that there is no reason to find a systematic difference in
recall between treated and control units. Finally, the fact that the research team was not

Table 1. Control vs ComFishIII villages.
Variable

Control

ComFishIII

mean

SD

Control—ComFishIII

mean

SD

mean

s.e.

p-value

A: village characteristics
N households
N households fishing
N households fishing: main income

103.1

62.89

-9.4

21.02

0.657

77.69

35.54

55.79

112.5
93.50

50.01

-15.81

15.33

0.312

2.44

7.71

0.63

1.62

-1.81

1.97

0.372

N households farm

85.7

39.34

98.2

49.84

-12.5

15.87

0.438

N households with land

82.75

37.04

96.57

49.95

-13.81

7.75

0.382

-0.062

0.40

0.877

0.125

N ethnic groups >5%
N ethnic groups >10%

1.813
1.750

0.981
1.000

1.875
1.625

1.258

0.33

0.711

Share households main ethnicity

80.17

22.94

80.69

22.32

0.885

-0.52

8.00

0.950

Share households 2nd main ethnicity

10.94

12.46

12.48

14.25

-1.54

4.73

0.751

District/ Province HQ

0.00

0.00

0.06

0.25

-0.06

0.06

0.331

Resettled village

0.188

0.403

0.188

0.403

0.000

0.14

1.000

Village to be resettled

0.125

0.342

0.125

0.342

0.000

0.12

1.000

FCZ

0.50

0.52

1.00

0.00

- 0.50

0.13

0.001

Restrictions - gear

0.88

0.34

1.00

0.00

-0.12

0.09

0.15

Restrictions - species

0.56

0.51

0.88

0.34

-0.32

0.15

0.05

Restrictions - quantity

0.25

0.45

0.44

0.51

-0.19

0.17

0.28

Monitoring

0.50

0.52

0.94

0.25

-0.44

0.14

0.005

Progressive penalties

0.75

0.45

1.00

0.00

-0.25

0.11

0.033

B: management rules

p-value for two sided t-test of difference in means (n = 32 villages, of which 16 participate in the Community Fisheries (ComFishIII) program.
https://doi.org/10.1371/journal.pone.0233775.t001
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connected to the implementing agency (either WWF or the local government) and the fact
that FCZ had been defined at least three years before the time of this evaluation should contribute to minimize any experimenter effects (positive or negative).
This approach also has important advantages, chiefly among them its low cost and the
reduction of concerns about seasonality. Taken together, these advantages allow for the collection of data on a large number of treated and control villages, hence avoiding the shortcoming
of case studies or very small samples.

Results
Treatment effects
As shown in Table 1 we don’t find differences in (pre-program) village characteristics. In addition, the location of the 32 villages studied suggests a relatively random dispersion of the two
types of villages across the territory (see Fig 1). We do observe, however, significant differences
in (post-program) management rules: ComFishIII villages are much more likely to establish a
local no-take area, to define restrictions on catching particular species, to pay people to monitor the enforcement of local regulations or to define progressive penalties for continued
breaching of local regulations. Accompanying these differences, species richness is clearly
much higher in program villages (Fig 2).
To rigorously quantify the average impact of the program, treated and control villages are
first matched one-to-one on the propensity score using the nearest neighbor algorithm [31].
The results are presented in Table 2: the implementation of ComFishIII leads to a substantial
increase in biodiversity, with the number of species caught in the last 12 months increasing by

Fig 2. Number of species caught in treated (ComFishIII) and control villages Box plot with extreme values
(minimum and maximum) and the three quartiles of distribution of number of species.
https://doi.org/10.1371/journal.pone.0233775.g002
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Table 2. Impact of ComFishIII on number of species caught.
Matching

NT

NC

ATT

s.e.

t

95% CI

Nearest neighbor

16

13

29.000

9.220

3.145

9.92 − 46

Kernel

16

16

32.724

8.526

3.838

13.05 − 47.48

Radius (r = 0.05)

16

16

31.058

9.014

3.446

11.62 − 47.60

NT: number of treated (ComFishIII) villages. NC: number of control villages. ATT: Average Treatment on the Treated. Bootstrapped standard errors with 1299
repetitions. The Confidence Intervals presented are the 95% Bias-Corrected CI, presenting more conservative estimates of the effect of the program.
https://doi.org/10.1371/journal.pone.0233775.t002

29 species. This effect is different from zero (with a p-value<0.05) and robust to the choice of
matching algorithm.

Sensitivity to unobserved confounders
These estimates can be interpreted as causal when the CIA holds. There is no way to directly
test this assumption, and instead we present an analysis of the sensitivity of the estimates to the
importance of potential unmeasured confounders trough the estimation of Rosenbaum
bounds, implemented using the command –rbounds– described in [37]. The results are presented in Table 3.
Because we mostly worry about positive selection bias (ie, the possibility that the program
may have been allocated to areas where it is mostly expected to be beneficial), we mostly care
about the possibility that we are over-estimating the ATT. For that reason, we focus on the
lower values of statistical significance of our estimates (sig+) and the lower bound of ATT (that+) under varying importance of potential confounders, as measured by eγ. At the usual cutoff of eγ = 2 (to be interpreted as “unmeasured confounders importance in explaining treatment status is the double of the importance of measured confounders”), our estimates are still
statistically different from 0 at the usual levels of significance (p-value = 0.034) and the estimate
of ATT is still important, with implementation of ComFishIII leading to an average increase in
species richness of 19 species.

Table 3. Impact of ComFishIII on biodiversity: Rosenbaum bounds.
eγ

sig+

sig-

t-hat+

t-hat-

1

.002

.002

29

29

1.2

.005

.001

26.5

32

1.4

.009

.000

23.5

35

1.6

.016

.000

22.5

36.5

1.8

.024

.000

21

37.5

2

.034

.000

19

38

eγ: log odds of differential assignment due to unobserved factors
sig+: upper bound significance level
sig-: lower bound significance level
t-hat+: upper bound Hodges-Lehmann estimate
t-hat–: lower bound Hodges-Lehmann estimate
https://doi.org/10.1371/journal.pone.0233775.t003
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Fig 3. Heterogeneity of impact of the Community Fisheries program (ComFishIII) on biodiversity. Positive values
of Average Treatment on the Treated (ATT) indicate an increase in biodiversity.
https://doi.org/10.1371/journal.pone.0233775.g003

Heterogeneity of treatment effects
Finally, in Fig 3 we present the results of the heterogeneity analysis, using the approach outlined in [30], with the ATT being re-estimated locally in the neighborhood of each observation
(characterized by their propensity score), allowing for an analysis of the relation (trend)
between these local estimates and the propensity score. The program is less effective in driving
increases in biodiversity in those villages that were least likely to be included in the program (a
decision that, recall, mostly reflects the local importance of fishing activities), with large
impacts on biodiversity observed in the (few) villages with relatively higher probability of participating in ComFishIII.

Conclusions and discussion
Understanding whether conservation efforts work, in the sense of what they deliver on their
direct environmental objectives, requires a larger effort to incorporate impact evaluation into
the design of environmental policies and programs. This article presents evidence that, at least
in a context such as the Mekong in Lao PDR, it is possible for freshwater conservation initiatives to achieve improvements in biodiversity.
Our analysis quantifies the causal impact of a fisheries management program, centered on
the definition of no-take areas (Fish Conservation Zones) on the number of species caught in
the previous 12 months. The effects are large (approximately 29 species), and these estimates
are robust to the potential importance of unmeasured confounders, an important concern
when using observational data. Our analysis also shows that average impacts are heterogeneous and that initial conditions (as summarized in the probability of participating in the
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program) matter for the success of this program, suggesting that better targeting of participating villages may further improve its impact.
We conclude with three comments. Firstly, we note that these conclusions are based on a
matching design, implemented in a relatively data poor environment. Although we don’t disagree
with [15] that there is scope for a larger number of randomized control trials in the evaluation of
environmental programs, we also suggest that this approach exemplifies the progress that can be
made in their absence [27]. That said, the utility of non-experimental approaches will likely be
increased if the evaluation of the impact of a project or program is included from its inception.
Secondly, this article raises the need to clarify the potentially multiple mechanisms through
which conservation may impact on biodiversity, a relatively unexplored area of research [38,
39]. Our data suggests that there is substantial heterogeneity in terms of the rules that are
implemented in the process of changing fisheries management. Although we have some guidance regarding which design principles may matter (characteristics of the resource, monitoring, punishment rules, . . .), building on Ostrom’s Socio-Ecological Systems (SES) approach
[40], its inherent complexity makes it exceedingly difficult to identify which ones can be
understood as essential, particularly in the context of a participatory approach such as the one
that underlies ComFishII. This is a clearly important area of future research, with well understood policy implications if one is to “move beyond panaceas” [41, 42], but one that likely
requires a larger sample size than what we have available.
Finally, it is perhaps useful to emphasize that, before their wider adoption, FCZ were built
on indigenous knowledge of species’ biology and reproduction, the importance of seasonal
variation in their habitat and the local importance of spillovers (ie, the increase in fish biomass
in areas where fishing is allowed) [11]. Their initial endogenous development likely reflects
reliance on local fisheries as a source of protein and micronutrients in the local diet [21, 43,
44]. Such dependency is not unique of Lao PDR, and also characterizes other developing countries [45]. More generally, our analysis provides some encouragement to optimistic views of
the relation between poverty reduction and biodiversity conservation [46, 47] that emphasize
that the disproportionate reliance of the poor on ecosystem services raises the possibility of
synergies between the two objectives [48, 49].
The promise of sustainable development [46, 50] rests on finding ways to identity and
achieve such win-win outcomes. That requires to causally establish the links (or lack of)
between ecological outcomes, the ecosystem services that potentially flow from them and
human outcomes, as they likely drive the continued interest in such conservation initiatives at
local level. Even when such analysis is driven by methodological concerns that are similar to
those that guide this article, those extra steps bring additional layers of complexity and data
requirements—in our case, from establishing the link from freshwater biodiversity to fishing
yield [51] and possibly diet variety, to understanding the overall impact of such changes on
resource dependent livelihoods [52]—that may also require better integration between social
and physical sciences [53].

Supporting information
S1 Appendix. List of fish species & additional results.
(PDF)
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